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Summary for policy-makers

Global bioenergy policy for sustainable 
development: WBGU’s guiding vision 

The incipient global bioenergy boom is giving rise 
to vigorous and strongly polarized debate. Differ-
ent underlying aims, such as reducing dependence 
on imported oil and gas or using biofuels to reduce 
the CO2 emissions of road traffic, predominate in dif-
ferent quarters and shape the political agenda. Sup-
porters of bioenergy argue that, at a time of sharply 
increasing demand for energy, bioenergy can help to 
secure energy supply and to mitigate climate change 
as well as create development opportunities, particu-
larly in the rural areas of industrialized and devel-
oping countries. Critics, on the other hand, main-
tain that growing energy crops will heighten land-
use conflicts as food cultivation, nature conservation 
and bioenergy production compete for land, and that 
bioenergy is likely to impact negatively on the cli-
mate. Because of the dynamics and huge complex-
ity of the issue, as well as the considerable scientific 
uncertainty and the multiplicity of interests involved, 
it has not as yet been possible to carry out an inte-
grated assessment of the contribution bioenergy can 
make to sustainable development. WBGU aims to 
show that the sustainable use of bioenergy is possible 
and to outline how to exploit opportunities while at 
the same time minimizing risks. 

To that end, WBGU presents an integrated vision 
that will provide policy-makers clear guidance for the 
deployment of bioenergy. The principle behind the 
change of direction that is required must in WBGU’s 
view be the strategic role of bioenergy as a compo-
nent of the global transformation of energy systems 
towards sustainability. The guiding vision is inspired 
by two objectives: 
•	 Firstly the use of bioenergy should contribute to 

mitigating climate change by replacing fossil fuels 
and thus helping to reduce greenhouse gas emis-
sions in the world energy system. The fact that 
bioenergy carriers can be stored and used to pro-
vide control energy in power grids can make a 
strategically important contribution to stabilizing 
electricity supplies when there is a high propor-

tion of wind and solar energy in the energy sys-
tems of industrialized, newly industrializing and 
developing countries. In the long term, bioenergy 
in combination with carbon dioxide capture and 
secure storage can even help to remove some of 
the emitted CO2 from the atmosphere. 

•	 Secondly	 the use of bioenergy can help to over-
come energy poverty. In the first place this involves 
substituting the traditional forms of bioenergy use 
in developing countries that are harmful to peo-
ple’s health. The modernization of traditional 
bioenergy use can reduce poverty, prevent dam-
age to health and diminish pressures placed on 
natural ecosystems by human uses. Some 2.5 bil-
lion people currently have no access to affordable 
and safe forms of energy (such as electricity and 
gas) to meet their basic needs. Modern yet sim-
ple and cost-effective forms of bioenergy can play 
an important part in significantly reducing energy 
poverty in developing and newly industrializing 
countries. 

WBGU’s central message is that use should be made 
of the global sustainable potential of bioenergy, pro-
vided that risks to sustainability can be excluded. In 
particular, the use of bioenergy must not endanger 
food security or the goals of nature conservation and 
climate protection. 

If this ambitious guiding vision is to be realized, 
politicians must play their part in shaping the pro-
cesses involved. It is essential to avoid undesirable 
developments that could prevent proper use being 
made of the available opportunities. Some of the 
political measures that are currently in place – such 
as inappropriate incentives under the Framework 
Convention on Climate Change or the European 
Union’s quota specifications for biofuels – actually 
promote bioenergy pathways that exacerbate climate 
change. It is also important that bioenergy does not 
trigger competition for land use in a way that puts 
food security at risk or leads to the destruction of 
rainforests or of other natural and semi-natural eco-
systems. When assessing the use of energy crops it is 
important to take account of both direct and indi-
rect land-use changes, since these changes have a cru-
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cial impact on the greenhouse gas balance and on the 
risks to biological diversity. By contrast, the use of 
biogenic wastes and residues entails far fewer risks 
for land use. 

On account of the many possible bioenergy path-
ways, their different characteristics, and the glo-
bal linkages among their effects, it is not possible to 
arrive at a single sweeping assessment of bioenergy. 
The analysis must be more specific, and in its report 
WBGU therefore considers bioenergy from an inter-
disciplinary, systemic and global perspective. WBGU 
has created an analysis matrix; this involves defining 
ecological and socio-economic sustainability criteria 
for the use of bioenergy, conducting an innovative 
global analysis of the potential of bioenergy on the 
basis of these criteria, and finally evaluating specific 
bioenergy pathways in terms of their greenhouse gas 
balance and environmental impacts over the entire 
life cycle, taking account of objectives and costs in 
the process. 

Building on that analysis, WBGU develops strate-
gies showing how bioenergy can be deployed as part 
of sustainable energy systems in industrialized, newly 
industrializing and developing countries. In the pro-
cess it becomes evident that the modern forms of 
bioenergy that are currently in use are insufficiently 
geared towards the goals of sustainability and cli-
mate change mitigation. This applies in particular to 
the use of annual energy crops grown on agricultural 
land in order to produce liquid fuels for transport 
purposes. It would be better to give priority to bioen-
ergy pathways that generate electricity and heat from 
residues or from perennial crops. WBGU therefore 
calls for a rapid end to the promotion of biofuels in 
the transport sector by means of a progressive reduc-
tion in the blending quotas for fossil fuels and for the 
scheme to be replaced by an expansion of electro-
mobility. 

With an appropriate regulatory framework, the 
sustainable use of fuels derived from energy crops 
can be an important component in the transforma-
tion towards sustainable energy systems, with the 
potential to function as a bridging technology until 
around the middle of the century. By then the growth 
in wind and solar energy production is likely to be so 
far advanced that sufficient energy will be available 
from these sources. At the same time the pressures 
on global land use will have increased significantly, 
principally as a result of three factors: the growth in 
a world population whose food consumption pat-
terns are increasingly land-intensive, the increasing 
demand for land to cultivate biomass as an indus-
trial feedstock, and, not least, the impacts of climate 
change. As a result, the cultivation of energy crops 
will probably have to be reduced in the second half 
of the century, while the use of biogenic wastes and 

residues will be able to continue. In view of these 
escalating trends, the problem of competing land use 
is a potential source of future conflict with implica-
tions ranging far beyond the field of bioenergy. Glo-
bal land-use management is therefore a key task of 
future international policy-making and an essential 
requirement for a sustainable bioenergy policy. 

For steering the use of bioenergy, WBGU pro-
poses a global regulatory framework for a sustainable 
bioenergy policy. The key elements of such a frame-
work are a revised UN climate regime with corrected 
incentives, the setting of sustainability standards, and 
accompanying measures to safeguard sustainability 
by strengthening and developing international envi-
ronmental and development regimes (such as the 
biodiversity and desertification conventions). Within 
this framework WBGU formulates promotion strat-
egies with the aim of furthering efficient, innovative 
technologies and increasing investment in necessary 
infrastructure – thus contributing to attainment of 
the guiding vision’s two objectives. 

By supporting country-specific sustainable bioen-
ergy strategies, development cooperation can help 
to mobilize sustainable bioenergy potential in devel-
oping and newly industrializing countries, to signifi-
cantly reduce poverty and to build climate-friendly 
energy systems. An important condition for develop-
ing countries, if they are to start using modern forms 
of bioenergy, is the strengthening of their capacities 
to take action (such as governance capacities in rela-
tion to developing and implementing a sustainable 
bioenergy policy; monitoring capacities in relation to 
land-use conflicts; application-oriented research into 
bioenergy). In addition, for such countries it is essen-
tial that bioenergy strategies are linked with food se-
curity strategies. This applies in particular to the low-
income developing countries who are net importers 
of food. 

In view of the major opportunities and risks asso-
ciated with it, and the complexity of the subject, 
bioenergy policy has in a short time become a chal-
lenging political task for regulators and planners – a 
task which can only be accomplished through world-
wide cooperation and the creation of an interna-
tional regulatory framework. In this flagship report 
WBGU provides decision-makers with guidance to 
help them in this process of crafting a differentiated 
and coherent global bioenergy policy. 

1  
Present use and future potential of bioenergy 

To acquire a comprehensive perspective on bioen-
ergy it is necessary to look beyond the narrow focus 
on the cultivation of energy crops for the production 

2
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of liquid fuels for transport purposes and to consider 
the full potential. For this purpose it is in WBGU’s 
view useful to divide bioenergy use analytically into 
the following areas: (1) traditional bioenergy use, (2) 
use of biogenic wastes and residues, (3) cultivation of 
energy crops. 

Most present bioenergy use is traditional 
biomass use
Modern bioenergy plays only a small part in present 
global bioenergy use, representing about 10 per cent 
of the total. Biofuels for transport purposes, while 
much discussed, account for a mere 2.2  per cent of all 
bioenergy. The lion’s share of global bioenergy use – 
almost 90 per cent of the total, or around 47 EJ per 
year – is accounted for by traditional bioenergy: this 
represents around one-tenth of current global pri-
mary energy use. This traditional usage involves burn-
ing wood, charcoal, biogenic residues or dung, mainly 
on inefficient three-stone hearths. Around 38  per cent 
of the world’s population, mostly in developing coun-
tries, depend on this form of energy, which is harm-
ful to health. More than 1.5 million people a year die 
from the pollution caused by these open fires. Sim-
ple technical improvements to stoves can to a large 
extent prevent the health risks posed by biomass use 
while at the same time doubling or even quadrupling 
its efficiency. The process of modernizing traditional 
bioenergy use or replacing it with other – preferably 
renewable – forms of energy can therefore provide 
important leverage for poverty reduction worldwide, 
a fact that has been often neglected in the debate on 
bioenergy and development policy. 

The sustainable potential of biogenic wastes 
and residues 
WBGU estimates the technical potential of biogenic 
wastes and residues worldwide to be around 80 EJ 
per year. However – for soil protection and other rea-
sons – the sustainably usable potential can be set at 
only about 50 EJ per year, of which around a half may 
be economically viable. The scientific basis for esti-
mates of the sustainable global potential of wastes 
and residues is very slim; WBGU recommends that 
further studies be carried out so that more precise 
estimates can be made. 

A new modelling of the global sustainable 
potential of energy crops 
Since the available estimates of potential are based 
on different methods and deliver widely varying 
results, WBGU has undertaken a new analysis of the 
global sustainable potential of energy crops. This esti-
mate is based on a dynamic global vegetation model. 
Scenarios of the potentially available areas of land 
incorporated those sustainability requirements that 

must in WBGU’s view be met if a globally integrated 
perspective is adopted. Future land requirements 
for food security and nature conservation were esti-
mated and excluded from energy crop cultivation. 
Areas of land were also excluded if the greenhouse 
gas emissions arising from the conversion to agricul-
tural land would take more than ten years to be com-
pensated for by the carbon removed from the atmos-
phere by the cultivation of energy crops; these areas 
were primarily forests and wetlands. Different scen-
arios relating to climate, emissions and irrigation 
were also examined, although set against food se-
curity and nature conservation the influence of these 
three factors is relatively small. These different scen-
arios result in figures for the global sustainable tech-
nical potential from energy crops of between 30 EJ 
and 120 EJ per year. 

Figure 1 shows a scenario that represents an aver-
age estimate of potential. It describes the technical 
potential that can be produced in a sustainable man-
ner. However, considerations of economic viabil-
ity and political conditions in the different parts of 
the world impose further restrictions on this techni-
cal potential. WBGU therefore conducted a further 
analysis of the regions in which the modelling identi-
fies significant sustainable bioenergy potentials. The 
preconditions for rapid realization of these potentials 
include a minimum level of security and political sta-
bility in the countries and regions concerned: signifi-
cant investment activity cannot be expected in fragile 
states or those embroiled in civil war. Infrastructure-
related and logistical capacities are also required, 
together with a basic level of regulatory competence, 
if sustainability requirements are to be formulated 
and implemented. 

In the light of these factors five regions were con-
sidered in more detail; in the other regions it was 
either the case that the estimated bioenergy potentials 
are relatively low (e. g. the Middle East and North 
Africa), or that economic and government capacity 
can be regarded as given in the foreseeable future 
(e. g. North America, Europe). As the results of the 
modelling show, there are considerable potentials for 
the sustainable cultivation of energy crops in tropical 
and subtropical latitudes. Central and South Amer-
ica alone account for 8–25 EJ per year. The political 
and economic conditions there are also particularly 
favourable for realizing the sustainable bioenergy 
potential compared to the other regions. In addition, 
good prospects for harnessing the sustainable poten-
tial to the extent of 4–15 EJ per year exist in China 
and its neighbouring countries; there, too, it would 
be possible to secure the necessary investment and 
develop the required capacities. There is also consid-
erable potential on the Indian subcontinent (2–4 EJ 
per year) and in South-East Asia (1–11 EJ per year). 

3
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These regions, however, face particular challenges in 
the form of high land-use density, risks to food se-
curity, deforestation and the need to conserve bio-
logical diversity. On account of state fragility or the 
collapse of government, in many African countries 
it is unrealistic to expect that the full potential of 
around 5–14 EJ per year in sub-Saharan Africa will 
be realized. In African countries where the economic 
and political situation is more favourable the options 
for tapping the potential should be explored in more 
detail. 

The sustainable potential of bioenergy is 
significant! 
Including the potential from wastes and residues (ca. 
50 EJ per year), WBGU estimates the total sustain-
able technical potential of bioenergy in the year 2050 
to be 80–170 EJ per year. This represents around a 
quarter of current global energy use and less than 
one-tenth of the expected level of global energy use 
in 2050. However, this range represents the upper 
limit; some of this technical sustainable potential will 
not be viable, for example for economic reasons or 
because the area in question is one of political con-

flict. The economically mobilizable potential may 
amount to around a half of the sustainable techni-
cal potential. In view of these figures the importance 
of bioenergy should not be overestimated, but the 
expected scale is nonetheless significant. Consider-
ing the strategic merits of bioenergy, it should not be 
neglected in the future development of energy sys-
tems. The challenge for policy-makers is to make full 
use of the sustainable bioenergy potential that is eco-
nomically mobilizable while at the same time ensur-
ing through suitable regulation that undesirable 
developments are avoided and sustainability limits 
observed. 

2  
Risks and undesirable developments arising from 
unregulated bioenergy expansion

Against the potentials and opportunities must be set 
the risks of unregulated bioenergy development. The 
increased cultivation of energy crops couples the rap-
idly growing worldwide demand for energy to glo-
bal land use. This increases the demand for agricul-

Figure 1
Regions with potential for sustainable bioenergy from crops and countries that are affected by state fragility or collapse of the 
state. The map shows the distribution of possible areas for the cultivation of energy crops and the potential production in the 
year 2050 for a WBGU scenario involving a low level of need for agricultural land, high level of biodiversity conservation and 
non-irrigated cultivation. One pixel corresponds to 0.5° x 0.5°. In order to assess whether the identified sustainable bioenergy 
potentials are likely to be realizable, the quality of governance in individual countries was rated using the Failed States Index 
(FSI). The countries coloured light red have an FSI > 90, indicating that in the short to medium term the prospect for realizing 
bioenergy potentials can be regarded as poor. 
Source: WBGU, drawing on data from Beringer and Lucht, 2008 and from Foreign Policy, 2008
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tural land, which is already becoming scarcer, and 
increases the likelihood of land-use conflicts in the 
future. Some ecosystem services and products are 
inextricably linked to land use and the production of 
biomass and cannot be substituted by other means. 
These include, for example, the conservation of 
biodiversity, biogeochemical cycles, biomass as food 
and feed and to some extent the use of biomass as 
feedstock in industrial production processes. In con-
trast, renewable energy can also be produced in ways 
that are unlikely to trigger land-use conflicts, such as 
through the generation of wind power or solar energy. 
Risks arise when the cultivation of energy crops trig-
gers direct or indirect competition for land, with the 
result that non-substitutable uses of biomass are 
displaced and hence jeopardized. These risks were 
taken into account in WBGU’s analysis of potential, 
but in the practical mobilization of this potential it is 
a major challenge for a sustainable bioenergy policy 
to avoid them. 

Risks to food security 
If the food requirements of the world’s growing 
popu lation are to be met, global food production 
will need to increase by around 50 per cent by 2030. 
The amount of land needed for future food produc-
tion is also influenced by the land-intensive food 
consumption patterns of the industrialized coun-
tries, which are spreading to the growth regions of 
emerging econ omies such as China. This demand can 
only partly be met by increasing productivity per unit 
of land; in consequence the FAO estimates that the 
amount of land used for agriculture will need to be 
increased by 13 per cent by 2030. It is therefore likely 
that there will be a significant increase in competition 
for the use of agricultural land and, consequently, a 
trend towards rising food prices. Furthermore, a sig-
nificant increase in the cultivation of energy crops 
implies a close coupling of the markets for energy 
and food. As a result, food prices will in future be 
linked to the dynamics of the energy markets. Polit-
ical crises that impact on the energy markets would 
thus affect food prices. For around one billion people 
in the world who live in absolute poverty, this situa-
tion poses additional risks to food security, and these 
risks must be taken into account by policy-makers. 

Risks to biological diversity 
The increased demand for agricultural products that 
arises from the expansion of bioenergy use can be 
met by intensifying existing production systems, at 
the expense of the biological diversity of the land 
thus farmed. The other option is to claim new agricul-
tural land at the expense of natural ecosystems; this 
process is at present regarded as the most important 
driver of the current global crisis of biological diver-

sity. This impact on biodiversity may occur directly, 
such as when tropical forests are cleared and the land 
used for energy crops. Indirectly triggered land-use 
changes are more difficult to assess: when agricul-
tural land is given over to the cultivation of energy 
plants, the production that previously took place on 
this land must now take place elsewhere. Through 
the world market for agricultural goods these indi-
rect displacement effects often acquire an interna-
tional dimension. Thus, an uncontrolled expansion of 
energy crop cultivation would further exacerbate the 
loss of biological diversity. 

Risks to climate change mitigation 
The conversion of natural ecosystems into new agri-
cultural land releases greenhouse gases. Whether 
and to what extent greenhouse gas emissions can 
be reduced by using bioenergy from energy crops 
depends to a large extent on the land-use changes 
involved. Emissions created by the conversion of 
ecosystems that contain a high proportion of carbon 
(such as forests and wetlands, as well as some natu-
ral grasslands) generally negate the climate change 
mitigation effects that bioenergy use might have. In 
such cases the use of energy crops may even exacer-
bate climate change. Both direct and indirect land-
use changes must therefore be taken into account in 
evaluating the greenhouse gas balance of bioenergy 
use. 

Risks to soil and water 
Forms of bioenergy that focus on the use of annual 
energy crops on agricultural land are insufficiently 
compatible with the goals of soil protection. Peren-
nial cultivation systems, on the other hand, may actu-
ally help to restore degraded land. Whether the cul-
tivation of energy crops is acceptable in terms of 
soil protection also depends on agro-ecological con-
ditions in the region. In addition, the removal of 
residues from agriculture- or forestry-based ecosys-
tems must be restricted, as the soil may otherwise be 
depleted of organic substances and mineral nutri-
ents. Uncontrolled expansion of energy crop culti-
vation and inappropriate cultivation systems may 
also greatly increase the pressure of use on the avail-
able water resources. Energy crops are a new driv-
ing force in the land-use sector; the major effects that 
they may have on future water use have as yet barely 
been explored. 

3  
Sustainable bioenergy pathways: WBGU’s findings 

On the basis of the two objectives of its guiding vision, 
WBGU explores a number of important bioenergy 
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pathways. The use of bioenergy only has a climate 
change mitigation effect if the greenhouse gas emis-
sions arising from the land-use changes and from the 
cultivation and use of the biomass are lower than the 
emissions that would arise if fossil fuels were used. 
Bioenergy can best contribute to overcoming energy 
poverty when its advantages are exploited by locally 
adapted technology: biomass can decentrally store 
and provide energy without the need for major finan-
cial or technical investment. 

Production of biomass for use as energy: What are 
the key issues? 

In producing biomass for use as energy a fundamen-
tal distinction needs to be made between wastes and 
residues on the one hand and energy crops on the 
other. 

Priority for the use of wastes and residues 
The use of biogenic wastes and residues has the 
advantage of causing very little competition with 
existing land uses. It involves no greenhouse gas 
emissions from land-use changes and cultivation, so 
that the contribution to climate change mitigation is 
determined primarily by the conversion into bioen-
ergy carriers and their application in energy systems. 
When using residues, care must be taken to meet 
soil protection standards – and hence ensure climate 
change mitigation – and that pollutant emissions are 
avoided. Overall, WBGU attaches higher priority to 
the recycling of biogenic waste for energy (including 
cascade use) and to the use of residues than to the 
use of energy crops. 

Land for energy crop cultivation 
Where specially cultivated energy crops are used, it is 
essential to take account of land-use changes. While 
emissions from direct land-use changes can be quan-
tified using standard values, much greater uncer-
tainty attaches to indirect land-use changes. WBGU 
uses a provisional method for calculating these indi-
rect effects, enabling an initial rough estimate to be 
made.

 WBGU is strictly opposed to the direct or indi-
rect conversion of woodland, forests and wetlands 
into agricultural land for energy crops; such conver-
sion is usually accompanied by non-compensatable 
greenhouse gas emissions and its impacts on bio-
logical diversity and soil carbon storage are invaria-
bly negative. The cultivation of energy crops should 
preferably be restricted to land for which the change 
of use to bioenergy production does not involve indi-
rect land-use changes. The total greenhouse gas emis-
sions initially caused in the context of cultivation 

should not exceed the quantity of CO2 that can be re-
sequestered by the cultivation of energy crops on the 
land in question within ten years. 

The cultivation of biomass on marginal land (that 
is, land with a limited productive or regulatory func-
tion) has the significant advantage that land-use com-
petition, for example with food security, is unlikely; in 
consequence, indirect land-use changes will probably 
not be induced. WBGU therefore concludes that 
marginal land should be preferred for the cultivation 
of energy crops and this type of land use should be 
encouraged, provided that the interests of local popu-
lation groups are taken into account and the implica-
tions for nature conservation are assessed before cul-
tivation commences. 

Cultivation systems for energy crops 
The principal criteria used by WBGU to assess the 
sustainability of cultivation systems are the effects on 
biological diversity and soil carbon storage. Bioen-
ergy can only be classed as sustainable energy if the 
land on which it is grown continues in the long term 
to produce as much biomass as is used for energy – 
in other words, if long-term soil fertility is ensured. 
Only in this situation can it justifiably be assumed 
that the carbon that is removed from the atmos-
phere and stored by the energy crops and that is re-
released in the form of CO2 when the crops are used 
for energy does not lead to an increase in the con-
centration of CO2 in the atmosphere and therefore 
does not need to be regarded as an emission. In addi-
tion, differing yields per unit of land must be taken 
into account. From this point of view perennial crops 
such as Jatropha, oil palms, short-rotation plantations 
(fast-growing timber) and energy grasses score better 
than annual crops such as rape, cereals or maize; the 
former group should therefore always be preferred. 
If suitable cultivation systems are chosen, additional 
organic carbon can be incorporated into the soil; this 
improves both the greenhouse gas balance and soil 
fertility. 

Conversion, end-use application and system 
integration: What are the best ways of using 
bioenergy? 

Once the biomass has been made available, the cli-
mate change mitigation effect is mainly determined 
by two factors: the way in which biomass is converted 
into usable products such as gas, plant oils, biofuels 
or wood pellets, and the way in which it is used and 
integrated into the energy system – for example, into 
transport or into the generation of heat or electric-
ity. On the whole, however, these influences carry 
less weight than the effect of direct or indirect land-
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use changes in connection with the cultivation of 
energy crops. Much depends on what energy carrier 
the biomass replaces and on the magnitude of the 
energy losses in the conversion pathway. In industri-
alized countries, in the rapidly developing urban and 
industrialized regions of newly industrializing coun-
tries and in some cases also in developing countries 
the way in which bioenergy is used should be geared 
towards its climate change mitigation effect. In rela-
tion to overcoming energy poverty the primary tasks 
are modernization of traditional bioenergy use and 
provision of access to modern forms of energy such 
as electricity and gas. Both are challenges that are of 
particular importance in the rural regions of devel-
oping countries. Here, too, the use of bioenergy can 
have a positive effect on climate change mitigation. 

Mitigating climate change
From the point of view of climate change mitigation 
the most attractive application areas for bioenergy 
are, firstly, those in which bioenergy can replace fossil 
fuels with high CO2 emissions, predominantly coal. 

Roughly similar reductions in greenhouse gases 
can be achieved by various conversion pathways pro-
ducing electricity, such as co-combustion in coal-fired 
or cogeneration plants, the use of biogas from fer-
mentation or crude gas from gasification in cogene-
ration (combined heat and power, CHP) plants, or 
the use of biomethane in small-scale CHP plants or 
combined-cycle power plants. Where biomethane is 
used, however, a greater climate change mitigation 
effect can be achieved if the CO2 which must in any 
case be captured during the production process can 
be securely stored. The conversion of biomass into 
electricity has the additional advantage that, unlike 
liquid fuels for transport, it eases the shift towards 
electric mobility. The current greenhouse gas (GHG) 
abatement costs of these pathways vary widely: while 
the simple co-combustion of solid biomass and the 
use of biogas or biomethane from fermentation 
already represent cost-efficient climate change miti-
gation options, this is not yet the case for gasifica-
tion technologies (although significant reductions in 
costs can be expected). The use of biomethane is also 
particularly attractive for technological and system-
related reasons, since it can be collected and distrib-
uted over natural-gas grids and converted very effi-
ciently into electricity in small-scale CHP units or 
combined-cycle power plants near where it is needed. 
The biomethane route can already be recommended 
for industrialized countries; for industrialized regions 
in newly industrializing and developing countries it is 
a promising option for the future. 

On account of its high energy efficiency com-
bined heat and power production is to be preferred 
to the generation of electricity alone, provided that 

demand for the heat exists. In regions where this is 
appropriate CHP can also be used to generate cool-
ing, a factor which is of interest for many develop-
ing and newly industrializing countries. Where bioen-
ergy is used exclusively for the production of heat 
(e. g. pellet stoves) GHG abatement costs are rela-
tively high and the potential for reducing greenhouse 
gas emissions is only about half that which can be 
achieved in the electricity sector; such use is there-
fore only worthwhile as a transition measure where 
alternative renewable energy sources are not availa-
ble. With direct generation from renewables (wind, 
solar) constituting an ever-larger proportion of pro-
duction, there will in future be a significant increase 
in the overall energy efficiency of electric heat pumps, 
so that in the medium term they will represent a via-
ble alternative for heat generation. Overall CHP 
pathways are to be preferred both to pure electricity 
and pure heat use pathways. 

From the point of view of climate change mitiga-
tion the first-generation biofuels (such as biodiesel 
from rape or bioethanol from maize), which involve 
the cultivation of temperate, annual crops on agri-
cultural land, score very badly. When emissions from 
indirect land-use changes are taken into account, they 
frequently result in higher emissions than would arise 
from the use of fossil fuels. Where residues are used 
(e. g. timber waste, liquid manure, straw) the impact 
on the greenhouse gas balance is indeed positive, but 
the reduction in greenhouse gases is only about half 
that of applications in the electricity sector. Second-
generation biofuels are not on the whole any better. 

A different picture emerges for the use of peren-
nial tropical plants such as Jatropha, sugar cane or 
oil palms that are grown on degraded land and result 
in carbon being stored in the soil there. In this situ-
ation a major climate change mitigation effect can 
be achieved at low cost. However, if these crops are 
grown on freshly cleared land or on agricultural land 
and thus are associated with direct or indirect land-
use changes, the greenhouse gas balance becomes 
negative; in some cases emissions will be substan-
tially larger than would be the case using fossil fuels. 
Ensuring sustainability in the cultivation of energy 
crops is therefore the deciding factor in evaluating 
the climate change mitigation effect of these path-
ways. 

Since there are as yet no established sustainability 
standards for biofuels, their import and use pose 
problems. Once relevant minimum standards have 
been introduced, it may be appropriate to import 
plant oils and bioethanol – perhaps produced in trop-
ical regions – for power and heat applications. During 
the transition period, however, care should be taken 
to avoid any promotion of biofuels that fail to meet 
the envisaged minimum standards. 
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For the future of mobility on the roads, WBGU 
considers the most appropriate solution to be the 
generation of electricity from renewables in combi-
nation with the use of electric vehicles. This means of 
utilizing bioenergy achieves a significantly higher cli-
mate change mitigation effect than blended biofuels. 
If electric vehicles were to be introduced on a large 
scale, it is likely that the costs could be drastically 
reduced within 15–20 years, enabling the GHG 
abatement costs – which at present remain very high 
– to also be reduced. Through the use of smart grids, 
electromobility can also contribute as control energy 
to the stabilization of power grids. WBGU recom-
mends a swift phase-out of the promotion of bio-
fuels for transport purposes. The quotas for blending 
biofuels with fossil fuels should be frozen and should 
then be completely removed within the next three to 
four years. 

Overall, the substitution of bioenergy for fossil 
fuels, making use of the sustainable bioenergy poten-
tial estimated by WBGU, can achieve a global reduc-
tion in greenhouse gas emissions of 2–5 Gt CO2eq 
per year. However, this would require all the biomass 
to be used in such a way that the greenhouse gas re-
duction amounts to 60 t CO2eq per TJ of raw biomass 
used. This corresponds to roughly a doubling of the 
mitigation efforts currently under discussion in the 
EU as a standard for biofuels in the transport sec-
tor. WBGU proposes this level as a necessary pre-
condition for promotion of bioenergy use. From 
a very optimistic viewpoint it might be possible to 
achieve a reduction in greenhouse gases of up to 
4–9 Gt CO2eq per year. By way of comparison: global 
anthropogenic greenhouse gas emissions currently 
amount to around 50 Gt CO2eq per year, and a hypo-
thetical stop to global deforestation would reduce 
these emissions by up to 8 Gt CO2eq. 

Leaving aside bioenergy pathways that involve 
the use of marginal land in the tropics or are based 
on established technologies such as co-combustion in 
coal-fired power plants or the production of biogas 
through fermentation, the GHG abatement costs of 
many bioenergy pathways in 2005 were significantly 
more than € 60 per t CO2eq; in WBGU’s view they 
cannot therefore be currently considered to be cost-
efficient climate change mitigation options. 

The cultivation of energy crops must therefore be 
carefully weighed against other climate change miti-
gation options, such as afforestation or the avoid-
ance of deforestation. It is particularly important 
that energy crop cultivation does not undermine the 
politically very complex endeavours to reduce emis-
sions from deforestation. 

If exploitation of the sustainable bioenergy poten-
tial is combined with the capture and secure storage 
of CO2, it is possible for “negative” CO2 emissions 

to be produced. By this means around 0.2 ppm CO2 
could be removed from the atmosphere per year. 
This corresponds to around one-tenth of the current 
annual increase in the concentration of CO2 – hence 
even over quite lengthy periods of time this technol-
ogy can counteract only a relatively small proportion 
of the human-induced increase in the concentration 
of CO2. 

Until a global system of mandatory limits to green-
house gas emissions is put in place that encompasses 
all relevant sources, WBGU recommends emissions 
standards for bioenergy. 

Overcoming energy poverty 
In the rural regions of developing countries, and 
to some extent also in their urban areas, overcom-
ing energy poverty is an important precondition for 
tackling poverty in general. As a first step WBGU 
re commends as an international objective the com-
plete phase-out of traditional forms of bioenergy use 
that are harmful to health by the year 2030. 

To achieve this, some technologies can even now 
be implemented rapidly and at low cost. The use of 
improved cooking stoves can cut fuel consumption 
by between one-half and three-quarters while at the 
same time drastically reducing the risks to health. 
Greater emphasis should also be placed on the pro-
motion of small, decentralized biogas plants for 
residues and wastes, and on the use of plant oil – pro-
duced from oil plants grown locally on marginal land 
– for lighting, electricity generation and mechanical 
energy use. These technologies also help to reduce 
the pressure of use on natural ecosystems and to 
tackle poverty, because the time and money required 
to procure the fuel is significantly reduced. They pro-
vide an important lever for significantly improving 
the quality of life of many hundred millions of people 
in a short time and at low cost. It is important, though, 
to ensure at all stages of development cooperation 
in this field that the technologies are accepted and 
that they can be maintained by the individuals who 
use them. 

Further down the track to reducing energy pov-
erty, access to modern forms of energy, particularly 
electricity and gas, is a priority. In developing coun-
tries medium-scale use of modern bioenergy to gen-
erate electricity in CHP or gasification plants can 
be an important means to this end, particularly if 
biomass such as that from residues or from timber 
plantations on marginal land is used. The use of liq-
uid fuels for stationary applications (e.g. electricity 
generation, water pumps, cooking) may be appropri-
ate in rural regions of developing countries, if these 
regions are at a disadvantage in terms of infrastruc-
ture on account of their remoteness. 



9  Summary for policy-makers

The larger-scale production and use of modern 
bioenergy, which can likewise contribute to the 
tackling of energy poverty in developing countries, 
should always also be considered from the point 
of view of its climate change mitigation effect. For 
those bioenergy pathways that are associated with 
low GHG abatement costs, new sources of funding 
can be accessed through international climate pro-
tection instruments. 

Energy crops as bridging technology 

The sustainable use of bioenergy from energy crops 
can be an important bridging technology during 
the transformation from existing fossil energy sys-
tems to future systems based predominantly on wind 
and solar energy. It can fulfil this function only until 
approximately the middle of the century, for two rea-
sons:

Firstly, demands on global land use will increase 
markedly in the coming decades as a result of 
dynamic trends such as a growing world population 
with increasingly land-intensive patterns of food con-
sumption, increased soil degradation and water scar-
city. In addition, for reasons of climate change mitiga-
tion, among others, there will be a growing tendency 
for petrochemical products to be produced from 
biomass. The non-substitutable land use for the man-
ufacture of textiles, chemical products, plastics, etc. is 
likely to require around 10 per cent of world agricul-
tural land. After use some of the biomass-based prod-
ucts will be able to be recycled as biogenic waste for 
purposes of energy recovery (“cascade use”). These 
increasing pressures on land use take place against a 
backdrop of increasingly manifest anthropogenic cli-
mate change. Because of all this, the cultivation of 
energy crops will probably have to be cut back in the 
second half of the century. 

Secondly, in forthcoming decades there will be a 
growing trend for renewable energy in the form of 
electricity to be produced directly by wind and water 
power, as well as by solar energy on a large scale from 
the middle of the century; by this time, therefore, 
energy crops will largely have fulfilled their func-
tion of bridging the way to sustainable energy pro-
vision. This will not affect the part of bioenergy use 
that centres on the use of wastes and residues which, 
together with the remaining use of fossil fuels, will 
increasingly take on the task – as control energy in 
power grids – of balancing fluctuations in the out-
put of directly generated electricity from renewables. 
In combination with smart electricity grids, electro-
mobility can also make an important contribution to 
control energy. 

4  
Research recommendations for sustainable 
bioenergy use 

While WBGU highlights in this report viable corri-
dors for sustainable bioenergy use in some areas, gaps 
in knowledge remain that need to be filled through 
further research. WBGU identifies a particular need 
for research in six fields: 
1. Broadening the knowledge base on global land use: 

In order to create the scientific basis for setting up 
a global land register supported by a Geographical 
Information System (GIS), the state of global land 
use and land cover as well as the dynamics of glo-
bal land-use changes must be studied and evalu-
ated in more detail than has so far been the case. 
This needs to include the collection of high-resolu-
tion data on vegetation cover, hydrology and soil 
condition, agricultural usage and surface sealing in 
the different regions of the world. 

2. Determining more precise greenhouse gas balances 
for different bioenergy pathways: The greenhouse 
gas balance is the crucial indicator of the climate 
benefit (or in some cases harm) of a particular use 
of bioenergy. It has to date only been possible to 
calculate it imprecisely, for example with regard to 
indirect effects such as the displacement of previ-
ous land use onto other land. 

3. Determining the potential, the greenhouse gas bal-
ances and the economic deployment pathways of 
residue use: Biogenic residues, such as those from 
agriculture and forestry, represent a still virtually 
untapped potential for energy generation. The 
opportunities for making use of them in future 
should be researched. 

4. Analysing the role of bioenergy in a future energy 
system at national, regional, and global levels: The 
strategic importance of bioenergy and its integra-
tion in particular energy systems (e. g. as control 
energy in power grids) should be explored in more 
detail. These factors play an important part in the 
selection of preferred bioenergy pathways. 

5. Clarifying the links between food security and 
bioenergy: The complex local, national and global 
cause-effect chains that link bioenergy use and 
food security urgently need to be examined from 
a socio-economic perspective. This research needs 
to take geopolitical factors into account: could the 
“primacy of securing energy supply” of the west-
ern world and other powerful political players in 
a world energy system of which bioenergy is an 
important component result in increased food-
security problems in poor and politically less influ-
ential countries? How could such scenarios be 
avoided through international cooperation? 
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6. Analysing international land-use competition 
and developing the components of a global land-
use management system: As a result of various 
driving forces, land will in the forthcoming dec-
ades become a scarce resource worldwide. Land 
use will in consequence become a matter of glo-
bal governance. Research should explore interest 
structures relating to global land use and help to 
develop an effective global regime for managing 
land resources and preventing land-use conflicts. 

5  
Recommendations for action: Components of a 
sustainable bioenergy policy 

The competition between farming biomass as a 
resource for energy production and growing food on 
increasingly scarce agricultural land links two funda-
mentals of human societies: energy and food. Adop-
tion of a systemic perspective further reveals that the 
emerging bioenergy policy involves complex issues 
that are not restricted to matters of energy, agricul-
ture and climate policy; transport policy and foreign 
trade policy as well as environmental, development 
and security policy all play an important role. Because 
non-sustainable bioenergy strategies can harm the 
climate, exacerbate food-security problems and drive 
land-use conflicts, policy-making must establish a 
framework that addresses all the matters mentioned 
above. Furthermore, bioenergy policy cannot be for-
mulated solely within the national context; it requires 
collective, transboundary action and effective multi-
level governance. To render bioenergy use sustain-
able, complex regulatory measures need to be taken; 
this represents a major challenge for a policy-making 
system that is structured mainly along “departmen-
tal” lines. Competing goals need to be reconciled at 
both national and international level. 

In the light of these considerations and in view 
of the urgency to redirect global policy, WBGU has 
developed a differentiated mix of policy instruments 
for a sustainable global bioenergy policy. The con-
siderable risks attached to energy crop cultivation – 
risks for climate change mitigation and from land-
use competition – must be countered by institutional 
regulation. The first task is to ensure that the expan-
sion of bioenergy use contributes to climate change 
mitigation. The accounting rules under the UN cli-
mate protection regime must be adjusted to remove 
any incentives to engage in a bioenergy energy pol-
icy that is counterproductive for climate change miti-
gation. Since this will not be accomplished in the 
short term and cannot guarantee that other sustain-
ability criteria (food security, conservation of bio-
logical diversity, etc.) will be met, work on drawing 

up and applying bioenergy standards must be under-
taken simultaneously. WBGU proposes a demand-
ing minimum standard in combination with addi-
tional criteria to be met as a pre-condition for any 
kind of bioenergy promotion (promotion criteria). 
Accompanying measures to secure global food pro-
duction and biological diversity and to protect soil 
and water resources are also necessary. Existing UN 
institutions such as the Food and Agricultural Organ-
ization (FAO), the Biodiversity Convention (CBD) 
and the Convention to Combat Desertification 
(UNCCD) can contribute to these processes. In con-
clusion WBGU assesses which forms of bioenergy 
use should be explicitly promoted through national 
policies and international development cooperation. 

5.1  
Making bioenergy a consistent part of 
international climate policy

Reform accounting procedures for CO2 

emissions from bioenergy
The existing provisions in the United Nations Frame-
work Convention on Climate Change (UNFCCC) 
and the Kyoto Protocol create false incentives in 
relation to bioenergy production and use; they dis-
tort the picture of the contribution made by bioen-
ergy to climate change mitigation and may even pro-
mote bioenergy use that is harmful to the climate. In 
WBGU’s view the modalities for determining contri-
butions to commitments under the Kyoto Protocol 
and its successor regime must therefore be corrected. 
The correction needs to involve the following ele-
ments: firstly, the use of bioenergy must no longer be 
counted en bloc as free of CO2 emissions (“zero emis-
sions”) in the energy sector. However, WBGU is not 
advo cating replacement of the presumed zero emis-
sions by cumulated emissions from a life-cycle analy-
sis of the bioenergy, since this would not be compat-
ible with the other allocation modalities within the 
UNFCCC and would lead to double counting. Instead, 
within the energy sector the actual CO2 emissions 
arising from the combustion of the biomass should be 
counted and included. In return, the uptake of CO2 
from the atmosphere by energy crops in the land-use 
sector should also be counted. This correction would 
align the way in which bioenergy is treated with the 
principle used elsewhere of always allocating emis-
sions to the place and time of their creation. Sec-
ondly, the existing rules, under which only selected 
CO2 emissions and absorptions from land use and 
land-use change are or can be set against the com-
mitments made by states, should be replaced by full 
accounting of all emissions from these sectors. Ide-
ally this accounting would form part of a wider agree-
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ment on the conservation of the carbon stocks of ter-
restrial ecosystems within the UNFCCC. Thirdly, 
there need to be supplementary regulations regard-
ing trade between countries that have and countries 
that have no binding commitments to limit emissions. 
In addition, for those emissions from the life cycle of 
bioenergy use for which there is already an appropri-
ate allocation to the inventories (e. g. non-CO2 emis-
sions from agriculture), the countries that have com-
mitted to limit emissions should systematically intro-
duce incentives for limiting emissions at stakeholder 
level (e.g. for farmers and foresters). 

Consider bioenergy in the CDM in more 
specific detail 
The Clean Development Mechanism (CDM) involves 
only a small number of bioenergy projects and these 
have as yet had only a limited influence on overall 
bioenergy use in newly industrializing and develop-
ing countries. Any expansion of CDM projects that 
include the cultivation of energy crops should be 
viewed with scepticism unless it can be ensured that 
the use of land for this purpose will not give rise to the 
well-known displacement effects and result in terres-
trially stored carbon being released elsewhere. The 
scope for CDM projects to improve or replace ineffi-
cient traditional biomass use should be utilized with-
out damaging the integrity of the CDM. As a matter 
of principle, CDM projects in the area of bioenergy 
should be certain of meeting the minimum standard 
called for by WBGU. 

Limit emissions caused by land-use changes 
in developing countries 
Since the present expansion of the cultivation of 
energy crops can contribute to an increase in trop-
ical deforestation, an effective regime for reducing 
the emissions from deforestation and forest degra-
dation in developing countries (REDD) under the 
UNFCCC is extremely important. An appropriate 
REDD regime should provide effective incentives 
for rapidly generating real emissions reductions by 
reducing deforestation, and it should mobilize inter-
national funding transfers at a sufficient level. The 
regime should consist of a combination of national 
targets to limit emissions and project-based proce-
dures in order (i) to prevent leakage effects and (ii) 
to permanently protect the natural carbon reservoirs 
such as tropical primary forests from deforestation 
and degradation as well as limit emissions from grass-
land conversion. The REDD regime would ideal ly 
form part of a comprehensive agreement on the con-
servation of the carbon stocks of terrestrial ecosys-
tems within the UNFCCC. 

Move towards a comprehensive agreement 
on the conservation of terrestrial carbon 
reservoirs 
CO2 emissions arising from land use, land-use change 
and forestry (LULUCF) should be fully and system-
atically included in the post-2012 regime in order to 
ensure that the incentive given to bioenergy use by 
the UNFCCC is based on the actual contribution to 
climate change mitigation made by this use. How-
ever, the absorption and release of CO2 by the bio-
sphere differs from the emissions of fossil energy 
sources in a number of fundamental respects, includ-
ing measurability, reversibility, long-term controlla-
bility and interannual fluctuations. Since the differ-
ent sectors also have very different characteristics 
in terms of time-related dynamics and amenability 
to planning, it would seem more appropriate – from 
the point of view of remaining within the 2°C guard 
rail – to define separate reduction targets rather than 
one overarching target. WBGU therefore recom-
mends that a comprehensive separate agreement on 
the conservation of the carbon stocks of terrestrial 
ecosystems be negotiated. This agreement should (i) 
take up the debate on REDD, (ii) replace the exist-
ing rules on offsetting reduction commitments in 
the sectors listed in Annex A to the Kyoto Protocol 
against sinks (including through CDM activities) and 
(iii) fully include all CO2 emissions from LULUCF. 
Despite separate target agreements, WBGU con-
siders it appropriate from the point of view of eco-
nomic efficiency to aim for a certain level of fungibil-
ity; however, on account of measurement problems 
and other uncertainties attaching to LULUCF emis-
sions, this fungibility should be clearly demarcated 
and associated with deductions. 

5.2  
Introducing standards and certification for 
bioenergy and sustainable land use 

In order to ensure sustainable production of bioen-
ergy carriers within WBGU’s guard rails for sustain-
able land use, it is necessary to introduce sustain-
ability standards for bioenergy. A minimum standard 
for bioenergy carriers should be met before bioen-
ergy products are allowed onto the market. 

Gradually introduce a minimum standard 
for bioenergy and sustainable land use 
As a first step, a statutory minimum standard for all 
types of bioenergy should be introduced promptly at 
EU level. The sustainability criteria for liquid bio fuels 
for transport contained in the planned EU directive 
on the promotion of renewable energies should be 
further developed and applied as a minimum stand-
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ard for all types of bioenergy in the EU. In addition 
to provisions relating to soil, water and biodiversity 
conservation, the standard should include impacts of 
indirect land-use changes and criteria for restricting 
the use of genetically modified organisms (GMOs). 
Certain core labour standards of the International 
Labour Organization (ILO) should also be made 
mandatory. With regard to greenhouse gas emissions, 
WBGU recommends to request a specific absolute 
emissions reduction in relation to the quantity of raw 
biomass used, rather than a relative emissions reduc-
tion based on the final energy or useful energy. The 
use of bioenergy carriers should reduce life-cycle 
greenhouse gas emissions by at least 30 t CO2eq per 
TJ of raw biomass used in comparison with fossil 
fuels. 

The cultivation of energy crops and the supply of 
biomass resources should only be promoted if this 
gives rise to a demonstrable reduction of energy 
poverty or to demonstrable advantages for cli-
mate change mitigation, as well as soil, water and 
biodiversity conservation, and if such cultivation also 
rates positively with regard to social criteria. Another 
precondition for promotion should be that the use 
of bioenergy carriers can achieve a reduction in life-
cycle greenhouse gas emissions of at least 60 t CO2eq 
per TJ of raw biomass used in comparison with fos-
sil fuels. Bioenergy pathways considered particularly 
worthy of promotion are the use of biogenic wastes 
and residues and the cultivation of energy crops on 
marginal land, if the above-mentioned promotion 
criteria are met. 

In order to attain the goal of globally sustainable 
land use there is a need in the medium term for a glo-
bal land-use standard to regulate the production of 
all types of biomass for a wide range of uses (food 
and feed, use for energy and use as an industrial feed-
stock, etc.) across national borders and cross-sector-
ally. The EU member states should therefore pre-
pare suitable provisions for extending the bioenergy 
standards to all types of biomass. 

Until a globally agreed land-use standard is cre-
ated, the anchoring of bioenergy standards in bilat-
eral agreements remains an effective instrument for 
increasing sustainability. WBGU recommends that 
the European states include binding sustainability 
criteria in future agreements with countries that are 
important producers and consumers of bioenergy. 
Existing bilateral agreements should be amended to 
this end. In return, trading partners who adhere to 
the minimum standard should be accorded free mar-
ket access for bioenergy carriers. 

With a view to WTO rules and in order to limit 
recourse to alternative markets for bioenergy prod-
ucts that fail to meet the minimum standard, the Ger-
man government should also endeavour to ensure 

that international consensus on a minimum stand-
ard for sustainable bioenergy and on a comprehen-
sive international bioenergy strategy is achieved 
as quickly as possible. During the transition period 
efforts must be made to rapidly dismantle all promo-
tion of non-sustainable bioenergy use. 

Establish certification schemes for 
sustainable bioenergy carriers 
To enable adherence to the minimum standard to be 
demonstrated, corresponding certification systems 
must be created promptly. WBGU recommends the 
development of an internationally applicable certifi-
cation scheme for all types of biomass. This makes it 
easier for the bioenergy standards to be extended at 
a later stage to other uses of biomass. The Interna-
tional Sustainability and Carbon Certification system 
drawn up on behalf of the German Ministry of Food, 
Agriculture and Consumer Protection (BMELV) or 
a comparable certification system should be put in 
place at an early stage. 

The duty to furnish proof that the standards have 
been adhered to could lie in the first instance with the 
entity marketing the end product. This would remove 
the need for a duty to certify the origin of bioenergy 
feedstocks that could also be used for non-energy pur-
poses. While the certification should be carried out 
by private companies, institutions capable of impos-
ing sanctions must be created by the state to monitor 
actual implementation of the standards. Developing 
countries, and in particular the least developed coun-
tries, should be offered technical and financial assist-
ance in setting up certification systems and monitor-
ing bodies, and in implementing the certification. 

Ensure WTO conformity of environmental 
and social standards 
The World Trade Organization (WTO) conform-
ity of a unilateral European standard can be justi-
fied in law, particularly with regard to criteria for the 
reduction of greenhouse gas emissions and the pro-
tection of global biodiversity, because the necessity 
of protecting climate and biodiversity is laid down 
in multi lateral environmental agreements in interna-
tional law. In general the acceptance of environmen-
tal and social standards in the WTO regime needs to 
be further improved. In addition, the intended lib-
eralization of trade in relation to what are known 
as “environmental goods and services” (EGS) must 
not run counter to the goal of sustainable production 
and use of such goods and services. In the context 
of the rele vant negotiations the German government 
should therefore work to ensure that goods are not 
classified as EGS unless they are guaranteed to meet 
the minimum standard called for by WBGU and/or 
result from sustainable bioenergy pathways. 
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5.3  
Sustainably regulating competition among uses

Ensure priority for food security 
Unless action is taken, the degree of scope for food 
production will in future come under increasing pres-
sure, partly as a result of the emerging bioenergy 
boom. In order to prevent a crisis situation develop-
ing, there is a need for action in the following areas: 
•	 Develop	an	integrated	bioenergy	and	food	security	

strategy: Over and above the measures specified 
by the departmental working party on world food 
affairs in its report to the German Federal Cabi-
net, WBGU recommends including the cultiva-
tion of energy crops in an integrated bioenergy 
and food security strategy in which food security 
has priority. This is particularly important for 
those low-income developing countries that are 
net importers of food (Low-Income Food-Defi-
cit Countries, LIFDCs). Any controlled expan-
sion of bioenergy must be accompanied by global 
efforts to strengthen farming. For this to happen, 
the food situation in affected regions must first be 
improved, for example by distributing free seed 
for the next growing season. At the same time the 
conditions for food security and food production 
must be improved over the long term and consist-
ently incorporated into other policy areas such as 
climate protection and nature conservation. Culti-
vation of energy crops should be promoted prima-
rily on marginal, in particular degraded land. 

•	 Take	 greater	 account	 of	 increasing	 pressure	 on	
land use as a result of changing food consumption 
patterns: The sharply increasing pressure on land 
use as a result of land-intensive food consump-
tion patterns in industrialized countries, and the 
replication of these patterns in large and dynam-
ically growing newly industrializing countries, is 
exacer bating global competition for land use. This 
is a major challenge and one that remains largely 
underestimated: it is assessed that by the year 2030 
around 30 per cent of necessary food-related pro-
duction increases will be attributable to this. This 
relationship between individual eating habits, glo-
bal land use and food security is insufficiently well 
known; it should be brought to the attention of 
consumers through educational campaigns. Prior-
ity should be given to creating awareness of the 
issue, particularly in the industrialized countries, 
and encouraging people to change their behav-
iour. Initiatives at international level, for example 
in connection with the UN organizations, could 
also play a part. These initiatives should be sup-
ported by international cooperation on the land 
required for the per capita consumption of food. 
Measures of sustainability such as the ecological 

footprint can illustrate the fact that on a global 
scale natural resources are currently being used 
at a rate that exceeds their capacity for regenera-
tion. 

•	 Promptly	identify	risks	posed	by	land	use	to	food	se-
curity: An effective early warning system is needed 
if societies are to be better prepared for future cri-
ses. Existing monitoring capacities, such as those 
of the FAO and the World Food Programme, 
should be strengthened and more efficiently net-
worked. In addition, as pressure on global land use 
increases WBGU recognizes an increasing need 
for risks to food security arising from competing 
use to be identified at an early stage. In this con-
nection global monitoring and early warning sys-
tems are extremely important. 

•	 Take	account	of	the	coupling	of	land	use,	food	mar-
kets and energy markets: The challenges of global 
food security must today be dealt with against the 
backdrop of increasing pressure on global land use; 
they can no longer be addressed through national 
endeavours alone. In a globalized world, pol-
icy-making must take account of the ever-closer 
links between land use and agricultural commod-
ity price trends on the one hand and the energy 
market on the other. Policy-makers must there-
fore create regulatory mechanisms to deal with 
situations such as trends in the energy markets 
that have undesirable consequences for food se-
curity. In the long term it is important for food se-
curity that the world agricultural markets should 
generate an impetus for production increases, par-
ticularly in the poorer developing countries. To 
this end import barriers for agricultural goods 
should be further dismantled and export subsidies 
and other production-promoting measures world-
wide, but particularly in the industrialized coun-
tries, should be reduced. Any liberalization of 
trade must, however, take account of the fact that 
developing countries vary in their circumstances 
and needs. For example, LIFDCs are directly and 
adversely affected by price rises on the world mar-
ket. Exceptions to a general liberalization should 
therefore be made for a group of the predomi-
nantly poorer developing countries. 

Biodiversity conservation: Utilize the 
opportunities presented by the CBD
The expansion of bioenergy must not result in the 
directly or indirectly induced conversion of natu-
ral ecosystems. To prevent this, an effective system 
of protected areas is essential. WBGU recommends 
that a global, ecologically representative and effec-
tively managed system of protected areas with ade-
quate financing should be set up on 10–20 per cent of 
the world’s terrestrial surface by 2010. The Conven-
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tion on Biological Diversity (CBD) is the key inter-
national agreement for implementing this guard rail 
for biosphere conservation. 
•	 Close	the	funding	gap	that	affects	protected	areas:	

To this end WBGU recommends mobilizing a sum 
of € 20–30 per capita per year in the high-income 
countries. In the first instance use should be made 
of the LifeWeb Initiative, which was set up and 
provided with considerable funds at Germany’s 
instigation, so that tangible bilateral projects move 
swiftly forward. At the same time other donor 
countries should be persuaded to give financial 
support to LifeWeb. If this is successful, the initia-
tive can in the medium term become a nucleus for 
a protected area protocol to the CBD that links 
implementation of measures relating to protected 
areas with funding instruments. The practical and 
political feasibility of the protocol and possible 
links with the emerging REDD regime under the 
UNFCCC should be researched and evaluated as 
options. In addition, WBGU supports an expan-
sion of international compensation payments 
for foregone agricultural and forestry income, in 
order to make the transition to sustainable land 
use financially viable for developing countries. 
Pilot projects are to be used to assess whether 
national-level habitat banking systems in indus-
trialized countries can be opened to pro viders of 
ecosystem services in developing countries. Coun-
tries with economies in transition, newly industri-
alizing countries and countries rich in raw mate-
rials should also be more closely involved in the 
financing of international nature conservation. 
Plans should be being made now for a market-like 
mechanism in which the assurance that previously 
certified areas are protected is traded for money. 

•	 Use	 the	 CBD	 to	 develop	 biodiversity	 guidelines	
for sustainability standards: In the light of the out-
comes of COP-9 it cannot be assumed that rapid 
progress will be made, but nonetheless this process 
should be promoted by the German presidency of 
the CBD and as far as possible moved rapidly for-
wards. In order to build the necessary monitor-
ing capacities, the development of the world data-
base on protected areas should be promoted at the 
same time. The impetus for sustainability stand-
ards in the bioenergy sector should be used in the 
medium term to arrive at general guidelines for all 
forms of biomass production. 

Improve water and soil protection through 
the cultivation of energy crops 
Present trends in global water and soil use are tend-
ing in the wrong direction. Without policy change this 
will result in a worsening water crisis and increasing 
soil degradation in many areas. 

•	 Make	analysis	of	regional	water	and	soil	availabil-
ity a requirement: Since water and soil are highly 
endangered resources in many regions, any large-
scale promotion of bioenergy cultivation systems 
should be preceded by an integrated analysis of 
regional water and soil availability. Non-adapted 
bioenergy cultivation systems and the globally 
mounting demand for energy can significantly 
increase the pressure of use on soil and water 
resources. The cultivation of energy crops should 
therefore be aligned with regional strategies for 
sustainable soil and water management. 

•	 Use	the	cultivation	of	energy	crops	to	restore	mar-
ginal land: If the proper cultivation system is cho-
sen, the cultivation of energy crops on marginal 
land (such as degraded land) can actually result in 
an improvement in soil fertility. The cultivation of 
energy crops on degraded land is therefore a stra-
tegic option – it can be used to restore land at least 
some of which could later be available for food 
production. This could play a part in reducing the 
increasing pressure on land use. 

5.4  
Making targeted use of bioenergy promotion 
policies 

It is important that, in principle, only those bioenergy 
pathways are promoted that contribute to climate 
change mitigation in a particularly sustainable way. 
In WBGU’s view this means that not only is the min-
imum standard adhered to but that, taking account 
of total life-cycle emissions, the use of bioenergy is 
able to avoid emissions of at least 60 t CO2eq per TJ 
of raw biomass used. Since for practical reasons pro-
motion needs to be provided at the various stages of 
the production process (cultivation, conversion and 
end-use application systems), it is usually necessary 
to work with default values regarding the emissions 
of the other stages. 

Particularly in connection with the promotion of 
energy crop cultivation, WBGU regards it as impor-
tant that, in addition, ecological and social promotion 
criteria are met. Likewise, where biogenic residues are 
mobilized, ecological limits should also be observed 
so that soil fertility is maintained. Finally, promo-
tion of conversion and end-use application systems 
should be undertaken in such a way as to ensure that 
they fit with the vision of the transformation towards 
sustainable energy systems. Undesired lock-in effects 
should be avoided and promising technologies such 
as electromobility should be promoted.

Alongside the focus on climate change mitigation, 
sustainability of energy systems involves addressing 
energy poverty. Modernizing off-grid or traditional 
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uses of bioenergy can play a valuable part in this, 
particularly in the rural regions of developing coun-
tries. In such situations WBGU regards promotion 
of bioenergy-based projects as justified even if cli-
mate change mitigation and promotion criteria are 
not fully met. 

Remodel promotion in the agricultural 
sector 
Sustainable biomass production for energy purposes 
should ideally only be promoted if the land use con-
tributes to nature or soil conservation. At the very 
least, instances of the promotion of biomass produc-
tion that do not meet the WBGU minimum stand-
ard should be brought to an end within the next few 
years, and transferred to sustainable methods of 
production wherever possible. In general, produc-
tion subsidies in the agricultural sector should as far 
as possible be removed; this would bring an end to 
inefficient competition for subsidies between coun-
tries and remove market distortions in world agricul-
tural trade. Subsidies that yield substantial benefits 
in development-related or environmental terms form 
an exception; they should be explicitly permitted. 

Phase out promotion of liquid biofuels and 
promote electromobility 
Technology policy on the use of bioenergy in the 
transport sector must be re-directed. From the point 
of view of sustainability, promotion of liquid bio-
fuels for road transport – particularly in industrial-
ized countries – cannot be justified. The reasons for 
this include the high GHG abatement costs, low or 
negative GHG reduction potentials per unit of land 
or per unit of biomass used, and the lock-in effects on 
an inefficient infrastructure based on the combustion 
engine. Blending quotas should not be increased any 
further, and the current blending of biofuels should 
cease completely within the next three to four years. 
The road-traffic-related emissions reductions that 
have been agreed at EU level will then have to be 
achieved by other means. In the transport sector 
the highest energy efficiency of biomass is achieved 
through the generation of electricity and its use in 
electric vehicles. An appropriate framework for the 
expansion of electromobility should be developed. 
Promotion policies can assist businesses in their 
technological development by helping to expand 
opportunities for connection to the electricity grid. 
Demand for electric or hybrid vehicles can be stimu-
lated through taxation policies. 

Promote bioenergy pathways for electricity 
and heat production
Greater incentives for utilizing the potential of 
organic wastes and residues are created primarily 

through the promotion of renewables in electricity 
and heat production. The aim must be to promote the 
use of biogenic wastes and residues in such a way as 
to ensure that it is distinctly more attractive than the 
generation of electricity from energy crops. In tan-
dem with this there is a need for appropriate regu-
lation on the extraction of residues from agriculture 
and forestry, the dumping of waste and cascade uses. 
In some countries there is already promotion of the 
direct combustion of biomass (primarily wood chips 
and pellets from residues) in coal-fired and cogene-
ration plants and of the use of biogas, crude gas and 
biomethane; this should be continued and introduced 
as a priority in all regions in which coal plays a major 
part in electricity generation. However, it is essential 
to ensure that the biomass used meets the minimum 
standard with regard to sustainability. The produc-
tion of electricity from biomass that meets the pro-
motion criteria should be particularly encouraged. 
In addition, particular emphasis should be placed on 
promoting the use of biomethane if the CO2 which 
is captured during the production process can be 
removed to secure storage. If at the same time the 
international scaling-up of cogeneration and com-
bined-cycle power plants accelerates as a result of 
appropriate climate and energy policy measures and 
suitable promotional approaches, it will be possible 
to utilize highly efficient bioenergy pathways and 
hence achieve globally significant reductions in 
emissions. In WBGU’s view it is entirely appropri-
ate to promote the combustion of wood chips or pel-
lets for electricity generation, but state subsidies for 
pure heat use should be provided in industrialized 
countries at most for a transition period, until a trans-
formed energy system is in place in which this need is 
met from CHP plants or from heat pumps running on 
renewable electricity. 

Initiate an international agreement on  
(bio)energy subsidies 
In order to cut back energy subsidies that harm the 
environment and give a higher priority to sustain-
ability criteria, states need to coordinate their pol-
icies at international level. They should enter into 
agreements whereby non-sustainable energy subsi-
dies are removed in all countries and guidelines for 
permissible subsidies, based on the principle of sus-
tainability, are established. This could occur in the 
context of a Multilateral Energy Subsidies Agree-
ment (MESA), which at the outset might involve 
only the most important energy producers and con-
sumers. In the long term the agreement could form 
part of the WTO regime. 
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Strategically manage the use of biomass as 
an industrial feedstock
In order to pave the way for strategies for the use 
of biomass from agriculture and forestry as a feed-
stock in industrial production processes, material 
flow analyses and land-use inventories should be 
drawn up both globally and nationally. The scenarios 
should describe likely developments (competition 
for land use, substitution processes, etc.) and options 
for action. For key categories of materials and prod-
ucts (cellulose, paper products, etc.) sustainability 
standards for the cultivation and extraction of feed-
stocks should be set and product standards with high 
recycling quotas should be specified. Through suit-
able measures it should be possible for high levels 
of resource and product consumption to be greatly 
reduced. 

5.5  
Harnessing the sustainable bioenergy potential in 
developing and newly industrializing countries

Make tackling energy poverty a priority of 
development policy
As a target WBGU recommends endeavouring to 
ensure that traditional forms of bioenergy use that 
are harmful to health are replaced by 2030. Facil-
itating access to modern forms of energy does not 
have to be included as a stand-alone goal in the Mil-
lennium Development Goals (MDGs), but it should 
be explicitly included in the MDGs as a means of 
tackling poverty and, moreover, should be more 
strongly anchored in the energy policy portfolios of 
stakeholders involved in international development 
cooperation. As a first step, tackling energy poverty 
should be systematically included in Poverty Re-
duction Strategy Papers (PRSPs). The international 
community should particularly promote bioenergy 
projects that advance rural off-grid energy supply in 
developing countries. 

Base strategies for reducing energy poverty 
on reliable data
So that alternative ways of providing energy serv-
ices can be examined and obstacles to implemen-
tation can be better understood, actors involved in 
international development cooperation must work 
with national actors to draw up strategies for tackling 
energy poverty. These approaches should be based 
on reliable empirical findings and must be embed-
ded in suitable policy strategies. WBGU therefore 
recommends carry ing out multi-country cross-sec-
tional evaluations and nationally, regionally and 
locally specific studies in order to obtain information 
on best practices. 

Support developing countries in drawing up 
national bioenergy strategies 
So that the opportunities and development potentials 
of bioenergy can be realistically assessed and risks 
can be minimized, WBGU recommends that stra-
tegic issues be discussed in the country context and 
with as broad a range of stakeholder groups and 
affected sections of the population as possible, and 
that decisions then be taken on the priority goals of 
any promotion of bioenergy. Development cooper-
ation actors should support partner countries in 
developing these strategies, examining all the forms 
in which bioenergy and its alternatives can be used 
and applied, as well as evaluating the suitability of 
these forms in the context of the local situation. They 
should also seek to ensure that the minimum stand-
ard and promotion criteria are met and that the ne-
cessary governance capacities, such as land-use plan-
ning and certification, are strengthened. In addition, 
it is essential that bioenergy strategies be linked to 
food security strategies. 

Promote pilot projects that involve 
particularly sustainable cultivation systems 
and the use of wastes and residues 
Cultivation methods that are particularly sustain-
able and that help to combat soil erosion, conserve 
biodiversity, reduce energy poverty and advance rural 
development should be promoted in pilot projects. 
Such methods include, for example, the socially 
acceptable cultivation of perennial energy crops on 
degraded land, or agroforestry. WBGU also recom-
mends that the country-specific potentials of wastes 
and residues be assessed and then utilized in electric-
ity generation, particularly in agro-industrial biogas 
plants and cogeneration plants where the waste heat 
is used. Pilot projects can improve the mobilization 
of the potential of residues and wastes. 

Create bioenergy partnerships 
Multilateral cooperation for purposes of sustain-
able bioenergy use can be supplemented by inter-
governmental partnerships. Technology agreements 
are appropriate in this context, for example for scal-
ing up technologies for processing and using biome-
thane. These technologies can be linked to aspects of 
sustainable land-use policy or to trade partnerships. 

Promote the restructuring of the world 
energy system 
In order to increase the purchasing power of peo-
ple affected by energy poverty, development coop-
eration should continue its financial support of 
microfinancing systems. Cooperation between the 
private and public sectors should be encouraged in 
order to mobilize private capital. Greater use can be 
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made of CDM projects for the large-scale substitu-
tion of fossil fuels. The technologies recommended 
by WBGU in connection with the sustainable use of 
bioenergy in the energy systems of developing coun-
tries serve not only to tackle energy poverty; the 
majority of them also address the issue of climate 
protection. For instance, making projects that aim to 
improve the efficiency of traditional uses of bioen-
ergy eligible as small-scale CDM activities is justifi-
able and can contribute to financing. In addition, the 
international community should coordinate and sup-
port the restructuring of the world energy system. 
WBGU recommends that the German government 
should position itself at the forefront of such a pro-
cess at European level and in the supervisory bodies 
of the international organizations involved, so that 
it can continue to maintain its pioneering role in cli-
mate change mitigation. 

5.6  
Building structures for a sustainable global 
bioenergy policy 

Set up a global land-use register 
To be able to monitor direct and indirect land-
use changes when introducing standards and the 
requisite certification systems, it is important that a 
global, GIS-supported land-use register is set up. As 
a key element of this, rapid further development of 
the world database of protected areas managed by 
the World Conservation Monitoring Centre of the 
United Nations Environment Programme (UNEP-
WCMC) is recommended. However, the global land-
use register must go beyond this database; for each 
imported bioenergy carrier it must be able to pro-
vide information on the land on which it was pro-
duced (geographical coordinates, manner of cultiva-
tion, commitment to adherence to sustainability cri-
teria, etc.). 

Creation of an institutional framework for 
the globalization of standards 
The Global Bioenergy Partnership (GBEP) should 
be used as a forum for developing a uniform inter-
national bioenergy standard and accelerating mul-
tilateral policy formulation. This partnership brings 
together key stakeholders and includes newly indus-
trializing countries. Efforts should, however, be made 
to ensure that relevant civil society stakeholders 
have greater involvement in the dialogue. GBEP or 
the Task Force on Sustainability should be helped to 
channel, in their capacity as an intergovernmental 
forum, the formal and informal processes involved 
in drawing up global sustainability standards and to 
work towards the creation of global standards and 

guidelines. The proposals of WBGU, which has taken 
up important ideas put forward by the Roundtable on 
Sustainable Biofuels, could provide a basis for this. 

Promote bioenergy through IRENA 
The International Renewable Energy Agency 
(IRENA) is being set up with the aim of promoting 
worldwide use of renewable energies through pol-
icy advice, technology transfer and knowledge dis-
semination; this is an appropriate step towards the 
streamlining and institutional strengthening of inter-
national energy policy. Nevertheless, in addition to 
promotion of renewable energies IRENA should 
include all aspects of the transformation towards sus-
tainable energy systems in its remit. It should be ena-
bled to address aspects of energy demand and issues 
relating to energy, the environment and development 
in a comprehensive and integrated manner.

Convene an International Conference on 
Sustainable Bioenergy
In order to arrive at a shared global understanding of 
the opportunities and risks of bioenergy and a con-
sensus on appropriate standards in relation to the 
production and use of different forms of bioenergy, 
WBGU recommends that an International Confer-
ence on Sustainable Bioenergy be convened at an 
early stage. This conference could be modelled along 
the lines of renewables 2004. It could be used to for-
mulate objectives and general promotion principles, 
exchange ideas for best-practice approaches and 
draw up agreements on international bioenergy part-
nerships and on the importance of bioenergy for a 
sustainable global energy system. It is important that 
it should bring together actors from the policy areas 
of agriculture, energy, the environment and develop-
ment. 

5.7  
Conceiving of global land-use management as a 
challenge of the future 

Inherent in the problem of competing land use, in 
WBGU’s view, is a potential for future conflict that 
reaches far beyond the sphere of bioenergy. Critical 
trends in world food security are even now becom-
ing apparent, and they will become more acute as the 
world population increases to around 9 billion and 
land-intensive food consumption patterns become 
ever more widespread. Global land-use management 
is therefore set to become a key future task if land-
related conflicts are to be avoided. 
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Set up a global commission for sustainable 
land use 
The increasing pressure on land use is a global chal-
lenge of an extent and complexity which is as yet lit-
tle understood. This calls for the development of a 
complex new field of global governance in which 
issues of food, energy, development, environmental 
and climate policy mesh. On account of the diverse 
global interactions and linkages involved, it will no 
longer be possible to see land use solely as an issue 
for action at individual country level. This is power-
fully illustrated by the example of the worldwide 
effects of indirect land-use changes associated with 
the expansion of bioenergy, and by the issue of equi-
table per-capita land use in connection with global 
food security. A new global commission for sustain-
able land use should be set up to start these pro-
cesses at international level and to organize how to 
approach the issue. The commission’s task should 
be to identify the key challenges arising from global 
land use and to assemble the scientific state-of-the-
art. Drawing on this groundwork, the commission 
should then elaborate the principles, mechanisms 
and guidelines required for global land-use manage-
ment. The commission could be located within UNEP 
and work closely with other UN organizations such 
as the FAO. The findings should be regularly placed 
on the agenda of the UNEP Global Ministerial Envi-
ronment Forum or the strategically important G8+5 
gatherings of heads of state and government.



It is better to be approximately right than 
precisely wrong.

Johann Wolfgang von Goethe 
1749–1832

Bioenergy in the form of open fire was the first source 
of energy used by humankind. Even today a quarter 
of the world’s population still depends on this tra-
ditional form of bioenergy use. During the last 150 
years fossil fuels – initially coal, but then oil and natu-
ral gas – have replaced wood as the dominant source 
of primary energy. The emergence of markets for 
modern bioenergy is by contrast a relatively recent 
phenomenon, with dynamics that are driven by var-
ying motives in industrialized and developing coun-
tries. Liquid biofuels for the transport sector occupy 
a central position in the current public debate.

Bioenergy presents opportunities for climate and 
environmental policy, security of energy supply and 
rural or economic development and has in conse-
quence been the subject of policy measures and pro-
grammes in many countries, sometimes on a vast 
scale. As food prices have risen in recent years, how-
ever, it has become clear that bioenergy poses risks 
due to competing interests in using land to grow 
crops for food or biomass for energy. In addition, the 
conversion of natural or semi-natural land for energy 
crop cultivation leads to the release of greenhouse 
gases as vegetation and soil carbon decompose; bio-
logical diversity is also lost. 

The rising price of oil has intensified the search 
for fuels that can be used in combustion engines to 
replace petrol and diesel and has thus accelerated 
the expansion of bioenergy. Many stakeholders in 
bioenergy policy focus first and foremost on the pro-
duction and utilization of energy crops, despite the 
lack of adequate scientific evidence for many of the 
assumptions on which policy-makers base their deci-
sions. For example, it is not yet sufficiently clear which 
energy crop deployment pathways under which con-
ditions of cultivation and use can make a significant 
contribution to climate change mitigation, how direct 
and indirect land-use change can be inventoried and 
how competition for land use can be avoided. On the 

other hand, the generation of energy from wastes and 
residues is a potentially sustainable method of using 
biomass for energy and entails relatively few prob-
lems; tapping that potential has not yet received the 
attention it deserves. 

Since agro-ecological and socioeconomic condi-
tions vary widely and national energy supply struc-
tures also differ from country to country it is impos-
sible to make universal recommendations on the use 
of bioenergy. In addition to establishing global guard 
rails and standards to safeguard the sustainability 
of bioenergy use, the local situation must always be 
appraised from case to case. However, the rapid pace 
of current bioenergy expansion with the concomitant 
risks to sustainability highlight the need to establish 
national and international frameworks for the use of 
biomass as an energy source. 

In this setting marked by uncertain knowledge 
and conflicting political interests, the present report 
by WBGU seeks above all to map routes for sustain-
able bioenergy use, reveal the associated opportuni-
ties, determine the prevailing uncertainties, identify 
risks and highlight the scope and need for regulation 
in both the short and long term. 

This WBGU report examines the issues surround-
ing bioenergy from a global perspective and depicts 
the differing motives of the industrialized, newly 
industrializing and developing countries in connec-
tion with the use of biomass for energy. Bioenergy is 
a major issue of much wider scope than the debate 
on liquid biofuels suggests. The report therefore dis-
tinguishes between traditional biomass use, biogenic 
wastes and residues and energy crops. It includes 
an assessment of the globally sustainable potential 
for energy crop cultivation, which is limited by the 
WBGU guard rails for food security, climate change 
mitigation and nature conservation. Within this con-
text competition for land use is also explored and 
evaluated. In addition WBGU assesses more than 
60 bioenergy pathways, from resource extraction to 
energy service, in terms of their (positive, neutral or 
negative) contribution to the global shift towards 
sustainable energy systems. 

Introduction 1



20  1

WBGU sees bioenergy as having a sustainable 
global potential amounting to around one-quar-
ter of present primary energy use. The challenge is 
to utilize these opportunities while minimizing the 
risks, taking account at the same time of increasingly 
globalized markets, highly divergent political inter-
ests and accelerating climate change. Policy-makers 
have to develop a framework for the sustainable use 
of biomass for energy quickly, before technological 
developments lock in that would do the climate more 
harm than good. The present report will, it is hoped, 
provide some guidance.

1 Introduction
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The increased production and use of biomass for 
energy purposes and the creation of a market for 
modern bioenergy is actively pursued for disparate 
reasons and with diverse policies in different parts 
of the world (GBEP, 2008). Promotion policies and 
programmes – some of which are on a large scale – 
are based on arguments such as climate change miti-
gation, conservation of the environment, energy and 
supply security and rural or national development. In 
its analysis WBGU focuses on the role of bioenergy 
in a sustainable global energy system and thus has a 
specific perspective on the global bioenergy discus-
sion. In order to highlight the potentials and limits of 
bioenergy and the parameters of policy-making, it is 
important that the dimensions and dynamics of the 
overall debate are first understood. 

The most important current discourses on bioen-
ergy are briefly summarized below. Consideration of 
the different discourses, which tend to be conducted 
in parallel, reveals the commonalities and contra-
dictions of present bioenergy policies. It will also 
become apparent that a wide range of political and 
economic interests come into play at both national 
and transnational level in industrialized and devel-
oping countries; it is essential to be aware of these 
if one is to understand the current debate and the 
predicted prospects of a sustainable policy of the 
future. This chapter thus describes the wider context 
within which WBGU frames the formulation of its 
own objectives and priorities for a sustainable global 
bioenergy policy. 

2.1
Current discourses on bioenergy 

In the recent past at least three different bioenergy 
discourses have emerged, underpinned by diverse 
motives and stakeholder constellations. It is due to 
the dynamics of these different discourses that no 
predominant view of the benefits and disadvantages 
of bioenergy has as yet become established. 

Firstly there is a discourse centred on environ-
mental policy, which focuses on the contribution of 
bioenergy to climate change mitigation and resource 
conservation. Bioenergy is regarded as a ‘green’, cli-
mate-friendly form of energy. It is therefore seen as 
playing an important role, particularly in the industri-
alized countries, in enabling the Kyoto commitments 
to be met. In the long term it is thus envisaged that 
bioenergy will contribute to the transformation of 
energy systems towards a low-carbon economy. This 
discourse is currently supported by the IPCC guide-
lines, which classify the use of bioenergy as in princi-
ple carbon neutral (IPCC, 2006). 

Typical of policies that are based on this dis-
course is the EU’s Biofuels Directive (2003/30/EC), 
which aims to reduce traffic-induced CO2 emis-
sions through the blending of biofuels. That the traf-
fic sector’s contribution to climate change mitiga-
tion should involve liquid biofuels can be explained 
in part by the vested interest of a major stakeholder 
in European economic policy: the automobile indus-
try. The use of biofuels in conventional combustion 
engines requires only minor technical modifications; 
by using biofuels, extensive and costly technologi-

Box 2.1-1

Terminology: Bioenergy, biofuels, agrofuels

Many of the bioenergy-related terms that are bandied 
about in the public debate are not used in a standardized 
manner. Bioenergy is the final energy or useful energy that 
is converted and made available from biomass. Biofuels are 
liquid or gaseous fuels of biogenic origin; they can be used 

as transport fuels or deployed in the stationary applications 
of power generation or cogeneration. 
The prefix ‘bio’ has a positive connotation, but biofuels 
may also be derived from the non-sustainable cultivation 
of energy crops. Because of this, the term ‘agrofuels’ is 
now often used, or – less frequently – ‘agri-ethanol’, ‘agro-
energy’ or ‘agrogas’. WBGU continues to use the original 
terminology, because ‘bioenergy’, ‘biofuels’ and ‘biogas’ are 
the more familiar terms.
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cal change can therefore be avoided, and the indus-
try can at the same time claim to be making a seri-
ous contribution to climate change mitigation. This 
provides companies with a low-cost means of demon-
strating their commitment to tackling climate change, 
and relieves consumers of the need to change their 
behaviour directly, for example by reducing their car 
usage. Since the actual effectiveness of these biofuels 
in mitigating climate change was initially not seri-
ously questioned, this approach appealed to deci-
sion-makers in politics and industry and appeared to 
engender little opposition. The assumed effectiveness 
in mitigating climate change became a pivotal argu-
ment in favour of subsidizing biofuels from energy 
crops, in the industrialized countries and elsewhere. 
Now that greenhouse gas balances are better under-
stood and interdependencies with food production 
and nature conservation have become apparent, sup-
porters of biofuels face growing criticism. As a result 
first steps towards a correction of policy are already 
being taken, while some are going so far as to call 
for a moratorium on the cultivation of energy crops 
(Umwelt Aktuell, 2008). 

A second discourse on resource scarcity, rising 
energy prices and energy security regards bioenergy 
as an alternative to the fossil energy carriers – coal, 
oil and natural gas. It builds on the assumption that 
the use of biomass can contribute to greater energy 
and supply security and to reduced dependence on 
fossil and nuclear fuel imports. 

Sharp price rises and the predicted scarcity of fos-
sil fuels, particularly oil (‘peak oil’), and the growing 
demand from newly industrializing countries, have in 
recent years kindled a new debate on security of sup-
ply (Worldwatch Institute, 2007; Economist, 2008a). 
Since the production of mineral oil is concentrated 
in a small number of regions, many of which are 
politically unstable, security-related and geostrategic 
motives for the substitution of oil imports are also 
coming to the fore (Mildner and Zilla, 2007; Adel-
phi Consult and Wuppertal Institut, 2007). This com-
bination of reasons plays a particularly important 
role in the USA (White House, 2006). In the Euro-
pean Union, too, dependence on Russian gas and 
oil is seen as a serious risk to the security of supply 
(EU Commission, 2005c). In both cases these argu-
ments have been used to support ambitious plans for 
expanding the use of biomass for energy, and in par-
ticular the use of liquid biofuels. 

Reducing dependence on imports is, however, 
also an explicit goal of the bioenergy programmes 
of many newly industrializing and developing coun-
tries. The main aim of such a reduction is to circum-
vent rising procurement costs for fossil resources. 
The high oil prices of recent years have significantly 
worsened the balance of trade of many countries, and 

import substitution through bioenergy is extolled 
as a possible way out of this situation (UN-Energy, 
2007b). For example, high crude oil prices and the 
goal of self-sufficiency of supply were major determi-
nants of the biofuel policy used by the Brazilian gov-
ernment in 2006 to achieve its goal of self-sufficiency 
in crude oil (IEA, 2006a). Other newly industrializ-
ing and developing countries, such as India and Indo-
nesia, also point to import substitution as an impor-
tant motive for their biofuel strategies (e.g. Planning 
Commission, 2003).

This discourse, too – which is encountered in 
equal measure in developing, newly industrializing 
and industrialized countries – is frequently confined 
to liquid biofuels and the transport sector. Along-
side the mineral oil suppliers and small and medium-
sized businesses that perceive major market open-
ings for biofuels in industrialized countries (Econ-
omist, 2008a), there are also powerful arguments in 
developing and newly industrializing countries for a 
development pathway that involves crude oil substi-
tution. These include the growing affluent consumer 
groups and the rapidly rising demand for motor cars. 
Within such specific national supply discourses the 
argument of improved access to energy in rural areas 
plays only a subordinate role. In consequence, prior-
ities and support policies are insufficiently geared to 
the needs of countries and regions affected by energy 
poverty. 

In a third discourse centring on rural development 
and economic potential the fresh opportunities for 
growth and employment in agriculture are empha-
sized. In industrialized countries the increased use 
of biomass for energy is seen as an opportunity to 
revitalize the sectors of the economy based on agri-
culture and forestry and secure jobs in these areas 
(DBV, 2004). This combination of reasons plays an 
important role in both the USA and the European 
Union, not least because it can be used to legitimize 
new or continuing agricultural subsidies (Koplow, 
2007; Kutas et al., 2007).

Many newly industrializing and developing coun-
tries likewise support the expansion and promotion 
of specialized energy crop farming. Many of these 
countries are predominantly agrarian and they par-
ticularly stress the opportunities for national devel-
opment that arise from employment effects in agri-
culture and the possible growth potentials of the 
export-oriented production of energy crops and 
biofuels (Lula da Silva, 2007). It is argued that nat-
ural geographical conditions, regional climate, the 
availability of agricultural and forestry land and low 
wage costs result in comparative cost advantages on 
the world market; these would open up global sales 
opportunities, perhaps extending to specific trade 
partnerships with industrialized countries where 
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2.2
Sustainable global energy systems and land-use 
systems

When seen in terms of its multiple interlinkages, 
bioenergy is the most complex of all the known forms 
of renewable energy. The potential benefits and the 
risks of extensive undesirable effects are both high. 
This makes it all the more urgent to question the 
globally sustainable deployment of bioenergy: what 
should the use of biomass for energy achieve, what 
can it achieve and what are the associated risks and 
limits? 

Bioenergy is in the first place a form of energy. 
As WBGU has already shown in previous reports, it 
is essential to turn energy systems towards sustain-
ability worldwide – both in order to protect the natu-
ral life-support systems on which humanity depends, 
and to overcome energy poverty in developing coun-
tries (WBGU, 2004a). The increased use of bioen-
ergy must therefore be evaluated in terms of whether 
and to what extent it contributes to this global shift 
towards sustainable energy systems. 

A sustainable energy system must be anchored 
in a general process of sustainable development in 
order to ensure that the use of bioenergy is not at the 
expense of other sustainability dimensions. Further-
more, conversion into energy is not the only use of 
biomass. The issue of the sustainable use of bioenergy 
is therefore just one aspect of a wider question – in 
view of the fact that biomass, while it is renewable, is 
not available in unlimited quantities, in what way and 
for what purposes should it be used in order to facil-
itate globally sustainable development? 

The following sections elucidate the areas of 
bioenergy use in which WBGU considers a signifi-
cant contribution to sustainable development to be 
possible and which therefore form the core of the 
report’s analysis. 

2.2.1  
Bioenergy, energy system transformation and 
climate change mitigation 

Effective climate change mitigation is essential if 
there is to be any prospect of globally sustainable 
development (WBGU, 2007). In order to avoid dan-
gerous climate change, within the next ten years the 
emissions trend must be reversed and by 2050 global 
greenhouse gas (GHG) emissions must be cut to half 
their 1990 level. Currently (2004), 56.6 per cent of glo-
bal greenhouse gas emissions are CO2 emissions from 
the combustion of fossil energy carriers. Overall, cen-
tral energy generation contributes 25.9 per cent of 
global GHG emissions, transport contributes 13.1 

demand is located (Mildner and Zilla, 2007; Math-
ews, 2007). In particular, the major agricultural pro-
ducers among the newly industrializing and devel-
oping countries – such as Brazil, Indonesia, Malay-
sia, South Africa and Argentina – have high hopes of 
an emerging world market in biofuels. Even though 
this development discourse has recently been put on 
the defensive as the possible social and ecological 
consequences have been pointed out (slogans have 
included: ‘food, not fuel’, ‘tortilla crisis’ and ‘destruc-
tion of the rainforest’), the argument centred on new 
development opportunities arising from bioenergy 
continues to play an important role. 

Beyond these primarily macro-economic consid-
erations, multinational companies also see significant 
commercial potential in the areas of agrochemistry 
and plant biotechnology (Bayer CropScience, 2006; 
Economist, 2008a). As a result, the interests of agri-
cultural policy and energy policy stakeholders some-
times coincide, a situation that amplifies the impact 
and forcefulness of this discourse. 

When viewed as a whole there is a great deal of 
overlap between the individual discourses and the 
interests of the stakeholders pushing them. It is often 
suggested that bioenergy as such – without differenti-
ating further – could have positive effects in a number 
of issue areas (‘win-win-win’). Interactions, conflict-
ing objectives and risks are overlooked – partly out 
of ignorance, partly as a calculated strategy. Different 
interest groups compete to dominate the discourse 
on bioenergy and thus assert their influence on rele-
vant policy-making processes. 

It is noticeable that in the public debate on alter-
native energies there is still little attempt to distin-
guish between different production and deployment 
forms of bioenergy. In particular, liquid biofuels are 
often equated with bioenergy in general. It is even 
rarer to encounter any differentiation between the 
use of bioenergy in fundamentally different energy 
sectors such as power, heat and transport. The same 
attitude is revealed in the narrow focus of bioenergy 
policy to date on the transport sector and biofuels. 
Otherwise unheard-of alliances of different interest 
groups – such as the automobile industry and envi-
ronmental conservationists, or groups representing 
agricultural interests and energy companies – have 
been able to state their case with particular forceful-
ness. In consequence, a policy of promoting bioen-
ergy appeared to everyone involved to be a worth-
while strategy. But it is an open question whether 
the bioenergy policy that is currently being pursued 
is meaningful and effective in the sense of involv-
ing coherent promotion of climate change mitigation 
and energy security while also heeding the principles 
of sustainable development. 
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2.2.3  
Specific properties of biomass

Since the amount of biomass that is annually renewed 
in the biosphere is limited and conversion into energy 
is only one of a number of ways in which biomass 
can be used, any expansion of energy crop cultiva-
tion needs to be evaluated in the context of compet-
ing demands. In particular, the area of land availa-
ble for energy crop cultivation is limited by the abso-
lute necessity of ensuring an adequate level of food 
production. Similarly, the energy yield achievable per 
unit of land cannot be increased indefinitely, since 
there is a theoretical upper limit to the efficiency of 
photosynthesis in converting incident solar energy 
into biomass. This makes it all the more important 
not simply to regard bioenergy as a mere quantita-
tive contribution to overall energy, but to conduct a 
general evaluation of the qualitative properties of 
biomass in order to identify how they might contrib-
ute to the objectives of a sustainable energy system. 

Properties of biomass as an energy carrier
Plants are able to absorb and store solar energy with-
out technological intervention. Humans can utilize 
this property by burning biomass in various forms. 
Conversion and storage of bioenergy requires only 
the simplest of technology; bioenergy has therefore 
been utilized since the dawn of human history. Today 
bioenergy is used predominantly by the poor, for 
whom it represents an affordable and easily manage-
able form of energy. From the point of view of utili-
zation, biomass and fossil fuels – which are ultimately 
stored biomass from prehistoric times – share similar 
properties. In particular, biomass can be used upon 
demand. This means that even in complex energy 
systems it can play an important part in securing the 
energy supply: as the proportion of renewable ener-
gies increases, biomass can balance and supplement 
the intermittent feed-in of wind and solar energy in 
electricity supply systems. 

Properties of biomass as a carbon sink and 
carbon reservoir 
At the same time as storing energy, plants also store 
carbon, which is removed from the air in the form of 
CO2. If the biomass is used as energy, the stored CO2 
is again released. As with the use of fossil fuels, it is 
technologically possible – although not straightfor-
ward – to separate and store the CO2 in the course of 
energy generation. In generating biomethane, some 
of the CO2 must in any case be separated in order 
to make the gas usable. In the case of biomass, how-
ever, it is also possible and technologically fairly sim-
ple to store CO2 temporarily if some or all of the uti-
lization for energy is foregone or delayed. Depend-

per cent and industry 19.4 per cent (IPCC, 2007c). A 
transformation of energy systems is therefore indis-
pensable for attainment of the climate change miti-
gation targets (WBGU, 2003, 2004a). 

Two other sectors that are highly relevant to cli-
mate change mitigation are forestry and agriculture, 
which contribute respectively 17.4 per cent and 13.5 
per cent to global greenhouse gas emissions. Emis-
sions from the forestry sector are predominantly CO2 

emissions from ongoing deforestation; those from 
agriculture are attributable in approximately equal 
proportions to emissions of methane and nitrous 
oxide (IPCC, 2007c). Whether the climate change 
mitigation targets can be achieved therefore depends 
not only on the transformation of energy systems but 
also to a significant extent on the future development 
of global land use. 

Bioenergy, provided that it is not limited to the use 
of wastes and residues, is directly linked to land use 
and therefore has the potential to lead to a change in 
emissions in the agriculture and forestry sectors. It 
thus forms an interface between the two most signif-
icant drivers of climate change – global energy sys-
tems and global land use. 

2.2.2  
Bioenergy, energy system transformation and 
energy poverty 

A further goal of the global reconfiguration of energy 
systems is to overcome energy poverty in develop-
ing countries. Energy poverty involves a lack of ade-
quate options for access to affordable, reliable, high-
quality, safe and environmentally sound energy serv-
ices to meet basic needs (WBGU, 2004a). Access to 
modern energy is an important element in tackling 
poverty and a condition for attainment of the Mil-
lennium Development Goals (WBGU, 2004a). Some 
2500 million people presently depend on biomass as 
the primary source of energy for cooking. In many 
countries, particularly in sub-Saharan Africa, biomass 
accounts for more than 90 per cent of household 
energy consumption (IEA, 2006b). The majority of 
this bioenergy is used in traditional form; it there-
fore frequently involves inefficient technologies and 
major risks to health (Section 8.2). In WBGU’s view, 
further development of existing bioenergy use or its 
replacement by low-emission forms of energy is key 
to overcoming energy poverty. 
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ing on the use of the biomass and the way in which it 
is kept, CO2 can be stored in this way for several cen-
turies (wood) or even millennia (charcoal). There is 
at present no relevant technical process that can be 
used to remove CO2 directly from the atmosphere in 
a way similar to that used by plants. 

Properties of biomass as an industrial 
feedstock
Biomass is also used as a raw material and feedstock 
by the manufacturing and chemical industries, and in 
the building trade. In developing countries, in partic-
ular, wood is an easily available building material and 
resource. The material use of biomass is also relevant 
to climate policy because, as well as storing carbon, it 
also enables the use of emission-intensive materials 
such as cement to be avoided. 

Substitutability of biomass 
It is clear from the various qualitative properties of 
biomass that appropriate use of biomass can in prin-
ciple make a positive contribution to climate change 
mitigation and the overcoming of energy poverty. 
However, it is also possible to pursue these objectives 
by other means, without using biomass – for example, 
by improving efficiency in energy supply, using other 
renewable energies or employing technology to sep-
arate and store CO2 from fossil sources. There are, 
though, properties and uses of biomass that cannot 
be substituted. This applies, for example, to biomass 
as a key component of ecosystems, or biomass as a 
food- and feedstuff. From the point of view of sus-
tainability, therefore, biomass should only be used for 
climate change mitigation and energy supply in ways 
that do not jeopardize its non-substitutable uses and 
properties. The following chapter sets out the guard 
rails and guidelines that should in WBGU’s view be 
observed if bioenergy use is to be globally sustain-
able. 





Sustainability constraints upon 
bioenergy

3

3.1
Ecological sustainability 

3.1.1  
Guard rail for climate protection

In WBGU’s view, climate change impacts are intoler-
able if they are associated with a mean global rise in 
near-ground air temperatures of more than 2°C from 
pre-industrial levels, or a rate of temperature change 
of more than 0.2°C per decade. This guard rail has 
been explained in detail in earlier WBGU reports 
(WBGU, 1995b, 2006). Adherence to this guard rail 
requires the concentration of greenhouse gases in the 
atmosphere to be stabilized below 450 ppm CO2eq. 
To achieve this, global greenhouse gas emissions need 
to be at least halved by the middle of the century. 

A considerable proportion of the CO2 released 
by human activities dissolves in seawater and causes 
acidification there. In order to avoid undesired or 
dangerous changes in marine ecosystems, the pH 
level of the uppermost ocean layer should not fall 
in any major ocean region by more than 0.2 units 
against the baseline of pre-industrial levels. Adher-
ence to the 2°C guard rail would automatically result 
in adherence to the acidification guard rail, provided 
that there is a sufficient reduction not only in the 
overall ‘basket’ of greenhouse has emissions but also 
in CO2 emissions as such (WBGU, 2006).

A use of bioenergy for which climate change miti-
gation effects are claimed should be judged by the 
contribution it makes to adherence to the climate pro-
tection and acidification guard rails. For adherence to 
the 2°C guard rail it is of no consequence whether a 
particular sector (such as transport) achieves a par-
ticular reduction in emissions. The only deciding fac-
tor is the development over time of global emissions 
and of greenhouse gas removals by sinks across all 
sectors. A realistic assessment of the contribution of 
bioenergy use to climate change mitigation must take 
account of the development of emissions in all sec-
tors. To gauge adherence to the acidification guard 

WBGU derives a sustainable corridor for bioen-
ergy use primarily from its own guard rail concept 
(WBGU, 1995b). The Council uses the term ‘guard 
rail’ to refer to quantitatively defined damage limits, 
exceedance of which is intolerable or would have 
catastrophic consequences. An example of such a 
limit is an increase in global mean temperature by 
more than 2°C from pre-industrial levels. Sustain-
able development pathways follow trajectories that 
lie within the range delimited by the guard rails. This 
approach is based on the realization that it is virtually 
impossible to define a desirable, sustainable future 
in positive terms – that is, in terms of a goal or state 
to be achieved. It is, however, possible to agree on 
the boundaries of a range that is acknowledged to 
be unacceptable and that society seeks to avoid. If 
the system is on course for collision with a guard rail, 
steps should be taken to change direction. 

Adherence to the guard rails described in this 
chapter is, however, only a necessary and not a suf-
ficient criterion for sustainability (WBGU, 2001a). 
The constraints presented by both the socioeconomic 
and the ecological dimensions of sustainability can-
not always be precisely formulated as guard rails. In 
the socioeconomic arena, for example, many of the 
requirements of a sustainable bioenergy policy are 
not quantifiable. Furthermore, the majority of the 
socioeconomic requirements that are in principle 
quantifiable cannot be converted into a global guard 
rail, because they are country- or situation-depend-
ent. Ecological damage limits, too, cannot always be 
formulated as guard rails – perhaps because regional 
differences are too great or because no satisfactory 
global indicator can be specified. For these reasons 
WGBU specifies, in addition to the guard rails, other 
sustainability requirements; these provide additional 
criteria for the sustainable use of bioenergy that can-
not be defined in terms of guard rails. They involve, 
for example, various aspects of land use or adherence 
to social standards. 



28 3 Sustainability constraints upon bioenergy

ley and Stolton, 1999a) – that is, they are indeed pro-
tected by ordinance, but local management is so inad-
equate that it often cannot even halt the destructive 
exploitation of biological resources (e.g. illegal log-
ging, predatory fishing). Furthermore, strictly speak-
ing only the areas in IUCN categories I–IV should be 
included in the tally, since in categories V and VI the 
emphasis is more on sustainable use than on the con-
servation of biological diversity. The call for an effec-
tively managed system of protected areas is therefore 
met by only a fraction of the 12 per cent (Box 5.4-1). 

In the same way as the objectives of the Global 
Strategy for Plant Conservation (GSPC) agreed in 
the context of the Convention on Biological Diver-
sity, this global guard rail needs to be differentiated 
and operationalized on a regional basis (CBD, 2002a; 
Section 10.5). The GSPC’s 16 global targets for 2010 
include the following: 
– at least 10 per cent of each of the world’s ecologi-

cal regions effectively conserved.
– protection of 50 per cent of the most important 

areas for plant diversity assured. Criteria for the 
selection of these areas would include species rich-
ness, endemism, and uniqueness of habitats and 
ecosystems. 

– 60 per cent of the world’s endangered species con-
served in situ (e.g. through protected areas). 

– 70 per cent of the genetic diversity of socio-eco-
nomically valuable plant species conserved (gene 
banks and on-farm conservation). 

However, even a perfectly functioning system of pro-
tected areas cannot halt the loss of biological diver-
sity. It must be complemented by two processes: inte-
gration of the protected areas or protected area sys-
tems into the surrounding landscape (CBD, 2004b) 
and mainstreaming of conservation through differ-
entiated application of the principle of sustainable 
land use to all land used for agriculture or forestry. 
The objective is the ‘integrated, sustainable manage-
ment of land, water and living resources’ (Ecosys-
tem Approach: CBD, 2000, 2004a). This means that 
ensuring the sustainability of land use calls for addi-
tional ecological sustainability requirements that 
take account of the nature conservation dimension 
(Section 3.1.4). 

3.1.3  
Guard rail for soil protection 

In view of the importance of soil protection measures 
for future food security, it is worth elaborating guard 
rails for global soil conservation in the form of quan-
titative values which if exceeded would be irreversi-
ble and endanger human livelihoods (WBGU, 2004a; 
UBA, 2008a). Schwertmann et al. (1987) set the tol-

rail, the effect of bioenergy use on the global carbon 
cycle must also be considered. 

3.1.2  
Guard rail for biosphere conservation 

The Council has proposed the following guard rail 
for biosphere conservation: 10–20 per cent of the glo-
bal area of terrestrial ecosystems (and 20–30 per cent 
of the area of marine ecosystems) should be desig-
nated as parts of a global, ecologically representative 
and effectively managed system of protected areas 
(WBGU, 2001a, 2006). In addition, approximately 
10–20 per cent of river ecosystems including their 
catchment areas should be reserved for nature con-
servation (WBGU, 2004a).

This guard rail is based in part on the realization 
that ecosystems and their biological diversity are cru-
cial to the survival of humanity, because they provide 
a variety of functions, services and products (MA, 
2005a). Protected areas, in particular, are an indis-
pensable instrument of sustainable development 
(CBD, 2004b; Section 5.4). It should be noted that 
the conservation and sustainable use of biodiversity 
are by no means mutually exclusive: they can be com-
bined in various ways, depending on ecological cir-
cumstances (WBGU, 2001a). The World Conserva-
tion Union (IUCN, 1994) has accordingly drawn up 
a graduated category system for protected areas that 
allows specific relationships between conservation 
and sustainable use. 

A particularly pressing issue is conservation in 
the hotspots of biological diversity. These are areas 
in which a large number of wild species is found 
within a small area or which contain a large number 
of endemic species or unique ecosystems; they are 
therefore particularly valuable for the conserva-
tion of biological diversity (Mittermeier et al., 1999; 
Myers et al., 2000). Conservation should in addition 
include species that are particularly worthy of protec-
tion and areas that still contain undisturbed ecosys-
tems on a large scale (wilderness areas, e.g. tropical 
and boreal forests). For global food security it is also 
important to maintain the ‘gene centres’ in which a 
wide genetic range of crops or related wild plants is 
found (Vavilov, 1926; Stolton et al., 2006). 

The international community has agreed to estab-
lish a protected area system of this sort by 2010 (Sec-
tion 10.5; CBD, 2004b). A positive sign is that the 
number of protected areas and the proportion of the 
world’s surface covered by them has risen sharply 
in recent years, so that protected areas now cover 
around 12 per cent of the global land surface (Box 
5.4-1). However, closer examination reveals many 
of these protected areas to be ‘paper parks’ (Dud-
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ecosystems. The Addis Ababa principles and guide-
lines for the sustainable use of biological diversity 
can be referred to in this regard (CBD, 2004d; Sec-
tion 10.5), as can the FAO’s definition of sustain-
able land use: ‘Sustainable land management com-
bines technologies, policies and activities aimed at 
integrating socio-economic principles with environ-
mental concerns so as to simultaneously: (1) main-
tain or enhance production/services (Productivity); 
(2) reduce the level of production risk (Security); 
(3) protect the potential of natural resources and 
prevent degradation of soil and water quality (Pro-
tection); (4) be economically viable (Viability); (5) 
and socially acceptable (Acceptability)’ (Smyth and 
Dumanski, 1993). 

Rules and regulations at European and Ger-
man level are formulated in significantly more spe-
cific and concrete ways. In the EU, direct payments 
to farmers are linked to adherence to mandatory 
standards of environmental conservation, food and 
feed security, animal health and animal protection – 
a system known as cross-compliance (BMELV, 2006; 
UBA, 2008a). This attachment of conditions to sub-
sidy payments constitutes an environmental policy 
instrument (SRU, 2008). For German agriculture var-
ious laws and ordinances define ‘good farming prac-
tice’ in terms of ecological and safety standards that 
farmers must adhere to. However, many provisions 
relating to good farming practice are still formulated 
in highly indeterminate terms in statutes and ordi-
nances (SRU, 2008). 

The existing regulations and available landmark 
studies should be used as a basis for drawing up spe-
cific, internationally recognized management rules or 
standards for sustainable land use (Section 10.3). Such 
standards should also take account of the greenhouse 
gas balance of the various farming systems, because 
– for example – intensification of land use results in 
nitrous oxide emissions as a consequence of nitrogen 
fertilizer use and CO2 emissions as a consequence of 
processes such as the conversion of grassland. 

3.2
Socioeconomic sustainability 

3.2.1  
Guard rail for securing access to sufficient food 

Access to food for all 
The expansion of bioenergy use can have an adverse 
effect on food production and – particularly in low-
income developing countries that are net importers of 
food (Low-Income Food-Deficit Countries, LIFDCs) 
– on food security, because land, water resources and 

erance limit for human-induced soil degradation at a 
level at which there is no significant deterioration in 
the natural yield potential of the soil over a period 
of 300–500 years. In concretizing this guard rail a dis-
tinction needs to be made between the two greatest 
risks to which soil is exposed: degradation through 
erosion and through salinization. 

WBGU has proposed tolerance limits for these two 
factors (WBGU, 2004a). For soil erosion this means 
that, strictly speaking, the quantity of soil removed 
or otherwise degraded must not exceed the quantity 
newly created, as this would reduce the yield poten-
tial in the long term. However, since soil formation 
takes place on geological timescales, this can be only 
a distant objective. In the temperate zone, for exam-
ple, WBGU sets a tolerance limit of 1–10 tonnes per 
hectare per year, depending on soil depth. As a tol-
erance limit for soil salinization in irrigation farming 
WBGU (2004a) proposes that over a period of 300–
500 years the saline concentration and composition 
should not exceed the level that can be tolerated by 
crops in common use. 

3.1.4  
Additional ecological sustainability requirements 

Not all ecological sustainability dimensions can be 
formulated as globally valid guard rails. This may 
be because regional differences are too large or 
because no satisfactory global indicator is available. 
In this section WBGU therefore describes additional 
requirements for sustainable bioenergy use. 

For example, in considering the sustainable use 
of water resources in connection with bioenergy the 
main issue is the management of water used for irri-
gation when there is a threat of competition with 
the use of water for food production. In WBGU’s 
view the water stress indicators found in the litera-
ture are not suitable for quantifying a globally valid 
guard rail. Even in regions with high levels of water 
stress, many of the adverse effects of irrigation can 
be avoided and sustainability attained if systematic 
measures are put in place. A further consideration 
is that the indicators fail to take account of ‘green’ 
water – the water from precipitation that is available 
to plants in the form of soil moisture. 

Even where guard rails are formulated in global 
terms – for example, in connection with biodiversity 
conservation or soil protection – their application 
must be considered in the specific context of local 
and agro-ecological conditions. In accordance with 
the ecosystem approach of the CBD (2000) the 
objective must be the ‘integrated, sustainable man-
agement of land, water and living resources’, which 
includes humans as an integral component of many 
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potential of existing agricultural land depends to a 
large extent on the way in which the crop is used. For 
example, the majority of the maize harvest in North 
America and Europe is fed to animals. This means 
that the maize provides food for people only via the 
production of meat and milk. In the course of this 
‘refinement’ a large proportion of the food calories 
originally present in the maize is lost. Around one-
third of the world’s grain yield is currently used as 
animal feed. Overall, global food production must be 
increased by 50 per cent by 2030 and by around 80 
per cent by 2050. This will need to be achieved mainly 
through increases in productivity per unit area of 
land (Section 5.2). 

3.2.2   
Guard rail for securing access to modern energy 
services 

In WBGU’s view (WBGU, 2004a), securing elemen-
tary energy services must involve access to modern 
forms of energy. WBGU therefore proposes the fol-
lowing guard rail: access to modern energy for all peo-
ple should be ensured. In particular, this must entail 
ensuring access to electricity and replacing the use of 
biomass that is harmful to health with modern fuels. 
In the medium term WBGU considers the minimum 
quantity of final energy for basic individual needs to 
be 700–1000 kWh per capita per year. 

There are considerable difficulties – from both nor-
mative and methodological/technical points of view – 
in calculating minimum per capita energy needs. Cli-
matological and geographical considerations must 
be taken into account, as must cultural, demographic 
and socioeconomic factors. In addition, convert-
ing energy services into required energy quantities 

agricultural resources (such as machinery, fertilizers, 
seed, feed, fuel) are withdrawn from food production 
and used instead to grow energy crops. In WBGU’s 
view securing the word food supply must take prece-
dence over all other uses of those areas of the world’s 
land surface that are suitable for farming. While 
bioenergy can be substituted by other sources of fuel, 
there is no substitute for food. According to the FAO 
definition, food security exists when all people, at all 
times, have physical, social and economic access to 
sufficient amounts of safe and nutritious food that 
meets their dietary needs and food preferences for an 
active and healthy life (FAO, 2008b). WBGU there-
fore proposes here as a guard rail that access to suffi-
cient food should be secured for all people. 

A necessary but not a sufficient requirement for 
this is that enough food is produced to meet the calo-
rie needs of all people. For operationalization of the 
guard rail it can thus be deduced that the amount of 
agricultural land available globally must at least be 
sufficient to enable all people to receive food with 
an average calorie content of 2700 kcal per person 
per day (equivalent to approximately 11.3 MJ per 
person per day) (Box 3.2-1). According to FAO fig-
ures (FAO, 2003b) global food production currently 
amounts to approximately 2800 kcal per person 
per day (Beese, 2004). On a global scale, therefore, 
enough food energy is currently produced, so that 
hunger and malnutrition are primarily problems of 
access and/or distribution. 

Land need depends on nutrition style and 
land productivity 
Factors that are important for the extent of the 
potential for providing the world’s population with 
sufficient and nutritious food are people’s nutrition 
habits and the productivity of the land. The nutrition 

Box 3.2-1

A person’s calorie requirements

In the run-up to the World Food Summit of 1996 there was 
extensive discussion of minimum levels of calorie avail-
ability. The original plan was to specify the availability of 
2700 kcal per person per day (equivalent to roughly 11.3 
MJ per person per day) as a target. However, this was aban-
doned on the grounds that an average per capita calorie 
level conceals inequalities of provision within a country and 
provides no information on food quality. Nonetheless, it is 
scarcely feasible to operationalize a ‘nutrition guard rail’ 
without recourse to a figure of this sort. 

A person’s energy requirements are made up of compo-
nents relating to basic energy consumption (basic metabo-
lism, depending on age, gender and weight), physical activ-
ity and individual life circumstances (pregnancy, lactation) 
(FAO, 2004). Physical activity accounts for a significant pro-

portion of a person’s energy consumption and is measured 
by the Physical Activity Level (PAL). Normal PAL scores 
range from 1.2 for people whose life is entirely sedentary 
to 2.4 for those who carry out the heaviest types of work 
(DGE, 2007). Guideline values for energy intake required 
by people aged 19–25 are 3000 kcal per person per day for 
men and 2400 kcal per person per day for women. For men 
engaged in heavy physical work this figure can rise to just 
under 4000 per person per day. For men and women aged 
25–51 the guideline values for average energy intake are 
2900 and 2300 kcal per person per day respectively, while 
for people aged 51–65 they are 2500 kcal per person per day 
for men and 2000 kcal per person per day for women. 

In industrialized countries the actual average calorie 
intake is around 3400 kcal per person per day, while in many 
developing countries the figure is under 2000 kcal per per-
son per day (Ethiopia, at 1600 kcal per person per day, is 
at the bottom of the scale) (Meade and Rosen, 1997; FAO, 
2006a).
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0.5 per cent for all WHO regions and sub-regions 
(WBGU, 2004a). 

3.2.4  
Additional socioeconomic sustainability 
requirements

In producing and using bioenergy, a number of soci-
oeconomic factors need to be taken into account if 
the requirements for sustainable development are to 
be met. 

WBGU therefore explores measures by which 
these factors may be addressed (standards: Section 
10.3). Socioeconomic sustainability criteria are rel-
evant in the context of bioenergy in both industri-
alized and developing countries. However, there 
are three reasons for paying particular attention to 
developing countries. Firstly, the problems associated 
with traditional biomass use in developing countries 
are widespread and a major obstacle to development 
(Box 8.2-1; Section 10.8); traditional biomass use in 
industrialized countries, on the other hand, does not 
represent a significant problem. Secondly, the same 
applies to access to energy and to sufficient food. 
Thirdly, the agricultural sector in developing coun-
tries, in contrast to that in most industrialized coun-
tries, plays a key role in economic and social develop-
ment. In low-income countries around 20 per cent of 
GDP is generated in the agricultural sector; in high-
income countries the figure is only 2 per cent (World 
Bank, 2008c). In industrialized countries only a small 
percentage of the workforce is employed in the agri-
cultural sector; in some developing countries propor-
tions over 40 per cent or even over 60 per cent are 
found (World Bank, 2008c). To this must be added 
the major significance of the agricultural sector in 
developing countries in overcoming extreme income 
poverty: some 700 million people, or three-quar-
ters of all those who live on less than US$ 1 per day, 
are rural dwellers in developing countries (World 
Bank, 2004).

Local working conditions, viewed from the per-
spective of social sustainability, are an important 
aspect of the production of biomass for use as energy. 
For example, conditions are not sustainable if pesti-
cides are used in large quantities and the health of 
plantation workers and local residents suffers as a 
result. In addition, at least the most basic core stand-
ards of the International Labour Organization (ILO) 
should be observed (safety, prohibition of exploita-
tive child labour, prohibition of slave labour, elemen-
tary employee rights, etc.). Another clear criterion of 
non-sustainability of bioenergy cultivation is if small-
holders or indigenous groups are deprived of their 

involves making assumptions about the technologies 
used. For these reasons the literature contains little 
in the way of differentiated specification of such a 
minimum requirement. Despite these difficulties, the 
calculation can be justified (WBGU, 2004a), because 
this minimum requirement is defined not as a target 
but as an absolute minimum, and failure to meet it 
must be classed as non-sustainable. 

Where efficient technologies in accordance with 
the state of the art are deployed, WBGU estimates 
the absolute individual minimum energy require-
ment to be approximately 450 kWh per person per 
year (in a 5-person household) or 500 kWh per 
person per year (in a 2-person household; WBGU, 
2004a). Those figures lie in the range of 300–700 kWh 
per person per year that is usually quoted in the lit-
erature. 450 or 500 kWh per person per year can rep-
resent only an absolute minimum, since this figure 
takes no account of heating, transport and support 
for domestic and subsistence activities. It is for this 
reason that WBGU’s guard rail of 700–1000 kWh per 
person per year is above this level. 

3.2.3   
Guard rail for avoiding health risks through 
energy use 

The International Covenant on Economic, Social and 
Cultural Rights (UN Social Covenant) defines health 
as a fundamental human right (Art. 12). The right to a 
reasonable standard of living (Art. 11) is also defined 
as such a right; this includes access to energy for pur-
poses such as cooking and heating. In many countries 
and regions these two rights do not match, because 
energy that is ‘clean’ or adapted to the form of use is 
not available. The forms of energy used in these areas 
can cause significant harm to human health. In par-
ticular, the burning of fossil fuels and biomass pro-
duces gases and particles that cause air pollution, and 
this harbours major risks to health (WBGU, 2003a). 

To assist formulation of guard rails in the form 
of non-tolerable limits to health impacts associated 
with the production and use of energy, the concept 
of Disability Adjusted Life Years (DALYs) can be 
used. DALYs are a measure of the impact on health 
expressed in reduced life expectancy. They are made 
up of life years that are lived with health impairments 
or disease and life years that are lost through prema-
ture death (Murray and López, 1996). In large parts of 
the world urban air pollution and indoor air pollution 
already account for less than 0.5 per cent of regional 
DALYs. As a guard rail WBGU therefore proposes 
that the proportion of regional DALYs attributable 
to these two risk factors should be reduced to below 
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livelihood by being displaced to make way for plan-
tations. 

Economic aspects of sustainability are also partic-
ularly important for poorer countries. Many develop-
ing countries hope that bioenergy will bring develop-
ment opportunities – perhaps by tackling rural pov-
erty directly, by reducing dependence on imports of 
fossil fuels or by increasing energy supply security. 
They also perceive opportunities in relation to the 
export of modern energy, which can further a coun-
try’s economic development. The extent to which 
such hopes are fulfilled does not depend solely 
on whether cultivation is ecologically sustainable: 
national and local political and socioeconomic con-
ditions are also key factors (Section 10.8). Another 
crucial issue is whether an expansion of the bioen-
ergy sector is economically sustainable in the sense 
of being able to continue operations in the long term 
even without subsidies; if ongoing subsidy of the sec-
tor is required, funds will no longer be available for 
projects of greater social and economic promise. 

3.3
Conclusion

WBGU bases its assessment of a sustainable bioen-
ergy policy on a range of guard rails in the form of 
non-tolerable damage limits, supplemented by addi-
tional sustainability requirements that cannot strictly 
be described as guard rails. In WBGU’s view this 
provides a basis for operationalizing sustainability 
requirements in the field of bioenergy, such as through 
standards or agreements in international law. Build-
ing on this concept, WBGU has in addition modelled 
the global energy crop potential (Chapter 6). 



4Bioenergy, land use and energy systems: 
Situation and trends

This chapter analyses the trends of present-day land 
use and the global bioenergy sector. It forms the start-
ing point for addressing the question of the extent 
to which increasing use of energy crops is compati-
ble with sustainable land use worldwide. Section 4.1 
explores the present position of bioenergy in the var-
ious sectors of the global energy system. It includes 
discussions of the current contribution of bioenergy 
to meeting the world’s primary energy needs, and of 
the trade in bioenergy carriers (Section 4.1.1), as well 
as outlining current global policies promoting bioen-
ergy (Section 4.1.2). 

Subsequent sections describe global land cover 
(Section 4.2.1) and land use (Section 4.2.2). Inter-
ventions in the landscape also have a major impact 
on ecosystem factors such as biodiversity and the car-
bon cycle – the latter also being relevant to energy 
crop use (Section 4.2.3). The growing global demand 
for energy crops combined with limited availabil-
ity of land exacerbates competition between differ-
ent forms of land use. It is therefore likely that the 
increased use of energy crops will affect the extent 
of natural and semi-natural ecosystems; these conse-
quences will be both direct and – via displacement 
effects – indirect. Finally, the effects of direct land-
use changes are evaluated in Section 4.2.4.

4.1
Bioenergy in the global energy system 

Bioenergy plays an important role in today’s glo-
bal energy supply. Alongside traditional biomass 
use, more and more energy is being generated from 
wastes and residues and from energy crops grown 
especially for the purpose. This section describes how 
the bioenergy sector is currently developing, which 
technologies are available or likely to be available 
in the future, how the trade in biogenic resources 
and processed bioenergy carriers develops and how 
national policy measures influence global demand 
for bioenergy. 

4.1.1   
Current bioenergy use 

4.1.1.1  
Bioenergy in the global energy system 

Around 10 per cent of the global demand for primary 
energy is currently met by energy from biomass and 
waste. In 2005 this amounted to approximately 47.2 EJ 
out of a total of 479 EJ (GBEP, 2008). The lion’s share 
of this is attributable to traditional biomass use (e.g. 
firewood); in comparison with this the contribution 
of modern bioenergy and waste use is small. Accord-
ing to the International Energy Agency the propor-
tion of primary energy consumption met by bioen-
ergy in 2005 was 4 per cent in the OECD countries, 
13 per cent in China, 29 per cent in India, 18 per cent 
in Latin America and the developing countries of 
Asia and 47 per cent in Africa (IEA, 2007a). In many 
countries of sub-Saharan Africa bioenergy accounts 
on average for more than 90 per cent of the primary 
energy supply (MEMD, 2004; IEA, 2007a).

The figures quoted here were calculated by the 
physical energy content method. In comparison with 
the methodologically more appropriate substitution 
method, this undervalues the contribution of renew-
ables in the electricity sector and thus distorts the 
overall result (Box 4.1-1; Figure 4.1-1). 

Today renewables meet around 16.7 per cent of the 
world’s primary energy needs. Bioenergy accounts for 
60 per cent of renewable energy and is thus the most 
important of the world’s renewable energy sources 
(BP, 2008; OECD, 2008; REN21, 2008). 86 per cent of 
bioenergy is used in the heat sector, mostly for cook-
ing and heating; this is the ‘traditional’ use of biomass. 
For around 2500 million people (38 per cent of the 
world population) in more than 80 newly industrial-
izing and developing countries biomass in the form of 
firewood, charcoal and animal dung is still the most 
important source of energy (IEA, 2006b). In compar-
ison with traditional biomass use, the use of modern 
biomass in the form of power, heat and fuel plays 
only a small part, representing 14.5 per cent of the 
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Box 4.1-1

Applying the substitution method 

Methodological issues when calculating primary 
energy requirement
The primary energy requirement of a nation’s economy is 
an important indicator for economic and climate change 
policy. It is therefore extremely important that it is calcu-
lated correctly. However, identifying precisely the primary 
energy contribution of electricity generated from renewa-
bles in particular poses a methodological challenge. At 
present two methods are used to calculate electricity bal-
ances: the physical energy content method and the substitu-
tion method. 

The physical energy content method is used predomi-
nantly internationally and was also introduced in Germany 
in 1995 for political reasons according to the VDI (Asso-
ciation of German Engineers) guideline 4661 (VDI, 2003). 
Until then the substitution method was used. The latter is 
based on the assumption that electricity which is not pro-
duced from fossil fuels replaces corresponding electricity 
production from fossil-fuelled power stations. With both 
methods conversion factors are used which indicate the 
amount of primary energy required to produce one energy 
unit of electricity. 

Producing 1 kWh of electricity (1 kWh = 3.6 MJ) in a 
conventional fossil-fuelled power plant with 38 per cent 
energy efficiency (global average: BP, 2008) requires 
around 2.63 kWh of primary energy. This involves conver-
sion losses of about 1.63 kWh (62 per cent). In contrast, 
with hydropower, solar and wind energy electricity is gen-
erated without thermal conversion losses (100 per cent 
efficiency). Thus 1 kWh of electricity obtained from wind 
corresponds to ‘only’ 1 kWh of primary energy, but replaces 
2.63 kWh of primary energy from fossil fuels. Whether and 
how this difference is taken into account in the balance 
sheet is extremely important. The physical energy content 
method uses 1 kWh as the conversion factor for electricity 
directly produced from renewables, whereas the substitu-
tion method uses the substituted value 2.63 kWh.

The physical energy content method equates 1 kWh of 
electricity (final energy) from renewables to 1 MJ of fos-
sil chemical primary energy or 1 kWh of thermal energy; 
this contradicts the laws of thermodynamics and is wrong 
in purely physical terms. Only 0.38 kWh of electricity can 
be produced from 1 kWh of fossil chemical energy with the 
reference generation mix. These figures underscore that the 
two forms of energy are not equivalent and cannot be rated 
as such. This is corroborated by the Association of German 
Engineers (VDI) who state in their guideline VDI 4661 that 
the conversion factors for renewables, nuclear power and 
electricity from waste used in the physical energy content 
method were determined “by means of political decision-
making and partly without taking the physical and technical 
boundary conditions into account” (VDI, 2003). This state-
ment could well have alluded to the use of nuclear power 
which is clearly seen in a better light in terms of primary 
energy according to this method. With the physical energy 
content method the proportion of renewables in the elec-
tricity sector is systematically falsely represented: accord-
ing to the present method of calculation, even given total 
electricity provision from renewables there would remain 
the need for fossil-based primary energy to make up the 
62 per cent shortfall in electricity production. That this fact 
has not yet become glaringly obvious is merely because the 
proportion of renewables in the electricity supply is still 

comparatively small. Should there be a steady increase in 
this proportion, then the substitution method is the only 
method capable of giving a correct undistorted calculation 
of primary energy.

For this reason WBGU favours adopting this method 
and assumes a reference value of 2778 kWhprimary energy/kWh-
electricity for the substitution of fossil fuels which corresponds 
to an efficiency rating of 36 per cent for the global thermal 
generation mix. This value is derived from the average effi-
ciency rating of 38 per cent for the OECD thermal genera-
tion mix which is somewhat higher than the global value 
and is also used by the Renewable Energy Policy Network 
(REN21, 2008). With the aid of the OECD reference value 
global primary energy demand is calculated annually in the 
BP Statistical Review of World Energy (BP, 2008) according 
to the substitution method. 

Given expansion in renewables in line with the BMU 
Lead Scenario 2006 (Nitsch, 2007) renewables will cover 45 
per cent of the primary energy requirement for electricity 
generation in 2030 according to the substitution method, 
but only 24 per cent according to the misleading physical 
energy content method currently employed (Sterner et al, 
2008). This systematic difference becomes particularly clear 
in the global calculation of nuclear energy and hydropower. 
In 2005 both energy sources produced roughly the same 
volumes of electricity: nuclear energy 2770 TWh; hydro-

Figure 4.1-1
Shares of different energy carriers in global primary 
energy requirement. a) by the physical energy content 
method in 2005, *‘Other’ comprises other renewables; 
Total primary energy requirement: 479 EJ. b) by the 
substitution method in 2006; Total primary energy 
requirement: 509 EJ.
Sources: BP, 2008; REN21, 2008; GWEC, 2008
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total. The much-discussed biofuels for the transport 
sector constitute only 2.2 per cent of global bioen-
ergy use; however, their use has increased very mark-
edly over the last decade (GBEP, 2008; OECD, 2008). 
Around 34.5 per cent of bioenergy worldwide is con-
verted into electricity (Figure 4.1-2).

In terms of quantity the largest consumer of 
bioenergy is China at approximately 9 EJ per year, 
followed by India (6 EJ per year), the USA (2.3 EJ 
per year) and Brazil (2 EJ per year). In the major 
European countries the quantity is lower; in France 
and Germany it amounts to approximately 0.45 EJ 
per year. In the major newly industrializing countries 
the quantity is declining, because biomass for heat 
generation is increasingly being replaced by natural 
gas and liquid gas (GBEP, 2008). In the industrialized 
countries, on the other hand, the quantity is rising, 
largely on account of the increased use of biofuels 
in the transport sector but also because of increased 
use in power generation (co-combustion of woody 
biomass in coal-fired power plants, biogas systems). 
The generation of energy from waste is also classed 
as bioenergy. This includes energy from landfill gas 
and sewage gas, black liquor from the paper industry, 
forest timber waste, organic waste and other muni-
cipal waste. 

4.1.1.2  
Use of bioheat and bio-electricity in the energy 
system 

The contribution of bioheat 
At present bioenergy makes its greatest contribution 
in the heat sector. Forty-four per cent of felled tim-
ber is used as firewood (FAO, 2006b). According to 
FAO figures, global use of firewood peaked in the 
1990s and is now falling. Global use of charcoal dou-
bled between 1975 and 2000; increasing urbanization 
is a driving factor in this (MA, 2005c). Eighty-nine 
per cent of global bioenergy use takes the form of 
traditional biomass use; 71 per cent thereof is attrib-
utable to households in developing countries (GBEP, 
2008).

The Renewables Global Status Report (REN21, 
2008) states that in 2006 installed biomass heating 
capacity amounted globally to around 235 GWth. 
According to IEA estimates, the quantity of modern 
bioenergy used for heating in buildings and indus-
try is around 3 EJ per year. This includes heat from 
cogeneration and heat used for drying agricultural 
and forestry products (IEA, 2007c). Modern biomass 
heating is found mainly in countries in which exten-
sive biomass resources are available, and in particu-
lar where central district heating systems exist. 

The contribution of bio-electricity 
Biomass is at present used less in the electricity sec-
tor than in the generation of heat. Globally, grid-con-
nected biopower capacity in 2006 amounted to an 
estimated 45 GW, accounting for 0.4 per cent of glo-
bal power consumption (REN21, 2008). This corre-
sponds to around 21 per cent of the generating capac-
ity of renewables (excluding large hydropower). 
Biomass power plants are used both in developing 
countries and in Europe and the USA. One scenario 
calculates that their global power generation capac-
ity could reach 306 GW by 2030 and 505 GW by 2050 
(Greenpeace, 2007).

Almost all types of biomass can be used to gen-
erate power through combustion, gasification or fer-
mentation. Combustion is used mainly for the pro-
duction of steam in electricity and cogeneration 
plants; the steam is then used in conventional steam 
turbines to generate electricity. Normally compressed 

Figure 4.1-2
Breakdown of global bioenergy use (primary energy, total 
50.3 EJ) into provision of electricity, heat and fuel. 
Sources: BP, 2008; OECD, 2008; REN21, 2008
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power 2934 TWh (IEA, 2006b; BP, 2008). According to the 
physical energy content method used by the IEA nuclear 
energy contributes 30.2 EJ of primary energy (efficiency 
rating: 0.33) and thus almost three times as much as hydro-
power which contributes 10.5 EJ of primary energy (IEA, 
2006b). However, according to the substitution method 

their contributions would be roughly the same: 26.7 EJ 
or 5.2 per cent for nuclear energy and 28.8 EJ or 5.7 per 
cent for hydropower (BP, 2007). The differences in the cal-
culation of primary energy become clear in the diagrams 
showing the shares of primary energy carriers in the global 
energy supply (Fig. 4.1-1).
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biomass is used in the form of wood pellets or bri-
quets, which have a calorific value similar to that of 
lignite. Alternatively, biomass can be burned with 
another fossil fuel (e.g. coal). This co-firing in large 
coal-fired power plants has the advantage of higher 
overall power efficiency (up to 45 per cent) than is 
obtained in small biomass power systems (30–35 per 
cent) (IEA, 2007b).

Bio-electricity is also generated through the com-
bustion of biogas in gas and combustion engines. 
Biogas is produced decentrally through fermen-
tation of liquid and solid biomass; the use of waste 
such as animal dung offers major ecological advan-
tages in this context. In Europe gaseous and solid 
types of biomass contribute in roughly equal propor-
tions to electricity generation: for example, in Ger-
many in 2006, biogas systems met 0.9 per cent of 
electricity needs while solid biomass met 1.2 per cent 
(BMU, 2007a). Alongside biogas systems, gasification 
and gas power generation in combined-cycle power 
plants provides a particularly efficient means of con-
verting waste-based biomass into electricity. 

The contribution of bioenergy from 
cogeneration (combined heat and power, 
CHP) 
Thermal power generation processes will ideally also 
use the waste heat that arises. In southern countries 
waste heat from cogeneration (combined heat and 
power generation, CHP) is used for industrial pro-
cesses such as drying. In northern countries it is used 
mainly for space heating and hot water provision, 
either directly or indirectly via local and district heat-
ing grids. Global data on cogeneration is difficult to 
gather because its applications are very diverse (pro-
cess heat, space heating), the need for it is seasonal 
(heating), and in warmer countries cogeneration is 
only occasionally used for cooling purposes. In 2005 
in Germany 58PJ of biomass was used for power and 
heat production in cogeneration at an efficiency level 
of 86 per cent; this amounts to 0.4 per cent of the pri-
mary energy used (Nitsch, 2007).

Trade in bioenergy carriers in the power 
and heat sector 
Bioenergy carriers are often produced and used 
in separated locations. In particular, the final use 
of modern bioenergy often occurs at a considera-
ble distance from the place of production. There is, 
therefore, a trans-regional trade in pre-products of 
bioenergy production such as biogenic solid fuels 
(raw wood, roughly sawn wood, pellets), raw mate-
rials used in conversion (energy crops, timber waste, 
etc.) and bioenergy as an end product (biofuels, elec-
tricity from bioenergy). The character and extent of 
this trade are determined by the availability of raw 

materials and conversion technologies and by inter-
national price and cost structures (Schlamadinger et 
al., 2005). 

As far as end use in the power and heat sector is 
concerned, national and international trade in bioen-
ergy is linked to the logistic availability of electric-
ity and district heat grids that provide sufficient 
capacity. Physical and technological constraints at 
present restrict the economic attractiveness of such 
trade. Over medium distances, such as within Europe, 
trade in bio-electricity can be cost-effective (Schla-
madinger et al., 2005; Schütz and Bringezu, 2006). 
At the level of pre-products that are used by com-
bustion technologies in the electricity and heat sec-
tor (energy wood), however, trade has so far taken 
place only on a limited scale worldwide. Thus of the 
1770 million cubic metres of wood that was used as 
firewood in 2005 (of a global removed volume of 
around 3000 million cubic metres), only 3–4 million 
cubic metres or 0.2 per cent was traded internation-
ally (FAO, 2007a). High transport costs in relation to 
the value of the goods often render exports uneco-
nomic (Thrän et al., 2005). 

Despite this, there is evidence of expanding inter-
national markets for some biogenic solid fuels that 
are processed industrially (wood chips, pellets). 
Driven by various national climate and energy-policy 
measures, demand for pellets is growing in Europe, 
North America and Asia. Brazil, Argentina, Chile 
and New Zealand are also planning to develop the 
infrastructure for pellet production. The develop-
ment and spread of modern pelletizing technology 
reinforces this trend (Thrän et al., 2005; Peksa-Blan-
chard et al., 2007). Usage has so far been dominated 
by pellets from wood production. The primary source 
is wood from short-rotation plantations, but also used 
are woody biomass arising as a residue of forestry 
(timber waste), of agriculture (in particular straw), 
of wood processing (including industrial wood and 
in particular wood shavings), and end-of-life wood 
(bulky waste, demolition) (IZT, 2007). Pelletizing of 
other residues (e.g. press cakes from oil plants) is still 
under development. Globally, paper and cellulose 
production accounts for most of the material use of 
forests; it also gives rise to the energy-rich byproduct 
black liquor, almost all of which is used directly in the 
generation of power and process heat. 

Alongside to solid materials, biogas is also of inter-
est as a pre-product for heat generation. In order to 
be traded trans-regionally in the future, biogas can be 
processed into biomethane and fed into existing gas 
supply grids (Bringezu et al., 2007; Thrän et al., 2007). 
In 2007, in its Integrated Climate and Energy Pro-
gramme (IKEP), the German government pledged 
to increase the amount of biomethane in the natural 
gas grid from the current figure of 0 per cent to 6 per 
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cent by 2020 and to 10 per cent by 2030 (BR, 2007). 
These 6,000–10,000 million cubic metres of biogas 
per year will bring corresponding trade flows in their 
wake. 

4.1.1.3  
Use of biofuels 

Contribution of biofuels
Viewed in absolute terms, the use of biomass as 
biofuel in the transport sector is still at a low level. 
In recent years, however, it has expanded rapidly as a 
consequence of political decisions and targetted state 
promotion policies (Section 4.1.2). 

Use	of	bioethanol
Global bioethanol production in 2007 totalled 52 mil-
lion litres, equivalent to 1.2 EJ (OECD, 2008); output 
has thus trebled since 2000 (Figure 4.1-3). The largest 
bioethanol producers are Brazil and the USA, which 
between them have a market share of almost 90 per 
cent (Table 4.1-1). The raw materials used in produc-
tion differ from region to region: in the USA bioetha-
nol is produced mainly from maize, Brazil uses sugar 
cane and Europe uses, among other crops, sugar beet 
and wheat. The sugar contained in the plants is fer-
mented with the aid of yeast and enzymes to form 
bioethanol and CO2. It is then dehydrated in a multi-
stage distillation process and brought to an ethanol 
content of 99.5 per cent (FNR, 2007a). 

Bioethanol is used for transport purposes by being 
blended at a low percentage with petrol. The propor-
tion of bioethanol is normally either 5 per cent (E5) 
or 10 per cent (E10). Also available are ‘flexible fuel’ 
vehicles, which can run on E85 (85 per cent bioetha-

nol, 15 per cent petrol). The energy content per litre 
of ethanol is, however, only 65 per cent of that of fos-
sil petrol, which means that the quantities produced 
cannot be directly compared: the quantity of bioeth-
anol used by a vehicle will be around one and a half 
times the quantity of petrol needed to travel the 
same distance. 

Use	of	biodiesel
Global biodiesel production in 2007 totalled 10.2 mil-
lion litres (equivalent to 0.32 EJ). The annual figure 
has increased more than tenfold since 2000 (OECD, 
2008; Figure 4.1-4).

Biodiesel (fatty acid methyl esters, FAME) is pro-
duced by esterification from plant oils, principally 
rape oil, soya oil and palm oil. In Europe rape is the 
chief crop that is grown and processed into biodie-
sel. By contrast, almost 90 per cent of global palm 

Figure 4.1-3
Global production of ethanol for use as fuel (2000–2007). 
Source: Licht cited in OECD, 2008
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Table 4.1-1
Production of fuel ethanol in the main production countries 
and worldwide (figures for 2007). 
Source: Licht cited in OECD. 2008

Country / region Production 

Amount 
[1,000 
million litres]

Proportion 
[%]

United States 26.5 51.0

Brazil 19.0 36.5

European Union 2.3 4.4

China 1.8 3.5

India 0.4 0.8

World 52.0 100.0
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oil is produced in Malaysia and Indonesia; most of 
it is exported as food, but an increasing proportion 
is being refined locally into biodiesel. In 2007/08 the 
largest soya-producing countries were the USA with 
71.3 million tonnes, Brazil with 61 million tonnes and 
Argentina with 47 million tonnes (Toepfer Inter-
national, 2007). While cultivation in the USA has 
declined in recent years, it is increasing in South 
America. While the majority of soya production con-
tinues as before to be processed into food and feed, 
soya is also being used increasingly for biodiesel pro-
duction. Argentina is in addition developing its pro-
duction capacity for export. In the past year produc-
tion of plant oils and fats totalled 9.5 million tonnes, 
of which 2.1 million tonnes of soya oil were used for 
biodiesel production (Ronneburger, 2008). An anal-
ysis by Greenpeace showed that in Germany 20 per 
cent of blended plant diesel is produced from soya oil 
(Greenpeace, 2008).

In comparison with bioethanol, the energy yield of 
biodiesel is still relatively low, amounting in 2007 to 
0.32 EJ. The main producer of biodiesel is the Euro-
pean Union, which accounts for 60 per cent of the 
world market (OECD, 2008), and in particular Ger-
many and France (WI, 2007). While global produc-
tion has increased in recent years, it is partly declin-
ing as a result of current high raw material prices or 
changes in national tax concessions. In addition the 
production capacity of some plants has been reduced, 
and some plants have closed completely. 

Biodiesel, like bioethanol, is blended with fossil 
fuels. A 5 per cent blend with traditional diesel (B5) 
is already the norm in Europe. New high-perform-
ance diesel engines can also use 100 per cent biodie-
sel. Use of B100 has been widespread for some years, 
particularly in Germany, where it is available at more 

than 1900 filling stations. At 96 per cent biodiesel has 
roughly the same energy content as traditional diesel, 
but it has better physical properties (viscosity, cetane 
rating); volume-specific quantities can therefore be 
compared (IEA, 2006b; FNR, 2007a).

Use	of	plant	oil
Plant oil from crops such as rape, soya, sunflower or 
oil palm can also be used directly as fuel in a com-
bustion engine. Since, however, such use normally 
requires modification of the engine, plant oil differs 
from bioethanol and biodiesel in that its direct use in 
the transport sector is not yet of any significance on 
a global scale. 

Use	of	the	second	and	third	generation	of	biofuels
Techniques for producing synthetic biofuels (second 
generation: biomass-to-liquid, BTL) are in develop-
ment. They hold the promise of better fuel character-
istics as well as higher hectare yields and greenhouse 
gas reduction potentials, because – contrary to first 
generation fuels – the entire plant can be used. How-
ever, it is not certain that these expectations can be ful-
filled (Sections 7.2 and 7.3). The expected advantages 
are offset by the need for significantly more complex 
production plants with higher investment costs. The 
techniques are based on thermochemical gasification 
of woody biomass and residues. This method enables 
the production of fuels such as Fischer-Tropsch die-
sel, biogenic hydrogen, biomethane, dimethyl ether, 
methanol, biokerosine and ethanol (Sterner, 2007). 
The third generation of biofuels is still at the stage 
of basic research. Research focuses in essence on the 
production of hydrogen with the aid of microalgae. 
It will be some years before BTL fuels, in particular 
synthetic diesel, are ready for the market. The first 
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commercial plant, producing 340 barrels of diesel per 
day, is planned for 2008, with a second plant produc-
ing 4500 barrels per day planned for 2012 (Choren, 
2007). The latter figure is equivalent to 0.12 per cent 
of present diesel consumption in the EU.

Trade in biofuels for the transport sector
An analysis of trade flows for biofuels can only be an 
approximation, because processed bioenergy carri-
ers rarely feature in official trade statistics. For exam-
ple, the Harmonized System Commodity Descrip-
tion and Coding System (HS) of the World Customs 
Organization covers trade in bioethanol (HS 2207 10) 
and biodiesel (HS 3824 90) but does not distinguish 
between their use as biofuel and use in other indus-
trial applications (Zarrilli, 2006). In addition, raw 
materials present an identification problem, because 
crops such as maize, sugar cane and certain oil plants 
can be used for different purposes (energy, food, as 
an industrial feedstock). Classifying raw materials 
at the first level of processing as being intended for 
bioenergy production is therefore difficult (Zarrilli, 
2006) and presupposes a precise data collection sys-
tem. Nevertheless, such classification is necessary in 
order to estimate land-use displacements (Section 
4.2) that may be attributable to the use of crops for 
bioenergy but that may in some circumstances be 
undesirable. 

Trade in bioethanol
International trade in ethanol takes place at present 
only on a small scale. Only 10 per cent of global etha-
nol production – including ethanol not used for energy 
purposes – is traded internationally. Brazil accounts 
for more than half of the export market (5000 mil-
lion litres in 2006, without intra-EU trade; OECD, 

2008). Pakistan, the USA, South Africa, Ukraine and 
Central American states are other exporting coun-
tries, although they play a significantly smaller part. 
The target countries of Brazilian exports are India, 
the USA, South Korea, Japan and various European 
states (WI, 2007). The 720 million litres that were 
imported into the USA in 2005 met 5 per cent of that 
country’s domestic demand (Zarrilli, 2006). Since 
bioethanol is often not produced in the country of 
cultivation, trade in the raw materials of ethanol pro-
duction – at present primarily grain and sugar – is 
also of interest (Table 4.1-3). 

Trade in biodiesel
In 2007 international exports of biodiesel amounted 
to 1300 million litres,representing 12 per cent of glo-
bal production. The principal exporters were Indo-
nesia and Malaysia, each with around 400 million 
litres; the main importer, with more than 1100 mil-
lion litres, was the EU. The USA also imported sig-
nificant quantities, but on account of its re-exports to 
the EU it was a net exporter (OECD, 2008). The raw 
materials of biodiesel production – oils and fats, and 
oil plants – were, however, traded internationally in 
considerable quantities. Globally, though, the energy 
sector is only a sub-segment of the trade in plant oils. 
On account of the classification problems mentioned 
above, precise data is hard to obtain, but it can be 
assumed that around 80 per cent of traded oils and 
fats are used in the food sector (Thrän et al., 2005). 
Table 4.1-4 provides an overview of selected oil seeds 
used in biodiesel production. 

Table 4.1-2
Global biodiesel production in selected production 
countries and worldwide (figures for 2007).
Source: OECD, 2008

Country / region Production 

Amount
[1.000 
million l]

Proportion 
[%]

European Union 6.1 59.9

United States 1.7 16.5

Brazil 0.2 2.2

China 0.1 1.1

India 0.05 0.4

Malaysia 0.3 3.2

Indonesia 0.4 4.0

World 10.2 100.0

Table 4.1-3
Global cultivation area, production and net trade for grain 
and sugar. The trade quantities for sugar relate to processed 
raw sugar. n. a. = not available. Data for 2006.
Source: FAOSTAT, 2007; trade data (for 2004/05) from 
Thrän et al., 2005

Cultivation 
area 
[million ha]

Production 
[million t]

Net trade 
[million t]

Grain

Wheat 216.1 607 89.9

Maize 144 784.8 76.6

Barley 55.5 136.2 13.8

Rye 5.9 15.7 22.9

Triticale 3.6 12.6 n.a.

Oats 11.3 26 n.a.

Sugar

Sugar cane 20.4 1.557.7 33.2

Sugar beet 5.4 247.9 n.a.
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Palm oil currently accounts for the greater part of 
the trade in plant oils. It is followed by soya oil, with 
a net trade volume of 9 million tonnes, and sunflower 
oil with 1.6 million tonnes. The net trade volume of 
rape oil is at present only 1.3 million tonnes, of which 
around 70 per cent comes from Canada; rape oil is 
exported primarily to the USA and China (Table 
 4.1-4; Thrän et al., 2005). Trade in Jatropha oil has so 
far been negligible. In the industrialized countries 
the use of plant oils as a raw material for biodiesel 
production is increasing demand rapidly. For exam-
ple, demand for plant oils in the European Union has 
increased noticeably since the introduction of direc-
tive 2003/30/EC on the promotion of biogenic fuels 
(Thrän et al., 2005). Many developing countries have 
ambitious expansion plans for plant oil production 
(Section 4.1.2). Taking the average of 2004–2006 as a 
baseline, the OECD-FAO forecasts that global pro-
duction of oil seeds will increase by 25 per cent by 
2016. It is assumed that South-East Asian countries 
such as Malaysia, Thailand, Indonesia and the Phil-
ippines will further develop their export potential 
(including for biodiesel) in the near future; a number 
of African and South American countries in which 
climate conditions are favourable for the cultivation 
of energy crops are likely to do the same (Table  4.1-5; 
Zarrilli, 2006; WI, 2007). 

Bioenergy for the transport sector – price 
development
Prices for biofuels on national and international mar-
kets are determined in the short term by regional con-
ditions of supply and demand, which are in turn sig-
nificantly influenced by the different promotion poli-
cies (Section 4.1.2). In the past prices of biofuels have 
in the long term developed in the same direction as 
prices of crude oil and fossil fuels (OECD, 2008). In 
general, though, rising energy prices do not necessar-
ily make biofuels more competitive. In most coun-
tries it is still the case that biofuels are only able to 
retain their market position if the difference between 

biofuel production costs and the price of petrol or die-
sel is supported by subsidies or other forms of promo-
tion. Rising production costs for biofuels have been 
driven in the main by the increased price of energy 
crops, which are simultaneously in demand for food 
production (Section 5.2.5.2; IMF, 2007). These trends, 
however, evolve differently in different regions and 
for different energy crops (Figure 4.1-5).

4.1.2  
Current bioenergy promotion policy 

The current increase in the use of biomass for energy 
in many countries is the result of specific state promo-
tion measures that serve a range of climate-related, 
energy-related and economic goals (Chapter 2). State 
intervention in the markets for biomass and energy 
changes market prices and these price changes give 
incentives for increased use or production of bioen-
ergy. Because there are many possible ways in which 
biomass can be used as food, feed, or fuel, the pro-
duction and use of bioenergy is influenced by pol-
icy measures in the agriculture and forestry sec-
tor as well as by those in the energy sector. Instru-
ments of national and international environmental 
policy are also relevant for the bioenergy sector; an 
example is the opportunity for developing countries 
to finance bioenergy projects by selling emissions 
credits through the Clean Development Mechanism 
(CDM) (Section 10.2). 

Promotion measures for the generation of electric-
ity from renewables are currently planned in at least 
60 countries, of which 23 are developing countries. 
In addition, some states have promotion policies spe-
cifically for bioenergy; measures aimed at expanding 
the production and use of biofuels are particularly 
widespread. At least 17 countries already have man-
datory blending quotas for biofuels in place (Table 
4.1-5; REN21, 2008). Analysis of the particularly rel-
evant bioenergy promotion measures in the energy 

Table 4.1-4
Global cultivation area, production and net trade for selected oil seeds and plant oils. n.a. = not available. Trade data for 2006.
Source: FAOSTAT, 2007, 2008b; Production data for palm oil. Trade data (for 2004/05) from Thrän et al., 2005
* Trade data palm oil = global exports 2005; Source: Pastowski et al., 2007

Cultivation area 
[million ha]

Production 
[million t]

Net trade  
[million t]

 Seed Meal Oil*

Soya 93.0 216.1 57.2  45.0  9.0

Rape 27.8 49.5 5.7  2.2  1.3

Sunflower 23.7 27 1.3 2.3  1.6

Oil palm 13.3 192.5 n.a. n.a.  26.3*

Jatropha n.a.  n.a.



41Bioenergy in the global energy system   4.1

sector shows that it is possible to distinguish various 
types of subsidy at various stages of the product life 
cycle (Table 4.1-5; GBEP, 2008; SRU, 2007; REN21, 
2008).

Stage 1: Procurement and use of raw 
materials and other factors of production
Promotion measures at the first stage of processing 
aim to favour domestic production of raw materials 
as energy carriers. At present the focus in many coun-
tries is on promoting the cultivation of energy crops. 
Typical instruments in this area are agricultural sub-
sidies or import tariffs on agricultural goods from 
abroad. Subsidies targeted at agricultural producers 
include, for example, guaranteed minimum prices, 
output-related payments, area-based payments and 
direct income transfers to producers. Promotion of 
this type can also be aimed at wood or residues. Under 
the Common Agricultural Policy (CAP), a subsidy of 
€ 45 per hectare has since 2004 been payable in the 
EU for the cultivation of energy crops, provided that 
producers can demonstrate that they have a contract 
with the processing industry. For cultivation of peren-
nial bioenergy crops on set-aside land a subsidy for 
start-up costs is also payable; the size of this payment 
is regulated at national level (EU, 2003).

There are in addition indirect promotion meas-
ures that relate to the use of auxiliary resources in 
crop cultivation, such as water and energy. Specific 
promotion measures, perhaps in the form of tax con-
cessions or state financing assistance, encourage the 
use of further value-adding factors of production – 
such as equipment, machinery, land, or labour – in 

connection with bioenergy production (Doornbosch 
and Steenblik, 2007; Steenblik, 2007).

Stage 2: Expansion of infrastructure, 
research and development
The expansion of infrastructure for storing, trans-
porting and marketing bioenergy carriers, particu-
larly biofuels, is also often promoted with state funds. 
In some cases the state itself provides the necessary 
infrastructure; in other cases the state helps private 
stakeholders develop and operate such infrastruc-
ture by offering tax exemption, low-cost loans or 
subsidies. Some developing and newly industrializing 
countries (e.g. India, the Philippines) have in addi-
tion set up state-run bioenergy pilot projects that 
contribute to the development of market infrastruc-
ture or to research into and development of produc-
tion techniques. Proceeds from the sale of certificates 
under the CDM can help to finance such demonstra-
tion projects in developing countries (Section 10.2). 
Many countries are also continuing to invest in state 
research into renewable energy technologies; this is 
the case in China, the USA and Peru, but also in Ger-
many (Jull et al., 2007; GBEP, 2008). 

Stage 3: Production through to final 
product
Methods of supporting the process of bioenergy 
production include promoting production facili-
ties through state investment grants, or granting tax 
breaks to producing businesses. In addition, parallel 
promotion structures can be established for goods 
– such as protein feed, glycerine or rapeseed meal 
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Figure 4.1-5
Production costs for selected biofuels 2004–2007 in chief production countries. The columns depict the proportion of costs 
by input factors. The distance between net total costs (rhombus) and the net price of petrol (circle) represents the level of 
competitiveness. It becomes apparent that, despite the high price of crude oil and fossil fuels, the competitiveness of these 
biofuels has not improved consistently in recent years. 
Source: OECD, 2008
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Table 4.1-5
Examples of bioenergy promotion policy in selected countries. As at August 2008. RE = renewable energies 
Sources: Biopact, 2006; Lindlein, 2007; REN21, 2006; Reuters, 2007; UNCTAD, 2006a; Zarrilli, 2006; GTZ, 2007a; Steenblik, 
2007; WI, 2007; Doornbosch and Steenblik, 2007; Jull et al., 2007; Economist, 2008b; GBEP, 2008; IEA and JREC, 2008; MME, 
2008 

Country/ 
Country group

Motivation Promotion policy (divided into three categories)
(1) General expansion targets for renewables 
(2) Goals/measures relating to power and heat 
(3) Goals/measures relating to mobility (biofuels)

Industrialized 
countries

EU-27 Climate change mitiga-
tion, security of supply, 
agricultural diversifica-
tion, rural development 

(1) RE expansion targets (12% RE from 2010, planned: 20% RE final energy 
from 2020); tax relief for RE (national); area payments for growing energy 
crops on set-aside land (€ 45 per ha); promotion of research: EU’s 7th Fra-
mework Programme (2) Expansion target for electricity from RE (21% from 
2010); fixed feed-in tariffs for bioenergy (national, e.g. in Germany through 
EEC); trade in RE certificates (national) (3) Mandatory blending quotas for 
biofuels (5.75% from 2010, planned: 10% from 2020); (in some cases) tax ex-
emptions or relief for biofuels (national); import tariffs for biofuels (€ 0.102 
for denatured ethanol, € 0.192 for undenatured ethanol; 1.9% ad valorem for 
palm oil; 6.5% ad valorem for biodiesel)..

USA Security of supply, 
energy autonomy, rural 
development, environ-
mental protection 

(1) Investment subsidies for RE technologies; tax breaks for RE; biorefinery 
demonstration projects; Renewable Portfolio Standards in individual states (2) 
Fixed feed-in tariffs for electricity from RE; programme for using forest tim-
ber waste (woody biomass grants) (3) Expansion targets for biofuels (56,000 
million litres from 2012 / 136,000 million litres alternative fuels from 2022, 
equivalent to 20% of national fuel requirements in 2022); Import tariffs on 
ethanol (2.5% ad valorem plus US$ 0.1427 per litre); tax relief for biofuels 
(US$ 0.135 per litre); tax breaks for cars using fuel, hybrid, or flex-fuel tech-
nology; favourable financing conditions for farmers and biofuel producers in 
connection with the development of infrastructure and production facilities; 
use of 20% blended biodiesel in public transport and state-owned vehicles; 
tax breaks for ethanol filling stations; state promotion of biofuel research 
(Bioenergy Research Centers).

Canada Climate change mitiga-
tion, environmental pro-
tection, energy security, 
technological progress 

(1) State grants and tax breaks for RE; Renewable Portfolio Standards in 
four provinces; national feed-in premium for electricity from RE amoun-
ting to CAN$0.01 per kWh; state procurement policy: meeting 20% of the 
government’s electricity requirement through electricity from RE; state subsi-
dies for systems for generating heat from RE (2) Grants for R&D in bioenergy 
(3) Government grants for the development of biofuel production and ne-
cessary infrastructure; mandatory blending of 50% of 5% ethanol from 2010 
and 2% biodiesel after 2012; after 3 years progressively reducing production 
subsidies for ethanol (CAN$0.10 per litre) and biodiesel (CAN$0.20 per litre); 
import tariffs on ethanol amounting to CAN$0.0492 per litre; promotion of 
research into 2nd-generation biofuels. 

Australia Rural development, di-
versification of transport 
energy sources 

(1) RE expansion target (planned: 20% RE or 45,000 GWh from 2020); go-
vernment grants and favourable financing conditions for investment in RE 
technologies (2) Renewable Portfolio Standards (9.5TWh electricity from RE 
p.a. from 2010); tradeable RE certificates; fixed feed-in tariffs for electricity 
from RE in South Australia (3) Expansion target for biofuels (350 million 
litres by 2010); import tariffs on undenatured ethanol (5% plus AUS$ 0.381 
per litre); tax rebates for domestically produced ethanol; production subsidies 
for biofuels; promotion of the biofuel infrastructure through subsidies. 

Japan Reduced dependency 
on fossil fuels, climate 
change mitigation, en-
vironmental protection, 
agricultural diversifica-
tion 

(1) National biomass strategy (Biomass Nippon Strategy) (2) Expansion tar-
get for electricity from RE (1.63% from 2014) and specific expansion targets 
from 2010 for electricity from biomass and landfill gas (5860 million litres 
crude oil equivalent) and for heat from biomass (3080 million litres crude oil 
equivalent); mandatory grid feed-in for electricity from biomass; Renewable 
Portfolio Standards (3) Expansion target for biofuels (50 million litres dome-
stic production by 2011; 500 million litres crude oil equivalent; 6000 million 
litres per year from 2030); substitution of 20% of fossil fuels as from 2030 by 
alternative fuels; import tariffs on palm oil (3.5% ad valorem); tax relief for 
biofuels; preference given to filling stations that offer biofuels.
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Newly industrializing countries

Brazil Independence of oil 
imports, economic 
development through 
the export of bioenergy, 
rural electrification, 
climate change miti-
gation, environmental 
protection 

(1) PROINFA promotion programme for RE; bioenergy research under the 
National Agroenergy Plan (2) Expansion targets for electricity from RE (3.300 
MW from wind, biomass, micro-hydropower from 2006); fixed feed-in tariffs for 
electricity from RE and reduced transmission and distribution tariffs; electricity 
purchase on preferential terms from RE system operators; promotion of RE for 
rural electrification (3) Blending quotas for biofuels (20–25% for ethanol, from 
July 2008 3% and from 2013 5% for biodiesel); tax relief for biofuels; tax relief 
and production subsidies for flex-fuel vehicles; national biodiesel programme 
(incl. Social Fuel Seal); import tariffs on palm oil (11.5% ad valorem); use of 
ethanol for state vehicle fleet.

China Security of supply, cli-
mate change mitigation, 
environmental protec-
tion, rural development

(1) Expansion targets for RE (15% of primary energy from RE from 2020, of 
which 30 GW bioenergy); creation of a fund for promoting research into RE; 
low-interest loans for infrastructure development; tax relief for producers and 
consumers of bioenergy; US-China Memorandum of Understanding on Bio-
mass Development (research & technology cooperation) (2) Fixed feed-in tariff 
for electricity from biomass; tax relief for biogas; promotion of small biogas sy-
stems in rural areas (3) Expansion targets for biofuels (15% of transport energy 
from 2020, i.e. 13,000 million litres bioethanol p.a. and 2300 million litres bio-
diesel p.a. from 2020, 50,000 million litres fuels from solid biomass from 2020); 
ad valorem import tariff on ethanol (30%); refund of VAT on ethanol; 10% 
blending quota for ethanol in nine test regions; state Jatropha- and ethanol-
based model projects and demonstration systems.

India Energy autonomy, 
security of supply, rural 
electrification 

(1) Tax relief and low-interest loans for RE system operators; discounts on 
transport and distribution of RE; bioenergy projects under the CDM (2) Na-
tional expansion targets for electricity from bioenergy (10% by 2012; planned: 
15% from 2032); fixed feed-in tariffs for electricity from RE; subsidizing of bi-
omass power plants and biogas systems; promotion of small biogas systems for 
rural electrification (Remote Village Electrification Programme) (3) Na tional 
blending targets for biofuels (10% ethanol from 2008; 20% ethanol and 20% 
biodiesel from 2017); ambitious promotion policies are pursued in some of the 
individual states; fixed purchase price for ethanol; state Jatropha model pro-
jects.

Mexico Energy autonomy, rural 
energy supply, climate 
change mitigation, envi-
ronmental protection 

(1) Tax relief for investment in RE; accelerated writing down for RE projects 
(2) Expansion targets for electricity from RE (1 GW from 2006; 8% from 2012; 
4 GW from 2014); discounts on transport and distribution of electricity from 
RE (3) Expansion targets for biofuels (production of 454 million litres bioetha-
nol p.a. from 2012; 20% biodiesel blending from 2011/12); mandatory ethanol 
blending quota of 10% in urban areas; import tariffs on ethanol (ad valorem 
tariff of 10% plus US$ 0.36 per litre); biodiesel demonstration projects.

South Africa Rural development, en-
ergy autonomy, climate 
change mitigation 

(1) Expansion targets for RE (4% from 2013); subsidizing of technology deve-
lopment; (2) Expansion target for electricity from RE: 10TWh from 2013 (3) 
Tax relief for biofuels; voluntary blending of biofuels (9%); mandatory blending 
quotas for biofuels (planned: 8% for ethanol and 2% for biodiesel from 2008), 
combined with 50% tax exemption for biodiesel and 100% tax exemption for 
ethanol; state biofuel pilot projects (incl. Jatropha).

Developing countries

South-East 
Asia (Philip-
pines, Thailand, 
Indonesia, 
Malaysia)

Security of supply, rural 
development, rural 
electrification, meeting 
energy need 

(1) RE use targets (Indonesia: 15% of primary energy from RE from 2025; 
Thailand: 8% of primary energy from 2011); tax relief for RE projects (Phi-
lippines); bioenergy projects under the CDM (Indonesia); (2) Expansion 
targets for electricity from RE (Thailand: 8% from 2011; Malaysia: 5% from 
2005; Philippines: 4.7 GW from 2013); fixed feed-in tariffs for electricity from 
RE (Indonesia, Thailand); favourable financing conditions for bioenergy pro-
ducers (Philippines); promotion of RE for rural electrification (Indonesia, 
Philippines, Thailand) (3) blending quotas for biofuels (Malaysia: 5% biodie-
sel from 2008; Thailand: 10% ethanol from 2007, 3% biodiesel from 2011/10% 
biodiesel and bioethanol from 2012; Philippines: 1% biodiesel and 5% ethanol 
from 2008 / 2% biodiesel and 10% ethanol from 2010; Indonesia: at present 
3% ethanol and 2.5% biodiesel); expansion targets for biodiesel production/
use (Thailand: 3100 million litres biodiesel p.a. from 2012 and 1100 million 
litres ethanol p.a. from 2011(production); Indonesia: 1300 million litres bio-
fuels p.a. year from 2010 (production); 10%/20% of national fuel consumption 
from 2010/25 (usage, planned)); tax relief for biofuel projects or components.
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– that arise as co-products in connection with the 
production of biofuels, thus providing an additional 
incentive to production (GBEP, 2008; SRU, 2007).

At the centre of production promotion are meas-
ures that promote broad use of bioenergy in the mar-
ket and that stimulate or guarantee market demand, 
thus giving producers, as providers, a degree of invest-
ment security. National production targets or use tar-
gets, either for renewables in general or for bioen-
ergy in particular, have this function. In the electric-
ity sector in some countries, facilities for generating 
bioenergy or the operators of such facilities are sup-
ported by means of fixed feed-in tariffs and feed-in 
to the national electricity grid is guaranteed for a cer-
tain period of time. In addition, in the area of power 
and heat generation production quotas for vari-
ous types of renewable energy (renewable portfo-
lio standards) are sometimes used in connection with 
a certificate system (renewable energy certificates) 
(GBEP, 2008).

In the mobility sector many countries have intro-
duced mandatory blending quotas or expansion tar-
gets for biofuels. For example, the United States has 
set ambitious targets for expansion of the biofuel sec-
tor; it plans usage of 56,000 million litres per year by 
2012 and to increase this figure by 2022 to 136,000 

million litres, which would be equivalent to 20 per 
cent of the country’s projected annual fuel consump-
tion (Doornbosch and Steenblik, 2007; EERE, 2008; 
GBEP, 2008; REN21, 2008; Box 4.1-2). Government 
procurement policies mandating the purchase of 
vehicles with alternative fuel options (e.g. flex-fuel 
technology) or the use of biofuels in state and munic-
ipal vehicles constitute another form of promotion. 
This approach has been adopted in countries such as 
the USA, Thailand and the Philippines (Doornbosch 
and Steenblik, 2007; GBEP, 2008). 

Stages 4 and 5: Transport and distribution / 
Use and consumption
In some countries the transport and marketing of elec-
tricity from bioenergy is promoted through reduc-
tions in transmission and distribution tariffs; this is 
the case in, for example, Brazil, South Africa and 
India. In industrialized countries the use of electricity 
from bioenergy is often encouraged through expend-
iture tax rebates or expenditure tax exemptions. In 
the heating sector households and businesses may 
be offered financial assistance for the conversion of 
heating systems to renewable energy sources. In addi-
tion, biofuels are wholly or partly exempt from excise 
duty in many countries. Table 4.1-5 gives examples of 

(Philippines, Malaysia, Thailand); mandatory blending for government vehicle 
fleet/public transport (Thailand: 10% ethanol in government vehicle fleet; Phi-
lippines: 1% biodiesel in government vehicle fleet; Malaysia: 5% biodiesel in 
public transport); Jatropha pilot projects and biodiesel pilot systems (Thailand).

West Africa (incl. 
Senegal, Mali, 
Ghana, Nigeria)

Energy autonomy, rural 
development, agricultu-
ral diversification 

(1) Use targets for RE (Mali: 15% of primary energy from RE from 2020, Se-
negal: 15% of primary energy from 2025) (2) Expansion targets for electricity 
from RE (Nigeria: 7% from 2025); (3) Expansion targets for biofuels (Nigeria: 
production of up to 140 million litres p.a., up to 10% ethanol blending planned; 
Senegal: biodiesel from Jatropha and ethanol from sugar cane, with target of 
biodiesel self-supply from 2012; Mali: decentral use of Jatropha; (state) Jatropha 
pilot projects and research projects (Mali, Senegal, Ghana, Nigeria, Burkina 
Faso).

(South-) East  
Africa (incl. 
Kenya, Tanza-
nia, Malawi, 
Mozambique, 
Zimbabwe)

Rural development, 
rural electrification 

(1) and (2) not known (3) Mandatory biofuel blending (Malawi: mandatory 
ethanol blending of 10–20% since 1982; Mozambique: planned blending of bio-
diesel and bioethanol); expansion targets (Zimbabwe: production of up to 50 
million litres ethanol p.a. planned) Jatropha and ethanol demonstration pro-
jects (Kenya, Malawi, Mozambique, Tanzania, Zimbabwe); tax exemption on 
biofuels (Mozambique: planned).

South America 
(incl. Argentina, 
Bolivia, Colum-
bia, Guatemala, 
Peru)

Rural electrification;  
rural development; 
energy autonomy

(1) State promotion of research into RE (Peru) (2) Tax exemption for 
purchase of electricity from RE (Columbia); state demonstration projects 
(Bolivia); expansion targets for electricity from RE (Argentina: 8% elec-
tricity from RE from 2016; Chile: 5% electricity from RE from 2010); pre-
mium payments on RE, tax reliefs for investment in bioenergy (Argenti-
na, Guatemala); fixed feed-in tariffs for electricity from RE (Argentina); 
promotion of RE for rural electrification (Argentina, Bolivia, Guatemala) 
(3) Mandatory biofuel blending (Columbia: 10% ethanol in cities >500,000 
inhabitants, from 2008 5% biodiesel; Bolivia: 2.5% biodiesel and 10% etha-
nol from 2007, 20% biodiesel from 2015; Peru: 7.8% ethanol and 5% bio-
diesel from 2010, Argentina: 5% ethanol and 5% biodiesel from 2010; 
Guatemala: up to 20% ethanol); tax exemptions for raw material and bi-
ofuel production and components (Columbia, Argentina, Bolivia); opera-
tion of state vehicle fleet and public transport with biofuels (Argentina).
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2008). High import tariffs on bioenergy carriers are 
more commonly found in industrialized countries 
(e.g. EU, USA). These levies are intended to rectify 
the competitive disadvantage of domestic producers, 
who incur higher production costs for biofuels than 
providers from developing and newly industrializing 
countries. 

It is evident that if support for biofuels were 
removed demand for biodiesel and bioethanol would 
be significantly lower than it is with support in place. 
For example, it is estimated that without support 
demand for biodiesel would fall by 87 per cent in 
the European Union and by 55 per cent in the USA. 
Globally, demand for biodiesel would be reduced by 
about 50 per cent. Demand for ethanol, on the other 
hand, is less dependent on promotion policies. If all 
support were removed it is likely that demand for 
ethanol would fall by only 14 per cent, since ethanol 

bioenergy promotion measures in selected countries. 
Within these countries individual states or provinces 
may have adopted additional measures that cannot 
be discussed in this context. 

Conclusions and outlook
There is little difference between national promo-
tion policies for bioenergy in terms of the instru-
ments used: in the electricity sector fixed feed-in tar-
iffs are the preferred instrument. In the fuel sector 
blending quotas and national expansion targets pre-
dominate. Subsidies or tax concessions for produc-
ing or using bioenergy are also frequently used strat-
egies. Particularly large tax concessions for biofuel 
blending are granted by the US government, which 
is providing a tax credit of 0.14 US$/litre for ethanol 
blending until the end of 2010, and a tax credit of 0.12 
US$/litre for biodiesel until the end of 2008 (REN21, 

Box 4.1-2

Current bioenergy use and promotion policy in 
the USA 

Bioenergy is playing a more and more important role in 
the policies of the USA. However, the country’s bioenergy 
policy has so far focused mainly on fuels for transport; pro-
motion of bioenergy for heat and electricity has been minor. 
In expanding its ethanol production the USA’s main aim is 
to reduce its dependence on imports of mineral oil. Envi-
ronmental and climate change mitigation considerations 
are also taken into account, but are of secondary impor-
tance. At present bioenergy accounts for around 3 per cent 
of primary energy consumption in the USA, with biofuels 
constituting 25 per cent of this. The remaining 75 per cent 
is used for heat and electricity generation and is produced 
from wood and wood residue. In terms of bioenergy con-
sumption the USA ranks in third place, after China and 
India (Zarrilli, 2006; GBEP, 2008).

As a result of the continuing promotion policy of recent 
years, the USA is now the world’s leading producer of etha-
nol, closely followed by Brazil (Section 4.1.1). In the USA 
ethanol is produced chiefly from maize. In 2005 14.6 per 
cent of American maize production was processed into eth-
anol; in 2007 this figure had risen to more than 17 per cent 
(Zarrilli, 2006; GBEP, 2008). In 2007 the USA imported 
additional ethanol totalling approximately 1600 million 
litres from Brazil, Costa Rica, El Salvador and individual 
countries of the Caribbean Basin Initiative (CBI); of this, 
714 million litres came from Brazil (RFA, 2008). Biodie-
sel production in the USA takes place on a much smaller 
scale. In 2006 1700 million litres of biodiesel were produced, 
mostly from soya beans; representing 16.5 per cent of global 
production. This means that the USA is the world’s second-
largest producer of biodiesel, after the EU (Licht, cited in 
OECD, 2008).

The government has put forward ambitious plans for 
future biodiesel production. According to the Renewable 
Fuel Standard, which was increased by the Energy Independ-
ence and Security Act (EISA) in 2007, 56,000 million litres 
of non-fossil fuels will have to be blended with fossil fuels in 
2012, and 10 years later the figure will rise to 136,000 million 

litres. This would correspond in 2022 to around 20 per cent 
of total US fuel consumption (REN21, 2008; EERE, 2008). 
The overall targets are subdivided into annually increasing 
targets for first-generation biofuels and increasing targets 
for second-generation biofuels (‘advanced biofuels’) and 
biofuels from cellulose (‘cellulosic biofuels’). There are 
also requirements regarding the greenhouse gas reduction 
potential of the biofuels over their entire life cycle. Under 
these requirements facilities for producing ethanol from 
grain that started production after the EISA came into 
force must achieve at least a 20 per cent reduction in life-
cycle greenhouse gas emissions as compared with GHG gas 
emissions of the fossil reference in the base year of 2005. 
Biofuels classed as advanced biofuel or cellulosic biofuel 
must be able to demonstrate reductions of at least 50 per 
cent and 60 per cent respectively (EIA, 2008; GBEP, 2008; 
EERE, 2008). According to estimates of the US Ministry of 
Agriculture, biodiesel production will increase as a result of 
the various government promotion measures (Table 4.1-5) 
to 7500 million litres annually by 2010 and to 12,600 million 
litres by 2015. The government will in future focus more on 
second-generation biofuels, particularly fuels from wastes 
and residues (NGA, 2008; GBEP, 2008). 

The government has set no targets for the generation of 
power and heat from biomass (GBEP, 2008). Despite this, 
regulation provides some incentives to the use of power and 
heat from biomass. Some states have set Renewable Port-
folio Standards for the feed-in of electricity (REN21, 2008). 
Furthermore, from 1 January 2008 facilities that produce 
electricity from biomass will benefit from a Renewable 
Electricity Production Tax Credit; they will thus receive 
US$ 0.0019 per kWh for electricity from biomass from a 
closed circuit and US$ 0.001 per kWh for electricity from 
an open circuit. Through the Renewable Energy Production 
Incentive an additional US$ 0.0015 per kWh will be paid for 
electricity from renewables for the first 10 years. The gov-
ernment and electricity companies also issue Clean Renew-
able Energy Bonds, which support projects in the area of 
regenerative electricity generation. Biofuels nevertheless 
remain the focus of bioenergy promotion in the USA. Pro-
ducing bioethanol from cellulose on a competitive basis is 
seen as a particular challenge (GBEP, 2008).



46 4 Bioenergy, land use and energy systems: Situation and trends

production in Brazil – one of the most important pro-
ducing countries – remains largely competitive even 
without support (OECD, 2008).

In some countries production of biofuel in the 
private sector is uneconomic; correspondingly large 
financial incentives for market participants are 
required in order to boost production and demand. 
Hence estimated expenditure on state promotion 
measures for biofuels in the USA, the EU and Canada 
in 2006 amounts to around US$ 11,000 million. Con-
tinuation of promotion policies could result in costs 
rising to US$ 27,000 million per year in the next 5–10 
years (Steenblik, 2007; OECD, 2008). Since state pro-
motion measures for biofuels, in these countries and 
elsewhere, places increasing financial pressure on 
national budgets, a change in policy can currently be 
observed: there is movement away from active fiscal 
promotion policy towards promotion through usage 
targets such as blending quotas for biofuels (GBEP, 
2008). Such targets create guaranteed sales markets 
for businesses that produce biofuels or the associated 
raw materials. At the same time the costs of promo-
tion – that is, the additional costs of production – are 
shifted to the consumer. Production and usage tar-
gets are applied in the OECD countries, in the major 
newly industrializing countries of Brazil and India, 
and to an increasing extent also in developing coun-
tries such as the Philippines and Indonesia (Steen-
blik, 2007; GBEP, 2008).

In some developing and newly industrializing 
countries, however, a growing number of voices are 
questioning the use of national blending quotas on 
the grounds that they initiate market effects that can 
ultimately jeopardize national food security (Section 
5.2). Some countries have in consequence enacted 
regulations excluding particular raw materials from 
biofuel production or promotion. For example, in 
South Africa maize is not eligible for ethanol promo-
tion, and in China grain may not be used to manufac-
ture fuel (Box 5.2-2; Reuters, 2007; Weyerhaeuser et 
al., 2007).

Pressure is also being placed on the EU’s planned 
10 per cent blending target for biofuels on the 
grounds that it incurs high macroeconomic costs and 
may not in fact contribute to the main aim of bioen-
ergy promotion policy, which is to mitigate climate 
change. Thus the London-based consultancy Europe 
Economics estimates that meeting the EU’s 10 per 
cent target for biofuels will require total annual 
transfers to the wider biofuels industry of € 11,000–
23,000 million annually by 2020 (Europe Econom-
ics, 2008). Various studies, including those carried 
out by the European Commission’s Joint Research 
Centre (JRC) and by the OECD, agree in conclud-
ing that attainment of the 10 per cent blending tar-
get will most likely not contribute to a significant re-

duction in greenhouse gas emissions in the transport 
sector. In relation to climate change mitigation and 
the costs per tonne of greenhouse gas abatement, 
biofuels have so far tended to yield below-average 
results: with abatement costs at present significantly 
over € 100 per tonne, biofuel use is considerably 
more expensive than alternative abatement options 
(Doornbosch and Steenblik, 2007; de Santi, 2008; 
OECD, 2008; Section 7.3; Box 4.1-3). With regard 
to the policy goals of increasing energy security and 
promoting rural development, the JRC also sees no 
significant benefit in the EU’s biofuel policy. Instead 
it calculates that there is an 80 per cent probability 
that biofuel promotion for the EU-25 between 2007 
and 2020 will be associated with overall net costs to 
the economy amounting to around € 33,000–65,000 
million at present-day values (de Santi, 2008).

Some developing countries, particularly in Africa 
and South America, have considerable potential for 
producing biomass for energy purposes but may not 
yet have formulated corresponding policy targets. 
In some countries targets have been formulated but 
concrete promotion policies have not been imple-
mented; for example, this is the case in Chile, El Sal-
vador and Panama (Jull et al., 2007). The necessary 
investment in infrastructure and technology presents 
an obstacle for these countries in developing a bioen-
ergy market. Export is also difficult for developing 
countries on account of the subsidy and trade pol-
icies of many industrialized countries. Developing 
countries face additional trade barriers arising from 
the fact that technical standards are not harmonized 
internationally (Mathews, 2007; Jull et al., 2007; von 
Braun, 2007; Lindlein, 2007). For these reasons the 
preferred option for many developing countries in 
Africa, Latin America and Asia is to focus on small-
scale production of bioenergy for domestic use (Sec-
tion 10.8).

4.2
Global land cover and land use 

Among the most significant impacts of human soci-
ety on the environment are changes in land cover and 
in land use. The former relate to changes in the bio-
physical features of the Earth’s surface, while the lat-
ter are determined by the purposes for which people 
use the land (Turner et al., 1990; Lambin et al., 2001; 
Schinninger, 2008). More than three-quarters of the 
world’s ice-free land surface has already undergone 
changes as a result of human use (Ellis and Ram-
ankutty, 2008). General understanding of the causes 
of changes in land cover and land use is unfortu-
nately often dominated by over-simplifications. Nei-
ther population growth nor poverty can be regarded 



47Global land cover and land use   4.2

though settlement use and water use also fall under 
this heading. 

Direct and immediate effects of human-induced 
changes in land cover and land use on the environ-
ment (conversion, loss, fragmentation, eutrophi-
cation) lead to changes in the nutrient cycle and in 
the hydrological and thermal regime; often they also 
result in increased erosion of the converted surface. 
These effects must be taken into account in the dis-
cussion of bioenergy use. Indirect effects at ecoystem 
level, on the other hand, are often manifested as loss 
of biological diversity (Jarnagin, 2004).

Data sources
For describing land cover and land cover changes, 
whether on a regional or global scale, the most 
important source of information is remote sensing 
data (DeFries and Townsend, 1999; Figure 4.2-1). 
However, classification of land cover varies widely 
between data sources, which also use different defi-
nitions for the various categories. Thus according to 
Lepers et al. (2005) around 90 different definitions of 
‘forest’ are used in different parts of the world. The 
FAO (1997) defines forest as a vegetation unit with 

as the sole cause of global changes in land cover, 
which involve in particular the conversion of forest 
into cropland (Lambin et al., 2001). These changes 
arise primarily in response to economic opportuni-
ties, which in turn are closely linked to social, politi-
cal and infrastructure-related conditions. The effects 
of changes in land cover and land use (Sections 4.2.1 
and 4.2.2) impact in turn on the carbon storage capac-
ity, greenhouse gas emissions and fertility of the soil 
(Section 4.2.3), as well as on the local climate and 
hence also on local land cover. 

4.2.1  
Global land cover

Land cover includes not only topographical fea-
tures of the Earth’s land surface but also structures 
such as buildings and roads and aspects of the nat-
ural environment such as soil type, vegetation type, 
biodiversity, surface water and ground water (Meyer, 
1995). Discussion of land use issues usually focuses 
on agricultural and forestry use (intensity, type), even 

Box 4.1-3

Current bioenergy policy and use in the EU 

In early 2008 the European Commission presented its 
draft of an EU Directive on the promotion of energy from 
renewable sources, providing a framework for implementa-
tion of the targets and strategies for expansion of the use 
of renewables that were drawn up by the Commission and 
the Council at the beginning of 2007. Under the Directive 
the proportion of total energy consumption met by renewa-
bles is set to reach 20 per cent by 2020, and the proportion 
of total EU fuel consumption met by biofuels in that year 
should be 10 per cent. The EU’s main aim in this is to make 
a contribution to climate change mitigation (EU Commis-
sion, 2008a). 

Bioenergy at present constitutes around 4 per cent of 
primary energy consumption in the EU (EEA, 2007b). 
Biofuels account for around 1 per cent of total fuel con-
sumption (EU Commission, 2006a; REN21, 2008). Biofuel 
production within the EU is promoted by tax relief that 
applies in many member states. In 2007 total biodiesel pro-
duction in the EU amounted to 6100 million litres, corre-
sponding to 59.9 per cent of global production. Within the 
EU, Germany, France, Italy, the Czech Republic and Spain 
were the most important producing countries (Licht cited 
in OECD, 2008). Ethanol is produced in the EU in signifi-
cantly smaller quantities, mainly from grain and sugar beet. 
The principal producing countries in the EU are Germany 
and Spain. In 2007 the EU produced a total of 2300 million 
litres of ethanol, representing 4.4 per cent of global pro-
duction (Zarrilli, 2006; Licht cited in OECD, 2008; REN21, 
2008).

For any further expansion of the contribution of biofuel 
to total fuel consumption to meet the 10 per cent quota laid 
down in the draft guidelines, the EU is dependent – particu-

larly as far as ethanol is concerned – on imports (REN21, 
2008). The most important countries from which ethanol 
is imported are Brazil and Pakistan. Palm oil for biodiesel 
production is important primarily from Malaysia (Zarrilli, 
2006). However, there are growing doubts about the eco-
logical and economical sustainability of a 10 per cent blend-
ing quota for biofuels. It is uncertain whether blending will 
actually achieve the intended goals, which include climate 
change mitigation, security of supply and job creation; at 
the same time, the estimated costs of government promo-
tion measures are highly likely to exceed the hoped-for 
benefits (de Santi, 2008). The Industrial Committee of the 
European Parliament has therefore invited discussion of a 
modification of the 10 per cent quota. Under the amended 
plan, at least 40 per cent of the quota should be met through 
the use of second-generation biofuels, hydrogen or electro-
mobility (EU Parliament, 2008). A final decision on the 
quota is expected by the end of 2008. 

Electricity production from biomass is another important 
pillar of the EU’s 20 per cent target. Promotional measures 
used in individual members states include feed-in tariffs, 
renewable energy certificates (RECs), tax incentives and 
subsidies for production capital; of these, feed-in tariffs and 
RECs have been found to be the most effective. Twenty-one 
member states participate in an inter-European transfer 
systems for RECs, the European Energy Certificate System 
(EECS; EU Commission, 2005b; REN21, 2008). In contrast 
to electricity and fuels, there are as yet no concrete targets 
for heat production from biomass. Plans include improving 
the energy efficiency of buildings and promoting district 
heating systems (EU Commission, 2005a). Increased utili-
zation of the potential of high-efficiency combined heat and 
power, CHP in the member states is also planned (GBEP, 
2008).



48 4 Bioenergy, land use and energy systems: Situation and trends

tree crown cover of ≥10 per cent, an area of ≥0.5 ha 
and potential growth of >5 m. The International 
Geosphere Biosphere Programme (IGBP), by con-
trast, defines forest as predominantly woody vegeta-
tion (>60 per cent) with a growth height of >2 m. 

Similar problems arise for pasture land. In most 
cases national data are inconsistent with data in the 
FAO’s statistical database (FAOSTAT). For exam-
ple, Ramankutty et al. (2008) specify the world’s 
total area of pasture land as 28.0 million square kilo-
metres; this is 18 per cent less than FAOSTAT’s esti-
mate of 34.4 million square kilometres. The larg-
est discrepancies occur in Saudi-Arabia, Australia, 
China and Mongolia and result from different defi-
nitions of ‘pasture land’ – a problem that is also high-
lighted by FAOSTAT. In addition to differing defi-
nitions of arable and pasture land, multi-functional 
land use also presents a problem: for example, in 
some countries, particularly in Africa and Asia, ara-
ble land is used for grazing animals after the harvest 
(Figure 4.2-4). Other problems arise from the data 
mixing of different remote sensing data sets; from the 
data provided it is not possible to obtain any infor-
mation about land use below the topmost vegetation 
cover identified by the remote sensor. There are also 
differences in the time scales used in some inventory 
data; in most industrialized countries surveys are car-
ried out every 5–10 years. The spatial resolution of 
surveys also varies. As a result, the African continent 

and the former Soviet Union tend to be under-repre-
sented in the data. 

Alongside land cover and population density, Ellis 
and Ramankutty (2008) also include other land use. 
This new classification (Figure 4.2-2) could prove very 
useful for integrative modelling approaches, because 
ecosystems are affected by a wide range of human-
induced factors, including climate change, nitro-
gen input, pollution and above all land-use changes. 
Measuring the drivers and the outcomes of their syn-
ergetic effects and integrating them into standard 
climate and ecosystem models presents a challenge 
(Fischlin et al., 2007). In addition this classification is 
still so new that its suitability for the task cannot yet 
be evaluated. 

Situation and trends
The greatest changes in land cover were brought 
about in the past through the conversion of forests 
and grassland into arable and pasture land (Schin-
ninger, 2008). In the last 300 years arable land has 
increased by 460 per cent and pasture land by 560 
per cent (Klein Goldewijk, 2001). Today only 19 per 
cent of land with cultivation potential still forms part 
of forest ecosystems (Fischer et al., 2002); of this land, 
the largest areas suitable for cultivation are in South 
and North America, followed by Central America 
and Africa. 

Figure 4.2-1
Global distribution of land cover types, based on MODIS satellite data (Land cover science data set of the IGBP;  
0.05° resolution, year 2001).
Source: U.S. Geological Survey – Earth Resources Observation and Science Center, 2008
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The quantity of land used for agriculture has 
increased by nearly 500 million hectares over the 
last four decades. This trend is likely to continue in 
future (Fedoroff and Cohen, 1999; Huang et al., 2002; 
Trewavas, 2002; Green et al., 2005). Rosegrant et al. 
(2001) forecast the conversion of a further 500 mil-
lion hectares into agricultural land by 2020; much of 
this land will be in Latin America and sub-Saharan 
Africa. The FAO expects that the global area of land 
used for food production will need to be increased 
by 120 million hectares by 2030 in order to secure the 
food supply of the growing world population (FAO, 
2003a). 

Lepers et al. (2005) summarize changes in land 
cover during the period 1981–2000, basing their 
description on remote sensing data, expert opin-
ions, land area surveys and statistics on land cover 
and land use at regional, national and international 
level. Difficulties in synthesizing existing sets of data 
on land-use changes arose from the absence of stand-
ardized definitions, differences in the spatial resolu-

tion of different remote sensing data, and differences 
in the time spans and spatial coverage of the data col-
lected. See Box 4.2-1 on the definition of ‘marginal 
land’. The results of the study show that the larg-
est areas of rapid land-cover change were located in 
Asia. In South-East Asia there was a rapid increase 
in the area of agricultural land between 1981–2000, 
often linked with large-scale land clearance. The 
Amazon basin continues to be a focal point of rain-
forest clearance. In Siberia there was a rapid increase 
in forest degradation as a result of non-sustainable 
use and the increasing frequency of forest fires. By 
contrast a fall in the area of land used for agricul-
ture was recorded in the south-east of the USA and 
eastern China. In addition many of the most densely 
populated and fastest growing cities were located in 
the tropics. 

Dynamic global vegetation models (DGVMs) are 
used to simulate changes in land use – particularly in 
the distribution of vegetation – over time, and thus 
to assess changes in ecosystem functions and services 

Figure 4.2-2
Conceptual model of habitats subject to different levels of anthropogenic influence. From left to right: increase in 
anthropogenic influence. (a) Habitats structured according to population density (logarithmic scale) and land use (percentage 
scale). Within these habitats these factors form patterns of (b) ecosystem structures (land cover), processes (net primary 
production, carbon emissions, availability of reactive nitrogen) and biodiversity (native vs. introduced and domesticated 
biodiversity; quoted relative to the original biodiversity; white areas represent the net reduction in biodiversity). 
Quelle: Ellis und Ramankutty, 2008
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(Fischlin et al., 2007). This option is also used in the 
modelling carried out by Beringer and Lucht (2008) 
and described in Chapter 6. Much progress has been 
made in recent years in merging DGVMs and cli-
mate models, enabling researchers to study feedback 
effects between the biosphere and processes in the 
atmosphere (Fischlin et al., 2007). 

Changes in land cover and land use in the temper-
ate zone in recent decades have, however, affected 
not only vegetation cover but also the albedo; the 
increase in albedo has probably had a cooling effect 
(Govindasamy et al., 2001; Bounoua et al., 2002). The 
feedback effects of land-use changes on climate are 
influenced by a complex interplay of various local 
factors (evaporation rate, ground water storage 
capacity, albedo). These effects are, however, also 
dependent on large-scale air circulation movements 
and may therefore operate differently in differ-
ent regions. Historically, human-induced land cover 
changes may have reduced temperatures in agricul-
tural areas at medium latitudes by 1–2°C (Feddema 
et al., 2005). On the other hand, it is projected from 
simulations that future human-induced influences on 
land cover, taking account of the further deforesta-
tion of the tropics, will result in further warming by 
1–2°C (Feddema et al., 2005). Depending on the type 
of future land-use changes that are incorporated into 
two IPCC-SRES scenarios (A2 = Regionalized eco-
nomic development and B1 = Global sustainability; 
Nakicenovic and Swart, 2000), there are significant 
differences in the results of the climate simulation for 
2100 as a result of the feedback between the land sur-
face and the energy balance of the atmosphere (Fed-
dema et al., 2005). For example, the conversion of the 
rainforest in the Amazon region into arable land in 
Scenario A2 leads to a temperature increase of over 

2°C in 2100, which in turn would affect the Hadley 
and monsoon circulation. 

Other model-based studies highlight future land-
cover changes, particularly in the tropics and sub-
tropics (DeFries et al, 2002; Voldoire, 2006). How-
ever, it remains extremely difficult to forecast future 
land cover and describe the future distribution of 
vegetation, despite the fact that these models usually 
ignore socioeconomic factors (DeFries et al., 2002). 
Land-use dynamics have only recently been inte-
grated into dynamic vegetation models (Voldoire et 
al., 2007); this represents a major step forward. Land-
use changes undoubtedly exert a major influence on 
future regional and global climate (Feddema et al., 
2005; Pitman et al., 1999; Pielke et al., 2002; Voldoire 
et al., 2007); depending on geographical location 
they may exacerbate or diminish the resulting cli-
mate change (DeFries et al., 2002; Feddema, 2005; 
Voldoire, 2006). 

4.2.2  
Global land use

Land use – which is closely connected to land cover 
– describes the type, manner and purpose of land 
use by humans, and/or the use of existing resources; 
for example, use for agriculture, mining or forestry 
(Meyer, 1995). The term ‘land-use changes’ (Figure 
4.2-3) refers both to the human-induced replace-
ment of one type of land use by another – for exam-
ple, the conversion of forest into agricultural land 
– and to changes in management practices within a 
land-use type – for example, intensification of agri-
culture. Land-use changes and the associated loss 
and fragmentation of habitats are important drivers 
of past and present ecosystem changes and of the loss 

Box 4.2-1

Defining the concept of ‘marginal land’ 

Discussion of the potential of bioenergy often involves 
considering the cultivation of bioenergy crops on agricul-
tural and forestry land whose yields are relatively low. In 
this connection the terms ‘marginal land’, ‘degraded land’, 
‘unproductive land’, ‘set-aside land’, ‘wasteland’ and ‘fallow 
land’ are often used in parallel or even synonymously, usu-
ally without further differentiation. In the present report 
WBGU uses the term ‘marginal land’ as an umbrella term 
for (1) areas with little capacity for fulfilling a production 
or regulation function, and also for (2) areas that have lost 
their production and regulation function, sometimes to a 
significant extent. (1) includes areas whose productivity 
for agriculture or forestry is considered low. Also in this 
category are arid and semi-arid grassslands, desert fringes 
and areas of steep ground and structurally weak or erosion-
prone soils, particularly in mountainous regions. (2) covers 

formerly productive areas; they may have lost their yield 
potential as a result of human-induced soil degradation 
(e.g. overused, degraded and therefore unproductive land, 
including both forests and pasture and arable land), or the 
land may have been deliberately taken out of production 
(e.g. set-aside land in central Europe that has been taken 
out of production for economic or political reasons). Mar-
ginal areas are generally highly susceptible to soil degrada-
tion. 

WBGU avoids using the term ‘wasteland’ on account of 
its associations with neglected, unused land. The term ‘fal-
low land’ refers in the strict sense to an unworked field in a 
rotational farming system (arable, meadow/pasture, fallow); 
the fallow stage is needed to enable the soil to recover when 
the land is farmed without artificial fertilizers. The word 
‘fallow’ is also used to describe land taken out of produc-
tion that still exhibits signs of human use. This term, too, 
is deliberately avoided by WBGU in this report, because 
it leaves the reasons for non-use unclear and is therefore 
imprecise. 
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of biological diversity. This means that studies of the 
effects of climate change that fail to consider land-
use changes may yield incorrect estimates of ecosys-
tem responses (Fischlin et al., 2007).

Agricultural activities are a major cause of land-
use changes. According to the FAO, the global land 
area used for agricultural purposes in 2005 amounted 
to 49.7 million square kilometres (FAOSTAT, 2006); 
69 per cent of this total, equivalent to 34.1 million 
square kilometres, was in use as pasture land and 31 
per cent, or 15.6 million square kilometres, was ara-
ble land or land under permanent cultivation (Fig-
ure 4.2-4). A new study by Ramankutty et al. (2008) 

with a resolution of 10 km combines national and 
sub-national statistics with data on agricultural land 
use and remote sensing data on land cover; for 2000 
it identifies 15 million square kilometres of arable 
land and 28 million square kilometres of pasture 
land. According to these statistics, humans are using 
around 34 per cent of the global ice-free land area for 
agricultural purposes. 

Ramankutty et al. (2008) also investigated the 
extent to which potentially natural vegetation has 
been affected by agricultural use. If up-to-date 
maps of the distribution of agricultural land are 
merged with the maps of potentially natural vegeta-
tion drawn up by Ramankutty and Foley (1999), the 
results show that around 30 per cent of temperate, 
deciduous forests have been converted to arable land 
and 50 per cent of grasslands have been converted 
to pastures. Although Ramankutty and Foley (1999) 
analysed the global distribution of arable land for as 
far back as 1992, it is not possible to draw any conclu-
sions about changes during this period from compari-
son of the two studies, since the methods and sources 
used were changed. 

The greatest effects of changed land use are 
observed in the net primary production (NPP) of 
plants – that is, in the production of biomass by pri-
mary producers, taking cellular respiration into 
account. Monfreda et al. (2008) modelled the glo-
bal NPP of arable land for the year 2000. The regions 
with the largest NPP of over 1 kg C per m2 per year 
were Western Europe, East Asia, the central USA, 

Figure 4.2-3
Estimated land-use changes between 1700 and 1995. 
Source: Klein Goldewijk and Battjes, 1997, cited in Lambin et 
al., 2001
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Brazil and Argentina. Approximately 13 per cent 
of global arable land is planted with perennial veg-
etation, which stores more carbon in its roots than 
annual vegetation, and around 24 per cent of culti-
vated agricultural land is planted with crops that 
have the more efficient C4 photosynthesis mech-
anism (e.g. maize, sorghum, millet and sugar cane; 
Monfreda et al., 2008). At a global NPP of 56.8 Gt C 
per year, humans, who make up just 0.5 per cent of 
the biomass of heterotrophic organisms, appropri-
ate 15.6 Gt C or almost 24 per cent of global NPP 
(Haberl et al., 2007). Of this biomass used by humans 
(see also HANPP: Human Appropriation of Terres-
trial Net Primary Production; Imhoff et al., 2004), 58 
per cent is used as feed and only 12 per cent directly 
as food. A further 20 per cent is used as raw materi-
als and 10 per cent as firewood (Krausmann et al., 
2007). 

Water consumption in agriculture is also altered 
significantly as a result of land-use changes; use of 
water in agriculture is already higher than in all other 
sectors of the economy (MA, 2005b). In low-wage 
countries 87 per cent of the water removed is used for 
agricultural purposes; in countries with medium wage 
levels the corresponding figure is 74 per cent and in 
countries with high income levels it is only 30 per cent 
(World Bank, 2003). There are at present 276 million 
hectares of irrigated agricultural land (FAOSTAT, 
2006); this represents a five-fold increase since the 
beginning of the 19th century. With the increasing 
need for irrigation, water management becomes an 
important issue. In addition other problems, particu-
larly in connection with food production, are foresee-
able as a result of climate change. Globally around 
3600 million hectares (approximately 27 per cent of 
the land surface) are too dry for rain-fed agriculture. 
Seen in the light of water availability, only around 
1.8 per cent of these dry zones is suitable for grow-
ing cereals under irrigated conditions (Fischer et al., 
2002). According to the FAO, the annual growth rate 
of agricultural production is therefore likely to fall 
from 2.2 per cent to 1.6 per cent in the period 2000–
2015, to 1.3 per cent in 2015–2030 and to 0.8 per cent 
in 2030–2050 (FAO, 2006b). When compared with the 
period 1999–2001 this nevertheless constitutes a rise 
in global cereal production of 55 per cent by 2030 
and of 80 per cent by 2050. To achieve this, though, 
a further 185 million hectares of rain-fed land (+19 
per cent) and 60 million hectares of irrigated land 
(+30 per cent) must be brought into production for 
cereal growing. However, on account of the projected 
decline in water availability in some regions as a 
result of climate change, these regions (e.g. the Med-
iterranean basin, Central America and the sub-trop-
ical regions of Africa and Australia) could become 
too dry for rain-fed agriculture (Easterling et al., 

2007). Alongside climate-induced, regional problems 
of water availability, Scanlon et al. (2007) point out 
that, because of delayed ecosystem responses (such 
as ground water replenishment, water quality), the 
effects of past land-use changes on water levels have 
not yet become apparent; these effects could lead to 
future competition for water use.

4.2.3  
The influence of land-use changes on ecosystem 
services 

Human intervention in the environment brings about 
changes in biological diversity and hence also changes 
in ecosystem services, which range from greenhouse 
gas emissions and carbon storage in the soil and veg-
etation to erosion control and aesthetic aspects. In 
particular biological diversity (or biodiversity) is 
strongly influenced by the land-use changes that are 
relevant in connection with bioenergy use (Section 
5.4). The following section examines the effects of 
land-use changes of various ecosystem types on car-
bon storage, greenhouse gas emissions and biological 
diversity. 

4.2.3.1  
Conversion of forest 

For the use of bioenergy – as for agricultural use in 
general – the necessary land was and is frequently 
obtained from areas that were previously forested 
(Section 4.2.1). In addition, forests are a key issue in 
the debate on bioenergy use because of the poten-
tial loss of the largest carbon reservoirs and sinks 
within the terrestrial biosphere. Around 20 per cent 
of all human-induced CO2 emissions arise from for-
est clearance (IPCC, 2007b). The rate of CO2 emis-
sions as a result of forest losses in the 1990s is put at 
an average of 1.6 Gt (0.5–2.7 Gt) C per year (Cramer 
et al., 2004; IPCC, 2007a). The FAO (2006c) even 
assumes that in the period 1990–2005 the stock of 
carbon in the living biomass of forests is diminished 
at a rate of 4 Gt per year. 

Globally forests store an estimated 638 Gt C of 
carbon; approximately half of this carbon is in the 
living biomass and in dead wood (MA, 2005b), while 
the other half is bound in the soil and the leaf-lit-
ter layer (FAO, 2006c). This is equivalent to roughly 
40 per cent of the carbon present in the terrestrial 
biosphere (Matthews et al., 2000). When a change of 
use takes place and forest is cleared to make way for 
the cultivation of bioenergy crops, the consequent 
carbon losses must first be compensated before the 
effect of the bioenergy on the greenhouse gas bal-
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ance can be described as positive (Section 6.4.3.3). In 
this connection it must be borne in mind that carbon 
is stored not only in the biomass but also in the soil. 
In South America, particularly in the tropical rain-
forest, around one-third of the total carbon is stored 
in the soil, but in European forests the proportion of 
carbon stored in the soil is around two-thirds (FAO, 
2006c). 

In the last 20 years there have been major losses of 
carbon as a consequence of land-use changes involv-
ing the clearance of tropical forests in order to cre-
ate arable and pasture land (IPCC, 2007b). In Brazil, 
for example, large areas of tropical forest have been 
sacrificed to soya production (Tollefson, 2008). Car-
bon losses through clearance are particularly critical 
because the carbon reservoirs that are destroyed are 
not only large but also very old. The carbon in wood 
and dead wood may have been stored for several dec-
ades or centuries; in humus the reservoir may have 
existed for centuries or millennia (Vieira et al., 2005). 
Since carbon reservoirs interact continuously with the 
environment, the effects of clearing forests for bioen-
ergy use can vary widely from region to region. For 
example, the change in the carbon reservoir in the 
soil of cleared tropical forests that are converted to 
pasture land depends largely on the soil type (Figure 
4.2-5; Bormann and Likens, 1979; López-Ulloa et al., 
2005). Thus after 25 years the net quantity of organic 
carbon lost per unit of surface area was almost five 
times greater for pasture land on former rainforest 
soil with a clayey subsoil than it was for similar pas-
ture land with a sandy soil, where the carbon stock 
remained almost constant over the same period (van 
Dam et al., 1997). In addition, the type and inten-
sity of the land-use change in connection with bioen-
ergy use play a major part in determining how much 
carbon is lost by the ecosystem. The direct effects of 
the conversion on carbon losses depend crucially on 
whether only the annual new growth is used for tra-
ditional bioenergy use, whether whole trees or large 
areas of land are cleared for a bioenergy plantation 
and whether the soil is damaged or even eroded by 
harvesting machinery or fire. 

In addition, the remaining carbon stock, whether 
in the soil or in the residual vegetation, has a notice-
able influence on the further course of carbon loss. 
If a great deal of dead biomass is left on the land 
after clearance, or if the soil is rich in organic sub-
stances, these materials will be broken down by 
micro-organisms, provided that new vegetation does 
not overshadow the soil (Bormann and Likens, 1979). 
This means that, depending on tree type and region, 
young tree plantations can continue to be sources 
of carbon for several years or decades, as a result of 
increased soil respiration, despite the growth of the 

trees (Figure 4.2-6; Harcombe et al., 1990; Buchmann 
and Schulze, 1999; Baldocchi, 2008). 

The nitrogen balance is also affected by land-use 
changes. Clearance of tropical forests causes nitrous 
oxide and nitrogen oxide emissions to rise by 30–350 
per cent, depending on the nitrogen input, tempera-
ture and moisture levels (IPCC, 2007b). If the land is 
cleared by burning rather than felling, the carbon from 
the biomass and soil is immediately released into the 
atmosphere as CO2 during the combustion process; 
if combustion is incomplete, CO and methane (CH4) 
are also released. Forest and bush fires (excluding 
clearance by burning) release 1.7–4.1 Gt C annually, 
which is equivalent to around 3–8 per cent of total 
terrestrial net primary production (IPCC, 2007b). 
Approximately 14 per cent of human-induced CH4 

emissions are attributable to the burning of biomass 
(Wuebbles and Hayhoe, 2002). Here, too, carbon 

Figure 4.2-5
Change in the quantity of organic matter on the forest floor 
after clear-cutting Nordic broad-leaved woodland. The points 
are average values of 30 samples per area of forest with 95% 
confidence intervals. 
Source: Bormann and Likens, 1979
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losses vary widely from region to region, depending 
on land cover; they are also dependent on the inten-
sity of the fire. Smouldering fires with incomplete 
ashing give rise to particularly large methane emis-
sions. In addition, the effects persist long-term. The 
low organic content of the soil reduces soil fertility 
and impairs the soil structure; this frequently leads 
to increased surface run-off of water and to erosion. 
On the other hand, the formation of charcoal signifi-
cantly increases the length of time for which the car-
bon is retained in the soil (Section 5.5).

In tropical rainforests the almost completely 
closed nutrient cycles with a very large number of 
participating organisms result in very high produc-
tivity. Disruption of these cycles can have devastating 
effects on biological diversity (Section 5.4; WBGU, 
2000). The loss of forest areas and fragmentation 
of the landscape destroys important habitats. Trop-
ical rainforests are the most species-rich of all terres-
trial ecosystems: 15 per cent of all plant species live in 
tropical rainforests with extraordinarily high species 
density on an area that occupies only 0.2 per cent of 
the global land area (Mooney et al., 1995). Although 
some species are well able to adapt to new habitats, 
many endemic species have an extremely local range 
and are therefore particularly likely to be extermi-
nated by the conversion of forest into agricultural 
land. For example, many plant species of the tropical 
cloud forest in Latin America occur in an area less 
than 10 km2 in size (Mooney et al., 1995). 

In conclusion it can be stated that the conversion 
of forest into pasture or arable land is always associ-
ated with considerable carbon losses and therefore 
does not represent an option for efficient climate 
change mitigation. 

4.2.3.2  
Conversion of wetlands

The productivity of wetlands and the extent to which 
carbon is stored in organic soils also vary very widely 
from region to region. Wetlands are among the most 
productive of all locations. Moors cover only 3–4 per 
cent of the terrestrial land surface, but they store 
around 25–30 per cent of the global carbon that is 
bound in plants and soils; this is equivalent to around 
540 Gt C (MA, 2005b). Siberian raised bogs store up 
to 2 kg C per m2 per year (Peregon et al., 2008).

Large quantities of carbon are released as wooded 
peatlands in South-East Asia are drained and cleared. 
The quantity of carbon stored by such peatlands in 
Indonesia, Malaysia, Brunei and Papua New Guinea 
is estimated at 42 Gt (Hooijer et al., 2006). Forty-five 
per cent of these forests have already been cleared 
and the subsoil drained, often for the cultivation of 

oil palms. The drained organic soils are susceptible 
to fire, which increases the loss of carbon from the 
ecosystem. Hooijer et al. (2006) estimate the CO2 

emissions arising from the loss of peatlands at 632Mt 
(megatons) per year, with a possible increase during 
the period 2015–2035 to an emissions maximum of 
around 823Mt per year. In contrast to carbon, which 
is released as CO2, CH4 emissions in tropical wetlands 
are very low (Jauhiainen et al., 2005).

Change of use also has a serious impact on bio-
logical diversity (Section 5.4). Drainage of wetlands 
causes abrupt changes in the ecoystem as result of 
the intrusion of oxygen; this leads to the extinction of 
many animal species that are adapted to this specific 
habitat. In addition, the radically different hydrolog-
ical conditions endanger many higher plants (MA, 
2005c) and affect the water regime and the local 
water cycle. For these reasons further steps to con-
vert wetlands for energy crop cultivation should be 
rejected. 

4.2.3.3  
Conversion of grassland

Grassland – or pasture land (usually degraded), which 
is the dominant usage form of grassland worldwide 
– is frequently mentioned in the bioenergy debate 
in connection with potential land reserves. Grass-
land ecosystems cover between 20 per cent and 40 
per cent of the continental land area, depending on 
the definition and the method of data collection used 
(White et al., 2000; Scanlon et al., 2007). In the last 40 
years the area of pasture land has increased globally 
by 10 per cent to around 3500 million hectares, repre-
senting 69 per cent of land in agricultural use (FAO-
STAT, 2006; IPCC, 2007c). The carbon stock in grass-
land is smaller than in forest, because it exists almost 
exclusively in the soil; nevertheless, the loss of bio-
logical diversity when grassland is converted for the 
cultivation of energy crops is an important issue. 

On account of their extent, grassland soils are 
important global carbon reservoirs. They contain 
around 34 per cent of the carbon present in terres-
trial ecosystems (White et al., 2000). While grassland 
ecosystems store on average less carbon per unit of 
area than forests do, the amount stored is consid-
erably more than in arable land (Kirby and Potvin, 
2007). In tropical savannahs significant quantities of 
carbon are released by wildfires (White et al., 2000; 
IPCC, 2007c). Tylianakis et al. (2008) found that the 
production of underground biomass correlates posi-
tively with plant richness in temperate grasslands; the 
more heterogeneous the site, the more significant the 
correlation. Human-induced changes in the carbon 
cycle of grassland ecosystems are the result of arable 
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farming, urbanization, soil degradation, grazing, frag-
mentation and the introduction of non-native organ-
isms (White et al., 2000). In comparison with exten-
sive grassland use, intensive use in temperate latitudes 
leads to greater carbon input to the soil on account of 
the increased root production and does not result in 
substantially higher environmental stress per hectare 
yield (Kägi et al., 2007). 

The afforestation of pasture land increases the 
amount of organic carbon in the soil, depending on 
the age of the pasture. De Koning et al. (2003) found, 
however, that the amount of carbon stored in second-
ary forest was lower than in young pasture land that 
was less than ten years old; for 20–30-year-old pas-
ture land the afforested areas accumulated up to 20 
per cent more carbon per year. In addition, affores-
tation with trees is to be clearly preferred to arable 
use involving perennial plants because the lower fre-
quency and intensity of use usually results in less car-
bon being lost through soil respiration. In semi-arid 
regions the conversion of grazed bush steppe into 
forest can lead to a considerable increase in carbon 
storage in the soil within 35 years (Grünzweig et al., 
2007). 

On the other hand, when grassland is converted 
into arable land, CO2 is released as a result of the 
increase in soil respiration. The soil loses its year-
round and perennial vegetation cover and thus 
becomes more susceptible to erosion. Similar mech-
anisms operate when grassland is overused through 
being overstocked with animals. This type of grass-
land conversion occurs most often in arid and semi-
arid regions (Sahel, Central Asia), where biomass 
production is in any case low on account of climatic 
conditions. Overgrazing and the associated loss of 
vegetation lead to soil erosion and the release of car-
bon, thus accelerating desertification (Steinfeld et 
al., 2006). In addition, grassland ecosystems harbour 
significant species diversity. Forty of the world’s 234 

Centres of Plant Diversity (CPD) identified by the 
IUCN are located in grasslands. A further 70 of these 
CPDs contain some grassland habitats. Grassland eco-
systems thus feature in almost half of the identified 
CPDs (White et al., 2000). Many of these grassland 
hotspots of plant diversity are also home to a large 
number of endemic bird species (White et al., 2000). 
The more intensive the human interaction with these 
ecosystems, the greater the loss of biological diversity 
(Mooney et al., 1995). When grassland is converted 
into arable land, biodiversity diminishes rapidly. 

Grassland ecosystems, particularly those with sig-
nificant plant diversity, thus represent an impor-
tant opportunity for carbon sequestration, while the 
biomass harvested from them can be used for energy 
in climate-friendly ways (Rösch et al., 2007; Tilman et 
al., 2006). Conversion to arable rotation should there-
fore be rejected, while conversion through afforesta-
tion can be regarded as a positive step in terms of car-
bon sequestration and in some cases in terms of bio-
logical diversity. The situation with regard to the con-
version of existing, intact grassland or of grassland on 
degraded land for the cultivation of perennial crops 
needs to be considered with a closer eye to specific 
detail; the effects (negative or positive) on the carbon 
reservoir in the soil and the (negative) effects on bio-
logical diversity must be carefully weighed against 
each other. 

4.2.3.4  
Conversion of arable land 

The carbon reservoir in the soil of arable and pas-
ture land is very variable and depends on farming 
methods, climate and the crop that is grown (Figure 
 4.2-7). 

Intensive agriculture usually restricts itself to a nar-
row range of crops with low genetic diversity – crops 

Figure 4.2-7
Organic carbon at two 
soil depths in relation to 
vegetation cover. 
Switchgrass 5 years: the 
field was burned in a 5-year 
cycle. Switchgrass 1 year: the 
field was burned annually. 
*Measurement depth 
0–15 cm and 30–45 cm. 
Sources: Lemus and Lal, 
2005; Al-Kaisi and Grote, 
2007; Kirby and Potvin, 2007
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that are bred for high yields and that require the use of 
artificial fertilizers and pesticides; in some cases irri-
gation is also needed. Less intensively farmed arable 
land usually displays greater biodiversity (Mooney et 
al., 1995), although species diversity remains low in 
comparison with other ecosystems. 

When arable land is converted to grassland the size 
of the carbon reservoir in the soil increases. The pro-
cess is a slow one and takes decades. The higher rate 
of carbon storage in grassland is usually attributable 
to the fact that the ground is usually covered with 
vegetation throughout the year, with greater under-
ground productivity and less disturbance of the soil 
than in arable land; this reduces erosion and loss of 
CO2 through soil respiration (Yimer et al., 2007). 

Afforestation with short-rotation woody crops 
provides a means of storing carbon on arable land 
(e.g. Hansen, 1993; Mann and Tolbert, 2000; Gro-
gan and Matthews, 2002; Section 7.1.2). In addition, 
perennial crops are effective in protecting the soil 
against erosion and hence against the loss of organ-
ically bound carbon in the soil (Lewandowski and 
Schmidt, 2006). Overall, therefore, the conversion of 
arable land for perennial crops or even for re-affor-
estation can be evaluated positively. 

4.2.4  
Summing up

The conversion of forestry areas and wetlands into 
agricultural land invariably has negative conse-
quences for biological diversity and carbon stor-
age in the soil. The conversion of such land is associ-
ated with large-scale emissions of greenhouse gases. 
Biodiversity and carbon storage in the soil are greater 
in forests, grassland or pasture land than in arable 
and degraded land; perennial crops have a more pos-
itive effect on both factors than annual crops. When 
crops are grown in rotation, greenhouse gases are 
usually released: on an annual average through cul-
tivation the soil loses more CO2 through cultivation 
than is input through litterfall, and intensive N fer-
tilization can lead to the release the greenhouse gas 
N2O (Table 4.2-1).

Table 4.2-1
Qualitative rating of the effects of direct land-use changes 
on biological diversity, the quantity of carbon in the soil 
and vegetation (time scale: >10 years) and greenhouse gas 
losses during conversion. In assessing conversion only the 
effects of direct land-use changes were considered. 
Crops, 1–3 years = cultivation in 1–3-year rotation; crops, 
perennial = min. 5-year cultivation, e.g. short-rotation plan-
tation, Jatropha, oil palms.
Source: WBGU

Conversion of to Rating

Forest Crops, 1–3 years

Crops, perennial

Grassland, pasture

Wetland Crops, 1–3 years

Crops, perennial

Grassland, pasture

Grassland, pasture Crops, 1–3 years

Crops, perennial

Forest

Degraded land Crops, 1–3 years

Crops, perennial

Grassland, pasture

Arable land Crops, perennial

Grassland, pasture

Forests

Effects

 negative

 unclear

 positive



tively small and so will be ignored here. The following 
section describes the background to globally compet-
ing uses and their future dynamics in the light of the 
increasing importance of energy crop cultivation. 

5.2 
Competition with food and feed production

5.2.1  
Introduction

More than 923 million people worldwide – most of 
them in developing countries – are affected by food 
insecurity (FAO, 2006a; FAOSTAT, 2006). Food inse-
curity exists when people lack access to sufficient 
amounts of safe and nutritious food that meets their 
dietary needs and food preferences and permits an 
active and healthy life (FAO, 2001a). The majority of 
people affected by food insecurity do not have the 
income that would enable them to buy the food they 
need reliably and throughout the year (FAO, 2006b). 
Between 2006 and 2008 food insecurity increased sig-
nificantly as a result of the sharp rise in food prices 
worldwide (UN, 2008). The World Food Programme 
and the World Bank estimate that if food prices 
remain high at least another 100 million people will 
fall further into poverty and be threatened by hun-
ger (UN, 2008). The majority of these people will be 
in Low-Income Food-Deficit Countries (LIFDCs). 
On the other hand, rising food prices could alleviate 
poverty as the income of many agricultural produc-
ers rises and as higher prices create incentives for the 
expansion of production, thereby generating income 
(Box 8.2-3). Many factors have contributed to the 
present sharp rise in food prices (2007/2008); the sig-
nificance of the individual factors and the long-term 
trend of prices are disputed and need to be more fully 
researched (Section 5.2.5.2). Around 5000 million 
hectares of farmland, including pasture, are availa-
ble globally; of this, 1500 million hectares are arable 
land (Section 4.2.2). At present some 20 million hec-
tares globally – a relatively small proportion of the 

Competing uses 5

5.1
Introduction

Throughout the world fertile land is scarce and sub-
ject to a wide range of claims on its use. In view of the 
growth in world population it is impossible to meet 
all usage claims to the extent that would be desirable. 
Instead, careful decisions must be made to give prec-
edence to certain claims and reduce the dominance 
of others. Human society currently uses around 34 
per cent of the world’s land surface for agricultural 
purposes, primarily for food and feed production 
(Sections 4.2.2 and 5.2). Added to this is the growing 
importance of cultivating plant biomass for feedstock 
uses in products (Section 5.3). The potential availa-
bility of agricultural land is restricted by the need to 
conserve the natural environment, particularly semi-
natural and natural areas (Section 5.4) and the need 
to mitigate climate change (Section 5.5). Other lim-
itations arise from overuse – particularly advanc-
ing soil degradation – and problems of increasing 
scarcity and pollution of freshwater resources (Sec-
tion 5.6). Human-induced changes in natural sur-
face run-off, such as occur when large reservoirs are 
built, add to the shortage of land suitable for growing 
crops. The global spread of urbanization and expan-
sion of the associated infrastructure have a similar 
effect. Cities, urban agglomerations and their infra-
structure tend to be concentrated in the most fer-
tile regions of the world (such as river deltas, allu-
vial fans, riverbank areas and places where rivers 
divide or converge). This tendency is primarily at 
the expense of agricultural land. Further expansion 
of urban structures therefore competes directly with 
the use of land in the vicinity of settlements for agri-
culture. Towns, cities and urban agglomerations cur-
rently cover – depending on the method of calcula-
tion used – between 1.5 per cent and 2 per cent of 
Earth’s terrestrial surface (calculated from data from 
Salvatore et al., 2005; Girardet, 1996). Urban struc-
tures occupy 4.8 per cent of the land area in Germany 
(UBA, 2003a) and around 5 per cent in the EU-24 
(EEA, 2006). On a global scale, therefore, the direct 
effects of urbanization in terms of land take are rela-
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The level of available income is also very impor-
tant in relation to demand for food. In the next 30 
years real incomes in developing countries are likely 
to rise by on average 2 per cent per year; in the least 
developed countries this growth rate may reach 4 
per cent (Schmidhuber and Shetty, 2005). Higher 
incomes are usually associated with a more varied 
diet and increased consumption both of high-qual-
ity foods and of highly processed products and con-
venience foods (FAO, 2007b). In particular, demand 
for meat and other animal-based foods tends to rise 
(Keyzer et al., 2005). Once a consistently high income 
level is reached, growth in the consumption of animal 
products stagnates (if population growth remains 
constant) and the market becomes saturated (Del-
gado et al., 1999; Keyzer et al., 2005). 

On a global average, calorie availability has 
increased in recent decades, primarily as a result of 
increased land productivity (Section 5.2.4.1). How-
ever, this has not solved the major problem of inad-
equate distribution. Between 1970 and 2000 the 
average quantity of food energy available rose 
from around 2400 to 2800kcal per person per day 
(Table 5.2-1). In the 1960s 57 per cent of the world 
population lived on less than 2200kcal per person per 
day; today only around 10 per cent of the population 
does so (FAO, 2003b). The greatest progress in this 
respect has been made in the developing countries 
and is heavily influenced by success in some densely 
populated regions such as East Asia. For example, in 
China calorie availability has increased dramatically 
within a short time and is now approaching the level 
of the industrialized world (FAO, 2006b; FAOSTAT, 
2008a).

In other regions such as sub-Saharan Africa food 
supply has not improved significantly since the 1970s. 
Only a few countries (e.g. Nigeria, Ghana and Benin) 

total – are used for the cultivation of energy crops 
(Faaij, 2008). However, if the worldwide bioenergy 
boom claims an ever-increasing quantity of farmland 
it could become a critical factor for global food and 
feed production.

5.2.2   
Growing food supply and rising demand

In the past, worldwide population growth has been 
the most significant factor driving demand for food 
and feed. The world population is at present esti-
mated at 6600 million, of whom some 80 per cent live 
in developing countries (FAOSTAT, 2006). It is esti-
mated to grow to around 8300 million by 2030 and to 
around 9200 million by 2050 (UNPD, 2006). Global 
food production will need to increase by some 50 per 
cent by 2030 if an increase in food insecurity is to be 
avoided (OECD, 2008).

Another important factor is the change in food 
consumption habits as a consequence of urbaniza-
tion, rising incomes and associated lifestyle changes 
(von Koerber et al., 2008). In industrialized countries 
around three-quarters of the population now live 
in urban areas; in developing countries the propor-
tion is just under one half. By 2030 the urban popula-
tion will grow further; 60 per cent of the total world 
population will by then be living in towns and cit-
ies, and the proportion is expected to rise still fur-
ther (UNPD, 2006). The diet of the urban population 
tends to contain more white flour, fat, sugar and proc-
essed foods than that of rural dwellers (Mendez and 
Popkin, 2004). The structures through which food is 
typically made available in cities (e.g. supermarkets, 
fast-food restaurants) support these trends (Pop-
kin, 2006).

Table 5.2-1
Average available food energy in different world regions (kcal per person per day), 1Mean for the 3-year span.
Source: FAO, 2006b

Food energy [kcal/person/day]

1969/711 1979/811 1989/911 1999/011 2015 2030 2050

Developing countries 2,111 2,308 2,520 2,654 2,860 2,960 3,070

 Sub-Saharan Africa 2,100 2,078 2,106 2,194 2,420 2,600 2,830

 North Africa/Middle East 2,382 2,834 3,011 2,974 3,080 3,130 3,190

 Latin America 2,465 2,698 2,689 2,836 2,990 3,120 3,200

 South Asia 2,066 2,084 2,329 2,392 2,660 2,790 2,980

 East & South-East Asia 2,012 2,317 2,625 2,872 3,110 3,190 3,230

Transition countries 3,323 3,389 3,280 2,900 3,030 3,150 3,270

Industrialized countries 3,046 3,133 3,292 3,446 3,480 3,520 3,540

World 2,411 2,549 2,704 2,789 2,950 3,040 3,130
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5.2.3.1  
A summary of individual foods: Global trends 

Cereals
Cereals currently account for 50 per cent of total 
food consumption, making them the most important 
food group worldwide. In developing countries up to 
80 per cent of people’s diet is based on cereals (FAO, 
2006b). Per-capita consumption of cereals peaked 
in the 1990s and has been falling continuously since 
the turn of the century. Only in sub-Saharan Africa 
and Latin America did cereal consumption continue 
to rise in the 1990s (FAO, 2006b). The future devel-
opment of cereal consumption will be influenced by 
two opposing trends. On the one hand, the range of 
food on offer is tending to include more animal prod-
ucts; this is particularly the case in countries that have 
attained a medium to high level of food consumption. 
On the other hand, cereal consumption is increasing 
in countries in which the food supply continues to 
be relatively limited or in which diet is shifting from 
roots and tubers to cereals. It is likely that the quan-
tity of cereals used for direct consumption will grad-
ually decrease worldwide. However, if all potential 
uses are taken into account – including food, feed and 
other uses such as seed and the production of ethanol 
and starch – consumption is likely to increase from 
309 kg per person in 2000 to an anticipated 339 kg by 
2050 (FAO, 2006b). In the light of the rising demand 
for meat, feed grain is a particularly important factor 
in the future development of the cereals sector. In 
2020 the developing countries will use an estimated 
65 kg of feed grain per person per year, while the 
industrialized nations will – at 374 kg per person per 
year – use roughly six times that amount (Delgado et 
al., 1999). Keyzer et al. (2005) comment in this con-

have increased food provision to more than 2400kcal 
per person per day (FAO, 2006b). 

The FAO estimates that in 2050 around 90 per cent 
of the world’s population will live in countries with 
an average calorie availability of more than 2700kcal 
per person per day. Today around 51 per cent of the 
population is in this position; 30 years ago the fig-
ure was only around 4 (four!) per cent (FAO, 2006b). 
However, the FAO’s calculated calorie availability 
is a purely statistical figure compiled from national 
data on food production, food trade and population 
figures. This conceals the fact that access to food can 
vary widely within a country; the problem of malnu-
trition among some sections of the population there-
fore persists even in developing countries where 
average calorie availability is apparently adequate 
(FAO, 2006b). 

5.2.3   
Challenges arising from changed dietary habits

As the availability of food calories increases, the 
composition of people’s diets also changes. In the 
course of economic progress a carbohydrate-rich diet 
based on plant foods (such as cereals, roots, tubers, 
legumes) is in many developing countries gradu-
ally replaced by a diet containing more fat and pro-
tein. As already mentioned, the proportion of ani-
mal-based foods, sugar and plant oils in total food 
calories will increase further in the coming decades 
(FAO, 2006b; Popkin, 2006).

Table 5.2-2
Consumption of meat, milk and milk products in various world regions. 
1Without butter; 2Mean for the 3-year span
Source: FAO, 2006b

Meat  
[kg/person/year]

Milk and milk products1  
[kg/person/year]

1969/19712 1999/20012 2030 2050 1969/19712 1999/20012 2030 2050

Developing countries 10.7 26.7 38 44 28.6 45.2 67 78

 Sub-Saharan Africa 10.2 9.5 14 18 29.6 28.3 34 38

 North Africa/Middle East 12.6 21.7 35 43 68.1 73.2 90 101

 Latin America 33.5 58.5 79 90 84.0 108.8 136 150

 South Asia 3.9 5.5 12 18 37.0 67.6 106 129

 East & South-East Asia 9.2 39.8 62 73 3.7 11.3 21 24

Transition countries 49.5 44.4 59 68 185.7 160.2 179 193

Industrialized countries 69.7 90.2 99 103 189.1 214.0 223 227

World 26.1 37.4 47 52 75.3 78.3 92 100
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upward trend; they increased their consumption 
from 15 kg per person per year in 1970 to 21 kg per 
person per year in 2000. 

Plant oils 
The cultivation of oil plants has in recent years been 
one of the most vigorously growing sectors of agricul-
ture, with an annual growth rate that has overtaken 
even that of livestock management. The greatest 
influence on cultivation has been the increasing con-
sumption of plant oils and meat. However, consump-
tion of plant oils in developing countries will grow 
more slowly in the years to 2050 than it has done in 
recent decades (FAO, 2006b). The use of oil plants 
for the production of cleaning agents, lubricants and 
biodiesel will increase significantly faster in the same 
period (FAO, 2006b).

5.2.3.2   
Land requirements of dietary habits and foods

Land availability and land use 
Around 34 per cent of the world’s existing land sur-
face is available for agricultural use (Section 4.2.2). 
The majority of this land, amounting to 3408 million 
hectares (69 per cent) is extensive pasture. If land 
used for feed production is also included, around 80 
per cent of the world’s agricultural land is found to 
be used for cattle rearing (Steinfeld et al., 2006). This 
contrasts with the fact that animal-based foods play 
only a small part in the world food supply (17 per 
cent in 2003; FAOSTAT, 2006). 

The total area of farmland has increased by nearly 
460 million hectares in the last 40 years (1963–2003). 
However, the increase in farmland has slowed since 
the mid-1990s and occurs almost exclusively in the 
developing countries (Table 5.2-3; Steger, 2005). 

Per-capita availability of farmland is decreasing 
worldwide (von Koerber et al., 2008). This is mainly a 
result of strong population growth, the rate of which 
has overtaken the moderate expansion of farmland. 
In the industrialized countries modest population 
growth is accompanied by a small loss of agricultural 
land, which thus leads to a relatively small reduction 
in per-capita land availability. For economic and eco-
logical reasons, opportunities for future expansion 
of arable land and permanent crops will be limited. 
The FAO (2003b) assumes that the area of land may 
increase by 13 per cent between 1997–1999 and 2030. 
However, the world population is likely to rise by 
22 per cent in the same period (UNPD, 2006). This 
means that the productivity of the existing or newly 
acquired land must be increased if deterioration of 
the food situation is to be avoided. The situation is 
exacerbated by the fact that the industrialized coun-

text that commonly used forecasts of demand for feed 
grain are often significant underestimates. For devel-
oping countries it is often assumed that large quan-
tities of material unsuitable for human consumption 
(such as household waste and harvest residues) will 
be used as animal feed. In future, however, a shift 
from traditional to cereal-intensive feeding methods 
is to be expected. 

Meat, milk and milk products
The changing nutrition patterns in developing coun-
tries can be seen most clearly in the increasing con-
sumption of animal products. Further rises in the 
consumption of meat, milk, milk products and eggs in 
these countries are forecast. There are large regional 
and national differences not only in the quantity but 
also in the type of products (Table 5.2-2).

The slow growth of meat consumption is strongly 
influenced by India, which is home to around 70 per 
cent of the population of South-East Asia and where 
traditionally very little meat is eaten. India currently 
has the lowest rate of meat consumption in the world. 
In South Asia a slow but steady rise in consumption 
of animal-based foods is evident, involving in partic-
ular milk and milk products, but also poultry meat 
(FAO, 2003a). Demand for animal products is likely 
to increase significantly in the region as incomes 
rise and urbanization progresses (Rosegrant et al., 
2001; Keyzer et al., 2005). Sub-Saharan Africa is also 
a region in which relatively few animal-based foods 
are eaten. Slow but steady growth in demand for ani-
mal-based foods is expected there. Meat consump-
tion in Latin America is traditionally relatively high; 
it is expected to rise further, as will milk consumption 
(FAO, 2003a). In East Asia consumption of animal 
products – particularly pork and to a lesser extent 
poultry – and milk is rising rapidly (FAO, 2003a). By 
2050 East Asia is expected to have the second-high-
est per-capita consumption of meat in the developing 
world, second only to Latin America. Meat consump-
tion is projected to grow more slowly in future than 
it did between 1960 and 2000 since the countries that 
have in the past exhibited rapid growth (principally 
China and Brazil) will experience saturation of their 
demand (FAO, 2006b).

Sugar
Sugar consumption in industrialized and transi-
tion countries has fallen from around 40 kg per per-
son per year in the 1970s to 33–37 kg per person per 
year in 2000. In a reversal of the trend of recent dec-
ades, the transition countries are forecast to increase 
sugar consumption to 41 kg per person per year by 
2050. In industrialized countries sugar consumption 
will remain almost constant (FAO, 2006b). The devel-
oping countries, by contrast, are exhibiting a steady 



61Competition with food and feed production  5.2 

as soil quality, climate, and use of fertilizers and crop 
treatments (von Koerber et al., 2008).

In a case study of New York state in the USA, the 
land requirement of different foods was expressed 
in terms of their energy content (land needed per 
1000kcal). This method has the advantage that it 
takes account of the varying energy densities of dif-
ferent foods (Table 5.2-5).

It reveals that animal-based foods require a sig-
nificantly greater area of land than do plant foods: 
31 m2 of land are required to produce 1000kcal of 
food calories from beef (using predominantly exten-
sive grazing methods), while the same calorific value 
can be produced from cereals on just 1 m2 of land 
(exclusively arable land). Of the plant foods studied, 
oil plants require the largest land area (Peters et al., 
2007).

tries use more agricultural land than they themselves 
possess. These virtual areas of land are, however, 
not included in Table 5.2-3. For example, by means 
of agricultural imports the EU-15 countries increase 
the amount of land available per person by about 20 
per cent. This is mainly attributable to imports of ani-
mal feed – especially soya beans and press cake made 
from them – for the intensive livestock management 
that is carried out in Europe (Steger, 2005).

Food-related land requirements 
In addition to the area of agricultural land available 
it is useful to consider the specific amount of land 
needed for selected food crops (Table 5.2-4).

The amount of farmland needed for the produc-
tion of different food crops varies greatly in different 
parts of the world, depending on local conditions and 
intensity of cultivation, as influenced by factors such 

Table 5.2-3
Farmland per person in various world regions (ha/person).
Source: von Koerber et al., 2008 based on FAOSTAT, 2008a

Farmland
[ha/person]

Farmland and permanent crops
[ha/person]

1962 1982 2002 1962 1982 2002

Developing countries

 Africa 3.60 2.15 1.32 0.56 0.37 0.26

 Asia 0.64 0.46 0.39 0.26 0.18 0.15

 Latin America/ 
 Caribbean

2.5 1.8 1.4 0.50 0.38 0.30

 North America 2.4 1.9 1.5 1.1 0.92 0.87

 Oceania 29.0 21.2 14.6 2.2 2.2 1.7

 EU-15 0.51 0.43 0.37 0.31 0.25 0.22

Industrialized countries 1.90 1.58 1.38 0.68 0.57 0.48

Developing countries 1.22 0.83 0.64 0.33 0.23 0.18

World 1.43 1.0 0.80 0.44 0.32 0.25

Table 5.2-4
Land requirement in m2/kg of food in various countries (2006, m2/kg yield).
Source: von Koerber et al., 2008 from FAOSTAT, 2008a

Land requirement [m2/kg]

Germany Brazil Ethiopia China India Ukraine World

Oil plants 2.8 4.1 15.3 4.1 8.7 7.6 3.9

Wheat 1.4 6.3 5.5 2.2 3.8 4.6 3.6

Rice – 2.6 5.3 1.6 3.2 2.9 2.4

Maize 1.3 3.0 4.5 1.9 5.2 2.5 2.1

Fruit 0.66 0.64 0.88 1.10 0.91 2.20 0.98

Potatoes 0.27 0.45 1.4 0.70 0.59 0.75 0.60

Vegetables 0.34 0.49 2.8 0.52 0.86 0.67 0.59
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greater quantities of meat is replaced by demand for 
meat of higher quality. Despite this, the growth in 
demand for meat is often underestimated, because 
in many developing countries large sections of the 
population are on the threshold of greater consump-
tion opportunities (von Koerber et al., 2008).

The ‘affluent diet’ involves not only greater meat 
consumption but also increased consumption of 
items such as food oil, beverages, fruit, cheese, bis-
cuits and ice cream, which further increases the need 
for land (Gerbens-Leenes et al., 2002). While agricul-
ture is in principle able to meet the food needs of 
a growing world population, it is unable to support 
the global expansion of an affluent diet containing a 
large amount of meat. If developing countries were 
to adopt the nutrition habits of the western world, 
the global land requirement would double or treble 
(Gerbens-Leenes et al., 2002). A similar conclusion 
is reached by Balmford et al. (2005). Such an adapta-
tion of nutrition habits is already apparent in China 
and Brazil and is forecast to occur in other regions 
in the coming decades (FAO, 2003a, 2006b). This will 
exacerbate the pressure on land. 

5.2.4   
Limits to potential food production 

The FAO estimates that by 2030 some 50 per cent 
more food will be needed in order to feed the 
world’s population, which will by then number more 
than 8000 million. Since opportunities for expand-
ing the total area of agricultural land are very lim-
ited, not least because of water availability, soil deg-
radation and the requirements of nature conserva-
tion (Sections 5.4 and 5.6), 80 per cent of this increase 
will have to be achieved through agriculture that is 
more intensive while being at the same time sustain-
able and environmentally friendly (FAO, 2003a). For 
the last 40 years increases in global food production 
have been attributable primarily (to around 80 per 
cent) to increases in land productivity. The modern-
ization of farming and the change from draught ani-
mals to machines has also freed up land that was pre-
viously used for traditional ‘fuel production’ – that 
is, to feed the animals. In the developing countries 
these advances in productivity have varied widely 
from country to country and from region to region. 
Sub-Saharan Africa, in particular, has been bypassed 
by these productivity increases (Brüntrup, 2008). 
Increasing area yields will continue to be a key fac-
tor in production increases; growth rates will, how-
ever, decline as a consequence of high crude oil and 
energy prices, declining increases in yields as the 
limits of present technology are reached, soil erosion 
and the overuse of freshwater resources (Brüntrup, 

Germany requires 17.2 million hectares of land to 
secure its current food consumption. This is approxi-
mately equal to the existing area of farmland, which 
thus means that the food supply could in theory be 
maintained without imports. In Germany 39 per 
cent of food calories come from animal-based foods 
and 61 per cent from plant-based ones. For a popu-
lation of approximately 80 million this represents 
a land requirement of 0.22 ha per person per year 
(Seemüller, 2001). To meet this level of food con-
sumption through organic farming alone would – on 
account of lower yields per unit area – require 22.5 
million hectares, or roughly 24 per cent more. This 
would correspond to a land requirement of 0.28 ha 
per person per year (Seemüller, 2001; Badgley et al., 
2007).

5.2.3.3  
Additional land requirements as a result of 
changing dietary habits

The optimistic assessments of future food security 
put forward by international organizations are ques-
tioned by Keyzer et al. (2005) for a number of rea-
sons. They are particularly critical of the estimates of 
the land needed for grain for meat production. It is 
usually assumed that consumption of animal-based 
foods increases linearly with rising income. This 
ignores the fact that many people who acquire more 
purchasing power will eat disproportionately more 
meat as they engage in catch-up consumption. Once 
a particular level of affluence is reached, demand for 

Table 5.2-5
Land requirement of foods in relation to the energy content 
of the consumable product (based on yields in the USA, 
case study of New York state). 
Source: Peters et al., 2007

Land requirement  
[m2/1.000 kcal]

Animal-based foods

Beef 31.2

Poultry 9.0

Pork 7.3

Eggs 6.0

Full-cream milk 5.0

Plant-based foods

Oil fruits 3.2

Fruit 2.3

Pulses 2.2

Vegetables 1.7

Cereals 1.1
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5.2.4.2  
Climate change impacts on production potential

In the event of a rise in temperature of 1–3°C (against 
a 1990 baseline), it is likely that global agricultural 
production will initially increase, because decreases 
in many developing countries could be more than 
offset by higher yields in regions at higher latitudes 
(WBGU, 2007). Particularly marked decreases will 
occur in Africa, because the area of agriculturally use-
ful land in arid and semi-arid regions will be reduced, 
the growing period will be shortened and potential 
yields will fall. In some sub-Saharan countries the 
yield of rain-fed farming could decline by up to 50 
per cent by 2020 (Lal et al., 2005; IPCC, 2007b). If 
the rise in global mean temperatures reaches 2–4°C, 
agricultural productivity is likely to decline world-
wide. An increase in temperature of more than 4°C is 
likely to cause significant damage to global agricul-
ture (IPCC, 2007b). This means that if climate change 
is allowed to advance without any countermeasures, 
pressure on usable agricultural land will be signifi-
cantly increased. Almost all projections assume that 
world market prices for cereals will rise if tempera-
tures increase by 2°C, if not before (e.g. Adams et al., 
1995; Fischer et al., 2002; IPCC, 2007b).

5.2.5   
Impacts of the bioenergy boom on food security 

The cultivation of biomass for energy purposes 
competes with food and feed production for land 
and other factors of agricultural production. Where 
bioenergy cultivation is an alternative land use, prices 
of agricultural inputs rise (if other conditions remain 
equal), so that staple foods become more expensive 
(FAO, 2008c). Rising prices increase the burden on 
consumers but provide farmers who produce for the 
market with wider income-generating opportuni-
ties. The cultivation of energy crops and the use of 
biomass for energy can also contribute to rural devel-
opment, for example through the improved supply of 
decentralized energy or income-generating employ-
ment effects. The overall effect will vary from coun-
try to country and from case to case (country stud-
ies: Boxes 4.1-2, 4.1-3, 5.2-2, 5.4-2, 6.7-2, 8.2-2, 8.2-4 
and 10.8-1) and will depend on regional factors such 
as natural, agricultural and social conditions, the type 
of bioenergy to be used and the development of glo-
bal food markets. 

2008). For example, the FAO anticipates that annual 
growth in world grain production, currently at 1 per 
cent, will increase to 1.4 per cent by 2015 and then fall 
to 1.2 per cent (for comparison: 1970s: 2.5 per cent 
per year; 1980s: 1.9 per cent per year; 1990s: 1 per cent 
per year; FAO, 2003a; OECD and FAO, 2005, 2006). 
However, these estimates do not allow for the influ-
ence of climate change, which will have a detrimen-
tal effect on agricultural production in the medium 
term (Section 5.2.4.2).

5.2.4.1  
Potentially available land and soil degradation

The FAO projects that it will be possible to increase 
the worldwide area of arable land by around 13 per 
cent between 1997–1999 and 2030 – although much of 
this increase will be the result of deforestation (FAO, 
2003a). This projection does not take account of the 
adverse effects of land degradation as a result of soil 
erosion, deforestation and climate change (WBGU, 
2008). The productivity of newly converted farmland 
is likely to be lower than that of existing agricultural 
land, particularly if the land that is taken into produc-
tion is marginal land that may in addition be remote 
from markets (Rosegrant et al., 2001; Balmford et 
al., 2005). Potentially cultivable land is very unevenly 
distributed. More than half of it belongs to only seven 
countries – Angola, Congo and Sudan in Africa and 
Argentina, Bolivia, Brazil and Columbia in South 
America. This can be contrasted with the fact that 
in the Middle East 87 per cent and in South Asia 94 
per cent of suitable land is already cultivated. This 
means that in these countries, a well as in East Asia 
and North Africa, any increases in agricultural out-
put must result almost entirely from increases in land 
productivity (Beese, 2004). 

An indication of the pressure under which eco-
systems are already placed as a result of human use 
is provided by the HANPP index (human appropri-
ation of net primary production; Section 4.2). The 
index describes the proportion of potential net pri-
mary production (NPP) that is appropriated through 
human activities involving use and change. Haberl et 
al. (2007) estimate that globally this index stands at 
around 25 per cent. Agricultural and forestry yields 
account for around 53 per cent of this HANPP, land-
use-related production changes account for 40 per 
cent, and around 7 per cent is lost through fire. The 
consequences of a further rise in HANPP are eco-
system overuse, soil degradation, additional species 
under threat and the accumulation of carbon diox-
ide in the atmosphere. Table 5.2-6 shows how the 
HANPP index is distributed according to region. 
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culture and other sectors. Each case must be exam-
ined on its own merits to identify whether conflicts 
arise with the use of land for grazing. 

Inadequate access to sufficient food is at present 
the main reason for food insecurity. This is likely to 
increase, at least in the short term, if the global expan-
sion of bioenergy production causes food prices to 
rise faster in real terms than incomes. Parts of the 
population that are already affected by food insecu-
rity or vulnerable to it as a result of inadequate pur-
chasing power or lack of land-use rights will be put 
at further risk (Faaij, 2008). The expansion of energy 
crops is an important factor contributing to the rise 
in food and feed prices. Price rises in 2007 and 2008 
have driven up the prices of energy crops such as 
maize, sugar, palm oil, rape and soya as well as feed 
prices and the prices of staple foods such as cereals 
(see below). Depending on local conditions, higher 
prices for agricultural products could in the long 
term boost the economic power of rural areas and 
the incomes of their inhabitants. Three-quarters of 

5.2.5.1  
The four dimensions of food security 

The FAO definition of food security distinguishes the 
four dimensions of availability, access, stability and 
utilization (Faaij, 2008). Availability of food refers to 
the capacity of an agro-ecological system to produce 
sufficient food. Access to food refers to the ability of 
households to economically access food, defined in 
terms of enough purchasing power or access to suf-
ficient resources. Stability refers to the time dimen-
sion of food security and describes whether the food 
supply is consistently secure or whether it is either 
temporarily or permanently jeopardized by factors 
such as price fluctuation or falls in production. Uti-
lization of food refers to people’s ability to take up 
nutrients and is closely linked to health factors (in 
particular access to clean water and the general level 
of rural development) and to the way in which food is 
prepared. All four dimensions are significantly influ-
enced by the growing of energy crops. 

Food availability can be threatened to the extent 
that land, water, fertilizers, etc. are diverted from 
food and feed production and used instead for the 
cultivation of energy crops. The degree of competi-
tion will hinge on a variety of factors, including the 
development of agricultural yields in food produc-
tion, the development of meat consumption and the 
pace at which second-generation energy crops are 
introduced. These next-generation crops would sig-
nificantly reduce the competition with food for land 
resources. However, when the whole plant is used it is 
important to ensure that sufficient biomass remains 
to ensure the fertility of the soil. Particularly where 
second-generation crops are grown, the market for 
energy crops could provide an additional opportu-
nity for improving the incomes of farming households 
(Faaij, 2008). But even first-generation biofuels have 
similar potential in some situations, since improving 
the efficiency of traditional biomass use contributes 
to the general improvement of productivity in agri-

Table 5.2-6
Human appropriation of the net primary production of 
natural ecosystems (HANPP): regional distribution.
Source: Haberl et al., 2007

Region HANPP [%]

North Africa & West Asia 42

Sub-Saharan Africa 18

Central Asia & Russia 12

East Asia 35

South Asia 63

South-East Asia 30

North America 22

Latin America & Caribbean 16

Western Europe 40

South-East Europe 52

Oceania & Australia 11

Box 5.2-1

Has ‘peak phosphorus’ already been reached? 

Phosphorus (P), with nitrogen (N) and potassium (K), is 
one of the three main constituents of artificial fertilizers, 
which are therefore always referred to by their N-P-K per-
centages. While nitrogen can be obtained from the air in 
almost unlimited quantities using the Haber-Bosch process, 
phosphorus is a finite resource and one which, unlike oil, 
cannot be replaced by other fuels or substances. As a nutri-
ent, phosphorus is an essential contributor to the increase 
in land productivity that a growing world population 
requires. 

Déry and Anderson (2007) take the view that global 
extraction of phosphorus, usually as phosphate, passed its 
peak (‘peak phosphorus’) in 1989. As the debate on peak oil 
has made clear, problems start to arise not when a resource 
begins to run out but when the extraction peak is reached. 
From this point on extraction becomes more difficult and 
more costly. 

In contrast to oil, however, phosphates can be ‘reclaimed’. 
One response to reaching peak phosphorus must therefore 
be to close nutrient cycles in agricultural production, in par-
ticular by fertilizing the land with organic fertilizers. Other 
options are to reclaim nutrients from sewage sludge and to 
make more efficient use of fertilizers in farming. 
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The income- and price-related effects of the bioen-
ergy boom and their effects on food security will be 
analysed in the following section. 

5.2.5.2   
The influence of the bioenergy boom on prices 
and incomes 

Since food security is largely an issue of distribution 
and hence of purchasing power, consideration of the 
ways in which the bioenergy boom affects the food 
situation must take account not only of price effects 
but also of income effects. Private landowners’ deci-
sions on land use hinge primarily on the profits to be 
made from the different forms of land use. Unless 
societal or state regulation dictates otherwise, the 
landowner will usually practice the form of land use 
or produce the agricultural product that is expected 
to yield the highest profit. The level of profit depends 
mainly on the costs of the factors of production, the 
costs of inputs (fertilizers, pesticides, machinery use) 
and marketing and the prices of the end products. If 
the price of energy crops rises in comparison with the 
price of other agricultural products as a result of ris-
ing demand for energy crops, more energy crops will 
be grown and the supply of food and feed will fall, so 
that food prices will also rise. One of the factors influ-
encing demand for energy crops and the price obtain-
able for them is the price of the fossil fuels that can 
be replaced by bioenergy. This means, for example, 
that a rise in oil prices leads to rises in food prices 
(Figure 5.2-1). 

However, dynamic effects must also be consid-
ered. Rising oil prices raise the price of fossil inputs 
in agriculture and hence also the price of biofuels, 
thus reducing the price advantage that bioenergy has 
over oil. The high price of crude oil, which for a time 

the word’s poor live in rural areas; they could bene-
fit from rising agricultural prices, because 80 per cent 
of the income of the rural population is derived from 
farming (Brüntrup, 2008). The expansion of bioen-
ergy could therefore help to improve development 
opportunities (Müller, 2008). Food security would 
then increase. However, the possible long-term pos-
itive income effects for agricultural producers must 
be weighed against the short-term negative effects 
for those who must purchase some or all of their 
food. Unrest in many countries at the beginning of 
2008 highlighted the dramatic effects of escalating 
food prices (cf. the conflict constellation relating to 
food production set out in: WBGU, 2007). 

The stability of the food supply can be temporar-
ily or permanently affected by the consequences of 
extreme weather events, market turbulences, civil 
conflict or environmental degradation. The increased 
coupling of the agricultural and energy markets can 
contribute to the destabilization of food prices, since 
it causes price volatility from the petroleum sector 
to be transmitted more directly and more strongly 
to the agricultural sector (Faaij, 2008). This increases 
the risk of temporary food insecurity. 

The utilization of food can also be affected by the 
cultivation of energy crops. For example, if the culti-
vation of energy crops reduces the availability and 
quality of water, this has an adverse effect on health 
and reduces food security, since sick people utilize 
food less well. On the other hand, improved effi-
ciency in traditional biomass use can bring about a 
significant reduction in potential health risks (indoor 
air pollution, time-consuming collection of firewood; 
Box 8.2-1) and make cooking cheaper and cleaner, 
thus helping to improve the nutrition situation and 
the utilization of food.

Figure 5.2-1
Development of food and 
oil prices since 1980. Food 
price index 2005 = 100; 
includes: cereals, plant oil, 
meat, fish, sugar, bananas 
and oranges, alongside the 
price index for crude oil 
(2005 = 100). 
Source: Wiggins and Levy, 
2008
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rizes the price development of wheat, rice and maize 
since 1990 (Wiggins and Levy, 2008).

The extent of the influence that the biofuels boom 
has on food prices is rated very differently in differ-
ent studies. For example, the United States Depart-
ment of Agriculture estimates that biofuels have 
caused a 2–3 per cent rise in food prices (USDA, 
2008), while a report of the World Bank comes to the 
conclusion that biofuels are responsible for 75 per 
cent of the recent price rises (Mitchell, 2008); both 
figures are disputed. IFPRI (2008) puts the influ-
ence of the increased demand for biofuels on aver-
age grain prices during the period 2000–2007 at 30 
per cent; the OECD estimates the influence to be 5 
per cent for wheat, 7 per cent for maize and 19 per 
cent for plant oils (OECD, 2008). The large degree of 
uncertainty about the relative importance of bioen-
ergy production for the food price hampers any 
assessment of future developments. It can, however, 
be assumed that expansion of bioenergy production 
will cause food prices to rise further. The future price 
of oil will also be a major influence on price changes, 
since it will increase demand for biofuels and thus put 
the food supply under further strain (IFPRI, 2008). 
There is a need for further research into the effect of 
bioenergy use on food prices (Section 11.4.4).

The sharp rise in prices is a short-term reaction. 
In the medium term the markets will react with an 
expansion of the food supply, and the currently high 
prices are likely to fall again. However, prices are 
unlikely in the medium term to return to the low 
level of the start of this century (Ressortarbeits-
gruppe ‘Welternährungslage’, 2008). The OECD and 
the FAO estimate that prices of agricultural goods 
will fall again from their present record high but will 
for the next 10 years remain above the average level 
of the past decade; they will also remain very volatile 
(OECD and FAO, 2008). In WBGU’s view the glo-

in mid-2008 exceeded US$ 140 per barrel (Figure 5.2-
1), and the present blending quotas for biofuels in the 
USA and the EU are currently causing an increase 
in the use of grain, sugar and palm oil to produce 
bioethanol or biodiesel (Section 4.1). This creates 
particular difficulties for developing countries that 
import food and whose balance of trade deteriorates 
because of the higher prices. The problem is partic-
ularly severe if the income obtained from the culti-
vation or export of biofuels is insufficient to cover 
the purchase of food, or if prices fluctuate markedly. 
Between 2005 and 2008 food prices rose on average 
by 83 per cent (World Bank, 2008d). Further rises, in 
part attributable to bioenergy, may occur. They fur-
ther restrict the food-purchasing options of consum-
ers with low incomes (Faaij, 2008).

The contribution of the biofuel boom to 
food price rises 
The price rises occurring in the food sector are only 
partially attributable to the biofuel boom (Ressort-
arbeitsgruppe ‘Welternährungslage’, 2008; von Braun, 
2008). Other causes are the growing global demand 
for food, changing nutrition habits in the aspiring 
newly industrializing countries, and the growth in 
world population (Section 5.2.2). On the supply side, 
production costs have risen as a result of higher input 
prices for energy, transport and fertilizer, extreme 
weather events such as droughts and floods, the low 
US dollar price, insufficient investment in rural infra-
structure and in agriculture, particularly in develop-
ing countries, and the decline in food storage. In addi-
tion, recent price rises and fluctuations have been 
fuelled by speculation on the international commod-
ity markets and the walling off of markets in pro-
ducer countries through the imposition of export lev-
ies and bans, as has recently occurred in Argentina, 
Vietnam, China, and Cambodia. Figure 5.2-2 summa-

Figure 5.2-2
Development of cereal 
prices (2003–2008). 
Source: von Braun, 2008b 
drawing on data from FAO, 
2008f
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imports (Table 5.2-7). The FAO estimates that the 
cost to developing countries of food imports rose 
by 33 per cent in 2007 (FAO, 2008a). A similar situa-
tion affected the group of least developed countries 
(LDCs) and the low-income food-deficit countries 
(LIFDCs). The continuing rise in cost of imported 
food has severe implications for both groups of coun-
tries: the imported food now costs more than twice 
what it cost in 2000. The increase in the amount paid 
by the LIFDCs for imported cereals between the 
financial years 2006/2007 and 2007/2008 is particu-
larly high at an estimated 56 per cent (FAO, 2008a). 
This has a negative impact on the balance of trade in 
these countries (Figure 5.2-3).

This threat is, however, tempered by the fact that 
in the countries of sub-Saharan Africa, the major-
ity of which are counted among the LIFDCs, high 
import taxes on staple foods and high transport costs 
mean that there is little connection between local and 
international markets. The influence of high interna-
tional wheat, maize and rice prices remains slight. By 
2005 cereal imports to sub-Saharan Africa amounted 
to US$ 3400 million per year, which is equivalent to 
half of one per cent of the region’s gross domestic 
product (Ng and Aksoy, 2008).

In the long term higher food prices would lead to 
an increase in supply even in countries with poorly 

bal trends described in this chapter (Sections 5.2.2–
5.2.4) make it likely that this dynamic will persist 
long-term. 

Effects of the price rise
Higher agricultural prices are regarded as necessary 
in the long term for poverty reduction and devel-
opment of the world’s poorest countries (Constan-
tin, 2008). The World Bank estimates that in 2008 
900 million people in the rural areas of develop-
ing countries were living on less than US$ 1 a day; 
the majority of these people are involved in farm-
ing and could benefit from rising prices (World 
Bank, 2008c). In considering the effects of the rise in 
food prices a distinction must be made between the 
macroeconomic and the microeconomic level, and 
between short-term and long-term consequences. 

At the macroeconomic level price rises will, at 
least in the short term, tend to benefit those coun-
tries that have a well-developed agricultural infra-
structure. Capital-intensive farms in Latin Amer-
ica particularly stand to benefit (Constantin, 2008). 
Net importers of food and energy, on the other 
hand, will be particularly hard hit by price rises. The 
FAO names 22 developing countries that are partic-
ularly vulnerable on account of high levels of mal-
nutrition combined with heavy dependence on oil 

Figure 5.2-3
Impact of projected food price increases (2007–2008) on trade balances.
Source: Maxwell, 2008

Large losers (trade balance worsening greater than 1% of 2005 GDP)
Moderate losers (trade balance worsening less than 1% of 2005 GDP)
Moderate winners (trade balance improving less than 1% of 2005 GDP)
Large winners (trade balance improving greater than 1% of 2005 GDP)
No data
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ular the urban poor, the landless and many subsist-
ence farmers. Higher food prices invariably impact 
severely on net consumers, as is even now apparent 
(‘bread riots’, ‘tortilla crisis’). Secondly, farmers who 
are net producers of food can profit from the higher 
prices and thus increase their income if other condi-
tions remain unchanged. However, this can only hap-
pen if the price rises reach the local markets and are 
not erased by national price policies and transport 
costs (Wiggins and Levy, 2008). Furthermore, the 
profits accruing to small farmers as a result of higher 
food prices also depend on how these profits are dis-
tributed along the national value chain and on the 
extent to which input prices have risen in relation to 
food prices (Constantin, 2008). 

It is thus impossible to make general statements 
about the net effect of higher food prices on food se-
curity. The effect will depend on socio-economic and 
agro-ecological conditions within a country and on 
the specific product whose price has risen. For exam-
ple, poor farmers in a developing countries may be 
net sellers of a product that has risen in price and at 
the same time net purchasers of a product that has 
also risen in price (Faaij, 2008). Table 5.2-8 shows the 
percentage of net sellers of staple foods in selected 
countries in three important development regions. 

developed agricultural infrastructure; this would 
involve expansion of the agricultural sector, which 
could increase economic power and incomes. Higher 
prices also alter the terms of trade between coun-
tries in favour of agricultural and semi-agricultural 
(rural) sectors, which can lead to positive develop-
ment effects. 

However, the macroeconomic perspective alone is 
not sufficient for assessing a country’s food security. 
The microeconomic level must also be considered. 
The higher the disposable income of a household, the 
greater the quantity and quality of the food that can 
be purchased. Food prices are an important aspect of 
this, but the connections between food security and 
food prices are very complex. Firstly, it is important 
to distinguish between net producers and net con-
sumers of food. The latter group includes in partic-

Table 5.2-7
Countries with high food insecurity which as net importers 
of oil and cereals are particularly vulnerable to price rises.
Source: FAO, 2008a

Country Proportion 
of petroleum 
imported 
[%] 

Proportion 
of major 
grains im-
ported 
[%]

Proportion 
of popula-
tion under-
nourished
[%]

Eritrea 100 88 75

Burundi 100 12 66

Comoros 100 80 60

Tajikistan 99 43 56

Sierra Leone 100 53 51

Liberia 100 62 50

Zimbabwe 100 2 47

Ethiopia 100 22 46

Haiti 100 72 46

Zambia 100 4 46

Central Afri-
can Republic

100 25 44

Mozambique 100 20 44

Tanzania 100 14 44

Guinea-Bissau 100 55 39

Madagascar 100 14 38

Malawi 100 1 35

Cambodia 100 5 33

Korea 98 45 33

Rwanda 100 29 33

Botswana 100 76 32

Niger 100 82 32

Kenya 100 20 31

Table 5.2-8
Proportion of households in selected countries which 
produce food above the subsistence level and are therefore 
net sellers of staple foods. 
Source: FAO, 2008a

Proportion of households 
[%]

Urban Rural All

Bangladesh, 2000 3.3 18.9 15.7

Pakistan, 2001 2.8 27.5 20.3

Vietnam, 1998 7.1 50.6 40.1

Guatemala, 2000 3.5 15.2 10.1

Ghana, 1998 13.8 43.5 32.6

Malawi, 2004 7.8 12.4 11.8

Madagascar, 1993 14.4 59.2 50.8

Ethiopia, 2000 6.3 27.3 23.1

Zambia, 1998 2.8 29.6 19.1

Cambodia, 1998 15.1 43.8 39.6

Bolivia, 2002 1.2 24.6 10.0

Peru, 2003 2.9 15.5 6.7

Maximum 15.1 59.2 50.8

Minimum 1.2 12.4 6.7

Unweighted	average 6.8 30.7 23.3
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Box 5.2-2

Country study: China – competition of ‘food 
versus fuel’

With 1300 million inhabitants China is the most populous 
country in the world and, after the USA, the second-largest 
consumer of energy. Within the next decade this energy-
hungry newly industrializing country will overtake the USA 
in energy consumption. In 2006 China accounted for around 
15.6 per cent of worldwide primary energy consumption – 
and most of this energy came from fossil resources (BP, 
2007). In 2005 around 70 per cent of China’s primary energy 
was obtained from coal and somewhat more then 20 per 
cent from oil. Since China has the third-largest coal reserves 
in the world – after the USA and Russia – the majority of its 
energy will for the foreseeable future continue to be gener-
ated from coal. Gas and nuclear power play only a small part 
in primary energy consumption, accounting respectively 
for just under three per cent and one per cent. Renewable 
energies, too, make little contribution, except for hydro-
power (ca. five per cent of primary energy consumption) 
and biomass. Biomass use, however, is largely attributable 
to continuing widespread use of traditional biomass (BP, 
2007; GBEP, 2008). 

With rising economic growth China’s energy demand 
will more than double by 2030, despite measures to increase 
energy efficiency. Growth rates in energy demand are pro-
jected to reach up to 15 per cent per year (GBEP, 2008). The 
reason lies not least in the growing volume of traffic (IEA, 
2007d; Weyerhaeuser et al., 2007). China will continue to 
seek to meet its increasing need as far as possible from 
domestic production. Apart from for oil this is possible, since 
China has large stocks of coal and other potentials such as 
wind and hydropower are far from being fully exploited.

Electricity supply – 80 per cent of which comes from 
coal and 16 per cent from hydropower – varies widely for 
structural reasons, and grid losses are high. Rural regions, in 
particular, have an insufficient electricity supply. The rural 
energy supply is based to a large extent on small hydro-
power systems and traditional biomass use. To improve the 
rural supply situation, around 17 million biogas systems 
that can operate on biological waste have been installed in 
rural regions since 1975 (GTZ, 2006, 2007a). But the use of 
modern bioenergy is also making progress in China. There 
are already some facilities for generating electricity from 
biomass; in 2006 they produced in total 2 GW of electric-
ity (REN21, 2008). This electricity was generated mainly 
from bagasse and in many cases was used within the sugar 
industry to meet its own needs. There are also facilities for 
producing bioethanol from grain. Overall China is the larg-
est user of bioenergy in the world (9 EJ in 2005), ahead of 
India, the USA and Brazil (GBEP, 2008). At the same time 
the country makes use of only a fraction of its bioenergy 
potential. Ways in which this potential could be more fully 
exploited include in particular the use of organic materi-
als in combined heat and power plants (CHP) with steam 
turbines and the generation of electricity from biogas in gas 
turbines (GTZ, 2007a). 

The government’s official target is to generate 15 per 
cent of primary energy from regenerative sources (exclud-
ing traditional biomass) by 2020. Electricity from biomass is 

planned to contribute 20 GW to this target (GBEP, 2008). 
In addition, the country aims to produce 13,000 million 
litres of bioethanol and 2300 million litres of biodiesel per 
year by 2020 in order to reduce dependence on imported 
petroleum. China produced around 1000–3000 million litres 
of bioethanol in 2006, making it the third-largest ethanol 
producer in the world, behind the USA and Brazil. In 2006 
far less biodiesel was produced (approx. 70–100 million 
litres), most of it from waste oil (GBEP, 2008; REN21 2008). 
Most of the ethanol (more than 80 per cent) is produced 
from maize, but manioc, rice, sugar and cellulose waste are 
also used as source materials. Biodiesel can be produced 
from rapeseed oil, sunflower oil, soya oil and groundnut 
oil, as well as from waste oil (GTZ, 2006). There are also 
plans to grow Jatropha for biodiesel production on up to 
15 million hectares of land in the south-west of the country, 
in the provinces of Guizhou, Sichuan and Yunnan (Wey-
erhaeuser et al., 2007). An additional 3 million tonnes of 
biodiesel could also be produced in future from waste oil or 
low-quality by-products of food oil production, although in 
the short term logistics for the use of these source materials 
are insufficiently developed (GTZ, 2006). China also plans 
to produce biodiesel in future from woody biomass (GBEP, 
2008).

In terms of area China is the fourth-largest country in 
the world. However, only 10 per cent of the land is usable 
for farming. Twenty-seven per cent of the country is desert, 
and marginal mountain regions constitute a further sub-
stantial area. Forests cover 16.5 per cent of the country. 
Desertification is continuously increasing as a result of 
overuse. Irrigation efficiency in China is still around 45 per 
cent, compared with 70 per cent in industrialized countries 
(GTZ, 2006). In addition, bioenergy promotion can conflict 
with food provision and water availability. At present China 
is still able to supply its own need for grain, but it could soon 
have to resort to imports, as it already has to do –because 
of the increasing demand – with meat. The primary goal of 
China’s bioenergy policy is therefore food security, since 
although productivity has risen demand is increasing and 
supply bottlenecks are likely to occur (GTZ, 2006). 

Following sharp rises in grain prices in China, the gov-
ernment banned the production of ethanol from grain in 
2007 in order to prevent further price rises (Weyerhaeuser 
et al., 2007). The aim is to develop alternative sources for 
ethanol production, such as millet, manioc and cellulose. 
However, the rise in grain prices has helped to improve 
incomes in the agricultural sector. In addition it is projected 
that the deployment of agricultural and forestry products 
for energy could create 9.2 million jobs in China, which 
would improve incomes among the rural population and 
hence also improve access to food (GTZ, 2006). Accord-
ing to estimates of GTZ (2006), land is available for biofuel 
production that does not compete with food production. An 
optimistic scenario estimates that 7.6 million hectares are 
suitable for bioethanol production and 67.5 million hectares 
are suitable for biodiesel production. Bioenergy can there-
fore go at least some of the way towards meeting China’s 
increasing energy need. However, competition between 
bioenergy and food production for land use must be care-
fully monitored.
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5.3
Using biomass as an industrial feedstock

Biomass from plants and animals is not used only 
for food and feed (Section 5.2) and for the produc-
tion of bioenergy; it is also used as a material in prod-
ucts. Material uses of biomass in products take many 
different forms (Figure 5.3-1) and vary widely from 
region to region. Resources of animal origin – such as 
skins and leather, wool, fat – are also used as mate-
rials. 

The literature on feedstock uses of biomass shows 
that it is not usual, or even possible, to distinguish 
between ‘stalk’ biomass and ‘woody’ biomass. In 
German-speaking countries, feedstock crops and raw 
timber consigned to use as feedstock are grouped 
together as ‘nachwachsende Rohstoffe’ (NaWaRo); 
the term covers all materials derived from living mat-
ter that are specifically used for purposes other than 
human food or animal feed (FNR, 2006c). 

When considered across their entire life cycle, 
products manufactured from biomass (such as bio-
plastics or soap) are not necessarily associated with 
fewer CO2 emissions than products derived from 
petroleum. As a result of direct or indirect land-use 
changes in the course of cultivation or of energy-
intensive processing, it is in some cases possible for a 
greater quantity of greenhouse gases to be released 
than occurs with petroleum-based products. 

The amount of biomass deployed globally as an 
industrial feedstock or in material form and the area 
of land used to grow it has not been assessed. Con-
trary to data on production or consumption, the data 
for individual material uses is often unclear or con-
tradictory. This is because often no clear distinction 
is made between deployment for energy and for 
material purposes, or between the use of fossil and 
biogenic sources, and many products (such as deter-
gents) contain materials from mineral, biogenic and 
fossil sources. In addition, there is often no clear dis-
tinction between primary and secondary (recycled) 
resources, and processed wood products are not 
always included. Furthermore, there is major trade 
in raw materials, semi-finished products and fin-
ished products, which further increases the difficulty 
in delineating the data. For example, Germany is a 
net exporter of some processed semi-finished cotton 
products. 

5.3.1  
Feedstock use of plant raw materials (excluding 
wood) in Germany

In order to identify how much land might be avail-
able for the deployment of biomass as energy, it is 

Calculation of the unweighted average across all 
countries shows that only 23 per cent of all house-
holds and 31 per cent of rural households are net sell-
ers of food. This means that the majority of house-
holds in the countries concerned are net purchas-
ers of food and thus likely to be adversely affected 
by high food prices. Poor households will be dispro-
portionally affected in both urban and rural regions 
(FAO, 2008a). In both rural and urban areas positive 
effects at household level result in the long term from 
the relatively high labour intensity of the agricultural 
sector in developing countries and from links with 
upstream and downstream sectors (Brüntrup, 2008). 

5.2.6   
Summary: Ways to defuse competition for land use

Food production in the coming decades faces major 
challenges on account of the dynamically growing 
demand for food and feed worldwide. The main driv-
ers of growing demand are world population growth 
and increasing affluence in the developing and newly 
industrializing countries that aspire to economic 
growth. The change in nutrition habits that accom-
panies increasing affluence adds a new dynamic 
to the process. At the same time, opportunities for 
increasing food production are limited by land scar-
city, climate change and soil degradation. The grow-
ing importance of bioenergy further increases the 
pressure on agricultural land. Against this backdrop 
it should be borne in mind that rising prices both for 
food and feed and for energy can represent not only 
a threat to food security but also an opportunity to 
reduce it. Key factors are on the one hand conducive 
policy settings and on the other the socio-economic 
and agro-ecological situation at local level. The devel-
opment of world market prices for food is influenced 
by a wide range of factors and can only to a limited 
extent be attributed to the global increase in energy 
crop cultivation. 

From a global perspective the key to defusing the 
competition between food and energy crops, as dis-
cussed above, consists in (1) giving preference to the 
cultivation of energy crops on degraded and marginal 
land (if the land contributes to the subsistence of 
local population groups, their interests must be con-
sidered), (2) the development of integrated bioen-
ergy and food security strategies at country level, (3) 
increasing land productivity, coupled with reform of 
international agricultural and trade policy and (4) 
promoting nutrition styles low in meat. In some poor 
developing countries there is also a place for meas-
ures to stem population growth and to prevent post-
harvest losses (Section 10.4). The recommendations 
made in Chapter 12 spell out these options.
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ton alone it is likely that annual per-capita consump-
tion is around 10 kg, which would mean that total 
consumption in Germany is around 825,000 tonnes 
annually. No statistical data is available on the per-
capita consumption of (processed) oils, fats, starch 
and sugar in products, so consumption must be esti-
mated on the basis of the simplified assumption that 
it is equivalent to the annual quantity processed in 
Germany: 805,000 tonnes of plant oils, 345,000 tonnes 
of animal fats, 492,000 tonnes of chemical starch and 
240,000 tonnes of sugar (TAB, 2007). Other plant raw 
materials such as medicaments are used in negligible 
quantities (although their land requirement could be 
relatively greater). 

In Germany in 2005 1.4 million hectares of land 
were used for growing renewable raw materials for 
use as energy and as an industrial feedstock. Accord-
ing to figures provided by the TAB (2007), renewa-
ble raw materials for use as an industrial feedstock 
were grown on only 0.28 million hectares (0.23 per 
cent of all arable land). The total area of farmland 
used in Germany amounts to 17 million hectares, 
made up of 12 million hectares of arable land and 5 
million hectares of pasture. The area of land actually 
used for growing plants that form an industrial feed-
stock for products consumed in Germany is likely to 
be several times higher than the figure quoted above 
if land used abroad (e.g. for cotton and tropical oils) 
is taken into account; it would be higher still if all the 

important to at least understand the scale of the use 
of biomass as an industrial feedstock. Such an assess-
ment is therefore attempted below, with a distinction 
made between wood and cellulose products from for-
ested land and plant and animal products from arable 
land and grassland. In the absence of any studies of 
the global land area dedicated to the use of biomass as 
an industrial feedstock, the extent of such land use is 
first calculated using an industrialized country (Ger-
many) as an example and then extrapolated under 
simplifying assumptions to global requirements. Raw 
materials of animal origin (e.g. animal fats, leather, 
wool) are not included in the calculation. 

The land requirement is calculated by consider-
ing the raw materials that in terms of quantity are 
the most important, namely wood/cellulose, natu-
ral fibres, oils and fats, starch and sugar (TAB, 2007). 
Other raw materials are grouped under an overall 
figure. Even for the most important raw materials it 
is not easy to calculate the figures for per-capita con-
sumption, since the quantities of biogenic raw mate-
rials are seldom quoted when semi-finished goods 
are imported and exported. 

According to figures provided by the Office of 
Technology Assessment at the German Parliament 
(Büro für Technikfolgenabschätzung, TAB), around 
120,000 tonnes of natural fibres are processed indus-
trially in Germany each year, which corresponds 
to around 1.45 kg per capita (TAB, 2007). For cot-

Figure 5.3-1
Deployment chains for use of biomass as an industrial feedstock. 
Source: SRU, 2007, expanded
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ucts is the primary form of use. Overall more than 
50 per cent of forests are used productively in com-
bination with other ecosystem services, such as soil 
and water conservation, nature conservation or lei-
sure activities (FAO, 2005). In structural terms tim-
ber plantations are gaining in importance. 

Worldwide removal of wood in 2005 was esti-
mated at around 4000 million m3 (Table 5.3-1). The 
quantity of wood produced worldwide is thus signifi-
cantly larger than the total quantity of steel, alumin-
ium and concrete. According to the FAO’s figures, 44 
per cent of felled timber is used as fuelwood (FAO, 
2005). Fifty-six per cent is used as roundwood and 
industrial timber (including for cellulose products), 
trimmed timber and finished products (e.g. furni-
ture), in other words primarily for material purposes. 
However, wood residues that arise in the course 
of processing are often used for energy, so that the 
quantity actually used in material form may be some-
what less than 56 per cent.

Fuelwood has in the past seldom been traded 
internationally as most of it is used traditionally for 
heating and cooking. High transport costs relative to 
the value of the goods tend to make export uneco-
nomical (Thrän et al., 2005). Wood pellets, however, 
are already traded internationally and this trade is 
likely to increase markedly in future. Competition 
between the use of wood for energy and for material 
purposes arises if the wood is used immediately for 
energy. When wood is used as a material, the wood 
products can – with a few exceptions, such as toilet 
paper – be used for energy at the end of their prod-
uct life (cascade use, Section 5.3.3).

The trade in industrial timber and roundwood is 
difficult to delimit, since some of the wood is proc-
essed and then exported as cellulose or paper. The 
main exporters of processed timber are the Russian 
Federation, Canada and the USA (Thrän et al., 2005). 
Europe and Asia are the main purchasers of such tim-

plastics, bitumen and lubricants that are used annu-
ally were to be produced from biomass. For example, 
the annual German per-capita consumption of cot-
ton of around 10 kg requires almost 1.2 million hec-
tares of land for cultivation (10 per cent of the arable 
land in Germany). Worldwide, cotton-growing occu-
pies around 2.5 per cent of arable land. 

Plastics have until now been produced almost 
exclusively from crude oil and gas; bioplastics 
account for less than 1 per cent of total production. 
If in the distant future all plastics, bitumen and lubri-
cants (which together account for around 8 per cent 
of crude oil consumption) were to be produced from 
biogenic raw materials, a very large quantity of land 
would be required. For per-capita consumption at 
half the level currently prevailing in Germany and a 
world population of 9000 million, WBGU calculates 
that around 10 per cent of world agricultural land 
would be needed for products that have traditionally 
been of agricultural origin (textiles, chemical prod-
ucts from oils, sugar and starch) and for the biogenic 
production of plastics, bitumen and lubricants. 

5.3.2  
Feedstock use of forestry products 

In 2005 the world’s forests covered less than 4000 mil-
lion hectares. Their overall area is declining, despite 
regional variations in trends. Net gains in forest area 
are being reported for parts of Europe and Asia as a 
result of afforestation, but in other regions, particu-
larly in Africa and Latin America, forested areas are 
shrinking in size (FAO, 2005). 

Forest ecosystems provide a combination of serv-
ices and are therefore often subject to multiple uses; 
that is, a forest can be used for different purposes 
simultaneously. In 34 per cent of forests the produc-
tion of timber products and non-woody forest prod-

Table 5.3-1
Production of and world trade in forest products. Trade figures are the mean of import and export from official statistics. 
Source: FAO, 2007a

Global production (2005) 
[million m3]

Trade (2005) 
[million m3]

Trade as a proportion of 
production [%]

Fuelwood 1,766.9 3.6 0.2

Roundwood, industrial 
timber 

1,644.3 120.8 7.3

Sawnwood 421.8 132.2 31.3

Wood materials 220.1 79.1 36.0

[million tonnes] [million tonnes] [%]

Cellulose 189.7 41.0 21.9

Paper and cardboard 353.4 111.8 31.6
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Even extensively forested industrialized countries 
such as Germany import large quantities of wood 
products – in particular to meet their need for cellu-
lose – and utilize a great deal of forested land world-
wide. It is estimated that the use of wood products in 
Germany results in 23,300 million hectares of land 
worldwide being needed for such products. Germa-
ny’s own forests, covering 10,100 million hectares, 
meet only 43 per cent of this requirement (Wupper-
tal-Institut and RWI, 2008). 

5.3.3  
Cascade use

The production of biomass for use as an industrial 
feedstock (fibres, plastics, technical oils, etc.) is likely 
to require around 10 per cent of world agricultural 
land (Section 5.3.1). This is a significant quantity 
of land, although it would be reduced to the extent 
that the biomass-based products could be deployed 
for energy purposes at their end of their useful life 
(cascade use). In this context, however, it should be 
remembered that energy losses are often incurred 
in the course of production, in use in open or semi-
open applications (e.g. detergents) and in collection 
and recycling. 

5.3.4  
The outlook for material production without oil, 
gas and coal 

Even today raw materials such as fibres, technical 
oils, etc. are produced wholly or partly from culti-
vated plants. Nevertheless, those products that are 
most important in terms of quantity (such as plas-
tics) are still produced predominantly from petro-
leum. If use of all fossil fuels were to be abandoned, 
these products would also have to be manufactured 
from biomass. In the long term, therefore, there will 

ber from Russia (FAO, 2007a; Figure 5.3-2). Internal 
trade in Europe and North America accounts for the 
majority of the volume traded worldwide (Thrän et 
al., 2005).

There is considerable potential for savings in the 
fuelwood used for heating and cooking in develop-
ing countries, because much cooking in those coun-
tries is still done over open fires (Section 8.2). On 
the other hand, population increase and rising prices 
for alternative fuels could increase demand for fuel-
wood. A significant increase in demand for wood 
used as a material (cellulose products such as paper; 
construction timber; wood for furniture) is also to be 
expected. For example, in its European Forest Sector 
Outlook the UN anticipates that in Europe (where 
consumption is already very high) wood consump-
tion will increase annually from 2000 to 2020: by 1.8 
per cent for sawnwood, 2.6 per cent for panels and 2.9 
per cent for paper products (UNECE, 2005). 

Around one-fifth of wood production is used for 
paper manufacture (Worldwatch Institute, 1999). Per-
capita consumption of wood products used materi-
ally is significantly higher – in the case of paper prod-
ucts some twelve times higher – in the industrialized 
countries than in newly industrializing and develop-
ing countries. Fifteen per cent of the world popula-
tion has an annual per-capita consumption of paper 
of 240 kg, while for 85 per cent the per-capita figure is 
19 kg (Edelbrock, 2005). The world average is 57 kg 
per person per year. If this average doubles to 114 kg 
per person per year, assuming 50 per cent of paper 
is recycled and the world population grows to 9000 
million, the additional quantity of raw wood needed 
to cover increased paper consumption alone would 
amount to around 1000 million m3 (approximately 
25 per cent of the quantity currently used for energy 
and as a material). If per-capita consumption rose to 
that of Germany’s population the additional quantity 
needed would be around 2700 million m3 (approxi-
mately 70 per cent of the quantity currently used for 
energy and as a material). 

Figure 5.3-2
Trade in forest products – regional trends since 1990.
Source: FAO, 2007a
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The most important reason for the current global 
crisis of biological diversity is habitat loss as a result 
of the conversion of natural and semi-natural eco-
systems for agricultural and forestry purposes (Sec-
tion 4.2.3) and of the intensive use of the resulting 
production systems. The cultivation of energy crops 
adds an additional type of land use to the mix, with 
the potential to exacerbate the competition for usa-
ble land. The increasing competition for land, and 
hence also the risk of significantly increasing the loss 
of biological diversity (UNEP, 2007a) has two main 
dimensions: first, the conversion of natural ecosys-
tems and, second, the intensification of farming and 
forestry on existing land. Conversion of natural eco-
systems can also occur indirectly if the cultivation of 
energy crops displaces the previous form of land use. 
That use must then transfer to other land, which may 
result in natural ecosystems being converted for this 
purpose (Searchinger et al., 2008). These indirect dis-
placement effects often have an international dimen-
sion: expansion of the cultivation of energy crops on 
farmland in Germany can result in changes beyond 
its borders, perhaps in the form of increased clear-
ance of tropical rainforests or ploughing up of savan-
nah. 

Analysis of the issues underlying this competi-
tion for land use is hampered by the fact that sci-
entific study of the connections between greatly 
expanded bioenergy use and ecosystem effects have 
only recently acquired momentum (Fritsche et al., 
2006). For example, the comprehensive report of 
the Millennium Ecosystem Assessment makes only 
passing reference to the problem of bioenergy (MA, 
2005a, b, c, d). In a survey of British nature conserva-
tion experts just three years later the increasing need 
for bioenergy was classified as a major risk for the 
further loss of semi-natural habitats and biological 
diversity (Sutherland et al., 2008). 

5.4.1  
Competition between energy crop cultivation and 
existing protected areas 

The cultivation of energy crops can compete directly 
with the conservation of biological diversity if it 
involves the conversion of land that forms part of 
existing protected areas. Since protected areas are 
one of the most important instruments for conserv-
ing biological diversity and securing ecosystem serv-
ices (Box 5.4-1; CBD, 2004b; MA, 2005c), protected 
area status should largely rule out other usually 
harmful uses. 

This is, however, not always the case. Even the tra-
ditional forms of bioenergy use (fuelwood, charcoal) 
can compete with protected areas if the interests of 

be radical changes in the ways in which material pro-
duction takes place. In particular: 
•	 Crops	 selected	 for	 cultivation	 should	 as	 far	 as	

possible be those that have natural high-perform-
ance qualities, for example natural products such 
as medicaments, fragrances and soap constituents. 

•	 The	majority	of	such	raw	materials	should	be	pro-
duced in ‘biorefineries’ (such as lignocellulose 
biorefineries). Such biorefineries would be anal-
ogous to today’s petrochemical refineries in that 
they could synthesize a range of typical base mate-
rials, which would yield ‘family trees’ of feedstocks 
and chemicals of biogenic origin (TAB, 2007; IFEU, 
2007). Important base materials would be derived 
from carbohydrates or lignocellulose. Production 
could – but would not have to be – coupled with 
the manufacture of biofuels. 

•	 In	 the	 feedstock	 sector,	 as	 in	 the	 energy	 sector,	
efficiency would have to be an important consid-
eration. Product design and waste management 
need major reconfiguration to ensure high mate-
rial and energy recovery ratios without complex 
and costly collection and processing.

5.4
Competition with biological diversity 

The Earth’s biological diversity is in crisis: plant 
and animal species are today becoming extinct at a 
rate 100–1000 times higher than the average over 
the world’s history, and this rate is set to increase 
further (MA, 2005a). The loss of biological diver-
sity threatens important ecosystem services (e.g. 
coastal protection, water supply, pollination, etc.; 
MA, 2005e). Moreover, as plant and animal species 
become extinct their genetic and physiological blue-
prints are irretrievably lost – blueprints that could be 
of major value in areas such as crop development or 
medical research (WBGU, 2001a; Chivian and Bern-
stein, 2008). For these reasons biodiversity is recog-
nized as a key element of sustainable development 
(WEHAB-Framework des WSSD; WEHAB Work-
ing Group, 2002). In the Convention on Biological 
Diversity (CBD, 2002b) and at the World Summit on 
Sustainable Development (WSSD, 2002) the world 
community agreed to bring about a significant reduc-
tion in the rate of biodiversity loss by 2010 (Chapter 
3 and Section 10.5). A number of signs indicate, how-
ever, that this target will not be met (MA, 2005a): of 
the 15 indicators used by the CBD to assess attain-
ment of the 2010 target, 12 show an unbroken down-
ward trend. Only one indicator – the area of des-
ignated protected areas – shows an upward trend 
(CBD, 2006a; Box 5.4-1). 
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Box 5.4-1

Protected areas: Situation and trends 

The World Conservation Union (IUCN) defines protected 
areas as follows: ‘A clearly defined geographical space, rec-
ognised, dedicated and managed, through legal or other 
effective means, to achieve the long-term conservation of 
nature with associated ecosystem services and cultural val-
ues.’ (Dudley, 2008). Protected areas have increased signifi-
cantly in recent decades in both number and area (Figure 
5.4-1). There are now some 115,000 protected areas world-
wide (WDPA, 2008), with an area of more than 20 million 
km2; this represents more than 12 per cent of the terrestrial 
land area (Chape et al., 2005). This figure includes areas 
whose primary purpose is sustainable use rather than the 
conservation of biological diversity (IUCN categories V 
and VI; UNEP-WCMC, 2008).

However, the figures for the number and extent of pro-
tected areas are not reliable indicators of effective nature 
conservation (Pressey, 1997) since many of the protected 
areas exist only on paper (IUCN, 2003) and the protected 
status of many areas is not effectively managed and applied 
(UNEP, 2007a; Dudley et al., 2004). Furthermore, the selec-
tion of areas has frequently not been based on scientific 
consideration of how the greatest contribution to the global 
protected area system can be achieved; in many cases pref-
erence has been given to protecting land that is not of major 
economic interest. 

Effectiveness and threat
Protected areas – particularly those in the tropics – are 
under threat, primarily through overuse (hunting, gather-
ing) and human settlement, through land conversion and 
fragmentation within protected areas and through their 
increasing isolation as a consequence of the conversion of 
surrounding land (Carey et al., 2000; IUCN, 2003). They are 
also at risk from invasive species (Box 5.4-3) and climate 
change (Section 5.4.4). A study of ten tropical countries 
found that only one per cent of their forest protected areas 
can be regarded as secure and that many are suffering from 
degradation and area loss (Dudley and Stolton, 1999b). By 
contrast, in the majority of the tropical protected areas con-
sidered by von Bruner et al. (2001) further land clearance 
was being prevented and other detrimental activities were 
at least being held in check. Protected areas that are better 

equipped and run, in financial and management terms, are 
more likely to be effective in conserving their biodiversity 
(IUCN, 2003). Protected areas in countries with weak gov-
ernance structures and limited capacity for the manage-
ment of existing protected areas are particularly at risk 
(Brandon et al., 1998). In view of the increasing pressure 
on land use, it is likely that many existing protected areas 
will require additional investment if they are to stem the 
erosion of biological diversity. 

Representativity
Accurate information on the extent to which biological 
diversity is being conserved in the existing protected area 
system is not available. For birds, however, it has been found 
that 20 per cent of species do not occur in any protected area 
(Rodrigues et al., 2004). Comparison of the 825 ecoregions 
listed by the WWF (Olson et al., 2001) with the coverage 
of existing protected areas (Figure 5.4-2) shows that fewer 
than half of the ecoregions have more than 10 per cent of 
their area protected, and in 140 ecoregions less than one per 
cent of the area is protected (CBD, 2006a). Crop genetic 
diversity is particularly important for human food security, 
yet crop diversity centres are clearly underrepresented in 
existing protected areas (Stolton et al., 2006). The protec-
tion system is thus insufficiently representative either of 
ecosystem types or of species and genetic diversity. 

Climate change
Future planning and management of protected areas 

must take account of climate change, because around 50 
per cent of protected areas are likely to be affected by cli-
mate zone shifts (Halpin, 1997). If it is to adapt to climate 
change, the protected area system must therefore be more 
flexible, larger, better networked and better integrated into 
the surrounding farming areas (UNEP, 2007a; Hannah et 
al., 2007). 

Overall the existing protected area system is thus a 
necessary but not a sufficient instrument for preventing 
further loss of biodiversity (MA, 2005c; McNeely, 2008). 
Internationally there is broad agreement that the existing 
global network of protected areas needs to be expanded 
and better financed if it is to fulfil its purpose (Section 10.5). 
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Figure 5.4-2
The representativity of ecoregions in the existing 
protected area system. Frequency distribution of the 
825 terrestrial ecoregions according to the percentage 
under protection. In fewer than half of the ecoregions is 
more than 10% of the land under protection, and in 140 
ecoregions less than 1% is protected.
Source: UNEP, 2007a
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Increase in the extent of protected areas worldwide 
(1970–2000). The proportion of the terrestrial area under 
protection has increased markedly in recent decades and 
is now more than 12%.
Source: UNEP, 2007a
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farmland that has been in use over a long period the 
conservation of biological diversity can often only be 
ensured if the historical type of land use is continued 
or its effects are simulated. For example, this applies 
to a great deal of marginal land in Central Europe 
that has been used for extensive grazing or coppicing 
and that now has great biological diversity. In these 
areas certain bioenergy uses (wood chips, grass and 
shrub-cutting) can be combined with landscape pres-
ervation measures as a type of ‘conservation through 
use’ (WBGU, 2001a; Wiegmann et al., 2007). If suit-
able cultivation systems are chosen (Section 7.1) it 
may also be possible to combine use for bioenergy 
with the conservation purposes in transition and 
buffer zones between protected areas and surround-
ing intensively used land. 

5.4.2  
Competition between energy crops and natural 
ecosystems outside protected areas

The majority of terrestrial biological diversity is 
found outside protected areas, particularly in natu-
ral or semi-natural ecosystems that are not at present 
used intensively by humans. The conversion of such 
ecosystems for agricultural use is currently the most 
important direct driver of the loss of biological diver-
sity (Baillie et al., 2004). This pressure will increase 
further: according to the FAO (2003b), an additional 
120 million hectares of land will be brought into use 
in developing countries by 2030. A major expansion 
of bioenergy use would significantly exacerbate this 
trend. Substitution of only 10 per cent of petrol and 
diesel consumption in the USA and Europe would 
require respectively 43 per cent and 38 per cent of the 
region’s arable land, or would displace a correspond-
ing quantity of agricultural production to other coun-
tries (IEA, 2004).

Cultivation of energy crops in the tropics is partic-
ularly attractive, because land is available cheaply in 
these regions and if conditions are favourable hectare 
yields are high (Doornbosch and Steenblik, 2007). 
However, among the areas that are converted for cul-
tivation is a high concentration of localities with high 
biological diversity (case studies in BirdLife Inter-
national, 2008). For example, the increased demand 

the local population with regard to access to the bio-
logical resources of these areas collide with their nat-
ural conservation goals. Conflicts with traditional use 
can, however, usually be resolved through appropri-
ate planning and participation (MA, 2005c). 

Large-scale, modern bioenergy projects harbour 
greater potential for conflict. In Ethiopia, for exam-
ple, large areas of land adjacent to the Babile Reserve, 
a protected area for elephants, have been cleared for 
the production of ricinus. It is possible to find exam-
ples of direct competition through encroachment 
and expansion of areas of land used for energy crops 
into protected areas. For example, in Uganda plans 
to allocate more than 7000 ha of a protected area 
of tropical rainforest (Mabira Forest) to the devel-
opment of sugar cane plantations were halted only 
after vehement local protest (ABN, 2007). Another 
example concerns the Indonesian province of Riau, 
which has lost 65 per cent of its natural forest cover in 
the last 25 years and still has very high rates of clear-
ance and degradation (2005–2006: 11 per cent loss). 
Once the forest has been cleared, oil palms or acacia 
plantations are often planted. Even within the pro-
tected areas deforestation has not been prevented, 
although it has taken place more slowly than outside 
these areas. The locally managed protected areas in 
Riau (covering around 22 per cent of the province) 
are in this respect significantly less effective than the 
national areas (6 per cent of the province): in the 
former, primary forest cover has fallen from 81 per 
cent to 47 per cent, while in the latter it has fallen 
from 90 per cent to 70 per cent (Uryu et al., 2008). 

In addition to direct competition with bioenergy 
plantations, indirect effects must also be considered, 
since the land use displaced by energy crop cultiva-
tion can increase the pressure on existing protected 
areas. This is particularly relevant to protected areas 
in the tropics, which are already under considerable 
threat (Carey et al., 2000; IUCN, 2003; Box 5.4-1). 

However, within protected area systems there 
are potentials for sustainable use for the purpose of 
energy crop cultivation. The International Union for 
Conservation of Nature (IUCN) divides protected 
areas into categories according to their conserva-
tion goal and intensity of use (IUCN, 1994). Some 
of these categories permit the conservation purpose 
to be combined with sustainable use. For example, in 

Existing protected area systems are neither big enough nor 
sufficiently well planned and managed (CBD, 2004b). The 
necessary expansion includes corridors for networking pro-
tected areas, additional protected areas in ecosystem types or 
ecoregions in which conservation is still under-represented, 
areas that are important for the conservation of endangered 
species or genetic diversity, and buffer zones between pro-

tected areas and intensively farmed land. The Convention 
on Biological Diversity stipulates that this extension of the 
terrestrial protected area network should be completed by 
2010. In view of the expected increase in pressure on land 
use this is a highly ambitious goal which needs institutional 
improvements and stronger political support (CBD, 2004b; 
Section 10.5).
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enforced (Glastra et al., 2002). The consequence is 
not only the emission of large quantities of green-
house gases (Hooijer et al., 2006), but also a signif-
icant threat to biological diversity, including endan-
gered megafauna such as the Sumatra tiger, the Asi-
atic elephant, the Sumatra rhinoceros and the orang 
utan. Box 5.4-2 explores the palm oil boom in Indo-
nesia in more depth. 

for biofuels drives the expansion of palm oil plan-
tations (Box 5.4-2). In South-East Asia the connec-
tion between palm oil plantations and the clear-
ance of natural forests is evident (Malaysia, Indo-
nesia; Reinhardt et al., 2007; UNEP, 2008; Koh and 
Wilcove, 2008). Conversion for palm oil plantations 
is very profitable and governance in some provinces 
in this region is weak, so that existing statutory regu-
lations on conservation of the forests are not always 

Box 5.4-2

Country study: Indonesia – competition with 
nature conservation 

Beside Malaysia, Indonesia is one of the most important 
producers of palm oil, accounting for 42.6 per cent of world 
output. Oil palms are currently grown on 41,200 km2 of 
land, or 2.3 per cent of the country’s surface – and the figure 
is rising sharply (Figure 5.4-3). The palm-growing areas are 
located mainly in the moist tropical regions of Kalimantan, 
Sumatra and Sulawesi. Three-quarters of the palm oil pro-
duced is exported; in the past most of it has been used in the 
food and cosmetics industries (FAOSTAT, 2008b).

At present Indonesia meets 28.5 per cent of its pri-
mary energy requirement from the combustion of biomass 
and waste (IEA, 2008c). The Indonesian government’s 
biomass strategy has the specific aim of expanding the use 
of biomass for energy in order to help meet the national 
energy requirement, expand exports in the bioenergy sec-
tor and create jobs in rural areas. On the domestic front a 
key target indicator is an increase in biofuel use to at least 
10 per cent of oil consumption by 2010 (Setyogroho, 2007). 
The blending quota for petrol is currently 3–5 per cent, with 
the blended bioethanol being produced mainly from sugar 
cane and cassava. Diesel, most of which is biodiesel from 
palm oil, is blended at a rate of 2.5 per cent. It is due to be 
supplemented by increasing use of Jatropha (Setyogroho, 
2007; Butler, 2008). There are also other quantitative tar-
gets at national level. For example, 5.25 million hectares of 
‘unused’ land are due to be planted with oil palms, Jatropha, 
sugar cane and cassava by 2010 (Butler, 2008). 

Rising prices for energy and palm oil make Indonesia’s 
exports of palm oil profitable. In no other country can palm 
oil be produced in such large quantities at such favour-
able prices (FAOSTAT, 2008b). While production costs 
are lower in Thailand and China than in Indonesia, neither 
Thailand nor China has sufficiently large areas of cropland 
suitable for oil palms. With its sparsely populated, moist 
tropical regions of Kalimantan, Sumatra and Sulawesi and 
a large pool of cheap labour, Indonesia thus has significant 
advantages. Outside the main centres Indonesia’s economy 
is largely restricted to farming, fishing, local trade and in 
some regions mining; it is therefore hoped that develop-
ment of bioenergy will significantly strengthen the rural 
regions. For example, Djaja (2006) calculates that the culti-
vation of energy crops alone could involve 7.4 million jobs, 
the majority of them new ones, by 2010. 

Indonesia’s forest cover declined from 64 per cent to 49 
per cent in the period 1990–2005. An average of 18,715 km2 
were cleared per year – an area about the size of Saxony 
(FAO, 2006c). The causes of deforestation are legal and 
illegal logging and periodic forest fires, to which non-intact 
forest ecosystems are particularly vulnerable. There is a cor-

relation between the expansion of palm oil plantations and 
the clearance of primary and secondary forest in Indonesia 
(Glastra et al., 2002; Reinhardt et al., 2007; UNEP, 2008). 
Koh and Wilcove (2008) conclude from their evaluation 
of FAO data that more than half of the expansion of palm 
oil cultivation in Indonesia and Malaysia during the period 
1990–2005 was at the expense of primary and secondary 
forest. Since these forests are among the global hotspots 
of biological diversity, their destruction brings with it irre-
versible loss of biological diversity and ecosystem services 
(Section 4.2.3).

It should be noted that this deforestation for the cultiva-
tion of oil palms is relevant not only from the point of view 
of biotope and species conservation, but also from that of 
climate change mitigation. Annual greenhouse gas emis-
sions from land-use changes and forestry amount to 2,565 
million tonnes of CO2eq, which amounts to around 84 per 
cent of all Indonesian emissions (WRI, 2008). Indonesia is 
thus the fourth-largest emitter of greenhouse gases, after 
the USA, China and the EU. A particular contributor to 
the problem is the cultivation of oil palms on peat soils, in 
the course of which enormous quantities of carbon stored 
in the soil escape into the atmosphere as CO2 (Hooijer et 
al., 2006). 

The Indonesian government exerts at present only very 
limited influence on deforestation; in consequence it is 
estimated that 70–80 per cent of logging activity is carried 
out illegally (World Bank, 2006c). Enforcement of forestry 
laws is hampered by unclear responsibilities and personnel 
shortages. The problems are exacerbated by the fact that 
elite members of the army and administration, together 
with politicians and industrialists, are often involved in ille-
gal logging activities, with the result that regulatory meas-
ures are often blocked at high level (World Bank, 2006c).
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Figure 5.4-3
Development of land under oil palm cultivation in 
Indonesia (1961–2006). 
Source: FAOSTAT, 2008b
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ing areas deserve particular protection in this regard 
(WWF, 2007): 
– Hotspots of biodiversity (e.g. endemism, endan-

gered species, genetic diversity); 
– Large natural ecosystems in which populations of 

most wild species are still to be found in their nat-
ural distribution patterns; 

– Areas of rare or endangered ecosystems; 
– Areas that provide important ecosystem services 

(e.g. protection against landslides, floods or ero-
sion); 

– Areas that provide important ecosystem prod-
ucts for the local population (e.g. for subsistence 
or health) or that are of importance for their tra-
ditional cultural identity (e.g. areas with religious 
or spiritual significance). 

5.4.3  
Competition between energy crops and the 
conservation of biological diversity in agricultural 
areas 

Intensification of farming systems 
More than three-quarters of the ice-free terres-
trial surface of the world consists of biomes heav-
ily influenced by humans; these contain a mosaic of 
anthropogenic ecosystems – involving, for example, 
agriculture or forestry – and natural or semi-natu-
ral ecosystems which account for a large part of the 
biomes’ biological diversity (Ellis and Ramankutty, 
2008; Section 4.2). Increased demand for agricultural 
products is met in part by expanding the areas of land 
used and in part by intensifying the use of existing 
land (Tilman et al., 2002). 

The increased use of energy crops will exacer-
bate this trend towards intensification. Many of the 
bioenergy cultivation systems in use today are inten-
sive monocultures which aim to achieve high yields 
through the extensive use of agrotechnology, agro-
chemicals (fertilizers, pesticides), energy and – increas-
ingly – irrigation (Section 7.1). At the same time the 
additional demand for farmland for bioenergy crops 
can create displacement effects which increase the 
intensity of land use in other places; this is similar 
to the way in which energy crop cultivation can lead 
indirectly to the expansion of land use (Section 5.4.2). 
Intensification often means that small-scale, diverse, 
in the main extensively farmed land with compara-
tively high biological diversity becomes an area of 
large-scale, biologically impoverished monoculture. 
Within this process loss of biological diversity, loss 
of genetic varietal diversity and loss of cultural tradi-
tions are often closely linked (FAO, 1996). Even the 
most well-functioning and well-developed system 
of protected areas cannot halt this loss of biological 

Furthermore, a change of farmland use from food 
production to bioenergy production can trigger dis-
placement effects, which can lead indirectly to the 
conversion of natural ecosystems (Wissenschaftlicher 
Beirat Agrarpolitik beim BMELV, 2007; Searchinger 
et al., 2008). These effects can thus significantly accel-
erate the loss of biological diversity. A striking exam-
ple of this is the expansion of land for the cultiva-
tion of sugar cane for bioethanol production in Bra-
zil; this displaces other uses (soya, pastoral farming) 
into natural biodiversity-rich ecosystems including 
those in the Amazon region (tropical rainforest) or 
in the Cerrado (Klink and Machado, 2005; Sawyer, 
2008). The Cerrado is the Brazilian savannah, which 
is a major hotspot of biological diversity: it is home 
to 50 per cent of all endemic Brazilian species and 
25 per cent of endangered Brazilian species. Around 
45 per cent of the Cerrado is still covered by natural 
vegetation, but less than 2 per cent currently has pro-
tected status. The conversion rate in the Cerrado is at 
least twice as high as in the Amazon region (Sawyer, 
2008). More and more of the land is being given over 
to large-scale monocultures (sugar cane, soya), with 
a resulting loss of biological diversity and ecosystem 
services (Kaltner et al., 2005; Section 5.4.3). 

On the American continent displacement effects 
are observable on an international scale (Searchinger 
et al., 2008). State promotion of ethanol in the USA 
results in more land being given over to maize grow-
ing; in addition, less maize is exported, since more of 
the crop is retained within the country in order to be 
processed into biofuel. As a result of maize growing, 
less land in the USA is used for growing soya, reduc-
ing the quantity of soya available on the world mar-
ket. The result is a rise in soya prices, which in turn 
leads to faster clearance of Brazilian rainforests so 
that more soya can be grown there (Morton et al., 
2006). 

This conversion threatens to affect high conserva-
tion value areas (HCVAs) that would have been can-
didates for an expanded system of protected areas 
or even essential constituents of such a system (Sec-
tion 5.4.1). Particularly alarming is the continuing 
loss of ecologically important areas in regions that 
are hotspots of biological diversity (Mittermeier 
et al., 1999; Myers et al., 2000) or that are ecologi-
cally underrepresented in the existing protected 
areas (MA, 2005a). Only a fraction of HCVAs cur-
rently have protected area status. In the context of 
spatial planning in relation to sustainable agriculture 
and forestry the HCVA concept can be an important 
instrument for the conservation of biological diver-
sity. It was first introduced by the Forest Steward-
ship Council (FSC): identification and maintenance 
of conservation value in these areas is a require-
ment for FSC certification (FSC, 1996). The follow-
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These effects of intensification apply both to energy 
crop cultivation systems and to other intensive farm-
ing systems. However, there is a difference between 
the bioenergy farming systems in use today, which 
have ecological impacts very similar to those arising 
from the intensive production of food (e.g. cereals), 
feed (e.g. soya) or feedstocks (e.g. cotton) (SCBD, 
2008), and the energy crop cultivation systems that 
are expected to proliferate in the future which will 
enable the whole plant to be used (Doyle et al., 
2007). In terms of some of these ecological impacts 
the latter type score more positively if perennial, bio-
diverse cultivation systems are used in which only 
above-ground biomass is harvested and little tillage 
takes place (for more on the sustainability of bioen-
ergy cultivation systems see Section 7.1). The yields 
obtained from these cultivation systems will also be 
improved if the crops are well supplied with nutri-
ents and water through fertilization and irrigation; 
much will depend on whether these additional inputs 
are economically feasible and applied in a sustain-
able manner. For the moment, however, these consid-
erations remain theoretical. Since use of these new 
farming systems is not yet widespread, there is as yet 
little concrete evidence of their positive or negative 
impacts on biological diversity (SCBD, 2008). 

Marginal land
Depending on the definition and method of calcu-
lation used, between 1000 and 3000 million hectares 
or 7–20 per cent of Earth’s terrestrial surface can be 
described as marginal land – that is, land whose soil 
fertility is so low that it is either unsuitable for agricul-
tural production or capable only of supporting very 
limited production (Box 4.2-1; Worldwatch Institute, 
2007). There are many reasons why land may be clas-
sified as marginal: some areas have shallow soil are 
or situated on steep slopes that are threatened by 
erosion; others are acidified or salinated. Inadequate 
drainage and waterlogging, or alternatively lack of 
water, are other factors that can limit the productiv-
ity of marginal land. In many cases the situation is the 
result of degradation caused by human activity – that 
is, non-sustainable land use, perhaps involving inap-
propriate irrigation or overuse, has turned produc-
tive land into marginal land (degraded land; Smeets 
et al., 2004).

It is often suggested that cultivation of bioen-
ergy crops should be permitted only as an intensi-
fication of land use on marginal ‘unused’ land, in 
order to avoid displacement of existing land use and 
hence competition with food production (Box 6.7-2; 
Section 5.2). However, marginal land is in fact often 
used by the local population for food production; 
for example, it may be used for extensive pasturing 
of animals. There may also be competition with bio-

diversity if land use in the surrounding areas of farm-
land is not sustainable (MA, 2005a). 

The various risks to biological diversity posed by 
intensification can arise directly or indirectly through 
increased cultivation of energy crops:
•	 Destruction and fragmentation of natural ecosys-

tems: The transition to large-scale agricultural 
monocultures often involves the destruction of 
areas (which may in themselves be small) of high 
conservation value (e.g. field borders and struc-
tural elements of the agricultural landscape, pro-
tected area buffer zones and natural ecosystems); 
this poses an additional threat to biological diver-
sity (MA, 2005a).

•	 Risks arising from the loss of agrobiodiversity: 
Agrobiodiversity provides important ecosystem 
services for sustainable agriculture (pollination, 
nutrient recycling, erosion protection, etc.), but 
agrobiodiversity may be lost in the conversion of 
small-scale, biodiverse farming systems into large-
scale monocultures. This form of intensification is 
linked with the genetic erosion of varietal diver-
sity (Phillips and Stolton, 2008). 

•	 Risks arising from over-fertilization and eutroph-
ication: Increased tillage, erosion and sediment 
removal can pose a risk to natural ecosystems even 
at a considerable distance. For example, water run-
off from US-American farmland is heavily pol-
luted with nutrients that are carried by the Mis-
sissippi to the Gulf of Mexico, where they result 
in large anoxic ‘dead’ zones on the ocean floor 
(Donner and Kucharik, 2008; Diaz and Rosenberg, 
2008). 

•	 Risks arising from pesticide pollution: The input 
and accumulation of pollutants can pose a signifi-
cant risk to biological diversity unless limits are set 
to pesticide use and integrated plant protection is 
pursued within a framework of sustainable agri-
cultural practice (SRU, 2007). 

•	 Risks arising from the overuse of water resources: 
Annual energy crops grown under irrigation have 
a large water requirement (Section 5.6). Overuse 
of local water resources for agriculture often goes 
hand in hand with the loss of wetlands. Wetlands 
harbour above-average diversity but at the same 
time they are at particular risk from conversion 
and degradation (IWMI, 2007). 

•	 Risks arising from invasive alien species: The risks 
posed by the spread of invasive alien species are 
explored in Box 5.4-3.

•	 Risks arising from the spread of genetically mod-
ified material: The use of genetically modified 
organisms entails the risk that genetically modi-
fied material will spread in wild populations (Box 
7.1-3). 
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ning, such planting systems can simultaneously 
deliver other ecosystem services, for example by 
enriching soil carbon and hence increasing soil fertil-
ity, providing protection against wind erosion, or pro-
viding a buffer zone for wetlands or nature reserves 
(Worldwatch Institute, 2007; Berndes, 2008). These 
potentials are to a large extent dependent on the par-
ticular landscape type and on the type of bioenergy 
farming system that is planned. 

5.4.4  
The cross-cutting issue of climate change

Climate change is already causing visible displace-
ment of populations (Parmesan and Yohe, 2003; 
Moritz et al., 2008) and will in future present a signifi-
cant additional threat to biological diversity (Thomas 
et al., 2004). Some 20–30 per cent of the plant and 

logical diversity (Fritsche et al., 2008), because resto-
ration of this land usually involves conversion with 
subsequent intensification. More intensively used, 
more productive land usually exhibits less biological 
diversity than marginal land, particularly if the mar-
ginal land has been left to succession for a lengthy 
period (Worldwatch Institute, 2007; the example of 
China: Hepeng, 2008). 

Growing appropriate energy crops can, however, 
provide an opportunity for restoring degraded land 
that is species-poor and of limited usefulness (e.g. 
Imperata grassland in South-East Asia). Sustainable 
cultivation methods can have positive impacts on 
biological diversity for land that is already degraded. 
This is especially the case if perennial, ground-cov-
ering energy crops are used and if they form part 
of farming systems which involve a range of spe-
cies (grasses, trees and shrubs: Section 7.1; The Royal 
Society, 2008). Given appropriate countryside plan-

Box 5.4-3

Invasive alien species

Invasive alien species are an important reason for 
biodiversity loss (MA, 2005a). While the likelihood of a 
newly introduced plant species becoming invasive and thus 
causing harm is small, the harm done can be extensive, espe-
cially as invasion is usually irreversible (Mack et al., 2000). 
New risks also arise in connection with the cultivation of 
energy crops. Bioenergy cultivation systems of the future 
in which the entire above-ground biomass is used (such as 
grasses, wood) usually require crops with properties that 
differ from those that are desirable in crops for food or use 
as an industrial feedstock; this means that the choice may 
fall on other species or varieties that have been little culti-
vated in the past and about whose invasive potential little 
is known.

In this connection it should be noted that there is a great 
deal of overlap between the list of desirable ecological pro-
perties of energy crops (Heaton et al., 2004) and the pro-
perties that are often found in invasive plant species (Table 
5.4-2). The likelihood of an introduced species becoming 
invasive increases with the frequency with which it is plan-
ted (Mack et al., 2000). Species that have caused no trouble 
for decades may reveal their invasive potential when used 
on a large scale. 

Raghu et al. (2008) warn that grass species such as Mis-
canthus and switchgrass (Panicum), whose use as energy 
crops is currently under discussion (Section 7.1), also have 
properties indicative of enhanced invasive risk. The pro-
blem must be taken very seriously because invasion, which 
is usually irreversible, brings with it ongoing costs for the 
agriculture and forestry sector and is seriously detrimental 
to biological diversity (MA, 2005a). There are only a few 
examples of cases in which an invasive plant has been suc-
cessfully brought under control again or ultimately extermi-
nated. Using biological measures which involve introducing 
a natural enemy of the invasive species is a risky process, 
particularly in relation to grasses. Many essential crop plants 
are themselves grass species (rice, wheat and other cereals; 
feed grasses for animal production, etc.), which means that 

the introduced pest may transfer to these crops and cause 
new damage there (Goeden and Andres, 1999). 

Low and Booth (2007) list 18 species that are being used 
or proposed as energy crops but that also have invasive 
potential or have already become invasive. For example, 
Jatropha curcas was banned as an energy crop in Western 
Australia and Northern Territory after a study showed that 
the plant is considered invasive in 14 countries (Randall, 
2004). Importing Jatropha into Australia is prohibited for 
this reason. Ricinus communis, which is used in Ethiopia as 
a bioenergy crop, is also regarded in Australia as invasive.

These ecological risks must be carefully examined 
before the species concerned are introduced for bioenergy 
use (e.g. Mack et al., 2000; CBD, 2002c).

Table 5.4-1
Desirable ecological properties of energy crops and their 
relevance to the risk of invasiveness. 
Source: Raghu et al., 2008 and literature quoted there

Desirable characteristics of 
energy crops 

(1) Characteristics
 present in invasive 
 species 
(2) Contribute to success

C4 photosynthesis (1), (2)

Long ground-cover period (1), (2)

Perennial (1)

No known pests or diseases (1), (2)

Rapid growth in spring (1), (2)

Sterile seeds (1)

Redistribution of nutrients 
in below-ground plant parts 
in autumn 

(1), (2)

High efficiency of water use (1), (2)
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be rejected. The gaps in representativity (ecosys-
tem types, species) should be scientifically identi-
fied, as should candidates for new protected areas. 
The process should include consideration of the 
interlinking of protected areas and their integra-
tion into the surrounding landscape (buffer zones, 
areas with differing balances between conser-
vation and sustainable use). Ensuring improved 
management of existing and new protected areas 
presents a particular challenge. In certain areas the 
sustainable use of biomass arising from landscape 
preservation may be compatible with the conser-
vation purpose. Implementation of the interna-
tionally agreed objectives of protected areas and 
financing issues are discussed in Section 10.5. 

•	  Restrict the conversion of semi-natural and natural 
ecosystems for bioenergy as far as possible. Both 
for the conservation of biological diversity and 
for mitigation of climate change it is extremely 
important to as far as possible limit the conver-
sion of natural ecosystems – both within and out-
side a comprehensive system of protected areas – 
as a direct or indirect consequence of energy crop 
cultivation. In particular, primary forests, wetlands 
and savannahs, diversity-rich virgin grasslands 
and other natural ecosystems of high conserva-
tion value should under no circumstances be con-
verted. Large-scale use of marginal land should 
not take place until the nature conservation value 
of the land has been assessed. 

•	 When growing energy crops, consider the conserva-
tion of biological diversity. Internationally recog-
nized environmental standards for the cultivation 
of energy crops should be developed and should 
include the conservation of biological diversity 
among the dimensions addressed (Section 10.5). 
To reduce the negative effects of intensification, 
international guidelines or standards for sustain-
able land use, going beyond the cultivation of 
energy crops, should also be drawn up. 

5.5
Land-use options for climate change mitigation

The cultivation of energy crops is only one of a number 
of options for using land in ways that help to mitigate 
climate change. As has been explained above, the cul-
tivation and deployment of bioenergy is controver-
sial and only under certain conditions does it consti-
tute an appropriate strategy for reducing greenhouse 
gas emissions. In addition, the cultivation of energy 
crops sometimes competes with other forms of land 
use that themselves help to mitigate climate change 
and may in some circumstances be better suited to this 
purpose. These other forms of land use involve meas-

animal species studied to date will be exposed to an 
increased risk of extinction if the global mean tem-
perature exceeds its pre-industrial level by more than 
2–3°C (IPCC, 2007b). The greatest threat is faced by 
the tropical regions which harbour the highest bio-
logical diversity but which can also expect the high-
est rates of loss (Colwell et al., 2008; Deutsch et al., 
2008). 

For this reason abatement strategies are needed 
to counteract the increase in greenhouse gases in the 
atmosphere. Since increased use of bioenergy can 
help to mitigate climate change (Sections 2, 5.5 and 
7), it can also indirectly stem the loss of biological 
diversity. The benefits and disadvantages must there-
fore be weighed against each other: the more climate-
friendly the cultivation and deployment of energy 
crops becomes, the more acceptance of the associ-
ated loss of biological diversity is justified. However, 
the effect on the greenhouse gas balance of many of 
today’s bioenergy cultivation systems is poor or even 
harmful, particularly if such cultivation is accompa-
nied by direct or indirect land-use changes (Chap-
ter 9). The conversion of rainforest, moorland, savan-
nah or grassland into bioenergy plantations usually 
results in significant greenhouse gas emissions for 
which even the long-term deployment of bioenergy 
can scarcely compensate (Sections 5.5, 7 and 9; Far-
gione et al., 2008). 

Synergies therefore arise: the conservation of eco-
systems with large natural carbon reservoirs in the 
vegetation and soil makes sense from the point of 
view of both climate change mitigation and nature 
conservation. Consideration of greenhouse gas bal-
ances leads to promotion of bioenergy cultiva-
tion systems that also have advantages in terms of 
biodiversity (use of perennial and biodiverse cultiva-
tion systems, long rotation times, accumulation of car-
bon in the soil, etc.: Section 7.1). It should be borne 
in mind that as climate change advances, energy crop 
cultivation may become less profitable as a result of 
changes in productivity. 

5.4.5  
Conclusions

The cultivation of energy crops can have both direct 
and indirect negative impacts on biological diversity. 
However, synergies are also possible, for example 
through the use of residues arising from landscape 
maintenance. WBGU’s conclusions are as follows: 
•	 Expansion and management of the protected area 

system. The existing global system of protected 
areas should be secured and extended (Sec-
tion 10.5). Conversion of land within protected 
areas for the cultivation of energy crops should 
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nisms reduce the likely success of strategies for pre-
venting tropical deforestation.

Clearly the cultivation of energy crops can lead 
directly to deforestation if forests are converted for 
this purpose. In addition, deforestation can be accel-
erated by indirect effects. 

Figure 5.5-1 shows emissions as a result of defor-
estation for the year 2000 as calculated by Houghton 
(2003). According to this source, Brazil and Indo-
nesia alone were responsible for more than 50 per 
cent of emissions from deforestation. The available 

ures in the forestry and agricultural sector including 
the feedstock use of forestry and agricultural prod-
ucts. The following sections describe the potential of 
these land-use options for climate change mitigation, 
identify land-use competitions and synergies and dis-
cuss their effectiveness and efficiency in comparison 
with the deployment of bioenergy. In addition, Box 
5.5-1 compares the land needed for the deployment 
of bioenergy from energy crops with the land needed 
for the deployment of solar energy. 

5.5.1  
Forests and climate change mitigation 

5.5.1.1  
Avoiding deforestation and forest degradation

A currently intensely debated form of climate change 
mitigation is the reduction of tropical deforestation. 
In 2004 around 17 per cent of global emissions of long-
lived greenhouse gases arose from deforestation and 
the decomposition of biomass (Rogner et al., 2007). 
These emissions originate predominantly in the trop-
ics. Bioenergy deployment, that presupposes the cul-
tivation of energy crops, can through various mecha-

Box 5.5-1

Land requirement of solar energy and 
photosynthesis compared 

For around 3000 million years some life forms on Earth 
have had the ability to use the sun’s energy to synthesize 
organic compounds. This process of photosynthesis is the 
basis for the conversion of solar energy into plant biomass 
and hence ultimately also the basis of bioenergy production. 
Nevertheless, in terms of its land requirement photosynthe-
sis is not the most efficient method of using solar energy. 
Considered over the whole vegetation period and the entire 
plant stock, even the most productive plant communities 
are able to utilize on average no more than two per cent 
of the solar energy to which they are exposed (Kaltschmitt 
and Hartmann, 2003). The reasons for this are twofold. 
Firstly, a significant amount of solar radiation lies outside 
the wavelength range that can be used for photosynthesis 
and, secondly, unavoidable energy losses arise from reflec-
tion, absorption, plant respiration and the conversion of 
light into chemical energy. 

A comparison of the land requirement for bioenergy 
use with that of the direct technical use of solar energy illus-
trates the differing efficiencies. The comparison is based on 
the world’s current primary energy requirement of around 
500 EJ per year (Chapter 6).

If one assumes typical yields for the cultivation of energy 
crops of around 10 tonnes of dry mass per hectare per year 
(Doornbosch and Steenblik, 2007) and a biomass energy 

content of around 19 kJ per gram of dry mass (Section 6.3), 
to meet the current global need for primary energy entirely 
from bioenergy would require 2500 million hectares of 
land. For comparison: the global area of land identified in 
Chapter 6 as being available for the sustainable cultivation 
of energy crops amounts to around 400 million hectares. 

For the technical use of solar energy the equation works 
out as follows: the mean solar irradiance at the edge of 
Earth’s atmosphere is 1367W per m2 (Bishop and Rossow, 
1991). However, on account of the diurnal variation of the 
sun, the seasons and processes of reflection and absorption 
in the atmosphere, only some of this reaches the ground. 
Mean annual solar irradiance is also dependent on geo-
graphical latitude and on local climate. In desert regions, 
though, a mean of around 250W per m2 can be assumed 
(Bishop and Rossow, 1991). If one further assumes an effi-
ciency of 15 per cent for the conversion of the irradiated 
solar energy into usable final energy (which roughly corre-
sponds to the efficiency of a modern photovoltaic system), 
the world’s current primary energy need could be gener-
ated through the technical use of solar energy on an area of 
only 40 million hectares. This is equivalent to a square with 
sides just over 600 km in length and is one-sixtieth of the 
land needed to produce the same quantity of bioenergy. 

In the long term, therefore, the direct technical use of 
solar energy is clearly superior to bioenergy on account 
of its lesser land requirement. In addition, solar energy 
can make use of land that is not in competition with food 
production or nature conservation (e.g. deserts or built-up 
areas). 

Figure 5.5-1
Global emissions from deforestation, by country. The 
emissions depicted here amount in total to 2 Gt C. 
Source: based on Houghton, 2003 cited in 
Schulze et al., 2007
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these global emissions. This corresponds to US$ 483–
1050 per hectare to which administrative costs of 
between US$ 4 and US$ 15 per hectare must be 
added. Each avoided tonne of CO2 gives rise to aver-
age costs of US$ 1–2. The costs are higher if the calcu-
lation is adjusted to include the opportunity costs of 
macroeconomic (growth) effects that would arise in 
the event of deforestation and intensive land use, and 
direct costs that arise in practice as a result of devi-
ations from model conservation policy (Nabuurs et 
al., 2007). Various other studies have arrived at con-
siderably higher figures. Some authors put the cost of 
halving deforestation at between US$ 20,000 million 
and US$ 33,000 million (Stern, 2008; Strassburg et al., 
2008; UNFCCC, 2007b). Halting the process of defor-
estation worldwide would cost US$ 185,000 million 
(UNFCCC, 2007b).

It is doubtful whether the conservation of tropical 
primary forests can be combined with relevant use of 
these forests for bioenergy or for material feedstocks, 
since the ecosystem is highly sensitive to disturbance; 
in addition, even small-scale incursions, such as for 
the construction of a road, result within a few years 
in deforestation (Section 7.1.5.1). 

Policies for reducing emissions from deforesta-
tion and policies for expanding the use of bioenergy 
are therefore in competition with each other. How-
ever, it is clear for climate protection reasons alone 
that deforestation for the purpose of expanding the 
amount of land cultivated for energy crops is not 
beneficial. In addition, the conservation of tropical 
primary forests has numerous other positive effects, 
for example on the conservation of biodiversity (Sec-
tion 5.4). In WBGU’s view the conservation of trop-
ical forests should therefore always take precedence 
over the expansion of bioenergy use. By the same 
token it is important to ensure that the cultivation 
of energy crops does not contribute directly or indi-
rectly to tropical deforestation (Chapter 9).

5.5.1.2  
Afforestation

In the past it has been rare for climate change mitiga-
tion to be the most important driver of afforestation. 
However, this may change as global efforts to com-
bat climate change gain momentum, and the rate of 
afforestation may rise sharply (Nabuurs et al., 2007). 
The effect of afforestation on reducing CO2 (carbon 
sink) can vary widely, depending on the tree species 
used, the location and other factors. The amount of 
carbon stored through the accumulation of biomass 
after afforestation varies between 1 and 35 t CO2 per 
hectare per year (Richards and Stokes, 2004, cited in 
Nabuurs et al., 2007). However, afforestation does 

sets of data on emissions from deforestation differ in 
their description both of regional distribution and of 
total quantity and are not consistent. Nevertheless it 
remains clear that Indonesia, Brazil, Malaysia, Congo, 
Myanmar and Venezuela have particularly high lev-
els of emissions from deforestation (Schulze et al., 
2007). At the same time an expansion of bioenergy 
production is to be expected in some of these coun-
tries, e.g. Brazil, Indonesia and Malaysia (UNCTAD, 
2006b). It is therefore likely that considerable effort 
will be required to reduce deforestation rates in these 
countries, since the increasing cultivation of energy 
crops will put increased pressure on land use. 

Geist and Lambin (2002) investigated the reasons 
for deforestation on the basis of 152 case studies; 
they distinguish between direct causes and underly-
ing influences. The findings show that deforestation 
is usually attributable to a number of direct causes, 
but the expansion of agricultural land played a part 
in almost all the cases they studied. The underly-
ing influences, too, seldom operated in isolation. In 
one-third of the cases studied rising product prices 
for cash crops were an influential factor. It can be 
assumed that increasing demand for bioenergy will 
result in price rises for agricultural products (Section 
5.2). Using the Mato Grosso region of the Amazon 
as an example, recent studies by Morton et al. (2006) 
show that deforestation in favour of arable land has 
increased by comparison with deforestation in favour 
of pasture, with the extent of deforestation correlat-
ing with the price of soya. Searchinger et al. (2008) 
show in their calculations that price rises triggered 
by bioenergy use promote the conversion of forest 
and grassland into arable land and do so irrespective 
of whether other unused arable land is available. Typ-
ical quantities of CO2 that are released in the pro-
cess amount to around 604–1146 tonnes of CO2 per 
hectare of forest that is converted to farmland, and 
75–305 tonnes of CO2 per hectare when grassland 
or savannah is converted (Searchinger et al., 2008). 
It is very possible that global expansion of bioen-
ergy production will significantly impede attempts to 
stem tropical deforestation, even if the direct conver-
sion of tropical forests into land for the cultivation of 
energy crops can be avoided.

The costs of avoiding deforestation vary from 
region to region and depend on the alternative uses 
that are foregone. The growing demand for bioenergy 
pushes agricultural prices upwards. Taking account 
only of compensation for opportunity costs – that is, 
compensation for foregone proceeds from the land 
use that would lead to deforestation – Grieg-Gran 
(2006) estimates that it would cost US$ 5000 mil-
lion to prevent emissions from deforestation in sev-
eral important newly industrializing and developing 
countries which between them account for half of all 
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Afforestation is not to be equated with the plant-
ing of short-rotation plantations (SRPs). SRPs 
involve the use of fast-growing tree species with high 
storage potential, but regular harvesting can result in 
the release of considerable quantities of soil carbon, 
and in addition emissions arise from fertilizer use 
(Section 4.2). The higher the existing carbon stock in 
the soil, the greater the risk that this stock will be 
released by frequent harvesting and the associated 
tillage or disturbance of the soil; this risk is partic-
ularly high in the first years or decades of SRP use. 
For the conservation of soil carbon, afforestation for 
permanent forestry use is therefore clearly prefer-
able to SRP use. However, whether the overall cli-
mate change mitigation effect of SRPs is lower or 
higher than that of afforestation also depends on the 
deployment of the SRPs in the energy system and the 
fossil fuels that they replace (Section 7.3). In weigh-
ing up the climate change mitigation effects of differ-
ent options (e.g. annual energy crops, SRPs, affores-
tation) the different dynamics of the various meas-
ures over time must always be considered (Section 
5.5.4).

The likely costs of afforestation or reforestation 
vary considerably depending on the region and the 
existing land use. Various studies have identified 
abatement costs of US$ 22 per tonne of CO2 and less 
(Nabuurs et al., 2007; Benitez et al., 2005, cited in 
Stern, 2006). As Kooten et al. (2004) show, the costs 
may be significantly higher if forestry management 
involves further protective measures. On the basis of 
various CO2 prices, estimates of the global economic 
potential for afforestation by 2100 range from 0.57 
to 4.03 Gt CO2 per year, which would require up to 
231 million hectares of land (Canadell and Raupach, 
2008). 

Large-scale afforestation can have negative eco-
logical and socio-economic effects; it may reduce 
food security, reduce water run-off, or result in loss 
of biodiversity or of income (Canadell and Raupach, 
2008). Forest plantings usually need more water than 
grassland or arable land and can thus have a seriously 
detrimental effect on local water levels. Depending 
on the location and type of planting, however, posi-
tive effects can also be achieved (Jackson et al., 2005). 
As with energy crop cultivation, the sustainability of 
afforestation measures therefore needs to be con-
sidered in a differentiated manner and from a wider 
perspective than that of the greenhouse gas balance 
alone. 

not always result in a significant carbon sink: the car-
bon content of the soil determines whether carbon is 
initially absorbed or emitted (Section 4.2.3). Affor-
estation of farmland with a low soil carbon content 
usually results in an increase in soil carbon. By con-
trast, afforestation of land with a high soil carbon 
content (such as grassland ecosystems, particularly 
on organic soils) leads initially to a decrease in soil 
carbon (Nabuurs et al., 2007). Moreover, the carbon 
absorption capacity of the terrestrial biosphere is lim-
ited. According to estimates of House et al. (2002), 
even the extreme scenario (global re-afforestation, 
i.e. reversal of all land-use changes that have taken 
place historically before the year 2000) would only 
achieve a reduction of 40–70 ppm CO2 in the atmos-
phere. This can be compared with the fact that the 
atmospheric concentration is already approximately 
100 ppm above the pre-industrial level. 

A comparison of the climate change mitigation 
effect of afforestation and the use of land for energy 
crops must therefore take account of different loca-
tions and tree species as well as of different bioen-
ergy deployment paths. Righelato and Spracklen 
(2007) compare the greenhouse gas savings arising 
from the cultivation and use of typical first-genera-
tion biofuels in the transport sector with the storage 
effect of afforestation on the same land. As examples 
they consider the use of sugar cane, wheat, sugar beet 
and maize for ethanol and rape and woody biomass 
for diesel. The values for avoided emissions used by 
Righelato in this study are between 0.8 and 7.2 tonnes 
of CO2 for ethanol and up to 8.1 tonnes of CO2 for 
diesel from woody biomass, in each case per hectare 
per year. The types of afforestation considered (with-
out annual harvesting) are the natural conversion of 
neglected tropical farmland (CO2 storage: 15–29 t 
CO2 per hectare per year) and the afforestation of 
temperate farmland with pines (11.7 t CO2 per hec-
tare per year). In these examples afforestation ena-
bled storage over a 30-year period of between two 
and nine times as much CO2 as was avoided through 
biofuel use. However, the calculations do not include 
possible emissions from changes in land use for the 
cultivation of energy crops, which would tend to 
make bioenergy an even more unattractive option 
in relation to afforestation (Righelato and Sprack-
len, 2007). It is open to debate whether consideration 
of longer time periods would shift the balance more 
towards biofuel use. However, new studies (Luyss-
aert et al., 2008) show that – contrary to present opin-
ion – even very old forests (200–800 years) can still 
store considerable quantities of CO2 each year (2.4 
± 0.8 t C per hectare per year, i.e., 8.8 ± 2.9 t CO2 
per hectare per year). This means that even over rel-
atively long periods (more than 30 years) no shift in 
the balance is to be expected. 
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– 38 per cent N2O from the soil (especially after fer-
tilizer application), 

– 32 per cent CH4 from the digestive processes of 
ruminants (e.g. cattle, sheep, etc.), 

– 12 per cent from the combustion of biomass, 
– 11 per cent from paddy cultivation,
– 7 per cent from dung. 
In the majority of regions N2O from the soil is the 
main source of these greenhouse gas emissions. This 
is predominantly attributable to the use of nitrogen 
fertilizers in the production of food and feed crops. 
Only in the countries of the former Soviet Union, 
the Pacific OECD countries, Latin America and the 
Caribbean is methane from ruminant digestion the 
main source; this is due in particular to the relatively 
large number of animals in these regions (Smith et 
al., 2007b). 

Direct agricultural emissions rose between 1990 
and 2005 by 14 per cent; N2O emissions from the 
soil increased disproportionately by 21 per cent dur-
ing this period (Smith et al., 2007b). It is expected 
that N2O will rise further due to increased fertilizer 
use and increased animal manure production. Agri-
cultural N2O emissions are projected to increase by 
35–60 per cent by 2020 and 2030 respectively. Live-
stock-related CH4 emissions are expected to rise by 
between 20 and 60 per cent in the same period; by 
contrast, CH4 emissions from paddy cultivation are 
expected to rise by only a few per cent or may even 
show a reduction (IPCC, 2007c).

Agriculture can contribute to climate change 
mitigation through reductions in CO2, N2O and CH4 
emissions, through an increase in carbon storage in 
the soil or biomass, and through the use of agricul-
tural products and residues to generate bioenergy 
(IPCC, 2007c).

Many factors will continue to make it necessary to 
increase the productivity of existing agricultural land 
(Section 5.2). This will require increased use of fer-
tilizer and an expansion of irrigation, and will thus 
entail greater energy inputs. These measures could 
result in increased greenhouse gas emissions (Smith 
et al., 2007b). If energy crop cultivation is signifi-
cantly expanded, it is likely that the increased com-
petition for land will further strengthen the need to 
increase the productivity of existing farmland (Sec-
tion 5.2). The extent to which this would lead to a 
further increase in GHG emissions from agricul-
tural land cannot be calculated by a simple formula. 
It is, however, clear that the level of these emissions 
increases – caused in part by energy crop cultivation 
– will be determined by a large number of individual 
decisions on management options (such as efficiency 
improvements in fertilizer use). The use of land for 
the cultivation of energy crops thus tends to coun-

5.5.1.3  
Forest management, sustainable forestry

Another way of mitigating climate change through 
forestry-related measures is by increasing the carbon 
pool in existing forests through changed management 
techniques, such as by lengthening harvest cycles or 
reducing disturbance, e.g. through better protection 
against forest fires (particularly in sub-tropical lat-
itudes), or by reducing soil compaction by heavy 
machinery (particularly in temperate and boreal lat-
itudes). It is possible for this to include rather than 
compete with the use of forest products for energy 
or other purposes. Hence the IPCC, in considering 
the various climate change mitigation opportuni-
ties in the forestry sector, concludes that: ‘In the long 
term, sustainable forest management strategy aimed 
at maintaining or increasing forest carbon stocks, 
while producing an annual yield of timber, fibre, or 
energy from the forest, will generate the largest sus-
tained mitigation benefit’ (Nabuurs et al, 2007; IPCC, 
2007c). 

Particularly in the tropics, however, implementa-
tion of such an approach is beset by significant prob-
lems. For example, at present only seven per cent of 
traded tropical timber comes from sustainable for-
estry (Canadell and Raupach, 2008). According to the 
International Tropical Timber Organization (ITTO), 
one of the major obstacles is the fact that other forms 
of land use often generate higher profits than sustain-
able forestry management (ITTO, 2006). Sustainable 
extraction of biomass from tropical primary forests is 
invariably difficult (Section 7.1.5.1). 

In temperate forests, by contrast, sustainable man-
agement – which includes the extraction of biomass 
– is possible (Section 7.1.5.2). However, the regen-
eration of forests can lead to a net release of carbon 
which takes many centuries to compensate (Harmon 
et al., 1990; Luyssaert et al., 2008). Sustainable use of 
boreal forests is theoretically possible but is not at 
present common practice. 

5.5.2  
Agriculture and climate change mitigation 

Agriculture directly contributes 10–12 per cent of 
global greenhouse gas emissions (IPCC, 2007c). Only 
a very small proportion of these are CO2 emissions: 
while very large CO2 fluxes pass from farmland into 
the atmosphere, they are counterbalanced by the 
binding of CO2 through photosynthesis. The net emis-
sions into the atmosphere are estimated at less than 
one per cent of global anthropogenic CO2 emissions 
(IPCC, 2007c). The non-CO2 emissions from agricul-
ture arise in the following areas: 
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ergy land can contribute to the restoration of that 
land and hence to climate change mitigation, pro-
vided that appropriate cultivation and management 
systems are used (Sections 4.2 and 5.6). 

5.5.3  
Climate change mitigation through the use of 
long-lived biomass products 

Biomass is a carbon reservoir: the carbon is absorbed 
from the CO2 in the atmosphere through photosynthe-
sis as the crop grows. For example, the carbon bound 
in a cubic metre of wood corresponds to around 0.92 t 
CO2 (Nabuurs et al., 2007). Depending on the region, 
the terrestrial biosphere fixes 0–55 t CO2 (0–15 t C) 
per hectare per year through photosynthesis; this is 
termed the net primary production (Figure 5.5-2). On 
a worldwide scale this means that around 217 Gt CO2 
(corresponding to 59 Gt C) per year is fixed in the 
biomass through photosynthesis; around 14 per cent 
(30 Gt CO2 or 8 Gt C) is then removed through har-
vesting by humans (Haberl et al., 2007). This carbon 
fixation through photosynthesis is, however, counter-
balanced by CO2 emissions at almost the same rate 
from the decomposition of biomass; in consequence, 
net CO2 storage by the terrestrial biosphere amounts 

teract efforts to reduce emissions on existing agricul-
tural land. 

According to the IPCC, one of the most effec-
tive methods of reducing emissions in agriculture is 
the conversion of cropland into land with semi-nat-
ural vegetation (Smith et al., 2007a). However, this 
should be carefully evaluated from the point of view 
of food security in the same way as the use of arable 
land for the cultivation of energy crops (Section 5.2). 
The mechanism for mitigating climate change oper-
ates here not through the avoidance of emissions but 
through the increase in carbon storage in the soil 
or biomass. The reversion of cropland to semi-nat-
ural vegetation inevitably competes with the option 
of using it for the production of energy crops. It is, 
however, possible for the production of biomass for 
energy to be combined with increased carbon storage 
in the soil if suitable cultivation systems are employed 
(Sections 7.1 and 4.2). Similar arguments apply to 
the restoration of drained and degraded land. If the 
extension of biomass cultivation increases the pres-
sure on available land, this can result in marginal land 
being brought back into use. This can increase the 
risk of erosion and further degradation. The various 
consequences in the form of possible CO2 emissions 
are, however, uncertain (Smith et al., 2007b). Alter-
natively, though, the use of marginal land for bioen-
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Figure 5.5-2
Present net primary production in different parts of the world. 100 gC per m2 per year corresponds to 1 t C per hectare per year 
or 3.7 t CO2 per hectare per year. 
Source: based on Haberl et al., 2007
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the effects of biomass use in the chemical industry 
and comes to the conclusion that replacing fossil raw 
materials with biomass can, in terms of the area of 
cropland used, avoid a quantity of greenhouse gas 
emissions similar to that avoided when biomass is 
used for energy in the transport sector. 

The discussion shows that the feedstock use of 
biomass in manufacturing or construction has worth-
while potential for helping to mitigate climate change, 
and that such use does not always compete with the 
use of biomass for energy since the two can some-
times be combined in cascade use. 

5.5.4  
Conclusions

The use of biomass for energy as a climate change 
mitigation option is often in direct or indirect compe-
tition with other climate change mitigation options. 
Direct competition arises, firstly, in relation to land 
use. The land can either be used for the production of 
energy crops that replace fossil fuels, or the aim can 
be to maintain or increase the carbon stored on the 
land (e.g. by forgoing deforestation or grassland con-
version for the purpose of energy crop cultivation). 
Secondly, there is direct competition in terms of the 
way the biomass is used. Its property as a carbon res-
ervoir can be utilized by deploying the biomass as 
a raw material or protecting it in other ways from 
oxidation and decomposition (Box 5.5-2). Alterna-
tively it can be used as energy, which releases the car-
bon stored in the biomass but can replace other emis-
sions-intensive forms of energy. 

In addition to direct competition, there are also 
indirect effects that operate via agricultural prices. 

to only around 3.7 Gt CO2 (corresponding to 1 Gt C), 
although there are major fluctuations from year to 
year (WBGU, 2003). Emissions from the use of fos-
sil fuels and the cement industry amounted in 2006 to 
8.4 Gt C (Canadell et al., 2007). Comparison of these 
figures shows that a change in the average life of har-
vested products is undoubtedly able to influence the 
carbon cycle and hence the CO2 concentration in the 
atmosphere. When biomass is used for energy gener-
ation, the stored carbon is usually released relatively 
quickly and directly into the atmosphere; in this case, 
therefore, the desired climate change mitigation 
effect arises from the substitution of higher-emis-
sion fuels (Chapter 7). By contrast, when biomass is 
used as an industrial feedstock, the carbon initially 
remains fixated. This is in particular the case for tim-
ber products and long-lived bioplastics. A special 
case of long-term carbon fixation in biomass is black 
carbon sequestration (Box 5.5-2).

Pingoud (Pingoud, 2003, cited in UNFCCC, 2003) 
calculates that between 1960 and 2000 the global 
quantity of carbon stored in wood products rose by an 
average of 0.04 Gt C (corresponding to 0.15 Gt CO2) 
per year, rising in this period from 1.5 Gt C (5.5 Gt 
CO2) to more than 3 Gt C (11 Gt CO2). However, this 
corresponds to less than one per cent of cumulative 
anthropogenic CO2 emissions, which totalled approx-
imately 264 Gt C in the same period (WRI, 2008). 

As well as temporarily storing carbon directly, 
biomass products can also replace emissions-inten-
sive materials such as concrete, steel, aluminium and 
plastics. According to Nabuurs et al. (2007), wood can 
achieve a particularly significant climate change miti-
gation effect if it is first used to replace concrete as a 
building material and later, after disposal, is used as 
biofuel. A study by Reinhardt et al. (2007) explores 

Box 5.5-2

Black carbon sequestration as a climate change 
mitigation option 

For some time the possible contribution of black carbon 
sequestration to climate change mitigation has been under 
discussion (e.g. Marris, 2006; Lehmann, 2007). The start-
ing point is the process of photosynthesis, in which CO2 

is absorbed from the atmosphere and stored as carbon in 
biomass. For biosequestration biomass is first heated in an 
oxygen-starved process (low-temperature pyrolysis), which 
produces both charcoal and other volatile substances. The 
volatile substances can be used as biogas or, after process-
ing, as liquid fuel to produce energy, while the charcoal can 
be incorporated into agricultural soils as a means of carbon 
sequestration. In the ground it has a relatively long life: the 
exact length is the subject of research, but estimates range 
from centuries to millennia (Lehmann, 2007). In addition 
to providing long-term storage in the soil of the carbon 

absorbed by the plants from the atmosphere, the charcoal 
also improves the structure and fertility of the soil. This 
effect is known from the very fertile terra preta soils of the 
Amazon basin (Denevan and Woods, 2004; Fowles, 2007). If 
the charcoal were to be deposited deep underground even 
longer storage times could be achieved, although without 
the positive influence on soil fertility. 

If the resulting charcoal were to be used itself for energy, 
it could directly replace fossil fuels. However, Lehmann 
(2007) calculates that incorporating the charcoal into the 
soil leads to a reduction in emissions that is 12–84 per cent 
greater than when the charcoal is used for energy. The 
author further estimates that black carbon sequestration 
combined with the use for energy of the waste gases aris-
ing from pyrolysis could be worth while at a CO2 price of 
US$ 37 or more. Evaluation of this climate change mitiga-
tion option must, however, take account of possible com-
peting goals arising from the increasing need for energy and 
organic raw materials. 
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generally reversible in the sense that a correspond-
ing quantity of CO2 can in theory (if managed appro-
priately) be fully reabsorbed by the biosphere within 
a reasonable period of time (a few years or decades). 
At the same time carbon sequestration by ecosys-
tems in soils or biomass is usually limited by manage-
ment practices, and the annual increase in sequestra-
tion reduces over time (Smith et al., 2007a), although 
even very old ecosystems can still store considera-
ble quantities of CO2 (Luyssaert et al., 2008). Moreo-
ver, changes in management can often result in large 
quantities of carbon stored in biomass and in the 
soil being released, for example when the ecosystem 
becomes degraded or different farming techniques 
are employed. 

By contrast, 20 per cent – a significant proportion 
– of CO2 emissions from the combustion of fossil 

As expansion of energy crop cultivation increases 
the pressure on farmland, other climate change miti-
gation measures in connection with land use become 
more and more difficult to implement. For example, 
it becomes increasingly difficult to reduce deforest-
ation or to reduce N2O emissions arising from ferti-
lizer use. 

If bioenergy use is to play a part in climate change 
mitigation, the merits of these different mitigation 
options must therefore be weighed against each 
other (Figure 5.5-3). 

Comprehensive greenhouse gas balances of differ-
ent measures can provide guidance here (Chapter 7). 
However, in comparing different climate change miti-
gation options and evaluating how they can best con-
tribute to adherence to the climate protection guard 
rail it is not enough merely to consider direct emis-
sions and emissions reductions; the dynamics of each 
option over time must also be taken into account. 
Table 5.5-1 summarizes the time dynamics of dif-
ferent climate change mitigation options relating to 
land use. In WBGU’s view, avoidance of a danger-
ous degree of climate change means that global tem-
peratures must not rise by more than 2°C from their 
pre-industrial level. Two things are necessary if this is 
to be achieved. Firstly, the trend of global emissions 
must be reversed as quickly as possible and, secondly, 
the basis must be laid for further long-term, contin-
uous and substantial emissions reductions extending 
to the middle of the century and beyond. 

In addition to climate change mitigation options 
relating to land use, reducing emissions from fossil 
fuels is also crucial. Bioenergy is equally relevant in 
both areas. Unlike emissions from fossil fuels, CO2 
emissions from land use and land-use changes are 

Figure 5.5-3
Climate change mitigation through appropriate land use: 
weighing up the options, taking the forestry sector as an 
example. 
Source: Nabuurs et al., 2007
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Table 5.5-1
Time dynamics of climate change mitigation options in land use. 
Source: adapted from Nabuurs et al., 2007

Mitigation mechanism Impact Timing of impact Timing of cost

A Enhance site-level carbon pool: afforestation, man-
agement, etc.

B Maintain site-level carbon pool: avoid deforestation, 
degradation, etc.

C Enhance carbon pool in biomass products 

D Bioenergy and substitution (if B is met)

Impact of cost   Timing of impact   Timing

 Enhancement of sink   delayed      delayed

 Reduction of sources   immediate     up-front

      sustained or     on-going               repeated  
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biodiversity. These considerations show that even a 
life-cycle analysis of the greenhouse balances aris-
ing from the use of bioenergy is only of limited use-
fulness, particularly with regard to the contribution 
made by bioenergy to adherence to WBGU’s 2°C 
guard rail. The life-cycle analysis provides a ‘snap-
shot’ that takes no account of the differing character-
istics of the emissions or emissions reductions associ-
ated with land use or other factors, particularly with 
regard to the long-term dynamics of these emissions/
reductions over time or to their reversibility. The life-
cycle analysis can therefore be only one element of 
the evaluation and comparison of different climate 
change mitigation measures as part of a comprehen-
sive climate change mitigation strategy. 

5.6 
Competing use of soil and water 

5.6.1  
Soil degradation and desertification

While the increased cultivation of energy crops can 
increase the risk of soil degradation, it can also con-
tribute to the restoration of degraded land. Whether 
the cultivation of energy crops is acceptable and eli-
gible for financial support or whether it should be 
resisted depends ultimately on the cultivation system 
(Section 7.1) and on regional agro-ecological condi-
tions. Where unadapted cultivation systems are used 
(e.g. inappropriate tillage or irrigation), particularly 
on marginal land, the risks of further soil degrada-
tion can be considerable. Research is needed to clar-
ify which cultivation systems can reduce the risks and 
how much potential for soil restoration exists (Sec-
tion 11.4).

Land all over the world is affected by soil deg-
radation. Particularly at risk are the world’s arid 
regions, which constitute 40 per cent of the terres-
trial surface. More than 250 million people in these 
regions are directly affected; a further 1000 million 
live in at-risk areas. The majority of developing coun-
tries are situated in Earth’s arid zones; the 50 poor-
est countries are therefore also those most affected 
by desertification, i.e. soil degradation in arid regions 
(UNCCD, 2008). In Africa 65 per cent of cropland, 
31 per cent of pasture and 19 per cent of forests is 
degraded. But the situation also affects Latin Amer-
ica (45 per cent of cropland, 14 per cent of pasture, 13 
per cent of forests) and Asia (38 per cent of cropland, 
20 per cent of pasture, 27 per cent of forests), espe-
cially China (FAO, 1990 cited in WBGU, 1995a; MA 
2005e). Four levels of soil degradation are distin-
guished (Oldeman et al., 1991): ‘Light degradation’ 

fuels remain in the atmosphere for centuries (IPCC, 
2007a). Montenegro et al. (2007) consider that as 
much as 25 per cent of these emissions may remain 
in the atmosphere for more than 5000 years. Figure 
5.5-4 shows schematically the carbon reservoirs and 
fluxes that determine the CO2 concentration in the 
atmosphere, and highlights the differences between 
them.

House et al. (2002) conclude from their calcula-
tions that even the use of extreme and unlikely land-
use changes during the 21st century in an attempt to 
reduce CO2 increases in the atmosphere would have 
only a small effect in comparison to the effects of var-
ious emissions scenarios for the use of fossil fuels. 

It is therefore evident that efforts to reduce emis-
sions from the use of fossil fuels must form the core 
of any serious climate change mitigation policy. From 
a climate change mitigation perspective, land-use 
measures cannot adequately replace the reduction 
of emissions from fossil fuels. Nevertheless, land-use 
measures must also be accorded high priority, par-
ticularly where there are synergies with other sus-
tainability objectives such as the conservation of 

Atmosphere

Ocean Terrestrial biosphere 
and products from biomass

Fossil energy sources

CO2 fluxes
completely 
controllable

CO2
fluxes cannot

be directly
controlled

CO2 fluxes
can only be
conrolled to

a small extent

1 2 3

Figure 5.5-4
The global carbon cycle. The atmospheric concentration of 
CO2 is determined primarily by 
1: CO2 fluxes between the ocean and the atmosphere: these  
 are large natural fluxes that cannot be directly controlled  
 by humans using presently available technology. However,  
 humans influence them indirectly through the atmospheric  
 concentration of CO2. They act as a buffer. 
2: CO2 emissions from the use of fossil fuels: these fluxes are 
 entirely human-induced and thus completely controllable.
 With present technology they are largely irreversible  
 (technical CO2 sequestration not yet feasible on a large 
 scale). The volume of these fluxes can be very accurately 
 measured. 
3: CO2 fluxes between the terrestrial biosphere (incl. biomass
 products) and the atmosphere: these are large, 
 predominantly natural fluxes that humans can influence to 
 only a small extent (mainly through land-use changes). By 
 altering land use the distribution of carbon can within limits 
 be transferred between the atmosphere and the terrestrial 
 biosphere. These measures are largely reversible and the 
 precision of flux measurement is relatively low. 
Source: WBGU
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regions that already suffer from water scarcity, such 
as Central Asia, parts of South Asia and North Africa 
and sub-Saharan Africa, where population growth 
and neglect of the water sector lead to shortages. The 
cultivation of energy crops can heighten competition 
for freshwater but it can also help improve efficiency 
of water use (Berndes, 2008; Lundqvist et al., 2008). 
Humans already use or regulate more than 40 per 
cent of renewable, accessible freshwater resources 
(MA, 2005d). The pressure on global freshwater 
resources is increasing at the rate of about 10 per 
cent per decade (for all freshwater use), particularly 
as a result of increasing affluence (rising per-capita 
water consumption) and population growth (effects 
include increasing need for water for irrigated agri-
culture). There are now 1200 million people living in 
regions affected by water scarcity. Water withdrawal 
will need to increase by about 20 per cent by 2050 
simply to cover the increased need for food (de Frai-
ture et al., 2007). The cultivation of energy crops fur-
ther increases the pressure of use on regional fresh-
water supplies (McCornick et al., 2008) and can con-
tribute to overuse in a region – that is, to a situation in 
which water withdrawal exceeds the natural renewal 
rate (Figure 5.6-1). According to an estimate of the 
International Water Management Institute (IWMI, 
2007), particularly extensive expansion of bioenergy 
could cause water use by energy crops (measured as 
agricultural evapotranspiration) to almost double 
by 2050. Lundqvist, too, assumes that water use will 
nearly double, but does not attribute this to energy 
crops alone. According to his study, energy crops will 
be responsible for only around 20–40 per cent of the 
increased need for water (Lundqvist et al., 2008). 

According to Berndes (2008), the factors influ-
encing the effect of energy crops on the hydrologi-
cal cycle include: 
•	 the	location	(and	water	catchment	area)	in	which	

the crops are grown, and the agro-ecological situ-
ation of that location, particularly with regard to 
the available freshwater resource; 

•	 the	 particular	 energy	 crop	 grown;	 energy	 crops	
vary widely in their efficiency of water use and 
hence in their need for water; 

•	 the	 type	 of	 vegetation	 that	 the	 energy	 crops	
replace; the net change in water availability may 
be positive or negative. Areas with sparse vegeta-
tion may experience improved water availability 
as a result of energy crop cultivation (e.g. through 
reduced surface run-off and better infiltration), 
while clearance of dense forest for the purpose 
of cultivating crops such as soya or maize reduces 
water availability (e.g. through shorter ground 
cover periods and hence increased surface run-
off). 

means that the terrain has somewhat reduced agri-
cultural suitability, but restoration of full productiv-
ity is possible. In the case of ‘moderate’ degradation 
the terrain has greatly reduced agricultural produc-
tivity and major improvements are required before 
the soils can be used fully and productively. ‘Strong’ 
degradation means that the terrain has completely 
lost its productive capacity and is no longer usable 
for farming. Much investment and hard work over 
a long period is required for the land to be restored. 
‘Extreme’ degradation means that the terrain cannot 
be either cultivated or restored. 

WBGU’s estimate of land with potential for the 
cultivation of energy crops (Chapter 6) disregards 
land in the categories of ‘strong’ and ‘extreme’ deg-
radation. However, there remains 84 per cent of the 
land categorized as exhibiting ‘light’ to ‘moderate’ 
degradation; the productivity capacity of this land 
for food is greatly reduced and it is therefore not in 
direct competition with food production. With cor-
rect selection and suitable management the cultiva-
tion of energy crops on such terrain can even open 
up new opportunities if the planting serves to pre-
vent further degradation. This can in the long term 
increase the amount of organic carbon in the soil and 
thus improve the soil quality of this marginal land. 
It must, however, be borne in mind that marginal or 
degraded soils (Box 4.2-1) are usually more vulnera-
ble to (further) soil degradation than highly produc-
tive soils. In WBGU’s view, therefore, energy crops 
should not be grown on marginal land until a soil pro-
tection strategy has been drawn up which specifies 
how cultivation and management systems are to be 
adapted to local conditions. Priority should be given 
to perennial plants, preferably grown in a mixed cul-
ture, that require little tillage and whose root biomass 
remains in the soil (Section 7.1). 

In the long term the sustainable cultivation of suit-
able energy crops on marginal land opens up the fol-
lowing strategic option. WBGU assumes that it is 
only during the forthcoming transition period that 
the cultivation of energy crops will play an impor-
tant role in the global energy mix (Section 9.2.3); the 
possibility therefore arises that through the cultiva-
tion of energy crops some land will be restored to the 
point where it can later be used if required for food 
production or feedstocks. This will help to ease the 
increasing pressure on land use. 

5.6.2   
Overuse of freshwater resources 

The cultivation of energy crops can, however, increase 
competition not only for the use of land but also for 
available freshwater resources. Particularly at risk are 
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3500 litres of water are need to produce one litre of 
ethanol (de Fraiture et al., 2007). The use of irriga-
tion water for energy crops is thus an important fac-
tor in the regional assessment of water competition. 
The water requirements of energy crops must there-
fore be an important consideration when deciding 
whether or not to grow such crops. 

Berndes (2002) has modelled the influence of 
energy crop cultivation in selected countries to 2075, 
using two scenarios that distinguish between rain-fed 
and irrigated systems (Figure 5.6-1). For the model 
assumptions made, the results show that no critical 
developments in the water sector are expected as a 
result of the expansion of energy crop cultivation in 
Canada, Brazil, Russia, Indonesia and some coun-
tries in sub-Saharan Africa. However, in a number 
of countries that are already affected by water scar-
city a deterioration of the position is likely, even if 
energy crops are grown only under rain-fed condi-
tions. These countries include South Africa, Poland, 
Turkey, China and India. Finally there is a group of 
countries in which the cultivation of energy crops 
causes the critical threshold of water withdrawal (the 
point at which water withdrawal amounts to more 
than 25 per cent of the available resource) to be 
exceeded (USA, Argentina). 

Cultivated crops already evapotranspire around 
7000 km3 of freshwater globally per year (including 
evaporation); in irrigated cultures this water comes 
from rivers, lakes or aquifers (‘blue water’). Energy 
crops currently use an additional 100 km3 (or approx-
imately 1 per cent; de Fraiture et al., 2007). Produc-
tion of one litre of biofuel from energy crops requires 
on average around 820 litres of irrigation water and 
involves 2500 litres of water being evapotranspired. 
However, these global averages are difficult to inter-
pret because there are considerable regional differ-
ences (Table 5.6-1). In Europe, where the chief crops 
are rape and maize grown under rain-fed conditions, 
very little water is used for irrigation. In the USA, 
where maize is usually grown under rain-fed condi-
tions, three per cent of irrigation water is used for 
energy crop cultivation; this amounts to 400 litres 
of irrigation water per litre of bioethanol. In Brazil 
sugar cane is the most important energy crop; it is 
grown predominantly under rain-fed conditions, so 
that only very little irrigation water is used for energy 
crop cultivation. In China, by contrast, an average of 
2400 litres of irrigation water are used to produce one 
litre of ethanol from maize. Overall, around two per 
cent of irrigation water in China is used for energy 
crop cultivation. In India sugar cane is grown pre-
dominantly under irrigated conditions, so that nearly 

Figure 5.6-1
Development of per-capita water withdrawal and availability in a model of the impact of energy crop cultivation in selected 
countries to 2075. The solid circles represent the initial situation in 1995. The arrows indicate the shift to two scenarios which 
– besides impacts of increased food crop production and climate change – includes the impacts of substantial energy crops 
cultivation, either in exclusively rain-fed systems (open circles) or with partial irrigation (squares). Water scarcity is defined on 
the basis of the water stress indicator of Raskin et al. (1995), which describes a ratio between consumption and the available 
resource of less than 25% as the threshold of water stress (red area). In countries in which water resources are scarce both 
energy crop cultivation scenarios exacerbate the water situation.
Source: Berndes, 2008
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tems can increase water productivity by reducing the 
amount of unproductive precipitation that is other 
lost through run-off or evaporation (Ong et al., 2006). 
In order to assess the full impact of land-use prac-
tices on water availability, an integrated analysis of 
the water catchment area should therefore be car-
ried out before energy crops are planted on a large 
scale; at present, however, this is rarely done (Rock-
ström et al., 2007). 

5.6.3  
Conclusion: Integrate energy crop cultivation into 
sustainable soil and water management 

Large-scale expansion of energy crop cultivation and 
inappropriate cultivation systems (Section 7.1) can 
significantly increase the pressure of use on availa-
ble resources. This can result in competition between 
the cultivation of food and energy crops, both for the 
available land and also for the available water. This 
is not yet a major problem, but in at-risk regions con-
tinuing promotion of inappropriate cultivation sys-
tems can cause significant problems within a very 
short time. The cultivation of energy crops should not 

When integrating energy crops into land-use strat-
egies the key challenge is to ensure that local effects 
and conflicts of objectives are considered. For exam-
ple, a plantation of fast-growing trees (SRP) may not 
only increase water scarcity in the region through the 
high rate of evapotranspiration but also have a del-
eterious effect on the water supply of neighbouring 
users and adjacent ecosystems (Calder, 1999; Per-
rot-Maître and Davis, 2001; Berndes, 2008). On the 
other hand, the increased use of marginal land (such 
as pasture) for the sustainable cultivation of energy 
crops can help to avoid competition for the use of 
water and provides an opportunity for more efficient 
use of the water that is available to the plants as soil 
moisture (‘green water’). If perennial energy crops 
are grown on marginal land, the increasing demand 
for bioenergy could encourage the spread of land-
use systems that use water more efficiently (Bern-
des, 2008). A number of energy crops are drought-
resistant and relatively water-efficient; they provide 
an opportunity for reducing competition for water 
between food and energy crops. Crops that cover the 
ground all year round not only use each precipita-
tion event but also protect the soil against erosion 
and provide shade. For example, agroforestry sys-

Table 5.6-1
Water use for energy crops for ethanol production in selected countries. 
Source: adapted from de Fraiture et al., 2008

Bio-
ethanol
[milllion 
t]

Main 
energy 
crop used 

Raw 
mate-
rial 
used
[mil-
lion t]

Land on 
which 
bioenergy 
is grown 
[million 
ha]

Propor-
tion of 
farmland 
used for 
bioenergy 
[%]

Total eva- 
potranspir- 
ation 
[km3]

Proportion 
of evapo- 
transpira-
tion from 
bioenergy 
[%]

Water 
withdrawal 
for 
bioenergy 
[km3]

Proportion 
of water 
withdrawal 
for irriga-
tion for 
bioenergy 
[%]

Brazil 15,098 sugar cane 167.8 2.4 5.0 46.02 10.7 1.31 3.5

USA 12,907 maize 33.1 3.8 3.5 22.39 4.0 5.44 2.7

Canada 231 wheat 0.6 0.3 1.1 1.07 1.1 0.08 1.4

Germany 269 wheat 0.7 0.1 1.1 0.36 1.2 – 0.0

France 829 beet 11.1 0.2 1.2 0.90 1.8 – 0.0

Italy 151 wheat 0.4 0.1 1.7 0.60 1.7 – 0.0

Spain 299 wheat 0.8 0.3 2.2 1.31 2.3 – 0.0

Sweden 98 wheat 0.3 0.0 1.3 0.34 1.6 – 0.0

UK 401 sugar beet 5.3 0.1 2.4 0.44 2.5 – 0.0

China 3,649 maize 9.4 1.9 1.1 14.35 1.5 9.43 2.2

India 1,749 sugar cane 19.4 0.3 0.2 5.33 0.5 6.48 1.2

Thailand 280 sugar cane 3.1 0.0 0.3 1.39 0.8 1.55 1.9

Indonesia 167 sugar cane 1.9 0.0 0.1 0.64 0.3 0.91 1.2

South 
Africa

416 sugar cane 4.6 0.1 1.1 0.94 2.8 1.08 9.8

World 36,800 10.0 0.8 98.0 1.4 30.6 2.0
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result in a region incurring water stress or in soil deg-
radation that exceeds the soil protection guard rail 
(Chapter 3). If it were to do so, the expected social 
benefit from energy crops would be less than the 
harm done by increased soil degradation and inade-
quate water supplies. 

The Comprehensive Assessment of Water Man-
agement in Agriculture (IWMI, 2007), the SIWI study 
(Lundqvist et al., 2008) and the GLASOD study (Old-
eman et al., 1991; Oldeman, 1992) highlight the fact 
that current trends in global water and soil use are 
in the wrong direction. Without a change of policy, 
many regions will face an increasingly severe water 
crisis and greater soil degradation. In regions that 
are already experiencing a high level of water stress 
or soil degradation the cultivation of energy crops 
must not be permitted to exacerbate these negative 
environmental effects. However, if the correct tech-
niques are used the cultivation of appropriate energy 
crops can actually improve the situation. In the long 
term the cultivation of energy crops on marginal and 
degraded land is a strategic option, because restored 
land becomes available for future food production. 
The choice of cultivation system is crucial, because 
systems can vary considerably in their water and soil 
quality requirements (Section 7.1). Both energy crops 
and afforestation for CO2 storage are new drivers in 
the land-use sector; they may have major impacts on 
water use that are as yet poorly understood (Berndes, 
2002; Jackson et al., 2005). Discussion of the expan-
sion of bioenergy has as yet paid little heed to the 
water problem. Developments are now required in 
two directions. Firstly, the cultivation of energy crops 
must be integrated into a regional strategy for sus-
tainable soil and water management. Since there is 
no overall template, these strategies should always 
be drawn up locally and in the light of local condi-
tions. Secondly, there are still significant gaps in our 
knowledge of the links between energy crop cultiva-
tion and local or regional water resources that need 
to be filled with dedicated research. 





Before the model commissioned by WBGU and 
its results are described in detail, similar appraisals 
of global bioenergy potential in the recent literature 
will first be summarized. 

6.1
Previous appraisals of bioenergy potential

6.1.1  
Bioenergy potentials in the recent literature

In calculating the global potential of bioenergy, the 
literature distinguishes – as with other energy carri-
ers – between theoretical, technical, economic and 
sustainable potential (Box 6.1-1).

In its energy report WBGU estimates the glo-
bal sustainable potential of bioenergy to be around 
104 EJ per year (WBGU, 2004a) – i.e. around 20 per 
cent of the present global primary energy demand 
of around 480 EJ per year (GBEP, 2008). For the 
year 2050, calculated by the physical energy content, 
WBGU’s exemplary energy path (WBGU, 2004a) 
method involves a 10 per cent contribution of bioen-
ergy to the global primary energy requirement; cal-
culated by the substitution method this contribution 
falls to 7 per cent on account of the higher propor-
tion of wind and solar energy (Box 4.1-1). Present 
production of bioenergy, as measured by figures for 
2005, amounts to around 47 EJ (GBEP, 2008), most 
of it in the form of traditional bioenergy use (Smeets 
et al., 2007). WBGU’s appraisal takes account of the 
land available for biomass use on the different con-
tinents, excluding land used for food production and 
protected areas designated for the conservation of 
biodiversity and ecosystem functions. 

Previous studies of the global potential of bioen-
ergy have yielded a wide range of conclusions. A 
comparison of studies of the contribution of bioen-
ergy in future energy systems shows that estimates 
for the year 2050 range from 47 EJ per year to 450 EJ 
per year (Berndes et al., 2003). The comparatively 
low figure put forward by WBGU arises from the 

Modelling global energy crop potential 6

Over the last 10,000 years large areas of Earth’s ter-
restrial surface have undergone radical changes as 
the growing world population has used land for its 
various needs. The most important human land-use 
activities include the clearance or commercial use of 
forests, agriculture and the expansion of human set-
tlements (Foley et al., 2005). Farmland alone, com-
prising both cropland and pastures, now covers 
around 40 per cent of the land surface (Foley et al., 
2005). Almost a quarter of Earth’s potential net pri-
mary production is already subject to human influ-
ence through harvesting, productivity changes result-
ing from land use, and fires (Haberl et al., 2007).

The human use of land thus competes directly with 
natural land cover, which plays an important part in 
the conservation of biological diversity and also func-
tions as a carbon reservoir in the climate system. The 
increasing deployment of biomass for energy pro-
duction increases the pressure on previously unused 
land; on existing farmland, it competes with the need 
to produce food for the growing world population 
(Chapter 5).

It is against this backdrop that WBGU sets out 
to identify the size of the sustainable global poten-
tial for energy crops until the middle of the century, 
using the modelling system that it has commissioned 
and which is described in this chapter (Beringer and 
Lucht, 2008). The plant primary production avail-
able for bioenergy will be determined on a region-
by-region basis, taking account of the guard rails for 
food and environmental, climate and soil protection 
(Chapter 3). Using simple scenarios, the guard rails 
described in Chapter 3 will be used to identify exclu-
sion areas within which the cultivation of energy 
crops would not be defined by WBGU as sustain-
able.

Whether this global sustainable potential for the 
deployment of bioenergy from the cultivation of 
energy crops can be realized depends mainly on eco-
nomic and social conditions in those regions in which 
farmland that meets the WBGU criteria is available. 
WBGU’s assessment of global potential at the end 
of the chapter is therefore preceded by a detailed 
socio-economic analysis of the countries in question. 
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Bioenergy production on degraded land lies in the 
range of 8–110 EJ per year, while production from 
biogenic wastes and residues (agricultural and for-
estry residues, dung, organic waste) amounts to 
62–108 EJ per year. Figures for the feedstock use of 
biomass range from 83 EJ to 116 EJ per year (Hoog-
wijk et al., 2003). These figures highlight the impor-
tance of assumptions about the area of land that will 
be needed in future to secure the world food supply. 
Very high potentials (in the range of around 1000 EJ 
per year) for the contribution of bioenergy to the 
world energy supply are only possible if it is assumed 
that land previously used for food production can 
be released, as a result either of efficiency improve-
ments or less land-intensive dietary habits. 

This is also illustrated by a study of Wolf et al. 
(2003) which considers the land available for food, 
feed and biomass and investigates the influence of 
agricultural production systems and dietary habits. 
However, the study does not distinguish between 
different energy crops and their yields on different 
soils. Restricting consideration to land currently in 
agricultural use and assuming medium population 
growth and a moderate nutrition style, global techni-
cal bioenergy potential is estimated at between 59 EJ 
(extensive cultivation for food, feed and biomass) 
and 417 EJ per year (intensive cultivation for food, 
feed and biomass). If not only existing farmland but 
also all potentially available agricultural land is used, 

consideration given to the competing claims of other 
forms of land use and from the fact that some other 
estimates have assumed unrealistically high yields 
(WBGU, 2004a). Some more recent studies of glo-
bal bioenergy potential are discussed below. All fig-
ures for potentials represent the gross energy contri-
bution – i.e. any losses that occur during conversion 
to final energy are not included. 

Hoogwijk et al. (2003) evaluate existing studies 
and investigate the influence of various factors on 
the proportion of bioenergy from different sources 
in global energy production in 2050. The studies they 
review vary in their estimate of the world’s future 
food requirement (influenced by population devel-
opment and dietary habits), in the food and feed culti-
vation systems that they consider, and in the assump-
tions they make about productivity, land availabil-
ity and requirements for biomass feedstock cultiva-
tion. Only existing conservation areas are excluded 
from bioenergy production. The resulting estimates 
for the year 2050 span a wide range of possible val-
ues from 33 EJ to 1135 EJ per year. The way in which 
these bioenergy potentials are distributed between 
sources is interesting. Estimates for bioenergy pro-
duction on existing agricultural land (after the food 
requirements of the growing world population have 
been met) range from 0 to 988 EJ per year (the fig-
ure of 0 arises from the assumption that all exist-
ing agricultural land is needed for food production). 

Box 6.1-1

Types of potential 

Discussion of the potentials of various energy carriers usu-
ally distinguishes between theoretical potential, technical 
potential, economic potential and sustainable potential 
(WBGU, 2004a). In the context of this report, these terms 
are defined as follows: 

Theoretical potential
Theoretical potential describes the physical upper limit of 
the energy available from a particular source. In the case of 
solar energy this is the total solar radiation incident on the 
area in question. This potential therefore takes no account 
of land-use restrictions or of the efficiency of the conver-
sion technologies used. 

Technical potential
Technical potential is defined specifically for each tech-
nology; it is derived from the theoretical potential and the 
annual efficiency of the respective conversion technology. 
Restrictions relating to the land realistically available for 
energy production are also taken into account. The criteria 
used in selecting land are not applied uniformly in the lit-
erature. Technical, structural and ecological restrictions and 
statutory specifications are sometimes included. The level 
of the technical potential of different energy sources is thus 
not a clearly defined value but dependent on a wide range 
of conditions and assumptions. 

Economic potential
Economic potential describes how much of the technical 
potential is economically usable under the given economic 
conditions (at a particular point in time). For biomass, for 
example, the economic potential is the quantity of biomass 
that it is economical to extract in the face of competition 
with other products and land uses. It may be possible to 
exert significant influence on economic conditions through 
policy measures. 

Sustainable potential
The sustainable potential of an energy source takes account 
of all the dimensions of sustainability. A range of ecologi-
cal and socio-economic factors must usually be considered. 
Sustainable potential is not clearly delineated, since some 
authors already include ecological factors in their consid-
eration of technical or economic potential. 

It should be borne in mind that these terms are used in very 
different ways by different authors; in consequence, the 
sequence described above does not necessarily represent an 
increasingly tight progression. Hence the modelling com-
missioned by WBGU and described in this chapter refers 
to a ‘technical sustainable potential’, because the absence 
of integrated models has made it impossible to also assess 
economic viability. 
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year, while that from additional forest growth was 
estimated at 74 EJ per year (Smeets et al., 2007).

Hoogwijk et al. (2005) analyse the energy poten-
tial of short-rotation plantations of woody biomass 
for the years 2050–2100 for the four IPCC scenar-
ios A1, A2, B1 and B2. The area of land set aside for 
nature conservation that cannot be used for biomass 
cultivation is assumed under the A scenarios to be 10 
per cent and under the B scenarios to be 20 per cent 
of the global land area. Assumptions about world 
population, dietary habits and technological devel-
opment are based on the storylines of the IPCC sce-
narios. The technical potential for bioenergy pro-
duction arising from the use of abandoned agricul-
tural land is put at 130–410 EJ per year in 2050 and 
at 240–850 EJ per year in 2100. The potential of land 
not previously used for agriculture, after deduction 
of grasslands, forests, urban areas and existing pro-
tected areas, is estimated at 35–245 EJ per year for 
2050 and 35–265 EJ per year for 2100 (Hoogwijk et 
al., 2005; Smeets et al., 2007).

In its World Energy Outlook 2007 the Interna-
tional Energy Agency (IEA) puts the annual global 
primary energy use from biomass and residues in 2030 
for its four scenarios at 68 EJ (Reference Scenario), 
73 EJ (Alternative Policy Scenario), 69 EJ (High 
Growth Scenario) and 82 EJ (450 ppm Stabilisation 
Case; IEA, 2007a). This economic potential was cal-
culated using an economic energy system model, tak-
ing account of various policy scenarios. 

A study by the Institute for Energy and Environ-
mental Research, Heidelberg (Institut für Energie 
und Umweltforschung, IFEU) commissioned by the 
German chemical industry association (Verband der 
Chemischen Industrie, VCI) estimates global bioen-
ergy potential in 2050 to be 240–620 EJ per year. Of 
this, 215–420 EJ per year arises from the cultivation of 
energy crops on surplus agricultural land. The study 
takes account of the future need for feedstock use 
of biomass, and extreme scenarios for yield increases 
in agriculture have been excluded. In addition, tim-
ber growth contributes 0–45 EJ per year to the glo-
bal potential, while all types of biogenic wastes and 
residues contribute 25–155 EJ (IFEU, 2007).

The OECD Round Table on Sustainable Develop-
ment estimates that the sustainable global potential 
of bioenergy in 2050 totals 245 EJ per year (Doorn-
bosch and Steenblik, 2007). Of this potential, 109 EJ 
per year arise from the cultivation of energy crops 
and 136 EJ per year from the use of agricultural and 
forestry residues, dung and organic waste for energy. 
The authors estimate the area of land available for 
the cultivation of energy crops at 440 million hec-
tares. They exclude land currently used for food pro-
duction, an additional 200 million hectares for secur-

these figures rise to 257 EJ for extensive cultivation 
and 790 EJ per year for intensive cultivation (Wolf et 
al., 2003). The influence of dietary habits is interest-
ing. For extensive farming for food, feed and biomass 
on existing land the potential decreases from 59 EJ 
per year to 0 EJ per year if nutrition styles involve 
large quantities of meat and milk products and are 
therefore very land-intensive; if nutrition styles are 
less land-intensive the figure rises to 194 EJ per 
year.

Field et al. (2008) argue that sustainable cultiva-
tion of energy crops is only possible on abandoned 
agricultural lands that have previously been used 
as cropland or pasture, provided that they have not 
been converted to urban or forest areas. The authors 
thus implicitly exclude land used for growing food 
and feed, existing protected areas and wilderness 
areas, which they consider essential for securing the 
world food supply and for nature conservation. On 
the basis of this land appraisal and taking account 
of the spatially differentiated and climatologically 
determined net primary production on this land, they 
arrive at a global potential for the additional cultiva-
tion of energy crops that is sustainable according to 
their criteria of 27 EJ per year (Field et al., 2008).

Another study estimates that the sustainable pro-
duction of bioenergy from the extensive use of high-
diversity grassland on unused and degraded land 
could contribute around 45 EJ per year to global 
energy production. This type of use would in addi-
tion entail low inputs of chemical fertilizers and pes-
ticides, good carbon storage in the soil and relatively 
high biodiversity (Tilman et al., 2006). Without plac-
ing restrictions on the type of energy crop grown, a 
new study arrives at a similar potential of 32–41 EJ 
per year on abandoned and degraded land (Campbell 
et al., 2008).

Smeets et al. (2007) explore global bioenergy 
potentials to 2050 for three types of biomass (bioen-
ergy crops, agricultural and forestry residues and 
waste, and additional forestry yields) without tak-
ing climate change into account. In view of the need 
to conserve biodiversity, this study excludes exist-
ing protected areas, forests, barren land, scrubland 
and savannahs. Drawing on various assumptions 
for increasing yields in food production, the authors 
identify technical potentials of 215–1272 EJ per year 
for the cultivation of energy crops on surplus agricul-
tural land, although the assumptions underlying even 
the lowest figure appear noticeably optimistic (Faaij, 
2008). The higher figures assume major technological 
progress in food production as well as the use of irri-
gated agriculture. The global potential of bioenergy 
production from agricultural and forestry residues 
and wastes in 2050 was projected to be 76–96 EJ per 
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additional forest growth is small, because of the rising 
demand for wood products (Section 5.3.2). The cas-
cade use of these material products goes only some 
of the way towards alleviating the problem because 
of the inevitable losses that are entailed (Section 
5.3.3). WBGU therefore puts a figure of 0 EJ per 
year on the sustainable potential of additional forest 
growth, but notes that further research in this area 
is needed. 

There are very few studies of the sustainable 
potential arising from the use of biogenic wastes 
and residues. In its energy report (WBGU, 2004a), 
WBGU estimates that this potential amounts in total 
to 67 EJ per year. On the basis of more recent studies, 
WBGU regards a realistic figure for the global tech-
nical potential from biological wastes and residues 
from agriculture and forestry and from dung to be 
80 EJ per year. However, not all of this is usable, 
since these estimates do not necessarily take account 
of economic considerations and sustainability crite-
ria. For example, for soil protection reasons residues 
from agricultural and forestry ecosystems cannot 
be removed completely, as this would result in too 
much organic material being removed from the soil 
(Münch, 2008). At a rough estimate it seems realistic 
to assume that the technical sustainable potential is 
around 50 EJ per year, of which approximately half is 
economically realizable. WBGU points out that this 
figure must be regarded as very uncertain, since there 
are issues relating to the sustainable and economic 
use of biogenic wastes and residues that still need to 
be clarified through research. 

6.2
Global land-use models: The state of scientific 
knowledge 

6.2.1  
Effects and impacts of human land use 

Human-induced changes in Earth’s land cover influ-
ence the climate by changing the reflectivity (albedo) 
of Earth’s surface and affecting the carbon cycle 
(Lambin et al., 2003). It is estimated that around 35 
per cent of anthropogenic carbon dioxide emissions 
since 1850 are the result of human land use (Foley et 
al., 2005). In addition, land use and land-use changes 
affect the water cycle, the nutrient cycle, biological 
diversity and soil quality (Lambin et al., 2003).

Conversely, biogeophysical variables such as cli-
mate, water availability and soil quality, and changes 
in them, affect not only the natural vegetation; 
together with political, economic and social factors 

ing the world food supply, and forests, but do not 
reserve any land for nature conservation. 

Under an ‘alternative scenario’ for climate-
friendly future energy production, a study commis-
sioned by Greenpeace and the European Renewable 
Energy Council (EREC) puts the sustainable con-
tribution of bioenergy to global energy production 
in 2050 at around 105 EJ per year (Greenpeace and 
EREC, 2007).

6.1.2  
Summary and evaluation 

Estimates of the potential contribution of bioen-
ergy to global energy consumption are summarized 
in Table 6.1-1. Although the potentials quoted vary 
widely, ranging as they do from 30 EJ to 1,200 EJ per 
year, it is nevertheless possible to identify from this 
literature review some trends from which, despite 
some major uncertainties, a reasonably consistent 
picture emerges. 

The greatest uncertainty results from the fact that 
the amount of land needed to meet the future food 
requirement of the world population is unknown. 
This land requirement depends not only on popula-
tion growth, but also on the development of dietary 
habits, technological progress and the level of intensi-
fication of agricultural production (Section 5.2). Very 
high bioenergy potentials of the order of 1000 EJ per 
year are only technically realizable if land at present 
used for food production becomes available for the 
cultivation of energy crops as a result either of effi-
ciency improvements or of less land-intensive die-
tary habits. It is of course possible that securing the 
food supply of a growing world population might in 
fact require the use of even more land, as the FAO, 
among others, have forecast (FAO, 2003a).

If land that has been used until now for food pro-
duction is excluded, the only land that remains avail-
able for the cultivation of energy crops is marginal 
land (Box 4.2-1) with a very uncertain energy poten-
tial of around 30–200 EJ per year for a non-irrigated 
and not highly intensified farming system. 

According to the studies described here, this poten-
tial from the cultivation of energy crops is supple-
mented by additional forestry yields at around 80 EJ 
per year and by biogenic wastes and residues (includ-
ing agricultural and forestry plant residues, dung and 
organic waste) at around 80 EJ per year.

It must, however, be borne in mind that the major-
ity of these estimates relate to technical potential; 
economic potential and in particular sustainable 
potential are likely to be less. Furthermore, compet-
ing use has not always been considered. For example, 
WBGU estimates that the bioenergy potential from 
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Table 6.1-1
Technical (TP), economic (EP) and sustainable potential (SP) of bioenergy in EJ per year from various studies. 
Compilation: WBGU

Sources Potential, 
year

Forest 
increment 

Energy crop cultivation Residues Total

Farmland Unused 
land

Degraded 
land

Agricul-
ture

Forestry Other

Studies that consider all contributions to the bioenergy potential 

WBGU 
(2004a)

NP 0 37 17 42 8 104

Hoog-
wijk et al. 
(2003)

TP, 2050 0 0–988 8–110 10–32 42–482 10–28 33–1135

Smeets et 
al. (2007)

TP, 2050 74 215–1272 76–96 365–1442

IEA 
(2007a)

WP, 2030 68–824

IFEU 
(2007)

WP, 2050 0–45 200–390 15–30 15–70 5–30 5–55 240–620

Doorn-
bosch und 
Steenblik 
(2007)

NP, 2050 109 35 91 10 245

Faiij 
(2008)

NP, 2050 60–100 1206 706 40–170 430–6006

Studies of the potential from the cultivation of energy crops 

Wolf et al. 
(2003)

TP, 2050 0–7901

Hoog-
wijk et al. 
(2005)

TP, 2050 130–410 35–245

TP, 2100 240–850 35–265

Tilman et 
al. (2006)

NP 453

Campbell 
et al. 
(2008)

NP 32–41

Field et al. 
(2008)

NP 27

WBGU 
(2008)

NP, 2050 34–1207 

1 depending on dietary habits and degree of intensification of agricultural production
2 including 32 EJ per year from cascade use of biomaterials 
3 extensively used grassland of high biodiversity 
4 for the four IEA scenarios (Reference Scenario, Alternative Policy Scenario, High Growth Scenario, 450 ppm 
 Stabilisation Case) 
5 Alternative Scenario 
6 an additional 140 EJ per year in energy crop cultivation as a result of technological progress in agriculture is assumed 
7 climate model HadCM3, emissions scenario A1B, depending on guard rail scenario and irrigation 
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•	 Integrated	models	seek	to	combine	the	strengths	
of both approaches; they attempt to provide a 
more realistic description of changes in the human 
use of land, since these changes are influenced by 
both biogeophysical and socio-economic factors. 

6.3
Description of the model 

The modelling carried out for this report uses the 
LPJmL (LPJ managed Land) model (Bondeau et 
al., 2007), which is based on the LPJ dynamic glo-
bal vegetation model (Lund-Potsdam-Jena; Sitch et 
al., 2003). It consists of a geographical model of ter-
restrial land use which is combined with scenarios of 
the land area potentially available for biomass cul-
tivation. The model has a spatial resolution of 0.5°, 
which is determined by the climate models used. The 
economic drivers of future land use are only implic-
itly considered in the scenarios. 

Using process-oriented descriptions of key 
biogeochemical, biophysical and biogeographical 
mechanisms, LPJmL is able to simulate the large-
scale distribution of the various vegetation types. This 
yields a series of parameters relating to factors such 
as plant productivity and the distribution and dynam-
ics of carbon and water storage in vegetation and 
soils. A dynamic model of this type depicts how the 
geographical distribution of plants reacts to changes 
in the prevailing weather conditions, providing a pic-
ture of the large-scale vegetation shifts that might 
occur as a result of progressive climate change. 

6.3.1  
Methods used in the model 

6.3.1.1  
Modelling plant productivity 

LPJmL was developed for the analysis of interactions 
between climate and the biosphere on a global scale. 
The model design therefore requires certain simplifi-
cations and generalizations to be made. For example, 
the diversity of plant life and growth forms is reduced 
to nine plant functional types (PFTs), which are char-
acterized by their photosynthetic metabolism (C3 or 
C4), phenology (deciduous or evergreen), growth 
form (woody or non-woody) and life span (annual 
or perennial). Local climate conditions and compe-
tition for light and water determine the dynamics of 
the vegetation over time and space. The calculations 
of gross primary production (GPP) and plant res-
piration are based on a modified Farquhar-Collatz 

they are the major drivers of land-use changes (Heis-
termann et al., 2006).

Models of land use and land-use change attempt 
to study these complex interactions by applying 
numerical methods. Various types of land-use model 
and their typical strengths and weaknesses will now 
be briefly described. 

6.2.2  
Typology of global models of land use and land-
use change 

A fundamental distinction must be made between 
the description of current land use and that of land-
use changes. The modelling of current or future land 
use attempts, for example, to quantify the effects on 
the carbon and water cycle of the displacement and 
expansion of agricultural land, or to estimate the 
effects of climate change on plant productivity. In this 
case information on the underlying land-use changes 
comes from exogenous data. 

Models of land-use change, on the other hand, set 
out to consider the processes – usually socio-economic 
ones – that are likely to determine the future use of 
the biosphere by humans. 

Models of global land use and land-use change can 
be classified in various ways (Verburg et al., 2004); a 
useful approach is to categorize them on the basis 
of their underlying methodology (Heistermann et al., 
2006):
•	 Geographical	models	attempt	to	depict	the	spatial	

distribution of land-use types and the interaction 
between them, taking account of biogeophysical 
variables such as soil type and quality, climate, 
water availability, and the material fluxes (particu-
larly of carbon) that are important for the vegeta-
tion. This means that they are particularly good at 
reflecting fundamental biogeophysical constraints 
on the supply of agricultural products but may not 
adequately model land-use changes arising from 
socio-economic influences (e.g. change in demand 
for particular products). 

•	 Economic	 models,	 by	 contrast,	 focus	 on	 the	
socio-economic drivers of land use and land-
use change and hence on the demand side of the 
world economy. Demographic and cultural fac-
tors, changes in dietary habits, policies of promot-
ing particular agricultural products and the struc-
ture of the world market are among the issues that 
play an important role in such models. However, 
economic models do not always adequately depict 
major biogeophysical constraints on agricultural 
production (e.g. relating to the soil or to climate 
change). 
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a density of around 15,000 individuals per hectare. 
The tropical tree type is represented by a commer-
cially grown eucalyptus species grown in the model 
at a density of 2000 individuals per hectare. Both 
tree species are grown on a short-rotation system 
and harvested every eight years. Harvesting involves 
removal of 90 per cent of the above-ground biomass; 
the below-ground root mass is retained in its entirety, 
enabling realistic growth of coppice shoots the fol-
lowing year. 

In addition to woody biomass, the model includes 
the cultivation of highly productive C4 grasses such 
as Miscanthus grasses and switchgrass (Panicum) on 
a large scale. It is particularly interesting to note that 
certain species of these plants can maintain a high 
level of photosynthesis even at low temperatures. 
Harvesting takes place annually at the end of the 
growth period, again involving removal of 90 per cent 
of the above-ground biomass.

6.3.1.4  
Comparison with measured data

The most important quality criterion for global veg-
etation models is the degree of similarity between 
their results and empirical measurements. LPJmL 
has been extensively tested against various inde-
pendent observation data. This has shown that the 
model can correctly depict the large-scale distribu-
tion and dynamics of terrestrial vegetation (Lucht et 
al., 2002; Sitch et al., 2003; Hickler et al., 2004; Erbre-
cht and Lucht, 2006). Its simulation of soil moisture, 
run-off, transpiration and the seasonal variability of 
these factors also largely corresponds with measured 
values (Wagner et al., 2003; Gerten et al., 2004). A 
comparison of agricultural yields and FAO statistics 
shows that LPJmL can correctly represent geograph-
ical differences in yields (Bondeau et al., 2007).

Validation of the simulated biomass plantings is 
difficult, because the cultivation of cellulose plants 
is at present largely confined to special experimen-
tal areas, usually under optimal growth conditions. 
Comparisons show that the modelled biomass yield 
of switchgrass (Panicum) and of short-rotation plan-
tations of fast-growing trees lies within a range that 
can already be achieved with progressive farming 
methods. 

6.3.1.5  
Calculation of global bioenergy potential 

For each grid cell in the model, the amount of land 
available for the cultivation of energy crops can be 
determined from the combination of various exclu-

approach (Farquhar et al., 1980; Collatz et al., 1992) 
and are linked via the stomatal conductivity direct to 
the water balance of the plants (Gerten et al., 2004). 
This enables the effect of drought on photosynthe-
sis and transpiration to be realistically depicted. Var-
ious allometric and functional rules determine the 
allocation of the assimilated carbon to the four plant 
storage organs of leaves, heartwood, sapwood and 
fine roots (Shinozaki et al., 1964). Fire events have 
a major impact on the carbon cycle of an ecosystem 
and are in some biomes characteristic elements of 
vegetation development. In LPJmL their occurrence 
is estimated from the available combustible material 
and prevailing soil moisture (Thonicke et al., 2001). 
Dead biomass enters the soil, where the decay rate 
of organic substances is calculated using a modified 
Arrhenius equation (Foley, 1995), taking account of 
soil temperature (Lloyd and Taylor, 1994) and mois-
ture. For the CO2 fertilizing effect a value of 20–30 
per cent was assumed. This conforms well with meas-
ured productivity increases, such as those obtained 
in FACE (Free-Air Carbon Dioxide Enrichment) 
experiments for fast-growing tree species in short-
rotation plantations (Calfapietra et al., 2003; Liber-
loo et al., 2006; Hickler et al., 2008).

6.3.1.2  
Agriculture in LPJmL

As well as simulating the distribution and dynam-
ics of potentially natural vegetation, LPJmL is also 
able to depict land used for agriculture (Bondeau et 
al., 2007). In addition to modelling biophysical and 
biogeochemical processes, the model calculates the 
productivity and yields of the most important crops, 
again utilizing the approach of generic plant types. It 
distinguishes 13 crop functional types (CFTs), 11 ara-
ble crops and two grass types. For all CFTs the model 
enables cultivation to take place on either irrigated 
or non-irrigated land. 

6.3.1.3  
Modelling the cultivation of energy crops 

For the depiction of biomass plantings in the model, 
three additional plant types were defined and param-
eterized: two fast-growing trees and a high-productiv-
ity grass. The trees can be divided according to their 
potential cultivation area into a tropical and an extra-
tropical type. Parametrization of the extra-tropi-
cal tree species was based on the growth dynamics 
and yield of poplar and willow species whose growth 
properties make them suitable for use as energy 
crops. It was assumed that they would be planted at 
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land for growing energy crops. On strongly degraded 
land (Category 3) only 30 per cent of potential yield 
can actually be achieved. Settlement areas are not 
explicitly excluded from the modelling; however, they 
constitute only around 2 per cent of global land use 
(Lambin et al., 2001) and can therefore be ignored.

6.4
Model assumptions and scenarios 

6.4.1  
Climate models and emissions scenarios

For the scenarios used in this report, LPJmL was 
driven with data from various current climate mod-
els, all of which were calculated for the Fourth Assess-
ment Report of the IPCC (IPCC, 2007d). The selec-
tion criterion for the climate models was the best 
possible fit of simulated and observed values for 
temperature and precipitation in the period 1961–
1990. The models selected were ECHAM5 (Roeck-
ner et al., 2003), HadCM3 (Pope et al., 2000), CM2.1 
(Delworth et al., 2006), ECHO-G (Legutke and Voss, 
1999) and CCSM3.0 (Collins et al., 2006). All the cli-
mate models were driven using three IPCC emissions 
scenarios (A1B, A2 and B1, IPCC, 2000).

6.4.2  
Irrigation scenarios

For the purposes of modelling global bioenergy 
potential a distinction is made between non-irrigated 
and irrigated cultivation; the model assumes that 10 
per cent of cultivation land is irrigated. By way of 
explanation: the extent of currently irrigated land as 
a proportion of total agricultural land (cropland and 
pasture) varies widely from region to region. The fig-
ure ranges from 0.5 per cent in sub-Saharan Africa, 
2.6 per cent in the former Soviet Union, 4.7 per cent 
in North America and 6.1 per cent in Europe to 25.8 
per cent in South-East Asia and India, with a global 
mean of 5.4 per cent (Portmann et al., 2008). The pro-
portion of cropland that is irrigated is higher; in 1998 
it was around 16.9 per cent, and the FAO expects it 
to rise to around 18.0 per cent by 2030 (Faurès et al., 
2000). However, the model envisages that energy 
crops will not be grown on existing cropland, and a 
significant proportion of the land potentially availa-
ble for energy crops is situated in developing coun-
tries. For these reasons, and also in view of the insuf-
ficient availability of water in many regions, WBGU 
considers 10 per cent to be a realistic maximum for 

sion criteria arising from the guard rails for food pro-
duction and nature, soil and climate protection (Chap-
ter 3). The model assumes that half of this land will 
be cultivated with high-productivity grasses and half 
with fast-growing tree species. If only one of these 
plant types grows on the land in question (e.g. in 
many regions trees cannot be grown on non-irrigated 
land), the entire area is planted with this plant type. 
The area and yield potential of both plant types are 
used to calculate the quantity of primary energy (i.e. 
the chemical energy contained in the biomass) that 
can be produced annually. The calculation assumes 
an energy content of the dry mass of 19.0 kJ/gram 
(Wirsenius, 2000).

6.3.2  
Data sets used in the model

6.3.2.1  
Climate change and climate data 

Monthly data for temperature, precipitation and 
cloud cover and annual data for atmospheric CO2 
concentration are used to drive LPJmL. Various cli-
mate models were used to depict future climate 
development. It should, however, be noted that the 
absolute values of the data from the climate mod-
els partly differ significantly from the measured val-
ues, which can seriously affect the quality of the veg-
etation modelling. For the scenario calculations with 
LPJmL the anomalies of temperature and precip-
itation were therefore superimposed on the long-
term means (1961–1990) of the observed data of 
the Climatic Research Unit (CRU; New et al., 2000) 
(Schaphoff et al., 2006).

6.3.2.2  
Land-use data 

In addition to the climatological data in the individual 
grid cells the model also requires information on soil 
characteristics, current land use and the distribution 
of non-irrigated and irrigated farmland (Klein Gol-
dewijk et al., 2007; Portmann et al., 2008; Ramankutty 
et al., 2008). Because of the relatively low spatial res-
olution of the model, steep slopes were not explic-
itly excluded, but the climate data used in the model 
prevent unrealistic biomass production on such land. 
The exclusion of marginal soils was based on the 
data of the Global Assessment of Human Induced 
Soil Degradation (GLASOD; Oldeman et al., 1991), 
as shown in Figure 6.4-1. Extremely degraded land 
(Category 4) cannot be converted in the model into 
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duction; insufficient information is available on the 
future development of these parameters. However, it 
is considered unrealistic to expect that land at present 
used for food production could become available for 
the cultivation of energy crops (Section 5.2).

In the present model calculations, two scenar-
ios for the land requirement of food production are 
therefore distinguished: 
•	 Scenario	A	 (high	 demand	 for	 agricultural	 land): 

This scenario adopts a forecast of the United 
Nations Food and Agriculture Organization 
(FAO) stating that an additional 120 million hec-
tares of land worldwide will be required for food 
production by 2030 (FAO, 2003a). In this scenario, 
therefore, land currently used for food production 
and a further 120 million hectares of the most pro-
ductive land is unavailable for the cultivation of 
energy crops. 

•	 Scenario	B	(low	demand	for	agricultural	land): The 
less restrictive Scenario B assumes that the land 
currently used for food production will in future 
continue to be sufficient to meet the world’s food 
needs and will not be used for the cultivation of 
energy crops. 

The land excluded under the two scenarios is shown 
in Figure 6.4-2.

the proportion of land on which irrigated cultivation 
takes place. 

6.4.3  
Scenarios for the calculation of biomass potentials 

The global potential for bioenergy is calculated from 
the modelled potential yields and the amount of land 
available for the cultivation of biomass. In accordance 
with WBGU’s guard rail approach (Chapter 3), a sce-
nario-based approach was selected for the analysis of 
the potential for sustainable bioenergy production. 
Three main factors were viewed as key to the extent 
and distribution of land for energy crop cultivation 
in the coming decades: the land needed for food pro-
duction, the land needed for nature conservation and 
the greenhouse gas balance of the land-use changes 
that would be required. 

6.4.3.1  
Scenarios for securing food production 

It is difficult to assess the amount of additional land 
needed for agricultural food production, since the 
figure depends on population development, dietary 
habits and technological progress in agricultural pro-

Figure 6.4-1
Extremely degraded (Category 4, total area 680 million hectares) and strongly degraded (Category 3, total area 2400 million 
hectares) land excluded from bioenergy cultivation. It is assumed that yields on Category 4 land are 0% of those achieved on 
non-degraded land, while on Category 3 land they are 30%. 
Source: Beringer and Lucht, 2008, based on Oldeman et al., 1991

Category 3 Category 4 

GLASOD categories
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Figure 6.4-2
Land excluded in order to secure the food supply. (a) Percentage of current agricultural land in the grid cells of the model. 
This land is excluded from bioenergy production in Scenario B. (b) Additional land excluded in Scenario A in order to permit 
expansion of agricultural land for food production. These are the most productive 120 million hectares of the land available for 
bioenergy cultivation in Scenario B. 
Source: Beringer and Lucht, 2008
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that, because of their remoteness from civilization or 
for other reasons, are still in a natural state. They do 
not always exhibit high concentrations of biodiversity 
but frequently provide very valuable ecosystem serv-
ices. For areas of untouched wilderness the following 
three data sets were used: High-Biodiversity Wilder-
ness Areas (Mittermeier et al., 2003), Frontier For-
ests (Bryant et al., 1997) and Last of the Wild (Sand-
erson et al., 2002).

In order to merge the data sets for biodiversity 
and wilderness areas of high conservation value and 
thus arrive at actual exclusion areas, the areas have 
been categorized according to the number of indi-
cator data sets in which they occur: the greater the 
agreement between the various data sets, the higher 
the proportion of land placed under protection. Here 
again two scenarios are distinguished: 
•	 Scenario	A	(high	nature	conservation): In this sce-

nario wilderness areas are always placed under 
100 per cent protection, even if they are only 
listed in one of the wilderness area data sets. For 
biodiversity hotspots a graded system is used: as 
a starting point 10 per cent of all land is placed 
under protection; where an area is listed in one 
data set 20 per cent of the area is placed under 
protection, rising to 30, 50 and 80 per cent for two, 
three or, respectively, four data sets. 

•	 Scenario	B	(low	nature	conservation): In this less 
restrictive scenario wilderness areas are placed 
under 100 per cent protection only if the area is 
listed in at least two of the data sets. Biodiversity 

6.4.3.2  
Scenarios for nature conservation

The exclusion of areas with high nature conserva-
tion value is based on various scenarios for consider-
ing areas of high biological diversity and wilderness 
areas. Completely excluded from any use are, in the 
first place, existing protected areas that appear in the 
World Database on Protected Areas (WDPA, 2008), 
as shown in Figure 6.4-3. 

In order to also exclude areas of high biological 
diversity that do not at present have protected status, 
the following four indicators are used: 
• Biodiversity Hotspots (Mittermeier et al., 2004) 

are areas in which a particularly high concentra-
tion of endemic species is experiencing higher 
than average loss of habitat; 

• Endemic Bird Areas (Stattersfield et al., 1998) are 
characterized by a high concentration of bird spe-
cies with a small geographical distribution; 

• Centres of Plant Diversity (WWF and IUCN, 1994) 
contain either a high diversity of plant species or a 
large number of endemic species (or both); 

• Global 2000 (Olson et al., 2001) is a list of more 
than 200 land, freshwater or marine ecosystems 
with particularly high biodiversity and that are 
representative of their particular ecosystem type. 

Wilderness areas form a further category of types of 
land that should be protected. Wilderness areas are 
defined as large contiguous areas (e.g. tropical rain-
forests, boreal forests, grasslands, semi-deserts, etc.) 

Figure 6.4-3
Geographical distribution of current nature reserves, with a total area of 1330 million hectares. These areas are excluded from 
energy crop cultivation in the model. 
Source: Beringer and Lucht, 2008, based on WDPA, 2008

Nature reserves
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used as an indicator of the minimum compensation 
time that can be achieved in the overall greenhouse 
gas balance. 

With regard to the greenhouse gas balance it 
should be borne in mind that the carbon absorbed by 
the soil ideally remains there, while the carbon stored 
in biomass growth is released again after harvest-
ing, although it does substitute fossil CO2 emissions. 
It remains to be clarified whether the carbon stored 
in the biomass is a good indicator for the quantity 
of fossil CO2 emissions that are mitigated when the 
deployment of this biomass for energy substitutes the 
use of fossil fuels. 

If the carbon contained in different energy carriers 
is considered per unit of stored energy (Kaltschmitt 
and Hartmann, 2003), the potential CO2 emissions 
associated with the use of biomass for energy cor-
respond roughly to those of hard coal and are about 
20 per cent below those of lignite. If lignite is sub-
stituted directly, it is therefore theoretically possible 
for the biomass use to save almost 20 per cent more 
fossil CO2 than is stored in the biomass; when lig-
nite is replaced, about as much fossil CO2 is saved as 
is stored in the biomass. Other fossil fuels (oil, gas) 
have a lower carbon content and so offer correspond-
ingly less scope for savings. This ignores the losses 
that take place during technical conversion. 

The carbon stored in the biomass is hence a good 
indicator of the maximum CO2 emissions that can 
be saved, since in addition to the emissions from the 
change of land use emissions from cultivation and 
possible conversion losses arise. 

It is thus clear that substituting fossil fuels by 
biomass usually saves fewer greenhouse gas emis-
sions overall than those to which the carbon stored 
in the biomass corresponds. The only biomass path-
ways that are regarded as acceptable are those for 
which the compensation time – i.e. the period follow-
ing land-use conversion after which the real reduc-
tion in emissions begins – is a relatively short one of 
not more than ten years. For this to be achieved, the 
released carbon must therefore be re-absorbed by the 
soil and the biomass growth within at the most ten 

hotspots are only placed under 50 or 80 per cent 
protection if they are listed in three or, respec-
tively, four data sets. 

The indicators for the scenarios are summarized 
in Table 6.4-1 and the resulting exclusion areas are 
shown in Figure 6.4-4.

6.4.3.3  
Scenarios for greenhouse gas emissions from land-
use changes 

The release of CO2 from vegetation and the soil 
through the clearing of forests or drying out of 
wetlands results in greenhouse gas emissions signifi-
cantly greater than those that can be saved through 
the substitution of fossil fuels by the subsequent 
biomass use (Sections 4.2.3.1 and 4.2.3.2). Many such 
sites already form part of areas of high biodiversity 
and low human impact (natural forests, wetlands) and 
are therefore in any case not considered for energy 
crop cultivation. 

Also excluded from human use are wetlands from 
the Global Lakes and Wetlands Database (Lehner 
and Doll, 2004) that represent a major carbon sink in 
the model but that have not been included in the list 
of reserved protected areas (Figure 6.4-5).

Finally, in view of the climate protection guard rail 
(Section 3.1.1), cultivation of energy crops must be 
excluded on land where the greenhouse gas emis-
sions arising from conversion would only after a very 
long period be compensated by the carbon removed 
from the atmosphere. Ideally this calculation should 
include the emissions resulting from agricultural cul-
tivation and the processing of energy crops (agricul-
tural machinery, fertilizers) and the fossil fuel emis-
sions saved through the deployment of biomass for 
energy. Since such data is not available for the pur-
pose of this model, the calculations performed take 
account only of the extent to which the emissions 
arising from land-use change are compensated by 
the carbon subsequently removed from the atmos-
phere by the soil and biomass growth. This can be 

Table 6.4-1
Proportions of protected areas for the conservation of wilderness areas and biodiversity hotspots under the two scenarios. 
Source: Beringer and Lucht, 2008

Number of concurrences in indicator data sets

Scenario Wilderness areas Biodiversity hotspots 

1 2 3 0 1 2 3 4

A: High nature  
 conservation

100 % 100 % 100 % 10 % 20 % 30 % 50 % 80 %

B: Low nature  
 conservation

0 % 100 % 100 % 0 % 0 % 0 % 50 % 100 %
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Figure 6.4-4
Areas for the conservation of wilderness and biological diversity and hence excluded from energy crop cultivation for the two 
scenarios described in the text. (a) Scenario A: high nature conservation; (b) Scenario B: low nature conservation (Table 6.4-1). 
Source: Beringer and Lucht, 2008

Proportion excluded in the grid cells [%]

Exclusion criterion nature conservation for 
Scenario A (high nature conservation)

100 20 30 40 50 7060 80 90 100

a

Proportion excluded in the grid cells [%]

Exclusion criterion nature conservation for 
Scenario B (low nature conservation)

100 20 30 40 50 7060 80 90 100

b
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narios on the modelled bioenergy potentials is only 
very slight. For example, the potential for non-irri-
gated agriculture under the A1B scenario and a par-
ticular land-use scenario is 34.5 EJ per year in the 
HadCM3 model and 34.1 EJ per year for ECHAM5. 
The corresponding figures for scenarios A2 and B1 
for HadCM3 are 34 and 33 EJ per year respectively. 
The differences are thus noticeably below 10 per 
cent. 

The reason for this is probably that differences in 
the forecast changes in climatological site conditions 
in the regions with potential land available for the 
cultivation of energy crops are only minor. For exam-
ple, for the Amazon region the projections of differ-
ent climate models vary widely, but land in this region 
has for nature conservation and climate change miti-
gation reasons been excluded from biomass use for 
the purpose of the present modelling. 

The results of the modelling are thus largely inde-
pendent of the climate model and emissions scenar-
ios used. The following findings therefore relate only 
to calculations made with the HadCM3-Modell using 
the A1B scenario.

6.5.2  
Influence of the compensation period 

It was found that the different compensation peri-
ods of five or ten years for removal of the carbon 

years. Two scenarios are therefore used, which differ 
in the compensation period that they envisage: 
•	 Five	years: In this scenario the maximum compen-

sation period for the emissions arising from the 
land-use change is set at five years. 

•	 Ten	years: In this less restrictive scenario the max-
imum compensation period is ten years.
The geographical distribution of these exclusion 

areas is shown in Figure 6.4-6. Comparison with the 
geographical distribution of forested areas (FAO, 
2006c) reveals that the majority of the excluded areas 
are forests (Figure 6.4-7). These areas are excluded 
from conversion into land for the cultivation of 
energy crops, although they might in some cases still 
contribute to the bioenergy potential arising from 
forest residues (Section 5.5). 

6.5
Results of the modelling of the global potential of 
energy crops 

6.5.1  
Influence of the climate models and emissions 
scenarios 

By comparison with the importance of the exclusion 
criteria for the available land, the influence of the 
various climate models and the two emissions sce-

Figure 6.4-5
Wetlands excluded from biomass use, with a total area of 1150 million hectares. 
Source: Beringer and Lucht, 2008, based on Lehner and Doll, 2004

25 50 75 100

Wetlands

Proportion in grid cells [%]
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Not possible within 5 years

Compensation of the CO2 released as a result of land-use change

a

Figure 6.4-6
The maps show regions in which biomass cultivation cannot compensate within (a) five years (Scenario A: total area 3713 
million hectares) and (b) 10 years (Scenario B: total area 2891 million hectares) for the loss of carbon as a result of the land-use 
change. 
Source: Beringer and Lucht, 2008

Not possible within 10 years

Compensation of the CO2 released as a result of land-use change

b
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have only a comparatively small influence on the cal-
culation of the globally sustainable bioenergy poten-
tial in 2050, the following description covers only the 
dependence of this potential on the two remaining 
factors, the scenarios for food production and nature 
conservation. 

In this section we therefore consider four scenar-
ios that arise from combinations of the two scenarios 
for the land needed to secure the food supply (Sec-
tion 6.4.3.1) and the two scenarios for conserving 
biodiversity and wilderness areas (Section 6.4.3.2). 
The nomenclature used in shown in Table 6.5-1. 

released during conversion of the land for the pur-
pose of growing biomass has only a very slight influ-
ence on the simulated bioenergy potentials. The max-
imum variation is 10 cent. In consequence only the 
results for a compensation period of ten years are 
reported here. 

6.5.3  
Bioenergy potentials for four scenarios

Since the different climate models and emissions sce-
narios and the two compensation periods considered 

Figure 6.4-7
Global distribution of forested areas. 
Source: FAO, 2006c

Evergreen Deciduous

Forested areas

Table 6.5-1
Definition of the four land-use scenarios used.
Source: Beringer and Lucht, 2008

Scenario Description Food stuff production Nature conservation

1 High farmland requirement / high 
nature conservation

A A

2 High farmland requirement / low na-
ture conservation

A B

3 Low farmland requirement / high 
nature conservation

B A

4 Low farmland requirement / low nature 
conservation

B B
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Table 6.5-2
Potential cultivation areas and bioenergy potentials in 2000 and 2050 for the four land-use scenarios. 
Source: Beringer and Lucht, 2008

Scenario Cultivation 
area 
[Mha]

Bioenergy potential 
in 2000
[EJ per year]

Bioenergy potential 
in 2050
[EJ per year]

Non 
irrigated

Irrigated Non 
irrigated

Irrigated

1 High farmland requirement / high nature conser-
vation

240 35 42 34 42

2 High farmland requirement / low nature conserva-
tion

380 63 74 61 71

3 Low farmland requirement / high nature conserva-
tion

360 75 83 74 83

4 Low farmland requirement / low nature conserva-
tion

500 110 120 100 120

Table 6.5-3
Bioenergy potentials for the years 2000 and 2050 in different world regions (Figure 6.5-5) for four land-use scenarios. 
Source: Beringer and Lucht, 2008

Bioenergy potentials non-irrigated for 2000 [EJ per year]

Scenario AFR CPA EUR GUS LAM MEA NAM PAO PAS SAS

1 6,0 3,6 3,4 1,3 10 0,8 5,2 1,6 0,6 2,5

2 8,3 8,4 5,3 2,2 19 1,3 9,7 4,9 1,0 3,0

3 7,9 10 11 7,0 15 0,9 11 3,0 6,6 2,6

4 11 13 13 7,4 27 1,4 13,4 6,5 10 3,1

Bioenergy potentials irrigated for 2000 [EJ per year]

Scenario AFR CPA EUR GUS LAM MEA NAM PAO PAS SAS

1 8,4 3,8 3,7 1,4 12 1,0 5,5 2,3 0,7 3,6

2 11 8,7 5,9 2,3 21 1,6 10 7,4 1,0 4,2

3 10 11 12 7,2 17 1,0 11 3,8 6,7 3,7

4 14 14 14 7,7 30 1,7 14 9,1 10 4,3

Bioenergy potentials non-irrigated for 2050 [EJ per year]

Scenario AFR CPA EUR GUS LAM MEA NAM PAO PAS SAS

1 5,1 4,1 4,9 2,4 8,0 0,5 5,0 1,8 0,7 2,0

2 6,9 9,9 7,4 3,6 14 0,8 10 4,4 1,0 2,6

3 8,2 10 12 8,1 13 0,5 11 2,4 6,8 2,2

4 11 14 14 8,9 23 0,8 14 5,1 10 2,8

Bioenergy potentials irrigated for 2050 [EJ per year]

Scenario AFR CPA EUR GUS LAM MEA NAM PAO PAS SAS

1 7,6 4,3 5,4 2,6 9,5 0,7 5,3 2,3 0,8 3,2

2 10 10,3 8,1 3,8 16 1,0 11 6,3 1,0 3,8

3 11 11 13 8,5 14 0,7 12 3,0 7,0 3,4

4 14 15 15 9,4 25 1,0 15 7,1 11 4,0
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Figure 6.5-1
Geographical distribution of possible energy crop cultivation areas for Scenario 1 (high farmland requirement, high biodiversity 
conservation). Bioenergy potentials are shown for the year 2050 for (a) non-irrigated cultivation (totalling 34 EJ per year) and 
(b) irrigated cultivation (totalling 42 EJ per year). 
Source: Beringer and Lucht, 2008

a

Bioenergy potential [GJ/ha per year]

500250 750 1.2500 1.000 1.500

b

Bioenergy potential [GJ/ha per year]

500250 750 1.2500 1.000 1.500
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Figure 6.5-2
Geographical distribution of possible energy crop cultivation areas for Scenario 2 (high farmland requirement, low biodiversity 
conservation). Bioenergy potentials are shown for the year 2050 for (a) non-irrigated cultivation (totalling 61 EJ per year) and 
(b) irrigated cultivation (totalling 71 EJ per year). 
Source: Beringer and Lucht, 2008

a

Bioenergy potential [GJ/ha per year]

500250 750 1.2500 1.000 1.500

b

Bioenergy potential [GJ/ha per year]

500250 750 1.2500 1.000 1.500
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Figure 6.5-3
Geographical distribution of possible energy crop cultivation areas for Scenario 3 (low farmland requirement, high biodiversity 
conservation). Bioenergy potentials are shown for the year 2050 for (a) non-irrigated cultivation (totalling 74 EJ per year) and 
(b) irrigated cultivation (totalling 83 EJ per year). 
Source: Beringer and Lucht, 2008

a

Bioenergy potential [GJ/ha per year]

500250 750 1.2500 1.000 1.500

b

Bioenergy potential [GJ/ha per year]

500250 750 1.2500 1.000 1.500
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Figure 6.5-4
Geographical distribution of possible energy crop cultivation areas for Scenario 4 (low farmland requirement, low biodiversity 
conservation). Bioenergy potentials are shown for the year 2050 for (a) non-irrigated cultivation (totalling 100 EJ per year) and 
(b) irrigated cultivation (totalling 120 EJ per year). 
Source: Beringer and Lucht, 2008

a

Bioenergy potential [GJ/ha per year]

500250 750 1.2500 1.000 1.500

b

Bioenergy potential [GJ/ha per year]
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grown under both non-irrigated and irrigated condi-
tion, and for the two scenarios with the largest and 
smallest exclusion areas, are shown in Figures 6.5-6 
to 6.5-9. The modelled yields of the grasses and trees 
form the basis for the biomass potentials shown in 
Figures 6.5-1 to 6.5-4. In the model the land avail-
able for growing energy crops, after removal of the 
exclusion areas, is planted 50 per cent with high-pro-
ductivity grasses and 50 per cent with fast-growing 
trees. If only one plant type grows well in a grid cell 
(e.g. only grasses grown under non-irrigated condi-
tions), the whole area is allocated to this plant type. 
The resulting dry mass yields are then converted into 
energy units, assuming a conversion factor of 19.0 kJ 
per gram (Section 6.3.1.5). The relative contribution 
of the cultivation of high-productivity grasses and 
fast-growing trees species to the bioenergy potential 
of biomass can be estimated from the maps shown 
here. 

6.6
Key uncertainties in the modelling 

6.6.1  
Quality of the climate data 

The various climate models differ from each other, 
particularly with regard to the simulated changes in 
precipitation where some of the processes involved 
are not fully understood or are difficult to simu-
late. At the same time, the quantity of water avail-
able to plants is the most important determinant of 
the yield potential of biomass plantings in the sim-
ulation. However, the low impact of the varying cli-
mate data on biomass yields in LPJmL indicates that 
the effect of altered temperature and precipitation 
conditions in the areas suitable for biomass planting 
is relatively small. 

6.6.2  
Response of plants and ecosystems to climate 
change

The effects of altered temperature and precipitation 
conditions and of the increasing carbon dioxide con-
centration in the atmosphere on the individual plant 
or on whole ecosystems are still not fully understood. 
An example is what is known as CO2 fertilization, 
which leads to increase water-use efficiency in C3 
plants. CO2 fertilization is most marked in dry areas; 
in the model it results in a productivity increase of 
around 10–20 per cent.

These four scenarios yield the following results 
for global bioenergy potential from the cultivation of 
energy crops in 2050 (Table 6.5-2). Taking all guard 
rails into account, the land available for the cultiva-
tion of energy crops varies, depending on scenario, 
between 240 and 500Mha. The yields achievable on 
this land from non-irrigated cultivation in 2050 have 
an energy potential of 34–100 EJ per year, while 
the energy potential from irrigated cultivation is 
42–120 EJ per year. Around 75 per cent of the mod-
elled bioenergy potential comes from grasses and 25 
per cent from trees. In global terms the comparative 
figures for potentials in 2000 differ very little from 
those for 2050, but the regional distribution differs 
(Table 6.5-3).

6.5.4  
Geographical distribution of possible land for 
energy crop cultivation 

The geographical distribution of potential land for 
energy crop cultivation in 2050 is shown in Figures 
6.5-1 to 6.5-4. The major impact of the expanding 
agricultural area needed for food production in Sce-
narios 1 and 2 is readily apparent. As a consequence 
of this land requirement, the productive regions in 
the medium latitudes of Eastern Europe and North 
America are unavailable for the cultivation of 
biomass. Production of biomass as a raw material 
over relatively large, contiguous areas is therefore 
restricted to the transition region of the Sahel zone 
and African savannahs, areas in southern Africa, the 
Indian subcontinent and parts of northern Australia. 
The area of land available in the growing areas listed 
corresponds to between 20 and 30 per cent of the 
land on which field crops are currently grown. 

Bioenergy potentials for ten world regions are 
shown in Table 6.5-3, with the following regions being 
used (Figure 6.5-5): sub-Saharan Africa (AFR), China 
and neighbouring countries (CPA), Europe (EUR), 
the Community of Independent States (States of the 
former Soviet Union, CIS), Latin America and the 
Caribbean (LAM), Middle East and North Africa 
(MEA), North America (NAM), the Pacific OECD 
states (with Japan, Australia and New Zealand, PAO), 
Pacific Asia (South-East Asia, PAS) and South Asia 
(with India, Pakistan and Bangladesh, SAS).

6.5.5  
Biomass yields for trees and grasses 

Potential biomass yields for the two crops simulated 
in the model – high-productivity grasses and fast-
growing trees in short-rotation plantations – each 
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emissions arising from nitrogen fertilizer use needs 
to be taken into account. 

The application of organic and mineral nitrogen 
fertilizers on farmland leads to considerable nitrogen 
losses, because the plants absorb on average less than 
half of the nitrogen (N) applied (MA, 2005b). The 
remainder escapes into the air in the form of vola-
tile nitrogen compounds (nitrous oxide N2O, nitro-
gen oxides NOX, ammonia NH3), or is leached into 
groundwater as nitrate (NO3). Nitrous oxide is one 
of the four major greenhouse gases that affect the 
climate (Denman et al., 2007). Almost 60 per cent of 
anthropogenic N2O emissions are caused by farming 
(Smith et al., 2007a). 

Nitrogen usage in agriculture at present amounts 
to 127 million tonnes per year worldwide and is 
forecast to increase by 1.4 per cent per year until 
2011/2012 (FAO, 2008b). In the modelling of agricul-
tural production potentials, nitrogen losses caused by 
farming are not negligible. 

In order to avoid nitrogen losses, accurate infor-
mation about the nitrogen content of the soil and the 
nutrient requirements of the crop must be available. 
Where artificial irrigation is used, a monitored irriga-

This effect is the main cause of the increase in 
plant productivity in the course of the 21st century 
that occurs in the model. The simulated effects of 
the increased CO2 concentration accord with obser-
vations (e.g. young forests). However, it is unclear 
whether the rise in net primary production is perma-
nent. 

6.6.3  
Availability of water and nutrients 

Regional hydrology – with the exception of precip-
itation – is not included in the model. This means 
that any existing competition for scarce freshwater 
resources (Section 5.6.2) is not considered in the cal-
culation of bioenergy potentials arising from the cul-
tivation of energy crops. This is a particular problem 
in the case of irrigated cultivation, since it is not clear 
whether the quantity of water required for irrigation 
is actually available. 

A similar problem arises in connection with nutri-
ents that are essential for plant growth. In particular, 
the negative impact on the climate of greenhouse gas 

Figure 6.5-5
The ten world regions used in this chapter. 
Source: Beringer and Lucht, 2008

World regions

NAM: North America

EUR: Europe

PAO: Pacific OECD countries

CIS: Community of Independent States

LAM: Latin America and Caribbean

MEA: Middle East and North AfricaAFR: Sub-Saharan Africa

CPA: China and neighbouring countries

SAS: South Asia

PAS: Pacific Asia
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Simulated biomass yields [t TM/ha per year]

0 10 20 30 40 50 60 70

a

Figure 6.5-6
Simulated biomass yields in the year 2050 for grasses in (a) non-irrigated and (b) irrigated cultivation. Excluded land based 
on Scenario 1. Calculation of the bioenergy potential assumes that half the remaining land is planted with high-productivity 
grasses and half with fast-growing tree species. This can be compared with Figure 6.5-7 to provide an estimate of the relative 
contribution to bioenergy potential of biomass from the cultivation of high-productivity grasses and that from fast-growing tree 
species. 
Source: Beringer and Lucht, 2008
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Simulated biomass yields [t TM/ha per year]
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Figure 6.5-7
Simulated biomass yields in the year 2050 for trees in (a) non-irrigated and (b) irrigated cultivation. Excluded land based 
on Scenario 1. Calculation of the bioenergy potential assumes that half the remaining land is planted with high-productivity 
grasses and half with fast-growing tree species. This can be compared with Figure 6.5-6 to provide an estimate of the relative 
contribution to bioenergy potential of biomass from the cultivation of high-productivity grasses and that from fast-growing tree 
species. 
Source: Beringer and Lucht, 2008
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Simulated biomass yields [t TM/ha per year]
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Figure 6.5-8
Simulated biomass yields in the year 2050 for grasses in (a) non-irrigated and (b) irrigated cultivation. Excluded land based 
on Scenario 4. Calculation of the bioenergy potential assumes that half the remaining land is planted with high-productivity 
grasses and half with fast-growing tree species. This can be compared with Figure 6.5-9 to provide an estimate of the relative 
contribution to bioenergy potential of biomass from the cultivation of high-productivity grasses and that from fast-growing tree 
species.
Source: Beringer and Lucht, 2008
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Simulated biomass yields [t TM/ha per year]

0 10 20 30 40 50 60 70

a

Figure 6.5-9
Simulated biomass yields in the year 2050 for trees in (a) non-irrigated and (b) irrigated cultivation. Excluded land based 
on Scenario 4. Calculation of the bioenergy potential assumes that half the remaining land is planted with high-productivity 
grasses and half with fast-growing tree species. This can be compared with Figure 6.5-8 to provide an estimate of the relative 
contribution to bioenergy potential of biomass from the cultivation of high-productivity grasses and that from fast-growing tree 
species. 
Source: Beringer and Lucht, 2008
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On this point, however, there are significant uncer-
tainties in the underlying data sets (Section 4.2.2). 
Data on unused land in developing and newly indus-
trializing countries is usually based on satellite scans. 
Local investigations often reveal that local people 
graze livestock or collect firewood on these areas 
of apparently unused land. These areas are there-
fore needed to secure the livelihood of the popula-
tion and cannot be used in their entirety for the cul-
tivation of energy crops. An indicator for the use of 
land for grazing is provided by the global distribu-
tion of productive livestock density, which is shown 
in Figure 6.6-1.

An example is the high level of potential for 
biomass production in India. It is very probable that 
the data on the distribution of agriculturally used 
land there is erroneous and that the area of unused, 
available land is therefore overestimated. The actual 
potential is therefore likely to be lower than shown 
in simulations (Box 6.7-2).

Similar problems are raised by the data on mar-
ginal land (Box 4.2-1). In this case the additional dif-
ficulty arises of estimating potential yields of energy 
crops on severely degraded soils. 

tion regime should be put in place in order to avoid 
nitrate leaching (Fang et al., 2006).

6.6.4  
Development of energy crop yields 

The simulation of biomass cultivation areas takes no 
account of any increase in yield levels over time as 
a result of breeding improvements or genetic mod-
ification (Box 7.1-11). It is entirely conceivable that 
yield potentials of energy crops will rise considerably 
as a result of further research work. The simulated 
yields are, however, already correspond to the levels 
achieved at existing experimental locations farmed 
under optimal conditions. In some cases they reach 
the potentials forecast for 2025, e.g. for the cultiva-
tion of switchgrass in North America (Panicum; Box 
7.1-8).

6.6.5  
Land-use data 

The availability of land, in terms of current land use, is 
a major influence on the modelled energy potentials. 

Figure 6.6-1
Geographical distribution of livestock density worldwide. The data covers pigs, poultry, cattle and small ruminants. The livestock 
density is given in livestock units (LU) per km2. Smaller animals receive a lower weighting corresponding to their feed needs; 
for example, a sheep or goat is equivalent to 0.10–0.15 LU (may vary according to region), a pig is equivalent to 0.20–0.25 LU. 
Sources: FAO, 2003b; Steinfeld et al., 2006

Livestock density per km2

0 0 – 0,1 0,1 – 0,5 0,5 – 1 1 – 2,5 > 2,5
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6.7
Regional survey

The geographical distribution of possible energy crop 
cultivation areas described in Section 6.5.4 identifies 
some regions that seem, on account of their prevail-
ing biogeophysical conditions, to be suited in prin-
ciple to the sustainable cultivation of energy crops. 
However, any serious consideration of actually realiz-
able potentials must take account of socio-economic 
and political conditions, as well as biogeophysical 
ones, in the regions concerned. The regions that are 
favourably located for the cultivation of energy crops 
lie predominantly in tropical and sub-tropical lati-
tudes. Some of these countries are poorly developed, 
characterized by weak and fragile state structures or 
affected by unresolved armed conflicts. In the light 
of these issues, over-optimistic expectations regard-
ing the mobilization of bioenergy potentials in some 
regions must be corrected. Nevertheless, attempts to 
realize bioenergy potentials in less developed regions 
can in the medium to long term result in an agricul-
turally driven development dynamic and thus help to 
improve socio-economic conditions. 

6.6.6  
Future irrigation possibilities 

The yield of irrigated biomass cropland is signifi-
cantly higher than that of non-irrigated cultivation 
systems. The energy potentials quoted for irrigated 
cultivation are based on the assumption that 10 per 
cent of all biomass cropland is irrigated, although at 
present only around 5 per cent of such land, on a glo-
bal average, is irrigated (Portmann et al., 2008). At 
the same time, regulation of soil water content in 
the model is highly efficient, corresponding to that 
achieved through trickle irrigation. The results thus 
presuppose that progressive agricultural technolo-
gies are available worldwide and deployed compre-
hensively. It must therefore be assumed that actual 
and sustainable biomass potential will more closely 
resemble that of the non-irrigated scenarios and that 
only slight increases through partial irrigation will 
be achieved. In consequence the high harvest yields 
under irrigated conditions in the transition zone 
between semi-arid and humido-arid areas of Africa 
are unlikely to be realized within the next few dec-
ades. 

Box 6.7-1

Socio-economic and political indicators 

Failed State Index
The Failed State Index (FSI) has been produced since 2005 
by the Fund for Peace, an independent research institute 
based in Washington DC, and the journal Foreign	Policy. The 
aim is to measure the empirical phenomena of state failure 
and collapse and thus obtain ‘a profile of the world disor-
der of the 21st century’ (Debiel and Werthes, 2006; WBGU, 
2007). The Failed State Index comprises twelve social, eco-
nomic and political indicators, each of which is given a rat-
ing of between 0 and 10 points. The twelve indicators are: 
mounting demographic pressures; massive movement of 
refugees or internally displaced persons creating complex 
humanitarian emergencies; legacy of vengeance-seeking 
group grievance or group paranoia; chronic and sustained 
human flight; uneven economic development along group 
lines; sharp and/or severe economic decline; criminalization 
and/or delegitimization of the state; progressive deteriora-
tion of public services; suspension or arbitrary application 
of the rule of law and widespread violation of human rights; 
security apparatus operates as a ‘state within a state’; rise 
of factionalized elites; intervention of other states or exter-
nal political actors. Theoretically, total failure on all indi-
cators would result in a state receiving the maximum FSI 
rating of 120. The Failed State Index 2008 rates 177 states. 
Foreign	Policy	categorizes the forty states with the highest 
FSI ratings as ‘critical’ or ‘endangered’. In the most recent 
ranking Somalia, with 114.2 points, has the highest score. 
Countries that are classed as ‘endangered’ or ‘borderline’ 
include Egypt and Laos (both 88.7) and Equatorial Guinea 
and Rwanda (both 88.0; Foreign Policy, 2008).

WBGU bases its country assessments on these qualita-
tive categories; it considers the likelihood of realizing the 
theoretically existing bioenergy potentials in countries with 
an FSI index of 90 or more to be very low (Figure 6.7-1). 

Global Competitiveness Index
The annual Global Competitiveness Reports of the World 
Economic Forum have since 2006 contained a ranking of 
the economic competitiveness of nations, compiled on the 
basis of the Global Competitiveness Index (GCI; López-
Claros et al., 2006; Porter et al., 2007). This index rates the 
investment climate and competitiveness of individual coun-
tries, using productivity increases as the key indicator of 
sustainable economic growth. The Index, which awards rat-
ings ranging from 1 to 7, is based on aggregated data in nine 
relevant areas: institutions, infrastructure, macroeconomy, 
health and primary education, higher education and train-
ing, market efficiency, technological readiness, business 
sophistication and innovation. The 131 countries assessed 
are ranked according to their GCI score; the Index also 
indicates whether the trend is upwards, downwards or sta-
tionary when compared with the previous year. On account 
of its complex system of indicators and assessment factors 
covering both qualitative and quantitative data, the GCI 
is regarded as more informative than many other business 
indices (von Drachenfels, 2007).

In rating the general business climate in the context of 
bioenergy production, WBGU categorizes countries as fol-
lows: GCI above 5.50 = excellent business climate; 4.50–5.49 
= good business climate; 3.50–4.49 = difficult business cli-
mate; below 3.50 = unsuitable business climate. The highest 
score among the countries assessed is 5.67 (USA), the low-
est score is 2.78 (Chad).
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WBGU considers three factors to be of particular 
importance in this context. Firstly, realization of the 
theoretically possible bioenergy potentials requires 
at least a minimum of investment activity; this in 
turn cannot take place without a minimum level of 
security and stability. Where security and stability 
do not exist and cannot be ensured in the foresee-
able future, there is no suitable foundation for the 
creation of a dynamic bioenergy farming system. 
Secondly, rapid realization of bioenergy potentials 
requires certain infrastructure and logistics capaci-
ties, which in many developing countries do not exist 
at the requisite level. It is because of location-spe-
cific disadvantages that many developing countries 
remain largely outside the global economic dynamic, 
despite positive initiatives by internal and external 
players (Collier, 2007). Thirdly, the extent to which 

bioenergy potentials, as defined by WBGU, can be 
actually realized depends in part on the capacity to 
observe the sustainability guard rails (Chapter 3). 
This in turn presupposes more than security and sta-
bility and sound infrastructure; it requires a mini-
mum level of state regulatory competence in order 
to define an appropriate administrative and legal 
framework and to monitor and enforce adherence 
to it. In forested regions in which deforestation is 
already proceeding at a rapid rate, the absence of a 
strong regulatory framework is a particularly critical 
factor. Without effective controls, further economic 
or political incentives for the cultivation of energy 
crops in these areas could have devastating conse-
quences for the conservation of biological diversity 
and the mitigation of climate change, and run counter 

Box 6.7-2

Country study: India – using marginal land for 
biofuel production 

India’s biofuel strategy for biodiesel is based on oleiferous, 
non-edible plants and fruits. In contrast to countries such as 
Malaysia, Indonesia or Brazil, where biofuels are grown on 
fertile soils or areas of cleared forest, India relies on using 
marginal land (‘wasteland’; Box 4.2-1). Although a stand-
ardized definition is difficult to arrive at, marginal land is 
taken to be land that from an agricultural point of view is 
poorly used, sub-standard or degraded. The Indian Waste-
land Atlas classifies 17 per cent (55.2 million hectares) of 
the country’s land as marginal and subdivides this marginal 
land into 13 categories according to soil type. Thirty-two 
million hectares are considered to be cultivable in principle 
(Ministry of Rural Development, 2003). For comparison: 
the WBGU scenarios identify between 28 and 32 million 
hectares of potentially usable land in India. The Indian gov-
ernment considers 17.4 million hectares to be suitable for 
Jatropha cultivation (Planning Commission, 2003). Accord-
ing to calculations of the Indian research institute TERI and 
the German international development corporation GTZ, 
as much as 38 million hectares would need to be brought 
under cultivation if the potential national goal of 20 per 
cent biodiesel blending by 2030 is to be achieved (antici-
pated biodiesel demand in 2030 ca. 203 million tonnes, com-
pared with 66 million tonnes in 2010). In addition, yields 
would have to rise five-fold from the current level of 1–2 t 
per hectare to 5 t per hectare (TERI and GTZ, 2005). 

Sixty-two per cent of India’s land is currently used for 
farming. Forested areas occupy 22 per cent (data for the 
year 2000; Ministry of Agriculture, 2008); a target of one-
third by 2012 has been set (MoEF, 2006). At the same time 
the availability of farmland is dwindling as a result of settle-
ment expansion, industrial use and degradation. Degrada-
tion is further exacerbated by fuelwood use, large numbers 
of livestock and climatic changes. To meet the demand for 
food from the country’s own resources, the productivity of 
Indian food production would have to rise by more than 50 
per cent in the next two decades (TERI and GTZ, 2005). 
In September 2008, after lengthy internal discussions, the 
Indian government adopted a new biofuel policy. The 

blending quota of 20 per cent for biodiesel was affirmed 
and is due to be achieved by 2017 (Economist, 2008b). In 
view of the already high intensity of land use, it is question-
able how such ambitious biofuel targets can be achieved in 
one of the most densely populated countries in the world 
without putting usable land under further pressure. 

Furthermore, how much of India’s marginal land can 
actually be used for growing Jatropha and similar oleiferous 
plants depends not only on biophysical parameters but also 
on land and usage rights. India has the largest number of 
rural poor and landless people in the world. The inadequate 
access of large parts of the rural population to usable land 
and the disregard of existing land and usage rights already 
represent an obstacle to development and a critical political 
factor in Indian democracy (Hanstad et al., 2008). The mar-
ginal land earmarked for growing Jatropha is often state-
owned or common land that is used by landless people to 
collect fuelwood and graze livestock. Any large-scale leas-
ing of these estates to agricultural businesses without allow-
ing participation of the rural poor and landless is likely to 
lead to displacement. Moreover, land-use rights are often 
unclarified, because there is a wide discrepancy between the 
official title to land and actual use as sanctioned by custom-
ary law. There is also a lack of accurate statistics describing 
how many people live in these areas. 

In practice there are already signs in some Indian states 
of conflicts arising from land issues and the generous state 
support provided to private companies in connection 
with Jatropha cultivation (Grain, 2008; Peoples Coalition, 
2008; Shiva, 2008). Local participative procedures function 
poorly, increasing the risk of eviction. At local level corrup-
tion encourages the de facto privatization of common land; 
in some cases land that the government has specifically 
made available for Jatropha cultivation has in practice been 
used for other purposes (Altenburg et al., 2008). Particular 
attention must be paid to these social and political aspects 
of land use if the potentials of marginal land for energy crop 
cultivation are to be used and social repercussions are to 
be avoided (TERI and GTZ, 2005; Cotula et al., 2008). In 
view of the farmland actually available for growing energy 
crops and the existing social risks, the results of the model-
ling appear over-optimistic. 
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to the sustainable realization of bioenergy potentials 
(Section 5.5.1.1).

In order to identify the extent to which political, 
institutional and socio-economic conditions within a 
country limit realization of the theoretically achieva-
ble bioenergy potentials, WBGU draws on the Failed 
State Index of the Fund for Peace and the journal 
Foreign Policy, the Global Competitiveness Index 
of the World Economic Forum (Box 6.7-1) and on 
expectations arising from the sustainability guard 
rails for individual countries and regions formulated 
in Chapter 3. 

The regions that are of particularly interest on 
account of their theoretically available sustainable 
bioenergy potentials are evaluated below. The indi-
cators used can only depict the present situation 
and at best suggest trends for the immediate future. 
Nevertheless, they permit regional bioenergy pro-
duction conditions to be assessed from a wider per-
spective than that of purely biogeophysical consid-
erations. Since major structural changes are unlikely 
in the short term, it must be assumed that countries 
that perform poorly on these indices will continue in 
the medium term to provide only restricted or even 

severely restricted opportunities for realizing bioen-
ergy potentials (Figure 6.7-1). This must be borne in 
mind in the following interpretation of the model-
ling and assumptions about the actual potentials of 
bioenergy in a sustainable global energy system. 

The qualitative regional assessment of the sus-
tainable bioenergy potentials on the basis of the 
two above-mentioned indices is restricted to six of 
the ten regions identified for the preceding model-
ling. These regions are Latin America and the Car-
ibbean (LAM), sub-Saharan Africa (AFR), China 
and neighbouring countries (CPA), the Community 
of Independent States (CIS), Pacific Asia (PAS) and 
South Asia (SAS). The remaining regions are not 
considered here, either because theoretical bioen-
ergy potentials are low (e.g. the Middle East and 
North Africa, MEA), or because economic and gov-
ernance capacities can for the foreseeable future 
be regarded as adequate, as for example in North 
America (NAM), which has theoretically possible 
potentials of 5–15 EJ per year, and Europe (EUR), 
which also has potentials of 5–15 EJ per year.

Figure 6.7-1
Regions with potential for sustainable bioenergy from crops and countries that are affected by state fragility or collapse of the 
state. The map shows the distribution of possible areas for the cultivation of energy crops and the potential production in the 
year 2050 for a WBGU scenario involving a low farmland requirement, high level of biodiversity conservation and non-irrigated 
cultivation (Scenario 3). One pixel corresponds to 0.5° x 0.5°. In order to assess whether the identified sustainable bioenergy 
potentials are likely to be realizable, the quality of governance in individual countries was rated using the Failed State Index 
(FSI). The countries coloured light red have an FSI > 90, indicating that in the short to medium term the prospect for realizing 
bioenergy potentials can be regarded as poor. 
Source: WBGU, drawing on data from Beringer and Lucht, 2008 and from Foreign Policy, 2008
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the pressure of use on existing forest areas. Secondly, 
in this region, and particularly in Central America, 
it is essential that bioenergy strategies are flanked 
by food security policies and measures for prevent-
ing displacement of food production by energy crops. 
In addition, large-scale agro-industrial cultivation 
of bioenergy plantations may be obstructed by the 
increasing frequency and severity of storm and flood 
events as a consequence of climate change (WBGU, 
2007).

6.7.2  
China and neighbouring countries 

The scale of theoretical bioenergy potential in China 
including Hong Kong and the neighbouring Asian 
economies ranges from 4 EJ per year in the least 
favourable case (Scenario 1 non-irrigated) to 15 EJ 
per year (Scenario 4 irrigated), equivalent to around 
12–13 per cent of global potential or 5–20 per cent 
of China’s primary energy requirement of 72.9 EJ in 
2005 (IEA, 2007d). The key country here is China, for 
which the modelling indicates potentials under the 
two above scenarios of respectively 4 EJ and 13 EJ 
per year, which in both cases is just under 90 per cent 
of the potential of the entire region. 

Socio-economic and institutional conditions for 
the sustainable mobilization of bioenergy potential in 
China are favourable, provided that efforts are made 
to introduce and implement the guard rails and sus-
tainability standards proposed by WBGU; in particu-
lar, competition with food and feed production would 
need to be considered (Box 5.2-2). The Failed State 
Index currently gives China a rating of 80.3, which 
indicates a risk of political instability. However, the 
Chinese government has proved to be competent in 
matters of economic policy and is becoming increas-
ingly aware of environmental issues. The Global 
Competitiveness Index reflects the economic dynam-
ics of the past three decades with a figure of 4.57, plac-
ing China on the same level in this regard as Tunisia 
(4.59), the Czech Republic (4.58) and Saudi Arabia 
(4.55). If the Chinese government and national and 
international companies decide in favour of system-
atic use of the country’s bioenergy potential, there 
is in principle no reason why the necessary invest-
ment should not be made and the relevant capaci-
ties developed. In view of the rapid growth of energy 
demand in China, bioenergy would be a component 
of a more climate-friendly growth strategy, particu-
larly if the expansion of bioenergy enabled the use of 
fossil energy carriers (particularly the combustion of 
coal) to be reduced. 

6.7.1  
Latin America and the Caribbean 

The greatest hopes for large-scale bioenergy produc-
tion are pinned on the greater region of Latin Amer-
ica; in many parts of the region biogeophysical con-
ditions are ideal. The scale of theoretical sustain-
able bioenergy potential in Central and South Amer-
ica ranges from 8 EJ per year in the least favourable 
case (Scenario 1 non-irrigated) to 25 EJ per year 
(Scenario 4 irrigated). This is equivalent to 22–24 per 
cent of the modelled global potential. Except in polit-
ically unstable countries such as Columbia, Bolivia 
and Haiti, political, institutional and socio-economic 
conditions in the area are comparatively good (Faust 
and Croissant, 2007). Brazil and Argentina, which 
together represent more than half of both the area 
and the population of South America, have scores of 
67.6 and 41.4 respectively in the Failed State Index. 
In terms of competitiveness the majority of coun-
tries in the region, which at the same time represent 
between them by far the largest part of the territory 
and of the population, have a GCI index of around 
4; the average index of the Central and South Amer-
ican countries covered by the GCI is 3.87. In the 
World Economic Forum ratings Chile, with a GCI 
index of 4.77, lies above industrialized countries such 
as Spain (4.66), Italy (4.36) and Greece (4.08), and 
the regional powerhouses of Mexico (4.26) and Bra-
zil (3.99) are significantly above the average. Of the 
larger Latin American countries, only Venezuela 
(3.63) and Bolivia (3.55) are significantly below aver-
age. Future political development in Bolivia is diffi-
cult to assess. The Failed State Index (84.2) identified 
the country as bordering on instability even before 
the violent unrest of autumn 2008. 

Compared with regions in other developing coun-
tries, socio-economic and political conditions for 
realization of the theoretical bioenergy potentials in 
South and Central America are relatively favourable. 
Brazil’s rapid rise to world market leader in bioeth-
anol production gives further evidence for this pre-
sumption (Box 8.2-4). Nevertheless, development 
of bioenergy potential along sustainable lines faces 
two major challenges in Central and South America. 
Firstly, the need to conserve the rainforests gives rise 
to significant conflicts over land use. Brazil alone is 
the source of around one-fifth of global greenhouse 
gas emissions from deforestation and is thus the sec-
ond-largest generator of such emissions in the world. 
Peru (in 8th place) and Venezuela (in 10th place) are 
also among the countries with the highest deforesta-
tion rates in the world (Section 5.5.1.1; Figure  5.5-1). 
Strategies must therefore be developed to reduce 
deforestation rates in these countries and prevent the 
increasing cultivation of energy crops exacerbating 
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6.7.4  
South Asia and India

The scale of theoretical bioenergy potential in South 
Asia ranges from 2 EJ per year in the least favourable 
case (Scenario 1 non-irrigated) to 4 EJ per year (Sce-
nario 4 irrigated); this is equivalent to around 3–6 per 
cent of the modelled global potential. India produces 
by far the largest proportion of this, namely 2 EJ per 
year (Scenario 1 non-irrigated) or 3 EJ per year (Sce-
nario 4 irrigated), which corresponds to 9–18 per cent 
of the Indian primary energy requirement of 22.5 EJ 
in 2008 (IEA, 2007d).

Solely India, with its total area of around 3.3 mil-
lion km2, has large areas – partly of marginal land – 
that are in principle suitable for sustainable bioen-
ergy production (Box 6.7-2). The Indian states vary, 
sometimes widely, in their political and economic 
conditions. This means that in some parts of the 
country the feasibility of realizing these potentials 
is limited, while elsewhere rapid progress may be 
achievable. The prospect of progress is particularly 
high in areas where the production of energy crops 
is already being specifically promoted at state level 
(Box  10.8-1).

India has an FSI index of 72.9. With regard to glo-
bal competitiveness it has a GCI index of 4.33, which 
puts it in roughly the same position as other newly 
industrializing countries such as South Africa (4.42) 
and Mexico (4.26). In principle, therefore, India is in 
a relatively favourable position to mobilize its bioen-
ergy potential, although actual potentials may turn 
out to be more modest than envisaged in the model-
ling of technical bioenergy potential or the plans of 
the Indian government (Box 6.7-2). Whether a sus-
tainable bioenergy strategy can succeed depends 
above all on the political will to observe sustain-
ability standards and to pursue a path towards food 
security at the same time as developing a bioenergy 
strategy. In order to avoid land-use conflicts, it is also 
important to consider the rights of the poor popula-
tion groups who live in many marginal areas. 

6.7.5  
Sub-Saharan Africa 

The scale of theoretical sustainable bioenergy poten-
tial in sub-Saharan Africa ranges from 5 EJ per year 
in the least favourable case (Scenario 1 non-irrigated) 
to 14 EJ per year (Scenario 4 irrigated); this consti-
tutes 12–15 per cent of the global potential. Within 
this macro-region there are great biogeophysical dif-
ferences – one need only compare, for example, the 
humid tropical conditions of the Congo basin and the 
arid and semi-arid territory of the southern African 

6.7.3  
Pacific Asia

The scale of theoretical bioenergy potential in Pacific 
South-East Asia ranges from 1 EJ per year in the 
least favourable case (Scenario 1 non-irrigated) to 
11 EJ per year (Scenario 4 irrigated), which corre-
sponds to around 2–9 per cent of the modelled glo-
bal potential for energy crop cultivation. The range 
spanned by the scenarios is larger than in most of 
the other regions modelled on account of the large 
amount of land reserved for nature conservation in 
the more restrictive scenarios. 

Some newly industrializing South-East Asian 
countries are growing bioenergy crops on a large 
scale. This is particularly apparent in Malaysia and 
Indonesia (Box 5.4-2), which have in recent years 
become the two leading producers of palm oil in 
the world; however, many of their plantations have 
replaced areas of tropical rainforest and cannot be 
considered sustainable (FWA, 2007). In WBGU’s 
view, significant expansion of sustainable bioenergy 
potentials in the Pacific/Asian region to 11 EJ is only 
possible if the need for farmland is low and if lower 
standards of nature conservation are tolerated (Sce-
nario 4). For the more restrictive scenarios the mod-
elling identifies sustainable potentials ranging from 
only 1 EJ to 7 EJ (Scenario 3) per year.

The situation with regard to current political, insti-
tutional and socio-economic conditions in the region 
is mixed (Faust and Croissant, 2008). Some transi-
tion countries in the region whose political stability 
is questionable are classed as having relatively good 
conditions for investment and business. This applies, 
for example, to the island states of Indonesia (FSI 
index 83.3; GCI index 4.24) and the Philippines (83.4; 
3.99) and also to Thailand (75.6; 4.70). The best con-
ditions for further bioenergy expansion in the region 
are in Malaysia (FSI index 67.2); its authoritarian 
elective monarchy is capable of acting and stable and 
its global competitiveness, with a GCI index of 5.10, is 
rated nearly as highly as that of Australia (5.17). The 
Malaysian government is already actively promoting 
the development of the palm oil industry with the 
aim of consolidating its leading position in the world 
market and increasing the amount of value added in 
processing (FWA, 2007). Almost no consideration is 
given to the negative effects on climate change miti-
gation, species diversity or the price of palm fat, a 
staple food. Sustainable realization of bioenergy 
potentials in Malaysia, and also in Indonesia (Box 
5.4-2) and other South-East Asian countries, would 
require major changes in policy, of which there is at 
present little prospect. 
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great hopes on the cultivation of energy crops, such 
as Mozambique (Namburete, 2006). 

6.7.6  
Community of Independent States (CIS)

The scale of theoretical sustainable bioenergy poten-
tial on the territory of the former Soviet Union ranges 
from 2 EJ per year in the least favourable case (Sce-
nario 1 non-irrigated) to 9 EJ per year (Scenario 4 
irrigated). This is equivalent to 7–8 per cent of glo-
bal potential.

This is another major region in which considera-
tion of socio-economic conditions and political sta-
bility reveals a mixed picture. In Russia (FSI index 
79.7; GCI index 4.19), Kazakhstan (72.4; 4.14) and 
especially in Ukraine (70.8; 3.98), socio-economic 
conditions are clearly conducive to the mobilization 
of bioenergy potentials. Ukraine is traditionally an 
important agricultural producer; with a GCI index 
comparable to that of Brazil it appears well placed to 
realize optimistic expectations with regard to bioen-
ergy production. In all countries mentioned, though, 
it is questionable whether there exists the political 
will to combine such an option with sustainability cri-
teria. Moreover, the region is vulnerable to political 
crises and conflicts and is overall relatively unstable 
(Grävingholt, 2007). 

6.8
Interpretation and conclusions

The global modelling commissioned by WBGU of 
the technical sustainable bioenergy potential from 
the cultivation of energy crops, in the light of sus-
tainability guard rails, indicates an annual poten-
tial of 34–120 EJ (Section 6.5) in 2050, depending 
on the scenario used. In view of the uncertainties 
described in Section 6.6 and the large differences in 
potential between the scenarios, this range will be 
given as 30–120 EJ in this report. This represents the 
gross energy contribution, i.e. not including losses 
that occur during conversion to final energy. To this 
potential from the cultivation of energy crops can be 
added a contribution from the utilization of residues 
from agriculture and forestry, which could amount 
to around 50 EJ per year (Section 6.1). The global 
sustainable potential for the use of bioenergy thus 
amounts to 80–170 EJ per year, which is less than 10 
per cent of the anticipated primary energy require-
ment in 2050. 

In evaluating this estimated potential it should be 
borne in mind that this is the technically sustainable 
potential: the potential that can actually be realized 

states. Furthermore, the Republic of South Africa, 
being the dominant regional power and the largest 
national economy on the continent, occupies a spe-
cial position. The largest potentials for bioenergy 
production are considered to lie in the Sahel belt, 
particularly in Nigeria, Mali and Sudan, and in parts 
of East and South-East Africa. 

If these estimates of potential are considered along-
side the political, institutional and socio-economic 
conditions in the region, it becomes clear that there 
is little hope of the theoretical potentials being even 
approximately realized in the medium term. Eleven 
of the twenty countries rated by Foreign Policy as 
particularly critical are in sub-Saharan Africa. They 
include Sudan (FSI index 113.0), Chad (110.9) and 
the Democratic Republic of Congo (106.7), which 
in terms of area are three of the largest countries in 
the region, with a combined area of more than 6 mil-
lion km2. The stability of a further fifteen countries 
south of the Sahara – including agriculturally impor-
tant states such as Kenya (93.4) and Cameroon (91.2) 
– is considered to be acutely endangered. Prospects 
for political and economic consolidation are consid-
ered to be small (Grimm and Klingebiel, 2007). Sub-
regions such as the Sahel zone, the Horn of Africa and 
southern Africa are likely to come under additional 
pressure in the near future on account of the conse-
quences of climate change and persistently high food 
prices, limiting their scope for action (Bauer, 2007; 
WBGU, 2007).

In the light of the precarious political and insti-
tutional circumstances, business conditions and com-
petitiveness in the region must also be considered 
critically (Altenburg and von Drachenfels, 2007). 
The ten lowest ratings on the Global Competitive 
Index include eight countries in sub-Saharan Africa 
with GCI indices between 3.29 (Zambia) and 2.78 
(Chad). South Africa, with a GCI index of 4.42, is the 
only sub-Saharan country in the top third of the GCI 
ranking.

Furthermore, the Democratic Republic of Congo, 
Zambia and Nigeria are the countries with the fifth-, 
sixth- and seventh-highest deforestation rates in the 
world (Section 5.5.1.1; Figure 5.5-1). This means that 
when the sustainability guard rails for climate pro-
tection and biological diversity are considered, it 
becomes clear that the preconditions for expansion of 
sustainable bioenergy production are unlikely to be 
met. There is no prospect in the immediate future of 
any serious attempt to control logging in these coun-
tries or in the other timber-rich countries of western 
and central Africa. Nevertheless, the specific oppor-
tunities for mobilizing sustainable bioenergy produc-
tion should continue to be examined in sub-Saharan 
countries that have comparatively favourable insti-
tutional structures, such as Mali, or that are pinning 
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Annual global emissions of all greenhouse gases 
amounted in 2004 to around 49 Gt CO2eq or around 
13 Gt C (IPCC, 2007c). Projections for 2050 assume 
annual greenhouse gas emissions of 50–100 Gt CO2eq 
(13–26 Gt C; IPCC, 2000) for the various IPCC sce-
narios.

In the light of the figures for the global potential 
of bioenergy obtained here the importance of bioen-
ergy should not be overestimated. At the same time, 
however, the expected scale is significant and should 
certainly not be neglected in the future development 
of energy systems. 

In addition, the ability of plants to remove car-
bon dioxide from the atmosphere through photosyn-
thesis could open up a valuable option for climate 
change mitigation. The use of bioenergy in combina-
tion with carbon capture and storage could result in 
a slowing of the increase of the CO2 concentration 
in the atmosphere or contribute to a reduction in 
the atmospheric CO2 concentration once fossil fuels 
have ceased to be used. Realistically, however, the 
atmospheric CO2 concentration can only be reduced 
by around 0.2 ppm CO2 per year by this means (Box 
 6.8-1), while the mean rise in the atmospheric CO2 

concentration in recent years has been around 2 ppm 
per year (GCP, 2008). For comparison: this techni-
cally realizable sequestration rate is significantly 
below the net rates at which the oceans (2.3 Gt C or 
1.1 ppm CO2 per year) and the terrestrial vegetation 
(3.0 Gt C or 1.4 ppm CO2 per year) currently remove 
carbon dioxide from the atmosphere (GCP, 2008) as 
a result of the elevated CO2 concentration.

In view of the major challenge presented by 
the need to prevent warming exceeding 2°C from 
pre-industrial levels (Section 3.1.1) one must ask 
whether and how a larger sustainable bioenergy 
potential could be realized. As the discussion in Sec-
tion 6.1 shows, other studies tend to arrive at signifi-
cantly higher bioenergy potentials if they assume 
major yield increases on existing farmland and 
hence project that some of this land will be availa-
ble for future energy crop cultivation. In addition, 
the majority of other studies define less strict crite-
ria for nature conservation than WBGU does (Sec-
tion 3.1.2). A significantly higher bioenergy poten-
tial is therefore only sustainably realizable if, as a 
result of efficiency increases or less land-intensive 
dietary habits, land previously used for food produc-
tion becomes usable for energy crop cultivation. This 
would have to take place in a manner that does not 
jeopardize the food security of the growing world 
population and does not infringe the guard rails for 
soil and biosphere protection. 

The land requirement for the future food security 
of humankind is very uncertain. It depends not only 
on population growth but also on the development of 

is significantly less. The figures should therefore be 
interpreted as an upper limit. Identifying the realiz-
able economic potential requires information about 
geographical, political and socio-economic condi-
tions in the various regions (Section 6.7), which is 
difficult to predict for 2050. As an initial rough esti-
mate WBGU assumes that economic potential may 
equate to around half of the technical sustainable 
potential, but points out the need for considerable 
further research in this area. 

Moreover, it is likely that the bioenergy potentials 
identified here overlap with the traditional use of 
biomass, which currently amounts to around 45 EJ 
per year (Section 6.1); this overlap is difficult to quan-
tify. This means that the figures quoted do not neces-
sarily represent additional potentials for bioenergy 
use, but simply a total potential. However, WBGU 
assumes that the level of traditional bioenergy use 
will decline by 2050 as a result of efficiency improve-
ments and shifts to other forms of energy. 

A further factor that could reduce the use of 
biomass for energy is the need to use biomass as an 
industrial feedstock – a need that will increase as oil 
resources dwindle (Section 5.3). It is estimated that 
the quantity of biomass required for feedstock use 
in 2050 will be around 100 EJ per year (Section 6.1). 
The present requirement of around 25 EJ per year 
(Hoogwijk et al., 2003) is produced on land that is 
not included in the estimate of potential in this chap-
ter (e.g. existing cotton-growing land and forests 
used by the forestry industry), but for the additional 
requirement of around 75 EJ per year feedstock 
use would almost certainly be in direct competition 
with the bioenergy potential considered here. How-
ever, it should be borne in mind that at least some 
of the biomass initially used as material feedstock 
could subsequently, through cascade use, be used for 
energy. 

Section 7.3 explains that the use of bioenergy from 
crop cultivation and from the deployment of wastes 
and residues without indirect land-use changes and 
with the best energy conversion methods through 
the substitution of fossil fuels, observing the promo-
tion criteria, can save greenhouse gas emissions of 
60t CO2eq per TJ of raw biomass used. In particu-
larly favourable cases this figure can be as high as 
100t CO2eq per TJ. This applies only if energy car-
riers with high specific emissions are replaced. If 
one assumes a maximum bioenergy potential of 
80–170 EJ per year, of which around half will be real-
izable, this is equivalent to around 2–9 Gt CO2eq or 
around 1–2 Gt C per year. This can be compared with 
the annual anthropogenic carbon dioxide emissions 
from the use of fossil fuels and cement production of 
32 Gt CO2eq (8.5 Gt C) in 2007, or those from land-
use changes of 6 Gt CO2eq (1.6 Gt C) (GCP, 2008). 
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all farmland is pasture. If one includes land used 
for growing feed, around 80 per cent of farmland is 
used for livestock management (Section 5.2). A less 
land-intensive nutrition style could therefore free up 
farmland not included in the model used here – land 
that could be used for the sustainable cultivation of 
energy crops. However, dietary trends are at present 
tending in the opposite direction (Section 5.2.3).

In total, the potentials for the use of biomass for 
energy described here can meet a small but never-
theless significant part of the world’s future energy 
requirement. Moreover, bioenergy is a useful strate-
gic option in a more climate-friendly energy system, 
particularly because it can be stored and used as con-
trol energy. In combination with carbon storage it is 
even possible to achieve negative CO2 emissions, in 
other words net sequestration. This can only occur, 
however, if cultivation meets all the sustainability cri-

dietary habits, technological progress and the degree 
of intensification of agricultural production (Sec-
tion 5.2). It should be borne in mind that intensifi-
cation of agricultural production is accompanied by 
increased greenhouse gas emissions (for example, 
from nitrogen fertilizer use and the use of agricul-
tural machinery) and can therefore have a negative 
climate impact. Moreover, it is plausible that securing 
the food supply of a growing world population may 
in fact require the use of additional farmland, as the 
FAO, among others, anticipates (FAO, 2003a).

A significant increase in global sustainable bioen-
ergy potential could therefore result from major effi-
ciency improvements (which would have to be sus-
tainable and environmentally friendly) in the pro-
duction of food and feed, but it is more likely to be 
brought about by a shift to a diet involving fewer 
milk and meat products. At present 69 per cent of 

Box 6.8-1

Potential for reducing the atmospheric CO2 
concentration by deploying bioenergy with 
carbon capture

Combining bioenergy use with carbon capture and storage 
technology is increasingly viewed as an option for removing 
CO2 from the atmosphere. We therefore estimate how big 
a reduction in the atmospheric CO2 concentration could be 
achieved by such measures. 

The modelling identifies a sustainable bioenergy poten-
tial from energy crops of around 30–120 EJ per year. This 
would involve 1–3 Gt C being fixated annually in the 
biomass that could be used for energy generation. This 
is, however, a theoretical potential (Box 6.1-1): WBGU 
assumes that, for socio-economic and political reasons, only 
half of this potential can actually be realized (Section 6.8). 
If ones adds to this potential a further assumed technical 
sustainable residue potential of around 50 EJ per year, of 
which it can again be assumed that half is realizable (i.e. an 
additional 0.6 Gt C), biomass with a stored carbon content 
of 1–2 Gt C would be available each year. 

How much of this carbon can ultimately be sequestered 
depends on the deployment pathway. If the biomass is con-
verted into biomethane by gasification or fermentation, 
around 40 per cent of the carbon must in any case be sepa-
rated in the form of CO2 and is thus directly available for 
storage. Higher proportions can be separated if the biomass 
is converted into hydrogen or used to generate electricity. 
Rhodes and Keith (2005) describe a model system for gen-
erating energy from biomass in which up to 55 per cent of 
the carbon can be sequestered. WBGU assumes that, if 
bioenergy deployment were to focus on achieving as high 
a sequestration rate as possible, across-the-board capture 
of up to 50 per cent of the stored carbon might be possible. 
This would mean that around 0.5–1.0 Gt C would be avail-
able annually for sequestration. 

What effect would such a sequestration rate 
have on the atmosphere?
In the atmosphere 1 ppm CO2 corresponds to 2.123 Gt C. 
However, if 2 Gt C is removed from the atmosphere, that 

does not mean that the atmospheric CO2 concentration 
falls by 1 ppm. The atmosphere is involved in a process 
of constant exchange with the oceans and the biosphere. 
The resulting effect can be roughly calculated as follows. 
At present, half of the CO2 emissions from fossil energy 
carriers are relatively quickly absorbed, two-thirds of them 
by the oceans and one-third by the terrestrial biosphere, so 
that only around 50 per cent of the emitted CO2 remains in 
the atmosphere. Both sink processes are driven by the CO2 
increase itself. The sink function of the oceans is a response 
to the anthropogenic rise in the atmospheric CO2 concentra-
tion, since the oceans only continue to absorb CO2 until the 
partial pressures between the oceans and the atmosphere 
are equalized (WBGU, 2006). The sink function of the ter-
restrial biosphere is at least partially caused by the CO2 fer-
tilization effect as a result of the CO2 increase in the atmos-
phere (House et al., 2002). If one accordingly assumes by 
way of an initial approximation that these feedback effects 
also operate in reverse and ignores non-linearities, around 
4 Gt C would have to be removed from the atmosphere in 
order to reduce the quantity of CO2 in the atmosphere by 
2 Gt C or reduce the concentration by 1 ppm. 

Similar results are arrived at by using a model function 
that describes the atmospheric response to an emissions 
pulse, taking various feedback effects into account (Joos, 
2002). According to this model, at a constant sequestra-
tion rate over a period of 100 years around 40 per cent of 
the sequestered CO2 would be effectively removed from 
the atmosphere. At a sequestration rate of 0.5–1.0 Gt C 
per year over a 100-year period, this would result in the 
atmospheric CO2 concentration at the end of the period 
being between 9 ppm and 18 ppm lower than the concen-
tration without this sequestration. However, this estimate 
takes no account of non-linear effects such as saturation of 
the ocean or biosphere sink. Such non-linear effects could 
cause sequestration to have a stronger effect, and the reduc-
tion in the CO2 concentration could amount to 14–28 ppm 
over a 100-year period. For comparison: the current annual 
increase in the CO2 concentration of Earth’s atmosphere 
is around 2 ppm per year and is therefore about ten times 
greater (IPCC, 2007a).



131Interpretation and conclusions  6.8

teria relating to climate, nature and soil protection 
and food security (Chapter 3). On account of the 
extensive competition for land and land-use (Chap-
ter 5), the use of biomass for energy should always 
involve the most efficient technical processes availa-
ble; this will ensure that the greatest possible climate 
change mitigation effect is obtained from the limited 
land or the limited quantity of suitable biomass avail-
able. A more detailed description and assessment of 
different cultivation systems and technical conver-
sion pathways is contained in Chapter 7.





7Biomass cultivation and conversion to 
energy

7.1
Cultivation systems for biomass production as 
energy resource

The cultivation and management methods chosen 
for energy crops not only influence production vol-
ume, but also determine the wider impacts on eco-
logical resources and the atmosphere. Nitrous oxide 
(N2O) and methane (CH4) emissions resulting from 
agriculture rose by 17 per cent over the period from 
1990 to 2005, primarily from burning biomass, live-
stock farming and soil emissions (Smith et al., 2007a). 
Annual emissions of greenhouse gases (GHGs) other 
than carbon dioxide (CO2) from agriculture are esti-
mated at 5.1–6.1 Gt CO2eq, which corresponds to 
around 10–12 per cent of all anthropogenic GHG 
emissions (Smith et al., 2007). An additional 35–60 
per cent increase in N2O emissions is expected by the 
year 2035 from increased use of nitrogen and farm-
yard manure alone (FAO, 2003a). 

This section focuses on the effects of large-scale 
bioenergy production on key ecosystem services (Fig. 
7.1-1). The advantages and disadvantages of various 
cultivation systems will be discussed and illustrated 
with examples of energy crops commonly grown. 

There are considerably more plants that supply 
biomass for energy (e.g. Sudan grass, giant reed, reed 
canarygrass, Jerusalem artichoke, Pongamia, Acacias, 
etc.) than can be discussed in the scope of this report. 
Algae as suppliers of bioenergy are discussed in Box 
7.1-9. The selection in this report is limited prima-
rily to promising energy crop species on which there 
is sufficient qualitative and quantitative production 
data available to produce an energy and GHG bal-
ance (Section 7.3). The competition for available land 
for energy crop production versus other land uses has 
already been discussed in Chapter 5. 

7.1.1  
Energy crop cultivation in monoculture

Many energy crop species such as sugar cane, maize 
and soya are grown in large monocultures around the 

world. Although this enables efficient management 
and high yields in a short period of time, it also results 
in high levels of greenhouse gas emissions (especially 
N2O, CH4 and CO2) through soil tillage and fertili-
zation. Over the long term, monocultures have an 
adverse impact on soil fertility and biological diver-
sity (Matson et al., 1997; Table 7.1-1). 

There are suitable agricultural management prac-
tices for reducing these negative impacts or prevent-
ing them in the first place. An example is crop rota-
tion, which is widely practiced in Europe and also 
used in energy crop production. In this cultivation sys-
tem, different crops are grown in succession (in rota-
tion). As a general rule, the nutrient supply is more 
balanced, there is less pest and disease pressure, and 
soil structure as well as humus content remain more 
stable compared with monocultures. Three-year crop 
rotations to conserve organic matter and soil struc-
ture have been required in Germany since the Euro-
pean agricultural reform of 2005 (BMELV, 2006). 

Depending on the planting time as well as the 
temperature and growing season needs of the crops, 
organic matter and nutrients can be added to the soil 
by sowing and then ploughing under catch crops (e.g. 
legumes, grass-clover mixes, nectar/pollen sources for 
bees, etc.), or by mulching or bi-cropping (e.g. clo-
ver in wheat fields). This is especially well-suited to 
energy crop cultivation, in which the entire above-
ground biomass is harvested, for example, in the use 
of the whole plant for second generation biofuels 
or for generating biomethane by gasification. Suit-
able seed mixtures for fallows sown in wildflowers 
and herbs also make an important contribution to 
maintaining biological diversity in agro-ecosystems. 
In semi-arid regions, however, permanent cultivation 
rather than crop rotation with fallow land has proven 
to be more favourable in terms of quality and carbon 
content in the soil (Antle et al, 2003; Manley et al., 
2005). As is the case with standard crop production, 
energy crop production also needs to be adapted and 
modified to suit each region.

With annual crops, annual tillage leads to reduc-
tion of carbon (C) in the soil. In order to minimize 
the loss of organic matter in the soil and protect the 
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The breakdown of inorganic nitrogen fertilizers 
can result in the release of N2O. A fertilization pro-
gramme tailored to nutrient needs and the growth 
stage of the crops helps in preventing nitrogen losses 
(Crews and Peoples, 2005). There is indeed consid-
erable room for improvement in nitrogen use effi-
ciency, not only in Europe but also worldwide: on 
average, only approx. 50 per cent of the nitrogen 
from fertilizer is taken up by the plants. The remain-
der either escapes from the soil in gaseous form or 
leaches deeper into the soil beyond the reach of roots 
(FAO, 2001b). In intensive bioenergy cultivation sys-
tems, it is therefore essential to focus on a suitable 
fertilization programme (e.g. by nitrogen balances, 
precision agriculture, etc.).

7.1.1.1  
Perennial crops in the tropics 

Sugar cane
Sugar cane is a common tropical crop that is being 
grown with increasing frequency for ethanol produc-
tion (Box 7.1-1). It can be grown as either an annual 

soil surface from erosion and consequent degrada-
tion, alternatives to conventional tilling such as con-
servation tillage or no-till, and leaving or shallow till-
ing of crop stubble have become popular, as among 
other advantages they provide an opportunity to 
sequester carbon in the soil (Batjes, 1998; Paustian et 
al., 2000). If conventional tillage were dispensed with 
on a worldwide basis, an estimated 12–25 Gt of car-
bon emissions could be prevented by the middle of 
this century (Pacala and Socolow, 2004). The average 
sequestration potential of no-till management sys-
tems is 160 kg of C per hectare per year (Freibauer et 
al., 2004). For no-till (incl. savings in fuel and increase 
of organic carbon in the soil), Smith et al. (2000) esti-
mate the overall annual C emission reduction poten-
tial for Europe at more than 40 million t of C. How-
ever, these cultivation techniques – particularly no-till 
– are not suitable for all crops. In terms of C seques-
tration, profitability varies from region to region, as 
under certain circumstances reduced tillage is con-
comitant with a decrease in production (Manley et 
al., 2005). Furthermore, the sequestration effect can 
be nullified by increased N2O emissions (Six et al., 
2002). 
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Figure 7.1-1
Schematic illustration of different land-use methods and their effects on ecosystem services. The provision of a wide variety of 
different ecosystem services with different land uses can be illustrated with simple ‘branch diagrams’, in which the status of each 
ecosystem service is shown on the corresponding axis. In this qualitative presentation the axes are not labeled with units. For the 
sake of illustration, three hypothetical landscapes are compared : a natural ecosystem (left), an intensive cropland (centre), and 
a cropland with restored ecosystem services (right). In natural ecosystems, many ecosystem services besides food production are 
present at very high levels. In contrast, the intensively managed cropland is capable of producing a surplus of food (at least in 
the short term), but at the expense of other ecosystem services. A middle way – i.e. a management method that supports other 
ecosystem services – promotes a more diverse portfolio of ecosystem services. 
Source: Foley et al., 2005
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through drainage of their nutrient-rich soils. In Aus-
tralia (Queensland), 60-80 per cent of the freshwater 
coastal wetlands have already fallen victim to sugar 
cane cultivation (WWF, 2005b). The heavy harvest-
ing machinery compacts the soil. Cultivation on steep 
slopes and artificial irrigation lead to water erosion 
and salt accumulation in the soil. In many countries 
sugar cane fields are burned off in order to facilitate 
harvesting. This practice not only leads to emission 
of greenhouse gases and soil degradation and sub-
sequent declines in future production, but also has 
an adverse impact on human health (Ribeiro, 2008). 
The processing of the harvested biomass into ethanol 
produces potassium-rich, acidic vinasses (fermented 
molasses) as a by-product, which in some cases is 

or a perennial crop. Currently, nearly 1600 million 
tonnes of sugar cane are grown per year in some 120 
tropical countries. With 514 million t, Brazil was by 
far the largest producer in 2007, followed by India 
(356 million t) and China (106 million t). The average 
worldwide biomass yield for 2007 was 70.9 t per hec-
tare (FAOSTAT, 2007). 

Various adverse effects on the environment are 
linked with sugar cane cultivation. Hardly any other 
crop leads to biological diversity losses of compara-
ble magnitude through alteration of the primary veg-
etation in croplands. In the Brazilian state of Alagoas, 
only 3 per cent of the virgin forest still exists, the 
remainder having been clearcut for sugar cane culti-
vation (WWF, 2005a). Wetlands have also been and 
are still being lost to sugar cane production, primarily 

Table 7.1-1
Advantages and disadvantages of energy crop cultivation in monocultures.
Source: WBGU

Advantages

Economic efficiency Soil quality GHG balance Ecosystem services

Specialized machinery, not 
as many different machines 
required

Protection from erosion and 
soil improvement are possi-
ble with perennial crops on 
marginal land (depending on 
management intensity)

Emissions can be reduced 
with machine syndicates

Production of food and/or 
raw materials as feedstocks 
for manufacturing processes 
and as an energy resource

Price discounts for seed, 
fertilizer, agrochemicals 
purchased in bulk quantities

Nutrient recycling, air quality 
regulation, water flow regu-
lation 

Easy planning and calcula-
tion

Better marketing oppor-
tunities because of large 
production volumes 

Disadvantages

Economic efficiency Soil quality GHG balance Ecosystem services

Heavy dependency on de-
mand for raw materials and 
political influences (duties, 
taxes, subsidies)

One-sided nutrient depletion High C losses through 
intensive soil tillage plus 
CO2 emissions from farm 
machinery

Favourable conditions for 
plant diseases and specialized 
pests

Heavy pesticide use due to 
high risk of plant diseases 
which may result in total loss 

Mechanical stress from 
heavy machinery leads to 
soil compaction and severe 
surface run-off 

With heavy N applications: 
N2O losses through ineffici-
ent N use

Loss of biological diversity 
(above and below ground) 
due to large populations of a 
single plant species and gene-
rally heavy pesticide use

High chemical fertilizer 
requirement poses a threat to 
soil microfauna 

Less protection from abiotic 
environmental factors (wind, 
heavy rain, hail)

High erosion hazard Contamination of the regi-
onal water supply (negative 
impact on drinking water 
supply and biotope protec-
tion from large plantations), 
competition with land for 
food production
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drained into water bodies, thus endangering their 
aquatic ecosystems (Rosebala et al., 2007).

Various means are available to improve sugar cane 
production. Using efficient irrigation systems (trickle 
irrigation) and mulch helps to conserve water. In 
order to prevent water erosion, the slope of land for 
sugar cane production should not exceed 3 per cent 
(WWF, 2005a). Cutting off the leaves prior to harvest 
and using them as mulch rather than burning them 
off increases the organic matter content of the soil, 
reduces the rate of evaporation, and prevents soil 
erosion (WWF, 2005b). 

Oil palm
The oil palm is one of the traditional oil and energy 
crops (Box 7.1-2). The product, palm oil, is used 
mainly in the food and cosmetics industries. The 
main producers and exporters of palm oil are Malay-
sia and Indonesia (world production in 2007: 39.3 
million t; FAOSTAT, 2007). Both countries are striv-
ing to export 40 per cent of their palm oil production 
as fuel. Although the worldwide land area devoted 
to oil palm cultivation is a mere 10 per cent of that 
devoted to soya cultivation, worldwide production is 
comparable for both crops. According to FAO esti-
mates, by the year 2030 palm oil production will be 
double that of 1999/2001 (FAO, 2006c). 

Oil palm cultivation leads to substantial ecological 
damage, particularly in Indonesia. Whereas in Malay-
sia new oil palm plantations may only be established 
on existing cropland or fallow land, in Indonesia vir-
gin forests on bog soils are often sacrificed to oil palm 
plantations (Stone, 2007; Box 5.4-2). More than 25 
per cent of Indonesian oil palm plantation allotments 

Box 7.1-2

Oil palm (Elaeis guineensis Jacq.)

The oil palm is originally from Africa and is nowadays 
grown in tropical America and South-East Asia. As a 
humid tropical plant, the oil palm requires 100 mm of 
precipitation monthly and an average temperature of 
24–28°C (minimum temperature 15°C, drought period 
no longer than three months). The perennial plant 
grows as tall as 30 m and bears fruit clusters weighing 
up to 50 kg with several thousand fruits. The first har-
vest is possible after five years, and full harvest potential 
is reached after 12–15 years. The plants can live as long 
as 80 years. After harvest the rapidly perishable fruits 
are immediately treated with steam in order to destroy 
a fat-splitting enzyme. Palm oil is extracted from the 
orange-coloured pulp and palm kernel oil is extracted 
from the kernels. The yield of palm oil from the pulp 
averages 2.5–5 tonnes per hectare per year (Lieberei et 
al., 2007).
Photo: Frank Krämer, GTZ

Box 7.1-1

Sugar cane (Saccharum officinarum L.)

Sugar cane is a perennial grass that grows as tall as 7 m. It 
is originally from tropical South-East Asia and was intro-
duced to America by European settlers. As a tropical plant, 
sugar cane cannot tolerate frost and needs a minimum 
annual mean temperature of 18°C and, for rain-fed agricu-
lture without irrigation, at least 1000 mm of annual rainfall. 
The 2–5 cm thick stalk (cane) of the plant contains a soft, 
sugar-storing pith. Depending on the growing region, the 
crop is ready for harvest after 10–24 months. If the stubble 
is not ploughed under after harvest, the regrowth can be 
harvested up to 4–8 times with suitable fertilization. Yields 
average 10–120 tonnes of biomass per hectare.

At harvest the canes are cut and the leaves removed. 
After chopping, the pieces of cane are crushed and pressed 
several times in order to extract the sugar. The sugar cane 
syrup is clarified and then crystallized by boiling. The crys-
tallized raw sugar is refined to 99.8 per cent pure sucrose. 
The remaining sugar syrup (molasses) is fermented to pro-
duce alcohol or is used as feed or for yeast culture. The 

fermented molasses (vinasses) is often applied back on the 
fields as fertilizer (Lieberei et al., 2007).
Photo: Hannes Grobe, AWI
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have been issued for areas with bog soils. The produc-
tion of one tonne of palm oil results in 10–30t of CO2 

emissions, which are generated from oxidation of the 
drained organic soils (fires not included in the calcu-
lation; Hooijer et al., 2006). 

Furthermore, destruction of virgin forest leads 
to habitat loss for numerous plant and animal spe-
cies (Section 5.4). In Sumatra, three-quarters of the 
native species of bats have disappeared, and less than 
10 per cent of all birds and mammals of the virgin 
forests are able to find new habitats in the planta-
tions (Stone, 2007). In addition, the processing of 
palm fruits in oil mills produces effluent, which with 
traditional treatment methods leads to further envi-
ronmental contamination. The effluent is ultra-rich 
in nutrients and is drained into large ponds, in which 
anaerobic decomposition of the organic compounds 
leads to high methane emissions if the methane is not 
used in some way, such as in biogas plants. The pro-
duction of 1 tonne of palm oil in this manner results 
in an additional 756 kg CO2eq of GHG emissions 
(Schuchardt, 2007). 

In order to prevent these enormous CO2 emis-
sions and conserve biological diversity, it is essential 
that no more swamp forests on bog soils be destroyed 
(Hooijer et al., 2006). Where possible, bog soils should 
be restored to their natural state. In terms of CO2 re-
duction, oil palm cultivation is most efficient on mar-
ginal land (Section 7.3). With sustainable plantation 
management (e.g. better water management) and 
improved palm oil processing methods, considera-
ble savings in energy and considerable reductions of 
GHG emissions could be achieved (WWF, 2007). The 
nutrient-rich waste water from the processing of oil 
palm fruit along with the empty and ground-up fruit 
residue can be used in biogas plants (Schuchardt, 
2007). This ensures that the nutrients are not lost, and 
hardly any methane and nitrous oxide are released. 

Jatropha
Jatropha curcas (physic nut or Barbados nut), an 
oleiferous member of the spurge family, is frequently 
mentioned as the new ‘miracle plant’ for biodiesel 
production. This tropical plant is relatively easy to 
grow. It grows in arid and semi-arid regions as well 
as in areas with more precipitation (200–1500 mm 
per year), and also grows on nutrient-poor soils (Box 
7.1-3). The high oil content of Jatropha and the ero-
sion protection provided by its deep roots make the 
plant an interesting possibility for biodiesel produc-
tion on marginal lands in tropical regions (Open-
shaw, 2000; Augustus et al., 2002; Wiesenhütter, 2003; 
Sirisomboon et al., 2007). 

Although the plant has a long history of diverse 
uses, e.g. hedgerows, erosion prevention, traditional 
human and veterinary medicine, soap manufacture 

and fertilizer, research on it is still in the early stages. 
Unlike other crops, Jatropha is not a cultivated plant. 
The plant used today is a wild form, which has only 
recently been selectively bred (Rosegrant and Cava-
lieri, 2008). For profitable production, it is first neces-
sary to develop new cultivars, as the yields of the wild 
form are highly variable and difficult to predict (Fair-
less, 2007). Jatropha is relatively resistant to pests and 
diseases, and livestock (including goats) find it unpal-
atable because of its milky, poisonous sap (Augustus 
et al., 2002; Wiesenhütter, 2003). The press cake from 
oil production is likewise unsuitable as feed, and is 
used as fertilizer or in organic pest control. Should 
an economical means of detoxifying the residue be 
found, it could be used for feed. 

Planting trials are currently being conducted in 
India in order to identify the site requirements and 
productivity of various landraces. Preliminary inter-
cropping trials by ICRISAT indicate that other crops 
can be interplanted with Jatropha. At this point, how-
ever, it is still too early for an ecological and economic 
evaluation of such cultivation systems. Although the 
plant can grow on marginal land, it requires fertile 

Box 7.1-3

Jatropha (Jatropha curcas L.)

The succulent spurge Jatropha curcas or physic nut is 
originally from South America and has since spread 
throughout the tropics. It grows on various soils, even 
nutrient-poor ones, and under various climatic condi-
tions. Within three years the plant grows as tall as 3–5 m 
and can live as long as 50 years. Yields range from 0.5 t 
to 12 t per hectare per year, depending on the site and 
water availability. The seeds have an oil content of 
approx. 30 per cent (Openshaw, 2000). The press cake 
from the seeds contains approx. 6 per cent nitrogen. The 
nitrogen requirements of Jatropha have still not been 
clearly determined. Openshaw (2000) recommends 
growing Jatropha as a companion crop to nitrogen-
fixing trees.
Photo: Meinhard Schulz-Baldes, WBGU
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soils and adequate water (up to 750 mm of water/year 
according to ICRISAT) to produce high per-hectare 
yields, and therefore competes with food production 
on sites that meet these conditions. Nevertheless, Jat-
ropha is seen as a source of hope for biodiesel pro-
duction and large areas of land are already under cul-
tivation (Boxes 6.7-2 and 10.8-1). There may already 
be as many as 500,000 to 600,000 hectares of Jatropha 
plantations in India, and even two million hectares in 
China (Fairless, 2007). It is still not possible, however, 
to produce biodiesel from Jatropha economically – 
that is, without subsidies (Openshaw, 2000; Wiesen-
hütter, 2003). 

7.1.1.2  
Rotational crops in temperate latitudes 

Maize
Whereas maize is primarily grown as livestock feed 
(silage maize) in Europe and in North America, in 
many developing and newly industrializing countries 
it is one of the most important staple foods (grain 
maize; Box 7.1-4). World grain maize production was 
785 million tonnes of grain in 2007. The largest pro-
ducers by far were the USA (332 million t or 42 per 
cent of world production) and China (nearly 152 mil-
lion t or 19 per cent of world production; FAOSTAT, 
2007). In 2006, Germany produced nearly 3.4 mil-
lion t of grain maize, representing a mere 0.5 per cent 
of worldwide production, but nearly 47 million t of 
silage maize (Destatis, 2006). 

In 2007, the area planted with genetically modi-
fied maize (GM maize) cultivars amounted to 35.2 
million hectares, which represents 24 per cent of the 
worldwide maize production area. Eighty per cent 
of the maize grown in the United States now comes 
from GM maize cultivars (ISAAA, 2008).

Modern maize monocultures have a number of 
adverse effects on the environment. Groundwater 
is contaminated by nitrate leaching associated with 
the use of nitrogen fertilizers and by herbicides. The 
soil is endangered by prolonged fallow periods, and 
is compacted and eroded by heavy farm machinery. 
In addition, conventional maize cultivation practices 
require a high energy input (ITADA, 2006). In addi-
tion, maize monocultures are low biological diver-
sity agro-ecosystems. According to Searchinger et 
al. (2008), if changes in land use to produce ethanol 
from maize are figured into the GHG balance, the 
GHG emissions over 30 years are twice those associ-
ated with fossil fuel use. 

Various measures can be employed to mitigate 
ecological impacts. The agro-environment can be 
upgraded by increasing the number of different 
crops within the crop rotation and planting suita-

ble catch crops. Mulch seeding, better ground cover, 
and reduced tillage contribute to protecting the soil 
from erosion and compacting. A well-balanced ferti-
lization programme and reduced tillage help reduce 
energy inputs (ITADA, 2006). 

Rape
In 2007, 49 million tonnes of rape were produced 
worldwide (FAOSTAT, 2007; Box 7.1-5). After China, 
Canada and India, Germany (5.3 million t, almost 11 
per cent) ranked fourth in world production. Genet-
ically modified cultivars account for 20 per cent or 
5.5 million hectares of the worldwide land area under 
rape cultivation (ISAAA, 2008).

As a consequence of the market for biofuels, the 
production volume has increased substantially in 
recent years. In 2006, 12 per cent of available ara-
ble land in Germany was devoted to rape production 

Box 7.1-4

Maize (Zea mays L.)

Maize is a ‘true grass’ (i.e. a member of the family 
Poaceae = Gramineae) and comes originally from Mex-
ico, where it was already being grown as a crop between 
5000 and 3400 B.C. The plant grows as tall as 2.5 m and 
has a pith-filled stalk up to 5 cm in diameter. After pol-
lination by wind, the ears grow out of the leaf axils. 
Depending on the variety, the kernels may be yellow-
gold, white, red or dark purple in colour. Maize kernels 
are composed of approx. 70 per cent starch, from which 
ethanol can be produced. Approximately 2.5 t of maize 
are needed to produce 1 m3 of ethanol.

As a tropical-subtropical plant, maize is not frost 
resistant. The optimum temperature for growth is 30°C, 
although some varieties also grow in temperate lati-
tudes. The plant is relatively drought-tolerant and will 
also grow on poorer soils (Farack, 2007). The nitrogen 
content of grain maize (grain and stalk, 86 per cent dry 
matter) is 2.41 kg N per tonne of fresh weight, and in 
Germany the average grain yield is 90 tonnes per hec-
tare. (LfL Bayern, 2008).
Photo: ©gabriele.moser



139Cultivation systems for biomass production as energy resource  7.1

(incl. turnip rape; Destatis, 2006), albeit with consid-
erable regional variation. In 2007, almost 23 per cent 
of the arable land in Mecklenburg-Western Pomera-
nia was devoted to oilseed rape production (Grunert, 
2007). Grunert estimates the tolerable threshold for 
the proportion of land under rape cultivation to be 25 
per cent, which corresponds to a rotation sequence 
with a three-year recess interval between rape crops. 

The ever-shorter recess intervals and the increas-
ing proximity of different rape fields increase disease 
and pest pressure, which in turn requires increased 
pesticide usage and favours the development of 
resistance, are issues of concern (Grunert, 2007). In 
addition, rape requires large amounts of nitrogen fer-
tilizer, which is a major cause of environmental con-
tamination (from high energy consumption to man-
ufacture the fertilizer and nitrate contamination of 
the groundwater due to improper application tech-
niques). The following rotational crop, however, ben-
efits from a good soil structure and a high nutrient 
content in the soil (Grunert, 2007). However, nutri-
ent leaching must be prevented by selecting a suit-
able rotational crop. Although conservation tillage 
methods such as mulch seeding and leaving the stub-
ble on the field are beneficial for the soil, they also 
favour the survival of pathogens and pests (Alp-
mann, 2005).

Cereals
Due to rising crude oil prices, cereals (wheat, oats, 
barley, rye) for bioenergy production have attracted 
increasing interest from an economic standpoint 
in recent years (Tuck et al., 2006; Box 7.1-6). Etha-
nol can be produced from the grain, which contains 
starch, and the straw is suitable as a solid fuel. The 
wheat-rye hybrid triticale, previously used mainly as 
livestock feed, has attracted the attention of bioen-
ergy producers in recent years due to its high biomass 
yields and good combustion properties (Jorgensen et 
al., 2007). In 2007, a total of 12.6 million t of triticale 
was produced worldwide in 36 countries. Poland (4.2 
million t), Germany (nearly 2.2 million t) and France 
(1.5 million t; FAOSTAT, 2007) were the three larg-
est producers. 

Since 2001, however, cereal cultivation for energy 
production in the EU has been permitted only on 
set-aside land, and then only if the energy produced 
from it is used on the same farm (EU Regulation No. 
587/2001). 

The environmental contamination from intensive 
cereal cultivation is the same as that from maize and 
rape production (nitrate and herbicide contamina-
tion of soil and groundwater, high energy consump-
tion). Even the use of residual biomass such as straw 
for bioenergy production is not without controversy, 
as doing so removes additional carbon from the soil 
(Reijnders, 2008; Saffih-Hdadi and Mary, 2008). 

Box 7.1-5

Rape (Brassica napus ssp. oleifera L.)

Rape is originally native to the Mediterranean area of 
south-eastern European and, like its close relative turnip 
rape (Brassica rapa L.), it is grown primarily for the pro-
duction of high-quality oil. Depending on the variety, the 
plant grows as tall as 160 cm and produces clusters of bright 
yellow flowers. The small round seeds are borne in seed-
pods known as siliques and have an oil content of 40–50 
per cent. Rapeseed oil formerly had a high content of erucic 
acid, which was responsible for the bitter taste of the oil. 
Through selective breeding in the 1980s, however, it was 
possible to replace nearly all of the erucic acid content with 
more digestible oleic acid (known as Canola = Canadian 
oil, low acid).

Winter rape is sown in late summer, and annual sum-
mer rape is sown in the spring. Rape grows well everywhere 
that wheat can be grown. Without a protective snow cover, 
however, winter rape does not readily tolerate tempera-
tures below -15°C that last for more than a few days. A fur-
ther requirement of the species is that the autumn climate 
should enable the seedlings to become established and 
form leaf rosettes. Poorly-drained soils as well as those that 
dry out severely are less suitable for rape growing. 

To extract rapeseed oil, the seeds are rolled and pressed. 
The press residue, known as press cake, is a livestock feed 

rich in protein. Rapeseed oil is a high-quality culinary oil 
and its many uses include the production of margerine. It is 
also used as an industrial lubricant. Nowadays the main use 
of rape is the production of biodiesel (RME = rapeseed oil 
methylester; Lieberei et al., 2007). The nitrogen content of 
rape (seed and straw, 91 per cent dry matter) is 4.54 kg N 
per t fresh weight, and in Germany the average grain yield 
is 30t per hectare (LfL Bayern, 2008).
Photo: Meinhard Schulz-Baldes, WBGU
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7.1.1.3  
Perennial crops in temperate latitudes

Miscanthus grass
Miscanthus grass is a perennial grass originally native 
to South-East Asia and a prolific producer of biomass 
and fibre (Box 7.1-7). A danger associated with 
Miscanthus grass cultivation is that it may become 
invasive if, for instance, the roots are not completely 
dug up when removing the plant (Box 5.4-3). In the 
eastern USA, the plant is on the list of invasive spe-
cies that threaten to displace native plant species 
(Swearingen et al., 2002).

The sequestration potential of Miscanthus grass 
plantations ranges from 5.2 to 7.2 C per hectare per 
year (Clifton-Brown et al., 2007). In a comparative 
study of nitrogen, energy and land-use efficiency of 
the three energy crops triticale (x Triticosecale), reed 
canarygrass (Phalaris arundinacea L.) and Miscanthus 
grass, Miscanthus grass clearly outperformed the 
other two (Lewandowski and Schmidt, 2006). In 
order to ensure optimum resource management, the 
authors of this study recommend Miscanthus grass 
for biomass production, and in regions where the cli-
mate is too cool for it, they recommend short-rota-
tion plantations with woody plants. 

Switchgrass 
Switchgrass is a prairie grass that is becoming increas-
ingly important not only in terms of its traditional 
use as a high quality forage but also for bioenergy 
production (Box 7.1-8). The positive environmental 
effects of switchgrass cultivation are erosion miti-
gation through wind screening, year-round ground 
cover and good root penetration of the soil. Switch-

grass stands in the USA also provide shelter and food 
for various birds and small animals (USDA, 2001). In 
its report on climate protection and biomass, how-
ever, SRU (2007) rated switchgrass monocultures as 
a medium risk to biological diversity. 

In a life-cycle analysis by Adler et al. (2007) on 
GHG fluxes in energy crop cultivation, the GHG 
reduction of switchgrass compared with fossil fuels 
over a 30-year period averaged 115 per cent. The 
value greater than 100 per cent can be explained by 
carbon sequestration in the soil, which results in a 
net sink. Compared with a maize-soya crop rotation 
system, switchgrass has greater carbon sequestration 
potential (Al-Kaisi and Grote, 2007). 

7.1.2  
Short-rotation plantations (SRPs) 

The main purpose of a short-rotation plantation is to 
produce timber as an energy resource and as a feed-
stock for manufacturing processes. To this end, fast-
growing species such as poplar and willow are grown 
in temperate zones and eucalyptus or Pinus radiata 
is grown in tropical and subtropical zones. Nutrient 
loss and contamination of local water sources in trop-
ical soils are considerable, even after short rotation 
periods. In addition, the litter from some eucalyptus 
species can be phytotoxic, thus suppressing erosion-
preventing undergrowth (Poore and Fries, 1985). The 
general advantages and disadvantages of SRPs are 
summarized in Table 7.1-2. Because the plantations 
are on agricultural land and in Europe are thus sub-
ject to agricultural rather than forestry legislation, 

Box 7.1-6

Triticale (Triticum aestivum  
L. x Secale cereale L.)

Triticale has been selectively bred since the 1930s. The 
hybrid grain triticale is a cross breed between wheat and rye 
and combines the characteristics of both cereal species. Rye 
is less demanding than wheat as far as site conditions are 
concerned, and also grows in harsher climates and poorer 
soils. Wheat by comparison produces higher yields and a 
flour with good baking properties. Triticale cultivation of 
biomass for energy is increasing. The grain is especially suit-
able for this purpose, as it has firmly-adhering kernels that 
do not drop-off, even with a late harvest when the plant has 
a low moisture content (Lewandowski and Schmidt, 2006). 
Like rye, triticale produces more dry matter than wheat 
with less nitrogen fertilization and is therefore better suited 
for the production of biomass for energy (Jorgensen et al., 
2007). The nitrogen content of triticale (grain and straw, 
86 per cent DM) is 2.1 kg N per t of fresh weight, and in 

Germany the average grain yield is 6.0 t per hectare (LfL 
Bayern, 2008).
Photo: Klaus Münchhoff, Gut Drerenburg
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there are no legal restrictions as regards clearcutting 
and clearing. 

SRPs are suited for non-cultivated land (fallow 
land, contaminated soils). In Germany the develop-
ment of non-cultivated land for the production of 
renewable biomass is subsidized. The timber can be 
used both as a feedstock for manufacturing processes 
and as an energy resource. 

If intensively used grassland is ploughed up to pro-
duce energy crops, short-rotation poplar plantations 
for producing wood chips are more sustainable in 
Germany than maize cultivation for ethanol produc-
tion, according to a study by the Karlsruhe Research 
Centre (Rösch et al., 2007). However, the plough-
ing up of grassland to grow biomass for energy pro-
duction should be avoided (EU Commission, 2005d). 
In its report on biomass and climate change mitiga-
tion, SRU calls for a general ban on the conversion of 
grassland to biomass production (SRU, 2007). 

As a general rule, biological diversity is greater 
in natural forests than in tree plantations (Rai-
son, 2005). Nevertheless, planting SRPs as spatial 
and temporal mixed cultures can help create more 
diverse landscape structures. Placing green manure 
or mulch between the tree rows not only serve as 
nutrient sources and replace chemical fertilizers, but 
also provide niches for micro-organisms. 

7.1.3  
Agroforestry 

Agroforestry is a combination of agriculture and for-
estry on the same land (e.g. trees, fruit or nut-bearing 
hedgerows, etc.). Annual crops are interplanted with 
perennial trees or shrubs. The term agrosilvopasto-
ral system is used if livestock are also raised on the 
same land. Agroforestry systems are most common 

Box 7.1-8

Switchgrass (Panicum virgatum L.)

Switchgrass is native to the North American prairies. 
The prairie grass is a perennial, rhizomatous plant (a 
rhizome is perennial stem that grows underground or 
just below the surface) that grows as tall as 3 m and 
has an equally deep root system. It is relatively win-
ter hardy. Like Miscanthus grass, switchgrass is in the 
group of plants with a C4 photosynthesis mechanism. 
The useful life of the plants is 15–20 years, and it is cut 
once a year (twice a year with suitable fertilization). Full 
yield potential is reached approximately after the third 
year. The annual nitrogen removal with harvest varies 
between 48–276 kg N per hectare, depending on the 
site and frequency of harvest. Maximum yields are as 
high as 36.7 t dry matter per hectare per year (Parrish 
and Fike, 2005). Maximum yields of 10–17 t dry matter 
per hectare per year are reported for Germany (TFZ, 
2008).
Photo: Michael Hassler, Bruchsal

Box 7.1-7

Miscanthus grass (Miscanthus sinensis 
Anderss.)

Miscanthus grass grows to a height of over 4 m after 
only three years. Like maize and sugar cane, this grass 
owes its rapid growth rate to the C4 photosynthesis 
mechanism, which when more heat and light are avail-
able enables a more rapid rate of photosynthesis and 
uses water and CO2 more efficiently than the C3 mech-
anism. The interspecific hybrid Miscanthus x giganteus 
is grown for biomass production. Miscanthus grass is a 
heat-loving plant that is capable of producing biomass 
for more than 20 years under ideal conditions. In its 
growth stage, however, the plant is very sensitive to 
cold. Late frosts can lead to a total yield loss. In Central 
Europe the plant does not produce germinable seeds, 
but instead reproduces by rhizomes (Stolzenburg, 2007). 
The nitrogen content of Miscanthus (whole plant, 80 per 
cent dry matter) is 0.15 kg N per t of fresh weight, and 
in Germany the average yield is 22.0 t per hectare (LfL 
Bayern, 2008).
Photo: www.hpc-group.com
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among small farmers in the tropics. The primary pur-
pose of such systems is food production. It is there-
fore difficult to estimate how much overall biomass 
for energy use could be produced in these tropical 
systems. Energy crops (e.g. oil palms) grown in mixed 
cultures have potential as a sustainability strategy for 
small farms. 

Agroforestry offers certain advantages over pure 
agriculture (Table 7.1-3). The mixed culture with 
trees provides different ecological niches in a small 
space and enhances the diversity of the cultivated 
landscape. Thanks to the year-round ground cover 
and the dense and deeper root penetration, the soil 
is better protected from erosion, nutrient leaching is 
reduced, and nutrient availability is improved. The 
comparatively small quantities of products, however, 
may result in a marketing disadvantage for the pro-
ducers. Furthermore, agroforestry systems require 
longer-term planning and only become profitable 
after a certain period of time. 

In the European SAFE project (Silvoarable 
Forestry for Europe, 2001–2005), the benefits of 
agroforestry were studied in various trials and in sev-
eral European countries. The researchers were able 

to demonstrate that the available nutrients were used 
more efficiently in mixed cultures than in monocul-
tures (Dupraz et al., 2005). According to Reisner et 
al. (2007), the European tree species poplar, holm 
oak, stone pine, walnut, and cherry could be grown 
profitably in combination with standard field crops 
on 56 per cent of the arable land in Europe. Doing 
so could also reduce nitrate leaching, protect the 
soil from erosion, and enhance biological diversity 
on approx. 40 per cent of the arable land in Europe 
(Reisner et al., 2007). 

Agroforestry systems are still not widespread 
in Germany. As part of the Agroforestry Research 
Cooperative Project (Agroforst-Forschungsver-
bund), the German Federal Ministry of Education 
and Research commissioned the Jülich Research 
Centre to study agroforestry management strate-
gies in terms of economic, ecological and social cri-
teria, particularly in terms of a potential alternative 
to the conventional spatial separation of agriculture 
and forestry and promotion of sustainable develop-
ment. The project will run from 2005 to 2008, and the 
research focuses on the production of timber biomass 
as well as other topics. 

Box 7.1-9

Algae as bioenergy sources

Algae for hydrogen production
When under stress, the unicellular algae species 
Chlamydomonas reinhardtii has the unique characteristic 
of generating hydrogen as a photosynthetic by-product 
(hydrogenesis). This algae species is suitable for climate-
friendly energy production, as no greenhouse gases are 
released. In laboratory experiments it was found that the 
algae produce hydrogen particularly when they are tempo-
rarily deprived of the trace element sulphur. Furthermore, it 
was possible to increase hydrogen production significantly 
through genetic engineering, thus increasing the efficiency 
of the conversion of sunlight to hydrogen from 0.1 to 2.5 
per cent. 

In spite of this progress, however, there are still some lim-
iting factors that need to be overcome: the algae need to be 
maintained under stress conditions for a prolonged period 
in order to generate hydrogen. Prolonged periods of stress, 
however, can damage the organisms considerably, which is 
why periodic regeneration phases in which no hydrogen is 
produced are necessary. Furthermore, the algae require a 
considerable amount of sunlight, and therefore hydrogen 
is only produced in a very thin surface layer of an aqueous 
solution populated with Chlamydomonas. Even if it were 
possible to grow the algae on light-conducting fibres, very 
large areas would be needed for industrial use.

Other research approaches are focusing on isolating the 
hydrogenesis enzymes from the algae species in order to 
be able to generate hydrogen independently of living cell 
cultures. This approach, however, is in the developmental 
phase and still a long way away from pilot applications 
(Melis and Happe, 2001).

Biomass and diesel production from waste gases 
In principle it is possible to convert dried algae biomass into 
biodiesel, bioethanol or biogas. The oil content of different 
algae species is as high as 40–50 per cent by weight, thus 
making these species potent biodiesel producers (FAO, 
2007c). In the recently launched pilot project in Hamburg 
‘Technologies for Exploiting the Resource Microalgae’ 
(Technologien zur Erschließung der Ressource Mikroalgen, 
TERM), exhaust emissions from a small-scale combined 
heat and power (CHP) unit are fed into a tank with algae 
cultures. The algae are able to take up part of the CO2 and 
convert it into biomass. According to the project report, it 
is possible to sequester as much as 450 t CO2 per hectare 
per year. This corresponds to around 150 tonnes of biomass, 
which in turn would correspond to a tenfold increase in 
productivity per unit land area compared with agricultural 
biomass production. The pilot project plans to convert the 
algae into biodiesel and use it as an energy source. While 
this would not result in a direct sink effect, the emitted 
CO2 would be divided between two energy products in the 
entire system, thus lowering the greenhouse gas intensity 
per unit energy.

In terms of a large-scale industrial use, however, the 
strategy appears to be of limited applicability: sequester-
ing the CO2 emissions of a hard-coal-fired power plant with 
800 MW capacity would require an algae bed with an area 
of 100 km2 in the vicinity of the plant. Nevertheless the sys-
tem could have advantages on sealed and contaminated 
sites (industrial brownfield sites), which have few other 
possible uses. Coupling with smaller facilities seems quite 
promising in this case. So far, however, there is no evidence 
that large-scale algae production with the necessary com-
plex infrastructure and associated processing of the fuel 
has an overall positive CO2 balance (Ullrich, 2008). The 
production of biodiesel from algae is also still quite cost-
intensive (Ackermann, 2007; FAO, 2007c).
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7.1.4  
Permanent grassland and pastures 

As a result of decreasing livestock populations (due 
to structural change in dairy cattle husbandry, etc.), 
the area of excess grassland in Germany is increas-
ing. In a study by the Karlsruhe Research Centre, 
researchers therefore investigated ways of using 
grassland in Baden-Württemberg as a bioenergy 
resource, as alternatives to dairy cattle husbandry 
or pure grassland husbandry (Rösch et al., 2007). 
Using grass silage to produce biogas (fermentation) 
and using hay to produce heat have become com-
monplace. The gasification of grass cuttings is still in 
the research and developmental stages (Section 7.2). 
With extensive grassland management, the use of hay 
as a fuel is more sustainable than pure grassland hus-
bandry in the categories of energy conservation, cli-
mate change mitigation, income and employment, 
according to the study by Rösch et al. (2007). The 
drawback is that thermal use produces emissions that 
are harmful to human health and the environment, 
although it may in future be possible to reduce such 
additional contamination through advanced technol-
ogy. On the other hand, the production of electric-
ity from grass silage has the adverse consequence of 
releasing methane, whereas the effects on ecological 
and socio-economic indicators are positive (Rösch et 
al., 2007). 

Another interesting aspect of extensive grassland 
use is the conservation or enhancement of biological 
diversity. Results from the Jena Experiment, a large 
biological diversity experiment in Germany, convinc-
ingly show that grasslands with greater biological 
diversity are able to achieve higher ecosystem serv-
ices (e.g. productivity, carbon sequestration, nutrient 
use, etc. ) than species-poor systems (Oelmann et al., 
2007; Weigelt et al., 2008). Even forage quality and 
calorific values increase with increasing biological 
diversity (Dr. Michael Scherer-Lorenzen, ETH 
Zürich, and Prof. Dr. Michael Wachendorf, Univer-
sity of Kassel, personal communication). Results for 
the North American prairie are similar. According to 
a study by Tilman et al. (2006), the prairie with high 
biological diversity produced even more bioenergy 
per unit land area than a maize cultivation system 
for ethanol or a soya cultivation system for biodiesel, 
and with fewer GHG emissions and less soil contam-
ination from agricultural chemicals. According to this 
study, there are 5 x 108 hectares of eroded, marginal 
land worldwide that would be suitable for such low 
intensity/high diversity grassland cultivation. Even 
though the actual amount of marginal land availa-
ble worldwide and its productivity is still under dis-
cussion (Russelle et al, 2007; Tilman et al, 2007), these 
new approaches to sustainable biomass production 
nevertheless show great potentials for ecologically 
upgrading degraded areas. Furthermore, with new 
vegetation cover and the resultant input of organic 

Box 7.1-10

Short-rotation plantations (SRPs)

The term short-rotation plantation (SRP, also known as 
short-rotation coppice or short-rotation forestry) refers to 
the cultivation of fast-growing tree species on agricultural 
land to produce biomass. The origin of SRPs goes back to 
coppicing, which in the past was used to produce firewood. 
The turnover period describes the growth period until the 
trees are cut and it depends on the use of the wood. For 
pulpwood or for chip production, the trees are harvested 
after 3–5 years, for industrial timber after around 20 years, 
and after as many as 30 years for standing timber. 

In addition to rapid growth, suitable tree species for 
SRPs must also have other characteristics, such as tolerance 
to extreme planting densities, narrow (columnar) canopy, 
favourable ratio between water and nutrient consumption 
and wood production, ability to regrow after harvest, and 
resistance to biotic and abiotic damage. 

Frequently planted tree species in temperate latitudes 
include willows (Salix sp.) and poplars (Populus sp.) and 
their hybrids, as they grow quite rapidly under conditions 
of average nutrient availability and a good water supply in 
the soil. Aspens (Populus tremula) are relatively drought-
tolerant and are also suited to exposed sites (e.g. knolls), 
whereas willows grow best on moist sites. Birches (Betula 
sp.) can be planted on very dry, nutrient-poor soils and 

alders (Alnus sp.) are suited to wet areas (Röhricht and 
Ruscher, 2004; LWF, 2005). Eucalyptus plantations are com-
mon in subtropical and tropical regions.

Nitrogen removals by SRPs at a medium yield level 
average around 64 kg N per hectare with a yield of 10t of 
dry matter per hectare per year for poplars and 32 kg N per 
hectare with yields of 7 t of dry matter per hectare per year 
for willows (KTBL, 2006). 
Photo: CLAAS Harsewinkel
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matter into the soil, it is possible to restore such 
degraded land areas and thus make them available 
for long-term food production or for the production 
of industrial feedstocks. 

The effects of resource, pollutant and nutrient 
management in agricultural biomass production 
on GHG emissions and ecological sustainability 
were assessed in the scope of a life-cycle assessment 
(LCA) study conducted by the Swiss Federal Offices 
of Energy, Environment and Agriculture (Kägi et al., 
2007). According to this study, extensive meadows 
produce on average 2.7 tonnes of dry matter (DM) 
per hectare, organically managed permanent mead-
ows 9.9 t DM per hectare, and permanent meadows 
in integrated production systems 11.7 t DM per hec-
tare. Integrated production (IP) is a method of farm-
ing with minimal environmental impacts, but with less 
strict requirements than for certified organic produc-
tion. According to this study, for bioenergy produc-

tion from grass the more intensive IP management 
system is preferable, partly because this results in 
10–15 per cent more yield than organic farming, but 
also because only minor differences in environmen-
tal impacts are ascertainable. The ethanol yield con-
version factor for grass (starch equivalents) is given 
as 0.24 kg per kg DM. Extensively managed mead-
ows result in less overall environmental contam-
ination per kg DM than intensively managed ones. 
However, both intensively and extensively managed 
meadows achieve better results per production unit 
in terms of environmental contamination and yield 
loss than medium management intensity (Kägi et al., 
2007). According to the EMPA life-cycle assessment 
study on energy products (Zah et al., 2007), green-
house gas emissions are less in extensive grass culti-
vation systems than in intensively managed ones, but 
biomass production and ethanol yield also decrease. 

Table 7.1-2 
Advantages and disadvantages of short-rotation plantations.
Source: WBGU

Advantages

Economic efficiency Soil quality CO2 balance Ecosystem services

High biomass production on 
small land areas

Year-round vegetation cover 
prevents erosion

‘Climate-neutral’ resource 
(except for nutrient removal 
and emissions at harvesting)

Improvement of the local cli-
mate (windbreaks, mitigation 
of temperature extremes)

Relatively rapid amortization 
of invested capital

Dense root systems improve 
top soil structure

Carbon sequestration in the 
soil. However: dependent on 
the time period

Habitats for animals (nesting 
sites, food, etc.), mixed 
culture SRPs as bridging ele-
ments in habitat networks

Simple planning and calcu-
lation

Undisturbed development of 
soil fauna 

Flood protection due to im-
proved sequestration effect

Securing of raw material 
supplies

No soil compaction due to 
infrequent driving on the 
land

Green areas make aesthetic 
landscapes 

Uniform availability of raw 
materials

Depending on the tree 
species: detoxification of soils 
contaminated with heavy 
metals 

Air and water filtration, O2 
production

Disadvantages

Economic efficiency Soil quality CO2 balance Ecosystem services

Fertilization/irrigation re-
quired, depending on the site 
and tree species

The shorter the rotation 
period, the greater the 
adverse ecological impacts of 
soil contamination, nutrient 
needs, pesticide use, etc.

GHG emissions dependent 
on overall eco-balance 
(cultivation scheme, length of 
rotation, etc.) 

Competition with land use 
for food crop production

Market price for timber 
biomass becomes a risk 

Contamination of the regi-
onal water supply (negative 
impact on drinking water 
supply and biotope protec-
tion with large plantations) 

Additional machinery for 
forestry 

Large-scale plantations thre-
aten agro-ecosystems 
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As a consequence, the study makes no clear recom-
mendations in favour of either cultivation method. 

As part of a long-term experiment conducted by 
the Swiss Research Institute of Organic Agricul-
ture (FiBL) known as the DOK Trial, various culti-
vation systems (organic, biodynamic, conventional in 
accordance with integrated production) and various 
fertilizer types (farmyard manure, farmyard manure 
and chemical fertilizer, chemical fertilizer) and rates 
were compared (FiBL, 2001; Maeder et al., 2002). The 
yields of grass leys (that is, meadows rotated with 
cropland) were only 11–13 per cent lower in the first 
two rotation sequences (in each case 7 years) with 
organic management as compared to conventional 
production. The yield differences increased slightly 
in the third rotation sequence (FiBL, 2001). As a 
general rule, a yield reduction of approx. 20 per cent 
can be expected in organic farming without chemi-
cal fertilizers and without chemical or synthetic pes-
ticides (FiBL, 2001; Maeder et al., 2002). Compared 
with conventional production, however, fertilizer and 
energy inputs were reduced by 34 per cent and 53 per 
cent respectively, and pesticide use was reduced by 97 
per cent (Maeder et al. 2002). 

Carbon uptake in temperate grassland can be 
influenced by nitrogen fertilization (Soussana et al., 
2004). A moderate nitrogen application promotes 

carbon uptake in the soil, whereas excessive nitro-
gen fertilization stimulates mineralization of organic 
carbon (Soussana et al., 2004). In order to stock as 
much carbon as possible in the soil, the authors rec-
ommend reduction of nutrient input on heavily ferti-
lized grasslands and moderate fertilization of exten-
sively managed grasslands (Soussana et al., 2004). 
This recommendation does not apply to alpine and 
wet meadows, which already have naturally large car-
bon stocks. 

7.1.5  
Forests as biomass producers

7.1.5.1  
Biomass use in tropical forests

According to FAO estimates, tropical forests make 
up 42 per cent of the world’s forested land (Hakkila 
und Parikka, 2002). A total of approximately 2800 
million m3 of timber from tropical forests was used 
worldwide in 2005 (FAO, 2006c). The percentage of 
timber used directly as fuel worldwide (mostly by 
developing countries) is estimated at approx. 40 per 
cent (Africa 88 per cent, North and Central Amer-

Table 7.1-3
Advantages and disadvantages of agroforestry.
Source: WBGU

Advantages

Economic efficiency Soil quality CO2 balance Ecosystem services

Diversification Year-round vegetation cover 
prevents erosion

With ground cover there are 
fewer C emissions than with 
monocultures 

Mixed cultures more resi-
stant to diseases and pests

Self-sufficient, not dependent 
on large markets and agricul-
ture industry 

Mixed culture prevents one-
sided nutrient depletion

Dense and deep root systems 
of the trees sequester C

Greater habitat diversity 
than with monoculture

Creation of a suitable micro-
climate (shade, windbreaks, 
water storage) for certain 
field crops 

Disadvantages

Economic efficiency Soil quality CO2 balance Ecosystem services

Long-term planning, only 
profitable after a certain 
period of time 

Depending on root characte-
ristics, the trees may compete 
directly with the interplanted 
crop for nutrients and water 

Small harvest quantities 
make market access more 
difficult

More labour intensive, as 
large farm machinery cannot 
be used
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ica 13 per cent), with the remainder being industri-
ally processed (FAO, 2006c). Illegal timber harvest-
ing and the collection of firewood by individuals only 
feature in FAO forest statistics when such figures are 
reported by individual countries (FAO, 2006c). 

The expansion of road systems in tropical for-
ests almost inevitably leads to deforestation in the 
medium term (Asner et al., 2006; Fearnside, 2008). 
In the Brazilian Amazon region, rainforest within a 
25km radius of a road is at a fourfold greater risk of 
being cut down than forested land outside this radius 
(Asner et al., 2006). Improper selective timber har-
vesting, illegal cutting, and fires started by people 
have additional negative impacts on the carbon bal-
ance of tropical forests and pose a threat to biological 
diversity (e.g. WBGU, 1998; Cochrane, 2003; Nepstad 
et al., 2008; Fearnside, 2008). After cutting, not only 
is the species diversity of the regrowth poorer com-
pared to natural, undisturbed forests, but invasive 
species also spread much faster (Baret et al., 2007). 
Furthermore, a statistical study on bird populations 
in exploited versus undisturbed Bolivian forests 
showed that 40 per cent of the bird species inhabit-
ing undisturbed forests need protection. In contrast, 
most of the bird populations in exploited forests con-
sist of species that can withstand human disturbances 
(Felton et al., 2008). 

In contrast to clearcutting, which is primarily car-
ried out to obtain more land for farming and graz-

ing, selective cutting is frequently used for harvest-
ing timber. But even though ‘only’ individual trees 
are selectively harvested and a large part of the forest 
is left – albeit in a heavily damaged state – selective 
timber cutting causes genetic depletion of the popu-
lation, depending on the tree species (Farwig et al., 
2007; de Lacerda et al., 2008), and gives impetus to 
deforestation (Asner et al., 2006; Table 7.1-4). Almost 
a third of selectively harvested forests eventually fall 
victim to clearcutting after an average of four years 
(Asner et al., 2006). Furthermore, the sparser for-
est canopy resulting from selective timber harvest-
ing leads to weakening of the ecosystem (Alongi 
and de Carvalho, 2008). Pereira et al. (2002) meas-
ured the gaps in the forest canopy in the Brazilian 
Amazon region. Whereas in undisturbed forests gaps 
comprised 3.1 per cent of the canopy, with selective 
timber harvesting they comprised more than 20 per 
cent of the canopy, and even with more sustainable 
reduced-impact logging (RIL), they still comprised 
approx. 10 per cent, which affects the microclimate 
and the soil (Pereira et al., 2002). A sparse forest can-
opy leads to greater water stress during droughts and, 
together with the dry wood residue, poses a greater 
risk of forest fires (Cochrane, 2003; Asner et al., 2006). 
Rainforest ecosystems in the humid tropics are con-
siderably more sensitive to fires than arid forest eco-
systems, as the plants are not adapted to fire events 
(Cochrane, 2003; Nepstad et al., 2008). A selectively 

Table 7.1-4
Advantages and disadvantages of reduced-impact logging in tropical rainforests. 
Source: WBGU

Advantages

Economic efficiency Soil quality CO2 balance Ecosystem services

Long-term economic use 
possible due to sustainability

Minimal soil compaction 
due to carefully planned 
harvesting operations 

Biomass-neutral, as only 
forest growth is harvested 

No-go areas conserve biolo-
gical diversity

Intensive monitoring for 
early detection of ecosystem 
changes

Disadvantages

Economic efficiency Soil quality CO2 balance Ecosystem services

Greater management input 
(land-use planning, tree 
inventories)

Soil moisture affected by 
sparser canopy 

Decrease in drought resi-
stance, forest fire hazard 
increased

Risk of deforestation incre-
ases from development

Signs of genetic depletion in 
harvested trees, long-term 
effects on biological diversity 
unknown 

Subtle change in the local 
microclimate 
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logged forest may remain sensitive to fire for decades 
(Cochrane, 2003). 

In timber harvesting by the RIL method, various 
measures can be taken to promote maximum sustain-
able management: these include conservation of the 
forest substance (only regrowth is harvested), tak-
ing tree inventories, careful layout of access roads 
in order to damage as little of the surrounding vege-
tation as possible, a network of defined no-go areas 
to serve as biological corridors, and the conservation 
of mature trees as seed producers. In spite of these 
measures, RIL can lead to alteration of the gene 
pool and the spatial genetic structure of the popu-
lation of a tree species, thus increasing the risk of 
inbreeding (de Lacerda et al., 2008). However, not 
all tree species appear to be equally sensitive from a 
genetic standpoint to economic exploitation of their 
population (Borges Silva et al., 2008). Castro-Arel-
lano et al. (2007) measured the impacts of RIL on 
bat populations in the Amazon region. Although the 
changes in biological diversity appear to be minor 
in short-term measurements, long-term studies on 
changes in biological diversity are lacking. 

In principle, according to the present state of 
knowledge it seems that sustainable use of tropi-
cal virgin forests is nearly impossible, as on the one 
hand the ecosystem reacts with extreme sensitivity 
to disturbances, and on the other hand interventions 
involving even a small area of land, such as the build-
ing of a road, lead to deforestation within a few years 
due to socio-economic factors. Nowadays there are 
various certification systems in the area of sustain-
able forestry (Section 10.3.2.1). 

7.1.5.2  
Biomass use in temperate forests

Temperate forests are found predominantly in the 
northern hemisphere, in Europe, East Asia, and in 
eastern North America. They make up 25 per cent 
of the world’s forests (Fischlin et al., 2007). Around 
one-third of the entire land area in the EU is cov-
ered in forest, of which 12 per cent are under pro-
tection. Around two-thirds of European forests 
are privately owned (EU Commission, 2005d). An 
estimated 65 million m3 of timber is used annually in 
Germany (BMELV, 2008).

Along with use as a feedstock for industrial pro-
duction (in the construction, paper and pulp indus-
tries), the use of wood residues for energy produc-
tion is gaining in importance in developed countries. 
The focus here is on the slash left over from logging, 
unmanaged growth and individual trees unsuited for 
industrial use. Different forest management schemes 
result in varying amounts and types of wood residues. 

Unmanaged, ‘overripe’ forests that are clearcut con-
tain more wood residues from dead and diseased 
trees, whereas wood residues from managed for-
ests consist mainly of topwood and wood from the 
thinning of undersized trees (Hakkila and Parikka, 
2002).

Along with the socio-economic aspects, criteria for 
sustainable forest management (SFM) also include 
forest health, production capacity, biological diver-
sity, water balance, soil quality, and carbon balance 
(Raison, 2005). According to the sustainability prin-
ciples of the Forest Stewardship Council (FSC, 1996), 
unique and sensitive ecosystems and landscapes must 
be conserved in spite of use, and the ecological func-
tions and the integrity of the forest must be assured 
(BUWAL, 1999).

According to a metastudy by Guo and Gifford 
(2002), broadleaf tree plantations have no adverse 
impacts on carbon stocks in the soil compared to vir-
gin temperate forests. In pine plantations, however, 
the carbon stocks in the soil decline when annual 
rainfall exceeds 1500 mm compared to virgin forests 
(Guo und Gifford, 2002). A chronosequence study 
of a commercially exploited beech forest shows that 
the quantity of sequestered carbon in the soil does 
not change significantly within the rotation cycles 
(Hedde et al., 2008). When the impact of wood resi-
due use on the carbon balance of a forest is modeled, 
however, the result is highly variable depending on 
the model used (Palosuo et al., 2008).

Future wood residue use will have strong impacts 
on forest flora and fauna, as the removal of biomass 
alters the microclimate, soil properties and nutrient 
proportions, which in turn affects interspecies inter-
actions in the ecosystem (EEA, 2007a). Resource 
use in European forests varies greatly by region. 
Whereas the rate of biomass extraction from forests 
is very high in certain countries, particularly Finland, 
the Baltic states and Belgium, in countries such as 
France it is 56 per cent and in Italy a mere 47 per cent 
of the resource potential (EEA, 2007a). In order to 
assure a sustainable use of wood residues, the Euro-
pean Environment Agency has established a maxi-
mum extraction rate of 60 percent of the resource 
potential in European forests on the basis of model 
data; parameters such as hillside slope, water balance 
and soil fertility are to be taken into account (EEA, 
2007a). 

7.1.5.3  
Biomass use in boreal forests 

Boreal forests form the northernmost biome with 
tree growth and span Eurasia and North America 
approximately between 50° north latitude and the 
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Box 7.1-11

Potentials and risks of green genetic 
engineering

The discussion of the use of biomass for energy production 
raises questions about the contribution genetic engineer-
ing might make to increasing the potential of bioenergy use 
and the risks associated with doing so. Against the back-
ground of increasing scarcity of high-yielding agricultural 
lands due to various reasons, as early as the 1990s there was 
frequent mention of the relevance of future developments 
in green genetic engineering (WBGU, 1998). Green genetic 
engineering refers to the application of genetic engineering 
techniques to plant breeding. The modified plants are also 
known as transgenic plants. Particularly in regard to the 
question of using marginal sites for bioenergy production, 
the possibility of growing genetically engineered crops with 
greater stress tolerance is repeatedly raised. 

The following potential applications of green genetic 
engineering for improving the potentials of bioenergy use 
are under discussion:
•	 Yield	 increase	 in	 the	narrower	sense:	genetically	engi-

neered increase of biomass production in the plant; 
•	 Yield	increase	in	the	broader	sense:	yield	assurance	by	

minimization of yield losses (e.g. through genetically 
engineered resistance to insect pests);

•	 Alteration	of	plant	contents	in	terms	of	a	higher	biofuel	
yield (e.g. through genetically engineered higher starch 
content or genetically engineered production of enzymes 
in the crop that facilitate the conversion of starch to eth-
anol);

•	 Development	 of	 stress-tolerant	 crops	 (e.g.	 salt	 or	
drought-tolerant crops) for cultivation on extreme sites 
that were previously unsuitable for agricultural produc-
tion.

The options for yield increases are a highly controversial 
subject in both public and scientific discussions. A realistic, 
quantitative assessment of the actual improvement poten-
tial of these options, however, is impossible at the present 
time, as the data base for such an assessment is still insuf-
ficient. 

The options proposed must be considered critically 
from various points of view. Transgenic plants with altered 
characteristics of agronomic interest (especially herbicide 
and insect resistance; ‘1st generation’) have been grown 
commercially for at least a decade. The growing of these 
transgenic plants does not lead to yield increases in the nar-
rower sense. What is involved instead are new approaches 
to pest and weed control, and therefore anticipated yield 
increases in the broader sense through minimization of 
yield losses. So far, however, sound data on large-scale and 
long-term effects versus actual savings in pesticide use are 
lacking (IAASTD, 2008; Levidow and Paul, 2008). All of the 
other above-mentioned transgenic approaches or develop-
ments which, if implemented, could offer additional optimi-
zation potentials in bioenergy use are still in the research 
and development phase. 

An increase in the biomass yield of the entire above-
ground crop biomass, i.e. a yield increase for bioenergy pro-
duction in the narrower sense, is a substantial objective in 
terms of bioenergy production. Efforts to achieve such an 
increase, either by conventional or biotechnology methods, 
have so far been unsuccessful (Levidow and Paul 2008). 
This raises the question as to whether it is even possible 
to increase the total energy content of a plant without aux-
iliary inputs such as nutrients, water, etc., or whether as a 

general rule it is only possible to redistribute the available 
energy. Specific breeding successes, e.g. a higher grain yield, 
frequently go hand in hand with a reduction, such as in stalk 
weight. Attempts to improve the photosynthetic mecha-
nisms of plants have so far been unsuccessful (Rosegrant 
and Cavalieri, 2008).

The use of sites unsuitable for agricultural production 
to grow energy crops is considered an option in terms of 
a sustainable biomass use strategy. Only stress-tolerant 
plants, however, can grow on such sites. The development of 
stress-tolerant, transgenic cultivars has been actively pur-
sued since the 1990s (Schmitz and Schütte, 2000). The com-
paratively complex physiological and biochemical mecha-
nisms responsible for tolerance to abiotic stress factors 
(drought, heat, salt, flooding) in plants, however, are still 
poorly understood. Characteristics corresponding to such 
tolerance are frequently based on a number of genes and 
complex regulatory mechanisms. Most of the genetic engi-
neering research approaches so far have focused on spe-
cific components of these complex characteristics, although 
nearly all previous findings in this area indicate that only 
the simultaneous transmission of the genetic bases for sev-
eral stress responses in a plant can lead to the creation of 
stress-tolerant plants (Holmberg and Bülow, 1998). Knowl-
edge of the regulator genes coordinating the complex gene 
responses to abiotic stress in plants is considered a key fac-
tor (Datta, 2002). Teufel (2005) summarizes the approaches 
to the development of transgenic, stress-tolerant crops cur-
rently being pursued (2005).

As a general rule, results on stress-tolerant transgenic 
plants published to date are based on experiments con-
ducted under laboratory conditions or in greenhouses. 
A realistic assessment as to when and if genetically engi-
neered, stress-tolerant crops will be commercially available 
is not possible at the present time. 

Another group of genetically engineered crops is char-
acterized by altered use characteristics known as ‘output 
traits’. These are crops that have been improved or selec-
tively bred for bioenergy production. For example, there are 
research efforts to develop high starch yielding maize culti-
vars for ethanol production and oilseed crops with a higher 
oil content. Although intensive effort has been devoted to 
such strategies for many years, and although the first two 
genetically engineered crops (lauric acid-producing rape 
and a high oleic acid soybean) have been approved in the 
USA, but have yet to be marketed successfully, use of such 
genetically modified organisms (GMOs) does not appear to 
be achievable in the near future (TAB, 2005). A 2005 report 
by the German Parliamentary Office of Technology Assess-
ment (Büro für Technikfolgen-Abschätzung, TAB) on 2nd 
and 3rd generation transgenic plants suggests a possible 
reason for this: namely that in some cases the expectations, 
particularly in terms of achievable product yields, have 
yet to be fulfilled in spite of years of research and devel-
opment. In many cases efforts to maximize the content of 
certain ingredients have been/are concomitant with unde-
sired side effects, which in turn lead to yield losses. It has 
also been found that using genetic engineering techniques 
to target lipid metabolism in plants is a considerably more 
complex process than was previously thought, although the 
lipid metabolism in plants on a molecular level is very well 
researched and understood (TAB, 2005).

Ecological and socio-economic risks associated 
with the use of GMOs for bioenergy production
The ecological risks linked to the use of GMOs for bioen-
ergy production are in general similar to those discussed in 
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Arctic Circle. One-third of the world’s forests are 
in the boreal zone (Fischlin et al., 2007). Boreal for-
ests sequester 26 per cent of terrestrial carbon stocks, 
which is equivalent to the carbon stocks of tropi-
cal and temperate forests combined (UNEP, 2002). 
In the 1990s, forest fires, insect pest infestations and 
unfavourable climatic events along with clearcutting 
led to tremendous losses in Russian forests (UNEP, 
2002). 

Forest timber accounts for 10 per cent of the total 
biomass used in the northern European nations (Lun-
nan et al., 2008). Finland and Sweden have the largest 
biomass reserves (Röser et al., 2008). In Finland 20 
per cent of the energy demand is met by wood prod-
ucts – mostly wood residues and slash (Lunnan et al., 
2008). Röser et al. (2008) estimate the annual poten-
tial of wood residue use for energy production at 58 

million m3 per year in Baltic and northern European 
forests, which corresponds to around 116TWh. Com-
mercial use of wood residues deprives organisms that 
live on dead wood of their food source. Jonsell et al. 
(2007) found more than 160 species of saprophilic 
beetles on slash, 22 of which are on the red list of 
threatened species. Whereas a large diversity of bee-
tles was found on the dead wood of broadleaf trees 
such as alders and oaks, the diversity on dead spruce 
wood was low (Jonsell et al., 2007). It is essential to 
take the species composition of the tree population 
into account in considering sustainable wood residue 
use. 

connection with the cultivation of 1st generation transgenic 
crops for food and feed production. These include the gen-
eral effects of uncontrolled and undesired spreading of 
GMOs and their transgenes by proliferation in the wild (by 
vegetative propagation, for example), outcrossing and hori-
zontal gene transfer, as well as specific effects the transgenic 
traits may have on non-target organisms or on the entire 
ecosystem (TAB, 2000, 2005). The damage potential of 
such an uncontrolled and undesired proliferation depends 
mainly on the type of transgene and/or the traits it imparts. 
One example is the outcrossing of rape cultivars that have 
been genetically engineered for herbicide resistance with 
closely related wild species in Canada, which as a conse-
quence have become problem weeds in agriculture. 

As a general rule it must be assumed that with increased 
stress tolerance, a plant’s fitness and ability to compete like-
wise increases. The potential for proliferation of such plants 
is thus increased. The same applies to closely related wild 
species, which may hybridize with such plants. If the given 
stress factor to which the plant is tolerant is a limiting factor 
for proliferation, there is a real danger that stress-tolerant 
plants could spread widely and turn into problem weeds 
with economic consequences for agriculture (Schmitz and 
Schütte, 2000).

Transgenic trees are also being discussed as bioenergy 
resources. Due to the long life of trees as well as the fact 
that it usually takes a long time before they are able to 
reproduce, it has so far not been possible to make any sub-
stantiated statements about the stability of the introduced 
traits and about their effects on the environment. Authori-
tative conclusions with regard to this effect would have to 
be based on data acquired over several decades (Pickardt 
and de Kathen, 2002; Farnum et al., 2007; Schmidt, 2008). 
At the 9th meeting of the Conference of the Parties to the 
Convention on Biological Diversity, it was therefore agreed 
that the release of transgenic trees may only take place 
on the basis of the precautionary approach and that such 
release should otherwise be prohibited on the grounds of 
insufficient data on biological safety. This agreement also 
stipulates that long-term monitoring of the risks of release 
should be carried out, and that statements concerning 
potential environmental effects must be substantiated with 
authoritative, experimentally obtained data. In addition 
to the ecological effects on the environment, the potential 

socio-economic effects on local and indigenous communi-
ties also need to be studied. Specific risk assessment criteria 
are to be developed for transgenic trees (CBD, 2008a).

The cultivation of genetically modified energy crops 
poses still another risk if the plant species is also grown for 
food production. The danger here is potential contamination 
of the food chain with potential risks to human health. In 
addition to these environmental and health-related effects 
there are also economic risks, which play an important 
role in developing countries in particular. Cultivar protec-
tion and patents can promote concentration of agricultural 
property and considerably impede the exchange of plant 
genetic material. Alternatives to genetically engineered 
plants could thus be displaced in the long run (IAASTD, 
2008).

Conclusions
Based on the current state of knowledge, it cannot be 
assumed that genetic engineering will make a substantial 
contribution to expanding the potential of bioenergy in the 
next ten years. In light of the potential ecological and eco-
nomic risks, the approval of a genetically modified plant for 
bioenergy production is indeed controversial and should 
only be granted after thorough environmental risk assess-
ment studies, which should be carried out step by step. This 
means that only after thorough laboratory and greenhouse 
studies may a decision be made as to whether additional 
field experiments in support of the approval are justifiable. 
The use of GMOs for bioenergy production can only be 
considered in a responsible manner on the basis of compre-
hensive, accurate, and carefully collected data. This involves 
considerable research effort and expense. 

WBGU therefore recommends the promotion and per-
formance of additional research projects on the uses and 
applications of biotechnology methods, particularly in the 
areas of marker-assisted breeding and the use of ‘white’ 
biotechnology in closed systems, e.g. to improve the exploi-
tation of available biomass resources. These and other rec-
ommendations are also given in the International Assess-
ment of Agricultural Knowledge Report (IAASTD, 2008). 
To prevent undesired effects of GMOs arising when energy 
crops are cultivated, the issues surrounding GMOs need 
to be taken into account when formulating sustainability 
standards (Section 10.3).
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Table 7.1-5
Summary and qualitative rating of the productivity and impact on biological diversity and carbon sequestration in the soil of 
the proposed cultivation systems. A yellow rating indicates that different impacts on these factors are possible, depending on 
previous use and cultivation methods. The colour for the overall rating corresponds to the colour rating of the majority of the 
factors studied. 
Sources: Productivity: see caption; biological diversity and carbon sequestration in the soil: WBGU qualitative estimate

Cultivation systems Productivity 
[t of dry matter/ha/year]

Sources

Productiv-
ity rating

Biodiver- 
sity rating

Soil carbon 
rating

Overall 
rating

Tropical monocultures

 Annual

 Sugar cane 10–120; 80; 70 (a) 1, 3, 5

 Perennial

 Sugar cane 10–120; 80; 70 (a) 1, 3, 5

 Oil palm 30; 13,8 (b) 3, 5

 Jatropha 0,2–8; 0,5–12 (b) 3, 4

Temperate Monokulturen

 Annual

 Maize 8–14*; 9; 9 (d) 2, 5, 6

 Rape 4,1; 3,4; 3 (c) 1, 5, 6

 Triticale 3,5–9**; 5,6; 6 (d) 2, 5, 6

 Perennial

 Miscanthus grass up to 30; 10–27,5; 11-40 (a) 1, 2, 3

 Switch grass 12–17; 5,2–11,1 (a) 7, 8

 SRPs: poplar/willow 4–16/2–14; 12–15/5–20 (a) 2, 3

Grassland

 Tropical grassland, pasture not specified

 Temperate grassland,
 grassland systems

 Grass leys 7–15 (e) 2

 Permanent grassland 7–12 (f) 2

Forests

 Agroforestry not specified

 Wood residues from forests

 Tropical not specified

 Temperate not specified

 Boreal not specified

Impacts   Sources
   1: Lieberei et al., 2007 (a) Worldwide  *   DM content = 70 %
   2: KTBL, 2006  (b) Seed yield, worldwide ** DM content = 86 %
   3: El Bassam, 1998  (c) Seed yield, Germany
   4: Openshaw, 2000  (d) Grain yield, Germany
   5: FAOSTAT, 2007  (e) In rotation, Germany 
   6: LfL Bayern, 2008  (f) Permanent grassland
   7: TFZ, 2008
   8: Schmer et al., 2008

positive

unclear

negative
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7.1.6  
Summary evaluation of currently predominant 
cultivation systems

As a general rule, crops are less beneficial for bio-
logical diversity and carbon stocking in the soil than 
forests, grasslands or pastures. Perennial crops such 
as Jatropha, oil palm and SRPs rate better on these 
factors than one- to three-year crops such as rape, 
cereals or maize. Sugar cane, which can be grown 
either as an annual or a perennial crop, likewise has 
a less favourable balance as an annual crop than as a 
perennial crop (Table 7.1-5).

7.2
Technical and economic analysis and appraisal of 
bioenergy pathways

7.2.1  
Overview of energy conversion options

The possibilities for providing energy from biomass 
are numerous (Fig. 7.2-1, Box 7.2-1). Biomass has 
one decisive advantage over other renewable energy 
sources: it occurs mainly in the form of an energy 
store or can be stored without additional technical 
input. A further advantage is the fact that it can be 
used universally for power, heat and transport. Since 
large parts of heat and transportation demand can 
be met using electricity generated from other renew-
able energies, however, its storability may be con-
sidered the most significant advantage of bioenergy 
over other renewable sources. 

A pathway or supply chain encompasses all pro-
cesses, beginning with the cultivation of energy crops 
or supply of biogenic residues or wastes and extend-
ing to the provision of final energy (electricity, heat 
or fuels). These feedstock life cycles may be split 
into several sub-processes. Distinctions are made 
between
– Biomass production,
– Biomass supply,
– Biomass conversion processes,
– Energy use,
– Recovery and disposal of residue and/or waste 

arisings.
The sub-processes are mutually interdependent, and 
thus the entire process chain must be examined for 
an assessment to be made. 

Each sub-process is the sum of many individual 
steps (FNR, 2005). The principal technical processes 
are briefly discussed below. 

7.2.2  
Energy conversion technologies

7.2.2.1  
Combustion and thermochemical processes

Combustion is the oxidation of a fuel in the presence 
of oxygen with an accompanying release of energy. 
In chemical terms carbon (C) or hydrogen (H) is oxi-
dized to carbon dioxide (CO2) or water (H2O) with 
the aid of oxygen (O2). The reaction is exothermic, 
i.e. energy is released. For example, the maximum 
energy released in the combustion of carbon to CO2 
is 394 kJ per mol. In the combustion of hydrogen to 
water vapour the maximum energy released is 242 
kJ per mol.

More oxidation agent (oxygen) is usually supplied 
to the process than is necessary for complete oxida-
tion. Combustion of a solid fuel consists of the sub-
processes of pyrolytic decomposition (see pyroly-
sis), gasification and the subsequent oxidation of the 
decomposition products. If the combustion is com-
plete, it is termed stoichiometric combustion (Kalt-
schmitt and Hartmann, 2003).

The direct combustion of solid biomass in com-
bustion systems (large-scale furnaces, room fire-
places, pellet stoves, etc.) or boilers is the most com-
mon energy conversion process for biogenic solid 
fuels such as wood or straw. Combustion devices 
produce heat that can be used as secondary energy 
(e.g. as steam for the mechanical operation of tur-
bines that convert the energy into electrical energy in 
a generator), as final energy (e.g. district heat) or as 
useful energy (e.g. radiated heat from a tiled stove). 

It is possible to deploy a combination of solid 
biofuels and fossil energy carriers in what is known 
as co-combustion, and this is state of the art in many 
combustion plants. An example of this is a small-scale 
local district heating system in which biomass is used 
to meet the baseload requirement while demand 
peaks are covered using light heating oil or natural 
gas. Large coal-fired power stations use biomass in 
the form of pellets in co-combustion systems to pro-
vide electricity and heat. 

In developing countries the burning of solid 
biofuels represents the most widely used source of 
heat, especially for cooking (Section 4.1).

Biomass is converted in a thermochemical con-
version process (carbonization, gasification, pyroly-
sis or liquefaction), primarily under the influence of 
heat, to energy carriers in gas, liquid or solid form 
(Fig.  7.2-1; FNR, 2005).
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Carbonization
The carbonization of biomass is the processing of 
biomass to obtain a high yield of solid fuel (charcoal) 
with specific characteristics (low weight, high energy 
content). In this process biomass is broken down 
under the action of heat. The process energy neces-
sary for this is often obtained by combustion of a part 
of the feedstock. The charcoal thus obtained can then 
be used in the appropriate plant to provide heat or 
electricity. It can also be used as a material for other 
purposes (e.g. as activated carbon). The charcoal pro-
duction process is well established. In industrialized 
countries charcoal is used almost exclusively as a 
material feedstock in the chemical industry and else-
where (FNR, 2005). In developing and newly indus-
trializing countries, carbonization takes place locally 
and the charcoal is used to supply heat (in particu-
lar for cooking). The intermediate step of carboni-
zation, however, results in a conversion ratio of only 
approx. 15–40 per cent of wood to charcoal and com-
pared to direct combustion is neither technically nor 
economically attractive for energy applications. For 
this reason it is not used for energy conversion in 
industrialized countries (FNR, 2005). It is, however, 
widely used in developing and newly industrializing 
countries since the specific energy content of char-

coal is much greater than that of firewood and it is 
thus easier to transport. The efficiency of charcoal 
use in these countries is even more reduced by the 
poor efficiency of the charcoal furnaces employed. 
An alternative use that has been little discussed so 
far is the emplacement of charcoal in soils to increase 
their fertility and as a means of carbon sequestration. 
CO2 can thus be removed from the atmosphere and 
the carbon (C) can remain stored for an extended 
period (Section 5.5; Box 5.5-2).

Gasification
In gasification, prepared biomass in solid or liq-
uid form is converted under high process tempera-
tures as completely as possible into a high-calorific 
biogenic gas (raw gas, lean gas). For the gasification 
process less oxygen is fed to the biomass via a gasi-
fication agent than would be required for complete 
combustion (partial or substoichiometric oxidation). 
A supply of process heat is required since the reac-
tions occurring in the gasification are predominantly 
endothermic, i.e. they require an external input of 
energy. Air, oxygen, water vapour or carbon dioxide 
can be used as gasification agents. A disadvantage of 
air is the high proportion of inert gas obtained in the 

Figure 7.2-1
Simplified representation of typical feedstock life cycles for final or useful energy provision from biomass. 
Source: WBGU, adapted after Kaltschmitt and Hartmann, 2003
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raw gas. For synthetic fuel manufacture pure oxygen 
or water vapour is therefore mostly used. 

The gasification process can be divided broadly 
into four separate stages. The fuel is first heated and 
dried at temperatures of up to 200°C. This is fol-
lowed by pyrolytic decomposition: at approx. 200–
500°C in the absence of oxygen, gaseous hydrocar-
bon compounds, pyrolysis oils and pyrolysis coke are 
formed. The next stage is oxidation, in which at tem-
peratures of approx. 2,000°C the coke and some of 
the higher hydrocarbons split into smaller gaseous 
molecules (CO, H2, CO2, CH4 and water vapour). The 
majority of the combustible components of the raw 
gas are formed in the subsequent reduction of carbon 

dioxide and water. The raw gas consists principally 
of carbon monoxide and hydrogen, carbon dioxide, 
methane, higher hydrocarbons and water vapour and 
in some cases nitrogen. The composition of the gas 
depends on the type of gasification, the gasification 
agent (type and quantity) and the conditions sur-
rounding the reaction (temperature and pressure; 
Sterner, 2007; Kaltschmitt and Hartmann, 2003). In 
addition to these main components (CO, CO2, H2, 
CH4, C2 carbon compounds, water vapour, N2), the 
gas resulting from gasification also contains various 
noxious components (tars, particles, alkalis and sul-
phur, halogen and nitrogen compounds), which must 
be removed from the raw gas before it is used fur-

Box 7.2-1

Bioenergy: Definitions

Biomass is diverse – both in its origins and in its options for 
conversion and technical application. Biomass, bioenergy 
and their possible uses are defined below. 

Biomass
Biomass stores solar energy. In photosynthesis, CO2 and 
water are converted with the aid of solar radiation into 
organic matter. Some of the energy thus absorbed is released 
again when biomass is burnt and thus becomes available 
for use. Biomass consists primarily of the elements carbon 
(C), oxygen (O) and hydrogen (H) and may be described 
by the empirical formula CnHmOp. More generally, accord-
ing to Kaltschmitt and Hartmann (2003) the term ‘biomass’ 
encompasses all material of organic origin: 
– all living phytomass and zoomass (plants and animals),
– the residues that are formed from these (e.g. animal 

excrements),
– dead (but not yet fossilized) phytomass and zoomass,
– in the wider sense all (waste) substances that have been 

formed through a technical conversion process and/or 
through the use of biogenic resources for production 
processes (e.g. black liquor, cellulose and pulp, residues 
from animal carcass disposal and from the waste man-
agement industry, etc.). 

Biomass is classified into primary and secondary products. 
Primary products are formed directly through photosyn-
thesis, and thus include all plant biomass (energy crops and 
vegetable by-products from farming and forestry opera-
tions). Secondary products arise indirectly through the 
transformation of primary products, i.e. they are created 
by the decomposition or conversion of organic matter in 
heterotrophic organisms (e.g. animals or bacteria). These 
include all zoomass, its excrements and sewage sludge. 

Biomass is either produced deliberately by cultivating 
farmed feedstocks or arises as organic residue in other pro-
duction processes. Farmed feedstocks include energy crops 
(e.g. cereals, Miscanthus grasses, harvested timber), while 
organic residues include harvest residues (e.g. straw, logging 
residues) and organic wastes and by-products (e.g. slurry, 
household organic wastes, animal fats, green cuttings: Kalt-
schmitt and Hartmann, 2003; FNR, 2005).

Bioenergy
Bioenergy is the final or useful energy that can be released 
and made available from biomass. 

Biofuels 
The term biofuels refers to fuels in liquid or gaseous form 
of biogenic origin that are used primarily as transport fuels 
but also have application in electricity and heat generation, 
e.g. in small-scale combined heat and power (CHP) units. 
A distinction is made between 1st-generation and 2nd-
generation biofuels. The 1st generation includes vegetable 
oil, biodiesel and bioethanol, obtained through established 
physical and chemical (pressing, extraction, esterification) 
or biochemical (alcoholic fermentation) processes. The 
2nd generation includes synthetic biofuels such as BtL 
(biomass-to-liquid, Fischer-Tropsch diesel), biomethane 
(or bio-SNG, synthetic natural gas) and biohydrogen, pro-
duced using thermochemical processes (gasification, pyrol-
ysis). Almost without exception these technologies remain 
at present at the laboratory or demonstration stage. Bio-
methane produced by fermentation can also be included 
in the 2nd generation. The division of biofuels into the 1st 
and 2nd generations is not very strict and is based on dif-
ferent parameters depending on the literature consulted, 
such as whether parts of the plant (1st generation) or the 
entire above-ground plant (2nd generation) is used, or even 
whether or not the fuels in question are already established 
in the marketplace. WBGU therefore designates liquid and 
gaseous fuels as 2nd generation in the case of biomethane 
or where the fuels have been obtained by thermochemical 
processes. 

Biogas
Biogas is a gas mixture of approx. two-thirds methane 
(CH4) and approx. one-third carbon dioxide (CO2). It also 
contains small quantities of hydrogen, hydrogen sulphide, 
ammonia and other trace gases. Biogas is formed by the 
anaerobic fermentation of organic matter. The component 
of the gas with a usable energy content is the methane 
(FNR, 2006a).

Biomethane
The gases with no usable energy content such as CO2 and 
other noxious components (e.g. hydrogen sulphide) can be 
removed from biogas, resulting in a fuel of the quality of 
natural gas. Known as biomethane, this can be fed into the 
existing natural-gas network and used in all final energy 
sectors (electricity, heat, shaftpower – for electrical, thermal 
and mechanical energy). Through the gasification of solid 
and liquid biomass it is also possible to produce a raw gas 
that, after cleaning (clean gas) and conditioning (synthesis 
gas), is converted, via methane synthesis, into biomethane 
(bio-SNG; bio-synthetic natural gas) (IE, 2007a). 
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ther. Some aspects of this cleaning of the gas are com-
plex and form the bottleneck in the development and 
market introduction of gasifiers for distributed use 
(Kaltschmitt and Hartmann, 2003; Knoeff, 2005).

The uncleaned gas can be used directly in burn-
ers to provide heat. For electricity generation it must, 
however, be cleaned, since if used directly the raw gas 
would severely contaminate the engine and render it 
inoperable. Various possibilities exist for converting 
the clean gas to electricity: it can be burnt as a diesel 
substitute component in a diesel engine, or used in 
its pure form in gas engines or gas turbines coupled 
to generators. It is also possible to use the clean gas 
in fuel cells to provide electricity. The most advanced 
developments in this area are those based on solid-
oxide fuel cells (SOFC) (Aravind et al., 2006; IISc, 
2006). There are many further possible uses that 
are not discussed here. Alternatively, following fur-
ther preparation (in particular in order to achieve 
the required H2/CO ratio) the cleaned gas can be 
fed into a synthesis process again and converted into 
liquid energy carriers (Fischer-Tropsch diesel, etha-
nol, methanol) or useful biogenic gases (biomethane, 
dimethyl ether, hydrogen) (Vogel, 2006).

In India and China wood gasifiers have been in 
successful use for electricity and heat generation for 
some time. In the industrialized countries the environ-
mental regulations (air and water emissions) for the 

plant are generally more stringent, and for this rea-
son there have until now been only a small number 
of commercial-scale gasification plants for electric-
ity and heat generation (Vogel, 2007). This is, how-
ever, only a technical problem concerning the clean-
ing of the gas, one that is solvable and mainly only a 
question of cost. Biomass gasification plants are the 
core process in the production of synthetic biofuels, 
also known as 2nd-generation biofuels. In some cases 
the biomass feedstock must be shredded and dried 
before gasification. The raw gas formed in the gasifi-
cation process is cleaned and conditioned, i.e. impu-
rities such as tars, particles or sulphur compounds are 
removed (clean gas) and the composition of the gas 
is adjusted to suit the fuel synthesis. The synthesis gas 
thus obtained is converted in a synthesis process into 
the desired fuel. There are various types of synthesis: 
Fischer-Tropsch synthesis converts synthesis gas into 
a raw Fischer-Tropsch product that is further refined 
by additional processes to usable Fischer-Tropsch die-
sel fuel, often known as BtL (biomass-to-liquid) die-
sel. Methanation ( methane synthesis) converts syn-
thesis gas into methane and carbon dioxide. The CO2 
must be separated off and can be stored (Box 7.2-2). 
This process chain is energy-intensive and involves 
major losses. The production of Fischer-Tropsch die-
sel requires that the aggregate state is changed twice, 
as predominantly solid biomass is converted into first 

Box 7.2-2

Biomethane: A highly promising bioenergy 
carrier

For a number of reasons biomethane production is a par-
ticularly interesting pathway. The feed material is either 
biogas, formed in biogas plant from the fermentation of wet 
biomass, or synthesis gas from the gasification of predomi-
nantly solid biomass. 

Biogas consists of methane (CH4) and carbon dioxide 
(CO2) as its main components, plus very small quantities of 
the compounds H2O, H2S, NH3, N2 and O2. The unwanted 
components can be removed by various processes, such 
as pressure-swing absorption and amine scrubbing. Mem-
brane separation processes promise increased efficiency, 
but are at present only at the development stage. There are 
today approx. 80 biogas processing facilities in operation 
in Europe that feed into natural gas networks or provide a 
natural gas substitute. Depending on the process used, puri-
ties in the range of 96–99 per cent methane are achieved. 

Synthesis gas is made up of other components. Depend-
ing on the gasification process, carbon monoxide (CO) and 
hydrogen (H2) form as principal components, while CH4 
and water vapour occur only in small concentrations. This 
mixture is converted to CH4 and CO2 in synthesis reactors 
and the CO2 separated off. The process of converting syn-
thesis gas to CH4 and that of removing the CO2 are man-
aged on a large scale and both processes have been suc-
cessfully applied for over 20 years (IPCC, 2005). In contrast 

to the direct deployment of the biogas or synthesis gas in 
decentral electricity generation plant, in which waste heat 
utilization is only partly feasible, the feeding of biomethane 
into natural gas networks allows more flexible utilization. 
Biomethane can then be supplied via the network to those 
users (CHP plant) that can optimally utilize waste heat. 
Alternatively the gas network can serve a collecting func-
tion, supplying the biomethane product from multiple plant 
for maximum-efficiency deployment in large combined-
cycle power plant. 

When using biomethane it is generally possible to make 
use of the entire infrastructure developed for natural gas 
(distribution networks, combined-cycle power plant, gas 
engines, gas turbines, natural-gas vehicles). 

The CO2 inevitably produced in the gas processing 
can, at least in larger plant, be captured and stored. This 
improves the climate change mitigation effect of bioenergy 
use by approx. 20 per cent. The technology for CO2 stor-
age is at present being developed. WBGU has expressed its 
views on the sustainability requirements for CO2 sequestra-
tion elsewhere (WBGU, 2006).

The emissions of CH4 caused during the gas processing 
should be considered critical. While they are of the order of 
only a few percentage points, they cause a distinct reduction 
in the climate change mitigation effect of biomethane pro-
duction and utilization owing to the strong global warming 
potential of CH4. The goal of future development must be 
to drastically reduce these leakages. 
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a gaseous and then a liquid energy carrier, with the 
result that the final product of BtL diesel contains 
only approximately half the original energy (Sterner, 
2007). Biomethane can be more efficiently produced 
since the final product is a gas. In many cases the 
starting product is woody biomass such as wood chips 
that nevertheless can be better deployed in direct 
combustion for electricity and heat provision than in 
synthetic fuel production by gasification. The latter 
is advantageous only where the feedstock used is a 
biomass that is difficult to process. 

The development of biomass gasification plant for 
synthetic fuel production in the countries in which 
it is being pioneered (Germany, Sweden and Aus-
tria) is still at the pilot and demonstration stage. The 
first commercial facilities are now being constructed, 
but a significant macro-economic contribution from 
this technology cannot be expected before 2020 at 
the earliest. Particularly promising as regards energy 
yield are highly integrated processes in which a tech-
nically mature fluidized bed gasification process is 
used for the polygeneration of electricity, heat and 
fuel (synthetic biomethane) (Choren, 2007; Chemrec, 
2007; TU Vienna, 2005). 

Pyrolysis (liquefaction)
Pyrolysis involves the thermal decomposition of solid 
biomass in the absence of oxygen, and is thus also 
known as degasification. The objective of the process 
is to obtain the largest possible proportion of liquid 
components (pyrolysis oil). Solid and gaseous by-
products are also produced (pyrolysis coke, pyrolysis 
gas), some of which can be used within the process. 
In principle cleaned and prepared pyrolysis oil can 
be used as a heating or transport fuel in combustion 
plant or combustion engines, gas turbines or small-
scale combined heat and power (CHP) units. Tech-
nical problems in the production and use of pyrol-
ysis oil and the low economic viability of its prepa-
ration have, however, prevented a breakthrough in 
this technology thus far. The significant advantage 
of the process is the high energy density of pyrolysis 
oil. Pyrolysis oil is an outstanding medium for energy 
transport between locally arising feedstocks with 
lower energy density (e.g. straw) and large-scale cen-
tral systems (gasification for fuel production). This 
concept is being examined at the Forschungszentrum 
Karlsruhe in particular (FZK, 2007). 

7.2.2.2  
Physical-chemical processes

In physical-chemical conversion processes oils 
and fats with usable energy content are pressed or 
extracted from certain bioenergy carriers (e.g. rape-

seed or Jatropha plants). They can be efficiently used 
directly in small-scale CHP units for electricity and 
heat provision or as a fuel for modified engines in 
road transport. Vegetable oils can also be converted 
by transesterification into a biodiesel whose charac-
teristics closely match those of conventional diesel 
fuel. Engine modification is then unnecessary and 
the application range of the biogenic transport fuel 
is increased (Fig. 7.2-1; FNR, 2005).

Pressing and extraction
Simple mechanical pressing of parts of plants that 
contain oil (e.g. the seed) separates the liquid oil from 
the solid component, known as press cake. The press 
cake is mostly used as animal feed, except where 
toxic plant residues are present, such as those of Jat-
ropha. The pressing technology is available both on a 
small scale (e.g. in farming) and on a large scale (e.g. 
oil presses). The same technology is used to obtain 
vegetable oil in the food sector. Following a stage of 
purification the oil can be used in special vegetable 
oil engines or for stationary use in small-scale CHP. 

Alternatively or additionally to pressing, oil can 
be extracted from bioenergy carriers through the use 
of a solvent (e.g. hexane). Oil and solvent are then 
separated by distillation. The solvent is reused. This 
process is also large-scale in application. Vegetable 
oil can be obtained from a large number of oleiferous 
plants; examples include Jatropha and oil palms. 

Esterification
To broaden the application range for biogenic fuels 
and to avoid the need for engine modification for use 
with vegetable oil, vegetable oil can be converted to 
fatty acid methyl ester (FAME, commonly known as 
biodiesel) with losses of approx. 5–10 per cent (TUM, 
2000). The esterification process is large-scale in 
application. FAME can be used pure in adapted and 
all newer diesel engines and in a blend of up to 5 per 
cent in all conventional diesel engines. Apart from 
its use in the transport sector, biodiesel can techni-
cally be used in small-scale CHP. This is not an effi-
cient application, however, as vegetable oil can also 
be burnt directly in CHP without further treatment 
(FNR, 2005; 2006b). 

7.2.2.3  
Biochemical conversion

The conversion of biomass into final energy by bio-
chemical processes involves the use of microorgan-
isms (Fig. 7.2-1; FNR, 2005).
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Anaerobic digestion – fermentation
The process of anaerobic digestion involves the 
decomposition of organic matter in the absence of 
oxygen through the activity of certain bacteria. The 
final product of this process is a water-vapour satu-
rated, combustible mixed gas (biogas) that consists 
substantially of methane (50–70 per cent) and car-
bon dioxide (25–40 per cent) (BayLfU, 2004; FNR, 
2006a). The process of biogas formation has four 
stages: (1) hydrolysis, (2) acidification, (3) acetic acid 
formation and (4) methanogenesis.

In hydrolysis the complex compounds of the start-
ing substrate (e.g. carbohydrates, proteins, fats) are 
broken down into simpler compounds (e.g. amino 
acids, sugars, fatty acids). The bacteria involved in this 
process use enzymes that break the material down by 
biochemical means. In the acidification phase (acido-
genesis) the intermediate products formed in hydrol-
ysis are broken down further by acid-forming bacte-
ria to lower fatty acids (acetic, propanoic and buta-
noic acids), carbon dioxide and hydrogen. Other 
products, in small quantities, are alcohols and lactic 
acid. In the next stage – acetogenesis, or the forma-
tion of acetic acid – these products are converted by 
bacteria to precursor substances of the biogas (ace-
tic acid, hydrogen and carbon dioxide). In the final 
methanogenesis the methane is formed from the 
products of the acetogenesis (FNR, 2006a). 

These processes take place in one or more fer-
menters. For the process to have a high yield, the 
temperature in the fermenter must be maintained 
at approx. 35–37°C. The heat required for this usu-
ally comes directly from waste heat from the com-
bustion engine that is powered by the biogas. Fer-
menters form the core of conventional biogas plant. 
Contaminated material, for example waste from the 
food industry, must be pre-treated in a hygienization 
stage. On removal from the fermenter, the diges-
tate is stored in closed post-fermenters, in which the 
biogas is used, or in open digestate containers, and 
usually deployed as liquid fertilizer on cultivated 
land (IE, 2007a). This fertilizer is lower in odour and 
richer in nutrients than unfermented slurry. Methane 
and nitrous oxide emissions from the post-fermen-
tation have a negative effect on the greenhouse gas 
balance of the biogas plant (methane slip). Covering 
the post-fermenters prevents these emissions from 
escaping. Covering is obligatory in Germany but not 
yet required in other countries (Zah et al., 2007). The 
collected biogas can be used as a heat and light source 
by direct burning (mainly in developing countries) 
or in small-scale CHP through combustion in piston 
engines or micro gas turbines for electricity and heat 
provision (mainly in industrialized countries). 

An elegant process step is the preparation of bio-
methane of natural gas quality from biogas. Here 

the CO2 is separated off from the gas stream and 
the remaining methane cleaned. It can now be fed 
decentrally into the existing natural gas network and 
used for the provision of electricity and heat both in 
decentral micro-CHP units (combustion engine, fuel 
cell, etc.) and in large-scale combined-cycle power 
plant (Box 7.2-2). In Germany and other European 
countries many large-scale biogas facilities have been 
built in recent years that use not only animal excre-
ments as the substrate but also farmed biomass such 
as maize (IE, 2007b). 

In large areas of Asia small biogas plant are widely 
distributed (FAO, 1992). This technology has been 
successfully used for decades on a local basis. In par-
ticular the low maintenance requirements (no mov-
ing mechanical parts, little wear and tear) and uncom-
plicated operation have assured this technology suc-
cess. The addition of external heat for the fermenter 
is not required in these latitudes owing to high aver-
age annual temperatures. A combination of tillage 
and livestock farming is necessary since pure arable 
farming does not produce dung, while nomadic live-
stock breeders without tillage cannot use the result-
ant digestate. Separation of arable and livestock 
farming is common in many parts of sub-Saharan 
Africa. In Asia however the commonest practice is 
combined arable and stock farming, which allows a 
very good integration of biogas in its rural regions 
(SNV, 2008).

Aerobic decomposition
In aerobic decomposition the biomass is oxidized by 
bacteria in the presence of oxygen. Unlike anaerobic 
digestion, in this process heat is released that can be 
exploited with heat pumps to provide low-tempera-
ture heat. Owing to the low demand for heat in com-
posting systems and poor availability of system tech-
nology, there has been no penetration of this method 
so far (FNR, 2005).

Alcoholic fermentation
Alcohol can be produced from various organic sub-
stances containing sugar, starch or cellulose by the 
use of yeasts or bacteria and purified by distilla-
tion or rectification. If substances containing starch 
or cellulose are used, these must first be sacchari-
fied. The processes are state of the art and have been 
long established for the production of potable alco-
hol. Bioethanol can be used as an engine fuel (auto-
motive, CHP, etc.) and thus finds application in all 
areas of energy provision (electricity, heat, trans-
port). ‘Flexible-fuel vehicles’ with E85-optimized 
engines that can burn fuel mixtures with up to 85 per 
cent ethanol are becoming ever more popular and 
are being mass-produced by more and more car mak-
ers (FNR, 2005). Synthetic ethanol production from 
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matter containing lignocellulose by a microbiologi-
cal fermentation process has not so far gone beyond 
the pilot scale (Igelspacher et al., 2006). Ethanol pro-
duction based on lignocellulose is theoretically also 
possible by a gasification process (Abengoa, 2006; 
Sterner, 2007).

7.2.3  
Efficiencies of various modern conversion 
processes

In the following section the processes described 
above, embedded in selected bioenergy pathways, 
are assessed in terms of both technical and economic 
parameters. The most robust and important technical 
criterion for the general assessment of a technology 
and for the appraisal of a pathway is efficiency. For 
the present WBGU report, expert reports were com-
missioned from the German Biomass Research Cen-
tre (Deutsches Biomasseforschungszentrum Leip-
zig; Müller-Langer et al., 2008) and the Institute for 
Applied Ecology (Öko-Institut; Fritsche and Wieg-
mann, 2008) in which data was compiled for selected 
conversion pathways. Efficiencies are calculated on 
the basis of this data in accordance with the VDI 
4661 standard. An overview of the bioenergy path-
ways investigated is given below. 

7.2.3.1  
Overview of the bioenergy pathways investigated

The selection of bioenergy pathways for investiga-
tion included those of current market relevance and 
additionally such pathways that WBGU considers to 
be of particular future significance in environmen-
tal and technical terms, from cultivation or produc-
tion through to final energy use. An important selec-
tion criterion was the availability of data. From more 
than 120 pathways, 66 were selected and analysed 
under these criteria, comprising 25 in the transport 
sector (biofuels and electromobility), four heat path-
ways and 37 pathways in the electricity and heat gen-
eration sector (predominantly CHP). In all pathways 
the reference point is bioenergy use in Germany, 
and this also applies for the recovery of residues and 
the cultivation of temperate energy crops. The coun-
tries of origin selected for tropical crops were Bra-
zil (sugar cane), Indonesia (oil palm) and India (Jat-
ropha) (Table 7.2-1).

The cultivation systems and residues 
investigated
Various cultivation systems were selected as the 
upstream chain for the technical conversion pro-

cesses. These include widely-used systems such as 
maize, rape and sugar cane cultivation, but also the 
cultivation of perennial C4 grasses (switchgrass) that 
provide long-term ground cover, and Jatropha, which 
can be cultivated on degraded land. The deployment 
of residue and waste feedstocks was also included. 
For the temperate energy crops, cultivation was con-
sidered both on land previously used as cropland 
and on former grassland (Fritsche and Wiegmann, 
2008). For clarity, only the results for cultivation on 
cropland are shown below. The differences resulting 
from grassland conversion are discussed in Section 
7.3. The cultivation systems and residues analysed in 
Sections 7.2 and 7.3 are listed in Table 7.2-1. 

The technical conversion processes 
investigated 
In the first conversion step (biomass to bioenergy 
carrier), in addition to conventional processes, path-
ways that involve the processes of fermentation or 
gasification were also selected, since these are con-
sidered by WBGU to be a highly promising option 
for the future (Box 7.2-2).

The next conversion step (bioenergy carrier to 
energy service, product conversion) considered not 
only transport options based on the conventional 
drive concept using a combustion engine but also 
pathways involving electromobility. Owing to their 
higher fuel utilization and overall energy efficiency, 
the emphasis in electricity generation was placed on 
combined heat and power systems – both central and 
decentral, with existing technologies such as small-
scale CHP units, large combined-cycle power plant 
and solid-oxide fuel cells (SOFC). Some of the con-
version pathways examined reflect the current state 
of the art (2005); others are referenced to the year 
2030, i.e. new and ongoing technological develop-
ments are expected. All the conversion pathways are 
listed in Table 7.2-2. 

The effect of technological scale on 
efficiencies, production costs, GHG 
abatement costs and GHG abatement 
effectiveness
For the analysis, representative plant with predefined 
output capacities were used in each case. The size of 
the facility has a decisive influence on its efficiency 
figures. As a rule, the larger the plant, the more effi-
cient it is. This is particularly the case for the mobil-
ity pathways, where plant size varies by a factor of 
300: the smallest plant (biogas for electromobility) 
has a size of 1.6 MW (approx. 0.4 t biomass input per 
hour); the largest (Fischer-Tropsch diesel) is 535 MW 
(approx. 140 t biomass input per hour). The size of 
the plant thus exerts an influence on the potential for 
greenhouse gas abatement and on production costs, 
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and thus also on the greenhouse gas abatement costs 
(Sections 7.3 and 7.4). Small plant tend to perform 
less well in this context and large plant better. 

7.2.3.2  
Efficiencies

The declared efficiencies of different bioenergy path-
ways are set out separately for transport, electricity 
and heat. Efficiencies capture the ratio of outgoing 
target energy flows (electricity, heat, shaftpower) 
to the energy flows expended in a plant (biomass 
feedstock, auxiliary energy). This technical parame-

ter is calculated by WBGU using the declared effi-
ciency method (Nennwirkungsgradmethode) in 
accordance with the VDI 4661 standard, which is 
described in more detail in Box 7.2-3. An advantage 
of this method is that it is established and recognized, 
thus allowing direct comparisons with other studies. 
Moreover, an exergetic assessment in the heat calcu-
lations allows the distinction to be drawn between 
exergy and energy, thus enabling the three sectors – 
transport, electricity and heat – to be cross-compared 
on the basis of the mechanical or electrical equiva-
lent of the thermal energy. In many publications the 
efficiency for providing one thermal energy unit of 
heat is equated with one chemical energy unit of fuel 

Table 7.2-1
Selection of the different cultivation systems examined by WBGU. 
Source: WBGU

Name in pathway Previous land use and origin of feed-
stock

Cultivation system, feedstock

Tropical monocultures

Sugar cane (degraded) Degraded land (Brazil)* Sugar cane

Sugar cane Cropland (Brazil)

Oil palm (rainforest) Tropical rainforest (Indonesia)* Oil palm

Oil palm (degraded) Degraded land (Indonesia)*

Jatropha Cropland (India) Jatropha

Jatropha (marginal) Marginal land (India)

Temperate monocultures

Maize silage Cropland (Germany) Maize

Maize grain Cropland (Germany) Maize

Cereal, wheat Cropland (Germany) Cereal

Rapeseed Cropland (Germany) Rapeseed

Switchgrass Cropland (Germany) Millet, switchgrass

Short-rotation plantations (fast-growing tree species)

SRP Cropland (Germany) Poplar, willow

Temperate grassland

Grass silage Meadow (Germany)* Grass

Residues and wastes

Harvest residues/slurry - Harvest residues/slurry

Slurry - Slurry

Wood residue - Wood residue

Straw - Straw

Waste fats - Cooking fat, animal fat, waste fats

Organic waste - Organic waste

Mixture of energy crops and residues

Grass silage/slurry Meadow (Germany)* Grass silage (70%), slurry (30%)

* No GHG emissions from indirect land-use changes are included in these cultivation systems. Regarding meadow (Germany), owing to changing milk quotas and 
increasing use of high-quality crop feeds for cattle there is currently grassland available for which a use is being sought. For this reason using grass and slurry as a sub-
strate in biogas plant is presently expedient. This is, however, a special case arising out of particular current market conditions in Germany and/or Europe that cannot be 
transposed to other regions, so that changes in grassland use elsewhere may cause indirect land-use change. 
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Table 7.2-2
List of technical conversion processes examined by WBGU.
Source: WBGU and Müller-Langer et al., 2008

Name in pathway Conversion steps Product or product 
conversion

Capacity of installation 
Biomass input of thermal combus-
tion capacity [MW]

Transport

Ethanol passenger car Alcoholic fermentation, 
dehydration

Bioethanol (1st gen. apart 
from straw: 2nd gen.) 
Otto engine / flexible-fuel 
vehicle

Maize – 192 MW
Sugar cane – 319 MW
Cereal – 229 MW
Straw – 378 MW

Biodiesel passenger car Extraction, 
transesterification

Biodiesel (1st gen.) Rapeseed – 175 MW
Oil palm – 298 MW
Jatropha – 291 MW
Waste fats – 61 MW

Vegetable oil passenger car Extraction Vegetable oil (1st gen.) Rapeseed – 2.9 MW

Biomethane passenger car Anaerobic digestion, gas 
processing

Biomethane (1st gen.) 
Gas Otto engine 

Maize – 3.2 MW
Slurry / harvest residue – 5.0 MW
Grass silage/slurry – 3.8 MW
Organic waste – 3.9 MW

Biomethane passenger car Gasification, methanation Biomethane (2nd gen.) 
Gas Otto engine

SRP – 39 MW
Wood residue – 39 MW

Fischer-Tropsch diesel BtL Fuel gasification, 
Fischer-Tropsch synthesis 
(biomass-to-liquid, BtL) 
Upgrading

BtL diesel (2nd gen.) SRP – 518 MW
Wood residue – 518 MW
Straw – 536 MW

Hydrogen fuel cell (PEM) Gasification, gas scrubbing Biohydrogen (2nd gen.)
Fuel cell (H2) (proton-
exchange membrane, PEM)

Wood residue – 250 MW

Small-scale biogas-CHP 
electric passenger car

Anaerobic digestion, 
combustion in small-scale 
CHP for electricity and 
heat 

Bio-electricity 
Electric motor

Millet – 1.6 MW
Slurry / harvest residue – 2.5 MW

Heat

Pellet heating system Pelleting Pellets 
Mini-combustion plant 
(pellet heating system)

Millet – 0.017 MW 
SRP – 0.015 MW 
Wood residue – 0.016 MW 
Straw – 0.019 MW

Electricity and heat – combined heat and power (electricity only in (hard) coal-fired power stations)

Small-scale biogas CHP Anaerobic digestion Biogas 
Decentral CHP unit 
Gas Otto engine

Maize – 1.6 MW 
Millet – 1.6 MW 
Slurry/harvest residue – 2.5 MW
Grass silage/slurry – 1.9 MW
Organic waste – 3.9 MW

Small-scale biomethane CHP Anaerobic digestion, 
gas processing

Biomethane 
Decentral CHP unit 
Gas Otto engine

Maize – 3.2 MW 
Millet – 3.1 MW 
Slurry/harvest residue – 5.0 MW
Grass silage/slurry – 3.8 MW
Organic waste – 3.9 MW

Biogas fuel cell (SOFC) Anaerobic digestion Biogas 
Solid-oxide fuel cell 
(SOFC)

Maize – 1.6 MW 
Millet – 1.6 MW 
Slurry/harvest residue – 2.5 MW
Grass silage/slurry – 1.9 MW
Organic waste – 3.9 MW
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or one electrical energy unit of electricity. However, 
the three quantities each have different energetic 
natures and can only be meaningfully compared to 
one another and evaluated by consideration of the 
Second Law of Thermodynamics, as shown in Box 
7.2-3. If, however, comparisons are drawn within the 
heat sector, the thermal energy is the relevant quan-
tity of useful energy. 

Efficiency comparison for combined 
electricity and heat production from 
bioenergy
Thirty-seven pathways were investigated from 
the area of CHP, and additionally one pathway for 
pure electricity generation from the co-combus-
tion of biomass in a hard coal-fired power station. 
In energy terms the biggest yield from biomass, and 
woody biomass in particular, is obtained through 
the direct combustion of woody biomass in a central 
CHP plant or its gasification and direct use in gas tur-
bines. Equally energy efficient is the use of rapeseed 
oil in small-scale CHP or of maize and switchgrass 
in biogas plant. From an exergetic perspective the 
differences are less significant; exergetic efficiency 
averages approx. 30 per cent, and the most efficient 
processes are biomass co-combustion in hard coal-
fired power stations, the use of fuel cells or the use of 
rapeseed oil in small-scale CHP. Solid-oxide fuel cells 

demonstrate very high electrical efficiencies overall, 
which is an advantage of this technology. 

A comparison of the deployment of different feed-
stocks in the same technology, e.g. in the biomethane 
combined-cycle pathway, shows that woody biomass 
such as SRP and wood residue and grasses such as 
switchgrass can be more efficiently converted than, 
for instance, organic waste or harvest residues. Effi-
ciency comparison for heat production from bioen-
ergy

The use of different feedstocks for the production 
of heat was analysed on the basis of a pellet heat-
ing system with a capacity of 15 kW. The exergetic 
efficiency for the heat pathways examined lies in the 
range of 15–20 per cent and is thus above most of 
the mobility pathways examined. It can be seen from 
Figure 7.2-3 that the use of SRP and wood residue is 
more efficient than that of switchgrass and straw. The 
reason for this is that the relative energy input for 
the pelleting of stalky biomass is higher than that for 
woody biomass on account of its lower energy den-
sity. However, in exergetic efficiency terms heat pro-
vision via CHP is superior to the pathways examined 
here for heat alone. 

Efficiency comparison for transport 
pathways
Figure 7.2-3 compares the efficiencies and other 
parameters of 25 bioenergy pathways for the trans-

Table 7.2-2 (continued)
List of technical conversion processes examined by WBGU.

Name in pathway Conversion steps Product or product conver-
sion

Capacity of installation 
Biomass input of thermal combus-
tion capacity [MW]

Biomethane combined-cycle Anaerobic digestion, 
gas processing

Biomethane 
Central combined-cycle 
power plant

Maize – 3.2 MW 
Millet – 3.1 MW
SRP – 39 MW 
Wood residue – 39 MW
Slurry/harvest residue – 5,0 MW
Grass silage/slurry – 3,8 MW
Organic waste – 3,9 MW

Small-scale vegetable oil 
CHP

Extraction, (transesterifi-
cation)

Vegetable oil 
Decentral CHP (diesel 
engine)

Rapeseed – 2.9 MW 
Oil palm – 3.9 MW 
Jatropha – 3.7 MW

Pellet-coal power plant Pelleting, co-combustion Pellets 
Central hard coal-fired 
power station

SRP – 100 MW 
Wood residue – 103 MW 
Straw – 144 MW

Central woodchip 
CHP – steam turbine

Combustion Wood chips 
Central CHP Steam 
turbine

SRP – 22 MW 
Wood residue – 22 MW 
Straw – 22 MW

Raw gas – gas turbine Fluidized bed gasification Raw gas 
Gas turbine

SRP – 90 MW 
Wood residue – 90 MW

Raw gas – fuel cell (SOFC) Fluidized bed gasification Raw gas 
Solid-oxide fuel cell 
(SOFC)

SRP – 18 MW 
Wood residue – 18 MW
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the electromobility pathway will be still higher than 
given here. 

Comparative assessment
Overall it can be seen that although the highest 
energy efficiencies are obtained from pure heat pro-
vision, the exergy – that is the mechanical or elec-
trical equivalent of this heat – is considerably lower 
than that for CHP or even that for pure electricity 
generation in a power station. From an exergetic per-
spective it can thus be seen that power generation 
and CHP are more efficient than the provision of 
heat alone. 

The lowest exergetic weighting is obtained in the 
use of biofuels in vehicle combustion engines, corre-
sponding in most cases to only about half the equiva-
lent for combustion for pure heat production or even 
a third of the values achievable in CHP plant or pure 
electricity generation. A more efficient deployment 
than in transport can be achieved by using biofuels 
for combined heat and power generation, for exam-
ple bioethanol in combined-cycle power plant or veg-
etable oil in small-scale CHP. Electromobility repre-
sents an exception: not only is the conversion to the 
drive energy more efficient here than in a combus-
tion engine, but an exergetic component also arises 
from the waste heat in the CHP. It should be noted, 
however, that electromobility is an application of the 
supplied electricity and can thus be compared only 
within the mobility pathways, and not with the elec-
tricity pathways. 

A complete, cross-sector comparison can only be 
made by taking account of exergy. Use of bioenergy 
is, however, also dependent on the demand in the 
various sectors and on the energy system concerned, 
which varies from country to country. As regards 
technical efficiency and exergetic evaluation, CHP 
and pure electricity generation are clearly the pref-
erable utilization options. If, however, the electricity 
requirement is covered in future by another renew-
able energy, for example, then bioenergy deploy-
ment in specific instances for heat-only applications 
such as stand-alone pellet heating systems or central 
woodchip-fired heat plants is also conceivable. 

In comparing pathways that have similar technical 
conversion processes but differ in the biomass used, 
no systematic efficiency differences are indicated 
between residues and energy crops. As a rule, how-
ever, the values for residues are more widely scat-
tered, as is illustrated by comparison of the pathways 
based on wood residue, waste fats, harvest residues/
slurry and organic waste. 

port sector that differ in terms of the fuel supply and 
vehicle technology employed (cf. characteristics of 
vehicle types in Table 7.2-3). Using the mechanical 
drive of the vehicle as the target energy reference, 1st 
and 2nd-generation biofuels can be compared with 
biomass-derived electromobility. 

In the application of biomass in mobility, biogenic 
electricity used for electromobility demonstrates par-
ticular advantages over biofuels in conventional com-
bustion engines: the exergetic efficiency of the path-
way is almost double that of conventional biofuels in 
combustion engines. The reasons for this are, firstly, 
the efficient production of electricity and its deploy-
ment in modern electric cars, and secondly, the effi-
cient use of the biomass feedstock, since in station-
ary energy conversion processes the waste heat of the 
combustion process can be utilized, whereas in mobile 
applications it can not (Section 8.1). The comparison 
further shows that 2nd-generation biofuels are not 
generally more efficient in use than those of the 1st 
generation. The production and use of ethanol with 
a maximum efficiency of 11 per cent is inefficient. 
Higher efficiencies are achieved by some biodiesel 
pathways that do not, however, use the whole above-
ground plant but, for example, only parts of the 
plant such as rape seeds or Jatropha nuts. An excep-
tion is waste fats as a feedstock, which can be con-
verted very efficiently into biodiesel since waste fat is 
already a converted vegetable product and this con-
version step does not need to be included in the effi-
ciency calculation. 

In the production of Fischer-Tropsch diesel a 
small quantity of electricity can also be generated. 
Although the three theoretical BtL routes exam-
ined assume a very large plant size with a combus-
tion capacity of approx. 500 MW, the efficiency of 
BtL production and utilization is in the range of 14 to 
16 per cent and thus comparable with other mobility 
pathways based on much smaller-scale facilities. In 
the biomethane sector SRP and wood residue yield 
the highest efficiencies since the polygeneration con-
cept can be applied in the gasification of these feed-
stocks to provide fuel, electricity and heat (Fürnsinn, 
2007). The gasification of wood residue to hydrogen 
in a plant with a combustion capacity of 250 MW and 
its deployment in modern fuel-cell vehicles is hardly 
more efficient than conventional biofuels in combus-
tion engines. 

In the mobility pathways examined, the signifi-
cance of plant size for efficiencies was particularly 
clear. For electricity generation for electromobility, 
for example, the 1.6 MW unit examined represented 
a relatively small class in terms of capacity. If biomass 
is converted to electricity in larger power stations and 
the waste heat put to effective use, the efficiency of 
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Box 7.2-3

Declared efficiencies: Methodology, inventory 
boundaries and calculation

The method of calculating the declared efficiency of bioen-
ergy pathways as set out in VDI standard 4661 is described 
below. In the view of WBGU this method is particularly 
appropriate as a means of comparing the uses of biomass 
for transport, heat and electricity across sectors. 

The efficiency of a system is defined as the quotient of 
the useful work output (benefit) and work input (expendi-
ture; VDI, 2000, 2003). The definition of the benefit and 
expenditure is determined in each case by the particular 
application and supply task in question (Stiens, 2000). The 
target energy is the desired form of energy of a conver-
sion process. WBGU defines mechanical energy, electrical 
energy and thermal energy (as useful heat) as target ener-
gies. The deployment of energy provided from biomass is 
then viewed in terms of electricity, heat or vehicle drive-
power. In all bioenergy conversion processes the core pro-
cess is the combustion of the energy carrier. All processes 
are therefore inventorized inclusive of this core process 
and compared with one another on the basis of the target 
energy. 

Some conversion processes provide not only the target 
energy but also other forms of energy. In CHP the gen-
eration of shaftpower or electricity is coupled to the gen-
eration of heat. In polygeneration, combined heat, power 
and fuel or combined cooling, power and fuel, the biomass 
feedstock is converted into three target energies: electric-
ity/shaftpower, fuel and heat/cold. All three target energies 
are included as benefits in the efficiency calculation (Equa-
tion 7.2-1).

Alongside these forms of energy are by-products that do 
not take the form of target energy but have an energy value. 
These then do not have to be created by other processes 
since they arise as by-products and can therefore reduce 
expenditure or alternatively substitute for products being 
produced. They are therefore deducted, in energy terms, 
from the expenditure or the biomass input. Such by-prod-
ucts include glycerin, naphtha, press cake, dried distillers’ 
grains with solubles (DDGS) from ethanol production and 
rapeseed meal after rapeseed oil extraction. Some such by-
products require further preparation (e.g. drying) before 
they can be deployed as energy sources. Therefore not 
all residues are weighted at 100 per cent in energy terms. 
Certain by-products are used almost exclusively in their 
capacity as materials (predominantly as animal feedstuffs 
or fertilizers), for example fermentation residues, rapeseed 
meal and DDGS; these are therefore given a reduction fac-
tor of expenditure for bioenergy provision in the present 
method of only 50 per cent. Some other by-products such as 
glycerin and naphtha are liquid energy carriers that, while 
also used predominantly as materials, can nevertheless be 
100 per cent thermally utilized without processing and are 

therefore also weighted at 100 per cent. Glycerin can be fer-
mented as a co-substrate very successfully in biogas plant, 
giving a high yield of methane. An exception is the bagasse 
produced during ethanol production from sugar cane. Nor-
mally this is burned for electricity generation after drying. 
Bagasse is therefore given an 80 per cent expenditure re-
duction weighting. 

Auxiliary energy, applied at any point in the feedstock 
life cycle from cultivation through to target energy, is nor-
mally added as expenditure. Examples include the use of 
machinery for sowing, the energy used in transporting the 
biomass and that required in the conversion processes in 
the form of electricity and heat. Thermal and electrical aux-
iliary energy can also be deducted from the benefit in an 
energy conversion process, but only when the converted 
energy is in the same form (VDI, 2000). Thus the electric-
ity requirement of the conversion plant is deducted from 
the electricity produced, i.e. from the benefit, to give the 
net electricity production. For economic reasons this is not 
always the practice in Germany, however, since under the 
Renewable Energy Sources Act (EEG) regenerative elec-
tricity can be sold at a higher price than that for which con-
ventional electricity is obtained. Auxiliary thermal energy 
can only be deducted from the heat generated when it is 
integral in the energy conversion process. In many cases 
the temperature of the output heat is considerably lower 
than that of the necessary process heat. In thermal power 
plant engineering it is therefore conventional practice to 
add the auxiliary thermal energy to the expenditure (Bol-
hár-Nordenkampf, 2004; Strauss, 2006). In the method used 
here, all forms of auxiliary energy are counted as expendi-
ture with the exception of auxiliary electrical energy where 
electricity is produced in the facility itself. Where it does not 
exceed the electricity production of the facility, this is then 
deducted from the ‘electricity’ benefit. If it exceeds the lat-
ter, it is included in the expenditure. 

Definition of the inventory boundaries and the 
efficiency calculation
The inventory boundaries (Fig. 7.2-2) of the selected bioen-
ergy feedstock life cycles (pathways) encompass the feed-
stock cultivation or supplying of residues, feedstock trans-
port, their conversion via various conversion steps into a 
‘fuel’ product (biodiesel, bioethanol, bioelectricity), product 
transport and conversion of the product into the target or 
useful energy – heat, electricity or shaftpower (mechanical 
energy to the wheel of a vehicle). Co-products and auxiliary 
energies are integrated as described above. 

The efficiency as per VDI 4661 (VDI, 2003) used to 
evaluate the bioenergy pathways is defined as follows: 

For the present report and in Müller-Langer et al., 2008 
energy expenditure for feedstock transportation was based 
on a distance of 50 km and expenditure for product distri-
bution (predominantly biofuels) on a distance of 300 km. 
Capacity utilization of plant was assumed at 7000 hours per 
year, but with co-combustion of biomass in hard coal power 
stations assumed at 5000 hours per year. 

Equation 7.2-1
Calculation of the exergetic efficiency ηex. For the exergetic efficiency the heat is evaluated by means of the Carnot 
efficiency ηCarnot. Calculation of the energetic efficiency ηen is analogous, whereby the factor ηCarnot no longer applies. 
AE = auxiliary energy.

ηex      =
    Pout (benefit)        

=  
 Pelec_net + Pshaftpower + Pheat . ηCarnot

           Pin (expenditure)         Pbiomass + PAE cultivation + Σ PAE trans + PAE therm. + PAE elec. – Pby-products
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The data basis for all efficiency calculations was Müller-
Langer et al., 2008. 

Exergetic appraisal of heat
A direct comparison of thermal energy with electrical or 
mechanical energy can lead to erroneous conclusions, since 
these forms of energy cannot be converted from one to the 
other on a unit-for-unit basis. Thus even in a loss-free and 
reversible conversion, thermal energy can only be partially 
converted into mechanical or electrical energy. The propor-
tion that can be converted is dependent on the tempera-
ture of the available thermal energy and is termed exergy. It 
may be represented via the thermal efficiency of the Carnot 
cycle as expressed in Equation 7.2-2: 

Here the exergetic fraction of the heat is described by 
Eex, the thermal energy by Eth, the temperature of the heat 
in Kelvin by TH and the ambient heat by TU. The entire ther-
mal energy can, however, be supplied in a conversion in the 
opposite direction, from mechanical/electrical energy of the 
same value, e.g. via a heat pump process. 

The exergy is thus the mechanical or electrical equiva-
lent of the heat energy and is shown in Figure 7.2-3 for the 
various conversion procedures. 

For the efficiency calculation and weighting of the heat, 
an ambient temperature Tu of 293 K (20°C) is assumed and 
a temperature of 373 K (100°C) is used for the extracted 
heat To. The heat quantities in the efficiency calculation 
are then multiplied by a factor of 0.214, obtained from 
the Carnot efficiency. This proportion is the exergy of the 
heat. In the following illustrations the efficiency of the heat 
provided is shown in its exergy and anergy components. 
Energy always consists of exergy and anergy (Baehr, 1965; 
Baehr and Kabelac, 2006). This distinction is common in 
thermodynamics, whereas outside technical discourse it is 
often not made, with the result that technical data may be 
wrongly interpreted. 

For the calculation of the mobility pathways in the 
report, average values from the medium vehicle category 
were used; these are given in Table 7.2-3. All values are 
based on the New European Driving Cycle (NEDC), which 
defines uniformly the conditions and speed patterns under 
which a vehicle is driven in determining energy or fuel con-
sumption and the resultant greenhouse gas emissions. 

Equation 7.2-2
Calculation of the exergy of heat.

Figure 7.2-2
Inventory boundaries for 
calculation of efficiency. All energy 
flows that occur along the bioenergy 
supply chain are inventorized. This 
encompasses the main energy flows 
of biomass feedstock as input and 
electrical, mechanical and thermal 
energy as output plus all auxiliary 
energies in cultivation, transport 
and conversion of the biomass or 
energy carrier and any co-products 
such as naphtha, press cake, bagasse, 
glycerin, etc. 
Source: WBGU
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Table 7.2-3
Characteristic values for the vehicle types used in the 
mobility pathways, as per the New European Driving 
Cycle. The MJ quantity related to input describes the 
energy carrier in the vehicle, i.e. one MJ fuel or one MJ 
electricity.
Source: Müller-Langer et al., 2008

Vehicle type –
drive system

Time 
horizon

Mileage 
related to 
input 
[km/MJ]

Efficiency 
(mechani-
cal drive 
energy 
related to 
input)

Otto combustion 
engine for petrol 
and gas (methane) 

2005 0.37 0.26

2030 0.48 0.29

Diesel combustion 
engine

2005 0.43 0.29

2030 0.53 0.32

Electric motor 2030 1.11 0.78

PEM fuel-cell 
passenger car with 
electric motor 

2030 0.71 0.39

E
ex

 = Eth . ηCarnot =  Eth . (1      
TU )             –  TH
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Oilpalm(rainforest)–biodiesel–car2030
Oilpalm(degraded)–biodiesel–car2005

Jatropha–biodiesel–car2030
Jatropha(degraded)–biodiesel–car2030

SRC–Fischer-TropschDieselBtL–car2030
Rape–biodiesel–car2005
Rape–plant oil–car2005

Sugarcane–ethanol–car2005
Sugarcane(degraded)–ethanol–car2030

Maizegrain–ethanol–car2005
Cereals–ethanol–car2005

Maizesilage–biomethane–car2005
SRC–biomethane–car2030

Grasssilage/manure–biomethane–car2030*
Switchgrass–biogas–CHP–electriccar2030

Woody resid.–chips–steamturbine–electriccar2030
Harvest/manure–biogas–CHP–electriccar2005

Woody resid.–Fischer-TropschDieselBtL–car2030
Straw–Fischer-TropschDieselBtL–car2030

Wastegrease–biodiesel–car2005
Straw–ethanol–car2030

Woody resid.–biomethane–car2030
Harvest/manure–biomethane–car2005

Organicwaste–biomethane–car2005
Woody resid.–hydrogen–fuelcells(PEM)–car2030

Switchgrass–pellets–heating sys.2030
SRC–pellets–heating sys.2030

Woody resid.–pellets–heating sys.2005
Straw/pellets–heating sys.2005

Oilpalm(rainforest)–plant oil–CHP2030
Oilpalm(degraded)–plant oil–CHP2005

Jatropha–plant oil–CHP2030
Jatropha(degraded)–plant oil–CHP2030

Rape–plant oil–CHP2005
Maizesilage–biogas–CHP2005
Switchgrass–biogas–CHP2030

Grasssilage/manure–biogas–CHP2030*
Maizesilage–biogas–fuelcell(SOFC)2005
Switchgrass–biogas–fuelcell(SOFC)2030

Grasssilage/manure–biogas–fuelcell(SOFC)2030*
Maizesilage–biomethane–CHP2005
Switchgrass–biomethane–CHP2030

Grasssilage/manure–biomethane–CHP2030*
Maizesilage–biomethane–combined-cycle2005

Switchgrass–biomethane–combined-cycle2030

Grasssilage/manure–biomethane–combined-cycle2030*
SRC–biomethane–combined-cycle2030

SRC–rawgas–gasturbine2030
SRC–rawgas–fuelcell(SOFC)2030

SRC–chips–steamturbine2030
SRC–pellets–cofiring-coalpowerplant2030

Harvest /manure–biogas–CHP2005
Org.waste–biogas–CHP2005

Harvest /manure–biogas–fuelcell(SOFC)2005
Org.waste–biogas–fuelcell(SOFC)2005

Harvest /manure–biomethane–CHP2005
Org.waste–biomethane–CHP2005

Harvest /manure–biomethane–combined-cycle2030
Org.waste–biomethane–combined-cycle2005

Woody resid.–biomethane–combined-cycle2030
Woody resid.–rawgas–gasturbine2030

Woody resid.–rawgas–fuelcell(SOFC)2030
Woody resid.–chips–steamturbine2005

Straw–chips–steamturbine2005
Woody–pellets–cofiring-coalpowerplant2005

Straw–pellets–cofiring-coalpowerplant2005

Efficiency [%]

Mechanical power = 100% exergy Electrical power = 100% exergy Heat – exergy Heat – anergy
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appropriate design. Here again efficiencies of up to 
40 per cent are possible, and charcoal production can 
also be made more efficient (with efficiencies of up 
to 20 per cent). These technological improvements 
can double overall efficiency to 8 per cent (Kumar 
et al., 1990).

Micro biogas devices
Fuelwood can be replaced by biogas. By feeding ani-
mal excrements mixed with water into a micro biogas 
plant, up to 80 per cent of the energy of the residue 
can be converted into methane for cooking and light-
ing. The methane can be converted to thermal energy 
in a simple biogas stove with an overall efficiency of 
approx. 40–60 per cent or to electricity via a gen-
erator, with an overall efficiency of 15–25 per cent 
(FAO-RWEDP, 2008). 

Gasification plant
Gasification of wood for electricity generation has 
been the state of the art in India for several years. 
The gasification route allows waste and residues 
such as coconut shells or waste wood to be utilized. 
These residues are converted to raw gas with an effi-
ciency of approx. 80 per cent. This raw gas can be con-
verted to electricity in a diesel generator operating 
in dual-fuel mode with 80 per cent raw gas and 20 
per cent diesel with an efficiency of 20–25 per cent. If 
gas engines are used, efficiency is increased to 25–30 
per cent. This allows an overall efficiency of approx. 
15–25 per cent to be reached (Dasappa et al., 2003). 
Gasification plant can also be used to provide pure 
heat (e.g. for drying) and can achieve overall effi-
ciencies of 30–45 per cent depending on the biomass 
feedstock, thus roughly three or four times the value 
for traditional heat provision (Mande and Kishore, 
2007). One challenge in the use of this technique is 
the purification of the contaminated effluent that 
forms in the gas scrubbing and also the reduction of 
the noxious substances in emissions to air (Dasappa 
et al., 2003; Mande and Kishore, 2007). 

Vegetable oil engines, generating sets and 
small-scale CHP
Combustion engines are often also used for a variety 
of stationary purposes, e.g. to grind foodstuffs (maize, 
cereal) or to power water pumps. They are often cou-
pled to a generator to form a generating set and used 
to supply electricity (e.g. for public buildings such as 
hospitals and schools or for mini-grids). These gener-
ating sets can be powered with unrefined vegetable 

7.2.4  
Efficiencies of various traditional conversion 
processes

The traditional use of biomass takes place predom-
inantly in developing countries. For transport and 
electricity generation very similar efficiencies are 
obtained in these countries to those in industrialized 
countries; for this reason they are not specifically dis-
cussed here. However, of interest for biomass utiliza-
tion in the developing countries in terms of efficiency 
is the area of heat applications, in particular the pro-
vision of heat for cooking. 

Wood stoves
Globally the largest use of biomass is in developing 
countries for cooking, heating and lighting. Cook-
ing is traditionally done using gathered firewood in 
a three-stone hearth that, owing to poor combustion 
and heat utilization, has an efficiency of only 5–15 per 
cent (Mande and Kishore, 2007). Also widespread is 
the production and use of charcoal; its overall effi-
ciency is only 4 per cent but it is widely used, par-
ticularly in the growing urban centres, owing to its 
high energy density and ease of transportation. The 
low overall efficiency arises from, firstly, the low effi-
ciency of approx. 18 per cent in charcoal produc-
tion and, secondly, a combustion efficiency of 23 per 
cent in the stove. Wood and charcoal stoves are the 
most common source of heat in developing coun-
tries. Kerosene and electric stoves are used mainly by 
the numerically small wealthier population groups 
(FAO-RWEDP, 2008).

The efficiency of wood stoves can be greatly 
increased, simply and at low cost, by a change in their 
construction. In southern India, for example, simple 
clay ovens have been developed that enable a more 
efficient combustion. The heat is shared between 
two hotplates and the hot exhaust gases entering the 
chimney are passed through a metal heat exchanger 
in which water is heated (IISc, 2006). The efficiency 
achieved here is 40 per cent, which represents a 
quadrupling of the efficiency, i.e. for the same utility 
biomass consumption can be reduced to one quar-
ter of that necessary with a three-stone hearth. Even 
if the heat from the exhaust is not utilized, the effi-
ciency of this stove is still in the region of 25–30 per 
cent, reducing firewood consumption to between a 
half and a third of that previously required (Jagad-
ish, 2004). The efficiency of clay or metal charcoal-
burning stoves can also be improved by means of an 

Figure 7.2-3
Overview of exergetic and energetic efficiencies (with and without light yellow bars respectively) of the bioenergy pathways 
examined. Efficiency of biomass pathways in per cent. The names of the pathways relate to the cultivation systems and 
conversion processes listed in Tables 7.2-1 and 7.2-2. 
Source: WBGU



166 7 Biomass cultivation and conversion to energy

cost-effective and economically efficient, with elec-
tricity production costs of approx. €ct 4–5 per kWh, 
since almost no technology costs are incurred. For this 
form of electricity generation no dedicated bioen-
ergy plant need to be built; existing facilities can 
instead be converted or expanded. All technologies 
that use fuel cells have very high production costs. 
Also expensive are all pathways involving biomass 
gasification or the deployment of organic waste. Rel-
atively inexpensive, however, is the established tech-
nology of biogas plant for biogas or biomethane pro-
duction, whose production costs are in the region of 
€ct 10 per kWh, their specific level depending on the 
feedstock used. 

Heat generation in the pathways examined exhib-
its production costs of approx. €ct 15 per kWh. This 
relatively high value results primarily from the high 
investment costs for a pellet boiler, estimated at  
€ 14,000 for a 15 kW unit and thus forming approx. 
50 per cent of the production costs.

The deployment of bioenergy in transport in the 
form of biofuels is currently considerably more cost-
effective than the electromobility route. The addi-
tional costs of the latter are due to the high invest-
ment costs and the still unsatisfactory service life 
of the storage batteries or fuel cells. The produc-
tion costs of 2nd-generation biofuels per kilometre 
travelled are approximately double those of the now 
technically advanced 1st generation that are based 
on maize, sugar cane, Jatropha, oil palms and waste 
fats. 

7.2.5.2  
Discussion of future developments of bioenergy 
pathway costs

For all pathways, the costs of biomass feedstock had 
risen considerably by 2008 in comparison to the 
selected reference year of 2005. With few excep-
tions the feedstock costs have been the dominat-
ing factor in the production costs of bioenergy path-
ways (Müller-Langer et al., 2008). However, the costs 
of fossil energy provision have also increased sig-
nificantly in this period owing to rising fuel prices. 
In estimating the future trends of production costs, 
two parameters in particular require discussion – the 
feedstock costs and the technology (capital) costs. 

For biogenic feedstocks, further cost increases can 
be expected in the long term, predominantly caused 
by increasing scarcity of land. It may be predicted 
that fossil fuel costs for crude oil, natural gas and 
coal will likewise rise in the long term. No accurate 
forecast of the relationship between the costs of fos-
sil and biogenic fuels in 2030 can be made, however, 
and for this reason the following discussion is based 

oil (from Jatropha or palm oil), offer efficiencies of 
20–25 per cent and have large potential for rural off-
grid electrification since they are low-maintenance 
and relatively easy to handle (FAO-RWEDP, 2008). 
Waste heat from the sets can be used e.g. for drying 
agricultural products. If the waste heat is thus uti-
lized, the sets are termed small-scale CHP units. 

7.2.5  
Economic analysis and assessment of conversion 
processes

7.2.5.1  
Production costs of modern conversion processes

The production costs of traditional conversion pro-
cesses such as the simple wood stove are difficult to 
establish. Neither the investment cost nor the cost 
of fuel can be established clearly, as can be readily 
seen in the case of the simple three-stone hearth: no 
investments apply for such a stove, and the fuel costs 
are characterized solely by labour. Owing to the dif-
ficulty of data acquisition for the costs of traditional 
conversion processes, only the costs of modern path-
ways listed in Table 7.2-2 are discussed here. 

The costs of providing bioenergy carriers (pro-
duction costs) determine the economic potential for 
substituting biogenic energy carriers for fossil energy 
carriers. These costs, for the pathways examined by 
WBGU, were determined by Müller-Langer et al. 
(2008) using a calculation model based on the annu-
ity factor method as set out in VDI 2067 and VDI 
6025. Here, and likewise for the greenhouse gas bal-
ance discussed in Section 7.3, the ‘allocation method’ 
was used (Box 7.2-4). For the bioenergy pathways 
for electricity and heat the cost analysis extends to 
include the combustion engine or heating system 
(small-scale CHP), but for transport it extends ‘only’ 
up to the biofuels or (transport) bioelectricity, exclud-
ing the combustion engine or vehicle. For transport, 
therefore, the extra costs incurred by a natural gas or 
electric vehicle are added to the production costs of 
the fuels. The assumptions for mathematical financial 
boundary conditions, capital and operating costs and 
revenues are set out in Müller-Langer et al. (2008). 
The year 2005 was selected as the reference year for 
cost calculations on the basis of data availability, even 
for those bioenergy pathways that are technically 
construed on the 2030 time horizon. 

Figures 7.2-4a, b and c show the production costs 
for one energy unit of electricity or heat or for one 
vehicle kilometre in euro cents. 

For electricity generation the co-combustion of 
biomass in coal-fired power stations is particularly 
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particularly high for the young technologies, as can 
be clearly seen in Figures 7.2-4a, b and c. 

The young technologies include lithium-ion bat-
teries, fuel cells and all biomass gasification systems 
that convert woody biomass to biomethane, raw gas 
or Fischer-Tropsch diesel. A high potential for cost 
reduction can be expected for these technologies. 
The learning curve for the technology costs can thus 
be estimated at 80 per cent, i.e. these costs will fall to 
80 per cent with a doubling of installed capacity. This 

on the simplified assumption of a constant cost rela-
tion. 

As concerns technology costs, two groups may 
be distinguished: the relatively young technologies 
whose investment costs may fall substantially and 
that present steep learning curves, and those tech-
nologies that are already established or semi-estab-
lished in the market, whose costs are also falling, but 
by a smaller proportion. The fraction of the produc-
tion costs made up of capital or technology costs is 

Box 7.2-4

The allocation method: Its application for 
determining specific energy expenditure

In order that by-products (co-products) are also included 
in determining the specific energy expenditure, a propor-
tion of the expended energy is assigned to these in what 
is known as allocation. Allocation is done on the basis of 
allocation factors along the inventory boundaries. These 
factors determine what fractions are allocated to the main 
product and what to the co-product. In CHP, electricity is 
considered a main product and heat a co-product. 

The allocation factors are determined by the ‘heat value’ 
method, which expresses the energy content of the main 
and co-products (e.g. main product: rapeseed oil; co-prod-
uct: press cake) as fractions of the sum of both products. 
These factors are used to allot the energy expenditures. In 
some bioenergy pathways electricity or heat occur as co-
products that are considered as electricity or heat equiva-
lents respectively. The electricity equivalent is obtained 
assuming a simplified generating mix of 50 per cent of each 
of natural gas combined-cycle plant (ηel of 60 per cent) and 
hard coal power stations (ηel of 44 per cent) is assumed. For 

the heat equivalent, a natural gas condensing boiler (ηth of 
95 per cent) is used (Equation 7.2-3).

The allocation of electricity and heat from CHP was 
based on a ‘heat value’ for electrical energy of 2.5 kWh / 
kWhel (Fritsche and Wiegmann, 2008). The allocation fac-
tors for CHP were obtained as the ratios of the individual 
efficiencies for electricity and heat, taking into account 
the energy weighting (‘heat value’) of electricity (2.5) and 
of heat (1), to the sum of both efficiencies including their 
weightings (Equation 7.2-4).

Table 7.2-4
Efficiencies and allocation factors for the bioenergy pathways with CHP analysed in the report. 
Source: Müller-Langer et al, 2008

Technology Electrical
efficiency ηel [%]

Thermal
efficiency ηth [%]

Allocation factor for electricity 
as main product

Small-scale CHP unit 38 44 0.68

Fuel cell (SOFC) 48 23 0.84

Steam turbine 23 60 0.49

Gas turbine 25 55 0.53

Hard coal-fired power plant 45 1.0

Combined-cycle power plant 43 30 0.78

AFel = 
     2,5 . ηel

     

(2,5 . ηel + ηth)

Equation 7.2-4
AF allocation factor; ηth = individual efficiency, thermal; 
ηel individual efficiency, electrical

AF =
       mMP . Hu,MP 

     mMP . Hu,MP  + Σ (mCP,n  · Hu,CP,n) + Wel . Fel-equ + Wth . Fth-equ

Equation 7.2-3
AF – allocation factor; mMP – mass of main product; Hu,MP – lower heat value of main product; 
mCPn – mass of co-product(s); Hu,CP,n – lower heat value of co-product(s); Wel – electricity as co-product; Fel-eq – electricity 
equivalent; Wth – heat as co-product; Fth-eq − heat equivalent
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Oil palm (rainforest)–plant oil–CHP 2030
Oil palm (degraded)–plant oil–CHP 2005

Jatropha–plant oil–CHP 2030
Jatropha (degraded)–plant  oil–CHP 2030

Rape–plant oil–CHP 2005

Maize silage–biogas–CHP 2005
Switchgrass–biogas–CHP 2030

Grass silage/manure–biogas–CHP 2030*
Maize silage–biogas–fuel cell (SOFC) 2005
Switchgrass–biogas–fuel cell (SOFC) 2030

Grass silage/manure–biogas–fuel cell (SOFC) 2030*
Maize silage–biomethane–CHP 2005
Switchgrass–biomethane–CHP 2030

Grass silage/manure–biomethane–CHP 2030*
Maize silage–biomethane–combined-cycle 2005
Switchgrass–biomethane–combined-cycle 2030

Grass silage/manure–biomethane–combined-cycle 2030*
SRC–biomethane–combined-cycle 2030

SRC–raw gas–gas turbine 2030
SRC–raw gas–fuel cell (SOFC) 2030

SRC–chips–CHP–steam turbine 2030
SRC–pellets–cofiring-coal power plant 2030

Harvest /manure–biogas–CHP 2005
Org. waste–biogas–CHP 2005

Harvest /manure–biogas–fuel cell (SOFC) 2005
Org. waste–biogas–fuel cell (SOFC) 2005
Harvest /manure–biomethane–CHP 2005

Org. waste–biomethane–CHP 2005
Harvest /manure–biomethane–combined-cycle 2030

Org. waste–biomethane–combined-cycle 2005
Woody resid.–biomethane–combined-cycle 2030

Woody resid.–raw gas–gas turbine 2030
Woody resid.–raw gas–fuel cell (SOFC) 2030

Woody resid.–pellets–cofiring-coal power plant 2005
Straw–chips–CHP–steam turbine 2005

Woody resid.–pellets–cofiring-coal power plant 2005
Straw–pellets–cofiring-coal power plant 2005
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Figure 7.2-4a
Production costs of bioenergy pathways for electricity generation. The proportions of capital/technology costs, operating costs 
and feedstock costs are shown in each case. * For these pathways, a mixture of 70% grass and 30% manure was assumed. The 
names of the pathways relate to the cultivation systems and conversion processes listed in Tables 7.2-1 and 7.2-2.
Source: WBGU and Müller-Langer et al., 2008

Production costs of heat pathways [€ct/kWhth] 

Capital costs (technology costs) Operating and maintenance costs Biomass feedstock costs

Switchgrass–pellets–heating-2030
Short-rotation–pellets–heating-2030

Wood residues–pellets–heating-2005
Straw–pellets–heating-2005
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Figure 7.2-4b
Production costs of bioenergy pathways for heat production. The proportions of capital/technology, operating and feedstock 
costs are shown in each case. The names of the pathways relate to the cultivation systems and conversion processes listed in 
Tables 7.2-1 and 7.2-2. R. = residue pathways, E. = energy crop pathways.
Source: WBGU and Müller-Langer et al., 2008



169Technical and economic analysis and appraisal of bioenergy pathways  7.2

technologies. Large-scale introduction of electromo-
bility in road transport, use of CHP for electricity and 
heat provision and the increasing direct generation of 
electricity from wind, water and solar energy will also 
lead to a shift in the applications for bioenergy. The 
reduction in costs will make the production of some 
bioenergy carriers such as biomethane competitive 
with fossil energy provision. In countries with devel-
oped natural gas networks the use of biomethane for 
electricity generation in decentral CHP and com-
bined-cycle power plant will be of interest. In coun-
tries without developed natural gas networks liquid 
bioenergy carriers such as vegetable oil or bioethanol 
can be used for stationary, combined heat and power 
provision as an addition to the direct electricity gen-
eration from wind, water and solar energy, and also to 
supply control and balancing energy for fluctuations 
in the amount of power fed to the grid.

value is based on the learning curve for photovoltaic 
systems, which in recent years have demonstrated a 
similar cost-reduction potential (Staffhorst, 2006). 

The (semi-)established technologies include those 
already on the market such as biogas plant, biofuel 
plant for bioethanol production, biodiesel (1st gener-
ation), small-scale vegetable oil CHP, pellet heating 
systems, central CHP plant and the co-combustion of 
biomass in hard-coal-fired power stations. For these 
technologies only a moderate cost reduction poten-
tial should be assumed, with a learning curve of 90 
per cent. This value is based on the learning curve for 
wind power systems, which is of the same order of 
magnitude (Durstewitz et al., 2008).

Considering the period from 2005 to 2030 and 
assuming a global growth in installed capacity for 
all technologies of 20 per cent per year, the costs of 
the young technologies at the end of the period will 
be only about one quarter of the original costs at 
2005 levels cited in the report; costs for the (semi-)
established technologies will fall to about one half. 
In most cases, under these conditions these technolo-
gies, which today are still very expensive, will be fully 
competitive and thus will permit a transformation 
of energy systems to highly efficient, low-emissions 

Figure 7.2-4c
Production costs of bioenergy pathways in the transport sector. The proportions of capital/technology costs, operating costs and 
feedstock costs are shown in each case. In addition, the extra vehicle costs are shown. * For these pathways, a mixture of 70% 
grass and 30% manure was assumed. The names of the pathways relate to the cultivation systems and conversion processes 
listed in Tables 7.2-1 and 7.2-2. 
Source: WBGU and Müller-Langer et al., 2008

Oil palm (rainforest)–biodiesel–car 2030
Oil palm (degraded)–biodiesel–car 2005

Jatropha–biodiesel–car 2030
Jatropha (degraded)–biodiesel–car 2030

SRC–Fischer-Tropsch Diesel BtL–car 2030
Rape–biodiesel–car 2005
Rape–plant oil–car 2005

Sugar cane–ethanol–car 2005
Sugar cane (degraded)–ethanol–car 2030

Maize grain–ethanol–car 2005
Cereals–ethanol–car 2005

Maize silage–biomethane–car 2005
SRC–biomethane–car 2030

Grass silage/manure–biomethane–car 2030**
Switchgrass–biogas–CHP–electric car 2030

Woody resid.–chips–CHP–steam turbine–electric car 2030
Harvest /manure–biogas–CHP–electric car 2005

Woody resid.–Fischer-Tropsch Diesel BtL–car 2030
Straw–Fischer-Tropsch Diesel BtL–car 2030

Waste grease–biodiesel–car 2005
Straw–ethanol–car 2030

Woody resid.–biomethane–car 2030
Harvest /manure–biomethane–car 2005

Org. waste–biomethane–car 2005
Woody resid.–hydrogen–fuel cell (PEM)–car 2030
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explored and refined in a German research project. 
It also must be noted that there are further climate-
related accounting methods whose methodolo-
gies and system boundaries differ: Corporate GHG 
emissions accounting without inclusion of upstream 
chains (e.g. Carbon Disclosure Project, Greenhouse 
Gas Protocol), GHG emissions inventories of coun-
tries and selected systems (under the Kyoto Proto-
col, and in connection with emissions trading) and 
accounting of the GHG emissions reductions of off-
set projects (CDM projects).

Furthermore, EU directive are due to stipulate 
new accounting modalities in statute, e.g. in the guise 
of the EU Fuel Quality Directive (GHG reporting 
commitments from 2010 and a phased reduction of 
the CO2 emissions of fossil fuels by 2020) or the EU 
Renewable Energies Directive with its ‘Guarantee 
of Origin’ for green electricity and allocation rules 
for biofuel accounting. A major need for harmoniza-
tion arises here. Activities undertaken by the EEA in 
the EU, and by the GBEP GHG Task Force at global 
level, are seeking to meet this need.

It is therefore essential when comparing different 
GHG balances to consider which methodology and 
which system boundaries and demarcations (e.g. for 
co-products) were used. If system boundaries differ, 
outcomes can diverge substantially. When engaging 
in bioenergy accounting, the following six determi-
nations are key:
•	 Which	 system	 and	 which	 product	 was	 inventor-

ized, and for which functional unit? For instance, 
petrol can be inventorized either prior to its com-
bustion in the car or inclusive of its combustion in 
the car. 

•	 To	which	period	does	the	accounting	apply?	For	
example, this is important when considering land-
use changes.

•	 Were	 only	 greenhouse	 gases	 inventorized	 and	
evaluated, or were other resource extractions 
and environmental pressures (e.g. primary energy 
requirement, water consumption, fertilizer appli-
cation, land requirement or particulate emissions) 
addressed? The findings presented in Section 7.3.2 
below show that analyses and evaluations can dif-
fer depending upon the parameter in question 
(e.g. energy consumption or land requirement).

•	 Were	direct	land-use	changes	included?
•	 Were	indirect	land-use	changes	included?
•	 How	 were	 environmental	 aspects	 such	 as	 land	

requirement, energy consumption or greenhouse 
gas emissions allocated to co-products (Box 
 7.3-1)?

Characteristic values and optimization
The GHG balances presented in Section 7.3.2 of the 
cultivation and industrial processing of biomass for 

7.3
Greenhouse gas balances

7.3.1  
Life-cycle assessment methodology

The methodology of life-cycle assessment (LCA) is 
set out in detail in the ISO 14040 ff. series of stand-
ards, and has been tried and tested in numerous 
case studies. LCA covers, across the entire product 
life cycle, inputs such as metals or fossil/renewable 
energy carriers, and outputs such as emissions of sub-
stances hazardous to the environment or to human 
health. These are aggregated in a number of impact 
categories. For instance, substances with radiative 
forcing potential or their emissions are aggregated 
in the global warming potential (GWP) impact cate-
gory. The individual gases (CO2, CH4, N2O, etc.) are 
weighted with specific GWP values reflecting their 
contribution to global climate change.

As is the case for all accounting methods, within 
the prescribed LCA standard there is also scope for 
interpretation and, above all, the possibility of apply-
ing different system definitions and boundaries, all 
of which can influence the outcome. This applies, for 
example, to the question of how to take account of 
co-products if a process involves the simultaneous 
production of rapeseed oil for energy and rapeseed 
meal for animal feed, or the simultaneous production 
of electricity and heat in cogeneration systems. Sim-
ilar problems of attribution also arise in economic 
accounting in companies. A further point is that LCA 
outcomes can differ according to the region to which 
they apply: For instance, one tonne of aluminium is 
produced with less environmental impact in Norway 
than in Germany, because in the former country the 
high electricity requirement is met almost exclusively 
from hydropower sources.

LCA studies generally differentiate inputs of 
energy and the associated primary energy (CER; 
cumulated energy requirement) according to fos-
sil and renewable sources and, where appropri-
ate, nuclear power. In greenhouse gas (GHG) bal-
ances biogenic CO2 is generally not specified, but 
is assumed to generate zero emissions. Accounting 
methods seeking to establish climate change miti-
gation potential often only inventorize energy and 
GHG emissions, dispensing with the impact assess-
ment step and the evaluation (of different types of 
environmental impact) otherwise required in LCA 
studies. The accounting of product-related GHG 
emissions has recently come to be termed ‘carbon 
footprinting’, and proposals have been made for a 
specific interpretation convention (PAS 2050, second 
draft, British Standard), which are presently being 
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7.3.2  
Greenhouse gas balances of selected bioenergy 
pathways

A number of studies have produced greenhouse gas 
(GHG) balances of bioenergy uses; these, however, 
have mostly focussed on liquid fuels. For the present 
report, GHG and energy balances were generated 
not only for the transport sector, but also for other 
applications such as heat and power. To that end, a 
set of representative pathways was defined (Section 
7.2.3.1). The balances integrate emissions from direct 
and indirect land-use changes. For that purpose 
WBGU commissioned external reports (Fritsche 
and Wiegmann, 2008; Müller-Langer et al., 2008). 
The GHG balances take the status quo as their base-
line, and inventory the changes induced by the culti-
vation of biomass. Regardless of biomass use, every 
type of land use generates continuous greenhouse 
gas fluxes. Cropland is generally a source, grassland a 
sink of greenhouse gases. The GHG balances of the 
various bioenergy pathways presented here do not 
integrate the GHG fluxes of unchanged land use, but 
only those of changed land use. Box 7.3-2 presents 
the methodology used to identify emissions from 
indirect land-use changes. 

Figure 7.3-1 first provides an overview of differ-
ent cultivation systems, giving only those emissions 
that arise due to direct and indirect land-use changes. 
The emissions relate to the gross energy content of 
the biomass cultivated or harvested, and are aver-
aged across a 20-year period. The emission level of 

several dozen bioenergy pathways, together with 
the respective GHG abatement costs, were based on 
average or characteristic values. The values can fluc-
tuate widely depending upon the input parameter. 
Per-hectare yields can differ depending upon climate, 
soil, fertilization, irrigation and cultivation type, and 
along the conversion route there are different pro-
cesses and, above all, different facility sizes. All of this 
can influence the outcome. 

This implies conversely that targeted selection of 
cultivation areas and systems, together with process 
selection and optimization, can substantially reduce 
greenhouse gas emissions from the characteristic val-
ues ascertained. 

For instance, the production process of biogenic 
methane gives rise to major greenhouse gas emis-
sions. This is due to methane and nitrous oxide emis-
sions that occur in the post-fermentation of fermen-
tation residue. The Swiss EMPA study (Zah et al., 
2007) shows that targeted measures such as cover-
ing the post-fermentation container can reduce the 
bulk of these emissions, improving CO2 savings from 
approx. 35 per cent to more than 90 per cent. Such 
covers were already state of the art in 2007. They are 
stipulated by law in Germany, but in the developing 
world they are scarcely used. 

Box 7.3-1

Handling co-products – The allocation method

Greenhouse gas balances and life-cycle assessments are 
performed for selected processes or products. However, in 
agriculture and in technical processes it is often the case 
that one or several by-products (co-products) are generated 
in addition to the main product. The accounting procedure 
must then divide resource inputs such as energy, land or 
water, as well as emissions, among the products generated.

The LCA standard ISO 14040 ff. proposes a number 
of different approaches for this, in the following order of 
priority: (1) avoiding allocation by expanding the system 
boundary, (2) introducing credits (specific to each co-prod-
uct) or (3) allocation according to criteria such as energy 
content, mass or market price.

When conducting a comparison between numerous dif-
ferent options (as, in the present case, several dozen bioen-
ergy pathways) the approaches that normally have prior-
ity – system boundary expansion or comparative effective 
credit generation – are scarcely practicable. Hence usually 
allocations are performed. For bioenergy pathways it is 
expedient to perform the allocation on the basis of energy 
content. This has also been the approach taken in the 
course of the statutory design of sustainability standards for 

biofuels, and in work performed for the German Federal 
Environment Agency UBA on the question of allocation in 
combined heat and power (CHP) production. The German 
Sustainability Ordinance to the Biofuels Quota Act and 
comparable proposals made by the European Commission 
stipulate an allocation method that apportions environ-
mental burdens among main products and co-products on 
the basis of their calorific values (IFEU, 2007).

When performing an interpretation of findings, it is 
important to take account of the allocation previously con-
ducted. For instance, an average required area of cropland is 
set for the cultivation of a defined quantity of rapeseed. As, 
however, cultivation and processing give rise to co-products, 
e.g. rapeseed oil and rapeseed mean (which is used as ani-
mal feed), the actual cropland area is apportioned among 
these products and a part of that area assigned to each of 
the two. If, then, the cropland area associated with a certain 
process (e.g. electricity from rapeseed oil) is stated (Fig. 
 7.3-3), because of the allocation performed only the asso-
ciated part of the area is stated. The actual rape cropland 
used is larger. The allocation or, in this case, the “deduction” 
of the part of the area for rapeseed meal is also justified 
in substance, as otherwise cropland elsewhere would be 
needed to product the animal feed.
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Box 7.3-2

Quantifying emissions from direct and indirect 
land-use change

Direct land-use change (dLUC) arises when a plot of land 
was characterized by another use (e.g. forest, grassland or 
cropland for food) or was unused prior to cultivation of 
energy crops. The emissions associated with direct land-use 
changes are taken into account in life-cycle analyses and 
default values are available for such emissions that can be 
used in the analyses (Gnansounou et al., 2008). Table 7.3-1 
shows the default values of annual emissions discounted 
over 20 years for various types of land-use change. These 
figures are based on IPCC (2006), and were used in the 
study commissioned by WBGU (Fritsche and Wiegmann, 
2008). Depending on the specific management and tillage 
methods applied, these values can diverge substantially 
from the default values on individual plots of land. 

In addition to dLUC, indirect land-use change (iLUC; 
the associated effects are often also termed leakage) can 
also arise if a different use – such as food or feed produc-

tion – took place on land used for energy crop cultiva-
tion and is thereby displaced. To the extent that demand 
remains for the food or feed previously produced on this 
land, its production is likely to shift elsewhere. The result 
may be that production on existing cropland is intensified, 
or further land is developed as cropland or pastureland. 
This can generate substantial CO2 emissions, especially if 
additional land is converted for this purpose that previously 
had a large carbon stock, such as forests, wetlands or peat-
land (Section 4.2.3). While these emissions arise elsewhere, 
they were essentially caused by energy crop cultivation and 
are therefore attributable to it. Indirect land-use change 
can also be induced in situations where there is no direct 
land-use change for energy crop cultivation, but the use of 
harvested products changes (for instance, if maize is used 
for biogas instead of feed).

Greenhouse gas emissions from indirect land-use 
change cannot be identified and quantified directly, but 
only modelled. To generate model-based statements, vari-
ous models have been proposed or are currently being 
developed. If the specific plots of land affected by displace-
ment were known, emissions could be determined without 
major effort, as they correspond to those of direct land-use 
change. However, due to global trade displacement effects 
can also arise beyond a region or country, and hence it is 
not possible to attribute them unequivocally to biomass 
production on certain areas. In the medium term, a reliable 
global register could at least record at an aggregated level 
year-on-year changes in land use – the problems of attribu-
tion to the diverse causes and allocation to any intensified 
bioenergy cultivation taking place would remain. 

Quantitative modelling outcomes
Searchinger et al. (2008) use an econometric equilibrium 
model, which involves a simulation of global trade in order 
to estimate the land requirement induced by displacement 
effects and the resulting CO2 emissions. This analysis refers 
to the market situation and dynamics in the USA and is 
relevant above all to ethanol from maize. One of the criti-
cisms levelled against the method is that the model does not 
capture production increases achieved by increasing agri-
cultural yields or avoiding logistic losses and market distor-
tions such as taxes (Fritsche and Wiegmann, 2008). 

The balances presented here use the ‘iLUC factor’ 
approach developed by the Institute for Applied Ecology 
(Öko-Institut) in Darmstadt, Germany (Fritsche and Wieg-
mann, 2008): the indirectly induced land-use changes are 
derived for the 2005 reference year from the globally traded 
agricultural products that could have theoretically been dis-
placed by energy crop cultivation. For the purposes of the 
approach, these are simplified as maize, wheat, rapeseed, 
soya and palm oil. The shares in trade of these products of 
the key countries in this field – the EU, USA, Brazil and 
Indonesia – and the respective yields are used to derive a 
weighted global ‘land appropriation’ that would result due 
to displaced food and feed. The resulting land-use changes 
assumed in the model for the above countries and the EU 
are as follows: in the EU and USA grassland (pastureland, 
grassland) is converted into additional cropland for the dis-
placed land, in Brazil savannah is converted and in Indone-
sia tropical rainforest is converted.

The theoretical GHG emissions potential induced by 
indirect land-use change is characterized by the quantity 
of carbon stored per unit land in both the soil and in the 
aboveground vegetation. As this quantity varies depending 
upon climate zone and soil, the shares of the corresponding 
land areas are relevant. Proceeding from the aboveground 

Table 7.3-1
Default values for per-hectare GHG emissions induced 
by direct land-use change for various species utilizable 
as energy crops, in kg CO2 per ha and year. The per-
hectare emissions are discounted over a 20-year period 
following land-use change and do not include the 
emissions from the further processing stages across the 
life cycle of a given bioenergy pathway,
Source: Fritsche and Wiegmann, 2008

Crop Previous use GHG emissions 
[kg CO2/(ha · a)]

Wheat Grassland 2,630

Cropland  0

Maize Grassland 2,630

Cropland  0

Poplar (SRP) Grassland  1,255

Cropland -1,375

Sugar cane Savannah 14,428

Degraded land -3,722

Cropland  -55

Rapeseed Grassland 2,630 

Cropland  0

Oil palm Tropical rainforest 28,417

Degraded land -13,750

Jatropha Cropland  -458

Degraded land -4,125

Switchgrass Grassland 1,897

Cropland  -733

*  light red = C release
 light green = carbon sequestration
 white = CO2 neutral
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and underground carbon inventories for these regions, a 
globally weighted theoretical emissions potential amount-
ing to 400 t CO2 per ha was calculated. Discounted over 
20 years, this gives a theoretical per-hectare CO2 emissions 
potential of 20 t CO2 per ha and year.

In reality, the modelled theoretical iLUC potential will 
not come fully into effect, at least currently and in the next 
few years, as displaced food and feed production can induce 
not only additional demand for land, but also increased 
yields on existing cropland and (re)activation of presently 
unused land. The maximum emissions potential is therefore 
estimated to be 75 per cent of the theoretical potential. The 
medium value is taken to be 50 per cent of the theoretical 
value, and a low value is assumed to be 25 per cent. Using 
these figures and taking account of the respective per-
hectare yields of bioenergy cultivation, an energy-related 
emission factor can then be determined for indirect land-
use effects – the iLUC factor. If there is increasing cultiva-
tion of energy crops and rising demand for food, the iLUC 
factor will rise over the coming decades and must then be 
adjusted accordingly. That adjustment could increasingly be 
based on real inventory values. 

Table 7.3-2 gives an overview of CO2 emissions from 
direct land-use change and of emissions from indirect land-
use change determined by means of the iLUC factor (50 per 
cent) for various types of land conversion. The values relate 

to the energy content of the biomass produced. The impact 
of indirect land-use change therefore tends to be higher the 
smaller the per-hectare energy yield of the energy crop in 
question is. This leads to the relatively high iLUC values for 
rapeseed, wheat and Jatropha. 

For the use of residues and wastes, WBGU assumes 
that the iLUC factor is zero. It is albeit possible for certain 
residues and wastes for which there are already applications 
today (such as residue use as livestock feed) that use for 
energy causes resource competition resulting in increased 
cultivation of plant feedstocks and thus also indirect land-
use changes with the corresponding emissions. WBGU 
expects these effects to be slight, however. 

WBGU considers emissions from indirect land-use 
change to be an indispensable part of any appraisal of the 
climate change mitigation effect of bioenergy use. Although 
research on the quantification of such emissions has only 
just started, it is necessary to produce quantitative esti-
mates of these effects even today. WBGU therefore pro-
poses using the iLUC factor (50 per cent) set out above for 
standard-setting (Section 10.3), while adjusting it in future 
in line with new scientific findings. Dispensing with applica-
tion of an iLUC factor because of inescapable uncertainties 
in modelling would mean that indirect land-use change is 
not considered at all, although it does have a very major 
impact on the GHG balances of bioenergy.

Table 7.3-2
GHG emissions per unit energy induced by direct (dLUC) and indirect (iLUC) land-use change for different 
cultivation systems and different previous uses. Emissions relate to the gross energy content of the biomass feedstock. 
Negative values mean that energy crop cultivation results in carbon storage. The figures do not include the emissions 
from the further processing stages across the life cycle of a given bioenergy pathway. 
Source: Fritsche and Wiegmann, 2008

Crop Previous 
use

dLUC
[t CO2/TJ]

iLUC 50 % 
[t CO2/TJ]

Total LUC 
[t CO2/TJ]

Wheat-meadow Grassland 26 100 126

Wheat-cropland Cropland 0 100 100

Maize-meadow Grassland 17 63 80

Maize-cropland Cropland 0 63 63

SRP-meadow Grassland 9 74 83

SRP-cropland Cropland -10 74 64

Sugar cane-savannah Savannah 21 0 21

Sugar cane-degraded Degraded land -5 0 -5

Sugar cane-cropland Cropland -0,1 15 15

Rapeseed-meadow Grassland 31 119 150

Rapeseed-cropland Cropland 0 119 119

Oil palm-trop. rainforest Trop. rainforest 172 0 172

Oil palm-degraded Degraded land -83 0 -83

Jatropha-cropland Cropland -4 88 84

Jatropha-marginal Marginal land -76 0 -76

Switchgrass-meadow Grassland 9 50 59

Switchgrass-cropland Cropland -4 50 46
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(apart from possibly displaced grazing). In these 
cases, which include the cultivation of oil palm or Jat-
ropha on degraded land, this cultivation alone can 
deliver a climate change mitigation effect, without 
yet taking account of the substitution of fossil energy 
carriers. 

For the following analysis, a range of forms of 
biomass cultivation and use, as characterized in Sec-
tion 7.2, was selected for transport, electricity and 
heat (biomass pathways), the GHG emissions of 
which were inventoried across the entire life cycle 
(Fritsche and Wiegmann, 2008). Emissions from 
energy crop cultivation are based on conditions in 
Germany (Table 7.2-1), with the exception of trop-
ical energy crops. The following analyses place these 
life-cycle emissions in relation to the emissions aris-
ing in a reference system, in order to produce state-
ments concerning the GHG abatement potential of 
the various bioenergy pathways. The choice of ref-
erence systems has a major effect on the results. If, 
for instance, it is assumed that bioenergy use substi-
tutes the use of natural gas, the GHG abatement that 
results is much smaller than if a reference system is 
based on coal. Which energy carrier is displaced in 
the real world by bioenergy use depends not only 
on the present energy mix, but also on present and 

fossil fuels is given by way of comparison. The fig-
ure illustrates that, in relation to the energy content 
of the biomass produced, some types of land-use 
change and their indirect effects generate or can gen-
erate emissions that are already comparable or even 
greater than those of fossil fuels – without the emis-
sions and conversion losses associated with cultiva-
tion and processing along the further bioenergy utili-
zation chain having yet been taken into account.

In the view of WBGU, this analysis already makes 
certain types of land-use change for energy crop cul-
tivation non-tolerable. The largest emissions result if 
tropical rainforests are converted to oil palm cultiva-
tion, whereby the emissions result exclusively from 
direct land-use change. Switching to energy crops on 
cropland does not generally lead to emissions from 
direct land-use change; if energy crop production 
takes the form of short-rotation plantations, carbon 
is even sequestered in the soil. But the previous use 
is displaced from the land – this must be expected to 
lead to substantial emissions from indirect land-use 
changes. The conversion of grassland causes emis-
sions from both direct and indirect land-use changes. 
Cultivation of perennial crops on degraded land has 
the best outcome, as carbon can be stored in the soil 
and no indirect land-use changes are to be expected 

Figure 7.3-1
GHG emissions from direct (dLUC) and indirect (iLUC) land-use change for different energy crops and previous land uses, 
in relation to the gross energy content of the biomass utilized in t CO2eq per TJ biomass. The values are discounted over 20 
years (Box 7.3-2). No indirect land uses arise for systems marked with *, as it is assumed that no previous use is displaced. The 
cultivation systems are characterized in Table 7.2-1. 
Source: Fritsche and Wiegmann, 2008
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contribution of fossil sources to electricity genera-
tion. In a country where the share of fossil electricity 
is very high, such as China, which mainly uses coal-
fired power plants, the actual emissions of electricity 
generation are higher than the reference value used 
here. An additional sensitivity analysis explores the 
effect of different reference systems (Fig. 7.3-5). 

The emissions and costs attributed to the specific 
reference systems relate to the technology status of 
2005 in Germany (Nitsch, 2007; Fritsche and Wieg-
mann, 2008; Müller-Langer et al., 2008; BMWi, 2008). 
The bioenergy pathways analysed relate either to the 
technology status of 2005 or to the anticipated tech-
nology status of 2030, and are labelled accordingly. 
Because of the uncertainties attaching to the compo-
sition of future energy systems and the major difficul-
ties in performing cost appraisals that result, as well 
as to improve comparability, the reference systems 
for the year 2005 (Table 7.3-3) were used for all path-
ways – with regard to both costs and emission val-
ues. It is evident that the specific emissions of fossil 
energy supply will drop by 2030, as further develop-
ment will make these technologies more efficient. It 
can therefore be expected that the GHG abatement 
levels of those bioenergy pathways that relate to 2030 
will in fact be lower than the levels presented here. 

The following discussion presents three param-
eters that characterize the climate change mitiga-
tion effects of the various bioenergy pathways. The 
suitability of each parameter as a basis for compar-
ing the climate change mitigation effect of differ-
ent bioenergy pathways is discussed; their suitability 
for developing standards (Section 10.3) is one of the 
aspects explored. WBGU then derives its proposals 
on that basis. Improvements to the efficiency of tra-

future political and economic conditions. WBGU has 
selected as reference system a mix of fossil energy 
carriers oriented to the fossil energy mix in Germany 
in 2005; the specific mix is defined separately for the 
electricity, heat and transport sectors (Table 7.3-3). In 
the transport and heat sectors, fossil energy carriers 
are used almost exclusively today, with the result that 
the selected fossil reference systems can be defined 
clearly. In the electricity sector, emissions in 2005 in 
Germany averaged 648 g per kWhel (Fritsche and 
Wiegmann, 2008). This figure relates to the entire 
electricity mix and thus also comprises renewables 
and nuclear power. The fossil contribution to elec-
tricity generation was more than 60 per cent in 2005; 
of this, approx. 80 per cent was based on hard coal 
and lignite, and approx. 20 per cent on natural gas. 
WBGU has selected a mix of 80 per cent hard coal 
and 20 per cent natural gas as reference system. At 
953 g per kWhel, the emissions of the selected ref-
erence system for electricity are above those of the 
overall electricity mix. A reference system based on 
natural-gas-fired combined-cycle power plants would 
have lower emissions, namely 425 g per kWhel. 

In the view of WBGU, the political and economic 
conditions need to be shaped such that the use of 
bioenergy primarily substitutes fossil energy carriers 
and mainly coal. Only in this case will the level of 
GHG abatement presented in the following analy-
ses be achievable. This applies equally if the share of 
renewable energies is very high in the future. In the 
same vein, these assumptions are not generally trans-
ferable to other countries. The reference value used 
in the present study is far above the present emis-
sions of power generation in Norway, a country with 
a large share of hydropower and thus a very small 

Table 7.3-3
Emissions of the fossil reference systems used by WBGU to derive the GHG abatement potentials of the individual 
bioenergy pathways. Veh-km = vehicle-kilometre.
Source: WBGU based on data from Fritsche and Wiegmann, 2008 and Müller-Langer et al., 2008

Fossil 
reference system

Emissions per unit 
fuel
[g CO2eq / kWhth]

Emissions per 
unit final or useful 
energy 

Share of mix 
[%]

Reference value

Electricity Hard coal power 
plant

411 1.085 
g CO2eq / kWhel

80

953 
g CO2eq / kWhelNatural gas 

combined-cycle
234 425 

g CO2eq / kWhel

20

Heat Oil heating 321 376 
g CO2eq / kWhth

40

327 
g CO2eq / kWhthNatural gas heat-

ing
252 295 

g CO2eq / kWhth

60

Transport Petrol car 328 250 
g CO2eq / Veh-km

60

230
g CO2eq / Veh-kmDiesel car 316 201 

g CO2eq / Veh-km
40
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the emissions arising from direct and indirect land-
use changes. If indirect land-use changes are to be 
expected for a pathway, taking the associated emis-
sions into account generally causes the mitigation 
potential to be halved at least. Because it is essen-
tial to take account of indirect land-use changes in all 
cases, energy crops cannot generally be assumed to 
have a satisfactory mitigation effect. In unfavourable 
circumstances, if indirect land-use changes are taken 
into account, some pathways can even exhibit nega-
tive values in the balance, i.e. higher emissions than 
the reference system. Land-use changes can have 
both a positive and a negative impact upon the GHG 
balance. This is exemplified by oil palm cultivation. 
If tropical rainforest is cleared for such cultivation, 
greenhouse gas emissions can be up to four times 
higher than in the fossil reference system (Hooijer 
et al., 2006). If, in contrast, oil palm is cultivated on 
marginal land that was previously scarcely used, a 
particularly great mitigation effect can be achieved. 
The emissions reduction compared to the fossil refer-
ence system can then reach 200 per cent and more – 
the pathway is then a real carbon sink. Regardless of 
which technological pathway is chosen, particularly 
high relative emissions reductions can be achieved 
by cultivating tropical, perennial crops (oil palm, Jat-
ropha, sugar cane) on marginal land. 

Emissions reductions can reach more than 100 
per cent. This occurs when, as a result of the cultiva-
tion of energy crops, so much carbon is absorbed per 

ditional bioenergy use can also deliver GHG emis-
sions reductions (Box 7.3-3). However, WBGU has 
not performed any calculations of this.

Percentage GHG reduction in relation to 
final energy
Figure 7.3-2 gives an overview of the relative GHG 
reduction potentials of different bioenergy pathways 
in relation to final or useful energy. The assumption 
underlying this parameter is that a certain energy 
service (i.e. one kWh electricity, one kWh heat or 
one vehicle-kilometre) that was previously delivered 
by utilizing fossil energy carriers is now delivered on 
the basis of biomass. The GHG reduction is stated as 
a percentage reduction for a constant level of energy 
service. While this parameter is often chosen in the 
bioenergy debate, its informative value is in fact lim-
ited. It can albeit be used to ‘knock out’ particularly 
poor options, but, as discussed below, the parame-
ter is not suited for comparisons between different 
application sectors of bioenergy (electricity, heat, 
transport). Nor does this parameter permit conclu-
sions concerning the quantity of biomass deployed 
in a specific case or the land area required to culti-
vate it. 

As it is assumed for residue use that this does not 
lead to land-use changes and associated emissions, 
the climate change mitigation effect of such use is 
positive in all cases. The relative mitigation effect of 
energy crop use, in contrast, depends greatly upon 

Figure 7.3-2
Percentage reduction of GHG emissions by the substitution of fossil fuels relative to a fossil reference system, in relation to 
final or useful energy for selected bioenergy pathways. The chosen reference systems are as follows: for the electricity pathways 
a mix of 80% hard coal and 20% natural gas; for the heat pathways 60% natural gas and 40% mineral oil; and for the transport 
pathways 60% petrol and 40% diesel (Table 7.3-3). The yellow bars contain the life-cycle emissions inclusive of emissions from 
direct land-use change (dLUC). The green bars further take into account emissions from indirect land-use change (iLUC 50%; 
Box 7.3-2). If not otherwise indicated, it is assumed for the energy crop pathways that cultivation is on former cropland. For 
pathways involving residue use only one bar is shown, as no emissions from indirect land-use change are anticipated. Negative 
values indicate an increase in emissions relative to the reference system. * It is assumed for pathways which use grass silage or 
slurry as substrate that in Germany grass silage generates no emissions from land-use change; this special case, however, is not 
globally transferable. The pathway designations refer to the cultivation systems and conversion processes listed in Tables 7.2-1 
and 7.2-2.
Source: WBGU based on data from Fritsche and Wiegmann, 2008 and Müller-Langer et al., 2008

Box 7.3-3

GHG mitigation through efficiency 
improvements in traditional biomass use

Bhattacharya and Salam (2002) show that if traditional 
wood stoves are replaced by efficient wood stoves, this can 
reduce GHG emissions by approx. 60 per cent while deliver-
ing the same quantity of useful energy; if they are replaced 
by biogas stoves, emissions are even reduced by 95 per cent. 
CO2 emissions are not the only issue here: generally (and 
in the GHG balances presented above) the CO2 emissions 

arising in biomass use are not counted as emissions, as no 
more CO2 is released than was taken up by the plant in 
its growth. This applies equally to traditional and modern 
biomass use. A further aspect, however, is that because of 
incomplete combustion processes traditional wood stoves 
emit larger quantities of other greenhouse gases such as 
CH4 and N2O. These emissions are reduced if efficient wood 
stoves are introduced. Moreover, if the wood is harvested 
in a non-sustainable manner, i.e. causes a decline of the car-
bon stock in the biosphere, as is the case if harvesting leads 
to deforestation, this, too, can be reduced, which delivers a 
net emissions reduction.
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instance, when examining residue pathways, any sys-
tematic difference between the electricity, heat and 
fuel routes. Quite evidently the contribution that 
bioenergy can make to climate change mitigation is 
not limited by the quantity of fossil fuel or fossil-gen-
erated energy that may potentially be substituted, 
but rather by the land area available for sustain-
able cultivation of energy crops or by the quantity of 
sustainably available biomass that can be deployed 
to substitute fossil energy carriers. The ‘application-
specific GHG abatement percentage’ parameter is 
therefore of only limited value in answering the ques-
tions posed by WBGU in the present report. 

Absolute annual GHG abatement per unit 
land
In order to identify those bioenergy pathways that 
perform best in terms of climate change mitigation, 
the pathways are evaluated using the ‘absolute area-
specific GHG abatement’ parameter. This gives the 
annual GHG reduction that can be achieved by the 
energy crops cultivated on a specific area of land 
(expressed as CO2eq per ha and year). In addition, 
the annual GHG reduction is stated that can be 
achieved with a unit of biomass feedstock or primary 
energy (expressed as t CO2eq per TJ biomass feed-
stock). 

Figure 7.3-3 has two parts: (a) shows the abso-
lute GHG emissions reduction achieved by fossil 
fuel substitution for a range of bioenergy pathways 
in relation to the land required to cultivate energy 
crops in temperate climatic zones; (b) does the same 
for tropical energy crops. No pathways that exclu-
sively involve the utilization of residues and wastes 
are listed here, as it would either be impossible or 
inexpedient to place them in relation to crop culti-
vation area.

The purpose of this analysis is to provide an 
answer to the following question: Which bioenergy 
pathway delivers the maximum GHG reduction in 
view of the limited amount of land available for sus-
tainable energy crop cultivation? Before continuing 
the discussion, it must be noted once more that the 
outcome is influenced by the allocation method cho-
sen (Box 7.3-1). Land areas do not correspond to the 
entire real cultivation area for biomass, but only to 
those parts of the area allocated to the co-products. It 
is because of this allocation that the analysis cannot 
be used to extrapolate the globally required real land 
area needed to achieve certain reduction goals. 

It is assumed for all pathways for temperate energy 
crops that these are cultivated on land that was already 
previously cropland. If grassland were converted 
instead, the emissions generated by energy crop pro-
duction would be approx. 20 per cent higher and the 
GHG abatement performance would be poorer. The 

unit land (generally in the soil) that the greenhouse 
gas emissions arising in biomass cultivation and use 
are over-compensated. With sufficiently good man-
agement practices, this can be achieved especially 
on marginal land. A number of pathways involving 
short-rotation plantations (SRPs) also exhibit emis-
sions reductions in excess of 100 per cent if indirect 
land-use changes are not taken into account. This is 
because the pathways shown here presuppose that 
SRPs are established on arable land, which leads to 
an accumulation of carbon in the soil. However, such 
conversion must be expected to lead to indirect land-
use changes, as discussed. If grassland is converted 
to establish SRPs, a poorer GHG balance must be 
expected, as then emissions are approx. 20 per cent 
higher than in the case of direct cultivation on ara-
ble land that does not involve ploughing up grassland 
(Fig. 7.3-1; Fritsche and Wiegmann, 2008). 

In the transport sector, the GHG abatement 
percentages shown in Figure 7.3-2 correspond to 
the strategic parameter targeted by the German 
Biofuels Sustainability Ordinance and by the draft 
directive of the European Commission on biofuels, 
although in the case of the latter other reference sys-
tems are applied (BMU, 2007b). It is proposed there 
that biofuels must deliver at least 35 or 50 per cent 
GHG abatement compared to the equivalent quan-
tity of fossil fuel in order to meet the standard (Sec-
tion 10.3). Very high GHG abatement levels of more 
than 50 per cent result for almost all pathways exam-
ined as long as, as in the case of residues, no indi-
rect land-use changes affect the balance (Fig. 7.3-2). 
An abatement level of 50 per cent is generally not 
achieved if indirect land-use changes must be taken 
into account, i.e. if cropland or grassland is converted 
to energy crop cultivation. In all pathways for liquid 
fuels in the transport sector, the analysis shows that 
if energy crops are deployed whose cultivation leads 
to indirect land-use changes the emissions balance 
is even negative, i.e. emissions are higher than they 
would be if fossil fuels were used. 

WBGU has analysed this parameter because it is 
the subject of the present debate on standards in the 
field of biofuels. For this specific field – the compari-
son of the climate change mitigation effect of differ-
ent biofuel pathways – this parameter is indeed pur-
poseful and applicable, as the efficiencies of the fuel 
pathways are comparable. In WBGU’s view, how-
ever, a broader analysis is necessary that allows pur-
poseful comparison of all energy pathways and not 
just the fuel pathways. This can reveal in which field 
of application the greatest absolute climate change 
mitigation effect can be achieved within the limits of 
the potential set by the sustainably available quan-
tity of biomass. The ‘application-specific GHG abate-
ment percentage’ parameter does not reveal, for 
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carbon storage capacity in the biomass of afforested 
land depends greatly upon the location, stand age and 
tree species (Nabuurs et al., 2007). This is illustrated 
by the following examples from the tropics: a tropical 
afforestation planted with 13 tree species on former 
pastureland in the 1930s hosted 57 tree species a lit-
tle less than 60 years later, and stored an average of 
5.1 t CO2 (or 1.4 t C) per hectare and year (Silver et 
al., 2004). On former barren land in India, a tropi-
cal tree plantation achieved net storage of 14.3 t CO2 
(3.9 t C) per ha within five years following afforesta-
tion with Gmelina arborea, which translates into an 
average of around 3 t CO2 (0.8 t C) per ha and year 
(Swami and Purim, 2005). Righelato and Spracklen 
(2007) report CO2 storage of 15–29 t CO2 (4–8 t C) 
per year and hectare for natural succession on aban-
doned tropical cropland.

Absolute annual GHG abatement per unit 
biomass utilized
The land-referenced parameter discussed above is 
suited for comparing energy crop pathways, but can-
not be used to assess the use of residues and wastes. 
A suitable approach for that purpose is to refer-
ence emissions to the primary energy content of the 
biomass feedstock. This permits a comprehensive 
comparison of bioenergy pathways. 

Figure 7.3-4 shows the absolute reduction of GHG 
emissions provided by substituting fossil fuels, for a 
range of bioenergy pathways and in relation to the 
gross energy content of the biomass utilized. The ref-
erence quantity is only that proportion of energy 
content which is allocated to the respective final use. 
The other proportions are allocated to co-products 
(Box 7.3-1).

This analysis pursues the question of relevance to 
WBGU: Which technology pathways can deliver the 
greatest greenhouse gas reduction with a given quan-
tity of biomass? In the view of WBGU, this energy-
referenced parameter is the suitable one for a com-
prehensive assessment of the GHG abatement per-
formance of bioenergy pathways, and should be 
taken as the basis for standard-setting. 

Comparison of Figure and 7.3-4 and 7.3-2 shows 
that while in the transport sector similar percent-
age emissions reductions can be achieved in rela-
tion to final energy, in stationary applications sub-
stantially greater absolute GHG abatement can be 
achieved for the same quantity of biomass resource 
utilized. Electromobility, with a performance compa-
rable to electricity generation and to combined heat 
and power production, is an exception in the trans-
port sector. The use of biodiesel produced from oil 
palm cultivated on degraded land is a further excep-
tion. This exhibits a very high abatement perform-
ance which can, however, in turn be further exceeded 

absolute mitigation potential values in relation to the 
allocated cultivation area scatter much more widely 
than the relative mitigation potential values in rela-
tion to final energy shown in Figure 7.3-2. This spread 
is due in part to the different efficiencies of energy 
conversion; the values also depend greatly upon the 
per-hectare yields of the different cultivation sys-
tems. These depend in turn greatly upon the climatic 
zone, which is why temperate and tropical cultivation 
systems are presented separately here. Due to the 
all-year-round vegetation period, the higher temper-
atures and the higher solar irradiance, substantially 
greater yields are in principle possible in the tropics 
than in temperate regions, insofar as soil characteris-
tics are favourable and water supply is assured.

But cultivation methods and soil quality also 
cause major differences. For example, the yield of 
sugar cane can range between 5 and 120 t dry mat-
ter per hectare and year (Section 7.1). Characteristic 
per-hectare yields were used for the present calcula-
tions; these are listed in Table 7.3-4, together with the 
range found in the literature. 

It is apparent that, relative to cultivation area, 
the absolute GHG reduction achievable is generally 
higher in electricity generation and combined heat 
and power production than in pure heat production 
or in transport. 

To provide a benchmark for GHG abatement per-
formance per unit area, the level of carbon sequestra-
tion achievable by afforestation on the same land can 
be taken as reference. According to Righelato and 
Spracklen (2007), for instance, 12 t CO2 (correspond-
ing to 3.2 t C) can be stored on average per ha and 
year over a 30-year period by means of pine affores-
tation of temperate cropland. On the other hand, it 
may be expected that such conversion would trigger 
the same indirect land-use changes as would energy 
crop cultivation on the same land, and thus emis-
sions from indirect land-use changes amounting to 
10 t CO2 per hectare and year should be integrated in 
the calculation (Box 7.3-2). It is apparent that, with 
the exception of electromobility, in the transport sec-
tor the GHG abatement performance of the temper-
ate pathways analysed is poorer in all cases than the 
value for afforestation stated here, while in the elec-
tricity and CHP sectors comparable or greater emis-
sions reductions can be achieved. In WBGU’s view 
the cultivation of energy crops is only then an expe-
dient climate change mitigation option if it is ensured 
that the associated emissions reductions are greater 
than those achievable – taking indirect land-use 
changes into account – on the same land by means of 
other measures such as afforestation.

It needs to be taken into consideration in this con-
text that the carbon storage achievable by means of 
afforestation can differ from region to region. The 
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Figure 7.3-3
Absolute GHG emissions reduction through the substitution of fossil fuels for different energy crops in (a) the temperate 
climate zone and (b) the tropical climate zone, in relation to the allocated cropping area (Box 7.3-1) in t CO2eq per ha and 
year. The chosen reference systems are as follows: for the electricity pathways a mix of 80% hard coal and 20% natural gas and 
for the transport pathways 60% petrol and 40% diesel (Table 7.3-3). The yellow bars contain the life-cycle emissions inclusive 
of emissions from direct land-use change (dLUC). The green bars further take into account emissions from indirect land-use 
change (iLUC 50%; Box 7.3-2). If not otherwise indicated, it is assumed for the energy crop pathways that cultivation is on 
former cropland. Negative values indicate an increase in emissions relative to the reference system. * It is assumed for pathways 
which use grass silage or slurry as substrate that in Germany no emissions result from land-use change; this special case, 
however, is not globally transferable. The pathway designations refer to the cultivation systems and conversion processes listed 
in Tables 7.2-1 and 7.2-2.
Source: WBGU based on data from Fritsche and Wiegmann, 2008 and Müller-Langer et al., 2008
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centage across all fields of application (electricity, 
heat and transport) involves substantially greater 
absolute emissions reductions in the case of electric-
ity generation. It follows that if the goal is to pro-
mote bioenergy pathways that deliver maximum cli-
mate change mitigation impact, it is not purposeful to 
establish a standard requiring a percentage GHG re-
duction referenced to final or useful energy. WBGU 
therefore proposes the development of a standard 
guided by the ‘absolute annual GHG abatement 
per unit biomass utilized’ parameter. The numerical 
values for such a standard need to match the cho-
sen reference system, as this has a major impact on 
the outcome (Fig. 7.3-5). When applied as a precon-
dition for the promotion of bioenergy in industrial-
ized countries (Sections 10.3 and 10.7), the stand-
ard should be in line with the best available systems. 
For example, in relation to the reference system cho-
sen by WBGU, a minimum abatement of 60 t CO2eq 
per TJ raw biomass utilized could be stipulated. This 
would need to take account of emissions from both 
direct and indirect land-use changes. As a minimum 
standard (Section 10.3), WBGU considers abatement 
by 30 t CO2eq per TJ to be suitable. In the field of 
biofuels, such a stipulation would translate approx-
imately into the requirement to cut emissions com-

if the same feedstock is utilized in stationary appli-
cations. Figures 7.3-2 and 7.3-3 clearly illustrate the 
major impact of land-use changes on abatement per-
formance. 

In the realm of applications involving residue 
use, it is apparent that the different electricity gen-
eration technologies have no great impact on abate-
ment potential. Biomethane production can achieve 
an abatement potential that is increased by a further 
approx. 20 per cent if the CO2 which is to be sep-
arated is stored permanently (Box 7.2-2). With the 
exception of electromobility, pathways involving the 
use of residues in the transport sector achieve only 
around half the abatement performance of path-
ways involving conversion to electricity. High abate-
ment performance further exceeding that of residue 
use can be achieved by cultivation systems such as 
cropping Jatropha and palm oil on marginal land and 
processing it to liquid fuels. But even for these bioen-
ergy carriers it is apparent that greater perform-
ance can be achieved in the electricity sector than in 
the transport sector. The abatement performance of 
pathways using energy crops cultivated on land that 
was already cropland is constrained greatly if indirect 
land-use changes are taken into account. 

Comparison of bioenergy pathways using this 
parameter reveals that a reduction by a certain per-

Table 7.3-4
Gross energy yields per hectare used to calculate GHG emissions in the individual bioenergy pathways, and range calculated 
from the various per-hectare yields cited in the literature. In the case of palm oil, the literature values refer solely to the oil 
fruit, while the value used here refers to the entire harvested biomass. This is made necessary by the allocation methodology 
(Box 7.3-1). The values are therefore not comparable.
Source: Fritsche and Wiegmann, 2008 and WBGU

Gross energy yield [GJ/(ha · a)]

Used for the calculations 
(Fritsche and Wiegmann, 2008) 

Range calculated from 
the literature cited in 
Section 7.1

Crop/product Climate zone 2005 2030 2005

Palm oil Tropical 500 660 220–480

Palm oil (degraded 
land)

Tropical 350 462 110–240

Jatropha (cropland) Tropical  – 113 5–310

Jatropha (marginal 
land)

Tropical  – 54 5–155

Sugar cane Tropical 650 700 160–1,960

Maize silage Temperate 211 250

Maize grain Temperate 159  – 120–210

Rapeseed Temperate 84  – 75–105

Triticale Temperate 100  – 50–105

Switchgrass Temperate – 200 90–300

Poplar (SRP) Temperate – 135 35–350

Grass silage Temperate 100  – 100–210
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ergy as compared to the reference system. In the heat 
and electricity sector the comparison is referenced to 
final energy, in the transport sector to the vehicle-kil-
ometre. Other publications concerned with the use 
of biofuels in the transport sector often only produce 
accounts up to the energy of the fuel, as the vehicle 
used usually has the same characteristics as the refer-
ence vehicle. In the present study, however, account-
ing extends up to the vehicle-kilometre in order to 
be able to include electromobility and fuel-cell vehi-
cles in the analysis. In this manner, account is taken 
of both the extra costs and the improved efficiencies 
of the corresponding electric and fuel-cell vehicles. 
This approach permits a full comparison of all mobil-
ity pathways examined.

Where a negative GHG abatement cost results, 
supplying energy from biomass is more cost-effective 
than the fossil reference case. Where bioenergy path-
ways deliver no emissions reduction compared to the 
reference case or even result in increased emissions, 
no GHG abatement costs can be defined. These path-
ways are labelled with ‘no reduction’. 

To place these costs in relation, it is useful to ini-
tially examine characteristic abatement costs of other 
climate change mitigation options. The cost of emis-
sions reduction by means of afforestation is stated 
today at approx. US$ 22 per t CO2 (Section 5.5). 
Other renewable energies are also suitable mitiga-
tion options and have substantially lower abatement 
costs in some cases. Wind power can be supplied in 
Germany at an average of €ct 8 per kWh, the figure 
falling to €ct 5 per kWh at favourable locations, and 
on average generates emissions of only 25 g CO2eq 
per kWh (Durstewitz et al., 2008; Wagner et al., 2008). 
Compared to the reference system (€ct 6.16 per kWh 
and 935 g CO2eq per kWh), this results in abatement 
costs of wind power amounting to € 22 per t CO2eq 
on average, and even an economic gain, i.e. negative 
abatement costs of -€ 11 per t CO2eq at excellent 
locations. Photovoltaic electricity can be supplied in 
Germany at an average cost of €ct 42 per kWh and 
in southern, sun-rich countries for approx. €ct 25 per 
kWh, with emissions amounting to 75 g CO2eq per 
kWh electricity (Wagner et al., 2008; EPIA, 2008). 

pared to the reference system by 50 per cent in rela-
tion to final energy. 

A sensitivity analysis of the ‘SRP–biomethane–
combined-cycle 2030’ pathway shows how greatly 
the abatement performance of bioenergy pathways 
depends upon the chosen reference system or fos-
sil energy carriers substituted (Fig. 7.3-5). If, in the 
ideal case, electricity generated from lignite is substi-
tuted by electricity generated from SRP biomethane, 
then, if indirect land-use changes are not taken into 
account, approx. 150 t CO2eq per TJ biomass could 
be saved. If, in contrast, electricity generated from 
natural gas is substituted, savings are only approx. 
50 t CO2eq. These values deteriorate or even become 
negative if emissions from indirect land-use changes 
are taken into account. 

This underscores that bioenergy delivers the 
greatest climate change mitigation effect when it sub-
stitutes coal. The abatement performance of biome-
thane is therefore not particularly high when it sub-
stitutes natural gas – an outcome that appears par-
ticularly probable when biomethane is used in heat 
applications. If, however, biomethane is used explic-
itly to generate electricity and especially to displace 
coal-fired electricity, it delivers a far greater climate 
change mitigation effect.

It is therefore essential to set appropriate stand-
ards and create suitable political and economic set-
tings that make it probable that bioenergy will be 
used to substitute those fossil energy carriers that 
incur high emissions. 

GHG abatement costs
When bioenergy substitutes fossil energy carriers, 
extra costs may be incurred; they are the difference 
between the specific production costs of a bioenergy 
pathway and those of the reference pathway. The cost 
per unit of greenhouse gas abated is the ratio of these 
extra costs to the GHG emissions reduction achieved 
(Equation 7.3-1; Müller-Langer et al., 2008).

Table 7.3-5 lists the production costs of fossil ref-
erence systems used for the calculations. Figure 
7.3-6 shows the extra costs per tonne GHG emis-
sion reduced that are incurred by the use of bioen-

Figure 7.3-4
Absolute GHG emissions reduction through the substitution of fossil fuels for different bioenergy pathways, in relation to 
the gross energy content of the biomass utilized. The chosen reference systems are as follows: for the electricity pathways a 
mix of 80% hard coal and 20% natural gas; for the heat pathways 60% natural gas and 40% mineral oil; and for the transport 
pathways 60% petrol and 40% diesel (Table 7.3-3). The yellow bars contain the life-cycle emissions inclusive of emissions from 
direct land-use change (dLUC). The green bars further take into account emissions from indirect land-use change (iLUC 50%; 
Box 7.3-2). If not otherwise indicated, it is assumed for the energy crop pathways that cultivation is on former cropland. For 
pathways involving residue use only one bar is shown, as no emissions from indirect land-use change are anticipated. Negative 
values indicate an increase in emissions relative to the reference system. * It is assumed for pathways which use grass silage or 
slurry as substrate that in Germany grass silage generates no emissions from land-use change; this special case, however, is not 
globally transferable. The pathway designations refer to the cultivation systems and conversion processes listed in Tables 7.2-1 
and 7.2-2. The vertical red lines mark the value proposed by WBGU for a minimum standard (30 t CO2eq per TJ) and the value 
that should be achieved as a precondition for the promotion of bioenergy pathways (60 t CO2eq per TJ; Section 10.3).
Source: WBGU based on data from Fritsche and Wiegmann, 2008 and Müller-Langer et al., 2008
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Taking present costs as a basis, the following con-
clusions result: cost-effective climate change miti-
gation can be achieved today primarily by means 
of those pathways involving cultivation of tropi-
cal energy crops on marginal or degraded land. This 
applies equally for applications in the transport sec-
tor. By using biodiesel from Jatropha cultivated on 
marginal land, climate change mitigation can even 
avoid costs. Furthermore, those pathways are favour-
able that are based on relatively simple technolo-
gies, such as the use of unrefined vegetable oil, or 
the simple co-firing of straw or wood residue pel-
lets in coal-fired power plants. Established technol-
ogies such as co-combustion or the fermentation of 
residues in biogas facilities to produce biogas or bio-
methane are favourable and are initially to be pre-
ferred over other technologies whose core process is 
biomass gasification (e.g. Fischer-Tropsch diesel) or 
that make use of expensive generating sets (e.g. fuel 
cells). It is only when their costs have been reduced 
in the course of technological progress that their 
broad-scale deployment for climate change mitiga-
tion becomes recommendable. 

As the analysis must take account of emissions 
from indirect land-use change (green bars), under 
current conditions only a small number of residue 
pathways are attractive, together with those energy 
crop pathways that use degraded or marginal land as 
a part of the cropping system.

This assessment matrix is not, however, tanta-
mount to a recommendation not to pursue the tech-
nologies whose abatement costs are rated as too 
expensive today. Here it is rather essential to carry 
the analysis forward with a differentiated considera-
tion of the reasons for the high costs and the antici-
pated cost reductions. 

It further needs to be considered when examining 
abatement costs that these depend greatly upon the 
production costs of the reference system. For exam-

The abatement cost of photovoltaics is thus approx. 
€ 420 per t CO2eq or € 220 per t CO2eq, respectively. 
The production cost of hydropower is approx. €ct 
6 per kWh in Germany; globally, the cost of large-
scale hydropower is approx. €ct 4 per kWh (Fich-
tner, 2003). The emissions of hydropower are simi-
lar to those of wind power, at approx. 25 g CO2eq per 
kWh (Wagner et al., 2007). Hydropower thus saves 
costs, i.e. even has negative abatement costs of up to 
-€ 24 per t CO2eq. However, especially in the case of 
systems using storage reservoirs, the GHG balance of 
hydropower is subject to major uncertainties because 
of potential methane emissions; substantially differ-
ent values can therefore result from case to case.

For a basic evaluation of the abatement costs pre-
sented here, WBGU makes use of studies that have 
determined the marginal damage costs of climate 
change, i.e. the aggregated macroeconomic net costs 
incurred worldwide by damage induced by climatic 
changes (the social cost of carbon), as well as stud-
ies that have identified the marginal abatement costs 
at which emissions reductions can be realized which 
are globally sufficient to stabilize the CO2 concentra-
tion in the atmosphere at 400 ppm. Based on figures 
reported in studies on marginal damage costs (Clark-
son and Deyes, 2002; Pearce, 2003; UBA, 2007) and 
on the marginal costs of various abatement options 
(Enkvist et al., 2007) pathways are classed in the fol-
lowing in three categories: those with abatement costs 
above € 60 per t CO2eq are classed as presently eco-
nomically inefficient, i.e. too expensive under current 
conditions, those with abatement costs of € 40–60 
per t CO2eq are classed as economically acceptable, 
and those with less than € 40 per t CO2eq are, in the 
view of WBGU, in the presently cost-efficient range. 
Because of uncertainties resulting from the model-
ling that underpins the figures in the studies used, the 
class boundaries stated here are provisional; they do, 
however, mark out plausible evaluation corridors. 

Figure 7.3-5
Sensitivity of absolute GHG reduction in relation to the quantity of biomass utilized relative to the reference system, for the 
example of the conversion of wood from short-rotation plantations to biomethane for a combined-cycle power plant. The 
abatement performance is shown for three different reference systems, without (yellow) and with (green) consideration of 
emissions from indirect land-use change. The greatest abatement performance is achieved if lignite is substituted. The lowest 
abatement performance – or even an increase in emissions – results if natural gas is substituted. 
Source: WBGU based on data from Fritsche and Wiegmann, 2008 and Müller-Langer et al., 2008
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depend upon how strongly technology and fuel costs 
change and on the specific contributions of the two 
to the production costs per unit energy. In the case of 
energy crops, increasing competition for land as well 
as rising costs of inputs (agricultural machinery, fer-
tilizers, water, etc.) may cause fuel costs to rise, while 
these factors will be less effective in driving prices of 
residues upwards. This is a point in which bioenergy 
also differs from other renewables: while learning 
curves can be expected to deliver further cost reduc-
tions for wind and solar energy, this only applies to 
technology in the case of bioenergy but not to energy 

ple, these are relatively low for the case of electric-
ity generation from coal at €ct 5.2 per kWhel, while 
for electricity generation from natural gas they are 
almost double at €ct 10.0 per kWhel (Table 7.3-4). It 
must further be kept in mind that all costs of refer-
ence systems refer to the 2005 baseline year and that 
changes are to be expected in future. In that connec-
tion a further distinction needs to be made for both 
the bioenergy pathways and the reference system 
between technology costs and fuel costs.

The technology costs can be expected to decrease 
in both cases. As the relatively old conventional fos-
sil technology is technologically advanced, the cost 
reduction potential will be smaller than is the case 
for bioenergy technologies, some of which are rela-
tively recent. 

The situation can be different for fuel costs. From 
the 2005 baseline year, the fuel price for imported 
hard coal already rose over the three years to 2008 
by approx. 50 per cent in Germany, from € 65 to € 95 
per tonne (Müller-Langer et al, 2008; Statis, 2008). On 
the other hand, the fuel prices for biomass also rose in 
that period, partly because they correlate positively 
with those of fossil energy carriers (Section 5.2.5.2). 
Whether rising fossil energy prices really cause the 
abatement costs of bioenergy pathways to drop will 

Table 7.3-5
Production costs of fossil reference systems and reference values for specific emissions used by WBGU to derive the GHG 
abatement costs of the individual bioenergy pathways. Veh-km = vehicle kilometre.
Source: Müller-Langer et al., 2008

Fossil reference 
system

Production costs per unit 
final or useful energy

Share of mix
[%]

Reference value for specific 
emissions

Electricity Hard coal power 
plant

5.20     €ct / kWhel 80

 6.2 g CO2eq / kWhel
Natural gas 
combined-cycle

10.0     €ct / kWhel 20

Heat Heating oil heat-
ing

10.8     €ct / kWhth 40 

 11.3 g CO2eq / kWhth
Natural gas heat-
ing

11.6     €ct / kWhth 60 

Transport Petrol car 2.68     €ct / Veh-km 60 
 2.6 g CO2eq / Veh-km

Diesel car 2.58     €ct / Veh-km 40 

KGHG,S = 
KS – KREF  =

   ∆K       
with ∆eGHG > 0

      
eREF – eS

    
      ∆eGHG

Equation 7.3-1
KGHG,S specific GHG abatement cost of a pathway [€/tGHG]; KS 
specific production cost of a pathway [€/GJEE]; KREF specific 
cost of the reference pathway (taking account of the marginal 
cost of fossil energy carriers) [€/GJEE]; ∆K differential cost of 
the pathway compared to a reference pathway [€/GJEE]; eS spe-
cific GHG emissions of a pathway [kg GHG/GJEE]; eREF spe-
cific GHG emissions of the reference pathway [kg GHG/GJEE]; 
∆eGHG specific GHG abatement of the pathway compared to a 
reference pathway [kg GHG/GJEE].

Figure 7.3-6
GHG abatement costs incurred by the use of different bioenergy pathways, calculated in accordance with Equation 7.3-1. The 
chosen reference systems are as follows: for the electricity pathways a mix of 80% hard coal and 20% natural gas; for the heat 
pathways 60% natural gas and 40% mineral oil; and for the transport pathways 60% petrol and 40% diesel (Table 7.3-3). The 
yellow bars contain the life-cycle emissions inclusive of emissions from direct land-use change (dLUC). The green bars further 
take into account emissions from indirect land-use change (iLUC 50%; Box 7.3-2). If not otherwise indicated, it is assumed for 
the energy crop pathways that cultivation is on former cropland. For pathways involving residue use only one bar is shown, 
as no emissions from indirect land-use change are anticipated. Negative values indicate an increase in emissions relative to 
the reference system. * It is assumed for pathways which use grass silage or slurry as substrate that in Germany grass silage 
generates no emissions from land-use change; this special case, however, is not globally transferable. The pathway designations 
refer to the cultivation systems and conversion processes listed in Tables 7.2-1 and 7.2-2.
Source: WBGU based on data from Fritsche and Wiegmann, 2008 and Müller-Langer et al., 2008
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production itself, as here the biomass fuel costs are 
a further and major factor determining production 
costs per unit energy. 

In the view of WBGU substantial cost reductions 
can be expected in future in electromobility and in 
gasification technologies for biomethane production 
(Section 7.2); these will result in a marked reduction 
of the GHG abatement costs of these technologies. 
WBGU therefore views these as highly promising cli-
mate change mitigation technologies in addition to 
the abatement options that are already cost-effective 
today.





Optimizing bioenergy integration and 
deployment in energy systems 

8

450 ppm CO2eq. In 2004, the use of fossil energy car-
riers was the largest source of global greenhouse gas 
emissions, accounting for 56.6 per cent or 28 Gt. To 
stabilize the atmospheric greenhouse gas concentra-
tion between 445 and 490 ppm CO2eq, global green-
house gas emissions will need to be reduced by 2050 
by 50–85 per cent from their level in 2000. Studies of 
the distribution of emissions reduction commitments 
among states show that stabilization at 450 ppm 
CO2eq is feasible if by 2020 the emission rights of 
industrialized states are 25–40 per cent below the 
emissions of 1990 and, in tandem, emissions from 
newly industrializing countries drop substantially 
below present projections. By the year 2050, the emis-
sion rights of industrialized countries will need to be 
80–95 per cent below the emissions of 1990, and in 
all other regions emissions will need to drop substan-
tially compared to projections (IPCC, 2007c). These 
targets can be achieved in industrialized countries 
and in the industrialized regions of emerging econ-
omies by means of energy-saving measures and with 
the help of renewable energies such as biomass. This 
will require a targeted transformation of energy sys-
tems.

8.1.1.1  
Transformation components

The transformation proposed by WBGU is based on 
expanding the use of renewable energies in tandem 
with combined heat and power production (CHP), 
preventing waste heat in the transport sector, uti-
lizing ambient heat for heat supply, and engaging in 
energy-saving measures across all sectors. 

Efficiency gains through increased direct 
electricity generation from solar, hydro 
and wind sources
Electricity is presently generated largely from fossil 
energy carriers. The associated conversion generates 
large amounts of CO2. In power plants, most of which 
are large-scale, only approx. one-third of the energy 
contained in the fuel can be converted into electricity, 

Bioenergy was the first source of energy utilized by 
humankind. Fossil energy, in contrast, has only been 
utilized for two to three centuries. The scarcity of fos-
sil energy carriers is not the only reason why a trans-
formation of energy systems is essential. The other 
is that their use causes the bulk of anthropogenic 
greenhouse gas emissions, which lead in turn to dan-
gerous climate change (IPCC, 2007d). Transforming 
energy systems towards sustainability has top politi-
cal priority in order both to mitigate climate change 
and overcome energy poverty (Chapter 2).

The energy supply structures of industrialized and 
developing countries differ sharply. In newly indus-
trializing countries such as China and India, both 
biomass-based traditional energy use and fossil-
based energy uses are widespread. In more than 75 
countries bioenergy is the principal energy source, 
while in more than 50 countries its contribution to 
energy supply is even greater than 90 per cent (IEA, 
2006b). These are almost all developing countries 
where biomass is used with traditional techniques. By 
deploying relatively minor technological and finan-
cial resources, it would be possible to greatly improve 
the efficiency of biomass use and also to substan-
tially curb greenhouse gas emissions (Section 8.2). 
In industrialized countries, too, bioenergy can con-
tribute to mitigating climate change and ensuring the 
technical security of supply (as a source of control 
energy) of future energy systems based on renewa-
ble resources (Section 8.1). 

8.1
Bioenergy as a part of sustainable energy supply 
in industrialized countries

8.1.1  
Transforming energy systems for improved energy 
efficiency and climate change mitigation

In order to comply with the 2°C guard rail (Chap-
ter 3), it will be necessary to stabilize the greenhouse 
gas concentration in the atmosphere at a level below 
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approx. 80 per cent of the energy stored (in the form 
of electricity) utilizable as mechanical shaftpower.

The 80 per cent efficiency of electric drives (from 
socket to wheel) arises as follows: in the electric vehi-
cle, electricity is stored in a modern lithium battery 
by means of a rectifier with an efficiency of up to 95 
per cent; when travelling, this is converted back into 
alternating current via an inverter with the same effi-
ciency, driving an electromotor that has an efficiency 
of approx. 95 per cent. This makes electric drives four 
times more efficient than conventional drive systems 
using internal combustion engines. This factor would 
still be around 3, if, under optimistic assumptions, 
internal combustion engines would reach efficiencies 
of 25 per cent in future and those of electric drives 
were assumed to be 75 per cent. Even if the higher 
vehicle weight attributable to the heavy lithium bat-
teries is taken into account, the efficiency improve-
ment factor is still around 2–2.5.

These benefits are not harnessed as yet, however, 
because the origin of the electricity crucially deter-
mines overall efficiency. For instance if this is fossil 
electricity generated with low efficiency, this negates 
the energetic benefit of the electric drive. It is only 
from a certain efficiency of electricity conversion 
onwards that the use of electromobility becomes 
technically more efficient than conventional drive 
systems (Fig. 8.1-3). This is illustrated by combining 
the efficiency of conventional electricity generation 
of 38 per cent as shown in Figure 8.1-1 with the effi-
ciency of an electric vehicle of 80 per cent: the over-
all efficiency is then merely a good 30 per cent, which 
is only slightly above that of conventional drive sys-
tems. If, however, the heat is utilized by means of 
CHP, delivering a power generation efficiency of 
80 per cent, the fuel efficiency of electromobility 

while the rest is lost as waste heat insofar as no heat 
is extracted (BP, 2008). In contrast, electricity gen-
erated directly from hydro, solar and wind sources 
avoids the waste heat losses of thermal energy con-
version and thus contributes decisively to improving 
energy efficiency (Fig. 8.1-1). 

With increasing renewable direct generation, the 
fossil primary energy requirement for electricity pro-
duction is reduced, and the associated GHG emis-
sions drop in step (Section 4.1; Box 4.1-1).

Efficiency gains through expanded 
cogeneration
Cogeneration (CHP) helps to improve the utilization 
of fossil and biogenic fuels and thus to reduce green-
house gas emissions. The use of waste heat, trans-
ported via local or district heat networks, for space or 
process heat saves energy carriers and thus reduces 
the primary energy requirement in the heat sector. 
The share of CHP in energy systems can be increased 
by tapping the major potential for industrial cogene-
ration, by carefully planning and siting new cogene-
ration plants, and vigorously expanding heat net-
works (Fig. 8.1-2). 

Efficiency gains through switching to 
electromobility
Present mobility systems and the associated trans-
port infrastructure have major inefficiencies: on aver-
age, an internal combustion engine only converts 20 
per cent of the fossil energy into shaftpower (deter-
mined in accordance with the New European Driving 
Cycle, NEDC). Apart from a small proportion used 
to heat the interior of the vehicle, the remainder of 
the energy is lost as ambient waste heat. Drives using 
electromotors are far more efficient, as these make 

Figure 8.1-1
Efficiency gain through the transition to renewable energies involving the direct generation of electricity from solar, hydro 
and wind sources. In conventional electricity generation processes without heat extraction that make use of fossil sources, on 
average worldwide only a good third of the primary energy is converted into electricity, two-thirds being lost as waste heat. 
A switch to direct generation from renewables therefore slashes the primary energy requirement and the energy-related CO2 
emissions while delivering the same level of electricity generation.
Source: WBGU
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hybrid cars, electric drives for series vehicles are still 
at the development stage. The battery, which must 
store large amounts of energy yet also be light and 
have a long service life, is a neuralgic point. None-
theless, electric vehicles with ranges of 100–200 km 
are already being manufactured today, and many car-
makers plan to include electric and hybrid vehicles in 
their fleets (Engel, 2007). In the medium term, it can 
even be expected that electric drives will be used in 
heavy goods vehicles. 

In aviation, however, there is presently no alterna-
tive to liquid, carbon-based energy carriers. While the 
situation is similar in shipping, new propulsion sys-
tems such as controllable kites have the potential to 
reduce the fuel consumption of a ship by 10–50 per 
cent. Prototypes are already in use (Skysails, 2008). 
Rail transport already runs mainly on electricity in 
numerous countries and uses a dedicated electric 
grid (Oeding and Oswald, 2004; DB, 2008). In Aus-
tria, for instance, the share of hydropower in railway 
electricity supply already amounted to 89 per cent 
in 2007 (ÖBB, 2008). If it should become possible in 
future to no longer consume mineral oil in passen-
ger cars thanks to electric drives, then the oil can be 
deployed in long-transport, in aviation and in ship-
ping until alternatives are found.

Efficiency gains through using electric 
heat pumps for heat supply 
Conventional oil- and gas-fired heating systems have 
efficiencies of 70–110 per cent based on the net cal-
orific value (condensing boiler technology; BHD, 
2008; DIN, 1990). Through direct combustion in oil- 

becomes greater than that of internal combustion 
vehicles in all configurations. Thus, only a combina-
tion of electric drives with directly generated renew-
able electricity from solar, hydro and wind sources 
fully taps the efficiency potential of electromobility 
(Fig. 8.1-4).

Electromobility delivers further benefits com-
pared to conventional compulsion systems: the ther-
mal conversion process does not take place in the 
vehicle, but in a stationary system. This makes it 
possible not only to utilize waste heat, but also to 
sequester CO2. Moreover, it resolves particulates 
issues and mitigates noise pollution. Electromobility 
also provides potential benefits for energy genera-
tors and transmission system operators. It represents 
an energy store that is available for 90 per cent of the 
day (non-driving times of vehicles), which, by means 
of suitable information and communication technol-
ogies, can be integrated and used to balance fluctuat-
ing feed-in from renewable sources. The prevention 
of conversion losses in internal combustion motors 
and the deployment of directly generated electric-
ity in electric vehicles thus present a major efficiency 
potential in the transport sector. Electromobility sys-
tems in which the electricity utilized comes from 
renewable sources are therefore a key component 
of the transformation of energy systems towards sus-
tainability.

The above findings apply mainly to road transport, 
which has the largest share of energy consumption 
in the transport sector. Broad-scale deployment of 
electric vehicles, however, can only be realized over 
longer periods (Fig. 8.1-5). With the exception of 

Figure 8.1-2
Electricity sector transformation. Two key components deliver efficiency gains in the sector: the expansion of direct generation 
from renewable sources and the increased use of combined heat and power (CHP). CHP processes make it possible to harness 
the bulk of the waste heat from thermal electricity generation. The share of directly generated electricity from renewable 
sources grows in tandem, substituting a part of the electricity that would otherwise need to be supplied by combusting fossil or 
biogenic energy carriers. 
Source: WBGU
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Figure 8.1-4
Efficiency gain in the transport sector: energy input and efficiency of a conventional drive system using fossil and biogenic 
fuels compared to those of an electric drive using renewable, directly generated electricity from hydro, solar and wind sources. 
The efficiency with which the same quantity of mechanical shaftpower is delivered is several times greater if renewable 
electromobility is used than if fuel is used in a conventional internal combustion engine. 
Source: WBGU
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Figure 8.1-3
Comparison of the efficiencies of fossil or biogenic fuel use in vehicles with internal combustion motors and in electric 
vehicles. In vehicles with internal combustion motors, approx. one-fifth of the chemical energy filled in the tank is converted 
into mechanical shaftpower. In vehicles using electric drives, up to 80% of the 'filled' electrical energy can be converted into 
mechanical propulsion. It is the type of electricity generation, however, which crucially determines the overall efficiency gain. 
Electromobility delivers an efficiency gain with power plant efficiencies of 25% and more – the Figure indicates the typical 
range of power plants, which is 30–60%. Electromobility is worthwhile in all circumstances if the waste heat arising at the power 
plant is utilized. As this is not possible in conventional vehicles with internal combustion motors, they can only utilize 20% 
of the fossil fuel as mechanical shaftpower (horizontal line marked 'fossil fuels'). If biofuels are used, this value is reduced to 
10%, as in the best case (2nd-generation biofuels) only half of the bioenergy can be converted from biomass to fuel (horizontal 
line marked '2nd-gen. biofuels'). Electromobility achieves its maximum efficiency potential when fed with directly generated 
electricity from hydro, solar or wind sources (column on right hand of Figure). This avoids the substantial thermal conversion 
losses.
Source: WBGU
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than the direct thermal use of fuel, as illustrated by 
the following example.

The present generation mix, with its efficiency of 
30–35 per cent, can generate approx. 0.30 kWh elec-
tricity from 1 kWh fossil or biogenic energy. With 
the performance coefficient assumed here, the elec-
tric heat pump can use this electricity to deliver at 
most 3.5 times more heat, i.e. in our example approx. 
1 kWh heat. Under such circumstances the use of 
electric heat pumps is pointless, as the direct combus-
tion of fossil or biogenic fuel would deliver the same 
utility. However, the useful heat ratio rises to approx. 
200 per cent if the electricity is generated in com-
bined-cycle power plants with efficiencies around 
60 per cent, and even climbs to 350 per cent if the 
electricity was generated directly from solar, hydro 
or wind sources. It follows that the energy efficiency 
of electric heat pumps is best harnessed by using 
directly generated electricity (Figs. 8.1-6 and 8.1-7). 
Thermal heat storage systems can decouple electric-
ity demand from heat demand. This allows efficient 
load management; for instance, in periods of high 
wind power generation, the surplus electricity can be 
stored in this manner. The observed trend towards 

and gas-fired heating systems, the energy stored can 
be converted to 100 per cent into heat and almost to 
100 per cent into useful heat (hot water, space heat, 
etc.). If electricity is used in an electric heat pump, 
that raises the available ambient heat to a suitable 
level and renders it utilizable, substantially more heat 
can be supplied. The quotient between the utilizable 
heat output and the electrical energy consumed in the 
compressor is termed the coefficient of performance, 
and is determined according to defined conditions in 
various standards such as EN 14511 (DIN, 2008a, b; 
VDI, 2008). Assuming that electric heat pumps have 
an average performance coefficient of 3.5, an input 
of 1 kWh electricity can deliver 3.5 kWh heat, of 
which 2.5 kWh come from the ambient heat (Bau-
mann et al., 2006). This value is especially likely to be 
achieved if heat pumps are linked to geothermal sys-
tems. Under favourable conditions heat pumps can 
then achieve high annual performance factors. As in 
the field of electromobility, the origin of the electric-
ity or the efficiency of power generation is decisive. 
Only from a certain power plant efficiency onwards 
is the use of electric heat pumps more favourable 

Figure 8.1-5
Transport sector 
transformation: key 
component renewable 
electromobility. By 
gradually increasing 
the use of renewable 
electricity sources, of which 
a large proportion comes 
from direct generation 
using wind, hydro and 
solar energy, the energy 
requirement and GHG 
emissions of the transport 
sector can be reduced 
substantially – ideally to 
one-quarter of present 
energy consumption levels. 
Source: WBGU
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when used in conventional incandescent lamps. If 
in each of the 39 million German households 75 W 
standard incandescent lamps were replaced by 15 W 
compact fluorescent lamps, which have the same light 
output, 2.3 GW generating capacity, which translates 
into two large-scale power plants, would theoreti-
cally no longer be needed during the period of light-
ing demand. All household appliances (refrigera-
tors and freezers, stoves, etc.), lighting devices (LED 
technology) and industrial processes (electric drives, 
power electronics, etc.) could be designed so as to be 
more efficient, meeting the same purpose with less 
electricity consumption. Switching off stand-by cir-
cuits by installing switchable sockets, or even ban-
ning stand-by, is a further measure that would pro-
mote energy efficiency. 

In the transport sector, the energy consumption of 
all aircraft and vehicles can be reduced by improv-
ing their aerodynamics and reducing their weight or 
rolling resistance. This goal can also be furthered by 
means of socio-economic and organizational meas-
ures such as improved local public transport sys-
tems, better capacity utilization of buses, trains and 
aircraft, or improved traffic flow organization. The 
period considered decisively determines all quanti-
tative savings potentials.

8.1.1.2  
Transforming energy systems by combining the 
components

If the five components set out above are combined, 
the fossil and nuclear primary energy requirement 
of an industrialized country can be reduced by more 
than 80 per cent, and energy-related GHG emissions 

an increasingly larger proportion of direct genera-
tion from renewable sources will in future substan-
tially improve the overall energetic efficiency of elec-
tric heat pumps.

Broad-scale introduction of heat pumps greatly 
reduces the consumption of fossil and biogenic fuels 
in the heat sector. In combination with waste heat 
from CHP, the fossil primary energy requirement 
and thus GHG emissions in the heat sector can be 
reduced greatly; in the ideal case, directly combusted 
energy carriers can be substituted (Fig. 8.1-7). Space 
heat, hot water heating and a part of process heat 
can all be supplied in this manner. A further part of 
process heat demand can be met by renewable elec-
tricity.

Efficiency gains through energy 
conservation measures
There are many ways to make the use of energy more 
efficient – i.e. to reduce energy requirement while 
delivering the same level of utility. Such options 
are available in all energy sectors. This is highly evi-
dent in the heat sector: thermal insulation, meeting 
the ‘passive house’ standard in the ideal case, can 
greatly reduce the energy required for space heating. 
Improved space heating systems, cooking stoves and 
hot water production systems are further examples.

In the electricity sector, too, there are many 
options. For example, in industrial processes com-
pressed air is often used highly inefficiently. Install-
ing improved sealings and exchanging leaky compo-
nents can save electricity consumed in compressors. 
Savings in lighting are a further example. An indus-
trialized country such as Germany only consumes 5 
per cent of electricity consumption for lighting; how-
ever, 95 per cent of this is dissipated as waste heat 

Today
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Firings
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Figure 8.1-7
Heat sector transformation: 
through CHP expansion and 
the greater use of electric 
heat pumps, process and 
space heat demand can 
be met entirely in future. 
To fully tap the efficiency 
potential of electric heat 
pumps, the electricity 
powering them should 
come predominantly 
from renewable, directly 
generated sources (hydro, 
solar or wind). 
Source: WBGU
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8.1.2  
The role of bioenergy in the sustainable energy 
supply of industrialized countries

The sustainably available bioenergy potential is lim-
ited (Chapter 6). It is plain that it will not suffice to 
meet a major proportion of today’s global energy 
requirement. This makes it important to make 
optimum use of the strategic attributes of the lim-
ited biomass resource (Chapter 2). In industrial-
ized countries, it is recommendable to deploy this 
resource where its specific attributes cannot be sub-
stituted by other energy carriers and its benefits in 
terms of energy efficiency and climate change mitiga-
tion are greatest, without jeopardizing other sustain-

curbed accordingly. This corresponds to the reduction 
obligations that may result from a newly negotiated 
Kyoto Protocol for Annex I countries such as Ger-
many. In a transformed energy system, GHG emis-
sions of quantitative relevance only arise from fossil 
and biogenic electricity generation in CHP systems 
and in highly efficient combined-cycle power plants. 
The very low emissions from wind, hydro and solar 
energy are negligible in comparison.

The five components described in Section 8.1.1.1 
boost efficiency in an energy system that need not be 
a distant vision, but is in fact a route that can be taken 
with present technology (Fig. 8.1-8). 

Figure 8.1-8
Energy system transformation – the example of Germany, an industrialized country: five key components can deliver both 
energy and climate efficiency. The primary energy requirement in Germany in 2005 – excluding the part going to non-energy 
uses such as mineral oil for the chemical industry – amounted to 13.4 EJ, of which 34% went to the electricity sector, 44% to 
the heat sector and 23% to the transport sector. The ratios are different when examined in terms of final energy: the share of 
electricity is then smaller (18%) and that of the other two sectors correspondingly larger (heat 54%, transport 28%). Electricity 
is also used in the transport sector, but at present this only supplies 2% of that sector's demand and is therefore not taken into 
account in the Figure. In future, direct combustion for heat uses is to be replaced by heat from CHP and electric heat pumps. 
The proportion of heat produced from electricity, including heat from CHP, is contained under 'electricity generation' in the 
diagram. More than 70% of electricity is to be generated by means of direct generation using solar, hydro and wind sources. 
Load management of intermittent energy sources is to be facilitated by various means: a massively expanded electricity 
transmission and distribution network; the integration of storage power plants (pumped-hydropower, compressed-air); 
integration of the transport sector (electric vehicles); and heat pumps to make use of miscellaneous heat sources – all of these 
are to be integrated by means of an equally expanded information network (smart grid). Overall, the heat and transport sector 
are to account for 25% of electricity supply. Such a transformation permits energy supply systems in industrialized countries 
that are environmentally sustainable and economically viable, and is feasible by 2050.
Source: WBGU using data from BMWi, 2008
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up to 60 per cent, and the fuel thus derived used in a 
combustion engine, with the result that only approx. 
10 per cent of the energy is available as useful energy 
at the wheel (Fig. 8.1-9). In contrast, the biomass can 
be converted efficiently to electricity (stationary con-
version process, operating at full load), the waste heat 
can be utilized and the electricity deployed in electric 
vehicles with low particle emissions and little noise. 
Figure 8.1-9 compares four representative pathways 
for vehicle drives. Starting from 100 per cent primary 
energy (the energy content of the whole plant at har-
vest), if biofuels are used substantially less energy 
is available for propulsion at the wheel than would 
be possible on the electromobility pathway. The Fig-
ure shows by way of comparison the highly efficient 
direct electricity generation from hydro, wind and 
solar sources. The superiority of electric drives is also 
highly apparent when comparing vehicle mileage per 
unit primary energy (kWh) (Fig. 8.1-10).

WBGU does not consider it purposeful to entrench 
the existing, inefficient transport infrastructure by 
adapting bioenergy use in the form of biofuels to 
this structure. Various stakeholders pursue the goal 
of deploying bioenergy in the transport sector as a 
source of innovation for technology and climate 
change mitigation; this leverage needs to be targeted 
carefully. Innovations should be directed towards 
electromobility – a form permitting the efficiency 
of the drive system to be boosted from its present 
level of approx. 20 per cent in combustion engines to 
more than 70 per cent if the electricity is generated 
from renewable sources. Hybridization (the combi-
nation of combustion engines and electric drives) 
has an important role to play in the process of transi-
tion from combustion engines to electric drives. The 
IPCC has identified the further development of elec-
tric and hybrid drives with stronger and more reli-
able (i.e. more durable) batteries as a key technol-
ogy for emissions reduction in the transport sector 
(IPCC, 2007c). WBGU therefore recommends, for 
reasons of both technical efficiency and environmen-
tal benefit, that in industrialized countries biomass is 
deployed via conversion to electricity to drive elec-
tric road and rail vehicles, rather than entrenching an 
inefficient technology via biofuels.

8.1.2.2  
Bioenergy for central and decentral heat supply

The use of biomass for heat supply is often recom-
mended. The climate change mitigation effect of such 
a use follows from the substitution of the displaced 
conventional fuels. In an energetic perspective, heat 
used for space heating has a substantially lower value 
than the same quantity of energy in the form of elec-

ability criteria such as maintaining biological diver-
sity and ensuring food security. The following sec-
tions explore the three main potential applications: 
as a fuel in the transport sector, for heat supply, and 
for electricity generation.

8.1.2.1  
Bioenergy for transport: Bio-electricity versus 
biofuels

Resource challenges
The transport sector is almost entirely dependent 
today upon fossil mineral oil. In Europe, for instance, 
approx. 98 per cent of its demand is met by mineral 
oil, and in many other regions the level of depend-
ence is similarly high (Boerrigter and van der Drift, 
2004). Fossil fuels are becoming increasingly scarce 
and are tending to become more expensive. Biofuels 
are hoped to provide a way out of this dilemma; their 
relevant potential, however, is tied to the available 
land area (Chapters 6 and 7). Synthetic 2nd-genera-
tion biofuels promise a higher energy yield than those 
of the 1st generation. Their aggregate environmental 
impact, however, is not substantially better than 1st-
generation biofuels, and – as is the case for all assess-
ment results for energy crops – depends greatly upon 
direct and indirect land-use changes (Section 7.3; 
Jungbluth et al., 2008). 

Not only the land resource for energy crops is 
limited; so, too, is the quantity of residues available 
for recovery. Moreover, the use of biomass as indus-
trial feedstock will continue to grow from mid-cen-
tury, when mineral oil becomes uneconomic for the 
chemical industry and the industry must turn to other 
hydrocarbons (Section 5.3). Biofuels cannot solve 
the climate problem and can only perform a bridg-
ing function in terms of providing security of supply. 
Food and feed production as well as certain branches 
of industry (chemicals, construction, textiles, etc.) 
need carbon compounds. Energy for mobility, in con-
trast, can be supplied through other avenues. 

Efficient use of bioenergy in the transport 
sector
Beside resource availability, conversion efficiency 
is the key determinant of the energy contribution 
of biomass in the transport sector. Conversion of 
biomass to biofuels delivers substantially lower over-
all efficiencies compared to conversion to electric-
ity for use in electric vehicles (Sections 7.2 and 7.3). 
Therefore, it makes more sense in terms of energy 
yield to deploy biomass in CHP, rather than convert-
ing it into fuel. This is illustrated by the example of 
woody biomass: The state of matter of the solid fuel is 
changed twice in processes involving energy losses of 
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long term, deploying heat pumps running on renew-
ably generated electricity.

8.1.2.3  
Bioenergy for electricity generation: Control 
energy and cogeneration

Biomass is most purposefully used in electricity gen-
eration. This is because, firstly, it can be deployed 
to produce control energy in the same way as fos-
sil energy carriers, and, secondly, its use in com-
bined heat and power production (cogeneration) or 
in combined-cycle power plants provides the high-
est fuel utilization factor and the greatest GHG 
abatement performance per unit biomass consumed. 
Moreover, some pathways, such as co-firing pellets 
in coal-fired power plants or utilizing residues and 

tricity or mechanical energy. It follows that if the 
requisite heat can be supplied from the waste heat 
extracted from CHP systems or can be provided by 
means of heat pumps, greater exergetic value can be 
delivered from the biomass than through pure com-
bustion (Fig. 7.2-3). Using biomass at lower temper-
atures below 100°C to produce hot water and for 
space heating is to be seen as a transitional applica-
tion in industrialized countries (heating systems fir-
ing wood, woodchips and pellets). Heat is supplied 
most efficiently by means of CHP and heat pumps 
(Section 8.1.1). Decentral CHP based on biomass 
is relatively problematic. Woody and moist biomass 
can only be made available for distributed use via the 
route of gasification or fermentation to biomethane 
(Section 7.2). WBGU therefore recommends utiliz-
ing the waste heat from CHP facilities, deploying 
biomethane in decentral CHP systems and, over the 

Figure 8.1-9
Comparison of different conversion pathways in the transport sector in terms of the mechanical energy utilizable at the wheel. 
The diagram only considers the main energy flows. It does not take account of by-products such as the useful heat extracted 
from CHP processes, nor of material products such as fertilizer or animal feed. In the best case, approx. 75% of the primary 
energy from hydro, wind and solar sources can be utilized as shaftpower in the electric vehicle. In the worst case, only a good 
5% of the primary energy contained in the rape crop is utilized in the combustion engine. When biodiesel is produced from 
rape, the rapeseed is separated from the straw, meaning that approx. 50% of the chemical energy contained in the crop is lost 
to fuel production. Approx. 60% of the energy contained in the seed is extracted as rapeseed oil, and 90% of the oil is esterified 
to biodiesel. Overall, approx. 25% of the energy contained in the crop is filled as biodiesel fuel, of which in turn only 20% is 
converted by the combustion engine to shaftpower. Ultimately, therefore, only a good 5% of the original energy contained in 
the crop is utilized as shaftpower. The balance is not substantially better for 2nd-generation biofuels. Here the whole crop can 
be used and approx. 85% of it converted to raw gas, but major conversion losses occur in gas processing and synthesis, with 
the result that only approx. 45% of the energy originally contained in the crop is filled as Fischer-Tropsch diesel and thus only 
approx. 10% of the energy in the crop can be utilized as shaftpower. If the raw gas is converted on the same initial pathway 
to biomethane which is then used to generate electricity in efficient combined-cycle power plants, a good 45% of the energy 
contained in the crop can be charged as electricity in the electric vehicle; with 80% efficiency of conversion in the vehicle, 
overall a good 35% of the energy originally contained in the crop can be utilized as shaftpower.
Source: WBGU, using calculations from Ahmann, 2000; Dreier and Tzscheutschler, 2000; Kaltschmitt and Hartmann, 2003; 
EAA, 2007; Engel, 2007; Sterner, 2007
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Because of its high fuel utilization, CHP makes 
optimum use of both fossil and biogenic fuels in 
energy terms. For decentral applications, the con-
version of gaseous and liquid bioenergy carriers in 
small-scale CHP units is an appropriate route. Beside 
biogas, fuels such as vegetable oil, biodiesel or bioeth-
anol can also be used in CHP systems, where, due to 
the use of waste heat and the greater conversion effi-
ciency, they deliver a much greater climate change 
mitigation effect than when used in the transport sec-
tor (Section 7.3; Fig. 7.3-4). Solid bioenergy carriers 
do not yet play any dominant role in decentral CHP. 
This is because the technology (gasifiers, Stirling 
engines) are partly not yet mature or are still uneco-
nomic (FNR, 2007b). In contrast, the use of small co-
generation systems in municipalities is a route that is 
already mature and can be pursued expediently in dis-
tributed applications, generating electricity and mak-
ing use of waste heat to supply heat to public build-
ings such as swimming pools or schools. Such systems 
procure the biomass locally, for example in the form 
of woodchips or wood pellets. In industrial structures, 
biogas facilities can be integrated beside cogenera-
tion systems in such a way that heat can be usefully 
extracted (e.g. for drying systems, vegetable produc-
tion, or manufacturing; FNR, 2006d; Roy, 2008). A 

wastes in biogas facilities, have very low abatement 
costs (Sections 7.2 and 7.3). In an electricity supply 
system based entirely on renewables, control energy 
is required to balance out the intermittent feed-in of 
electricity from wind farms and solar power plants in 
electricity grids. Deployed in conjunction with mas-
sively expanded electric grids that have large trans-
mission capacities, together with electricity stor-
age systems such as pumped-storage hydropower or 
compressed-air systems and the integration of elec-
tric vehicles, control energy generated from biomass 
sources can serve to level the intermittent feed-in 
from other renewable sources and the fluctuating 
electricity demand of consumers. This is where the 
special attribute of biomass as a medium that stores 
energy comes to the fore. Biomethane, in particular, is 
a suitable energy carrier, because it can be produced 
from a great number of wastes and residues as well 
as from the most varied energy crops, and can also be 
stored well in gas networks. Taken from there, it can 
be used in existing gas-fired power plants designed 
to generate control energy in the same way as natu-
ral gas. The losses arising in the process of conversion 
from biomass to biomethane are offset by the great 
versatility provided in conjunction with the natural 
gas network (storage functions, decentral CHP, etc.).

Figure 8.1-10
Car mileage per unit of primary energy. Thanks to the substantially greater efficiencies of electromotors compared to 
combustion engines, electromobility generally results in greater mileages per unit primary energy input. The calculations 
assume the consumption of an electric vehicle to be 15–22 kWhel and that of a conventional vehicle to be 60–80 kWhfuel 
(corresponding to 6–8 litres diesel) per 100 km. The conversion rates of wood to Fischer-Tropsch diesel (BtL) are assumed to 
be 40–50% and those of rape to biodiesel 20–30%. The thermochemical conversion of biomass to biomethane with subsequent 
electricity generation was calculated for an efficiency range of 30–60%. Direct electricity generation using hydro, wind and solar 
sources has a conversion rate of 96–100% and the use of hydrogen-based electricity has a range of 35–42%, calculated from the 
conversion rate of direct generation and the efficiencies of electrolysis (70%) and a polymer electrolyte fuel cell (50–60%). It 
follows that bioenergy can be utilized much more efficiently in the transport sector via the electromobility pathway than via the 
path of fuels in combustion engines. The greatest mileages are achieved with directly generated renewable electricity. 
Source: WBGU, using calculations from Ahmann, 2000; Dreier and Tzscheutschler, 2000; Kaltschmitt and Hartmann, 2003; 
EAA, 2007; Engel, 2007; Sterner, 2007
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ble. These two pathways allow production of biome-
thane, which can be fed decentrally into existing nat-
ural gas networks as synthetic natural gas and can in 
turn be converted in decentral processes for power 
and heat supply. Leakage of methane, a potent green-
house gas, must be prevented as far as possible at all 
points in the chain. This pathway presents the oppor-
tunity of universal use of biomethane in regions with 
well developed natural gas networks, especially in 
distributed CHP with small unit capacities and high 
fuel utilization factors. Compared to other forms 
of bioenergy use, the production and use of biome-
thane achieves a substantially greater climate change 
mitigation effect (on the scale of 20%; Table 7.3-2), 
if the CO2 which needs to be separated in any case 
during the conversion process is not released to the 
atmosphere but is stored securely. WBGU has dis-
cussed the risks of and criteria for sustainable CO2 
storage elsewhere (WBGU, 2006). A further aspect is 
that residues such as those from forestry operations 
cannot be utilized in decentral CHP in households 
at present. Only the biomethane pathway makes it 
possible to consign numerous residues to more effi-
cient use with high climate change mitigation effect.

Figure 8.1-11 summarizes the post-transformation 
elements of energy systems and the specific role of 
bioenergy. A particularly attractive feature is that the 
two classic energy carriers – natural gas and coal – 
can be integrated within this future system. In par-
ticular, the use of coal via the gasification pathway 
with subsequent conversion to synthetic methane 
of the synthesis gas allows, due to the separation of 
CO2 which is requisite in this process in any case, a 
use of coal that generates much less GHG emissions 
than would be possible when it is used in conven-
tional coal-fired power plants. Through carbon cap-
ture and storage (CCS), the emissions levels of coal 
use approach those of natural gas use. Coal gasifica-
tion technology is still a niche technology at present, 
used successfully in a small number of facilities in the 
USA (IPCC, 2005). As does CCS technology, it needs 
to be further developed and improved before it can 
be deployed on a broad scale. 

8.1.2.5  
Stages en route to sustainable bioenergy use in 
industrialized countries

WBGU views climate change mitigation as the prin-
cipal goal of bioenergy use in industrialized coun-
tries. It follows that residue use and cascading use 
have top priority, as these scarcely cause any land-use 
changes and the associated emissions. In the view of 
WBGU, energy crops should only be used if their cli-
mate change mitigation effect inclusive of emissions 

further prospect for the future is the efficient use of 
decentral mini-CHP units in households.

As concerns large-scale power plants various 
options arise to make use of bioenergy: these include 
co-firing in conventional power plants; use in cen-
tral cogeneration plants or in power plants with inte-
grated fuel gasification, or the supply of biogas (bio-
methane) from biogas production facilities (fermen-
tation process) and large gasifiers that convert wood 
and plastics wastes. Both systems involving fermen-
tation and gasification facilities generate CO2 at high 
concentrations, which needs to be captured before 
the gas is fed into natural gas networks. At this point, 
already available technologies permit a first step 
towards decarbonization, making it possible to halve 
the CO2 emissions of these conversion processes if the 
CO2 captured is then consigned to storage. Numer-
ous further CHP technologies that can use biomass, 
such as Organic Rankine Cycle systems, are availa-
ble and technologically mature. The precondition to 
broad-scale use of the heat extracted is proximity to a 
large heat consumer or, alternatively, the intensified 
expansion of heat networks.

8.1.2.4  
Overall assessment of bioenergy in industrialized 
countries

The conclusion for the optimum integration of 
biomass in future energy supply systems is that 
it should not be used as fuel to drive vehicles, and 
should only be deployed in a transitional period in 
direct combustion for heat production. In the energy 
systems of the future, suitable biomass uses are rather 
as follows: to generate electricity in CHP facilities 
such as central cogeneration plants and small-scale 
CHP units, to be co-fired in coal-fired power plants, 
and to be used in combined-cycle power plants with 
maximum efficiency. By consistently implementing 
the systems presented above and making use of elec-
tric energy in the transport sector, efficiencies can be 
improved by more than a factor of two. Moreover, 
wastes from bioenergy use, such as ash or fermen-
tation residue, can be recycled as mineral fertilizer. 
This is an important criterion of the sustainability of 
bioenergy use.

Biomass, and particularly residues, can thus be 
deployed in an optimum manner via the fermenta-
tion (biogas) and gasification (raw gas) pathways 
(Fig. 8.1-11). Gasification processes allowing con-
version of almost all forms of biomass are presently 
still at the development stage, but promise a broad 
range of applications in future. Biomethane is in any 
case the main product of the fermentation processes 
established today, which are already highly flexi-
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With increasing efficiency of global energy sys-
tems – in which, beside improved thermal insula-
tion, building heating and process heat are supplied 
by means of cogeneration and heat pumps, and elec-
tromobility is well-established in the transport sec-
tor – the requirement for direct combustion and fuels 
drops. Demand for electric energy rises in parallel. 
In this situation, which could emerge in several dec-
ades, most of the electricity is generated directly from 
hydro, solar and wind sources. Their output, however, 
is subject to substantial fluctuations over time – the 
biogenic and fossil energy carriers then increasingly 
have the task of balancing these fluctuations in out-
put. This can be done either by means of decentral 
cogeneration or with rapidly dispatchable combined-
cycle power plants. Today, both power plant types 
operate mainly on natural gas (i.e. methane). This 
makes it expedient to utilize biogenic methane (bio-
methane), which can be conveyed by the natural gas 
network infrastructure already in place today. In the 
ideal case, the use of biomass proceeds in two stages: 
initially, biomass is co-fired in coal-fired power plants 
or is deployed in heating systems (Fig. 8.1-12). Later 
on, the biomethane produced by fermentation and 
gasification is fed increasingly into natural gas net-
works and is used in cogeneration processes to pro-

from land-use change has been proven to be partic-
ularly positive and the sustainability criteria of the 
minimum standard (Section 10.3) are complied with. 
The use or import of biomass derived from energy 
crop cultivation that does not meet these criteria 
should not be permitted.

Initially those applications appear most attractive 
in which energy carriers with high CO2 emissions are 
displaced. These are above all hard coal and lignite, 
but also mineral oil. This is the case if, for instance, 
wood is co-fired in coal-fired power plants or if it 
is used to heat buildings. While using wood to fuel 
power plants reduces demand for coal accordingly, 
its use to heat buildings and provide process heat 
frees up corresponding quantities of oil and gas that 
can then be deployed for a transitional period in the 
transport sector. Due to conversion performance in 
the heat sector, more mineral oil can be substituted 
there than in the transport sector (Fig. 8.1-12). This is 
the case if, for instance, direct combustion of wood in 
a heating system substitutes mineral oil. If the same 
quantity of wood is converted to Fischer-Tropsch die-
sel (BtL), it can only substitute half as much mineral 
oil, because the other half of the energy is required 
for the conversion process itself.

Figure 8.1-11
Future, sustainable energy supply structures in industrialized countries. Building upon an integrated gas and electricity network 
and the capture and storage of the CO2 arising in the use of fossil and biogenic fuels, energy supply is largely via electricity. 
Useful heat is supplied by cogeneration processes and by heat pumps. In biomethane production, CO2 capture is essential and 
its storage feasible.
Source: WBGU
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themselves. Since firewood is a familiar fuel, technol-
ogies based on it are better able to establish a foot-
hold in real-life applications. 

8.2.1  
A revolution in traditional biomass use 

The majority of traditional biomass use takes place 
in the rural areas of developing countries where pov-
erty and a low level of technological development are 
the norm. New, more efficient technologies for using 
bioenergy must therefore be simple to install, use and 
maintain, as well as being affordable for the popula-
tion. If these conditions are met, modern bioenergy 
use provides opportunities for creating jobs in rural 
areas, increasing the degree of comprehensive energy 
coverage, reducing import dependency and – through 
the use of more efficient technologies – reducing 
deforestation and energy-linked greenhouse gas 
emissions. Replacing traditional stoves with efficient 
wood stoves can reduce greenhouse gas emissions by 
about 60 per cent for the same level of use; in case 
of replacement with micro biogas devices this figure 
rises to 95 per cent. These reductions are the result of 
more efficient combustion that releases less methane 
and nitrous oxide, or of avoided deforestation (Sec-
tion 7.3). To promote the spread of modern bioen-
ergy use, two strategies need to be pursued in par-
allel: firstly, efficient low-cost technologies must be 
made available and, secondly, the sociocultural con-
straints – which are sometimes considerable – that 

duce electricity and heat. The electricity generated 
in this manner is also used in electromobility and in 
heat pumps (Section 8.1.1; Fig. 8.1-13). Electromobil-
ity in turn frees up mineral oil, making it available for 
use as industrial feedstock to produce plastics, phar-
maceuticals and other carbon-based products. 

8.2
Bioenergy as a part of sustainable energy supply 
in developing countries 

In developing countries, as in industrialized ones, 
bioenergy will play a complementary role in con-
junction with other renewables. Increasingly, electric-
ity generation in rural areas is involving photovoltaic 
units, small windpower systems and mini-hydropower 
systems that are used in combination with biofuel 
generators to provide a secure supply. Replacing 
classic diesel generators with biogenically powered 
CHP systems enables locally produced biofuels to be 
used while at the same time providing useful heat. 
This section specifically examines the role of biomass 
in developing countries; other energy sources that 
might be used to overcome energy poverty are not 
the subject of consideration here. Biomass is the fuel 
that currently forms the principal source of energy 
in most rural areas, and techniques of handling and 
using it are well established. This contrasts with the 
finding, based on experience, that the spread of new 
technologies such as photovoltaics is slow because 
the systems often cannot be maintained by the users 
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Figure 8.1-13
Second stage of sustainable bioenergy use in industrialized 
countries. In future, sustainable and integrated energy supply 
systems, direct generation and bioenergy replace fossil energy 
carriers in electricity generation. By utilizing the waste heat 
from cogeneration processes and making use of ambient 
heat, heat supply can be ensured on the basis of renewable 
electricity. Electromobility makes mineral oil available that 
can be used as industrial feedstock. 
Source: WBGU

Figure 8.1-12
First stage of sustainable bioenergy use in industrialized 
countries. Biomass is deployed primarily where it can directly 
substitute fossil energy carriers that have high emission levels 
without incurring major conversion losses or costs – thus 
primarily to displace coal through co-firing in coal-fired 
power plants. In the heat sector, natural gas and mineral oil 
are freed up, which become available for use in a transitional 
period in, for instance, the transport sector.
Source: WBGU
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in a more environmentally friendly manner (Sections 
7.2 and 9.2.2; Box 8.2-2; Kumar et al., 1990). 

Micro biogas units
Micro biogas units can also help to reduce fuelwood 
consumption. Biogas units have additional advan-
tages over improved wood stoves in that they are asso-
ciated with better indoor air quality, a greater reduc-
tion in greenhouse gas emissions (Section7.3; Boxes 
7.3-3 and 8.2-1) and better fertilizer for agricultural 
purposes. Studies from Nepal show that women can 
save up to three hours’ work a day when they cook 
with biogas, since they do not need to spend time 
gathering fuel and the cooking itself is easier (ter 
Heegde, 2005). In addition, the improved air quality 
reduces expenditure on medication and increases life 
expectancy. Biogas can also be used to provide light-
ing. This technology is not the most efficient, but it 
represents a good compromise between ease of han-
dling, installation and maintenance, the energy ben-
efit and the costs of the energy service. In Nepal and 
Vietnam more than 200,000 micro biogas units are 
already in use. In India more than 4 million such units 

impede the use of these technologies must be over-
come. 

8.2.2  
Supplying energy in rural areas with the aid of 
modern biomass use 

Improved wood stoves 
It is more efficient to use wood directly in improved 
wood stoves than to carbonize it to make charcoal 
that is then burnt in charcoal stoves (Section 7.2). 
Improved wood stoves range in their construction 
from very simple clay stoves that cost almost noth-
ing to stoves of metal. They are therefore available 
in principle to all population groups, provided that 
sociocultural barriers do not stand in the way of their 
introduction (Section 10.8). Since they enable fuel-
wood consumption to be reduced – depending on the 
type of stove used – to a half or a quarter of the pre-
vious level, they represent a simple and cost-effective 
means of using bioenergy more efficiently and hence 

Box 8.2-1

Health-related and ecological impacts of 
traditional biomass use 

The modern use of bioenergy has great potential for reduc-
ing inefficient traditional biomass use that has adverse 
impacts on health and the environment. This can substan-
tially improve living conditions in private households and 
micro-businesses, particularly in the rural areas of develop-
ing countries (WBGU, 2004a). In many developing countries 
biomass is still used mainly in traditional, inefficient ways 
for cooking and heating. Some 2500 million people (52 per 
cent of the population of the developing countries) depend 
on biomass as their primary source of energy and have no 
access to efficient technologies. Fuelwood, charcoal, agri-
cultural waste and animal dung are burnt to provide heat. 
In many countries of Africa and Asia these energy carriers 
are used to meet up to 95 per cent of domestic demand for 
heat (Table 8.2-1; IEA, 2006b).

The International Energy Agency (IEA) forecasts that 
unless appropriate action is taken the number of people 
dependent on traditional biomass use and on inefficient 
ways of using it will rise to 2600 million by 2015 and to 
2700 million by 2030 (IEA, 2006b). Traditionally, fuels are 
usually burnt highly inefficiently in three-stone hearths or 
other simple stoves under poor stoichiometric conditions; 
this results in severe indoor pollution from soot particles 
and other harmful substances and leads to the formation of 
poisonous carbon monoxide. The damage to health that this 
causes is considerable. Each year more than 1.5 million peo-
ple – two-thirds of them in south-east Asia and Africa – die 
from the consequences of indoor pollution (WHO, 2006). 
More than 1.3 million of these deaths arise from the use of 
biomass; the rest are attributable to the use of coal (IEA, 
2006b). This means that traditional biomass use causes 

more deaths than malaria (which kills around 1.2 million 
people per year). 

An additional consideration is the large distances that 
must frequently be covered in order to collect fuel. The 
task falls usually to girls and women, exposing them to risk 
and occupying time that might otherwise be available for 
education or economically profitable activity. In addition, 
through increasing clearance of forests and destruction of 
the steppes this type of biomass use contributes to the deg-
radation of natural ecosystems and to climate change and 
in the long term reduces the development prospects of the 
regions in which it is used (WBGU, 2004a).

Table 8.2-1
People who are dependent on biomass as the primary 
source of energy for cooking. 
Source: adapted from, 2006b

Land Stadt

[%] Mio. [%] Mio.

Southern Africa 93 413 58 162

North Africa 6 4 0,2 0,2

India 87 663 25 77

China 55 428 10 52

Indonesia 95 110 45 46

Rest of Asia 93 455 35 92

Brazil 53 16 5 8

Rest of Latin 
America

62 59 9 25

Total 83 2,147 23 461
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or bakeries, or it can be converted to electricity in a 
generator. Wood gasifiers of this type can drive gener-
ators in rural areas and help to advance rural electri-
fication. According to TERI (2008) they are econom-
ically efficient, environmentally friendly and appro-
priate for rural communities, because local waste can 
be utilized and the technology can be maintained 
without outside help. For households small gasifiers 
are also available. If residues are used in this way, less 
soot is produced and indoor air pollution is reduced. 
Particularly exemplary and successful programmes 
are being conducted in India, where up to 1 million 
micro and small business are benefiting from this 
technology (Mande and Kishore, 2007). 

have been installed since 1980; more than 70 per cent 
of these are still in use. Households in Nepal have on 
average avoided 5 t CO2eq greenhouse gas emissions 
annually by using biogas units instead of traditional 
biomass (ter Heegde, 2005). This emissions reduction 
results from the avoided methane emissions of dung 
used in the unit and from the substitution of ferti-
lizers and of fuelwod harvested in non-sustainable 
ways. Micro biogas units are particularly suitable for 
households, schools and public institutions; their use 
reduces the community’s dependence on fuelwood. 

Biomass gasification
Biomass gasifiers can convert residues and wastes 
such as end-of-life wood, coconut shells, coffee chaff 
and rice chaff into raw gas. The raw gas can be used, 
for example, to generate process heat in drying plants 

Box 8.2-2

Country study: Uganda – Tackling traditional 
bioenergy use through active bioenergy policy 

Uganda is a small, relatively densely populated landlocked 
country in east Africa; its energy system, in which tradi-
tional biomass use plays a large part, is typical of countries 
in sub-Saharan Africa. 93 per cent of the country’s primary 
energy requirement is met through traditional biomass use. 
Fuelwood accounts for 82.4 per cent of energy use, followed 
by charcoal, which accounts for 5.8 per cent, and biogenic 
residues (mainly sugar cane bagasse), which accounts for 5.0 
per cent. Almost 80 per cent of the biomass used is deployed 
in the home for cooking and water heating. Biomass is the 
most important energy carrier in Uganda and will remain so 
for the foreseeable future (Turyareeba and Drichi, 2001).

In rural areas, where almost 85 per cent of the popula-
tion lives, three-stone hearths are used almost exclusively. 
In larger settlements and towns, however, charcoal stoves 
made of metal, which are almost twice as efficient as the 
three-stone hearths, are also used (Pesambili et al., 2003). 
In large areas of the country there are no energy supply 
structures, such as an electricity grid (World Bank, 2008f). 
Small quantities of agricultural residues such as bagasse 
and fuelwood are used in industry to meet the need for 
power and heat. Electricity in Uganda is generated mainly 
from hydropower; excess capacity is exported to areas such 
as western Kenya. Bioelectricity, by contrast, is generated 
almost entirely in CHP plants and used within the country. 

The proportion of petroleum-based fuels such as diesel, 
petrol and kerosene in the national energy budget is very 
low at 6.0 percent; electricity generation, at 0.8 per cent, is 
even lower. All fossil fuels are imported, since Uganda has 
no oil refinery (MEMD, 2004). The government has recently 
approved a new Oil and Gas Policy which regulates exploi-
tation of the country’s crude oil resources. From 2009 the 
policy envisages production of 4000 barrels per day, which 
will cover more than a third of the national requirement. 
The petroleum produced will be used in the transport sector 
and for electricity generation (Olaki, 2008).

Access to sustainable modern energy services forms part 
of the Ugandan government’s poverty reduction strategy. 
The issue is addressed in two strategy papers, the Uganda 

Energy Policy (2002) and the country’s Renewable Energy 
Policy (MEMD, 2007). The main aim of the Uganda Energy 
Policy is to meet the energy requirement needed for social 
and economic development in an environmentally friendly 
way (MEMD, 2002). One of the aims of the Renewable 
Energy Policy is to improve the socio-economic situation 
of, in particular, women and the poor (MEMD, 2007). As in 
other developing countries, the objectives of development, 
supply security and independence of supply are in Uganda 
regarded as in principle more important than climate change 
mitigation. Alongside its role in rural households, biomass 
would be of particular interest for the fuel sector, because 
electricity can also be generated from other energy carriers 
and there is little requirement for heat for uses other than 
cooking. Since one-third of the fuel requirement is due to be 
met from the country’s own sources of crude oil, a biofuel 
programme is not a high priority for the state planners. 

The government has in recent years attempted to 
improve energy efficiency and has implemented a pro-
gramme for the introduction of improved wood stoves. 
The Energy Advisory Project (EAP) of the Ugandan Min-
istry for Energy and Minerals aims to replace three-stone 
hearths with improved wood stoves. The wider use of these 
wood stoves is linked with the training of craftsmen and the 
provision of instruction to users. At the start of the century 
approx. 125,000 households – 2.7 per cent of all the house-
holds in the country – were equipped with improved tech-
nology (Turyareeba and Drichi, 2001). Through the EAP, 
which is supported by GTZ, and despite rising population 
numbers this figure has now risen to 357,500 households or 
8 per cent of the total (GTZ-EAP, 2007). In 2007 Uganda 
set itself the goal of increasing the number of improved 
stoves to 4 million by 2017 (REN21, 2008).

The EU Energy Initiative for Poverty Eradication 
and Sustainable Development and GTZ regard Uganda’s 
endeavours in the area of bioenergy very positively: a coher-
ent and trans-sectoral biomass strategy has been developed 
and significant progress has been made in implementing 
it (Teplitz-Sembitzky, 2006). However, on account of the 
governance problems in relation to nature conservation, it 
remains questionable whether the potential interest in the 
production of biofuels can be implemented by the Ugandan 
government in a sustainable manner (Biryetega, 2006; NFA, 
2006; ABN, 2007).
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possible to build ‘flexible fuel’ vehicles that can run 
on both bioethanol and petrol. 

With the help of oil plants such as Jatropha and 
Pongamia, which can be grown on marginal land that 
is unsuitable for food production, the problem of 
competition between energy crops and food for land 
can be largely avoided. In developing countries the 
use of degraded land for biofuel production is appro-
priate as a transition measure until electric transport 
has become established and liquid fuels are there-
fore no longer required. Electrically powered two-
wheelers represent a first stage in the introduction 
of electric transport. Several million electric bicycles 
are already in use in China. Another step in the right 
direction would be an expansion of public transport 
in newly industrializing countries to make greater use 
of trams and trains powered by green electricity since 
this, too, would reduce liquid fuel consumption. 

Biofuels can in general be used more efficiently 
in the electricity sector. For example, bioethanol can 
be burned in the turbine of combined-cycle power 
plants, and biodiesel or vegetable oil can be used in 
small-scale CHP units. The decision on whether to 
use biofuels in transport or in the electricity sector 
should be based on the share of fossil energies in elec-
tricity generation. Where fossil electricity has a large 
share in the electricity mix, as for example in China, 
biofuels can achieve their greatest climate change 
mitigation effect by being converted into electricity 
(Sections 7.3 and 9.2). In countries such as Uganda 
that meet their electricity requirements almost exclu-
sively from renewable energies such as hydropower, 
biofuels can achieve a greater climate change mitiga-
tion effect by being used to replace fossil petroleum 
in the transport sector. 

8.2.3.2  
Bioenergy for heat and light 

The most important energy service in developing 
countries is the provision of heat for food prepa-
ration and heating. Modernization of traditional 
biomass use is therefore a key element in achiev-
ing a sustainable energy supply. The production and 
maintenance of improved wood stoves and of micro 
biogas units and the associated biogas stoves requires 
no more than simple craft skills; in South-East Asia 
this approach has enjoyed success for a number 
years, with many advantages for all participants (ter 
Heegde, 2005; ADB, 2008). 

Industrial process heat can be produced directly 
by wood gasifiers, preferably from residues (Dasappa 
et al., 2003). This represents an alternative to the pre-
vious form of heat generation, involving, for example, 
firing with natural gas or mineral diesel. In the longer 

Biomass combustion 
In many branches of industry in developing coun-
tries large quantities of residues arise. Residues and 
wastes such as bagasse from sugar manufacture or 
end-of-life wood can be used directly in CHP to gen-
erate power and provide heat for drying. Other areas 
of industry in which biogenic residues arise are distill-
eries, textile and paper factories and food processing 
plants. Small CHP systems can convert wastes such 
as maize cobs, peanut shells, rice chaff, coffee chaff 
and sawdust into power and heat. In India and other 
countries systems of this type are used, for example, 
in sugar factories; skilful integration enables them to 
generate all the electricity they need for their own 
needs (MEMD, 2007). If the efficiency of these sys-
tems were to be improved and a small electrical grid 
set up, surrounding households could also be sup-
plied with electricity. 

Vegetable oil for local provision of 
electricity and mechanical energy 
Diesel generators are in widespread use in devel-
oping countries. These generators can fairly sim-
ply be converted to run on locally produced vegeta-
ble oil. Oil plants such as Jatropha can be grown on 
marginal land for this purpose, with the fruits being 
pressed manually. Such a pathway is simple to imple-
ment, because mechanical presses or a motor are eas-
ier to repair than a photovoltaic unit or a wood gas-
ifier. The converted plant-oil motors can then pro-
vide mechanical energy for water pumps or grain 
mills, or they can be connected to an electricity gen-
erator. Portable batteries can then be charged at vil-
lage charging stations and used to light houses and 
huts or to provide distributed power for small devices 
such as mobile telephones and radios. 

8.2.3  
The role of bioenergy in the sustainable and 
integrated energy supply of developing countries 

8.2.3.1  
Bioenergy for transport

Many developing countries are highly dependent on 
petroleum imports. They are now hoping that biofuels 
will reduce this dependency and create an additional 
source of income in rural areas (Box 8.2-3). First-
generation biofuels such as bioethanol or biodiesel 
are straightforward to produce in developing coun-
tries. Cultivation systems based on oil palms or sugar 
cane are state-of-the-art and an option for fuel man-
ufacture. Vehicles can be converted to run on vege-
table oil. Alternatively, as is happening in Brazil, it is 



205Bioenergy as a part of sustainable energy supply in developing countries   8.2

Box 8.2-3

Development opportunities presented by 
bioenergy production for supra-regional 
internal markets and exports

The extent to which the large-scale deployment of biogenic 
energy carriers can bring major benefit for the economy 
of the country in which they are produced and prove sus-
tainable is hotly debated (Peskett et al., 2007). The advan-
tages of a shift to modern bioenergy on a scale significant 
for the economy as a whole include the diversification of 
energy sources and technologies and greater independ-
ence of price fluctuations on the international oil market. 
This is particularly important for developing countries that 
import oil (Kojima and Johnson, 2005). Many emerging and 
developing countries have therefore set targets for the pro-
duction and use of bioenergy or plan to do so. These coun-
tries include China, India, South Africa and many devel-
oping countries in south-east Asia, west and east Africa 
and South America (Section 4.1.2). Brazil has succeeded 
– partly through the expansion of bioethanol production – 
in becoming largely independent of oil imports (Box 8.2-4; 
Luhnow and Samor, 2006). 

Many countries also hope that the export of biogenic 
energy carriers will give rise to development opportuni-
ties (UNCTAD, 2006b). By comparison with industrialized 
countries, many developing countries have comparative 
cost advantages in the production of agricultural goods, 
including energy crops. Exporting these goods brings in for-
eign currency, creates income and generates direct or indi-
rect state revenue, thereby promoting economic growth. 
The export of biogenic energy carriers can only succeed if 
exporters have access to the markets of potential import-
ing countries; in other words, potential importing countries 
must not impose major restrictions on imports and must 
not attempt to nullify or even reverse the comparative 
cost disadvantages of their producers through state (agri-
cultural) subsidies (Worldwatch Institute, 2006). If such 
subsidies in the industrialized countries were removed 
and if the demand for 1st-generation biofuels were to rise, 
a general rise in agricultural prices could be expected. At 
national and international level this would increase produc-
tion incentives and incomes for farmers in the developing 
countries (Section 5.2.5.2), with beneficial consequences 
for developing countries in both cases. 

However, experience to date has shown that biofuels 
are rarely competitive, even in developing countries. Most 
biofuel programmes require high levels of subsidy (Section 
4.1.2). Brazil is so far the only country to have developed a 
viable ethanol industry, and this required 20 years of state 
support (Box 8.2-4; Kojima and Johnson, 2005). It is funda-
mentally questionable whether the use of public funds for 
large-scale bioenergy production is economically justifiable 
and whether it might not be better to apply these funds to 
other purposes such as education, health, poverty reduc-
tion or infrastructure development. Another factor to be 
borne in mind is that the beneficiaries of biofuel production 
subsidized by the taxpayer are mainly large agricultural 
businesses; this makes little contribution to the reduction 
of poverty among the rural population. However, if it is 
assumed that technology will advance, that the price of oil 
will tend to rise and that blending quotas will be maintained 
and implemented on a wider scale, then the production of 
biofuels, including biofuels on the basis of raw materials 
other than sugar cane, is very likely to become economi-

cally worth while in other countries (de La Torre Ugarte, 
2006). 

Because agriculture in developing countries is still very 
labour-intensive, the production, transport and processing 
of plant raw materials create jobs – although some may only 
be seasonal – and generate income (Kojima and Johnson, 
2005). The infrastructure required for production, transport 
and processing can give rise to further positive develop-
ment effects. In order to ensure that these positive effects 
reach rural areas, it is often argued by NGOs and others 
that promotion must in particular target small-scale and 
cooperative production, in order to avoid the disadvantages 
of the large-scale production of cash crops. 

It is, however, evident that the blanket objection that 
large-scale cash crop production inevitably leads to very 
poor working conditions and exploitation of the workers 
is untenable. For example, in the Brazilian province of São 
Paulo sugar-cane cutters were receiving a wage of around 
US$ 140 per month as far back as the early 1990s. This 
meant that their wages were higher than those of 86 per 
cent of all agricultural workers and 46 per cent of all indus-
trial workers (UNCTAD, 2006b). 

There are advantages to be gained from mass produc-
tion in both the production and the processing of agricul-
tural goods. In consequence, it can be assumed that both 
domestic and foreign investment will tend to flow into 
large-scale projects. There are fears that this will give rise 
to further concentration processes in agriculture and in 
land distribution, increasing the hold of elite groups within 
the country and large transnational companies and encour-
aging the spread of non-sustainable monocultures (ABN, 
2007; Biofuelwatch et al., 2007). These concentration pro-
cesses seem to be particularly vulnerable to corruption and 
may be accompanied by the exploitation of small farmers 
who are contract producers, displacement of farmers in 
situations in which land rights are unsecured, violence, ris-
ing land prices and environmental damage as a result of 
large-scale clearance (Kojima and Johnson, 2005; Misereor, 
2007). Measures such as cooperatives and specific promo-
tion programmes can help to ensure that smallholders and 
small businesses are able to benefit from the bioenergy 
boom. For example, Brazil has instituted a biodiesel pro-
gramme directed specifically at small farmers: in order to 
qualify for a ‘social seal’ and the associated tax concessions, 
some of the raw materials used by the biodiesel producers 
must come from family-run farms. The programme has not 
yet been quite as successful as was hoped; this is because 
biodiesel is produced mainly from soya, the cultivation of 
which is controlled by large-scale producers. Nevertheless, 
the programme’s supporters regard the difficulties as being 
merely startup problems (Fatheuer, 2007). 

Appropriate bioenergy policy is not in itself enough to 
ensure that large-scale bioenergy production is sustainable 
and promotes development for broad sectors of the popu-
lation; well-functioning public institutions and good gov-
ernance are also necessary. The required factors include in 
particular effective administrative and legal structures, the 
assurance of legal certainty and the avoidance of corrup-
tion, fair and secure distribution of disposal rights and – in 
particular – land rights, fair opportunities for participation 
including economic rights and effective environmental and 
employee protection legislation. 
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Box 8.2-4

Country study: Brazil – a newly industrializing 
country with a long-standing bioenergy policy 

Brazil consumes 40 per cent of the energy used in South 
America and is thus the largest energy consumer on the 
subcontinent. The primary energy supply is met mainly 
from petroleum (42.1 per cent in 2006). Other important 
sources of energy are hydropower (14.2 per cent), energy 
from sugar cane (16.6 per cent) and traditional biomass 
use. Natural gas and coal, which account respectively for 8.3 
per cent and 1 per cent, play a minor role. Nuclear energy 
accounts for 1.1 per cent of the energy mix, renewables 
other than bioenergy account for 3.2 per cent (World Bank, 
2007; MME and EPE, 2007). The electricity sector is domi-
nated by hydropower (ca. 77 per cent of electricity genera-
tion in 2006); the rest is generated from biomass, gas, coal 
and nuclear energy or covered by imports. Brazil’s energy 
supply is thus highly diversified and includes a relatively 
large proportion of renewable energies (ca. 45 per cent of 
the primary energy supply in 2006; IEA, 2006a; GTZ, 2007a; 
MME and EPE, 2007). 

Favourable climatic conditions and the availability 
of much potentially usable land make the cultivation of 
energy crops, especially sugar cane, particularly attractive 
in Brazil. Biomass can therefore make a significant contri-
bution towards meeting Brazil’s increasing energy require-
ments. Brazil already produces ca. 2 EJ of bioenergy per 
year, making it the world’s fourth-largest user after China, 
India and the USA (GBEP, 2008). In 2006 4.1 per cent of 
electricity from biomass, most of it from sugar cane bagasse, 
was generated by industry for its own use. In that year the 
country’s 320 sugar and ethanol mills processed 430 mil-
lion tonnes of sugar cane for sugar and ethanol production 
(MME and EPE, 2007; GTZ, 2007a; GBEP, 2008). Around 
50 per cent of Brazil’s petrol requirement in the transport 
sector is currently met by the ethanol that is produced; a 
further 3.5 million litres of ethanol are exported (WI, 2007; 
GBEP, 2008). In 2007 Brazil produced around 19,000 mil-
lion litres of ethanol, making it the world’s second-largest 
producer after the USA (26,500 billion litres; quoted in 
OECD, 2008). 

The fact that so much ethanol is produced can be attrib-
uted to the long-term targeted promotion of ethanol pro-
duction by the Brazilian government that has been taking 
place since the 1970s. The oil price rise of 1973 and the fall 
in sugar prices led the government to subsidize ethanol 
production through the ProAlcoól programme. Brazilian 
ethanol production is now competitive without the need 
for direct subsidies (GBEP, 2008). In addition, at the end 
of 2004 the Brazilian government launched a wide-ranging 
programme intended to promote the development of a 
competitive biodiesel sector. The programme is targeted at 
the poorest regions of the country in the north-east and the 
Amazonas area. The ‘social seal’ is intended to guarantee 
that a certain proportion of the raw materials for biodie-
sel come from small family-run businesses in poor regions 
(GBEP, 2008). 

Under the Brazilian Agroenergy Plan 2006–2011 the 
Brazilian government plans to make greater use not only 
of biofuels but also of electricity generation from biomass. 
CHP from sugar cane bagasse has great potential in this 
area. Timber and paper residues, rice husks and coconut 
and cashew nut shells are also available for conversion to 
energy. Expansion of the modern use of residues from agri-
culture and forestry is also planned (Ministry of Agricul-

ture Livestock and Food Supply, 2006). In addition, biomass 
is playing an important part in rural electrification through 
the programme Luz para Todos (‘Light for All’). Through 
the PROINFA programme, initiated in 2002, the contribu-
tion of wind, biomass and mini-hydropower to power pro-
duction is due to be increased to 3300 MW (GTZ, 2007a; 
GBEP, 2008). 

Nevertheless, biofuels continue to be a priority area of 
Brazil’s bioenergy strategy. The country intends to expand 
ethanol production on a large scale and also increase the 
volume of exports (Ministry of Agriculture Livestock and 
Food Supply, 2006). Its aim is to become the world mar-
ket leader in biofuel manufacture. To this end Brazil has 
already concluded partnership agreements on the develop-
ment of a global biofuel market with some Latin American, 
African and Asian developing countries in which climatic 
production conditions are comparable (Stecher, 2007; Bio-
pact, 2007a,b).

Many of these other countries see Brazil as a model 
of a successfully implemented bioenergy policy that has 
brought with it positive socio-economic developments. It is 
thought that the sugar industry has created around 1 mil-
lion jobs, which has led indirectly to the creation of a further 
6 million jobs (GBEP, 2008). However, the country is facing 
large-scale ecological and social problems that are directly 
or – more often – indirectly linked to bioenergy production 
and use. For example, large areas of the Amazonas forest 
are being taken over for agricultural use, largely on account 
of the expansion of soya production and cattle rearing. If 
sugar cane production is increased further, indirect dis-
placement effects may also occur (Fatheuer, 2007; Bringezu 
and Schütz, 2008). Many NGOs are critical of the cultiva-
tion of sugar and soya in monoculture, the increased use of 
pesticides and herbicides, the health problems caused by 
the continuing practice of burning sugar cane fields before 
harvest, the working conditions of some plantation workers 
which the Brazilian government is continually seeking to 
improve, migration of people associated with the expansion 
of plantations and the non-observance of traditional land 
rights (Fritz 2007; Stecher, 2007; GBEP, 2008). 

The Brazilian government must address these issues 
before it permits the bioenergy sector to exapnd further. 
Biofuel production is in principle an effective strategy for 
increasing export-driven growth and decoupling the trans-
port sector from fossil energy consumption. Nevertheless, 
in Brazil’s case it would be advisable for the expansion of 
bioenergy use to be pursued more rigorously than hitherto 
within strict sustainability guard rails, as has already been 
specified formally in the Brazilian Agroenergy Plan 2006–
2011. In the long term Brazil also aims to pursue a shift 
towards electromobility, particular in large urban areas, on 
account of its greater energy efficiency (Section 8.1.). As 
ethanol, sugar cane could then be used profitably for elec-
tricity generation in combined-cycle power plants, with the 
ethanol being combusted in the turbine, or in small-scale 
CHP units. From an energy perspective the conversion of 
biomass to biomethane and the flexible use of this methane, 
for example in CHP, is also an efficient pathway. 
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erable quantities of residues (e.g. from aquaculture, 
sawmills, tea and coffee plantations) that can be used 
for energy. Agro-industrial biogas plants and large-
scale CHP plants are particularly suited to the utili-
zation of residues; ideally the waste heat will be used 
in the manufacturing process of their products. 

8.2.3.4  
Overall assessment of bioenergy in developing 
countries 

It will be possible for significant progress in over-
coming energy poverty in developing countries to be 
made through bioenergy, particularly through major 
increases in the efficiency of traditional biomass use. 
Replacing old and inefficient wood stoves by modern 
ones saves large quantities of fuelwood, avoids green-
house gas emissions and prevents deforestation. 
Within the context of local cycles the use of bioenergy 
to overcome energy poverty is to be recommended 
(Section 9.2.2). Subject to correct management and 
the appropriate choice of cultivation system, growing 
energy crops on degraded land can improve soil qual-
ity (Section 7.1), and the trade in bioenergy carriers 
generates income. The use of residues from industrial 
food production in biogas and gasification systems 
or in large-scale CHP plants represents a climate-
friendly way of generating energy that should be pro-
moted in developing countries. However, large-scale 
cultivation of energy crops in developing countries 
is not sustainable unless social labour standards are 
complied with, land use is regulated and food security 
is given precedence (Box 8.2-3). Energy crop use is 
most efficient in CHP plants; in addition, the great-
est climate change mitigation effect is achieved via 
this route if fossil electricity generation is replaced 
or avoided (Section 9.2.1). In this way electricity gen-
eration from biomass combined with other renewa-
ble energy technologies can make an important con-
tribution to rural electrification and the supply of 
electricity to urban centres in developing and newly 
industrializing countries. 

8.2.3.5  
Technological stages en route to sustainable 
bioenergy use in developing countries 

Various technological stages can contribute to the 
overcoming of energy poverty in developing coun-
tries. Some technologies are particularly cheap 
and simple to implement – among them the use of 
improved wood stoves, micro biogas units and vege-
table oil that is produced and used locally for lighting, 
electricity and power generation and transport. In 

term it will be possible to consider providing heat – 
in developing countries and elsewhere – through the 
use of biomethane, which can be distributed and used 
via gas grids (Section 8.1).

Kerosene lamps are frequently used in develop-
ing countries as a source of light. However, rising 
oil prices render them prohibitively expensive for 
many people. One solution is to produce vegetable 
oil locally and use it in lamps. Such lamps are not as 
efficient as electric lamps and they create soot; how-
ever, the plant oil can be produced locally by very 
simple means. The use of green electricity in electric 
lamps would have advantages for indoor air quality 
but would be more expensive. 

8.2.3.3  
Bioenergy for central and decentral electricity 
generation 

For rural regions in developing countries, small-scale 
technologies such as vegetable-oil motors and gener-
ators can be used for local distributed electricity gen-
eration. Since the efficiency of a stationary motor is 
higher than that of a mobile one, biofuels can displace 
a greater quantity of fossil fuel and thus avoid more 
greenhouse gases when used in electricity generation 
rather than in a mobile way in the transport sector. 
Generating sets that combine a biofuel-driven com-
bustion engine and an electricity generator can be 
used both to produce electricity (small networks for 
public buildings, schools, hospitals, settlements) and 
to provide flexible mechanical energy as required for 
purposes such as grinding foodstuffs (maize, cereals) 
or driving water pumps. In combination with other 
renewable energy technologies such as photovoltaics 
or mini hydropower such bioenergy generating sets, 
as hybrid systems, can secure the electricity supply in 
rural regions. 

In urban, industrialized regions where power 
requirements are high, the conversion to energy of 
wastes and residues and of sustainably cultivated 
energy crops can be effected by means of the same 
electricity generation systems as are used in indus-
trialized countries (Sections 7.2 and 8.1). These will 
comprise on the one hand systems for the fermen-
tation and gasification of biomass to methane that 
is then converted to electricity and on the other sys-
tems for the direct combustion of biomass, such as 
large-scale CHP plants or co-combustion in fossil-
fired power plants. In central CHP plants the waste 
heat can be used for industrial processes, such as dry-
ing harvested products. Just as in industrialized coun-
tries, the use of wastes and residues to generate elec-
tricity is particularly to be recommended. In pre-
dominantly agricultural countries there arise consid-
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introducing technology it is important at all stages to 
factor in and take account of the cultural features of 
the population. In development cooperation it is ne-
cessary to ensure that the technologies are accepted 
and that they can be maintained by the user (Sec-
tion 9.2). To a certain extent the use of biofuels for 
transport is also justified; however, it is technically 
more efficient and therefore preferable to use it in 
the combined generation of power and heat in com-
bined-cycle power plants or small-scale CHP units. In 
producing and using biofuels the priority of food pro-
duction and other sustainability criteria and stand-
ards must always be borne in mind. As in industri-
alized countries, the use of wastes and residues and 
cascade use should be emphasized and should be 
preferred to the cultivation of energy crops. Some 
developing countries will change their status to that 
of newly industrializing and industrialized countries. 
In those countries, pathways to sustainable bioenergy 
use similar to those adopted in industrialized coun-
tries should be pursued (Section 8.1).



Section 5.3.3) a higher priority than the use of energy 
crops (Table 9.2-1). 

9.1.2  
Land-use changes

Where crops are specially cultivated for energy pur-
poses, land use is also a factor. Land-use changes 
caused by cultivation of the energy crops must be 
taken into account, because they have a crucial impact 
on the greenhouse gas balance of the different bioen-
ergy pathways. Directly triggered land-use changes 
can be monitored, because they can be directly attrib-
uted to the specific case of energy crop cultivation. 
But when farmland is converted for energy crop cul-
tivation, the previous agricultural production is very 
likely to be wholly or partly displaced onto other 
land. The indirect land-use changes thus brought 
about – together with the direct land-use changes – 
are the deciding factor in the assessment of green-
house gas balances over the entire value chain. They 
often cause around half the climate change mitiga-
tion effect to be lost and may even result in a net 
release of greenhouse gases. The estimation of green-
house gas emissions from indirect land-use change is, 
however, a task beset by considerable uncertainties. 
These emissions cannot be quantified without under-
standing of the complex relationships involved; at 
present, calculations are based on models only. The 
long-term goal must be a global land-use strategy 
that aims to prevent greenhouse gas emissions from 
land-use change in general, seeks to conserve terres-
trial carbon stocks, and ensures the conservation and 
sustainable use of biological diversity (Sections 10.2 
and 10.5). 

WBGU entirely rejects the direct or indirect con-
version of forests and wetlands into cropland for 
energy crop cultivation, since such conversion is usu-
ally associated with non-compensatable greenhouse 
gas emissions and has a negative impact on biological 
diversity and on soil carbon stocks (Section 4.2). The 
conversion of grassland to cropland also reduces the 
climate change mitigation effect. 

9Sustainable biomass production and 
bioenergy deployment: A synthesis

Any intensified use of bioenergy must be measured 
against the extent to which it promotes a shift towards 
sustainable energy systems (Section 2.2). Specifically, 
it must be evaluated in terms of its contribution to cli-
mate change mitigation (Section 9.2.1) and its role in 
overcoming energy poverty (Section 9.2.2). The fol-
lowing synthesis is based on the analysis presented in 
Chapters 6, 7 and 8; it specifies WBGU’s vision for 
sustainable bioenergy use. 

9.1
Sustainable production of biomass as an energy 
resource: The key considerations 

9.1.1  
Biogenic wastes and residues 

In the production of biomass for conversion to energy 
a fundamental distinction must be made between 
wastes and residues on the one hand and energy crops 
on the other. Using biogenic wastes and residues for 
energy production has the advantage that no addi-
tional land is required and in consequence com-
petition with existing land uses is unlikely to arise. 
Greenhouse gas emissions from land-use change 
and crop cultivation are almost entirely avoided, so 
that the climate change mitigation effect is deter-
mined primarily by the emissions from the conver-
sion and use of the bioenergy carriers and the emis-
sions saved through the replacement of fossil energy 
carriers. In many cases the use of biogenic wastes for 
energy also reduces other greenhouse gas emissions, 
such as methane emissions from slurry or landfills. 
However, the removal of residues from agricultural 
or forestry ecosystems for conversion to energy must 
be limited, in order to prevent too much organic mat-
ter being removed from the soil (Section 6.1.2). The 
use of residues must not jeopardize soil protection – 
and hence climate change mitigation. Waste and resi-
due use should not give rise to pollutant emissions. In 
principle WBGU accords the conversion of biogenic 
wastes and residues to energy (including cascade use; 
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land use, the different specific crop yields per unit 
area must also be taken into account. 

According to these criteria, perennial crops such as 
Jatropha, oil palms, short-rotation plantations (fast-
growing woody plants) and energy grasses score bet-
ter than annual crops such as rape, cereals or maize. 
In WBGU’s view, perennial crops should therefore 
in principle be preferred (Table 9.2-1). Wherever 
possible, plant mixtures rather than monocultures 
should be used for biomass production. This is par-
ticularly important in view of evidence that grassland 
with greater biological diversity can also provide 
more ecosystem services (Section 7.1.4). If appro-
priate cultivation systems are selected, organic car-
bon can also be incorporated into the soil, benefit-
ing both the greenhouse gas balance and soil fertility. 
At the same time, inappropriate application of nitro-
gen fertilizers must be avoided, as this results in N2O 
emissions, among other effects. In view of the rising 
demand for wood products, WBGU regards addi-
tional forest growth as having little bioenergy poten-
tial (Section 6.1.2).

9.2
Conversion, application and integration of 
bioenergy

Each of WBGU’s goals for sustainable bioenergy 
use (Section 2.2) results in a different perspective on 
bioenergy. In relation to the climate change mitiga-
tion goal (Section 9.2.1), there are several key factors. 
These include, in addition to the manner in which 
the biomass is supplied, both the way in which the 
biomass is converted into usable products (such as 
gases, vegetable oils, biofuels and wood pellets) and 
the type of application, for example in mobility, heat-
ing, or combined heat and power generation (CHP). 
The impact of these factors, however, is usually less 
significant than the effects triggered by direct or indi-
rect land-use changes as a result of the production of 
bioenergy carriers. In connection with use in energy 
systems, the key issue is the nature of the energy car-
riers that the biomass replaces and the magnitude of 
the losses in the conversion path. Careful integration 
of bioenergy into existing energy systems is there-
fore extremely important, as is the specific contribu-
tion of bioenergy to the sustainable transformation 
of energy systems. Maximizing the climate change 
mitigation effect should be a priority, particularly in 
industrialized countries but also in the rapidly devel-
oping urban and industrialized regions of emerging 
and developing countries; the same should apply, 
with appropriate reservations, elsewhere in devel-
oping countries. Developing and newly industrial-
izing countries have not as yet made any quantified 

In WBGU’s view, conversion of land for energy 
crop cultivation is only expedient if the emissions 
resulting from direct and indirect land-use change, 
including the lost sink capacity of the land in ques-
tion, do not exceed the amount of CO2 that can be 
re-sequestered through energy crop cultivation on 
that land (i.e. in the soil and vegetation and in the 
harvested products) within ten years. The calculation 
should also include emissions that are likely to arise 
in the course of cultivation (such as N2O emissions 
from fertilizer use). As a rule, the maximum green-
house gas emissions that can be saved by replacing 
fossil energy carriers with bioenergy correspond to 
the amount of carbon stored in the biomass (Section 
6.4.3.3). 

For reasons of food security, energy crop cultiva-
tion should be restricted to land whose conversion 
for bioenergy production is unlikely to compete with 
food production; this ensures that the risk of indirect 
land-use changes is kept to a minimum. The cultiva-
tion of energy crops on marginal land (land with lim-
ited productive or regulatory function; Box 4.21) is to 
be preferred. This must not take place, however, with-
out consideration of the interests of the local com-
munity, who may use the marginal land for grazing 
or other purposes. Before the land is used, an assess-
ment of its nature conservation value must also be 
carried out. Particularly suitable for climate change 
mitigation is marginal land – especially degraded 
land – where conversion for energy crop cultivation 
may result in enrichment of soil carbon. The cultiva-
tion of oil palms or Jatropha on degraded land in the 
tropics is an example of this. Particularly cost-effec-
tive greenhouse gas savings can be achieved in such 
cases. 

9.1.3  
Cultivation systems 

The criteria used by WBGU for the sustainability of 
cultivation systems are the effects on biological diver-
sity and soil carbon storage. Bioenergy can only be 
classed as sustainable if, on a long-term basis, biomass 
regrowth keeps pace with the amount of biomass that 
is harvested from the same land – in other words, 
only if long-term soil fertility can be assured. Only 
under these conditions can it also be assumed that 
the carbon that is removed from the atmosphere and 
stored by the energy crop, and that is released again 
in the form of CO2 when the crop is used for energy, 
does not result in an increase in the atmospheric con-
centration of CO2 and therefore does not need to be 
regarded as an emission. In order to minimize the 
likelihood of bioenergy triggering competition for 
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to a requirement to reduce emissions, in relation to 
final energy, by 50 per cent by comparison with the 
fossil reference system. WBGU proposes that a con-
dition of state promotion should be attainment of 
twice this value – this is, at least 60t CO2eq per TJ 
of raw biomass consumed (Section 10.3.1.2). This fig-
ure is somewhat more than half of the climate change 
mitigation effect that can be achieved using present 
technology (Section 7.3.2). WBGU emphasizes that 
a standard that prescribes a particular mitigation 
effect to be achieved from bioenergy use should be 
regarded as an interim solution. Apart from anything 
else, the figure defined in a quantitative specification 
of this sort is inevitably somewhat arbitrary. In prin-
ciple, therefore, the aim should be to work towards 
a global system of mandatory limits on greenhouse 
gas emissions that covers all relevant sources of emis-
sions, including those from land use and land-use 
change (Section 10.2). 

9.2.1.2  
Taking account of indirect land-use change 

WBGU considers it essential for emissions from indi-
rect land-use change to be included in any evaluation 
of the climate change mitigation effects of bioenergy. 
Quantifying these effects is a science that is still in its 
infancy; in consequence, there is as yet no recognized 
method that is based on a scientific consensus. Never-
theless, emissions from indirect land-use change need 
to be included even now in greenhouse gas balances 
used in standard-setting. 

Every indirect land-use change is of course also a 
direct land-use change somewhere else; this means 
that any land-use change is in principle measura-
ble and the associated emissions are quantifiable. 
However, the causal link to energy crop cultivation 
is not directly verifiable. WBGU therefore proposes 
that calculation of emissions from indirect land-use 
changes should for the time being be based on the 
iLUC factor method developed by the Öko-Insti-
tut (Fritsche and Wiegmann, 2008; Box 7.32). This 
method allows for an initial, albeit rough, estimate of 
such emissions to be made. Further development of 
this parameter is an important research task (Chap-
ter 11). 

Since indirect effects must be taken into account, 
the conversion of cropland for the cultivation of 
annual energy crops in temperate regions leads to 
emissions that are so high that they cannot be com-
pensated within 20 years in the biofuel pathways 
common in the transport sector today (Section 7.3.2). 
In comparison with these pathways, continuing the 
use of fossil fuels would be the better climate pro-
tection option in the transport sector. When biomass 

international commitment to limit their greenhouse 
gas emissions. Nonetheless, pursuing the develop-
ment of technologies that are as modern, energy-effi-
cient and cost-effective as possible – and that there-
fore promote climate change mitigation – should be 
an important guiding principle in these countries as 
elsewhere.

In relation to the goal of overcoming energy pov-
erty (Section 9.2.2), the key issues are to modern-
ize traditional bioenergy use and provide access to 
modern forms of energy such as electricity and gas. 
These are the key challenges in the rural regions of 
developing countries. Yet in such settings, too, bioen-
ergy can have a positive impact on climate change 
mitigation. 

9.2.1  
Climate change mitigation

9.2.1.1  
Reducing greenhouse gases through bioenergy 
use: Measurement and standard-setting 

The contribution made by bioenergy to climate 
change mitigation is frequently measured as a per-
centage reduction in greenhouse gases by compar-
ison with a reference system in relation to final or 
useful energy consumption. For example, this is one 
of the sustainability criteria for liquid biofuels pro-
posed by the Council of the European Union as 
part of the planned EU directive on the promotion 
of renewable energies (Box 10.3-2). Such a parame-
ter captures the climate change mitigation effect that 
can be achieved through the production of a particu-
lar quantity of energy from biomass, without asking 
what quantity of biomass is needed to generate this 
energy. However, the factor that limits the mitigation 
effect of biomass is not the level of energy demand 
which can potentially be replaced by bioenergy, but 
the quantity of sustainably available biomass. 

For comparing the climate change mitigation effect 
of different biomass deployment options WBGU 
therefore considers the key parameter to be the 
absolute greenhouse gas reduction potential either 
in relation to the cultivation area or in relation to the 
quantity of biomass consumed (Figs. 7.3-3a, b and 
7.3-4). These two parameters are also a good basis 
for standard-setting (Section 7.3.2). In specific terms 
WBGU recommends that bioenergy should only be 
used if over the whole life cycle, including emissions 
from direct and indirect land-use changes, a green-
house gas reduction of at least 30t CO2eq per TJ of 
raw biomass used can be achieved (Section 10.3.1.1; 
Table 9.2-1). For biofuels this corresponds roughly 
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should not result in the use of conventional coal-
fired power plants coming to be regarded as a viable 
option for the future or in such use being continued 
for longer than necessary; this would create lock-in 
effects with undesirable implications for system sus-
tainability. Co-combustion should therefore be pro-
moted only in particularly climate-friendly power 
plants with heat extraction. 

Electricity generation and CHP
The greenhouse gas abatement potential in rela-
tion to the quantity of biomass used is greatest when 
biomass is used for power generation or to generate 
combined heat and power (CHP), or when it is used 
in high-efficiency large-scale power plants such as 
combined-cycle plants. Most of the pathways studied 
by WBGU in connection with pure heat generation 
or use as biofuel in the transport sector achieve only 
around half of the greenhouse gas savings achievable 
in the power sector. On account of the high energy 
efficiency that results from the utilization of waste 
heat, CHP technology is in principle to be preferred 
to pure power generation, provided that appropriate 
uses exist for the heat. For regions with a significant 
requirement for cold or cooling, CHP can also be 
used to generate cold, for example through absorp-
tion chilling processes. A very good mitigation effect 
with low abatement costs can be achieved through 
the use of wood (preferably from residues) in direct 
combustion with CHP. 

Biogas systems that ferment wastes and residues 
represent an efficient method of generating power 
and heat that has a high mitigation effect and very 
low abatement costs. High-productivity energy 
crops (such as grasses) are also a suitable substrate 
for biogas systems, provided that associated emis-
sions from land-use changes are low. The biogas thus 
obtained can be processed into biomethane; it can 
be transported via the natural gas grid and used for 
power generation or in CHP systems. 

Combined-cycle power plants are at present the 
most efficient established technology for generating 
electricity from natural gas or biomethane. The use 
of fuel cells is expected to result in further efficiency 
increases in the future. All these pathways have com-
paratively high greenhouse gas abatement potentials, 
although the associated abatement costs vary consid-
erably. The production of biomethane in biomass fer-
mentation systems is not yet competitive, but further 
technological developments are likely to result in sig-
nificant cost reductions (Section 7.2.5.2). 

Biomass heating
In the field of pure heat production WBGU has con-
sidered pellet boilers that utilize residues and energy 
crops (short-rotation plantations). The greenhouse 

is used for power generation or for combined heat 
and power (CHP), it continues to have a climate 
change mitigation effect even when indirect land-use 
changes are taken into account; however, the effect is 
only around half that achieved when indirect effects 
are not considered (Figure 7.34).

The use of wastes and residues gives rise to very 
few emissions from land-use changes; these emis-
sions can therefore usually be ignored when calculat-
ing greenhouse gas balances. 

9.2.1.3  
Replacing fossil energy carriers 

From a climate protection perspective, the energy 
applications that are most attractive are those in 
which fossil energy carriers with high CO2 emissions 
are displaced. Among fossil energy carriers the dis-
placement of coal thus saves the largest quantity of 
greenhouse gas emissions, while the displacement of 
petroleum products saves less and the displacement 
of natural gas saves least of all. Competition with or 
even displacement of other renewable energy sources 
through bioenergy should definitely be avoided. 

9.2.1.4  
Climate change mitigation effect of different 
technical applications/pathways 

The level of the climate change mitigation effect that 
can be achieved through bioenergy depends not only 
on the land-use changes associated with energy crops 
but also on the technical field of application in which 
the bioenergy is used. This section considers the tech-
nical applications studied by WBGU from the point 
of view of their mitigation effect and greenhouse gas 
abatement costs (Table 9.2-1).

Co-combustion of biomass in power plants 
The production of wood chips or pellets from ligno-
cellulose biomass (e.g. timber wastes, or timber from 
short-rotation plantations) results in only small con-
version losses. If these products are then used as a 
fuel alongside coal in large-scale power plants (co-
combustion), a very favourable mitigation effect is 
achieved for moderate CO2 abatement costs; this is 
the case both for the combined generation of power 
and heat (combined heat and power, CHP) and for 
conventional coal-fired power plants without heat 
extraction. The use of biogenic wastes and residues 
from agriculture and forestry is particularly advan-
tageous in this context, since virtually no emissions 
from land-use change are incurred. However, the co-
combustion of biomass in coal-fired power plants 
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tric engine, not by using biofuels in a combustion 
engine (Figure 8.110). For this pathway, however, 
the climate change mitigation costs are at present 
still very high. Nevertheless, if electric vehicles were 
introduced on a large scale, costs – particularly the 
costs of storage batteries, which are at present very 
expensive – could be significantly reduced within 
15–20 years, resulting in a concomitant fall in green-
house gas abatement costs (Section 7.2). 

However, the use of electromobility only holds a 
medium-term promise of environmental benefit. Only 
beyond a certain efficiency level of electricity con-
version is electromobility technologically more effi-
cient than conventional drives. Other than for hybrid 
vehicles, electric engines for mass-produced vehicles 
are still at the development stage. A weak point is 
the need for batteries that combine high energy-stor-
age capacity with lightness of weight and long serv-
ice life. The bottom line is that the efficiency poten-
tial of electromobility is utilized to the full only by 
the combination of electric propulsion and directly 
generated, renewable electricity from solar, wind or 
hydropower sources. 

Through electromobility bioenergy use achieves a 
significantly higher climate change mitigation effect 
than it does through the blending of biofuels with 
fossil fuels used in the transport sector. For this rea-
son pathways that generate power and heat from 
bioenergy should be given precedence over the use 
of biofuels for transport. WBGU therefore consid-
ers the production of biofuels for road transport in 
industrialized countries an essentially inappropriate 
mitigation option. WBGU recommends that promo-
tion of biofuels for the transport sector be phased out 
speedily. The quotas for blending biofuels with fos-
sil fuels should be frozen and then withdrawn com-
pletely within the next 3–4 years. 

By contrast, biofuel pathways involving tropical, 
perennial energy crops such as Jatropha, oil palms or 
sugar cane, when grown on marginal land, have an 
appreciable mitigation effect at moderate cost. The 
additional storage of carbon in the soil as a result of 
their cultivation and the avoidance of indirect land-
use changes have a positive impact on the mitiga-
tion effect. However, if the same crops are grown on 
cropland and thus prompt indirect land-use change, 
or if forest is directly cleared for energy crop cultiva-
tion, their use usually gives rise to significantly more 
emissions than the use of fossil fuels would have done. 
Biofuel use can therefore quickly tip from major ben-
efit to major harm (Section 7.3.2). Since GHG abate-
ment costs are in some cases very low, some of these 
pathways are also candidates for promotion through 
international climate protection instruments. 

Since there are as yet no established sustainability 
standards for biofuels from tropical production, 

gas reduction potential of these pathways is signifi-
cantly less than the reductions achievable in the 
power sector. One of the reasons for this is that the 
use of bioenergy in the heat sector replaces petro-
leum and natural gas, which have lower energy emis-
sions per unit final energy than coal. If wood is 
used from short-rotation plantations established on 
cropland, the mitigation effect of the representative 
pathway considered in this study may even be com-
pletely negated by the anticipated emissions from 
indirect land-use changes. When used exclusively 
for heat, the technologies considered have relatively 
high abatement costs and achieve on average only 
around half the absolute reduction in greenhouse 
gases achievable from use for combined power and 
heat through CHP. Larger systems such as wood chip 
boilers or large-scale heating facilities tend to have 
lower heat production costs and hence lower abate-
ment costs. Nevertheless, the mitigation effect per 
unit of raw biomass is usually higher in combined 
power and heat generation than in pure heat genera-
tion; CHP pathways are therefore to be preferred to 
pure heat pathways. 

Transport fuels 
Where residues are used (e.g. timber waste, slurry, 
straw), the mitigation performance of the use of 
biofuels in the transport sector is similar to that of 
biomass use for heat generation: it is relatively poor. 
In most cases, greenhouse gas savings in relation to 
the quantity of biomass used are at least 50 per cent 
less than those achievable in the power sector. 

The production and use of biofuels in conven-
tional combustion engines is a highly inefficient use 
of resources. Only approx. 5–10 per cent of the energy 
stored in the crop or biomass can be utilized as vehicu-
lar propulsive energy (Section 8.1.2.1). Moreover, the 
use of biofuels in the transport sector actually results 
in higher emissions than the use of fossil fuels (Fig-
ure 7.34) if biomass from temperate, annual energy 
crops (e.g. maize, rape) is used as a substrate (Sec-
tion 9.1.3) and the cultivation of these crops causes 
high emissions from indirect land-use changes (Sec-
tion 9.2.1.2). The energy balance of second-genera-
tion biofuel use is not in general better than that of 
first generation biofuels. Second-generation biofuels 
utilize the entire above-ground plant, but during the 
process of conversion into biofuel around half the 
original energy content of the biomass is lost  (Figure 
8.1-9).

For the future of road transport, WBGU consid-
ers electricity generation from renewables combined 
with the use of electric vehicles to be the most appro-
priate solution. A vehicle operating on bioenergy 
achieves the greatest range for the same biomass 
input by using biomass-derived electricity in an elec-
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Table 9.2-1
Synthesis of the evaluation of bioenergy pathways, broken down according to cultivation systems, technical analysis and 
greenhouse gas balance. Pathways shaded grey are residue pathways. * For pathways that have grass silage/slurry as a 
substrate, it has been assumed that in Germany grass silage does not cause any emissions from land-use changes; this does 
not necessarily apply to the rest of the world. The labelling of the pathways refers to the cultivation systems and conversion 
processes listed in Tables 7.21 and 7.22. 
Source: WBGU based on the data of Fritsche and Wiegmann, 2008 and Müller-Langer et al., 2008

Section 7.1: 
Cultivation
systems

Section 7.2: 
Technical 
analysis

Section 7.3: 
GHG balances

Overall assess-
ment

Energy 
efficiency 
[%]

GHG reductions 
with iLUC per unit 
of raw biomass 
[t CO2-eq/TJ]

positive over 30 over 60

unclear 18–30 30–60

Pathway negative below 18 below 30

Switchgrass-pellets-heating-2030 17 17

Short rotation-pellets-heating-2030 20 -1

Wood residues-pellets-heating-2005 19 61

Straw-pellets-heating 2005 15 46

Oil palm (rainforest)-vegetable oil-small-scale CHP-2030 23 -185

Oil palm (degraded)-vegetable oil-small-scale CHP-2005 23 190

Jatropha-vegetable oil-small-scale CHP-2030 34 27

Jatropha (degraded)-vegetable oil-small-scale CHP-2030 34 176

Rape-vegetable oil-small-scale CHP-2005 43 29

Maize silage-biogas-small-scale CHP-2005 33 37

Switchgrass-biogas-small-scale CHP-2030 36 54

Grass silage/slurry-biogas-small-scale CHP-2030* 30 107

Maize silage-biogas-fuel cell (SOFC)-2005 36 57

Switchgrass-biogas-fuel cell (SOFC)-2030 40 63

Grass silage/slurry-biogas-fuel cell(SOFC)-2030* 33 112

Maize silage-biomethane-small-scale CHP-2005 29 30

Switchgrass-biomethane-small-scale CHP-2030 31 53

Grass silage/slurry-biomethane-small-scale CHP-2030* 26 84

Maize silage-biomethane-combined-cycle power plant-2005 30 44

Switchgrass-biomethane-combined-cycle power plant-2030 32 49

Grass silage/slurry-biomethane-combined-cycle power 
plant-2030*

27 93

Short rotation-biomethane-combined-cycle power plant-2030 30 29

Short rotation-raw gas-gas turbine-2030 28 9

Short rotation-raw gas-fuel cell (SOFC)-2030 41 31

Short rotation-wood chips-central CHP-steam turbine-2030 33 47

Short rotation-pellets-coal-fired power plant-2030 43 38

Harvest residues/slurry-biogas-small-scale CHP-2005 24 113

Organic wastes-biogas-small-scale CHP-2005 29 88

Harvest residues/slurry-biogas-fuel cell (SOFC)-2005 27 122

Organic wastes-biogas-fuel cell (SOFC)-2005 32 91
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Section 7.1: 
Cultivation
systems

Section 7.2: 
Technical 
analysis

Section 7.3: 
GHG balances

Overall assess-
ment

Energy 
efficiency 
[%]

GHG reductions 
with iLUC per unit 
of raw biomass 
[t CO2-eq/TJ]

Harvest residues/slurry-biomethane-small-scale CHP-2005 20 94

Organic wastes-biomethane-small-scale CHP-2005 26 80

Harvest residues/slurry-biomethane-combined-cycle power 
plant-2030

21 103

Organic wastes-biomethane-combined-cycle power plant-2005 27 86

Wood residues-biomethane-combined-cycle power plant-2030 30 100

Wood residues-raw gas-gas turbine-2030 29 86

Wood residues-raw gas-fuel cell (SOFC)-2030 41 109

Wood residues-wood chips-central CHP-steam turbine-2005 33 112

Straw-wood chips-central CHP-steam turbine-2005 30 107

Wood residues-pellets-coal-fired power plant-2005 38 101

Straw-pellets-coal-fired power plant-2005 35 87

Oil palms (rainforest)-biodiesel-car-2030 11 -257

Oil palms (degraded)-biodiesel-car-2005 10 149

Jatropha-biodiesel-car-2030 16 -13

Jatropha (degraded)-biodiesel-car-2030 16 63

Short rotation-Fischer-Tropsch diesel BtL-car-2030 15 -13

Rape-biodiesel-car-2005 23 -28

Rape-vegetable oil-car-2005 19 -56

Sugar cane-ethanol-car-2005 8 -3

Sugar cane (degraded)-ethanol-car-2030 9 47

Maize grain-ethanol-car-2005 11 -10

Cereals-ethanol-car-2005 11 -45

Maize silage-biomethane-car-2005 9 -28

Short rotation-biomethane-car-2030 20 -15

Grass silage/slurry-biomethane-car-2030* 15 53

Switchgrass-biogas-small-scale CHP-electric car-2030 30 40

Wood residues-wood chips-central CHP-steam turbine-electric 
car-2030

31 116

Harvest residues/slurry-biogas-small-scale CHP-electric car-2005 20 97

Wood residues-Fischer-Tropsch diesel BtL-car-2030 16 51

Straw-Fischer-Tropsch diesel BtL-car-2030 14 49

Waste fat-biodiesel-car-2005 25 80

Straw-ethanol-car-2030 11 32

Wood residues-biomethane-car-2030 20 63

Harvest residues/slurry-biomethane-car-2005 9 36

Organic wastes-biomethane-car-2005 13 34

Wood residues-hydrogen-fuel cell (PEM)-car-2030 16 52
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coming energy poverty involves providing a choice of 
options for access to affordable, reliable, high-quality, 
secure, safe and environmentally sound energy serv-
ices to meet basic needs, especially through access to 
electricity and gas (WBGU, 2004a; Section 2.2.2). In 
rural areas, small to medium-scale off-grid technolo-
gies are particularly suitable for heat and electricity 
generation. They provide an important lever for sig-
nificantly improving the quality of life of many hun-
dreds of millions of people at low cost and within a 
short period of time. Traditional biomass use accounts 
for 90 per cent of the bioenergy currently used world-
wide. Modernization of this use should be pursued 
above all other measures, since a major contribu-
tion to tackling energy poverty can be made through, 
for example, efficiency improvement. In urban areas 
the opportunities for overcoming energy poverty are 
more diverse – in relation to access to energy serv-
ices, however, distributional issues present serious 
problems. 

The production and use of modern bioenergy on 
a larger scale, which can also contribute to overcom-
ing energy poverty in developing countries, should 
be assessed in terms of its climate change mitiga-
tion effect (Section 9.2.1). Where the greenhouse gas 
abatement costs associated with a bioenergy path-
way are low, new financing sources can be accessed 
via international climate policy instruments. The aim 
should therefore be to identify conversion path-
ways for bioenergy use that perform well in terms 
of abatement per unit of biomass consumed and also 
have low abatement costs. 

Wood and charcoal stoves 
WBGU recommends that the complete phase-out 
by 2030 of forms of traditional biomass use that are 
harmful to health should be made an international 
target. Some technologies that would help to achieve 
this can already be implemented quickly and cost-
effectively. The use of improved cooking stoves can 
reduce fuel consumption to a half or a quarter for the 
same level of utility, while at the same time dramat-
ically reducing the health risks involved. This frees 
up the time of women and girls in particular, since 
in developing countries collecting fuelwood is an 
important task for females. More time is then avail-
able to earn an income or pursue an education (Box 
8.2-1). This applies both to simple wood stoves and 
to the simple charcoal stoves that are particularly 
widely used in urban areas. 

Micro biogas systems
Micro biogas systems enable biogenic residues such 
as animal excrement to be converted into methane 
and used for cooking and lighting. Use of these sys-
tems can also save fuelwood and improve indoor air 

the import and use of these biofuels presents prob-
lems. Once suitable standards and certification sys-
tems have been introduced (Section 10.3), it may be 
appropriate to promote the import of vegetable oils 
and bioethanol if their compliance with the eligibil-
ity criteria can be verified (Section 10.3.1.2). In order 
to achieve the greatest possible climate change miti-
gation effect, use in CHP systems or for power gen-
eration – if coal is thereby replaced – is still to be pre-
ferred to transport sector use, even if evidence of the 
sustainability of these biofuels is provided. For exam-
ple, in Brazil bioethanol from sustainable sugar cane 
cultivation can also be used in efficient combined-
cycle power plants for the combined generation of 
power and heat. 

Biomethane
Biomethane can be regarded as a very promising 
option for the future (Box 7.22). Biomethane pro-
duced from the fermentation of wet biomass is already 
a highly cost-effective mitigation option, for exam-
ple when used to replace coal in small-scale CHP 
units. Systems for producing biomethane from solid 
biomass by gasification are still relatively expensive, 
but WBGU anticipates significant cost reductions in 
this area in the future. Both biomethane production 
pathways, when used for electricity generation, can 
achieve high absolute greenhouse gas reductions in 
relation to the quantity of biomass used; these reduc-
tions are comparable to those achieved by other elec-
tricity pathways (such as co-combustion in coal-fired 
power plants or the use of wood chips in large-scale 
CHP plants). Moreover, in both processes of bio-
methane production it is necessary to separate CO2 
from the biogas or product gas. Should sustainable 
storage of this CO2 become possible in future, this 
would reduce the specific emissions of the biome-
thane pathway, thus further increasing the climate 
change mitigation effect. WBGU has elsewhere sub-
mitted its recommendations relating to the criteria 
for sustainable sequestration (WBGU, 2006). Bio-
methane can be readily transported via the natural 
gas grid and can thus be made available to users who 
are able to make optimum use of heat extracted in 
CHP systems; conversely, the biomethane can be col-
lected from distributed systems and made available 
for maximum-efficiency deployment in large-scale 
combined-cycle power plants.

9.2.2  
Energy poverty 

Overcoming energy poverty is key to tackling pov-
erty in general, particularly in the rural regions of 
developing countries but also in urban areas. Over-
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these energy carriers are sufficiently available in the 
energy system and the electricity grid is well devel-
oped, energy crops as energy carriers will largely 
have fulfilled their function of bridging the way to 
sustainable energy provision. However, the renewa-
ble sources will mostly be used to generate electric-
ity directly and output will be subject to major tem-
poral fluctuations. Biogenic wastes and residues and 
the residual use of fossil energy carriers will then be 
increasingly required to level these fluctuations in 
output (balancing power). The sustainable biomass 
potential identified by WBGU can in future make a 
significant contribution to meeting the need for bal-
ancing power; it thus also underpins the technical se-
curity of supply and the stability of electrical grids 
in a sustainable and integrated energy supply system 
involving a large element of wind and solar power. 
Through the use of smart electricity grids, electromo-
bility can also contribute to balancing power (Section 
8.1). If the use of the sustainable bioenergy potential 
is combined with the capture and secure storage of 
CO2, it may even be possible to generate ‘negative’ 
CO2 emissions (Box 6.8-1). 

Secondly, as a result of dynamic trends, demands on 
global land use will increase dramatically in the com-
ing decades. These trends include a growing world 
population with increasingly land-intensive dietary 
patterns, increasing soil degradation and water scar-
city. Furthermore, for reasons that include climate 
change mitigation, more and more petrochemical 
products will in future be made from biomass. This 
non-substitutable land-use requirement for the man-
ufacture of textiles, chemical products, plastics, etc. 
may constitute around 10 per cent of world agricul-
tural land, although at the end of their service life it 
will be possible to use some of these biomass-based 
products in the form of biogenic waste for conversion 
to energy (cascade use; Section 5.3.3). By contrast, 
the supply of energy is not tied to carbon; it can also 
be generated directly. All this takes place against the 
backdrop of increasingly manifest anthropogenic cli-
mate change, which will affect future harvest yields. 
In consequence, energy crop cultivation is likely to 
decline in the second half of the century. The base sup-
ply of bioenergy from biogenic wastes and residues 
will not be affected by this, since it has very little con-
nection with land use; the part that this energy plays 
in the provision of balancing power in the electricity 
supply system is therefore assured for the long term. 

quality. This technology is not the most efficient, but 
it represents an acceptable compromise between sim-
ple installation, maintenance and use, energy benefits 
and the costs of the energy service. This technology is 
particularly suitable for households, schools and pub-
lic institutions (Section 8.2.2)

Biomass gasification systems 
Biomass gasification systems that utilize wastes and 
residues such as coconut shells, waste wood, coffee 
chaff and rice chaff can be used for power genera-
tion or for heat production. Depending on the size 
of the system, this technology is appropriate both for 
households and for rural communities. For example, 
the raw gas can be used directly to generate process 
heat for drying systems or bakeries. Wood gasifiers 
use a broad and flexible range of feedstocks and can 
also contribute via generators to rural electrification 
(Sections 7.2.4 and 8.2.2). 

Vegetable oil engines, generating sets and 
small-scale CHP units
Oil plants (e.g. Jatropha, oil palms) can be processed 
locally using simple mechanical presses to produce 
unrefined vegetable oil. This can be used in combus-
tion engines to drive a range of stationary machines 
such as corn mills or water pumps. Combustion 
engines can also be coupled to a generator to form 
a generating set and used to generate electricity (e.g. 
for public buildings, hospitals, schools, mini-grids). 
This technology has great potential in connection 
with rural, off-grid electrification, since it requires 
little maintenance and is relatively simple to operate 
(Section 8.2.2). The waste heat from generating sets 
can be used for processes such as drying agricultural 
products. Larger small-scale CHP units that operate 
on sustainably produced vegetable oil can also be 
used for electrification in urban, industrial regions; 
if a large number of them are established they can 
even replace large fossil-fuel power plants or render 
the building of new ones unnecessary. 

9.2.3  
Bioenergy as a bridging technology 

As the world moves towards energy systems based 
on renewable sources, the sustainable use of bioen-
ergy from energy crops can be expected to fulfil an 
important function as a bridging technology until 
around the middle of the century. There are two rea-
sons for the limit on its extensive use. 

Firstly, after the middle of the century it is likely 
that most renewable energy will be generated directly 
– by wind and hydropower, and in due course also by 
solar energy on a large scale (WBGU, 2004a). Once 
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10.1
Introduction

WBGU considers that bioenergy policy should be 
geared primarily towards climate change mitigation 
and the elimination of energy poverty (Section 2.2). 
The modelling presented in Chapter 6 shows that 
there is substantial global sustainable potential for 
bioenergy. However, the bioenergy strategies that 
can currently be observed worldwide are not specifi-
cally geared towards the exploitation of this sustain-
able bioenergy potential, but often promote non-sus-
tainable bioenergy production. Moreover, the cur-
rent focus on biofuels ignores the potentials afforded 
by efficiency increases in the globally more relevant 
traditional use of bioenergy, as well as the potential 
for utilization of wastes and residues. 

Any meaningful contribution by bioenergy to 
the sustainable transformation of energy systems 
must comply with the relevant guard rails (Chap-
ter 3). Measured against this benchmark, it is clear 
that by no means every bioenergy pathway is appro-
priate (Chapters 5 and 7). The task of policy-mak-
ers is therefore to establish framework conditions for 
channelling bioenergy use into sustainable pathways. 
WBGU recommends minimum standards which 
should be the prerequisite for the use of all types of 
bioenergy products. As these minimum standards can 
only achieve limited validity, non-sustainable bioen-
ergy use should in the long term be restricted world-
wide by a comprehensive and effective global regu-
latory system, e.g. through revised incentives within 
the United Nations Framework Convention on Cli-
mate Change (UNFCCC) and the development of 
better protection mechanisms under the Convention 
on Biological Diversity (CBD). Only those applica-
tions which offer the potential to generate positive 
ecological and socio-economic impacts, improve the 
efficiency of traditional biomass use and are based on 
the utilization of residues and wastes should be pro-
moted (promotion criteria). 

The key task, then, is to devise a regulatory frame-
work which puts in place the conditions to maximize 
the use of potentials while minimizing risks. Diffi-

culties with regulation arise at various levels, how-
ever. First and foremost, bioenergy is a cross-cut-
ting theme which impinges on a wide range of pol-
icy areas and interests. ‘Bioenergy policy’ does not 
only encompass energy, agricultural and climate pol-
icy; transport policy and foreign trade policy as well 
as environmental, development and security policy 
all play an important role in this emerging policy 
field. The complex dynamic of the markets is another 
relevant factor. Energy and agricultural markets are 
becoming increasingly interlinked via bioenergy, and 
energy markets in particular are strongly influenced 
by countries’ strategic interests. 

In other words, there are complex political issues 
which must be resolved and which transcend the 
boundaries of established policy arenas, requiring 
cooperation among actors who, in the past, have 
shared little common ground. Given that policy-mak-
ing is largely structured along sectoral lines, this poses 
major challenges in terms of governance and integra-
tion capacities. Bioenergy policy also transcends the 
framework of an international system that is based 
on nation-states. For example, a blending quota for 
biofuels in Europe can contribute to an increase in 
deforestation in other parts of the world. Bioenergy 
is thus an example of a complex global issue in which 
the actions of state and non-state actors at national 
or local level may have unintended consequences of a 
transregional or even a global nature. Bioenergy pol-
icy therefore requires a multi-level policy approach. 
The situation is further exacerbated by the fact that 
policy-makers are required to take action on the basis 
of great uncertainty, as the scientific fundamentals 
and correlations have not yet been adequately elu-
cidated. And finally, bioenergy also involves aspects 
of global equity which are neatly summed up by the 
‘food/fuel’ nexus. 

Bioenergy policy is thus a highly volatile policy 
field with economic, technological, scientific, envi-
ronmental and social dimensions. It spans the local, 
regional and global levels and – in view of the highly 
dynamic developments in this field – requires swift 
policy decisions and accountability for them. In short, 
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‘Biofuels, while seemingly simple, are incredibly hard 
to do right’ (Greene, cited in Conniff, 2007). 

Because the cultivation of energy crops is pro-
ceeding at a rapid pace, the task now is to develop 
instruments and adopt measures which promote sus-
tainable developments in the short and long term. At 
present, no international organization or treaty exists 
which would be specifically responsible for the issue 
of bioenergy. Instead, a plethora of private forums, 
UN activities and intergovernmental processes have 
developed over recent years at national, regional and 
multilateral level which address the issue of bioenergy 
with a variety of partners and with differing objec-
tives. The result is a fragmented institutional picture 
which lacks clarity, although more intensive efforts 
are now being made to create coherence between the 
individual initiatives and processes. There is an ongo-
ing struggle to achieve viable and binding standards, 
the best possible promotion strategies and new insti-
tutional arrangements, or at least ensure that exist-
ing steering mechanisms are utilized appropriately. 
Within this debate, and in light of previous analyses 
and existing regulatory endeavours, WBGU seeks to 
chart a viable course towards the further develop-
ment of a sustainable global bioenergy policy for the 
future. The following sections reflect the logic of this 
new policy approach. 

To ensure that the expansion of bioenergy use 
contributes to climate change mitigation, the right 
conditions must be in place. Section 10.2 therefore 
looks at incentives and commitments under the UN 
climate protection regime. As adaptation of the rules 
and accounting modalities cannot be accomplished in 
the short term or guarantee that other sustainability 
criteria (e.g. food security, conservation of biological 
diversity, etc.) will be met, work on drawing up and 
applying bioenergy standards must be undertaken 
simultaneously. The issues of standard-setting and 
initiatives aimed at achieving more comprehensive 
instruments for global land and area management for 
all types of biomass/land use are therefore dealt with 
in Section 10.3. The aim of achieving not only sustain-
able bioenergy use but also a reduction in land-use 
competition cannot be attained through appropri-
ate standards alone, however. More comprehensive 
flanking measures to safeguard global food produc-
tion, biological diversity, and the protection of water 
resources and soil are therefore required. The exist-
ing UN institutions can make an important contribu-
tion here. Section 10.4 describes relevant initiatives 
and the role of the Food and Agriculture Organiza-
tion (FAO) in safeguarding global food security. Sec-
tion 10.5 looks at the options afforded by the CBD 
for better conservation of biodiversity, while Section 
10.6 outlines measures for the protection of water 
resources and soil. Finally, the sections on state pro-

motion policy (Section 10.7) and development coop-
eration (Section 10.8) consider which forms of bioen-
ergy use should be given explicit support, and what 
form a national and international promotion policy 
systematically geared towards the objectives of cli-
mate change mitigation and overcoming energy pov-
erty might take.

10.2
International climate policy

10.2.1  
The UNFCCC as an actor in global bioenergy policy

As described in Chapter 2, climate protection is not 
the only reason for the growing interest in bioen-
ergy use, so it would be erroneous to view global cli-
mate change mitigation and the UNFCCC as the 
key drivers of increasing bioenergy use. Indeed, the 
UNFCCC offers only limited opportunities for steer-
ing bioenergy policy, as other objectives besides cli-
mate change mitigation play a very significant role 
in bioenergy use. Nonetheless, the climate policy ori-
ented scope for steering bioenergy policy that the 
UNFCCC affords should be fully utilized. As the 
minimum, the international climate regime should 
not create incentives to engage in a bioenergy pol-
icy that is counterproductive for climate change miti-
gation, and in an ideal scenario international climate 
policy should be shaped in such a way that bioenergy 
use is consistent with the requirement to avoid dan-
gerous climate change (Chapter 3). This entails an 
integrated approach towards activities in the bioen-
ergy sector, and especially its implications for green-
house gas emissions in the energy and land-use sec-
tors. Bioenergy use invariably affects both these sec-
tors, which is why they should not be viewed in isola-
tion from each other. In WBGU’s view, there are two 
key requirements in this context: 

Firstly, the UNFCCC is the most important global 
reference institution for data on emissions and emis-
sions reductions. This data, which is broken down 
by country and sector, facilitates not only the eval-
uation of countries’ individual contributions to glo-
bal emissions but also their contributions to climate 
change mitigation. It is therefore particularly impor-
tant that data on the greenhouse gas emissions pro-
duced through bioenergy use are collected in a way 
that they provide an accurate picture of its actual 
contribution to climate change mitigation. The same 
applies to the processes established by the Kyoto 
Protocol for the accounting of emissions and their 
allocation to the countries which have adopted bind-
ing emission reduction targets. 
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Secondly, it is anticipated that with the adoption 
of ever more ambitious reduction targets the steering 
effect of the UNFCCC/Kyoto Protocol and its succes-
sor regime on bioenergy use will increase. The direct 
and indirect incentives which the regime creates for 
bioenergy use should be coordinated to ensure that 
they contribute to the attainment of the maximum 
possible global emissions reductions. This applies to 
the flexible mechanisms in general and the Clean 
Development Mechanism (CDM) in particular. 

Furthermore, it should also be ensured that the 
UNFCCC’s steering effect on bioenergy use does 
not conflict with other sustainability criteria (Chap-
ter 3).

The following section looks at the impact of exist-
ing rules on the bioenergy sector, provides an over-
view of current negotiation processes and, on that 
basis, evaluates and discusses how the rules within the 
UNFCCC framework should be developed further 
in order to achieve maximum compatibility between 
bioenergy use and climate change mitigation. 

10.2.2  
Evaluation, attribution and accounting of 
emissions

10.2.2.1  
The current rules and associated problems

The parties to the UNFCCC are obliged to pro-
duce, publish and regularly update inventories of 
their national greenhouse gas emissions in accord-
ance with the Guidelines for National Greenhouse 
Gas Inventories of the Intergovernmental Panel on 
Climate Change (IPCC, 2006). These inventories 
provide the core data for the global monitoring of 
anthropogenic emissions. The accounting of emis-
sions within the framework of the Kyoto Protocol 
is distinct from inventorization, firstly because this 
accounting applies only to those countries which 
have committed to binding emission reduction tar-
gets (Annex I countries), and secondly because only 
a part of the inventorized emissions is included in the 
accounting.

Inventories: carbon neutrality and 
attribution of emissions 
Under the IPCC’s current guidelines, the use of 
biomass for energy generation or transport is treated 
generally as carbon-neutral. While the CH4 and N2O 
emissions produced by bioenergy use are counted in 
the inventories, the CO2 emissions from biomass are 
reported as zero in the energy sector (IPCC, 2006). 
For biomass with a short lifespan (e.g. annual energy 

crops), this treatment is justified on the grounds that 
the carbon released was in the recent past captured 
in the plant by photosynthesis and was thus removed 
from the atmosphere. In this way, two processes which 
may lie at some spatial and temporal distance from 
one another are summed up to zero from the outset 
(Table 10.2-1). CO2 emissions from energy recovery 
from wood are also reported as zero in the energy 
sector. However, CO2 emissions are calculated as 
soon as the wood is felled; the harvest of wood is 
treated as if the carbon stored in the wood is released 
to the atmosphere immediately (Table  10.2-1, Part 
B). This does not take account of the possible use 
of wood products as an industrial feedstock, which 
under some circumstances would capture the carbon 
for several decades (Section 5.3 and 5.5). When pre-
paring the inventories under the UNFCCC, countries 
can opt to use alternative accounting methods (Box 
10.2-1), but for the purposes of the Kyoto Protocol 
the method described here is mandatory. 

Incomplete accounting in Annex I countries
The attribution of emissions described above gives 
rise to specific consequences for the accounting of 
emissions from bioenergy use under the Kyoto Pro-
tocol. Whereas Annex I countries must as a general 
principle include emissions produced in the energy, 
industrial, waste and agricultural sectors in their 
accounting, this is only partly the case in the land 
use, land-use change and forestry sector (LULUCF). 
Under Article 3.3 of the Kyoto Protocol, only the net 
changes in carbon stocks resulting from afforestation, 
reforestation and deforestation since 1990 have to be 
accounted mandatorily towards the commitments 
of each Annex I party. Other activities, whose inclu-
sion is optional, are listed in Article 3.4. These include 
changes in greenhouse gas emissions by sources and 
removals by sinks in the agricultural soils and the 
land-use change and forestry categories. Prior to the 
start of the commitment period, each Annex I coun-
try must state whether and which of these activi-
ties are to be used to meet its commitments (UBA, 
2003b). As the CO2 emissions from land use are cov-
ered by Article 3.4, this in practice leaves only the 
non-CO2 emissions to be accounted for on a manda-
tory basis in the agricultural sector (Benndorf, per-
sonal communication). When it comes to the harvest-
ing of timber, there is no overall regulation defining 
exactly what constitutes the deforestation that must 
be accounted for under Article 3.3, or whether the 
forestry activity in question is the type of activity 
which only needs to be accounted for if the country 
concerned has opted for its inclusion under Article 
3.4. It is up to each individual country to propose an 
appropriate arrangement here (Höhne et al., 2007). 
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In sum, this plethora of provisions means that in 
Annex I countries not all emissions resulting from 
the cultivation and harvesting of energy crops or the 
direct or indirect land-use changes associated with 
its cultivation have to be included in the accounting 
for the purpose of the reduction commitments (Table 
10.2-1). At the same time, the CO2 released through 
energy recovery is reported as zero, so the substitu-
tion of other emissions through bioenergy use can 

thus be accounted for as fully avoided emissions. It 
can therefore be assumed that the eligible emissions 
reduction resulting from bioenergy use is usually 
greater than the reduction actually achieved. 

Lack of incentives
The practice of reporting CO2 emissions from bioen-
ergy use as zero means that various activities which 
would contribute to genuine emissions reductions 

Table 10.2-1
Inventory and accounting practices employed to date in the first commitment period of the Kyoto Protocol for the 
greenhouse gas balance chain associated with the use of bioenergy. A: short-lived biomass (energy crops). B: wood. The 
columns show the different sub-processes associated with the use of bioenergy. These phases can occur separately at different 
times and in different locations. Most notably, some parts of this chain can be implemented in non-Annex I countries, and 
some in Annex I countries. For phases taking place in non-Annex I countries, neither emissions nor removals are accounted 
for. The colours show, in each case, whether and in which sector the emissions or changes in emissions in Annex I countries 
are accounted for. The scheme for wood is consistent with the accounting system laid down in the Kyoto Protocol (Section 
10.2.2.2).
Source: WBGU

A: Scheme for 
energy crops

Land-use change 
(direct conversion and 
indirect effects)

Cultivation 
(agriculture)

Processing and
transport

Use
(combustion)

Sources CO2 (biogenic) CO2 (biogenic): e.g. 
higher emissions 
through changes in 
cultivation 

CO2 (biogenic) CO2 (biogenic)

CO2 (fossil): 
use of machinery

CO2 (fossil)

N2O, CH4 N2O and CH4 

Sinks CO2 uptake of crop

CO2 uptake: 
e.g. carbon reservoir in 
soil increases

CO2 uptake: 
increased uptake 
of the soil through 
changes in cultivation

B: Scheme for wood Cultivation and har-
vest (forestry)

Processing/
transport

Use
(combustion)

Sources CO2 (biogenic): Car-
bon reservoir decre-
ases (wood harvesting 
counted as emission)

CO2 (biogenic) CO2 (biogenic)

CO2 (fossil):  
use of machinery

CO2 (fossil)

N2O and CH4 

Sinks CO2 uptake: carbon 
reservoir in forest 
increases

Agricultural sector: accounted for in Annex I countries

Energy sector: accounted for in Annex I countries

Reported as zero in the inventories, not accounted for in the energy sector

LULUCF sector: accounting only mandatory in Annex I countries if deforestation or afforestation is involved. Otherwise 
optional (Article 3.4)

LULUCF sector: can be accounted for in Annex I countries (optional) (Article 3.4)

Automatically added to make zero in the inventories and thus not accounted anywhere
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cannot be included in the accounting. The first to be 
mentioned here is the use of wood products as an 
industrial feedstock (Box 10.2-1). As the carbon con-
tained in wood is considered to have been emitted at 
the time of felling, delayed CO2 release through long-
term use of wood products is not rewarded under the 
current rules, even though it is desirable from a cli-
mate perspective (Sections 5.3 and 5.5). A further 
example is CO2 capture and storage in energy gen-
eration from biomass. This type of technology would 
offer the opportunity for net removal of CO2 from 
the atmosphere (Chapter 6; Box 6.8-1). However, as 
the CO2 is treated in the accounting as if it had never 
been emitted at all, even without storage, the cur-
rent accounting modalities in the first commitment 
period of the Kyoto Protocol offer no incentives for 

the sequestration of biogenic CO2 (Grönkvist et al., 
2006). 

Trade in biomass for energy use
If biomass is produced in a non-Annex I country 
and is then used for bioenergy in an Annex I coun-
try, the problem of incomplete accounting is exacer-
bated. In this case, the emissions arising during pro-
duction are not accounted for at all under the Kyoto 
regime, with the result that the eligible emissions re-
duction is almost always greater than the reduction 
actually achieved. The conversion of tropical forests 
into bioenergy plantations, in particular, can produce 
very high emissions and thus give rise to an extremely 
negative Greenhouse Gas (GHG) balance for bioen-
ergy use (Section 7.3). So without additional meas-

Box 10.2-1

Harvested wood products

The possible methods of accounting for emissions associ-
ated with the use of wood products are discussed in a tech-
nical paper by the UNFCCC secretariat in 2003 (UNFCCC, 
2003). The uses discussed explicitly include the use of wood 
as a fuel. The following accounting methods are presented 
as options:

The IPCC default approach
The assumption in this approach, which is the one currently 
practised, is that there is no change in the size of the wood 
products pool, so only (positive or negative) CO2 emissions 
resulting from the deforestation or reforestation/afforesta-
tion of woodland are counted. Emissions from deforestation 
(or harvesting) are attributed to the year of deforestation 
and to the country in which this took place. In the green-
house gas inventories, deforestation or forest harvesting is 
therefore treated as an immediate emission, regardless of 
whether the resulting products (wood) are initially stored, 
exported, etc. To avoid double counting, the CO2 emissions 
resulting from the combustion of wood products (for energy 
production, waste disposal) are not in principle counted as 
emissions. This has repercussions, particularly when wood 
products from a country that has no Kyoto commitments 
are exported for energy purposes to a country that has such 
commitments. This method offers especially high incen-
tives to use wood for energy production, since the wood is 
counted as an emission when it is harvested (and there are 
no incentives to avoid these emissions for a country with 
no commitments), while the importing country receives an 
emissions-free source of energy in line with the Kyoto pro-
visions (although not in the real world).

The stock-change approach
An alternative to the IPCC default approach is the stock-
change approach: this counts changes in both the forest 
stock and the wood products pool, with the former being 
allocated to the country in which the wood is grown (pro-
ducing country) and the latter being attributed to the 
country in which the wood products are used (consuming 
country). In both cases the emissions associated with these 
changes are then allocated to the country in which they 
occur and at the time at which they are produced. Com-

pared to the IPCC default approach, the use of wood for 
energy purposes appears to be less attractive in this case. 
A country that has Kyoto commitments can, for example, 
import wood products and offset this as a CO2 sink against 
its own account. Only when the wood products are used 
as energy, or when they decay as waste products, will the 
resulting CO2 be counted as an emission again. 

The production approach
Like the stock-change approach, both the changes in 
the forest stock and those in the wood products pool are 
counted at the point in time at which they occur; however, 
both are attributed to the producing country. This approach 
differs from the IPCC default method only in the time at 
which the emissions resulting from the use of wood prod-
ucts are accounted for. With this method of counting, as with 
the IPCC default approach, the incentive to use imported 
biomass as energy is particularly high for countries with 
commitments as the resulting emissions are not attributed 
to them. By contrast, the exporting country should be more 
interested in the export of products with a long lifespan, as 
the emissions will not be attributed to it until a later stage.

The atmospheric flow approach
This approach counts emissions at the place and time 
at which CO2 is released into the atmosphere. Only the 
emissions that enter the atmosphere directly as a result 
of harvesting are attributed to the producing country. The 
emissions from the use of wood products, or those caused 
when they decay, are attributed to the consuming country. 
In this case, biomass imported for energy use is accounted 
for in exactly the same way as the use of fossil energy car-
riers for the consuming country, and therefore cannot be 
used to reduce its emissions. This means that there would 
be no incentive to use bioenergy in countries with commit-
ments. However, this process, in the form described by the 
UNFCCC, does create incentives for the export of bioen-
ergy carriers to developing countries, which is equally ques-
tionable in terms of climate protection policy: a country with 
commitments could use the sink represented by the growth 
of a forest as an offset, and export the harvested wood to 
a country with no commitments which is not required to 
offset the emissions. WBGU therefore presents a modified 
proposal relating to trade between countries with and with-
out commitments (Section 10.2.2.2).
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ures, even the use of bioenergy which actually results 
in a net increase of emissions could be recorded as 
an emissions reduction by an Annex I state. The cur-
rent accounting system thus encourages the use of 
biomass imported from developing countries for 
energy production, regardless of whether it reduces 
or increases emissions.

Conflict with other climate protection 
measures in the land-use sector
The scenarios described above show that the direct 
and indirect incentives created by the UNFCCC can 
steer bioenergy use into channels which are unfa-
vourable from a climate perspective. Moreover, fur-
ther indirect effects can be anticipated as a result of 
increased bioenergy use which put other climate pro-
tection efforts at risk (Section 5.5). Of particular sig-
nificance here is deforestation in developing coun-
tries, which currently accounts for more than 20 per 
cent of global anthropogenic CO2 emissions (IPCC, 
2007c), but the conversion of grassland for the culti-
vation of energy crops (Section 4.2.3.3) should also be 
mentioned. Even if no forested areas are cleared spe-
cifically for this purpose, or grassland converted, the 
indirect conversion of such areas is likely to increase 
as the production of energy crops squeezes out other 
types of usage, with the result that the cultivation of 
other crops or pasturage is displaced to other hith-
erto relatively untouched or less intensively used land 
(Searchinger et al., 2008; Section 5.5). At present, the 
UNFCCC does not offer developing countries any 
direct incentives to reduce the conversion of for-
ested areas or grasslands into cropland. The emerg-
ing bioenergy boom therefore makes it even more 
imperative to account for all emissions from land 
use, land-use change and forestry (LULUCF) in the 
UNFCCC and the (post-) Kyoto mechanism and to 
implement adequate incentives for developing coun-
tries to protect their terrestrial carbon stocks and 
combat deforestation.

10.2.2.2   
Criteria and opportunities for the further 
development of the rules

The problems described above demonstrate the 
need for bioenergy production and use to be put on 
the agenda of the UNFCCC bodies as a matter of 
urgency, for reform of the accounting modalities for 
the Kyoto commitments, and for modification of the 
procedures for the attribution of emissions in the 
greenhouse gas inventories. 

Cap and trade for all countries and all 
emissions
In theory, there is an elegant solution to many of the 
problems described above: namely to agree emis-
sions limitations (‘caps’) for all countries, sectors and 
emissions, including LULUCF. If a system of ‘cap and 
trade for all countries and emissions (and sectors)’ 
were established, the incentive to cut emissions would 
be created via the price of emissions allowances in a 
global carbon market. Provided that all emissions are 
included as close to the time of their occurrence as 
possible, this would be an effective and economically 
efficient approach, regardless, initially, of which actor 
the emissions are assigned to. It is unlikely, however, 
that developing countries and newly industrializing 
economies will agree to emission limitations of their 
own in the foreseeable future. Moreover, there are 
considerable practical problems associated with the 
implementation of a purely market-based solution, 
especially for the LULUCF sector. So although emis-
sion limitations for all countries and all greenhouse 
gas emissions are a desirable long-term goal for cur-
rent policy-makers, and market-based solutions – as 
far as practicable and effective – should serve as a 
model in the choice of instruments, the initial task 
must be to identify options for a transitional regime. 
Apart from closing the loopholes described above, 
removing other deficits and remedying the inade-
quate treatment of LULUCF, a further task is to 
identify accounting modalities which make it easier 
for developing countries to sign up to commitments 
which may even include emission limitations. 

From cradle to grave
One way of avoiding any incentives to displace 
emissions through the import of bioenergy carriers 
would be to follow the approach of various certifica-
tion initiatives and attribute the emissions from the 
entire production chain to the end user of bioenergy, 
namely the emissions from land-use change, cultiva-
tion, processing, transport and use. However, there 
are considerable problems with this method: as the 
production chain associated with this end product, 
i.e. the bioenergy carrier, is not transparent, there 
must be full and complete accounting of all steps. 
Furthermore, a decision must be taken on the allo-
cation of emissions to co-products and the point in 
time at which land-use emissions should be allocated. 
In order to avoid double counting, the emissions allo-
cated to the end product must be deducted from the 
original sectors in the inventories. This means, for 
example, that the emissions resulting from the use of 
machinery during the production of biomass would 
have to be deducted from the emissions produced in 
the energy sector. This would not only entail a con-
siderable amount of bureaucracy and monitoring, but 
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would ultimately require the complete restructur-
ing of inventories, whereas at present – and for good 
reason – the emissions are generally assigned to the 
country on whose territory they arise and which can 
best control them, at the point in time at which they 
are released. Furthermore, it would be hard to justify 
why this established principle should not then be bro-
ken in respect of other products as well; indeed this 
would be imperative with co-products. If this ‘Pando-
ra’s box’ is opened, the inventorization and account-
ing procedures would ultimately become unmanage-
able. 

Attribution of emissions: the atmospheric 
flow approach
WBGU takes the view that the emissions should, as 
a matter of principle, be attributed to the state on 
whose territory they are produced, and calls for the 
existing exemption for bioenergy to be abolished. The 
accounting of emissions from the use of wood and 
wood products should also be based on the time and 
place that actual emissions are produced. The atmos-
pheric flow approach (Box 10.2-1) seems generally 
suitable for this purpose and should be extended to 
bioenergy production as a whole. This would mean 
that during harvesting, only the CO2 emissions which 
are actually produced would be counted; the same 
applies, accordingly, to the CO2 emissions produced 
during the use of the harvested product. However, 
only some of these emissions can be calculated relia-
bly. This includes those from bioenergy, waste incin-
eration, landfill gas, domestic heating and the natural 
decomposition of building materials made from tim-
ber (UNFCCC, 2003). For that reason, a combined 
arrangement may be sensible: harvest products which 
constitute or have been converted into a tradable 
energy carrier (wood for energy recovery, biofuels) 
are treated in accordance with the atmospheric flow 
approach, as their use and the associated CO2 emis-
sions take place at a defined point in time and are 
easily measurable. These emissions are also already 
reported in the national inventories, although they 
are not counted when summing up national emis-
sions, as CO2 emissions from bioenergy are treated 
as zero. This can create incentives for a greater focus 
on technical efficiency in bioenergy use, rather than 
treating efficiency improvements and fuel substitu-
tion as being of equal value. Emissions from wood 
used as an industrial feedstock, on the other hand, 
should be counted using a hypothetical annual emis-
sions rate based on a previously determined coun-
try-specific lifespan. Although a flat-rate and very 
low lifespan should be the basis at the start, coun-
tries should have the option of extending this period 
on production of appropriate evidence. For the other 
harvest products (food, residues), where a very short 

lifespan can be assumed, the IPCC default method 
should continue to be used. To safeguard consistency, 
the real sources must be offset by real sinks. In the 
case of wood products, this is already guaranteed in 
the sense that the increase in the carbon reservoir 
through the growth of the forest is counted as a sink, 
i.e. carbon uptake. In order to transfer the atmos-
pheric flow scheme to other biogenic energy carri-
ers, carbon uptake during growth should be counted 
as a CO2 sink.Full accounting of LULUCF emissions 
in Annex I states

Even if emissions are attributed on the basis of the 
atmospheric flow approach, the problem of incom-
plete accounting in Annex I countries is not yet 
resolved. Therefore in addition to the sectors which 
hitherto have been included, the emissions arising 
in LULUCF in Annex I countries must also be set 
against emissions caps in the Annex I countries on 
a full and binding basis (or, if appropriate, against 
emissions caps in the LULUCF sector). This entails 
mandatory accounting of the activities currently cov-
ered by Articles 3.3 and 3.4 of the Kyoto Protocol 
and its extension to all anthropogenic emissions in 
the LULUCF sector.

This arrangement, which combines the atmos-
pheric flow approach with the full accounting of 
anthropogenic greenhouse gas flows in the LULUCF 
sector, offers incentives for Annex I countries to sub-
stitute the use of fossil energy carriers with biomass 
produced in their own countries, if this results in over-
all emissions reductions. However, it does not offer 
any direct incentive to use imported biomass for 
energy generation, as the use of imported biomass 
for energy would thus be equivalent to the use of fos-
sil fuels. 

Accounting in the trade between Annex I 
and non-Annex I countries 
The accounting modalities described would automat-
ically reduce the problem of emissions displacement 
to developing countries that arises in the context 
of imported biomass. As in the context of biomass 
imports for energy use or wood as an industrial feed-
stock, it is the importing country which is responsible 
for the emissions released during use, there is initially 
no incentive to import biomass on climate protection 
grounds. A specific mechanism could be established 
to create opportunities for the recognition, as a cli-
mate protection measure, of biomass produced in 
non-Annex I countries but used in Annex I countries, 
and whose cultivation-related emissions are low. A 
project-based approach similar to the CDM could be 
adopted here. In ‘projects for the export of bioenergy 
carriers/wood products to Annex I countries’, the cul-
tivation-related emissions and CO2 uptake could be 
accounted for in the products destined for export, and 
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‘carbon fixing certificates’ could be issued. The issue 
of a certificate would be conditional on the biomass 
produced genuinely being exported to an Annex I 
country. These certificates would be recognized as 
greenhouse gas reductions in Annex I countries and 
treated like a Certified Emission Reduction (CER) 
from the CDM (Section 10.2.3). In this context it 
must be ensured that double counting, e.g. in the con-
text of forestry projects, is avoided. Only in cases in 
which the GHG balance looks promising will project 
developers be found for this type of ‘carbon fixing 
project’. In all other cases, exports from non-Annex 
I countries should not be promoted through the cli-
mate regime. This approach would help to ensure 
that land-use changes e.g. deforestation, that are the 
direct result of bioenergy exports are avoided in non-
Annex I countries. However, additional instruments 
are required to prevent substantial carbon emissions 
from occurring indirectly if, for example, the previ-
ous land use is displaced to other carbon-rich sites. 
One method of undertaking a quantitative estimate 
of the associated emissions is discussed in Section 7.3 
(Box 7.3-2). 

Logically, this system would mean that the import 
of bioenergy carriers from Annex I countries by non-
Annex I countries would result in the CO2 contained 
in the products immediately being accounted for as 
emissions of the Annex I country, as the products 
would have left the accounting area. 

Land-use changes in non-Annex I countries/
avoided deforestation
The accounting system described above could defuse 
most of the problems outlined in Section 10.2.2.1. 
However, it does not resolve the negative effect that 
increasing bioenergy production in non-Annex I 
countries intensifies the pressure on natural ecosys-
tems and therefore also on forests. While the direct 
conversion of forest into plantations for the cultiva-
tion of energy crops or the ‘forest yield’ could largely 
be controlled through a bioenergy-based scheme 
(Section 10.3), the indirect effects, namely the dis-
placement of other forms of crops to previously for-
ested areas, ultimately require a more comprehen-
sive regulatory approach. 

Options for reducing the increasing deforestation 
in developing countries are currently being negoti-
ated within the UNFCCC framework (Box 10.2-2).

In the event that an effective regime for reducing 
the emissions from deforestation and forest degrada-
tion is established within the REDD process (Reduc-
ing Emissions from Deforestation and Degradation), 
membership of this REDD regime should be a pre-
requisite for developing countries’ participation in 
‘carbon fixing projects’. WBGU considers that an 

appropriate REDD regime should comprise at least 
the following elements: 
•	 It	should	create	effective	 incentives	for	the	swift	

achievement of real emissions reductions by 
reducing deforestation. These emissions reduc-
tions should be achieved at national level in order 
to avoid leakage.

•	 Beyond	 the	direct	 reduction	of	emissions,	 incen-
tives should also be created to permanently pro-
tect the natural carbon reservoirs, such as tropical 
primary forests, from deforestation and degrada-
tion. 

•	 Incentives	should	also	be	established	to	limit	emis-
sions from grassland conversion.

•	 Perverse	incentives,	e.g.	incentives	which	encour-
age more destruction in order to generate partic-
ularly high rewards for ceasing this destruction, 
must be excluded. 

•	 The	regime	must	mobilize	adequate	international	
financial transfers. 

In order to fulfil these requirements, the regime 
should consist of a combination of national targets 
to limit emissions and project-based procedures: for 
example, participating developing countries could 
commit to limit their future national emissions from 
land-use changes. The emissions limit could be based 
on past average annual emissions, while the ceiling 
could be made dependent on the amount of emis-
sions and the country’s economic performance. In 
addition, financial transfers should be provided by 
Annex I countries if emissions reductions go beyond 
the level agreed. This would create an incentive to 
reduce the current high emissions from land-use 
changes quickly, while at the same time encouraging 
the developing countries to take some responsibil-
ity. In addition, it could be considered to promote the 
permanent protection of terrestrial carbon reservoirs 
by giving participating developing countries financial 
support if they place designated areas under protec-
tion. The REDD regime would ideally form part of a 
comprehensive agreement to preserve carbon stocks 
of terrestrial ecosystems within the UNFCCC (Sec-
tion 10.2.4), with financial transfers also being regu-
lated within this framework.

Measures to protect sinks in developing countries 
are currently being financed through various gov-
ernment/private sector mechanisms (Box 10.2-3). In 
some cases, these mechanisms go beyond sink pro-
tection as defined in the UNFCCC and also finance 
measures for carbon stock protection, including the 
protection of tropical forests. These mechanisms 
could in future supplement a UNFCCC regime, but 
cannot replace a comprehensive solution within the 
UNFCCC (Box 10.2-2). 
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10.2.3  
Bioenergy and the Clean Development Mechanism

The purpose of the CDM is defined in Article 
12 (2) of the Kyoto Protocol: it is to assist develop-
ing countries in achieving sustainable development 
and in contributing to the ultimate objective of the 

UNFCCC. It is also intended to assist industrialized 
countries in achieving compliance with their quanti-
fied emission limitation and reduction commitments 
cost-effectively. The CDM offers incentives to inves-
tors to finance or implement greenhouse gas reduc-
tion measures in developing countries. In return, the 
investors receive tradable certified emissions reduc-

Box 10.2-2

Reducing emissions from deforestation and 
degradation (REDD) in the UNFCCC 

At the suggestion of Papua New Guinea and Costa Rica, 
a new topic was placed on the agenda for the 11th session 
of the Conference of Parties to the United Nations Frame-
work Convention on Climate Change in Montreal in 2005: 
the inclusion of emissions from deforestation in developing 
countries within the climate protection regime. These emis-
sions account for more than 20 per cent of anthropogenic 
CO2 emissions. While there is an incentive for the industrial-
ized countries to abandon their deforestation activities dur-
ing the first Kyoto commitment period from 2008 to 2012, 
as the emissions associated with this are counted in their 
permitted emissions as a matter of principle, there are no 
such inducements for developing countries and emerging 
economies. Yet all the signatory states of the UN Frame-
work Convention on Climate Change have undertaken 
to promote the conservation and enhancement of sinks, 
including forests. (Article 4.1d UNFCCC).

The topic was addressed in the Bali Action Plan in 2007 
which governs the negotiation of a new climate regime for 
the post-2012 period. The regime is expected to be adopted 
at the 15th Conference of Parties in December 2009 in 
Copenhagen. In specific terms, policies and incentives 
should be created to reduce emissions from deforestation 
and forest degradation in developing countries. The role of 

forest conservation, the sustainable management of forests, 
the enhancement of forest carbon stocks and afforestation 
are also to be discussed. The choice of policy instruments to 
be used is as yet undecided and the various financing oppor-
tunities, together with the type of activities to be included, 
are a matter for the negotiations. In the interim, the coun-
tries are required to step up their ongoing measures to avoid 
these emissions, and adopt measures to prepare for a future 
regime, e.g. collecting data, conducting pilot projects, etc.

The costs of reducing a relevant proportion of the emis-
sions from deforestation are estimated at several billion US 
dollars per year, with opportunity costs (foregone income 
from deforestation) accounting for the majority of these 
expenses (Grieg-Gran, 2006; Nabuurs et al., 2007). Many 
developing countries take the view that the industrialized 
countries should raise these funds by tightening their emis-
sion reduction goals and then acquiring REDD certificates 
on the international carbon markets (UNFCCC, 2007c). 
However, one of the countries that does not share this 
view is Brazil: Brazil is interested in a voluntary agreement 
whereby the industrialized countries pay into a fund from 
which the emission reductions achieved in the developing 
countries are subsequently rewarded (UNFCCC, 2007d). 
Whereas the industrialized countries would like to use 
national emission or deforestation rates as benchmarks 
in order to avoid displacement effects, some developing 
countries (e.g. Colombia, Paraguay, Peru) are interested in 
project-based or sub-national solutions.

Box 10.2-3

International payments to conserve carbon 
stocks and sinks 

Payments for the conservation of carbon sinks and stocks 
in developing countries and emerging economies are made 
within the framework of various, generally project-based 
mechanisms. A distinction can be made between mecha-
nisms which in principle permit offsetting against reduction 
commitments within the framework of the Kyoto Protocol, 
and those that may not be offset under Kyoto. The flexible 
mechanisms form the core of the first group, i.e. the Clean 
Development Mechanism (CDM; Section 10.2.3) and Joint 
Implementation. On the other hand, payments are also 
made which are not directly induced by the Kyoto Protocol; 
these include voluntary payments by private individuals, 
companies and public sector actors wishing to demonstrate 
their commitment to climate change mitigation or offset 
their own greenhouse gas emissions (e.g. climate-neutral 
flying). The granting of credits related to conserving carbon 
stocks and sinks is, depending on the organization, linked 
to criteria of varying degrees of stringency which aim to 
achieve a lasting mitigation effect (GTZ, 2007b; Neef et al., 

2007). Payments also come from various state-backed envi-
ronmental funds which pool financial resources and spe-
cifically invest in climate protection projects abroad. These 
mainly comprise projects on land use, land-use change and 
forestry. The initiators of the funds range from actors at 
federal state level (including the Oregon Climate Trust) to 
those at multilateral level (including the BioCarbonFund 
of the Carbon Finance Unit or the Forest Carbon Partner-
ship Facility, both of which come under the umbrella of the 
World Bank; World Bank 2006a, b, 2007; Neef et al., 2007; 
UNFCCC, 2007a). In principle, international compensa-
tion payments for conserving carbon stocks or sinks could 
come from national emissions trading systems: companies 
that are committed to acquiring emission certificates within 
their own countries could fulfil this obligation by making a 
corresponding investment in the LULUCF sector for eligi-
ble carbon credits (from their own country or from abroad). 
Due, among other things, to the difficulty of safeguarding a 
lasting mitigation effect, this opportunity has scarcely fea-
tured in national trading systems to date. The international 
payments for such land uses are therefore hardly significant 
in this context and, outside the CDM, sink projects abroad, 
including forests, are only reported for the Chicago Climate 
Exchange (Neef et al., 2007).



228 10 Global bioenergy policy

tions (CERs). Annex I countries can offset their 
CERs against their own emissions reductions tar-
gets. 

10.2.3.1  
Existing rules on bioenergy and its evaluation

In the CDM, bioenergy is mainly dealt with via 
projects for bioenergy use in developing countries. 
In certain cases, aspects of land use and land-use 
change and their treatment may also be relevant in 
the CDM. 

Bioenergy use in developing countries can achieve 
emissions reductions through the substitution of fos-
sil fuels by biogenic fuels (Section 7.3). In addition, 
under certain circumstances, efficiency increases in 
existing traditional forms of bioenergy use can also 
contribute to emissions reductions. This is the case 
if, for example, less fuelwood is used as a result of 
increased efficiency, so that existing terrestrial car-
bon sinks are not degraded or long-lasting wood 
products are not converted. Reductions of non-CO2 
emissions can also be achieved through more effi-
cient end-energy use (i.e. combustion; Jürgens et al., 
2006). Finally, the cultivation of energy crops can be 
shaped in such a way that a (temporary) CO2 sink 
arises. This means that through targeted crop cultiva-
tion for energy recovery, CO2 is temporarily removed 
from the atmosphere and captured in biomass (Schla-
madinger et al., 2001).

Under the current CDM rules, however, only some 
of the possible measures to reduce emissions and cre-
ate sinks are promoted. The granting of CERs and 
the implementation of CDM projects take place in 
line with specific modalities and procedures. In order 
to guarantee the effectiveness of a climate protection 
project, the anticipated emissions reductions must be 
determined in advance with reference to a theoreti-
cal baseline. For the production of the baseline and 
for monitoring purposes, methods approved by the 
CDM Executive Board must be deployed. For new 
project proposals, recourse can be made to methods 
which have already been approved or a new meth-
odology can be submitted for approval (Sterk and 
Arens, 2006).

CDM eligibility of bioenergy projects
The baseline covers, in principle, only those emis-
sions which are listed in Annex A of the Kyoto Pro-
tocol, i.e. mainly emissions from fossil energy carriers 
and non-CO2 emissions (Jürgens et al., 2006). Emis-
sion reductions achieved through the substitution 
of fossil fuels by biomass are therefore eligible for 
CDM on principle; examples are the use of biogenic 
residues and renewable organic biomass. 

What is less clear, however, is the CDM eligibility 
of emissions reductions which are achieved in private 
households or small businesses, for example, through 
more energy-efficient forms of traditional bioenergy 
use. In the case of energy use, the CO2 emissions pro-
duced by combustion are not allocated to the energy 
sector (Section 10.2.2), but instead are included indi-
rectly in the emissions in the land-use sector which – 
with the exception of afforestation and reforestation 
measures – are not eligible for CDM (Höhne et al., 
2007). A reduction in CO2 emissions from traditional 
bioenergy use – unlike the reduction of non-CO2 
emissions or the substitution of fossil energy carriers 
– is therefore not eligible for CDM, at least initially. 

And yet CDM eligibility of projects for the dis-
tribution of energy-efficient stoves, cookers, etc. in 
households can certainly be justified: if inefficient 
traditional forms of biomass use result in short- or 
long-term damage to natural resources, e.g. through 
deforestation or soil degradation, thus forcing a 
switch to fossil fuels, then a more efficient thermal 
use of biomass at present actually is a substitute for 
the fossil fuels whose use would otherwise be neces-
sary in the long term. The health and socio-economic 
benefits and the opportunity to carry out projects to 
a greater extent in poorer developing countries and 
their rural regions in the future, which are clearly 
underrepresented in the CDM project portfolio at 
present, are other arguments in favour of extend-
ing CDM eligibility to this type of efficiency-enhanc-
ing project (Schneider, 2007; JIKO, 2007; UNFCCC, 
2008b).

Current developments in the UNFCCC are point-
ing towards eligibility for small-scale CDM projects 
which facilitate the transition to sustainable use of 
biomass energy, e.g. via biogas stoves or highly effi-
cient cookers which run on biomass (Schneider, 2007; 
Schlamadinger et al., 2007; JIKO, 2007; UNFCCC, 
2008b). 

CDM eligibility of sinks combined with 
biomass production for energy
Biomass which is produced specifically for energy 
recovery has at least a temporary CO2 sink effect 
which, under certain circumstances, could be 
rewarded in the CDM and thus create incentives 
for certain forms of energy crops, e.g. short-rotation 
plantations (Schlamadinger et al., 2001; Dutschke 
et al., 2006). For projects which envisage a carbon 
uptake (sink function), the current rules on land-use 
changes and forestry apply; these are set out in the 
Marrakesh Accords that flesh out the Kyoto Proto-
col. Under the current procedural rules, only those 
methods of land-use are permissible which lead to 
afforestation and reforestation (Höhne et al., 2007; 
Box 10.2-2). Measures for the direct conservation of 
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existing terrestrial carbon stocks or for the greening 
of degraded land are not rewarded with CDM cred-
its (Jürgens et al., 2006).

The first reforestation and afforestation project to 
receive registration under the Clean Development 
Mechanism (China, project duration: 2006–2036) 
does not relate to bioenergy (UNFCCC, 2008a). 
Other reforestation and afforestation projects are 
currently being assessed, along with the relevant 
methodologies, and methods to couple reforestation/
afforestation and subsequent (commercial) biomass 
use (UNEP-Risoe, 2008).

Overview of CDM projects on bioenergy 
Biogenic energy carriers are the subject of the CDM 
in various project categories. Bioenergy projects 
(biomass energy) relate to solid fuels; gaseous energy 
carriers are covered by biogas and landfill gas projects, 
if they are destined to be used in the generation of 
electricity (IGES, 2008). By October 2008, a total of 
609 bioenergy projects had been submitted (224 had 
been registered), along with 243 (67) on biogas use in 
energy recovery. A further 299 (103) are landfill gas 
projects, of which 101 (37) include electricity gener-
ation. The anticipated emissions reductions from all 
609 bioenergy projects amount to 36.6 Mt CO2eq 
p.a., i.e. 6.7 per cent of the annual emissions reduc-
tions expected from all 3,967 CDM projects sub-
mitted (546 Mt CO2eq). Biogas projects are trailing 
behind (11.5 Mt CO2eq; 2.1 per cent). For landfill gas 
projects for electricity generation, an annual reduc-
tion of 20.8 Mt CO2eq (3.8 per cent) is anticipated. 
Compared with other market segments, the bioen-
ergy sector thus ranks midfield (UNEP-Risoe, 2008; 
IGES, 2008). In 2006, CERs amounting to 475 mil-
lion tonnes were traded worldwide, with a value of 
more than US$ 5000 million (Worldwatch Institute, 
2008).

The bioenergy projects registered to date have 
almost all involved biogenic residues arising in agri-
culture (mainly bagasse and rice bran), the forestry 
sector and wood-processing industry (e.g. sawdust, 
black liquor) (UNEP-Risoe, 2008; IGES, 2008). In 
2006, a small-scale project on forest biomass was reg-
istered for the first time; this replaces liquid gas in a 
combustion process in Brazil with wood from euca-
lyptus forests planted for energy recovery purposes 
on degraded land (UNFCCC, 2008b). In 2008, meth-
ods were approved for the first time that focus on the 
production of biofuels on the basis of recycled fats 
and oils and on vegetable oil. Other biofuel-related 
methods are currently in the assessment phase 
(JIKO, 2008). Based on the two approved methods, 
seven biodiesel projects have so far been submitted 
for assessment (UNEP-Risoe, 2008). Some of these 
projects involve the use of energy crops, but only for 
the producer’s own use of the fuels in agriculture or 
in public transport (UNFCCC, 2008c, d).

In a regional breakdown of the 609 bioenergy 
projects submitted, India (306) and Brazil (100) cur-
rently predominate, followed by China (52) and 
Malaysia (33). Of the biogas projects (totalling 242), 
the majority have been developed in Thailand (46), 
Mexico (34), India (32) and the Philippines (31). 
China (32) and Mexico (11) also account for most of 
the landfill gas projects for energy recovery (101). As 
in other CDM sectors, it is apparent that projects for 
bioenergy use tend to be implemented in Asia and 
Latin America and in the emerging economies/mid-
dle-income countries. International transfers within 
the CDM framework are complemented by pay-
ments via the GEF climate protection window (Box 
10.2-4).

Evaluation
Even allowing for the expected future increase in the 
number of projects, it is clear that the lion’s share of 

Box 10.2-4

The Global Environment Facility and bioenergy

The conversion of biomass to energy as an option for reduc-
ing greenhouse gas emissions is being addressed by the 
Global Environment Facility (GEF) within its focal area of 
climate change. The GEF is, however, not intended to take 
over any tasks that are already being financed through the 
flexible mechanisms, especially the CDM. Accordingly, the 
GEF’s strategy is not to directly promote specific technolo-
gies for renewable energies, but primarily to create a suit-
able market environment and remove barriers to (market) 
development. The promotion of sustainable energy from 
biomass is one of the issues being addressed in the climate 
change window of the current GEF-4 strategy. Overall, 
stronger support is to be given not only to the extraction 

of bioenergy from residues but also to the production of 
biomass specifically for energy purposes. The focus will be 
placed specifically on efficient technologies as well as on 
eliminating the negative effects of bioenergy use, such as 
deforestation or soil degradation, and risks to food security. 
Similarly, a scheme to certify sustainable biomass is to be 
developed for the programme area (GEF, 2007a, c). Dem-
onstration projects on biofuels have already been financed 
within the framework of the Small Grants Programme 
(GEF and UNDP, 2006), and in the current GEF-4 period 
(2006–2010) funds are also to be deployed for research 
and development on the sustainable use of biofuels (GEF, 
2007b). This programme area is part of the mitigation sub-
programme of the GEF’s climate change window, which has 
been allocated funds of just under US$ 1000 million for four 
years (GEF, 2006).
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global bioenergy production is taking place outside 
the CDM. The CDM is at best no more than a flank-
ing mechanism which helps to ensure that bioenergy 
production and use are directed into a sustainable 
pathway. Nonetheless, it is important to ensure that 
incentives for sustainability are created and, above 
all, that the CDM rules do not create incentives for 
increasingly non-sustainable bioenergy production 
and use. 

The CDM has been successful in that it has estab-
lished an international market for reduction activ-
ities. On the other hand, the question which arises 
is to what extent the CDM has achieved its goal, 
namely to promote sustainable development in 
developing countries, and whether it genuinely sup-
ports ecologically sustainable climate change mitiga-
tion (Schneider, 2007). The scope afforded by bioen-
ergy projects illustrates these fundamental problems 
besetting the CDM:

In terms of the goal of promoting sustainable 
development, it is notable that for bioenergy, as for 
other sectors, poorer countries in which traditional 
forms of bioenergy predominate (Sections 4.1 and 
10.8) have rarely been the target of project activi-
ties to date (Jürgens et al., 2006; JIKO, 2007). And 
yet it is in precisely these countries that the CDM 
could make a contribution to sustainable develop-
ment: through adapted bioenergy use, local outdoor 
and indoor air pollution can be reduced, rural energy 
supply improved and poverty-related deforestation 
and soil degradation minimized. WBGU therefore 
recommends that in the debate in the CDM bodies 
on non-renewable biomass, a greater focus be placed 
on projects for the substitution of inefficient tradi-
tional forms of biomass use. In this context, stringent 
but attainable benchmarks should be established to 
measure the success and especially the permanence 
of efficiency increases and modern biomass use. Oth-
erwise, one of the key reasons for including biomass 
in the CDM is undermined, namely that modern 
biomass use can reduce fossil fuel use in the long 
term. These criteria apply to an even greater extent 
to projects which involve the substitution of fossil 
fuels by biofuels. In other respects, the outcome of 
the REDD process should be awaited (Box 10.2-2). If 
an appropriate regime for rewarding avoided defor-
estation and degradation is established, this could 
create scope for the promotion of emissions reduc-
tion projects for traditional biomass use.

However, CDM projects which involve the substi-
tution of fossil energy with bioenergy – and indeed 
the increasing use of bioenergy overall – also pose 
some risks to the climate. Many bioenergy projects – 
with the possible exception of those involving the use 
of residues – are associated with an increased, rather 
than reduced, requirement for biomass. This directly 

increases the withdrawal of biomass from the natural 
environment, and intensifies the pressure to convert 
forests and grasslands to create space for the cultiva-
tion of energy crops. There is also a risk that in adja-
cent regions, in particular, the conversion of largely 
intact forest or grassland for other agricultural usages 
(e.g. pasturage, food production) will increase as an 
indirect consequence of more intensive cultivation 
of energy crops and the displacement of these other 
forms of use to other areas. As a result, greenhouse 
gas emissions are thus caused by land-use changes 
outside the CDM projects, but these emissions are 
not deducted – or are only deducted to a limited 
extent – from the certified emissions reductions. 
The issue, then, is whether leakage effects resulting 
from CDM promotion of bioenergy use can be miti-
gated by combining CDM projects on bioenergy with 
afforestation measures (Dutschke et al., 2006; Schla-
madinger et al., 2006).

10.2.3.2  
Options for further development of the rules

The development of CDM projects currently has only 
a very limited influence on bioenergy use in develop-
ing countries. Any expansion of CDM projects that 
includes the cultivation of energy crops should be 
viewed with scepticism unless it can be ensured that 
the use of land for this purpose will not give rise to 
leakage effects and result in terrestrially stored car-
bon being released elsewhere. As in practice, it is 
impossible to undertake comprehensive GHG bal-
ances for such projects and quantify all side- and 
remote effects, including leakage effects, as precisely 
as necessary, ancillary criteria could be applied. For 
example, every certified and credited emissions re-
duction could be mitigated by an average or country-
specific leakage deduction. 

The alternative approach – to couple projects for 
more intensive bioenergy use to afforestation/refor-
estation measures – may not mitigate leakage effects; 
indeed, in extreme cases it could actually increase 
them, as it could result in the displacement of activi-
ties from the areas to be reforested to other regions. 
Ultimately, however, it is the treatment of land use 
and land-use changes, rather than bioenergy policy in 
particular, which plays a key role in this context. For 
example, adaptations of the CDM to the new rules 
governing the LULUCF sector in the framework of 
a post-2012 regime must be anticipated. It is possible 
that the parties to the UNFCCC will adopt a raft of 
new rules on the treatment of the LULUCF sector, 
based on experience in this first commitment period. 
It must then be determined which role CDM should 
play in this land-use regime. In particular, the prob-
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lems of leakage and permanence are factors in favour 
of using the ancillary criteria mentioned above, and 
CDM should not be given a key role in reducing 
emissions in the LULUCF sector. 

On the other hand, the potential scope afforded 
by CDM for contributing to the substitution of fossil 
fuels through bioenergy projects should be expanded. 
However, it is essential to review more stringently 
and consistently whether, in the overall balance, 
the bioenergy used genuinely reduces greenhouse 
gas emissions compared with the use of fossil fuels 
(Section 7.3). CERs should only be issued for these 
reductions. In cases of doubt, project activities should 
be rejected rather than be promoted by CERs; this 
should be safeguarded through the application of 
stringent criteria. The current rules on leakage effects 
(UNFCCC, 2006) form a good basis for stringent cri-
teria, or should be developed in this direction.

As regards bioenergy projects to reduce inefficient 
traditional forms of biomass use, the CDM should 
be utilized in order to contribute to the dissemina-
tion of appropriate technologies in poorer develop-
ing countries and in rural regions in general, thus 
preventing the increased use of fossil fuels. Current 
developments within the UNFCCC framework are 
moving in the direction of allowing simplified meth-
ods for small-scale CDM projects which facilitate 
the transition to sustainable biomass energy use, e.g. 
via biogas stoves or highly efficient biomass cookers 
(UNFCCC, 2008b; Chapter 8). Other amendments to 
the rules could create additional scope for projects 
geared towards more efficient energy use of biomass 
at the level of individual households and small enter-
prises, and simplify procedures for project develop-
ers in the interests of transparency. However, clear 
incentive effects must be created through the CDM. 
At the same time, flat-rate deductions on reduction 
credits could play a role here, e.g. to take into account 
the fact that emissions reductions through improved 
efficiency are partly offset by the more frequent 
cooking or more intensive heating that accompanies 
greater efficiency.

A very different approach to CDM would arise if 
in the Kyoto Protocol the automatic assumption of 
zero emissions from the burning of bioenergy carri-
ers were abandoned and a different approach were 
adopted to the attribution and accounting of emis-
sions associated with bioenergy (Section 10.2.2). 
If CO2 uptake in plant growth is offset against the 
emissions released during cultivation and harvesting 
and the emissions associated with use were counted 
at the place of use, projects to increase the efficiency 
of traditional biomass use could be directly eligible 
for CDM. The quantitative potential of CERs which 
could be issued for the substitution of fossil fuels by 
bioenergy would noticeably decrease, however.

10.2.4  
Approaches to an integrated post-2012 solution

From WBGU’s perspective, it is extremely important 
that the decisions on a post-2012 regime to be taken in 
Copenhagen in 2009 are shaped in a way which leads 
to a swift reversal of trends in global greenhouse gas 
emissions. In order to comply with WBGU’s climate 
guard rail, it is important, on the one hand, for this 
reversal of trends to be achieved as early as possible, 
i.e. within a few years of the adoption of the regime, 
and on the other, for the foundations for a long-term 
and continuous decrease in global emissions beyond 
the mid 21st century to be put in place now (WBGU, 
2008). To this end, it is essential to agree appropriate 
incentive schemes to reduce emissions in all the rel-
evant sectors, each encompassing as many countries 
as possible. It is not necessary for all the various sec-
tors to be subject to the same incentive scheme, how-
ever. However, the absorption and release of CO2 by 
the terrestrial biosphere differs from the emissions 
of fossil energy sources in a number of fundamental 
respects, including measurability, reversibility, long-
term controllability and interannual fluctuations 
(Section 5.5). WBGU has therefore proposed, in its 
Special Report 2003 (WBGU, 2003), that a separate 
protocol on the protection of terrestrial carbon res-
ervoirs be adopted within the UNFCCC process. This 
proposal is discussed in more detail below. 

Annex A of the Kyoto Protocol lists those sectors 
to which the reduction commitments of the Annex I 
countries apply. It does not include emissions from 
land-use changes and forestry. Nonetheless, under the 
current rules Annex I countries may opt for selected 
emission reduction measures in these sectors to be 
offset against their reduction commitments. 

As discussed above, WBGU considers that CO2 

emissions arising from land use, land-use change and 
forestry (LULUCF) should be fully and systemat-
ically included in the post-2012 regime in order to 
ensure that the incentive given to bioenergy use by 
the UNFCCC is based on the actual contribution 
to climate change mitigation made by this use. This 
correction would be facilitated even more if bioen-
ergy was treated with the principle used elsewhere of 
always allocating emissions to the place and time of 
their release (Section 10.2.2). 

WBGU recommends that in future, rather than 
setting national limitations for all emissions (sec-
tors listed in Annex A and the LULUCF sector), 
separate commitments should be envisaged for 
LULUCF. There are various arguments in favour of 
this approach:
1. It avoids a situation in which the substantial inac-

curacies and measuring difficulties, interannual 
fluctuations and relatively poor amenability to 
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planning, etc. in the LULUCF sector adversely 
affect the appropriateness of measures adopted in 
the Annex A sectors. 

2. It avoids the emergence of lock-in effects in emis-
sions-intensive technologies in the Annex A sec-
tors (e.g. energy generation, transport infrastruc-
ture, etc.) such that as a result of short-term suc-
cesses in the LULUCF sector, investments in 
other sectors are dispensed with and technolog-
ical developments are delayed (WBGU, 2007). 
Ultimately, as LULUCF measures are limited in 
scope, it is fossil energy use which will determine 
whether the 2° guard rail can be complied with or 
not (Section 5.5).

3. Since the different sectors also have very different 
characteristics in terms of time-related dynamics 
and amenability to planning, it would seem more 
appropriate,  from the point of view of remaining 
within the 2°C guard rail, to define separate re-
duction targets rather than one overarching target 
where the allocation of the target across the vari-
ous sectors takes place via the market according to 
the marginal abatement costs for short-term emis-
sions reductions. 

4. For emissions from the LULUCF sector, a differ-
ent approach for the allocation of commitments 
than that applied in the Annex A sector would 
seem appropriate. Whereas for the Annex A sec-
tors, an overall allocation key for commitments 
is a sensible option (e.g. emission rights based on 
harmonization of absolute per capita emissions), 
harmonization of per capita emissions from the 
LULUCF sector would not appear to offer any 
advantages, especially as the general objective is 
to increase its sink function. 

5. In light of the debate about REDD in the LULUCF 
sector, the opportunity arises to reach an agree-
ment with emissions reduction targets for a larger 
group of countries than the Annex I countries. 

WBGU therefore recommends that a comprehen-
sive separate agreement on the conservation of the 
carbon stocks of terrestrial ecosystems be negoti-
ated. This agreement should (1) take up the debate 
on REDD, (2) replace the existing rules on offsetting 
reduction commitments in the sectors listed in Annex 
A to the Kyoto Protocol against sinks (including 
through CDM activities) and (3) fully include all CO2 
emissions from LULUCF. The allocation of commit-
ments should take place in line with the principle of 
common but differentiated responsibilities, whereby, 
besides historical and current emissions, a country’s 
stock of forests and other terrestrial carbon sinks, as 
well as its economic capacity, should undoubtedly 
play a role. At the same time, the targets and interna-
tional compensation mechanisms should be designed 
in a way which creates incentives for the participa-

tion of as many non-Annex I countries as possible 
(Section 10.2.2.2).

Despite the above-mentioned arguments in 
favour of separate target agreements, WBGU con-
siders it appropriate from the point of view of eco-
nomic efficiency to aim, in a second step, for a cer-
tain level of fungibility of emission rights from the 
regime to reduce emissions in the Annex A sectors 
and the regime for the LULUCF sector. However, on 
account of measurement problems and other uncer-
tainties attaching to LULUCF emissions, this fungi-
bility should be clearly demarcated and associated 
with deductions. WBGU identifies a considerable 
need for research on the precise form that such an 
arrangement should take.

10.2.5  
Conclusions

The UNFCCC, including the Kyoto Protocol and 
the post-2012 regime, plays a key role in interna-
tional bioenergy policy, firstly in the evaluation of the 
impacts of bioenergy use on climate change mitiga-
tion, and secondly in terms of steering the incentives 
for forms of bioenergy use which are at least sustain-
able from a climate perspective. The existing rules 
and allocation modalities within the Convention and 
the Protocol fall far short of these objectives. This is 
partly due to the fact that bioenergy production and 
use have an impact on emissions from energy and 
agriculture, on the one hand, and on emissions from 
land use and land-use change, on the other. These 
sectors are subject to divergent requirements in rela-
tion to the rules on emissions and emissions reduc-
tions. Existing rules which initially served to simplify 
complex emissions data, or which arose as a result of 
political compromises that were designed to resolve 
conflicts of interest, currently impede a consistent 
approach to the treatment of bioenergy in the cli-
mate regime and are creating the wrong incentives. 

These insufficiencies in the climate regime must 
be corrected so that the regime – including the CDM 
– promotes the use of bioenergy in a way which genu-
inely makes the greatest possible contribution to pre-
venting dangerous climate change. It is clear, how-
ever, that even a highly effective and efficient cli-
mate regime which consistently evaluates and mon-
itors all the processes taking place in the bioenergy 
sector cannot safeguard compliance with other sus-
tainability dimensions (e.g. biosphere conservation, 
global minimum food production). For that reason, 
and because it is unlikely that all the relevant coun-
tries will commit to emissions ceilings for the time 
being, other institutions must be involved and other 
mechanisms deployed (Section 10.3 ff.). 
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10.3
Standards for the production of bioenergy carriers 

In view of the risks identified by WBGU in rela-
tion to bioenergy production, notably its potential 
impacts on the climate and biosphere, as well as the 
social problems with which it is associated, defining 
and introducing comprehensive sustainability stand-
ards for bioenergy carriers is essential as a regula-
tory measure. This is the only way to ensure that the 
international community and individual countries 
can exert influence over bioenergy production meth-
ods (cultivation of feedstocks, conversion) and guar-
antee their sustainability.

10.3.1  
WBGU’s criteria for a bioenergy standard 

A number of European countries – including Ger-
many, the United Kingdom, the Netherlands and 
Switzerland – have pioneered the development of 
sustainability standards for bioenergy carriers, espe-
cially liquid biofuels. In Switzerland and the United 
Kingdom, legislation is already in force which makes 
the promotion or import of biofuels conditional on 
compliance with appropriate sustainability crite-
ria. In 2008, in its Proposal for a new directive on 
the promotion of the use of energy from renewable 
sources, the European Commission also defined sus-
tainability criteria that would apply to liquid biofuels 
produced in the EU or imported from other coun-
tries and calculated as part of a national blending 
quota or covered by other promotion measures such 
as tax reductions. However, the European Commis-
sion’s approach and the unilateral schemes in Swit-
zerland and the United Kingdom do not impose a 
general ban on the import and use of bioenergy prod-
ucts which do not meet these standards. 

WBGU, by contrast, recommends the introduction 
of minimum standards as a basic prerequisite for the 
use of all bioenergy products. These minimum stand-
ards could be introduced at national level initially 
but should be established at international level in 
the long term, not least in view of trade rules. More-
over, the minimum standard should apply not only 
to biofuels but to all bioenergy carriers produced 
from renewable feedstocks and crop residues. This 
includes end products such as biomethane, biofuels, 
electricity from biomass and wood pellets, and also 
bioenergy feedstocks, i.e. energy crops, wood prod-
ucts, vegetable oils and crop residues such as straw 
and forest residues used in energy generation. Culti-
vation and/or supply of renewable energy feedstocks 
(energy crops, organic residues) for energy recovery 
should only be promoted if they make a specific con-

tribution to sustainable land use (promotion criteria 
for biomass production: Section 10.3.1.2).

In principle, it would be desirable, from an eco-
logical perspective, for the production of all biomass 
products, including food and animal feed and biomass 
for feedstock use, to meet the same minimum stand-
ards. The only exception should be stipulations on 
greenhouse gas reduction potential: these should not 
be applied as stringently to the production of vital 
goods, such as foodstuffs, compared with bioenergy 
carriers. Nonetheless, the aim should still be to min-
imize greenhouse gas emissions from food and ani-
mal feed cultivation. The fact remains, however, that 
introducing a general biomass standard is a complex 
task and is difficult to enforce politically in the short 
term, so the minimum standard for bioenergy carri-
ers, as called for by WBGU, must be viewed as the 
first step towards a global land-use standard. 

In implementing the minimum standard, it must 
be borne in mind that some bioenergy feedstocks 
such as rapeseed and palm oil, soya or grain can be 
used both for conversion to energy and for food and 
animal feed. A minimum standard for these products 
would automatically affect food and feed producers 
as well. However, WBGU only recommends this over 
the longer term. The duty to furnish proof that the 
standard has been adhered to should therefore lie in 
the first instance with the entity marketing the end 
product (e.g. biomethane, electricity from biomass, 
biofuels, wood pellets). For feedstocks and inputs, 
this would initially only create an indirect obliga-
tion to comply with the required minimum standard, 
which would only apply once it became clear that the 
biomass is destined for use as an energy source. The 
entity marketing the bioenergy end product would 
thus be required to provide evidence that the feed-
stocks it has purchased meet the minimum standard.

A different situation arises in relation to the pro-
motion of feedstock cultivation. Here, verification 
of compliance with the promotion criteria (Section 
10.3.1.2) should take place directly with the feed-
stock producers concerned (generally farmers and 
forest managers). In both cases, regulations are 
therefore required to establish a methodology for the 
assessment of feedstocks and semi-finished bioen-
ergy products. For GHG emissions from biomass 
inputs, WBGU recommends criteria for land use, e.g. 
a maximum limit for emissions from direct and indi-
rect land-use changes and from cultivation, as emis-
sions from feedstock cultivation crucially influence 
a bioenergy carrier’s energy balance throughout 
its life cycle. Failure to comply with this maximum 
limit would make feedstocks ineligible for promo-
tion schemes for cultivation, or for further process-
ing into bioenergy products. Definition of this land-
use standard (Section 10.3.1.1) would prepare the 
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way for the subsequent extension of binding stand-
ards to all biomass products, including food, animal 
feed and biomass for feedstock use. If the conver-
sion of biomass is promoted in addition to feedstock 
cultivation – e.g. within the framework of develop-
ment cooperation – technical standards should also 
be defined, to be applied to the various conversion 
methods, in order to limit GHG emissions during the 
conversion process. 

10.3.1.1  
A minimum standard for bioenergy carriers

WBGU’s recommendation for a minimum standard 
for bioenergy carriers is based on the criteria, set out 
in Chapter 3, for the sustainability of bioenergy (eco-
logical and socio-economic guard rails and other sus-
tainability criteria). The minimum standard is ini-
tially formulated in general terms without specific 
reference to subsequent implementation (whether 
this be national/regional/international or voluntary/
statutory). The options for implementing the stand-
ard are described in Section 10.3.2. The minimum 
standard takes account of climate protection princi-
ples, on the one hand, and, on the other, principles 
pertaining to biosphere and soil protection, sustain-
able water resources management and land use as 
well as the need to safeguard decent working condi-
tions in the production of bioenergy carriers. WBGU 
confines itself in this context to a small number of 
key principles in order to safeguard compliance with 
international trade rules and increase the likelihood 
of the minimum standard being implemented swiftly. 
In WBGU’s view, the aspect of food security cannot 
be adequately encompassed in a minimum standard 
for bioenergy at individual producer level, so food se-
curity – although defined as a guard rail and sustain-
ability factor in Chapter 3 – is not included in the fol-
lowing catalogue of principles.

Reducing greenhouse gas emissions through 
the use of bioenergy carriers
WBGU considers that it would be suitable to intro-
duce a rule which, taking direct and indirect land-use 
changes into account, ensures that the use of bioen-
ergy carriers reduces greenhouse gas emissions by at 
least 30 t CO2eq per TJ of raw biomass used in com-
parison with fossil fuels. For biofuels, this is equiva-
lent to a GHG reduction of around 50 per cent com-
pared to fossil fuels. If an additional GHG reduction 
from co-products is demonstrated, these products 
can also be factored in. The methodology for calcu-
lating GHG emissions is explained in more detail in 
Section 7.3. 

For the cultivation of biomass feedstocks, the 
greenhouse gas emissions produced from direct and 
indirect land-use changes from a specific reference 
date onwards, including the loss of the sink effect, 
should not exceed the amount of CO2 that can be 
fixed on the same site (i.e. on the land itself and in 
harvest products) by the energy crop within ten years 
(land-use standard). The analysis should also take 
account of the predicted emissions from cultivation, 
e.g. N2O emissions from the use of fertilizers. 

Avoiding indirect land-use change
Indirect land-use change – i.e. the displacement of pro-
ductive forms of land use (e.g. cultivation of food and 
animal feed, pasturage) – by the cultivation of energy 
crops in areas that are valuable for biodiversity and 
climate protection should be avoided. GHG emis-
sions from indirect land-use change should there-
fore be factored into the GHG life-cycle analysis of a 
bioenergy carrier. WBGU recommends that initially, 
accounting for GHG emissions from indirect land-
use change should take place using the ‘iLUC factor’ 
proposed by the Öko-Institut (Institute for Applied 
Ecology) (Fritsche and Wiegmann, 2008; Box 7.3-2), 
using 50 per cent of the theoretical value. Box 10.3-1 
presents this and other methods of accounting for 
indirect land-use change in the context of a bioen-
ergy standard. 

Preserving protected areas, ecosystems and 
areas with a high nature conservation value
In order to safeguard biodiversity and ecosystem serv-
ices, energy crops should not be cultivated in exist-
ing protected areas or in any elements of protected 
area systems (e.g. corridors). Similarly, energy crops 
should not be cultivated in areas which, on a specific 
reference date (e.g. 1.1.2008), have been identified as 
areas of high conservation value, particularly natu-
ral ecosystems such as primary forests or wetlands, 
species-rich grasslands or savannahs. These exclusion 
zones must be identified prior to cultivation.

Cultivation systems for energy crops should be 
embedded in the landscape (linkage with protected 
area systems, preservation of landscape diversity and 
agrobiodiversity, identified of unused sub-areas). 
When cultivating energy crops, it is therefore essen-
tial to establish adequate buffer zones adjacent to 
protected areas/areas with a high nature conserva-
tion value. In some cases, the use of biomass from 
protected areas or areas with a high nature conser-
vation value may be compatible with protection 
(Section 5.4.1). Prior to any use of potentially inva-
sive non-local species, an assessment of the ecolog-
ical risks must be undertaken (Box 5.4-2). To facil-
itate the effective monitoring of land use and land-
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use change, a global satellite-based land-use register 
should be created (Section 12.6).

Maintaining soil quality
The only bioenergy carriers which should be used 
are those whose feedstock cultivation is proven not 
to impair soil functions or soil fertility in the long 
term, i.e. over a period of 300–500 years (e.g. through 
erosion, salinization, compaction or nutrient deple-
tion; Section 3.1.3). The renewable energy feedstocks 
used must comply with the provisions of national or 
regional (e.g. EU) law for the agricultural, forestry 
and fisheries sector (e.g. correct use of fertilizers, 
restrictions on pesticide use, avoidance of sediment 
input into neighbouring ecosystems). When using 
agricultural residues for energy recovery, it must be 
demonstrated that an adequate proportion of the 
residues is left in the fields for the maintenance of 
nutrient cycles and for humus formation. 

Sustainable use of forest residues
Forest residues which are used for energy recovery 
must come from a sustainably managed forest. It 
must also be shown that during their production, an 
adequate proportion of dead wood remains on the 
forest floor for the maintenance of nutrient cycles, 
and that the biological diversity of the forest ecosys-
tem is preserved. 

Ensuring the sustainable management of 
water resources
When cultivating energy feedstocks, it must be 
ensured that water quality and the hydrological 
regime are not significantly impaired and that there 
is no overuse of groundwater resources. The provi-
sions of national or regional (e.g. EU) law concerning 
the protection of water resources in the agricultural, 
forestry and fisheries sector must be complied with.

Avoiding the unwanted effects of 
genetically modified organisms
Genetically modified organisms (GMOs) should 
only be used if introgression from genetically mod-
ified plants into wild plants can be prevented, con-
tamination of, or inputs into, the food and animal 
feed chain can be ruled out, and there are demon-
strable benefits backed by reliable statistical data 
(e.g. improved productivity, reduced environmental 
impacts). GMOs must, as a matter of principle, com-
ply with national and international biosafety stand-
ards, for which the Cartagena Protocol on Biosafety, 
adopted within the framework of the CBD, is the rec-
ognized basis in international law.

Observing basic social standards
The minimum standards for bioenergy carriers 
should also encompass a number of the core labour 
standards of the International Labour Organization 
(ILO), particularly a ban on forced labour and child 
labour (in line with ILO Conventions 29, 105, 138 

Box 10.3-1

Ways of accounting for indirect land-use 
changes in a bioenergy standard 

Indirect land-use changes (iLUC, also referred to as leak-
age) are difficult to account for in a bioenergy standard using 
current methodologies. Nevertheless, some methods for 
dealing with this problem have been proposed: for example, 
a criterion could be formulated that limits the cultivation of 
energy crops to marginal land, e.g. fallow land and land with 
low productivity in its previous use. This largely prevents 
competition among uses but also means that, in some cases, 
the sustainable potential of bioenergy is not fully exploited. 
In addition, the existence of regulations on the planning 
of land use and protection areas in the producer country 
could be a prerequisite for certification (Fehrenbach et al., 
2008). Such a criterion would be feasible but inadequate; on 
the one hand, legislation in many developing countries and 
emerging economies is not implemented effectively, and on 
the other, it would only address local and national displace-
ment effects, not international ones. 

Alternatively, the life-cycle analysis could include an 
additional GHG factor which factors in the risk of a poten-
tial, indirect land-use change and puts the additional GHG 
emissions onto the GHG balance of the bioenergy car-

rier. The Öko-Institut, for example, has proposed such a 
factor, which has already been used in model calculations 
(iLUC-Faktor; Fritsche and Wiegmann, 2008; Section 7.3). 
WBGU supports the further development of this factor. It 
should be borne in mind that such a factor would also have 
to take account of the impacts of indirect land-use change 
on biodiversity and food security, in addition to the GHG 
emissions. In the opinion of WBGU, this could take place 
in a separate assessment model that can estimate which 
type of land in which region is more likely to be converted 
to replace the displaced use; this allows conclusions to be 
drawn about the consequences for biodiversity and food se-
curity. On the basis of these results, a bioenergy carrier can 
be awarded a bonus or a penalty in the overall assessment. 
Further research is required, as specific causality relation-
ships can only be represented realistically by means of com-
plex models (Sections 7.3 and 11.1.2).

Ultimately, the problem of indirect land-use change in 
connection with the cultivation of energy crops can only 
be completely resolved if all the countries and all types of 
biomass are included within a uniform standard, or if bind-
ing international agreements are concluded on national 
land-use planning criteria (including systems of protected 
areas). These must be demonstrably implemented by all the 
relevant biomass-producing countries (Box 10.3-5).
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und 182) and standards for adequate protection of 
health and safety at work. This is intended to ensure 
that as well as complying with sustainability criteria, 
which are mainly motivated by ecological concerns, 
the production of biomass does not violate basic 
social standards.

Monitoring of compliance with labour standards 
is often quite complex and entails a reversal of the 
burden of proof, so WBGU – for pragmatic reasons – 
limits its proposal for a minimum standard to a small 
number of core issues. More far-reaching criteria 
relating to working conditions, fair business practices 
and respect for land rights should, however, be met in 
case of any explicit promotion of biomass feedstock 
production (Section 10.3.1.2). 

As already mentioned, food security is not dealt 
with specifically in WBGU’s minimum standard, as 
the impacts of bioenergy production on the availa-
bility of foodstuffs cannot be determined at indi-
vidual-producer level. However, the competition 
between bioenergy cultivation and food security 
(i.e. the food/fuel nexus) is taken into account in the 
minimum standard through the evaluation of indi-
rect land-use change (Box 10.3-1). A monitoring and 
reporting duty for food security would certainly be 
useful for the evaluation of bioenergy programmes 
and projects at country level, however. 

It is important to ensure that as the next step the 
recommended principles for the minimum standard 
are translated into criteria which are as clear and ver-
ifiable as possible. In their further elaboration, crop-
ping systems’ feedstock- and country-specific char-
acteristics may have to be taken into account. Some 
degree of flexibility in the national interpretation 
of the criteria would also improve compliance with 
the rules of the World Trade Organization (WTO) 
(Fehrenbach et al., 2008). 

In Germany and the European Union, the criteria 
must be harmonized with standards of good profes-
sional practice and Cross Compliance rules in partic-
ular. The sustainability standards for bioenergy carri-
ers should be adapted to any legislative amendments 
relating to agricultural standards in Germany and 
the EU. Conversely, the good professional practice 
and Cross Compliance rules should also be reviewed 
as part of the debate about sustainability criteria for 
biofuels and other bioenergy carriers and, if neces-
sary, more stringent criteria should be adopted. In 
particular, they should be enhanced with climate pro-
tection aspects as part of the review of the EU’s com-
mon agricultural policy (CAP) in 2008 and 2009 (Sec-
tion 12.1). This would ensure that bioenergy products 
from Europe automatically meet high environmental 
and climate standards. 

10.3.1.2  
Promotion criteria for biomass production

Compliance with the minimum standard should be a 
fundamental prerequisite for the production of bioen-
ergy carriers. If the minimum standard is implemented 
effectively, bioenergy carriers which are classed as 
particularly unfavourable in terms of their ecological 
and social implications would be excluded from the 
market. Bioenergy usage should only be actively pro-
moted if it enables particularly high climate protec-
tion impacts to be achieved. To be eligible for promo-
tion, the use of the bioenergy, taking account of direct 
and indirect land-use change, should result in a life-
cycle greenhouse gas reduction amounting to at least 
60 t CO2eq per TJ of raw biomass used, as compared 
with fossil fuels (Section 10.7.2). The promotion of 
biomass feedstock production based on other addi-
tional criteria could also be considered. Promotion 
should take place if the cultivation of energy crops 
and the provision of other biomass feedstocks help 
to achieve demonstrable improvements, e.g. in the 
form of reduced energy poverty or increased climate, 
biodiversity or soil protection. The latter, in partic-
ular, can be achieved if direct and indirect land-use 
change can be avoided. For that reason, the use of 
biogenic waste and residues in particular and the cul-
tivation of energy crops at sites which induce little or 
no displacement of previous forms of use (e.g. food/
animal feed cultivation), especially marginal land, 
are particularly worth promoting. 

Criteria for the promotion of biogenic waste 
and residues use
Energy recovery from biogenic waste (including 
cascade use) and residues should generally be pro-
moted. In the case of residues from agriculture or for-
estry, sustainability – i.e. the maintenance of soil fer-
tility – should be the criterion determining eligibility 
for promotion schemes. For the promotion of energy 
recovery from waste, an analysis of current use 
should ensure that no displacement effects occur, e.g. 
to ensure that if biogenic waste has hitherto been uti-
lized in the substance cycle, its diversion into energy 
recovery does not trigger an unwanted demand for 
alternative resources. 

Criteria for the promotion of energy crop 
cultivation
Beyond the minimum standard, the cultivation of 
energy crops should meet all the following criteria in 
order to be eligible for promotion: 
•	 Increase of carbon uptake on the site as a result 

of cultivation: Cultivation systems based on per-
ennial energy crops – in which the entire above-
ground biomass (grass, wood) or the fruits of per-
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ennial oil plants are used as feedstocks – should 
be promoted. As the below-ground parts of these 
energy crops are not harvested as biomass, carbon 
uptake in the soil occurs, thus enhancing soil fer-
tility. 

•	 Minimization of greenhouse gas emissions in the 
cultivation process: Turning and regular tillage 
of the soil should largely be dispensed with, and 
there should be an emphasis on year-round ground 
cover. There should be a demonstrable reduction 
in the use of primary energy (and therefore green-
house gas emissions) in the cropping system, with 
the food or feed production typical of the region 
serving as the baseline for comparison. Biogenic 
fertilizers (e.g. farmyard manure, slurry and mulch, 
but also green manuring through catch crops or bi-
cropping, or ash spreading) should be used in pref-
erence to synthetic (especially nitrogen) fertiliz-
ers. Leaching of nutrients from the land should not 
occur.

•	 Integrated plant protection: Pesticide use should 
be substituted as far as possible with integrated 
plant protection. Among other things, this entails 
the preferential use of biological and mechanical 
protection measures and the selection of resistant 
species. 

•	 Sustainable use of water resources: If irrigation is 
used, this should be based on an effective inte-
grated water resources management plan, to be 
implemented over a period of at least 15–20 years. 
Salinization and waterlogging should be avoided. 

•	 Preservation of biodiversity: Cropping systems 
with maximum possible diversity (of varieties, spe-
cies, cropping sequences, landscapes) should be 
promoted. Cultivation of potentially invasive spe-
cies must be avoided. An assessment of the nature 
conservation value should be undertaken prior to 
any utilization of marginal land. 

•	 Decent working conditions: Only those feedstocks 
should be promoted for which the producer can 
provide evidence of the adoption of measures to 
improve working conditions in the production 
process, beyond compliance with the ILO’s core 
labour standards. In particular, this must include 
the payment of a living wage and an agreement 
on fair working conditions, and it must be demon-
strated that other measures to improve health and 
safety at work have also been adopted. 

•	 Fair	 terms	of	 trade	for	feedstocks,	and	respect	for	
the local communities’ land rights and interests: 
If biomass feedstocks are being produced within 
the framework of contract farming, the purchaser 
must also provide evidence that all feedstocks 
have been acquired at the usual prices for the sec-
tor, and that he maintains reliable and transparent 
business relations with local feedstock producers. 

In developing countries in particular, the interests 
of local and indigenous communities and landless 
persons should be respected. It must be demon-
strated that land tenure and ownership rights are 
also being respected and that cultivation areas 
have been acquired lawfully.

It is assumed that these criteria are most likely to be 
met in the cultivation of energy crops on marginal 
land, which is why WBGU considers this to be par-
ticularly worth promoting. 

The modernization of traditional bioenergy use 
can make a valuable contribution to overcoming 
energy poverty, especially in rural regions in devel-
oping countries. Here, WBGU considers that pro-
motion of bioenergy-based projects is justified even 
if climate protection and promotion criteria are not 
being met in full. 

10.3.2  
Schemes for the implementation of standards for 
bioenergy carriers

The implementation of the minimum standard for 
bioenergy carriers, described in Section 10.3.1, can 
in principle take place in various ways. On the one 
hand, it can be introduced unilaterally by a single 
actor (private organizations, the state, the European 
Union) on a unilateral basis; on the other, it can be 
negotiated between various parties on a bi- and mul-
tilateral level. It can also be introduced with varying 
levels of binding legal force: possible options include, 
for example, a binding legal standard at national 
and international level, or the adoption of voluntary 
guidelines or general principles. A minimum stand-
ard can also be introduced in the financing of bioen-
ergy projects by multilateral development banks and 
international financing institutions.

In light of the high level of uncertainty and risks 
associated with the production and use of bioenergy, 
WBGU recommends that the European countries 
initially introduce the binding standard on a unilat-
eral basis at the level of the European Union, but 
then ideally extend it via bi- and multilateral agree-
ments between key bioenergy producer and con-
sumer countries. To some extent, existing voluntary 
standards can serve as a frame of reference in this 
context, and existing voluntary certification schemes 
can be used in the verification of binding minimum 
standards. Rules based solely on voluntary stand-
ards are inadequate in the case of bioenergy produc-
tion, in WBGU’s view, as they cannot safeguard sus-
tainability on a broad basis with the requisite level 
of impact. 
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10.3.2.1  
Standards established by private, state and 
supranational organizations

Legally binding minimum standards and 
their implementation
The introduction of a statutory minimum standard 
is the most binding form of standard-setting. A min-
imum standard defines limit or threshold values and 
criteria which must be met in the production process, 
with non-compliance resulting in special treatment 
of the product in question, e.g. a ban on import or use. 
A general statutory obligation requiring all types of 
bioenergy carrier to comply with sustainability crite-
ria is currently not envisaged in any country, as far as 
can be ascertained. Relevant plans by the European 
Union and individual European countries mainly 
entail the identification of liquid biofuels which qual-
ify for promotion. The European Union, for example, 
as part of its strategy on climate change, aims to sub-
stitute an increasing share of fossil fuels with biofuels 
and make compliance with binding minimum stand-
ards a prerequisite for promotion in the Member 
States via national blending quotas or tax reductions 

(Section 4.1.2). The requisite sustainability crite-
ria were defined in the Commission’s Proposal for a 
directive on the promotion of the use of energy from 
renewable sources (Box 10.3-2). 

The proposed criteria described in the Box 
(Council of the European Union, 2008) therefore 
cover many of the areas which are also addressed in 
WBGU’s minimum criteria for a standard for bioen-
ergy carriers (Section 10.3.1). The proposal can thus 
be regarded overall as a step in the right direction. 
However, as the criteria on local environmental 
impacts and working conditions lack binding legal 
force, the planned EU directive falls short of the 
principles which WBGU considers essential. In order 
to be effective, the proposal should contain binding 
criteria concerning the impacts of feedstock cultiva-
tion on soils and water resources, and also in respect 
of individual ILO core labour standards (especially 
forced and child labour). The proposal should also be 
expanded to include the methodologies for the calcu-
lation of indirect land-use changes, as recommended 
by WBGU (Section 7.3). The use of genetically mod-
ified organisms (GMOs) should also be subject to 
specific criteria. This is the only way to safeguard the 

Box 10.3-2

EU sustainability criteria for liquid biofuels

Within the framework of the planned EU directive on the 
promotion of the use of energy from renewable sources (as 
at: September 2008), the Council of the European Union 
has proposed the following sustainability criteria for liquid 
biofuels:

1. GHG reduction
The reduction in greenhouse gases resulting from the use 
of biofuels compared to fossil fuels should be at least 35 
per cent and should increase to at least 50 per cent from 
1 January 2017. Biofuels from feedstocks originating from 
restored and degraded land should be awarded a bonus and 
the entitlement to higher GHG output.

2. Conserving biodiversity
Biofuels should not be produced from feedstocks that have 
been extracted from high-value areas in terms of biodiversity, 
especially those that were primary forests, protected areas 
or biodiverse grasslands prior to 1 January 2008.

3. Preserving carbon reservoirs
Biofuels should not be produced from feedstocks that have 
been extracted from areas with large carbon reservoirs, 
especially those that were wetlands or woodland areas with 
an area of more than 1 ha (tree height > 5 m; canopy cover 
> 30 per cent) prior to 1 January 2008.

4. Criteria for agricultural cultivation
Feedstocks produced within the European Union must sat-
isfy the same requirements that have to be met in order to 
be eligible for direct payment within the framework of the 
EU agricultural policy (cross compliance). The Commission 
will submit a report to the Parliament and the Council every 

two years, starting in 2012, on national compliance with the 
sustainability criteria in 1.–3. above and the cultivation con-
ditions for biomass feedstocks in member states and third 
countries (including water and soil conservation, air pollu-
tion, and the use of agrochemicals). The Commission will 
also investigate the possibilities of introducing mandatory 
criteria for the protection of soil, water and the air by 2015.

5. Social criteria 
The reporting requirement of the Commission mentioned in 
4. above should also be extended to the national implemen-
tation of the ILO core labour standards – in both the mem-
ber states and the countries producing biomass feedstocks 
– as well as to the socio-economic impacts of biomass use 
in general. In particular, the Commission’s reports should 
comment on the development of food prices and the poten-
tial risks to food security. The observance of land rights and 
other development issues should also be discussed.

The above-mentioned sustainability criteria will initially 
relate to all liquid biofuels, and the Commission is to inves-
tigate whether they can be extended to include other uses of 
biomass by 2010. In order to establish comprehensive and 
more stringent sustainability criteria, the development of 
bi- and multilateral agreements with producer countries, as 
well as voluntary standards, is to be encouraged (Council of 
the European Union, 2008).

As regards certification, the EU intends to recognize 
various schemes, provided that their testing criteria ensure 
compliance with the requirements of the directive. This 
procedure, also known as a meta standard approach, ena-
bles proof to be furnished of compliance with a standard by 
means of evidence of adherence to several sub-standards, 
the individual criteria of which, when taken together, fully 
cover those of the meta standard. 
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ecological and social sustainability of bioenergy with 
any degree of credibility. The EU’s plans to give pref-
erence to biofuels from biogenic waste and residues 
and the planned bonus for the rehabilitation of 
degraded areas are to be welcomed.

From WBGU’s perspective, however, the Euro-
pean Union should go further and introduce a 
requirement for all biomass products destined for 
use in energy production in the EU to comply with 
the minimum standards. Explicit promotion of energy 
crop cultivation and the supply of other biomass 
feedstocks should take place only if more stringent 
promotion criteria (Section 10.3.1.2) are fulfilled and 
if the cultivation or supply contribute to sustainable 
land use or a reduction in energy poverty. The Euro-
pean Commission launched a public consultation 
process in July 2008 to look at the expansion of the 
sustainability standard to all types of bioenergy; one 
issue under discussion is the introduction of mini-
mum standards as a general prerequisite for the mar-
keting of bioenergy products. This is WGBU’s pre-
ferred option.

If legally binding minimum standards for bioen-
ergy carriers are established as envisaged by WBGU, 
an appropriate internationally applicable certifica-
tion scheme must be developed within the Euro-
pean Union so that compliance by enterprises within 
the EU and abroad can be properly documented. 
The certification scheme should be structured so as 
to allow the inclusion of other forms of biomass use 
in the scheme in the medium to long term (Section 
10.3.1). This option is provided for, for example, in 
the International Sustainability and Carbon Certifi-
cation (ISCC) scheme, which was developed by Meó 
Consulting Team and is supported by the German 
Federal Ministry of Food, Agriculture and Consumer 
Protection (BMELV). The ISCC covers all types of 
energy carrier and is designed in such a way that all 
types of biomass can ultimately be covered by the 
scheme. Depending on the crops and regions, various 
minimum standards and GHG balances (default val-
ues) have been developed as a basis for certification. 
The ISCC project is based on a system of meta-stand-
ards, so existing certification schemes, e.g. for wood 
or food, are recognized in the validation of compli-
ance with the criteria (Meó Corporate Development, 
2008). WBGU supports the ISCC approach. WBGU 
also recommends that, as envisaged in the EU pro-
posal, products be certified on the basis of the mass 
balance system. In contrast to the book-and-claim 
system, which is also under discussion, the mass bal-
ance system allows traceability of product flows, 
which makes the system less susceptible to fraud. 

For the implementation of this type of certifi-
cation scheme, independent certification agencies 
would have to be created, along with supervisory 

bodies to monitor the market for bioenergy certifi-
cation and enforce compliance with the standards 
both nationally and internationally, and which could 
also impose penalties in the event of non-compli-
ance. Whereas standard-setting and monitoring are 
best performed by an individual state or the EU, the 
creation of appropriate certification systems and the 
certification process itself can take place in coopera-
tion with market actors. General outsourcing of cer-
tification to private accredited certification agencies 
would reduce the costs of such a scheme to the pub-
lic purse. However, compliance with the standards 
must nonetheless be safeguarded by government 
agencies through random checks. Developing coun-
tries and emerging economies should receive finan-
cial and technical support for the establishment of 
their national supervisory bodies. 

Voluntary standards
Various voluntary standards and certification schemes 
for biomass and energy products have already been 
established, and in some instances their substan-
tive focus, global applicability and global accept-
ance mean that they could serve as a reference sys-
tem for a standard for bioenergy carriers and perhaps 
be used in the certification process to demonstrate 
compliance with certification criteria. In general, 
voluntary standards and certification schemes have 
an advantage over a binding minimum standard: 
they can include more stringent criteria as the vol-
untary nature of the scheme results in a higher level 
of acceptance among the market actors concerned, 
and compliance with international trade rules is also 
more likely to be favourable (Section 10.3.4). 

Voluntary standards are attractive to producers 
if the additional spending on compliance with the 
standards and the certification process is offset by 
higher revenue from the sale of the certified prod-
ucts. This only occurs, however, if consumers are will-
ing to pay more for bioenergy carriers from certified 
sources, allowing the producers to charge a price pre-
mium. The extent to which consumers are willing to 
pay more determines the level of demand for certi-
fied products and therefore also the market share of 
certified bioenergy carriers. Raising consumer aware-
ness of possible negative environmental and social 
impacts in the production of bioenergy carriers could 
create a demand pull for sustainably produced bioen-
ergy carriers along the entire supply chain. 

In assessing the effectiveness of voluntary certi-
fication schemes in the bioenergy sector, it is help-
ful to cast a glance at existing certification schemes 
for wood, food and energy products (Table 10.3-1). 
It is clear that state regulation and incentive schemes 
play a far more important role in the market for cer-
tified renewable energies than in the market for eco-
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certified foods, for example. That being the case, 
experience with the certification of food cannot 
be applied directly to the bioenergy sector. In con-
trast to eco-certified foods, which also appeal to con-
sumers’ health awareness, voluntary certification of 
energy products can only achieve a significant mar-
ket share if there is a generally high level of environ-
mental awareness among consumers. In reality, how-
ever, the comparable product, i.e. eco-certified elec-
tricity, only accounts for a small share of the mar-

ket in most countries (Willstedt and Bürger, 2006), 
which gives some indication of consumers’ probable 
level of willingness to pay for certified bioenergy. In 
WBGU’s view, there is a need for further research on 
consumer behaviour in relation to voluntary stand-
ards and certification in the bioenergy sector (accept-
ance, information needs) (Section 11.4.3). 

Nor can it be expected that energy and fuel pro-
ducers will show sufficient willingness to submit vol-
untarily to a stringent sustainability standard. In the 

Table 10.3-1
Selected examples of existing standards and certification systems, and those in the development phase, for biomass products 
by sector.
Sources: van Dam et al., 2008; Lewandowski and Faaij, 2006; Zarrilli, 2006; Fritsche et al., 2006; Fehrenbach, 2007; Paul, 2008; 
SEKAB, 2008; Nordic Ecolabel, 2008; MDA, 2008

Voluntary standards and certification 
systems at international level

Voluntary standards and certification 
systems at national and EU level

Forestry Forest Stewardship Council (FSC) 
Principles and Criteria, Programme for 
the Endorsement of Forest Certification 
Schemes (PEFC), International Tropical 
Timber Organization (ITTO) guidelines

Malaysia: Malaysian Timber Certifi-
cation Council (MTCC) certification; 
Indonesia: Indonesian Ecolabelling 
Institute (LEI) certification

Agriculture International Federation of Organic 
Agriculture Movements (IFOAM), 
Good Agricultural Practices of the 
Euro-Retailer Produce Working Group 
(GlobalGAP, formerly EurepGAP), 
Sustainable Agriculture Network/Ra-
inforest Alliance (SAN/RA), Generic 
Fairtrade Standards for Small Farmers' 
Organizations of Fairtrade Labelling 
Organizations International (FLO)

Germany: VDLUFA/USL certificate; 
EU: CAP Cross Compliance

Food Fairtrade Labelling Organizations 
International (FLO) standards, UTZ 
Certified Codes of Conduct (coffee), 
Max Havelaar

Germany: Fairtrade mark, Bioland 
label; Switzerland: Bio Suisse label, Max 
Havelaar label; USA: Organic label; 
EU: EU organic label

Energy products EU: European Green Electricity Net-
work standard (EUGENE standard); 
USA: Green-e; Netherlands: Green 
Gold Label; Benelux: Electrabel 
label; Germany: the ok- Power label, 
Grüner-Strom (green electricity) label; 
Finland: Ecoenergia label; Switzerland: 
Naturemade label

General industry SA 8000 Social Accountability Interna-
tional (SAI) standard, Ethical Trading 
Initiative (ETI) Base Code; Interna-
tional Labour Organization (ILO) 
standards; Fairtrade Labelling Organi-
zations International (FLO) standards

EU: European eco-label; USA/EU: 
Energy Star

Bioenergy carriers
(some in development)

Roundtable on Sustainable Palm Oil 
(RSPO), Round Table on Responsible 
Soy (RTRS), Better Management Prac-
tices of the Better Sugarcane Initiative 
(BSI), Roundtable on Sustainable Bio-
fuels (RSB) at the Swiss EPFL (École 
Polytechnique Fédérale de Lausanne) 
in Lausanne 

Brazil: Social Fuel seal; Germany: 
International Sustainability and Carbon 
Certification (ISCC); Sweden: Verified 
Sustainable Ethanol Initiative of the 
company SEKAB; Nordic Ecolabel 
(The Swan) for biofuels; EU: European 
standardization process CEN/TC/383 
Sustainability criteria for biomass
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forestry sector, it has been observed that as the cri-
teria become more stringent, the market share of 
a voluntary certification scheme tends to decrease 
(Fehrenbach et al., 2008). Less stringent voluntary 
schemes such as the Programme for the Endorse-
ment of Forest Certification (PEFC) in the forestry 
sector or the Global Partnership for Good Agricul-
tural Practice (GlobalGAP) for foods may well be 
backed by the industry, but in a dynamically expand-
ing bioenergy market they cannot achieve the deep 
impact that WBGU regards as essential.

It must therefore be assumed that voluntary 
standards and certification schemes alone cannot 
guarantee the sustainability of bioenergy use. None-
theless – as will be demonstrated below – voluntary 
schemes do have a role to play to some extent as ref-
erence systems within the framework of binding min-
imum standards. As the market for bioenergy carri-
ers is closely linked with other forms of biomass use, 
e.g. biomass as food or animal feed and as industrial 
inputs, for which voluntary national and international 
certification schemes already exist to some extent 
(Table 10.3-1), potential synergies between certifi-
cation schemes for bioenergy carriers and existing 
certification schemes for other forms of biomass use 
should be exploited. 

Table 10.3-1 lists selected examples of existing 
standards and certification schemes for various prod-
uct categories and, specifically, standards currently 
being developed for bioenergy carriers: 

Various biomass standards and certification 
schemes have already been established for biomass 
for non-energy use, and in some instances their sub-
stantive focus, global applicability and global accept-
ance mean that they could serve as a reference sys-
tem for a standard for bioenergy carriers and could 
perhaps also be used in the certification process to 
demonstrate compliance with certification criteria. 
In the forestry sector, the standard adopted by the 
Forest Stewardship Council (FSC) is the benchmark 
against which a bioenergy standard should be meas-
ured. The FSC standard, alongside the less stringent 
PEFC standard, is currently the most important inter-
national standard for sustainable forest management 
(Kaiser, 2008). It is also recognized as a reference 
standard for many other standards (e.g. the Nature-
Made, ok-Power, and Green Gold labels). In the agri-
cultural sector, the Sustainable Agriculture Stand-
ard adopted by the Rainforest Alliance’s Sustain-
able Agriculture Network (SAN/RA) could serve as 
a model for the elaboration and implementation of 
the minimum standard recommended by WBGU. 
The Generic Fairtrade Standards for Small Farm-
ers’ Organizations developed by Fairtrade Label-
ling Organizations International (FLO) specifically 
for agricultural smallholdings could serve as a model 

for the certification of small producers in developing 
countries. In relation to social standards, the interna-
tionally recognized core labour standards defined by 
the International Labour Organization (ILO) can be 
used as a basis, although additional elements relat-
ing to adequate health and safety at work should be 
included. More comprehensive social criteria, to be 
complied with if biomass feedstock production is to 
be eligible for promotion, are defined in the Social 
Accountability 8000 standard (SA 8000). 

Some European countries already have labelling 
and certification schemes for green electricity, such 
as the Green Gold, Electrabel, Ecoenergia, Green 
Electricity and ok-Power labels (Zarrilli, 2006; Table 
 10.3-1). In most cases, however, these focus primarily 
on the origin of the renewable energy and addition-
ality along the entire electricity supply chain. These 
certification schemes only rarely make specific refer-
ence to sustainability criteria. The German ok-Power 
label and the Netherlands’ Green Gold label are 
exceptions in that they require biomass from agricul-
ture and forestry to achieve compliance with certifi-
cation schemes in line with the FSC scheme for wood 
and the ‘organic’ schemes for agricultural products, 
or the GlobalGAP standard. 

In the past, the European Union has established 
eco-standards for various product categories such as 
the EU organic label for foods and the EU’s Eco-
Label for other products. Standards of good agri-
cultural practice are incorporated into the rules on 
Cross Compliance within the common agricultural 
policy (CAP) and already set basic standards for land 
use in the EU. 

Countries which are key exporters of bioenergy 
carriers, such as Indonesia and Malaysia, have also 
developed standards and certification schemes for 
sustainable agriculture and forestry. For example, 
the Malaysian Timber Certification Council and the 
Indonesian Ecolabelling Institute run voluntary cer-
tification schemes for sustainable forestry.

It should be noted in this context, however, that 
while the standards and certification schemes men-
tioned here include criteria for the protection of nat-
ural resources such as soils, water resources and bio-
logical diversity as well as social criteria, none of the 
existing schemes includes criteria relating to GHG 
emissions reductions. This criterion is relevant only 
in the specific case of bioenergy and must therefore 
be newly defined, and methodologies discussed, in an 
appropriate standard or certification scheme. 

Due to the increasing production and use of bioen-
ergy, some schemes have now been developed specifi-
cally for the bioenergy sector that also contain criteria 
relating to GHG emissions reductions. A first private 
certification scheme for bioethanol from Brazil was 
recently unveiled by Swedish ethanol manufacturer 
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SEKAB (SEKAB, 2008). At the same time, the Nor-
dic Ecolabel (the Swan) has developed certification 
criteria for biofuels so that in future the logo – which 
until now has applied primarily to food and house-
hold products – can also be displayed on sustainably 
produced biofuels (Nordic Ecolabel, 2008). In Ger-
many, the International Sustainability and Carbon 
Certification (ISCC) scheme has been developed 
for the certification of bioenergy (Section 10.3.2.1). 
However, it is currently in the pilot phase and is not 
yet fully operational. With its Social Fuel Seal, which 
is tied to the new National Biodiesel Program, Bra-
zil now has a certification scheme for biodiesel which 
aims to integrate small family farms into the biodie-
sel production process to a greater extent, although 
the scheme is at present confined to this particular 
social dimension of biofuel production (MDA, 2008; 
GBEP, 2008). In parallel to the development of sus-
tainability criteria for biofuels under the EU directive 
on the promotion of the use of energy from renew-
able sources (Box 10.3-5), the European Committee 
for Standardization (CEN) has initiated the stand-
ardization procedure CEN/TC/383 for sustainably 
produced biomass for energy applications.

As shown in Table 10.3-1, various voluntary sus-
tainability standards are now also being developed 
specifically for bioenergy carriers at international 
level. For example, the Roundtable on Sustainable 
Palm Oil (RSPO), the Round Table on Responsi-
ble Soy (RTRS) and the Better Sugar Cane Initiative 
(BSI) have developed feedstock-specific standards 
(Doornbosch and Steenblik, 2007), although with 
the exception of the RSPO these standards are not 

yet operational; in other words, standards have been 
developed, but no related certification schemes have 
been established. The involvement of feedstock pro-
ducers, banks and investors, wholesalers and the con-
sumer goods industry in the decision-making bod-
ies is one reason why these multi-stakeholder initia-
tives sometimes arouse controversy (Fritz, 2007). The 
Roundtable on Sustainable Biofuels (RSB) was also 
launched in 2007 as an initiative of the Swiss EPFL 
(École Polytechnique Fédérale de Lausanne), with a 
specific focus on standard-setting for the biofuels sec-
tor. The RSB is committed to a highly participatory 
and transparent standard-setting process, with par-
ticipation being in principle open to anyone (Maier, 
2008; Box 10.3-3). 

Finally, in response to the growing demand for 
bioenergy, many international organizations and 
multilateral initiatives have also looked at the issue 
of appropriate standards for bioenergy carriers. They 
include, for example, the UNCTAD BioFuels Initi-
ative, the FAO’s International Bioenergy Platform 
(IBEP), UNEP initiatives on the sustainability of 
bioenergy, and the Global Bioenergy Partnership 
(GBEP; Box 10.3-4). Significant research on the sus-
tainability of bioenergy use is also being undertaken 
by IEA Bioenergy Tasks 31 and 40 (van Dam et al., 
2008). At present, however, there is very little inter-
national coordination of these numerous projects. 
More bundling and coordination of activities should 
therefore be the goal. 

Box 10.3-3

Roundtable on Sustainable Biofuels

The Roundtable on Sustainable Biofuels (RSB) is a mul-
tilateral forum which has its origins in an initiative of the 
Swiss EPFL (École Polytechnique Fédérale de Lausanne) 
in Lausanne. The forum brings together more than 300 dif-
ferent actors, including international companies (e.g. Shell, 
Bunge), NGOs and associations (e.g. World Wide Fund for 
Nature, WWF), the Brazilian Sugarcane Industry Associa-
tion (UNICA), organizations of small-scale farmers, inter-
national institutions (e.g. the International Energy Agency, 
the Forest Stewardship Council, FSC), and UN organiza-
tions (UNEP, FAO, UNIDO). Its aim is to work together 
with civil society groups and experts to produce both global 
standards and a certification scheme for biofuels. The FSC 
seal, the standards of SAN/RA, BSI, RSPO, ILO (Table 
10.3-1) and current standard-setting processes for bioen-
ergy, including those of the Netherlands and UK govern-
ments (RSB, 2008a, b) will serve as the main references. The 
RSB follows the ISEAL Code of Good Practice for Setting 
Social and Environmental Standards. 

Since the launch of the initiative in 2007, the RSB has 
been working actively in four open working groups on envi-

ronmental and social standards, the methodology of GHG 
accounting and the implementation of standards. Principles 
are formulated via virtual networks, websites (Bioenergy-
Wiki), telephone conferences and workshops on various 
continents. The proposals for standards on sustainable 
biofuel production, and the relevant discussions, may be 
viewed in the Internet at any time, and there is also a facility 
to submit comments. A coordinated list of criteria was pub-
lished for comments in August 2008, and a revised version is 
expected to be available in April 2009 (RSB, 2008b).

The RSB therefore occupies an important position in 
the process of formulating global bioenergy standards. 
Through its broad and open participation, its work enjoys 
a high degree of credibility. The Inter-American Develop-
ment Bank, for example, announced a partnership with the 
RSB in April 2008, with a view to integrating the sustain-
ability criteria to be formulated into its lending practice 
(IADB, 2008). It has not yet been decided how the stand-
ards, once developed, will be applied. A voluntary certifica-
tion scheme could be created; however, the proposals of the 
RSB could also form the basis for a more formal standard-
setting process which is linked to political decision-makers 
and international financial institutions. 
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Standards in project financing
The bioenergy standards developed within the frame-
work of the various initiatives can, and should, also 
be used by international financial organizations and 
development banks as standards for project financ-
ing. For example, the Global Environment Facility 
(GEF) is planning to adopt sustainability guidelines 
for its bioenergy projects and, in project implementa-
tion, to develop a certification scheme for sustainably 
produced biomass (Box 10.2-4; GEF, 2007a, b). The 
Inter-American Development Bank (IADB, 2008) 
has announced a partnership with the RSB for the 
development of standards for bioenergy projects 
(Box 10.3-3). The sustainability standards for the 
production of bioenergy carriers mentioned here go 
beyond the safeguard policies customarily applied in 
project financing.

10.3.2.2  
Bilateral agreements

The schemes for the implementation of standards 
discussed above are based on a unilateral approach 
by standard-setting agencies. Unilateral approaches 
reach their limits, however, where wider issues relat-
ing to land-use planning, nature conservation and 
food security are concerned. These issues require 
central coordination at national (and ideally interna-
tional) level and can only be dealt with to a very lim-
ited extent via unilateral standards and related certi-
fication schemes. 

In general, therefore, establishing bioenergy stand-
ards in bi- and multilateral agreements is preferable 
to a unilateral approach. This can also be justified on 
economic grounds, in that a larger share of the glo-
bal market will then be covered by the standards and 
the likelihood of leakage occurring can be reduced. 
This applies especially if – as with the EU’s unilat-
eral bioenergy standards – producers have recourse 
to large alternative markets for bioenergy products 

(such as the US, China, Japan as importing coun-
tries) where no sustainability standards are in force. 
Furthermore, the acceptance of bioenergy standards 
among trade partners is likely to be greater if they 
are involved in the standard-setting process. And 
finally, bi- and multilateral schemes are also prefera-
ble to a unilateral approach from the perspective of 
the WTO rules (Section 10.3.4).

Bilateral agreements merely create obligations 
for the contracting parties; third countries are not 
directly affected by their provisions. This means that 
in relation to import goods, the inclusion of social cri-
teria is more likely to be possible here than at the 
level of unilateral statutory minimum standards. In 
order to address the problem of leakage, which is dif-
ficult to resolve through certification, the producer 
countries could pledge to stop or at least substan-
tially reduce the conversion of natural ecosystems at 
home, or ensure that the cultivation of energy crops 
does not displace other forms of use. In return, the 
trade partners should be granted free market access 
for bioenergy carriers if they comply with the mini-
mum standard. 

Agreements on bilateral cooperation in the bioen-
ergy and especially the biofuels sector already exist. 
Brazil in particular is working hard at present to estab-
lish an international biofuels market and is there-
fore offering developing countries in Latin Amer-
ica, Africa and Asia (including Venezuela, Colombia, 
Paraguay, Ecuador, Senegal, Angola and Indonesia) 
technical assistance and knowledge transfer for the 
development of their biofuels sectors. In many cases, 
industrialized countries such as Sweden, the United 
Kingdom and Italy are envisaged as financial part-
ners in the Brazilian projects. However, these ‘South-
North-South’ projects are mainly geared towards 
market development (Biopact, 2007a, b). The intro-
duction of sustainability standards is therefore likely 
to play a subordinate role for the time being.

The agreements between the industrialized coun-
tries and the emerging economies, too, have so far 

Box 10.3-4

The Global Bioenergy Partnership

The Global Bioenergy Partnership (GBEP) is an important 
forum at government level. It originated at the suggestion 
of the UK at the 2005 G8 Summit in Gleneagles, with the 
aim of advancing the development of a biomass and biofuel 
market as part of the promotion of renewable energies. In 
2007 the partnership was reaffirmed in Heiligendamm with 
a clear mandate. In addition to the G8 and outreach coun-
tries (China, Indian, Mexico, Brazil, South Africa), several 
UN organizations are involved such as the FAO, UNEP and 
UNDP. Institutionally, the GBEP is located within the FAO 
in Rome.

The GBEP is a high-level, intergovernmental discussion 
platform which engages industrialized countries and emerg-
ing economies in a dialogue. Its main tasks are to summa-
rize developments and policies in the individual countries 
and identify best practice projects (GBEP, 2008). Methods 
relating to global carbon balancing and sustainability stand-
ards are also to be formulated. One working group has been 
dealing with GHG balances since 2007, and the establish-
ment of a working group on global sustainability standards 
began in mid-2008 (GBEP, 2008). To take advantage of the 
momentum created by the global sustainability debates, it 
intends to present the results as early as 2009 at the G8 sum-
mit in Italy.
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only included superficial statements on sustainability 
standards. The agreement signed between Germany 
and Brazil in May 2008 on comprehensive cooper-
ation in the field of renewable energies and energy 
efficiency does not contain any specific goals relat-
ing to ecological and social criteria for the sustain-
able production of bioenergy. It merely contains dec-
larations of intent with a view to initiating a dialogue 
on issues of sustainable production. At best, this is 
only a preliminary step towards more substantive 
commitments under a further treaty. The agreements 
between Brazil and the Netherlands/Sweden on 
cooperation in the bioenergy sector are very similar. 
Here too, there is only a fleeting reference to planned 
cooperation in the field of sustainable production and 
use of biofuels. It can thus be assumed that specific 
environmental and social standards for the produc-
tion of biofuels are unlikely to be included in bilat-
eral agreements between countries very soon. In the 
case of the agreement between Brazil and Sweden, 
it is the private sector which has taken on the task of 
implementing the sustainability criteria via a certifi-
cation scheme (Section 10.3.2; SEKAB, 2008).

10.3.2.3  
Multilateral approaches

Unilateral measures by individual states, as well as 
bilateral agreements, only have limited geographi-
cal impact. What’s more, a plethora of unilateral and 
bilateral standards would fragment the global mar-
ket and greatly impede trade between countries with 
different bioenergy standards. By contrast, the range 
and compatibility of bioenergy standards would be 
greatest if a uniform multilateral approach were pur-
sued at international level. This would also reduce the 
information and certification costs for producers. The 
establishment of standards in a multilateral treaty-
based regime would also be beneficial in terms of 
compliance with world trade rules (Section 10.3.4). 

Existing multilateral environmental conventions 
(e.g. the CBD, Section 10.5; UNFCCC, Section 10.2; 
UNCCD, Section 10.6) could be used as an initial 
starting point. Within the framework of these con-
ventions, specific thematic contributions could be 
developed for standard-setting in the field of bioen-
ergy, primarily in the form of optional protocols. 
Within the framework of the CBD, negotiations on 
bioenergy have already been agreed, which should 
be expanded in this direction (Section 10.5.3). As the 
individual multilateral environmental agreements 
have only limited thematic objectives which are con-
fined to their specific field, they are not suitable as 
a framework for the development of comprehensive 
bioenergy standards. 

The negotiation of a separate multilateral ‘Bioen-
ergy Convention’ has one potential disadvantage, 
however: it would take a considerable length of time. 
Furthermore, in view of stakeholders’ divergent inter-
ests, it would probably only be possible to establish 
relatively general minimum standards in a multilat-
eral convention of this kind. Nonetheless, in the inter-
ests of achieving sustainability goals over the longer 
term, despite the initial problems just mentioned, it is 
essential to pursue a multilateral approach in paral-
lel towards standards for sustainable bioenergy pro-
duction. 

There are already various global initiatives which 
could be used as a starting point in this context 
(Section 10.3.2.1). In particular, the Global Bioen-
ergy Partnership (GBEP; Box 10.3-4), which brings 
together the main producer and buyer countries, 
would in principle provide an appropriate institu-
tional forum for effective policy debate. As a rela-
tively transparent international forum, GBEP could 
channel the formal and informal processes involved 
in drawing up global sustainability standards and 
accelerate the formulation of standards. The propos-
als of WBGU, which has taken up important ideas put 
forward by the Roundtable on Sustainable Biofuels 
(Box 10.3-3), could be incorporated in the work of 
the G8+5 Task Force on Sustainability. With political 
support from the G8, it would be possible to ensure 
that the decisions are channelled into policy-relevant 
forums, institutions and processes. However, efforts 
should be made to ensure that relevant civil society 
stakeholders have greater involvement in the dia-
logue so that all interested parties (countries, indus-
try, trade, NGOs, etc.) participate in the discourse.

The World Commission on Dams (WCD) could 
provide ideas for the institutional expansion of this 
body and its activities. The Commission, consisting of 
government representatives, international organiza-
tions, NGOs, industry, etc., was established in the late 
1990s in order to develop global standards and crite-
ria for an equally controversial sector, namely dams. 
Here too, despite a wide range of political, environ-
mental and economic interests, there was a consen-
sus that an international agreement for this sector 
was essential. The principles developed by the Com-
mission do not have binding legal force, but as ‘soft 
law’, often perform an important reference function 
by providing ecological and social guidelines as an 
important basis for many decision-making processes 
(Thürer, 2000). Ideally, a catalogue of sustainability 
principles for bioenergy production would have 
binding legal force and would be transposed into 
appropriate legislation by the participating countries. 
Whereas the World Bank and the IUCN were initia-
tors of the WCD, the FAO would need to play a key 
role in any similar initiative for bioenergy.
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The goal of sustainable bioenergy use cannot be 
achieved solely by means of relevant standards in 
the bioenergy sector, however. Standards for energy 
recovery from biomass can only ever cover sub-
sectors of agricultural production and do not ade-
quately resolve the key issue, namely displacement 
effects. Bioenergy must be embedded in a sustain-
able cross-sectoral land-use management system 
which complies with the guard rails and sustainability 
rules developed by WBGU (Chapter 3). This type of 
global, cross-sectoral land-use management could 
be supported by a Global Commission for Sustain-
able Land Use, which has yet to be established (Box 
 10.3-5).

10.3.3  
Implications of the adoption of standards for 
trade in bioenergy carriers

As soon as a legally binding bioenergy standard is 
introduced in the EU, overseas producers will also be 
forced to seek certification of their products to dem-
onstrate compliance with the standard if they wish 
to sell them in the EU. Bioenergy standards could 
thus become de facto barriers to trade if the required 
standards do not apply in the producer countries. In 
return for compliance with the standards, however, 
the EU could grant its trade partners preferential 
conditions for imports into the EU.

Box 10.3-5

Vision of a Global Commission for Sustainable 
Land Use

In the medium term, all forestry and agricultural practices 
should be shaped in a sustainable manner and be subject to 
uniform principles. However, this aspiration goes far beyond 
the formulation of standards. There is considerable poten-
tial for conflict in the issue of competing land-use claims, 
as the WBGU analysis shows. Critical trends in world food 
security, or as a result of the loss of ecosystems, are becom-
ing apparent even now, and this pressure on land use and 
social systems will continue to increase. In the future, the 
growing world population, increasingly land-intensive food 
consumption patterns – not only in the OECD countries 
but also in the rapidly growing emerging economies, espe-
cially China and India – and a rising demand for biomass as 
an industrial feedstock must be reconciled with increased 
soil degradation, growing water scarcity and climatic stress. 
This is a global challenge on a scale and of a complexity that 
is still little understood, only partial aspects of which have 
been addressed in international governance processes (e.g. 
within the framework of the FAO and the CBD). 

In view of this challenge to land-use management, 
WBGU considers it necessary to intensify the debate on 
the issue of global land use at international level, and also 
embed the topic in an institutional context. To this end, a 
new Global Commission for Sustainable Land Use should 
be set up. The commission’s task should be to identify the 
key challenges arising from global land use and pool current 
scientific knowledge. On this basis, the commission should 
then elaborate the principles, mechanisms and guidelines 
required for global land-use management. This opens up 
a complex new field of global governance, in which food, 
energy, development and environmental policy issues 
interact. The commission will deal with complex issues that 
involve conflicting interests. The starting point will be to 
improve the international data on current global land use 
and soil conditions, and to harmonize it on an international 
basis. A common understanding of the underlying problems 

must be created and the diverse interests surrounding land 
use must be identified, from the local level right up to the 
global level. Ultimately, this will also promote an extensive 
change in established perceptions and practices: it is no 
longer possible to see land use solely as an issue for action 
at national level. On account of the diverse global interac-
tions and linkages involved, developments that impact on 
land use should no longer be understood and addressed 
at this level only. This is illustrated by the example of the 
indirect land-use changes associated with the expansion of 
bioenergy, as well as by the issue of equitable per-capita 
land use. For this reason, transboundary cooperation is 
required to debate these complex issues of sustainable and 
equitable land use in an open process, to address the prob-
lems and develop long-term regulatory proposals. 

Such an institution could, for example, be modelled 
along the lines of the Financial Action Task Force on 
Money Laundering (FATF). The FATF, convened by the 
G7, was launched in 1989 as a small, dynamic group of 
experts who were appointed to combat money laundering, 
a new policy field at international level. The task force has 
since expanded and has formulated guidelines and stand-
ards which are recognized by many countries and organi-
zations. To this end, a global peer review and monitoring 
procedure has been established (Reinicke and Reinicke, 
1998; Sharman, 2008). 

The new Global Commission for Sustainable Land 
Use, whose mandate – as outlined above – would extend 
far beyond land-use issues in the narrower sense, could 
be located within UNEP and work closely with other UN 
organizations such as the FAO. The findings of this process 
should regularly feature on the international agenda, for 
example within the framework of the agenda of the UNEP 
Global Ministerial Environment Forum. It would also be 
important to address and discuss the issues within the stra-
tegically important G8+5 gatherings of heads of state and 
government. This would significantly increase the probabil-
ity of the findings and decisions reaching a broader public 
and being fed into relevant political processes.
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10.3.3.1  
Standards as a barrier to trade

An individual country or supranational organization 
such as the EU can deploy binding standard-setting 
deliberately as a tool to influence the way in which 
bioenergy carriers are produced in the exporting 
countries. However, there is a risk that the export-
ing countries will regard the trade restriction result-
ing from standard-setting as a protectionist measure, 
with the result that this type of unilateral scheme will 
fail to find acceptance among trade partners. The 
fact is that the unilateral adoption of binding sustain-
ability standards effectively operates as a ban on the 
import of non-sustainably produced bioenergy prod-
ucts, which would inevitably prompt a review of its 
compliance with WTO rules (Section 10.3.4). 

In order to increase acceptance of the mini-
mum standard, tangible measures to facilitate mar-
ket access (e.g. clear reductions in tariffs) should be 
offered to trade partners which comply with the min-
imum standards. At the least, tariffs and export sub-
sidies in the agricultural sector should be further 
reduced.

A far more stringent trade restriction would be 
the introduction of a general import ban, or a time-
limited moratorium on imports, for bioenergy carri-
ers. An alternative which could also be considered is 
only allowing biomass/bioenergy imports from spe-
cific producer countries, in line with the current prac-
tice applied in part to food and product safety. Ulti-
mately these general import restrictions, which are a 
less differentiated mechanism than minimum stand-
ards, would reduce the export prospects for produc-
ers in the countries of origin to a far greater extent 
and would result in a far lower level of acceptance by 
trade partners. 

10.3.3.2  
Implications for trade relations with developing 
countries and emerging economies 

A specific situation arises in respect of the develop-
ing countries and emerging economies. Since 1971, 
the European Community has granted these coun-
tries preferential access to the EU market for their 
products under the Generalised System of Prefer-
ences; this includes feedstocks which can be used to 
generate bioenergy. The GSP countries include key 
bioenergy producer countries such as Brazil, Argen-
tina, Indonesia and Malaysia. However, a number of 
least developed countries (LDCs) which enjoy special 
preferential arrangements under the ‘Everything But 
Arms’ (EBA) initiative as part of the GPS also have 
significant bioenergy production potential, includ-

ing Malawi, Mozambique and Zambia (Johnson et 
al., 2006). The EU continues to grant the ACP coun-
tries duty-free access to the EU for their exports. In 
the EU Strategy for Biofuels, the European Commis-
sion emphasises that it will maintain a comparable 
level of preferential access for ACP countries (EU 
Commission, 2006b). Likewise, negotiations are cur-
rently under way with the MERCOSUR countries, 
i.e. Argentina, Brazil, Paraguay and Uruguay, about 
preferential conditions for their imports into the EU 
(Dufey, 2006). 

A goal conflict thus arises between the promotion 
of trade with the developing countries and emerg-
ing economies on the one hand, and the need for sus-
tainability standards on the other. For example, agri-
culture and agro-processing account for 30-60 per 
cent of GDP in two-thirds of the LDCs. What’s more, 
agricultural exports from LDC countries are greatly 
dependent on the European market, with the EU 
absorbing 70 per cent of LDC agricultural exports 
to Japan, the US, Canada and the EU combined (EU 
Commission, 2008b). The enforcement of sustain-
ability standards without a corresponding offer of 
technical and financial cooperation would constitute 
a disproportionately heavy burden for these coun-
tries (Grote, 2002) and would conflict with the main 
reason for these countries’ duty-free access to the EU 
markets, which is to promote their development.

This goal conflict could be resolved by offering 
small and medium enterprises in developing coun-
tries and emerging economies support with the imple-
mentation of standards. The LDCs in particular, to 
which the EU currently grants duty-free or reduced 
duties on goods imports under the ‘Everything But 
Arms’ initiative, must be given financial and techni-
cal support with the implementation of the required 
standards. Furthermore, during an initial phase, sim-
plified terms for the verification of certification cri-
teria could also be offered to the developing coun-
tries to reduce their transaction costs (e.g. applica-
tion of default values). Similarly, group certification 
is a good way of keeping down certification costs for 
agricultural smallholdings, primarily in the develop-
ing countries, but also in industrialized countries and 
the emerging economies. 

10.3.3.3  
Preferential treatment of bioenergy carriers 
through qualification as environmental goods and 
services

Preferential treatment of bioenergy feedstocks in the 
multilateral framework could also result from the lib-
eralization efforts which the WTO has pursued for 
some time in the trade with environmental goods and 
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services (EGS) (Chaytor, 2002; Iturregui and Dut-
schke, 2005; Singh, 2005; Dufey, 2006; Sell, 2006; Sug-
athan, 2006; Yu, 2007). 

Within the framework of the Doha Round, under 
way since 2001, liberalization of trade in EGS has 
been defined as an objective under various mandates 
to develop WTO law in relation to measures to pro-
tect the environment (Doha WTO Ministerial 2001, 
Ministerial Declaration, para. 31 [iii]). The aim is to 
improve market access for selected products or serv-
ices which are regarded as particularly environmen-
tally friendly, by abolishing tariffs and other trade 
barriers for the goods and services defined as EGS. 

The question of which goods should qualify as 
EGS is a contentious one among the WTO mem-
bers. However, it can be assumed that goods from the 
renewable energy and especially the bioenergy sec-
tor would qualify for these liberalization measures 
(Singh, 2005). An initiative launched by Brazil is rel-
evant in this context: in November 2007, it applied 
to the WTO Committee on Trade and Environment 
for biofuels to be classified generally as environmen-
tal goods. 

In advance of the United Nations Climate Change 
Conference in Bali in December 2007, the EU and 
the US also submitted a joint proposal to the WTO 
to give preferential treatment to technologies which 
can combat climate change and classify them as EGS. 
In line with this proposal, in a first phase, a total of 43 
key ‘climate-friendly’ goods and services’ (including 
technologies such as solar panels and wind turbines) 
would be liberalized, i.e. exempt from tariffs and sim-
ilar trade restrictions, with immediate effect. Second, 
an Environmental Goods and Services Agreement 
(EGSA) is to be negotiated by WTO members within 
the framework of the Doha process, which would 
foresee further binding commitments to eliminate 
tariffs and non-tariff barriers in trade in green tech-
nologies. However, the EU and the US are opposed 
to the inclusion of biofuels in the list of key ‘climate-
friendly’ technologies, a move which has been par-
ticularly criticized by Brazil. The EU also argued in 
favour of listing non-agricultural products only. 

The Doha Round has become deadlocked on 
numerous occasions over recent years. After the 
breakdown of the talks at the ministerial meeting in 
Geneva in July 2008, and in view of the ongoing polit-
ical differences, it is unclear how the negotiations will 
proceed, and in which time frame. As with many other 
aspects of the current WTO Round, the outcomes 
that can be achieved are unclear, also in relation to 
EGS. The main points of contention here include the 
issue to be addressed by the Committee on Trade and 
Environment concerning the conditions under which 
the requisite environmental compatibility of a prod-
uct or service is deemed to exist. The desired liber-

alization only makes sense from an environmen-
tal perspective if, through classification as an EGS, 
the goal of environmental protection is not under-
mined by a generalized rather than individual life-
cycle evaluation of the goods or services declared to 
be EGS. Overall, this means that in the debate about 
EGS in the WTO framework, sustainability criteria 
(as defined by WBGU in Section 10.3.1) must also 
be taken into account, which must also relate to the 
manufacturing processes. However, it is debateable 
whether, in the selection of EGS, the application of 
specific standards, which WBGU regards as essen-
tial, is politically enforceable. Germany and the EU 
should therefore lobby for environmental protection 
goals to be taken into appropriate consideration at 
the EGS negotiations. 

If an evaluation system based on the individual 
goods’ life cycle balance cannot be achieved, WBGU 
argues against the inclusion of biofuels in the EGS 
list, as a generalized evaluation of their social and 
ecological sustainability is not viable. However, one 
option which could be considered is to classify as EGS 
specific bioenergy carriers which come from selected 
bioenergy pathways and which merit promotion.

10.3.4  
WTO compliance of standards for bioenergy 
carriers

In relation to the statutory minimum standard called 
for by WBGU, it is important to consider the issue 
of compliance with the relevant provisions of WTO 
law. The sustainability principles for the minimum 
standard recommended by WBGU relate to produc-
tion processes in the country of origin and therefore 
should not be regarded as product-specific measures 
(on the distinction between product-specific and 
non-product-specific measures, see Droege, 2001; 
Puth, 2003; Hilf and Oeter, 2005). Whereas with prod-
uct-specific environmentally motivated trade restric-
tions – which relate to the properties of the product 
itself – compliance with the provisions of WTO law is 
usually a given, provided that the measures in ques-
tion genuinely serve environmental policy goals (Hilf 
and Oeter, 2005), substantial deviations arise in rela-
tion to the WTO compliance of non-product-specific 
measures. 

10.3.4.1  
Relevance of WTO law in standard-setting

In evaluating the WTO compliance of standard-set-
ting which relates to the production process, a dis-
tinction must first be made between government and 
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purely private measures. In both mandatory certifica-
tion through statutory standard-setting and in purely 
voluntary certification, albeit sponsored by the state, 
there is always the potential for a trade-restricting 
effect to arise. By contrast, in terms of GATT’s pro-
visions, which impose rights and obligations only on 
states, purely private measures are non-problemat-
ical from the outset (Droege, 2001; Blüthner, 2004; 
Hilf and Oeter, 2005). 

In terms of the legal implications of standard-set-
ting, Article III GATT (National Treatment on Inter-
nal Taxation and Regulation) and Article XI GATT 
(General Elimination of Quantitative Restrictions) 
are the main provisions of relevance. The former 
applies to national treatment, while the latter applies 
to restrictions and prohibitions at the border (Puth, 
2005). If the trade restrictions introduced solely affect 
products from specific countries, Article I GATT 
(General Most-Favoured-Nation Treatment) would 
also be of relevance. 

Under Article III:4 GATT, the principle of national 
treatment of imported products is deemed to be vio-
lated if, firstly, the measure in question is based on 
a domestic (national) legal provision; secondly, the 
imported and domestic goods concerned are ‘like 
products’, and thirdly, the imported goods concerned 
enjoy less favourable treatment than ‘like’ domestic 
products (Puth, 2003). 

A potential conflict between sustainability stand-
ards and WTO rules can arise, in particular, as a result 
of the second criterion concerning the ‘likeness’ of 
products if foreign goods are treated less favourably 
than domestic (national) products. In practice, this 
may arise if there is de facto unequal treatment on 
the grounds that certain national products are more 
likely to meet specific standards. The decisions taken 
by the WTO’s conflict resolution bodies have tended 
to assume that identical products should be classified 
as ‘like’ products even if they are produced by differ-
ent methods (e.g. WTO Panel in the case of ‘Japan 
– Taxes on Alcoholic Beverages’, 1996). Differences 
in production measures therefore may not be taken 
into account if the production processes result in 
‘like’ products (Droege, 2001). This criterion is gen-
erally fulfilled in relation to the measures concern-
ing bioenergy, as the standards and certification pro-
cesses are based on the type and method of produc-
tion.

It must therefore be assumed that products which 
are physically identical, and differ only in the non-
product-specific methods used in their manufac-
ture, meet the requirement of ‘likeness’ for the pur-
pose of Article III:4 GATT (Hilf and Oeter, 2005). 
The state-supported setting of environmental and/or 
social standards and control of their implementation 
through certification schemes therefore conflict with 

the principle of equal treatment. The same applies 
to other unilateral measures which subject specific 
products to less favourable treatment due to their 
methods of production, as would be the case within 
the framework of a promotion policy designed along 
these lines. 

If the import of products, such as biofuels, is pro-
hibited or restricted because these products do not 
comply with specific standards, a conflict with Article 
XI GATT also arises. Non-compliance with Article I 
GATT would occur if, in addition, bioenergy imports 
were only allowed from specific producer countries, 
e.g. because they do not recognize general stand-
ards of production. In sum, then, an infringement of 
the relevant provisions of WTO rules could arise on 
three counts in relation to state-supported measures 
to guarantee sustainable production of bioenergy, 
depending on the specific form such measures take. 
Nonetheless, there are good grounds in all cases for 
justifying the adoption of sustainability standards. 

10.3.4.2  
Justifying discriminatory measures

The various agreements contain exception clauses 
which may be applied specifically to environmental 
protection and could potentially justify a contraven-
tion of the GATT rules (as well as the supplemen-
tary WTO agreements, where applicable). The main 
question which arises is whether an assumed contra-
vention of Article III:4 GATT through the adoption 
of sustainability standards (and their implementa-
tion through certification and labelling schemes) or 
a contravention of Article XI GATT may be justi-
fied on the basis of the clauses contained in Article 
XX GATT. 

Approaches to justifying environmentally 
motivated measures
Article XX GATT contains exceptions for meas-
ures to protect human, animal or plant life or health 
(clause b) and for those relating to the conservation 
of exhaustible natural resources (clause g). Admit-
tedly, the environment as such is not contained in the 
list of legally protected assets, but the scope to include 
it is certainly provided for in the above-mentioned 
clauses b and g (Epiney, 2000; Epiney and Scheyli, 
2000; Hilf and Oeter, 2005). On this basis, it is now 
widely recognized that ‘general’ concerns about pro-
tecting the environment can also justify exceptions in 
accordance with these provisions. 

Even though the precise interpretation and appli-
cation of Article XX GATT is still disputed, the 
actual rulings of the WTO dispute settlement bod-
ies suggest that purely process-specific trade meas-
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ures – and thus the setting of standards and monitor-
ing of implementation through certification schemes 
– in principle also fall within the scope of the protec-
tion afforded by Article XX GATT (Hilf and Oeter, 
2005; Droege, 2001 also points in this direction). A 
particular example of this is the ‘US–Shrimp’ case 
(1998), which concerned the dangers posed to sea 
turtles by shrimp harvesting. In this case, the Appel-
late Body clarified that the production method may 
indeed be admissible as a determining factor if a cer-
tain species of animal is endangered by this mode of 
production, and stated that there was no obvious rea-
son why non-product-related trade measures should 
be regarded as in principle incompatible with the 
WTO rules (Althammer et al., 2001; Droege, 2001; 
Puth, 2003). This case also clarified that, in principle, 
measures affecting protected goods outside the terri-
tory of the states pursuing the environmental meas-
ure may also be justified (extraterritorial application 
of Article XX GATT). 

One potential difficulty relating to a possible dis-
pute about the WTO compliance of product-related 
environmental standards for imported products is 
that the state seeking justification for contravening 
the principles of world trade is required to furnish 
the proof that exception criteria exist. To defend dis-
crimination under Article III:4 GATT on the basis of 
ecologically motivated sustainability standards, the 
state concerned would therefore have to be in a posi-
tion to prove that there is no other, less radical way 
of achieving its environmental objective (principle 
of proportionality). The presence of objective risks 
must also be proven (on the relevant assessment pro-
cess, see, most recently, the WTO 2007 Panel Report: 
‘Brazil – Measures Affecting Imports of Retreaded 
Tyres’; Qin, 2007).

The most persuasive means of justifying a viola-
tion of the relevant principles of WTO law on the 
basis of Article XX GATT is to demonstrate an inter-
national consensus on the indispensability of a spe-
cific environmental good, and the necessity of pro-
tecting it, with reference to a multilateral agreement. 
It may be assumed that such a consensus exists in 
relation to climate change mitigation and biological 
diversity conservation in particular, for which specific 
protection goals have been established within the 
framework of the various treaty regimes (the United 
Nations Framework Convention on Climate Change 
and the Convention on Biological Diversity, together 
with their additional protocols). These objectives are 
covered by the provisions of Article XX (b) and (g) 
GATT, and they are also inherently consistent with 
the chapeau clause of Article XX GATT, provided 
they are applied in a way that does not result in any 
arbitrary or unjustified discrimination.

Overall, it can thus be assumed that unilateral 
measures which have trade-restricting effects due 
to the definition of product-related requirements 
can be justified and are thus consistent with WTO 
rules. However, the decisions of the WTO dispute 
settlement bodies are not yet sufficiently well-estab-
lished in doctrinal terms and can vary in some cases. 
It therefore cannot be predicted with certainty which 
decision the relevant dispute settlement bodies of the 
WTO would make if the applicable unilateral meas-
ures were contested by a member state. In view of 
this uncertainty, environmental policy measures to 
safeguard the sustainable production of bioenergy 
should be developed at multilateral level if possible 
(Section 10.3.2.3).

Approaches to justifying socio-politically 
motivated measures
Separate issues arise in relation to measures, espe-
cially standards, which are socio-politically moti-
vated. Here too, the associated trade restrictions are 
a source of potential conflict with the above-men-
tioned prohibition of discrimination contained in 
the WTO rules, particularly the principle of national 
treatment and the elimination of quantitative restric-
tions on imports or exports.

The exceptions contained in Article XX GATT 
contain no protection goals that relate explicitly to 
social or human rights issues. However, in this con-
text too, the view is held that the corresponding 
legally protected assets are covered by the broadly 
formulated clauses that are akin to general clauses. 
These include the classification of socio-politically 
motivated action as a measure necessary to protect 
public morals (clause a) and as a measure to protect 
human, animal or plant life or health (clause b). The 
relevant literature also advances the opinion that the 
arguments (described above) advanced by the WTO 
dispute settlement bodies to justify environmen-
tal policy measures may also – at least potentially – 
be applied to socio-political goals (López-Hurtado, 
2002). It is further argued that justification should be 
possible in those cases where socio-political meas-
ures aim to help enforce principles that are partic-
ularly well-established in multilateral international 
agreements and are thus supported by a far-reach-
ing consensus. These include, most notably, the core 
labour standards laid down in the main ILO conven-
tions (on the prohibition of child or forced labour, 
for example).

In addition to the uncertainties already mentioned 
in relation to environmental policy measures, this 
area has its own particular difficulties. The inclusion 
of specific social standards in the list of exceptions in 
Article XX has been specifically discussed within the 
framework of the WTO. However, even though they 
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were to be limited to the generally accepted ILO core 
labour standards, this debate has foundered in the 
face of opposition from most of the developing coun-
tries. Accordingly, there is uncertainty as to whether a 
majority of the parties would endorse the argument 
that the existing exception clauses under Article XX 
(a) and (b) GATT also embrace both socio-political 
aspects and those relating to human rights in gen-
eral. As things stand at the moment, it would be very 
doubtful whether recourse to the grounds for justi-
fication contained in Article XX GATT would be 
successful in the event of a potential dispute on the 
WTO compliance of social standards for imported 
products. 

10.3.4.3  
Legal assessment of the sustainability standards 
recommended by WBGU 

As long as the WTO agreements – apart from the 
exception clauses mentioned above – contain no 
explicit objectives of an ecological and social nature, 
the question of whether sustainability-oriented meas-
ures comply with trade rules ultimately depends on 
the view of the WTO dispute settlement bodies. No 
relevant practice has been established to date, par-
ticularly on the WTO compliance of unilateral sus-
tainability standards. If the EU, within the framework 
of its legislation, makes the use of bioenergy carri-
ers conditional on compliance with minimum stand-
ards on a unilateral basis, as proposed by WBGU, it is 
quite within the realms of possibility for third coun-
tries to view such a course of action as an illegal trade 
restriction and plead a violation of the discrimination 
prohibitions before the WTO bodies. 

The requirement to prove that a certain sustain-
ability standard is indispensable and thus fulfils the 
principle of proportionality, and the question of the 
degree to which extraterritorial standard-setting is 
deemed to be permissible, create particular uncer-
tainty in terms of a future ruling by the WTO dispute 
settlement bodies. Nonetheless, on this basis, it still 
appears possible to assess the likelihood of various 
categories of unilateral sustainability standards being 
accepted by the WTO bodies on the basis of Article 
XX GATT (BTG, 2008). 

This kind of preliminary assessment produces par-
ticularly positive results for criteria aimed at improv-
ing the global GHG balance. On the one hand, this 
climate policy objective is clearly recognized within 
the framework of the international climate regime 
(UNFCCC, the Kyoto Protocol), and the indispen-
sability of the climate policy criterion can be clearly 
demonstrated. Since climate change has a global 
impact, it is likely that suitable measures would be 

regarded as justified even if the permissibility of an 
extraterritorial application of Article XX GATT 
were challenged. 

A similar situation exists in relation to the crite-
rion of biodiversity conservation. Here too there is a 
clear consensus based on the establishment of corre-
sponding objectives in the Convention on Biological 
Diversity (CBD). Although the global impact of a 
loss of species diversity is less easy to prove than the 
impacts of climate change mitigation, it must not be 
dismissed out of hand. If the WTO dispute settlement 
bodies continue to take the view that measures relat-
ing to targets of protection located outside the terri-
tory of the state enacting the regulation can also be 
justified, then criteria aiming to conserve biodiversity 
would also be permissible. 

On the other hand, it is more difficult to assess cri-
teria that affect purely local ecological protection 
goals in the producer countries. The question which 
arises here is to what extent consensus on indispen-
sability and adherence to the principle of proportion-
ality can be proved. As illustrated by the ruling in the 
‘US–Shrimp’ case, however, the possibility of a posi-
tive assessment in a dispute should not be ruled out. 

By contrast, the question of whether socio-polit-
ically motivated standards are permissible from the 
perspective of WTO law has, by and large, still to 
be clarified. In view of the opposition from a large 
number of states to the introduction of even basic 
social standards, it is assumed that such criteria 
would be classified as not WTO-compliant in any dis-
pute. However, this should not be seen as an obstacle 
to promoting adherence to key social standards, but 
more as an incentive to work towards the appropri-
ate amendment of the WTO rules. 

10.3.5  
Interim conclusion 

Bioenergy standards are essential in order to steer 
the production of bioenergy products along sustain-
able trajectories. The more bioenergy carriers are 
covered by a standard, the more effective this stand-
ard will be. Including as many countries as possible in 
the development of a global bioenergy strategy can 
achieve a broad impact. From the perspective of the 
WTO rules, too, a coordinated multilateral approach 
is always preferable to unilateral measures. However, 
due to the differing interests of the individual coun-
tries at international level, it is likely that, at least 
in the short term, it will only be possible to negoti-
ate relatively weak and ineffective global minimum 
standards.

A broader impact would be achieved by a more 
stringent standard; however, this could only be 
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bioenergy production across the board, due to gaps 
in the monitoring system and weak institutions in 
some developing countries and emerging economies. 
Yet standards and certification in the bioenergy sec-
tor are important tools in preparing the way for the 
mainstreaming of sustainability in all agricultural 
and forestry practices worldwide. Unilateral stand-
ards can also perform this function as they will inev-
itably trigger debate about production methods in 
both the producer countries and the agricultural and 
forestry sector. 

As yet, no established sustainability standards for 
biofuels or bioenergy carriers from renewable feed-
stocks are being applied across the board. Even if 
the EU’s political processes in relation to bioenergy 
continue to make the dynamic progress witnessed 
to date, an EU-wide minimum standard for bioen-
ergy, as promoted by WBGU, is unlikely to be intro-
duced before 2012. Until then, there could be three to 
four years in which bioenergy carriers and especially 
biofuels could continue to be imported into the EU 
on an unregulated basis. In order to limit the non-
sustainable production and use of bioenergy, bioen-
ergy carriers that do not satisfy the desired minimum 
standards should not be promoted (Section 10.7).

In terms of introducing a statutory minimum stand-
ard for bioenergy carriers within the EU, a pragmatic 
first step would be to draw on existing certification 
schemes for biomass used for non-energy purposes, 
as well as on the certification schemes in the bioen-
ergy sector currently being developed (Table 10.3-1), 
and make these count towards bioenergy certifica-
tion in the sense of a meta standard. This is planned 
by the EU and is also provided for in the certifica-
tion system developed in Germany. The recognition 
of national and voluntary certification schemes will 
also reduce the work involved in the certification pro-
cess for foreign producers and increase the accept-
ance of a unilateral approach. Accompanying bi- and 
multilateral agreements on the internationally coor-
dinated, sustainable promotion of bioenergy (Sec-
tions 10.7 and 10.8), the establishment of protected 
areas and networks of protected areas (Section 10.5), 
safeguarding global food security, and agreements on 
agricultural land and land use (Section 10.4) can fur-
ther improve the effectiveness of certification. 

enforced as a voluntary or unilaterally binding stand-
ard. Since voluntary certification schemes – as shown 
to date by the experience with voluntary schemes in 
the areas of forestry and green electricity – are likely 
to occupy only a niche position in a market for bioen-
ergy carriers, unilateral minimum EU standards 
appear to be the most effective option in the short 
term. However, the question of whether in a dispute 
the WTO bodies would class such unilateral stand-
ards as compatible with international trade rules can-
not be answered conclusively. In terms of the most 
important sustainability criteria, it is possible to pur-
sue this line of argument based on the existing rulings 
(Section 10.3.4). Compliance with WTO rules should 
therefore not be viewed as a fundamental impedi-
ment. 

Besides introducing a bioenergy standard on a 
unilateral basis, bi- and multilateral negotiations 
should be held to convince non-EU countries which 
produce or use bioenergy carriers on a large scale 
(e.g. the US, Brazil, India and Japan) of the impor-
tance of sustainable bioenergy production. If the EU 
acts alone, large parts of the world market for bioen-
ergy carriers will remain unregulated. Bi- and multi-
lateral agreements containing specific criteria for the 
sustainable production and use of bioenergy carriers 
must therefore also make a contribution to a sustain-
able global biomass strategy.

In WBGU’s view, these considerations will pro-
duce a very promising approach in the form of a 
phased process, i.e. the combination of unilaterally 
binding minimum standards within the EU with the 
integration of sustainability standards in bi- and mul-
tilateral agreements between major producer and 
buyer countries of bioenergy products. The GBEP 
could be an important body at multilateral level as 
it could shorten international negotiation processes 
and accelerate the formulation of bi- and multilateral 
policies on global standards (Section 10.3.2.2). With 
political support from the G8, the decisions could be 
introduced into relevant political forums, institutions 
and processes, thus ensuring their implementation. In 
the longer term, the standards promoted by WBGU 
should apply to all types of biomass (Section 10.3.1; 
Box 10.3-5). 

However, as long as there is no uniform global 
standard for all types of biomass, the more realistic 
scenario is that a standards or certification scheme 
for bioenergy carriers may well reduce the sustain-
ability problems associated with bioenergy extrac-
tion from energy crops, but will not be able to erad-
icate them completely, for although indirect effects 
may be taken into account, they cannot be ruled 
out entirely. It is also expected that even if bioen-
ergy standards are implemented on a global basis, 
they will not be able to guarantee sustainability in 
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10.4
Options for securing the world food supply in the 
context of a sustainable bioenergy policy 

10.4.1  
New challenges arising from bioenergy use 

The growing importance of bioenergy use world-
wide brings with it new challenges for the security 
of the world food supply. Efficiency improvements 
in the use of traditional biomass for energy pur-
poses impact positively on the food situation, since 
they reduce health risks and energy poverty. At the 
same time, however, the cultivation of energy crops 
competes directly with food and animal feed pro-
duction for land; in consequence, unchecked expan-
sion of energy crop cultivation can displace food pro-
duction and pose a major risk to food security. This 
displacement problem can to some extent be regu-
lated by setting up standards and certification sys-
tems, including monitoring processes (Section 10.3). 
In the light of changing patterns of diet – particularly 
in the major newly industrializing countries – and of 
the emerging impacts of climate change, such steps 
need to be accompanied by reconsideration and revi-
sion of present policy on agricultural policy and trade 

in agricultural goods. These policy measures must be 
based on the FAO guidelines on the right to food 
(Eide, 2008).

There is general agreement that food prices are 
likely to remain high in the long term (Section 5.2.5.2). 
For people living in poverty and spending the major-
ity of their income on food, this poses a threat to life 
and livelihood. This is particularly the case in Low 
Income Food Deficit Countries (LIFDCs). Increas-
ing demand for energy crops is one of the causes 
of rising food prices. If the bioenergy sector contin-
ues to expand, the price effects thereby induced will 
have an increasing impact on food security. Figure 
10.4-1 shows that many of the regions with bioen-
ergy potential identified by WBGU are located in 
LIFDCs, where for reasons of food security the culti-
vation of energy crops must be approached with par-
ticular caution. 

In view of the significant price rises on the world 
agricultural markets during 2008 and the ever closer 
coupling of the agricultural and energy markets, 
many actors in development cooperation and in the 
UN system have drawn up strategies and action plans 
aimed at limiting the emerging risks to food security. 
There is broad consensus on the key elements of such 
strategies. In the first place, conditions for food pro-
duction in regions at risk must be directly and imme-

Low Income Food Deficit Countries (LIFDCs)
Bioenergy potential [GJ per hectare per year]
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Figure 10.4-1
Potential regions for bioenergy and countries classified as LIFDCs. The map shows the regional distribution of possible land on 
which energy crops could be grown in 2050 for a WBGU scenario with low farmland need and high biodiversity conservation in 
non-irrigated cultivation (Scenario 3; Section 6.5).
Source: WBGU using data from Beringer and Lucht, 2008
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diately improved (e.g. through provision of seed for 
the next harvest). Secondly, attention must focus on 
improving conditions for food security and food pro-
duction in the medium to long term (e.g. through 
conversion to more productive farming systems). 
This would help prevent escalation of competition 
for land use. Thirdly, these activities must be coor-
dinated with each other and must at the same time 
be consistently integrated into other areas of policy 
such as climate change mitigation (Section 10.2) and 
biodiversity conservation (Section 10.5). Fourthly, 
coordination of the individual policy areas must be 
governed by an overarching vision that also guides 
energy crop cultivation. The requirement for food 
and feed production to take precedence over energy 
crop cultivation is in WBGU’s view a key component 
of this vision. 

10.4.2  
Short-term coping measures

To achieve rapid success in coping with crisis, steps 
must be taken that will in the short term increase 
the availability of food in crisis areas and/or improve 
access to food for those in need. These actions must 
be accompanied by measures to increase production 
– measures that will have a rapid impact and that can 
be implemented swiftly and without extensive prep-
aration at national and international level (e.g. distri-
bution of seed to secure the next harvest). 

10.4.2.1  
Safety nets and other fiscal measures 

Safety nets involve quasi-monetary transfers, e.g. in 
the form of food stamps or coupons, and direct income 
transfers for people in need. If such programmes are 
to be effectively applied, the need of individuals must 
be verified; this entails extensive organization and is 
often costly, making the system difficult to apply in 
countries in which the state’s administrative capacity 
is weak. One solution may be to use a cruder meas-
ure of the needy person’s circumstances, for exam-
ple by basing transfers on the place of residence or 
some other easily verified criterion. Other transfers 
are made through state employment and training 
programmes in which food is provided in exchange 
for work (food-for-work programmes). School feed-
ing programmes operate in a similar manner. 

In principle, transfer programmes allow benefits 
to be directed more precisely at needy target groups 
than general fiscal measures such as tax reductions 
and direct subsidies. Nevertheless, measures of the 
latter type are used by many affected countries to 

cushion the effect of food price rises. A study of the 
World Bank found that between 2007 and 2008 more 
than 40 per cent of 58 developing countries surveyed 
cut taxes or customs duties, while more than 30 per 
cent introduced price subsidies (World Bank, 2008c). 
Price subsidies are a burden on the public finances 
of the countries concerned and have only a very lim-
ited impact on the level of need among consumers. 
In the worst case such a policy collapses as higher 
agricultural prices drive up state expenditure still fur-
ther; social unrest and political crisis may then follow. 
Because of this, international organizations advise 
against fiscal measures of this type. Responsibility for 
the use and expansion of transfer programmes lies 
ultimately with the affected states themselves. In the 
context of development cooperation, support can be 
provided through financial assistance and advice on 
good governance. 

10.4.2.2  
Administrative price ceilings

In addition to fiscal instruments and expenditure 
programmes, some affected countries also use price 
ceilings as a regulatory measure. A maximum price is 
set for the sale of food or grain by producers. In the 
short term, this can ensure that food remains afford-
able for much of the population. However, price ceil-
ings reduce profitability for individual producers. 
Depending on the level at which prices are set and 
the return available from other types of farming or 
land use, they may provide a false incentive. In other 
words, energy and other non-food crops may be pro-
duced instead of food if a higher market price can 
be realized from these non-food products. By con-
trast, demand-oriented measures such as transfer 
programmes induce market effects that will ideally 
be transformed into production incentives and thus 
influence land-use competition in favour of food se-
curity. Thus income or quasi-monetary transfers can 
increase demand for food and so indirectly generate 
production incentives. 

10.4.2.3  
Short-term aid for smallholders

Subsistence farmers and smallholders, who produce 
food primarily for their own use, benefit very lit-
tle or not at all from rising food prices. Instead they 
are often adversely affected by the consequences 
of higher energy prices, since agricultural inputs (in 
particular fertilizers) that are linked to the price of 
energy become considerably more expensive. To 
secure the forthcoming harvests, steps must be taken 
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before the next season to ensure that small-scale pro-
ducers have better access to the resources they need 
(Ressortarbeitsgruppe Welternährungslage, 2008; 
UN, 2008). This involves providing prompt assistance 
with the provision of loans, seed, fertilizers and tech-
nology. The aim must be to improve the productivity 
of small-scale farming in the worst affected regions 
before the next sowing season. In addition there is 
a need for ad-hoc measures to improve rural and 
agricultural infrastructure such as irrigation systems, 
roads and marketing infrastructure. For landless peo-
ple, food-for-work programmes are particularly effec-
tive. Finally, immediate steps should also be taken to 
reduce harvest losses by improving crop and animal 
health and to prevent post-harvest losses by improv-
ing storage conditions (UN, 2008). It should, how-
ever, be borne in mind that low-cost loans and other 
subsidies for the provision of agricultural inputs are 
only feasible if functioning distribution and advice 
networks are in place. 

10.4.2.4  
Export restrictions on agricultural products 

In order to check the rise in food prices and prevent an 
internal supply crisis, many countries resort to trade 
policy measures. Depending on the country’s impor-
tance on the world market, such measures may have 
international repercussions. In the wake of the dras-
tic rise in food prices of 2007/2008, at least 20 per cent 
of the newly industrializing and developing countries 
surveyed in a World Bank study introduced export 

restrictions for cereals and other agricultural prod-
ucts (World Bank, 2008c). While these export restric-
tions may in the short term boost domestic supply, 
they also penalize domestic agricultural producers 
and thus in the medium term impede development 
of the country’s agricultural sector. Moreover, export 
restrictions are not a target-group-oriented meas-
ure, since any benefits resulting from domestic price 
reductions are not confined to those on low incomes. 
And, finally, such measures cause prices on the world 
markets to rise even higher; this has a particularly 
detrimental effect for low-income countries that are 
dependent on food imports (Rudloff, 2008; World 
Bank, 2008c). Export restrictions on food and agri-
cultural goods may conform with WTO rules (Art. 
XX GATT; Section 10.3.4.4) but at present there is 
no more detailed provision for limiting them to coun-
tries in need or setting a time limit on them. In order 
that WTO-conformity can be monitored and dispro-
portional side-effects prevented, it is relevant to con-
sider application criteria, such as trigger levels that 
would take account of impacts on food security in 
other countries (Rudloff, 2008). 

10.4.2.5  
Removal of distortions of trade in world 
agricultural markets 

Agricultural subsidies, minimum prices and import 
restrictions are most often applied in industrialized 
and newly industrializing countries, usually with the 
aim of securing farmers’ incomes. In 2006, financial 

Box 10.4-1

The role of the FAO in global bioenergy policy 

The Food and Agriculture Organization of the United 
Nations (FAO) started looking at the issues surrounding 
bioenergy 20 years ago. Its focus has traditionally been 
on fuelwood use and energy crops, with the primary aim 
of improving the energy supply in rural and remote areas 
in developing countries. The FAO produces and distributes 
information on the production, trading and use of bioenergy. 
In addition, the FAO supports member states at local and 
national level on technical issues (e.g. in connection with 
the development of bioenergy programmes). The Natural 
Resources Management and Environment Department was 
set up in 2007; one of the department’s divisions, the Envi-
ronment, Climate Change and Bioenergy Division, deals 
specifically with the links between bioenergy and climate 
change. In order to improve the coherence of its bioen-
ergy policy, the FAO has also set up an Inter-Departmental 
Working Group on Bioenergy. The Working Group’s task 
is to strengthen the FAO’s profile on bioenergy issues and 
specify priorities for action. In 2006, the FAO set up the 
International Bioenergy Platform (IBEP) to coordinate 

policy outside its own organizational boundaries; the IBEP 
is intended to promote inter-disciplinary and trans-regional 
cooperation between relevant actors in the fields of policy-
making, business and science who are involved in issues of 
sustainable energy, agriculture and the environment. One 
of the platform’s aims is to carry out studies that will help 
policy-makers to take decisions on the sustainable produc-
tion and use of bioenergy; the Millennium Development 
Goals provide a frame of reference for this work. Another 
organization working in the same field is the Global Bioen-
ergy Partnership (GBEP), which was set up in 2006 by the 
UN Commission on Sustainable Development; its secretar-
iat is located at the FAO in Rome. Conflicts between bioen-
ergy policy and global food security are also addressed by 
the FAO through its Bioenergy and Food Security Project 
(BEFS), which was set up in 2007. The BEFS project, which 
is currently funded by Germany, is charged with exploring 
the opportunities and risks of bioenergy use and in particu-
lar identifying possible impacts on food security. The FAO 
is currently in crisis; whether it can establish itself as a lead-
ing institution in the field of bioenergy depends in part on 
the outcome of the internal reform process that is currently 
under way (Windfuhr, 2008). 
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assistance to agricultural producers in the OECD 
countries totalled US$ 268,000 million. Agricultural 
subsidies account for around 1.1 per cent of GDP 
in OECD countries (OECD, 2007a). The situation 
is similar in many newly industrializing countries: 
China spent more than 2.4 per cent of GDP on agri-
cultural subsidies in 2005, while Russia spent around 
1 per cent, Brazil around 0.8 per cent and South 
Africa around 0.7 per cent (OECD, 2007b). Many 
poor developing countries, on the other hand, have 
little capacity for promotion of the agricultural sec-
tor, because their governance capacities are too weak 
and their funds too limited. In many cases this sec-
tor is instead subjected to disproportionate taxation 
(World Bank, 2008c). 

These trade-distorting measures come under crit-
icism because they protect domestic suppliers and 
thus obstruct access to the market for more compet-
itive providers, including those in developing coun-
tries. However, subsidies – unlike import restrictions 
– can have a positive impact on global food security, 
because they tend to keep world agricultural prices 
down. At the same time, they have adverse conse-
quences for farmers who compete with the subsi-
dized agricultural goods; ultimately, therefore, they 
also have an adverse effect on the food situation in 
the country where those farmers are located. Coor-
dinated multilateral dismantling of these distorting 
measures would open up growth and export opportu-
nities for the agricultural sector in developing coun-
tries. The associated production increases would con-
tribute to supply security. The Doha Round of WTO 
negotiations continues to provide an opportunity for 
adjusting and developing the rules of world trade. 
In the short term, the aim must be to reduce distor-
tions by dismantling the obstacles that have been 
described. In the long term, the functional capability 
of the agricultural markets should be underpinned 
by further liberalization of world agricultural trade. 
Such a process should, however, take account of the 
differing conditions and various needs in developing 
countries. 

10.4.2.6  
Financial assistance, emergency aid and reform of 
the Food Aid Convention

Financial assistance
Rising food prices present a major problem for 
LIFDCs who have very limited funds available to 
finance more expensive imports. The rapid rise in 
cereal prices in the recent past has jeopardized food 
security in the developing regions, particularly in the 
LIFDCs of Africa and Asia (Figure 10.4-1). Accord-
ing to the FAO, prices of imported grain rose on aver-

age by 56 per cent in 2007/2008; this contrasts with 
a rise of 37 per cent in 2006/2007 and relatively sta-
ble prices between 2000 and 2005 (FAO, 2008a). The 
World Bank and the IMF have already responded 
rapidly to the crisis and have offered financial assist-
ance to countries that are in difficulty with their bal-
ance of payments on account of the high food prices. 
These programmes need to be as flexible as possible 
so that they can adapt swiftly to dynamic develop-
ments. 

Emergency aid
In critical situations of acute food shortage, inter-
nationally coordinated emergency aid measures are 
implemented (World Bank, 2008c). The most impor-
tant international actor is the United Nations World 
Food Programme (WFP), which has a budget of 
US$ 2,800 million. On account of rising food prices 
and a growing number of people in need, the pro-
gramme is likely to require additional financial 
resources in the foreseeable future if it is to prop-
erly perform its task. The World Bank and the IMF 
put the additional short-term need at US$ 500 mil-
lion (joint spring meeting of the World Bank and 
IMF, 2008). To ensure adequate long-term funding of 
the WFP, it may be appropriate to set up independent 
sources of funding for it. In view of the growing glo-
bal competition between different forms of land use, 
one option – based on the ëpolluter paysí principle – 
would be to consider a levy on forms of land use that 
serve neither food production nor biodiversity con-
servation. Energy crop cultivation would be one of 
the uses subject to such a levy. 

Reform of the Food Aid Convention
These measures must be accompanied by reform of 
the international Food Aid Convention (FAC), which 
was adopted in 1999. Within the framework of the 
Convention there is, in particular, a need to improve 
steering options, introduce a system of needs anal-
ysis and integrate emergency food aid into food se-
curity strategies. In this connection the cross-party 
motion in the German Bundestag (March 2008) 
for a re-negotiation of the FAC is a step in the right 
direction. Until now the most important target of the 
FAC has been to ensure that each of the 23 partici-
pating industrialized nations makes a certain quota 
of food available each year to countries where there 
are acute shortages. The re-negotiated convention 
should include measures that will prevent subsidized 
production surpluses from the industrialized coun-
tries being dumped on developing countries, dam-
aging or displacing local food production. In cases 
of acute food shortage, various instruments must in 
WBGU’s view be brought to bear; they include mon-
etary payments if sufficient food is available on local 
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markets. In addition, it is essential that emergency 
aid is replaced by long-term food security. Food aid 
should, in principle, be confined to acute emergen-
cies. It is particularly important to involve the FAO, 
IFAD and the WFP in these measures (Ressortarbe-
itsgruppe Welternährungslage, 2008).

10.4.3  
Medium-term and long-term measures 

The factors that have contributed to food price rises 
(including population growth, changing dietary styles, 
energy prices, increasing competition for resources) 
will continue to operate in the long term. In conse-
quence, steps must be taken now to improve the glo-
bal food situation not only immediately but also in 
the medium and long term. Attention should focus 
on instruments for boosting agricultural production 
potential, reform of world agricultural trade and 
increased promotion of agricultural research.

10.4.3.1  
Bioenergy strategies to avoid land-use 
competition

The global growth in energy crop cultivation can 
exacerbate competition for land use, in particular 
competition with food production (Section 5.2). At 
the same time, however, it provides many countries 
with an opportunity to reduce their expenditure on 
imports of fossil energy carriers. Many newly indus-
trializing and developing countries have for this rea-
son already agreed national strategies for increas-
ing their use of bioenergy, especially biofuels (Sec-
tion 4.1.2). Some of these countries are classed as 
LIFDCs (e.g. Senegal, Mali, Ghana, Nigeria, Burkina 
Faso, Kenya, Tanzania, Malawi, Mozambique, Zimba-
bwe). Whether this has an adverse impact on food se-
curity depends ultimately on the type and extent of 
bioenergy use and on the opportunities for sustain-
able biomass production. In particular, the cultiva-
tion of energy crops on cropland is viewed as unde-
sirable. On account of the shortage of land reserves 
and the need to increase global food production by 
around 50 per cent by 2030, cultivation of energy 
crops needs to be restricted. At the same time, how-
ever, it is also important to increase food production, 
in particular by increasing productivity per unit area. 
In WBGU’s view, energy crop cultivation should be 
governed by a bioenergy and food security strategy 
that gives priority to food security. 

There is undeniably a place for energy crop culti-
vation in the context of an off-grid rural energy sup-
ply, provided that the crops are grown mainly on 

marginal or degraded land, in agroforestry systems 
or in a mixed culture (Chapter 9). The final decision 
on where energy crops can be sustainably grown can 
only be made on a regional and context-specific basis 
and with the involvement of all the relevant actors. 
However, proposals for growing energy crops in poor 
developing countries, especially LIFDCs, should be 
evaluated particularly carefully. Appropriate national 
bioenergy strategies and compliance with corre-
sponding standards for sustainable bioenergy use are 
essential (Section 10.3). The regional development 
banks can play an important role in this area. 

Controlled expansion of bioenergy must in 
WBGU’s view be accompanied by worldwide efforts 
to strengthen agriculture in the developing countries. 
Otherwise, and if farming in developing countries 
continues to be neglected, it is likely that competi-
tion for land use will escalate and that food security 
will be jeopardized. 

10.4.3.2  
Promotion of the small-scale agricultural sector in 
developing countries 

Agriculture in the rural regions of developing coun-
tries can play an important part in preventing food 
crises (Section 5.2). It has, however, long been 
neglected in international cooperation and this has 
contributed to the global rise in food prices. In par-
ticular, small farmers often lack secure access to cap-
ital and agricultural resources, such as seed, fertilizer 
or loans. The International Assessment of Agricul-
tural Knowledge, Science and Technology for Devel-
opment commissioned by the World Bank and the 
FAO (IAASTD, 2008; Box 10.4-2) calls in this con-
nection for changes in agricultural policy in order to 
better reflect the complexity of agricultural systems 
in their differing social and ecological contexts (Kiers 
et al., 2008; Butler, 2008). According to IAATSD, a 
global agricultural development strategy, if it is to be 
successful, must be based on the conditions faced by 
the 400 million small farms that cover less than 2 hec-
tares. A support policy involving tied subsidization 
of agricultural inputs or the development of broad-
based systems of agricultural loans could then be pur-
poseful, provided that sustainability criteria are met 
(Sachs, 2008). This can only succeed if decision-mak-
ers in the developing countries place a correspond-
ingly high priority on rural development. Multilateral 
development cooperation, which has in the past dec-
ade also neglected rural development, should support 
a radical re-orientation. In the medium to long term, 
the following measures for promotion of the small-
scale farming sector should be pursued (Ressortar-
beitsgruppe Welternährungslage, 2008; UN, 2008):
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•	 Cautious	expansion	of	bioenergy,	in	order	to	avoid	
competing use. To this end mandatory sustain-
ability standards and certification systems should 
be agreed and effective monitoring put in place as 
soon as possible (Section 10.3). 

• Intensification of agricultural research along the 
entire agricultural chain, including supplier indus-
tries, in order to increase yields (Section 11.4).

•	 Boosting	 of	 agricultural	 productivity	 through	
increased investment, particularly in rural devel-
opment, sustainable small-scale farming and plant 
breeding. 

•	 Improvement	of	institutional	and	legal	conditions	
in developing countries through radical structural 
changes on a wider scale than just the agricultural 
sector. Such changes must include improvements 
in the rule of law, the creation of instruments 
ensuring market and price transparency and other 
pro-poor (socio-)political measures. 

10.4.3.3  
More extensive and more differentiated 
liberalization of world agricultural markets 

The objective of the stalled Doha Round of WTO 
negotiations is to bring about a prompt and signifi-
cant reduction in agricultural subsidies in the indus-
trialized countries and to lower other trade barriers. 
Export subsidies for agricultural goods and other 
forms of agricultural aid in industrialized countries 
distort competition and discriminate against provid-
ers from developing countries, increasing the depend-
ence of these countries on agricultural imports. In 
addition, more extensive liberalization of world agri-
cultural trade must be achieved in the medium to long 
term, in order to improve the efficiency of the agri-
cultural markets. This would improve sales opportu-

nities and production incentives for many develop-
ing countries that have comparative advantages in 
the agricultural sector. 

In WBGU’s opinion subsidies for industrial-scale 
agricultural production, such as those provided in 
Europe, are also questionable because sustainability 
criteria are often not met. For example, agroindus-
trial production methods often cause ecological dam-
age (FOES, 2008; OECD, 2005). When food supply 
shortfalls occur, it is usually inefficient to subsidize 
local agricultural and food production on a large 
scale if sufficient food can be procured from sur-
rounding regions. Furthermore, when subsidizing the 
production of agricultural goods, it is impossible to 
be certain that the products will be used for food or 
energy purposes; additional monitoring would have 
to be put in place to ensure that the goods are used 
directly for food production. If promotion of bioen-
ergy leads to displacement of food production, it is 
more efficient to cut back on bioenergy promotion 
rather than initiate competition between food pro-
duction and energy crop cultivation for subsidies. 

Particular conditions and needs of 
developing countries 
Developing countries are affected in different ways 
by the dismantling of agricultural subsidies, depend-
ing on their existing agricultural and food policies. 
Removal of subsidies will initially cause world mar-
ket prices to rise. From the point of view of food se-
curity, this is advantageous, since it will create produc-
tion incentives and, if the price rises reach the farm-
ers, cause agricultural production to increase in most 
developing countries. Developing countries that are 
net agricultural exporters thus profit directly from 
the removal of subsidies, particularly if import barri-
ers worldwide are lifted at the same time. Net import-
ers of food, on the other hand, lose out in the short 

Box 10.4-2

The World Agricultural Council as a new 
stakeholder in global agricultural policy 

The International Assessment of Agricultural Knowledge, 
Science and Technology for Development (IAASTD or 
World Agricultural Council) is an initiative of the World 
Bank and the FAO; it was set up in 2004 by the World Bank, 
FAO, GEF, UNDP, UNEP, UNESCO and WHO. Its struc-
ture and methods are similar to those of the Intergovern-
mental Panel on Climate Change (IPCC) and the Millen-
nium Ecosystem Assessment (MA). The Millennium Devel-
opment Goals that are of particular relevance to agriculture 
(tackling hunger and poverty, improving rural living con-
ditions and health) provide a general normative frame of 
reference. IAASTD’s first global report, drawn up by some 
400 agriculture experts, was published in 2008. Fifty-seven 

countries have approved the synthesis report and the sum-
mary. In conclusion, the World Agricultural Council calls 
for radical changes in global agricultural production to take 
account of the needs of the poor and hungry. So far, how-
ever, the World Agricultural Council appears to lack politi-
cal weight. It was, for example, noticeable that the findings 
and recommendations of IAASTD were largely ignored 
at the High-Level Conference on World Food Security in 
2008. IAASTD was also unable to resolve the major dis-
putes of agricultural policy, such as the relationship between 
policies on small-scale farming and the promotion of large-
scale agriculture, the role of green genetic technology, or 
the question of whether LIFDCs should pursue policies of 
self-sufficiency or place their trust in international trade. In 
WBGU’s view further work must be done on these con-
tentious issues; questions of weighting and role distribution 
also need to be considered in this context. 
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to medium term as a result of the removal of subsi-
dies. The situation is particularly serious for LIFDCs. 
To cushion the adverse effects, international sup-
port and compensation measures would be required 
immediately to enable LIFDCs to feed their popu-
lation adequately (WBGU, 2005). Pledges to this 
effect were made by the industrialized countries in 
the Marrakech Declaration at the conclusion of the 
Uruguay Round of GATT negotiations. While fur-
ther progress in the worldwide dismantling of agri-
cultural subsidies is in principle desirable, it would 
place LIFDCs under severe strain; were it to happen, 
therefore, it would be crucial to ensure that sufficient 
compensatory funds were available. 

However, greater food security in LIFDCs is not 
the only outcome of multilateral import liberaliza-
tion and subsidy reduction. For many developing 
countries that impose import restrictions on agri-
cultural goods and pay agricultural subsidies them-
selves, further liberalization pledges raise problems. 
Greater liberalization could inflict considerable dam-
age on domestic food production in these countries; 
small farmers, in particular, would be unable to com-
pete with cheap imports (since imports are no longer 
restricted) while at the same time foregoing subsi-
dies. A solution would be to allow for exceptions to 
the general liberalization for a small number of poor 
developing countries. 

Such exceptions were again discussed at the 7th 
WTO Ministerial Conference in July 2008. Talks cen-
tred on the possibility of enabling developing coun-
tries to partially exempt ‘special products’ that are 
particularly important for food security from tar-
iff reductions. In addition, through the ‘special pro-
tection mechanism’, developing countries would be 
able to levy additional customs duties on agricul-
tural imports in response to temporary increases in 
imports or to price decline (Deutscher Bundestag, 
2008). Both instruments can therefore serve to sup-
port national strategies for promotion of the small-
scale farming sector and sustainable food production. 
Subsidies for agricultural materials for small-scale 
producers could also be initially exempted from the 
liberalization process. Rulings on exemptions are dis-
cussed in the context of a ‘development box’ under 
the WTO Agricultural Agreement (Murphy and 
Suppan, 2003). In view of the current lack of consen-
sus on the wording of the exemption rules in the WTO 
negotiations, WBGU calls for appropriate leeway for 
securing strategies for promotion of the small-scale 
farming sector. However, the right to make a claim 
should be restricted to the poorest developing coun-
tries (Rudloff, 2008). 

International agreements on the use of 
agricultural land for food production 
In principle there could be international agreements 
under which states agree to bear responsibility for 
adequate food production. In contrast to the Food 
Aid Convention (Section 10.4.2.6), such agreements 
do not involve quotas for food aid. Instead they oper-
ate more broadly, entailing quotas for a minimum 
level of food production or pledges as to the amount 
of land that will be retained nationally for food pro-
duction. The required coordination could take place 
under the umbrella of the United Nations, possibly 
through the FAO. 

A useful starting point for negotiation of a food 
convention that seeks to safeguard production land 
would be for the international community of nations 
to specify a minimum area for food production. At 
regular intervals (e.g. every 10 years) this figure 
should be adjusted to meet food policy requirements, 
depending on the development of land productivity 
and the world population. If the amount of land actu-
ally in use for food production falls below this crit-
ical threshold, mechanisms should be triggered to 
ensure that the minimum level of food-related land 
usage is achieved again as quickly as possible. Such 
an approach would at present be difficult to imple-
ment politically, especially as extensive administra-
tion would be involved; however, the concept could 
become more attractive in future and it should there-
fore be debated in international policy forums at an 
early stage. 

10.4.3.4  
Promoting awareness of the consequences of 
different dietary habits 

The change in dietary habits that is observable in 
many parts of the world (Section 5.2.3) serves to 
exacerbate global land-use competition. Rising con-
sumption in industrialized countries and, increasingly, 
in newly industrializing countries of meat and milk 
products with a large footprint is the main driver of 
this development. It is assumed that these altered die-
tary habits will absorb around 30 per cent of the food 
production increases required by 2030 (Section 5.2). 
It is also likely that the problems of food security in 
the poorest countries will become more severe if this 
large-footprint dietary style becomes established and 
extends further as a result of the development of rap-
idly growing economies such as China and India. 

There are also repercussions on the use of biomass 
for energy. If, as is desirable, land use for food pro-
duction is given priority, land-intensive dietary styles 
reduce the global sustainable potential for bioen-
ergy. Economically stronger countries would be able 
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to meet their food needs even in the face of rising 
prices, but poorer countries run the risk of being 
increasingly exposed to food crises. There are initia-
tives, mainly in industrialized countries, that seek to 
inform consumers about the effects of diet on per-
sonal health. However, there are few attempts to 
raise public awareness of the links between individ-
ual eating habits on the one hand and global land use 
and food security on the other. Where such informa-
tion is provided, it is often overlaid by consideration 
of health issues and thus has little conscious impact 
on the consumer. Growing environmental awareness, 
however, has brought with it a demand for informa-
tion on the environmental consequences of food 
production. This development is supported by state 
schemes for the certification of organically produced 
products. Both trends could form the basis of strat-
egies for raising consumer awareness of the conse-
quences of different dietary styles. If this succeeds in 
creating awareness that ultimately leads to behav-
iour change, it will help to counteract growing land-
use competition. 

Activities in this context can be organized at 
national or local level by private actors, such as retail 
chains or NGOs, and public bodies. Initiatives can 
also be instigated at international level, for example 
in the arenas in which United Nations bodies operate. 
However, awareness campaigns alone are unlikely to 
prompt the introduction of sustainable dietary pat-
terns on a worldwide scale. In the medium to long 
term more forceful instruments will have to be con-
sidered by the international community. These could 
include standards and internalization measures such 
as levies on food with a large footprint.

Land take for per-capita food consumption 
Initiatives for influencing dietary habits can be sup-
ported by international agreements on land take for 
the per-capita consumption of food; indirectly, this 
could play an important part in reducing global com-
petition for land. In a process coordinated at inter-
country level it would first be necessary for each 
state to assess in quantitative terms the amount of 
land already in use at home and abroad for produc-
tion of the food consumed within the country. The 
concept of the ecological footprint can form a start-
ing point for operationalizing land take (Hails, 2006). 
However, factors to be borne in mind include the 
methodological critique of this concept and the fact 
that calculation of the ecological footprint includes 
not only land use for food production but other land 
and biomass uses as well (IMV, 2002; Venetoulis and 
Talberth, 2008). 

This approach requires clear guidelines on 
accounting and inventorization methods so that the 
land use associated with international trade flows of 

food can be calculated reliably in a sustained pro-
cess. It thus entails extensive assessment and moni-
toring work and a willingness to accept generaliza-
tions. Once appropriate data was available, countries 
with a significantly above-average per-capita land 
take could be identified, in much the same way as 
greenhouse gas emissions are calculated under the 
UNFCCC. The countries thus identified could be put 
under pressure to act on the principle that globally 
all human beings have the right to an equal quantity 
of natural resources to meet their needs (in terms of 
an adequate supply of food and energy) (von Koer-
ber et al., 2008). Countries exceeding this level would 
have to describe in national strategy programmes the 
measures they intend to apply to reduce per-capita 
land take. Monitoring of programme outcomes and 
exchange of experience in programme components 
could take place in international forums. Implemen-
tation of such strategies would ultimately result in 
stabilization or progressive reduction of per-capita 
consumption of foods with a large footprint in the 
countries identified. 

It is necessary to consider whether such a regime, 
initially designed only for food-related land use, could 
serve as a basis for or be expanded to include global 
land-use management covering additional biomass 
use, particularly bioenergy. A global regime of this 
type might also include mechanisms for increasing 
the flexibility of the corresponding implementation 
obligations; the flexible mechanisms of climate policy 
could provide a conceptual model for this approach. 
In theory, it would for example be possible for exces-
sive land take in one biomass sector or in one coun-
try to be (temporarily) offset by ‘reserves’ not taken 
up in another sector or country. 

10.4.3.5  
Establishment of early warning and risk 
management systems 

Improving early warning and monitoring 
capacities
In order to be better prepared for crises, an effective 
early warning system is needed. Existing monitoring 
capacities, e.g. those of the FAO and the World Food 
Programme (WFP) need to be better networked and 
their efficiency needs to be improved (Ressortar-
beitsgruppe Welternährungslage, 2008). In addition, 
WBGU sees an increasing need for prompt identi-
fication of risks to food security arising from com-
petition with energy crop cultivation for the use of 
resources. 
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Considering measures for reducing food 
price volatility 
The observable correlation between (bio)energy 
prices and food prices is likely to further increase 
food price volatility. Frequent sharp downward price 
fluctuations increase investment uncertainty for agri-
cultural producers and have a particularly detrimen-
tal impact on the small-scale farming sector; produc-
ers in this sector are unlikely to have reserves and 
have no security against price risks. Sharp upward 
price fluctuations, on the other hand, jeopardize net 
food consumers with low incomes. There is a need 
to consider whether an internationally coordinated 
expansion of food reserves could represent a viable 
means of increasing supply on the world market in 
the event of a sudden significant price rise, or of gen-
erating demand if prices fall dramatically. 

10.4.4  
Conclusions

The international community has acknowledged that 
development of global agriculture and, in particular, 
worldwide food production faces enormous and pre-
viously underestimated challenges. Energy crop cul-
tivation and the effect this has on land-use competi-
tion represents one of these challenges. In the first 
six months of 2008 policy-makers responded to the 
worldwide rise in agricultural prices and drew inter-
national attention to the issue at the High Level Con-
ference on World Food Security. It there became clear 
that the international community of nations is still 
far removed from a global consensus on the sustain-
able regulation of bioenergy use. At the same time, 
it became evident that there is an urgent need for 
action, since without regulation the globally increas-
ing demand for energy will add significantly to the 
pressure of use on fertile land. 

The Task Force on the Global Food Crisis con-
vened by UN Secretary General Ban Ki-moon has 
drafted a strategy paper on management of the food 
price crisis. The paper also lists issues relevant to the 
development of an international consensus on sus-
tainable biofuels. Recommendations include the 
development of guidelines to minimize the adverse 
impacts of energy crop cultivation on global food se-
curity and the environment, preparation of a com-
mon frame of reference for the development of a 
certification process for sustainable bioenergy use, 
the promotion of private investment in agro-energy 
production in developing countries, re-assessment of 
subsidies for energy crop cultivation and a review of 
methodologies for measuring and monitoring biofuel 
impacts (UN, 2008). In response to current develop-
ments the World Bank has in addition set up the Glo-
bal Food Crisis Response Facility. 

In Germany, the Departmental Working Party 
of the Federal Government on World Food Affairs 
has submitted a report to the Cabinet (Ressortar-
beitsgruppe Welternährungslage, 2008; Box 10.4-3). 
According to the authors, a response to the critical 
development of the world food situation requires a 
coordinated, comprehensive and long-term strategy 
that must be agreed between states and international 
institutions. The next major task is to consistently 
promote implementation of these measures. 

Over and above these measures WBGU envisages 
four priority action areas that are key to securing the 
world food supply in the face of the worldwide bioen-
ergy boom: 
1. Energy crop cultivation must form part of inte-

grated national bioenergy and food security strat-
egies that aim to prevent competition with food 
production. This is particularly important for the 
group of LIFDCs. The cultivation of energy crops 
must be accompanied by increases in food produc-
tion and in the productivity of land used for food 
purposes. These national endeavours should be 

Box 10.4-3

Key recommendations of the Departmental 
Working Party of the German Federal 
Government on World Food Affairs

Short-term measures 
•	 Boost	humanitarian	on-the-spot	aid,	emergency	aid	and	

transition aid, especially food aid; 
•	 Ensure	that	food	and	income	transfers	reach	the	weak-

est members of society; 
•	 Improve	access	to	agricultural	operating	resources;	
•	 Lift	export	restrictions	with	immediate	effect;	

•	 Bring	 the	 Doha	 Round	 to	 a	 successful	 conclusion	 (in	
particular by reducing export subsidies and export pro-
motion); 

•	 Tackle	budget	and	balance	of	payments	imbalances.	

Medium-term and long-term measures 
•	 Improve	institutional	and	legal	conditions	in	developing	

countries; 
•	 Increase	sustainable	food	production;	
•	 Increase	investment	in	sustainable	agriculture;	
•	 Boost	agricultural	research;	
•	 Avoid	competition	for	use	through	responsible	develop-

ment of bioenergy; 
•	 Introduce	mandatory	sustainability	standards	and	effec-

tive certification systems; 
•	 Improve	early	warning	systems.
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underpinned at regional level, particularly by the 
regional development banks. This would result in a 
convergence of bioenergy, agricultural and devel-
opment policies. 

2. The greatly increased pressure on land use as a 
result of changed dietary habits in industrialized 
countries and the spread of these styles in dynam-
ically growing newly industrializing countries rep-
resents a major challenge for the future; the extent 
of this problem is still widely underestimated and 
deserves fuller attention. At the same time, the 
spread of these dietary habits limits the potential 
for sustainable energy crop cultivation. Pressure 
on land use is increasing, particularly in LIFDCs, 
and is exacerbated by the growing demand for 
food and energy from other countries. In Africa, 
it is already possible to observe agricultural land 
being bought up on a large scale by foreign inves-
tors (country case studies; Section 8.2). 

3. In order to be better prepared for crises, an effec-
tive early warning system is needed. Existing mon-
itoring capacities, e.g. those of the FAO and the 
World Food Programme need to be better net-
worked and their efficiency needs to be improved. 
In addition, WBGU sees an increasing need for 
prompt identification of risks to food security 
arising from competition with energy crop culti-
vation for the use of resources. Global monitor-
ing and early warning systems are also important 
for prompt identification of risks arising from the 
growing pressure on global land use. For these rea-
sons, among others, WGBU recommends the cre-
ation of a global commission for sustainable land 
use (Box 10.3-5). A particular lack is the absence 
of a global land register providing information on 
the status and dynamics of soil, water resources 
and land cover (especially deforestation). The 
rapid change in global land use is in WGBU’s view 
an insufficiently addressed issue in research and 
policy-making. 

4. The challenges involved in securing the world food 
supply must now be tackled against the backdrop 
of increasing pressure on global land use; they 
can no longer be surmounted by purely national 
efforts. In view of growing resource scarcity and 
the ever-closer links both between national and 
global markets and between food and energy mar-
kets, ways must be found to manage land use on a 
global basis in order to secure an adequate level of 
food production worldwide. A global agreement 
on securing a minimum area of land that would 
remain available for food production is a possible 
element of global land-use management. 

10.5
International biodiversity policy and sustainable 
bioenergy

The objectives of the Convention on Biological 
Diversity (CBD) and specifically those referring to 
the conservation of biodiversity and the sustainable 
use of its components are directly relevant to the 
deployment of bioenergy resources. The CBD, by vir-
tue of its ‘conservation of biological diversity’ objec-
tive, is the key international agreement pro moting 
compliance with the WBGU guard rail for biosphere 
conservation, which is designed to prevent expand-
ing land use from encroaching on ecologically valua-
ble sites (Section 3.1.2). Equally, the ‘sustainable use 
of biological diversity’ objective backed by appro-
priate regulations offers a means of avoiding poten-
tial adverse impacts of bioenergy use on biodiversity 
(Section 5.4). Therefore, in the following section 
WBGU concentrates on the tasks and scope of the 
CBD. 

The CBD first took up the issue of bioenergy only 
in 2007, when it was put on the agenda for a meet-
ing of its scientific advisory body, and it became one 
of the key themes of the ninth meeting of the Con-
ference of the Parties (COP-9) in Bonn. The dynam-
ically expanding bioenergy sector is heightening the 
pressure on land use, and hence on biodiversity. Con-
sequently, the ongoing efforts to conserve biological 
diversity and ensure the sustainable use of its com-
ponents must be intensified. In addition, the CBD 
has a part to play in regulating the sustainable use 
of bioenergy. The issue of bioenergy poses the fol-
lowing specific challenges for biosphere conservation 
and the CBD:

First, enlargement and effective management of 
the global system of protected areas can help to limit 
the conversion of natural ecosystems caused, directly 
or indirectly, by increased utilization of bioenergy 
(Section 5.4). The Convention has at its disposal a 
vast reservoir of relevant experience, instruments 
and objectives integrated within its programme 
of work on protected areas (Section 10.5.1.1). The 
financing of the system of protected areas presents 
special challenges (Section 10.5.2).

Second, it is important to safeguard the conserva-
tion and sustainable use of biodiversity in the context 
of energy crop production or forest product use for 
bioenergy generation. The CBD can help to tackle 
this – after the next meeting of the COP in 2010, at 
the earliest – by developing biodiversity guidelines 
for sustainable production and deployment of bioen-
ergy which can then be incorporated into relevant 
standards. The principles and programmes of work 
drawn up by the Convention form a good working 
basis for this task (Section 10.5.1).
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In the following sections sustainable land use is dis-
cussed beyond the specific remit of bioenergy, since 
no clear distinction can be drawn between ensuring 
sustainable land use for bioenergy and sustainable 
land use in general. 

10.5.1  
Protected areas and protected area systems

Section 5.4 illustrates how the expansion of bioenergy 
use could come to compete with nature conservation. 
An effective system of protected areas is indispensa-
ble for avoiding such conflicts. At the same time, the 
significance of protected areas extends far beyond 
their implications for bioenergy issues. Protected 
areas are essential instruments for the conservation 
of biodiversity (MA, 2005b, c; CBD, 2004b). The CBD 
and the World Summit on Sustainable Development 
set themselves the target of significantly reducing 
the rate of biodiversity loss by 2010. In support of 
this target, WBGU proposed the following biosphere 
guard rail (Section 3.1.2): ‘10–20 per cent of the glo-
bal area of terrestrial ecosystems (and 20–30 per cent 
of the area of marine ecosystems) should be desig-
nated as parts of a global, ecologically representative 
and effectively managed system of protected areas. 
In addition, approximately 10–20 per cent of river 
ecosystems including their catchment areas should 
be reserved for nature conservation.’

Within the system of protected areas it is by no 
means a requirement that conservation and use of 
biological diversity, including bioenergy use, should 
always be mutually exclusive (WBGU, 2001a). The 
World Conservation Union (IUCN) subdivides pro-
tected areas into categories ranked according to their 
conservation objective and intensity of use (catego-
ries I–VI; IUCN, 1994; Box 5.4-1). Only areas in cat-
egories I–IV, which denote conservation as the pri-
mary objective, should be counted towards compli-
ance with area targets (Pistorius et al., 2008), since 
the emphasis of categories V and VI is on sustain-
able use and not on conservation. In UNESCO bio-
sphere reserves, this principle of graded intensities of 
use has been applied as a zoning concept in which 
core zones are enclosed by buffer zones and buffer 
zones are surrounded by transition areas (UNESCO-
MAB, 1995). 

Parties to the CBD are bound by Art. 8(a) to estab-
lish a system of protected areas. They have thereby 
entered into a special form of land-use agreement: to 
conserve the global public good of biological diver-
sity, they undertake that types of land use resulting 
in degradation will not be permitted in specific areas. 
Furthermore, the CBD calls for the use of biological 
resources to be regulated and managed even outside 

protected areas (Art. 8(c) CBD; Glowka, 1994). Thus, 
nature conservation cannot be ‘delegated’ solely to 
protected areas; instead, all types of land use must 
integrate aspects of conservation and sustainable use 
of biodiversity. 

The amount of area designated under the current 
protected areas system is impressive: approx. 12 per 
cent of the terrestrial surface is already protected. 
Nevertheless, the target is far from having been met, 
since many of the areas fall short of fulfilling their 
conservation purpose and their protected status 
exists only on paper. Box 5.4-1 gives a survey of the 
situation and trends for protected areas. 

10.5.1.1  
CBD work programme on protected areas 

It took 12 years from the signing of the Convention 
before the implementation of Article 8 was tackled 
with a special programme of work on protected areas 
(CBD, 2004b). This has since provided the frame-
work for implementation by the Parties. The target is 
to establish an ecologically representative and effec-
tively managed global network of national protected 
area systems by 2010 for terrestrial areas and by 2012 
for the marine environment. The work programme 
reads like an ambitious action plan for nature con-
servation. It describes, in terms of outcome-based 
targets, what measures the Parties should imple-
ment by which point in time. However, a concrete, 
quantitative obligation to designate protected areas 
or to comply with global priorities, for example to 
ensure global representativeness, proved impossible 
to negotiate. But the programme does refer to the 
Global Strategy on Plant Conservation, which was 
likewise developed under the auspices of the CBD 
and specifies, among other targets, that 10 per cent of 
each of the world’s ecoregions should be effectively 
conserved by 2010 (Section 3.1.2).

National implementation is carried out in the con-
text of the Parties’ own national priorities. The Parties 
undertook that they would report on the progress of 
implementation at every meeting of the Conference 
of the Parties (COP) until 2010 but very few coun-
tries are meeting this requirement: only 34 out of 190 
Parties have reported on their progress (CBD, 2007). 
Many countries already have area protection targets 
or intend to define them: the figures are in the region 
of 5–30 per cent. China, for example, has made plans 
to designate 17 per cent of its terrestrial area as pro-
tected by 2010. As yet, the difficult task of network-
ing the protected areas and integrating them with 
other land uses has met with very limited success. 
Equally, almost all reporting developing countries 
lack the capacity to develop and implement effective 
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management plans for the existing protected areas. 
Implementation can be expected to be faltering even 
more in the 156 countries which have not delivered a 
report. Rapid progress can hardly be expected with-
out substantially greater commitment in political and 
financial respects. 

10.5.1.2  
Further provisions of the CBD

In other sectors of the CBD it has been possible to 
agree specific area protection targets. In the Global 
Strategy for Plant Conservation the CBD defined the 
target of effectively conserving at least 10 per cent 
of all the world’s ecoregions, 50 per cent of the most 
important centres of plant diversity and 60 per cent 
of threatened plant species by 2010 (CBD, 2002a; 
Section 3.1.2). In the context of the evaluation of the 
Convention’s Strategic Plan (CBD, 2004c) the spe-
cific area target was likewise agreed of assuring the 
effective conservation of at least 10 per cent of all 
the world’s ecoregions by 2010. Furthermore, the 
intention is to reduce the rate of loss and degrada-
tion of natural habitats. Within the provisional target 
framework of the Convention, the 10 per cent tar-
get is also being taken up and applied to the various 
thematic programmes of work: at least 10 per cent of 
marine and coastal ecosystems, inland waters, forest 
types, mountain ecosystems, arid regions and island 
ecosystems should be conserved and general protec-
tion afforded to all areas of particular importance for 
biodiversity (CBD, 2006b). 

10.5.1.3  
Options for further elaboration 

Further elaborations of the protected areas policy 
must therefore do more to create enabling conditions 
to assure the establishment of a representative global 
network of protected areas and adequate financing 
to manage it effectively. Solutions worthy of consid-
eration include additional agreements on area pro-
tection targets, their national implementation and 
international financing efforts.

The LifeWeb Initiative
LifeWeb is a global initiative on protected areas insti-
gated by Germany (BMU, 2008e). It builds on the pro-
gramme of work on protected areas and is intended 
as a contribution to financing the implementation. 
To this end, interested developing countries should 
give notification of protected areas with underfi-
nanced management capacities as well as ‘candi-
dates’ for new protected areas for which they cannot 

allocate the necessary resources. These candidates 
are listed in the UN database of protected areas at 
UNEP-WCMC (WDPA, 2008). Countries and pub-
lic and private sector organizations interested in con-
tributing to better financing can then cooperate on a 
bilateral basis with countries that have put forward 
candidates. This initiative, which is based exclusively 
on voluntary participation and creates no additional 
administrative structures, was welcomed at COP-9 in 
Bonn, where many developing countries proposed 
specific candidate protected areas amounting to a 
total area of approx. 460,000 km2. The German fed-
eral government gave a commitment to contribute 
an additional € 500 million by 2012 to the LifeWeb 
Initiative (and the same sum annually thereafter). 
Unfortunately, at the conference neither EU part-
ners nor G8 countries pledged offers of finance. Ger-
many will therefore need to promote LifeWeb even 
more actively to its industrialized partner countries 
in order to guide the initiative towards success.

Further elaboration of CBD provisions 
towards a protocol on protected areas
The 2010 target will be evaluated at COP-10. In all 
probability it will not have been attained, with the 
exception of a few minor successes. In addition, a 
fundamental evaluation of the programme of work 
on protected areas is planned. Here, too, the interim 
results indicate that most Parties will fail to meet the 
ambitious targets of the programme. The final version 
of the Sukhdev Report on the Economics of Ecosys-
tems and Biodiversity (interim findings:  Sukhdev, 
2008) will be available in 2010, and will quantify 
the economic value of biodiversity conservation in 
much the same way as the Stern Review did for cli-
mate protection (Stern, 2006). Part of this value will 
be reflected in the REDD provisions under the UN 
Framework Convention on Climate Change, which 
propose to create incentives for forest conservation 
as a mechanism for climate protection (Box 10.5-3). If, 
in addition, negotiations on an international regime 
for access to genetic resources and equitable benefit-
sharing can be concluded in 2010 to the satisfaction 
of developing countries, it will mark the emergence 
of a constellation of factors which creates a new pol-
icy framework. This could enable the further elabo-
ration of the existing CBD provisions in the direction 
of a binding protocol on protected areas (WBGU, 
2006). Such a protocol should encompass the full 
range of terrestrial, freshwater and marine protected 
areas and cover the spectrum from strict protection 
to conservation linked with sustainable use. The con-
tracting parties to such a protocol would undertake 
to establish a system of protected areas according 
to quantitative targets. The specific reporting obli-
gations should include notification of existing pro-
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tected areas (geographical data, protected ecosystem 
types and species, protected area categories, details 
on management, financing, progress and constraints, 
etc.) and candidates for designation to the UNEP-
WCMC global database. On this data basis, a scientific 
advisory board – emerging perhaps from the interna-
tional discussion of a body equivalent to the IPCC to 
advise on policy in the sphere of biodiversity (Inter-
governmental Panel on Biodiversity, IPBD: WBGU, 
2001a) – could produce status reports on the system 
of protected areas at regular intervals, dealing with 
the issues of representativeness, effectiveness and 
financing and implementation constraints. Any asso-
ciated interference with national sovereignty should 
be kept to a minimum. Success can only be achieved 
if the industrialized countries undertake, in return, 
to make available adequate financial resources and 
assistance with implementation. 

10.5.2  
Financing protected area systems through 
compensation payments

Areas that are especially rich in biodiversity are pre-
dominantly found in the territorial domains of devel-
oping and newly industrializing countries. Without 
additional incentives these countries will not be pre-
pared to enter into conservation commitments on a 
sufficient scale to ensure the conservation of global 
biodiversity. They see such commitments as restraints 
on their sovereignty and their opportunities of eco-
nomic development. Moreover, they would then be 
bearing a substantial proportion of the costs of con-
serving biological diversity, while the entire inter-
national community reaps the benefits. Additional 
financial incentives such as compensation payments 
are therefore necessary. They would primarily com-
pensate for losses of income as a consequence of 
refraining from higher-revenue but unsustainable 
forms of land use (Endres, 1995; WBGU, 2001b, 
2002). Seen in this way, compensation payments aim 

to bring about the conservation of valuable ecosys-
tem services which are threatened by intensifying 
pressures from competing uses of land for such activ-
ities as energy crop production (Section 5.4). 

The level of finance required for compensation 
is primarily determined by the alternative uses. The 
opportunity costs of conservation in nature parks and 
landscape protection areas, for example, are often 
higher than in uninhabited, remote reserves where 
lucrative alternative uses such as energy crop produc-
tion have not previously been feasible (James et al., 
1999). Pearce (2007) calculates on the basis of James 
et al. (1999) opportunity costs of conservation in 
developing countries of under US$ 9 per ha per year. 
That would be significantly lower than the amount 
in excess of US$ 93 stated in an internal World Bank 
study (quoted in Pearce, 2007). Chomitz et al. (2004) 
assume that the opportunity costs are determined 
by the agricultural potential of the land; in develop-
ing countries these costs would be in the region of 
hundreds of US dollars per hectare if the alternative 
were extensive pasturage, and thousands of US dol-
lars per hectare if it were possible to produce high-
quality perennial crops. At national level there are 
already systems for the regulation of compensation 
payments (FAO, 2007b; Wunder, 2005). One example 
is the Pagos por Servicios Ambientales programme 
established in Costa Rica in 1997 (Box 10.5-1).

 Companies offer compensation on the basis of 
national regulations to establish compensation areas. 
In several countries (including Australia, Brazil, Can-
ada and the USA) companies intending to develop 
land intensively are obliged to provide compensat-
ing areas elsewhere. One way of doing so is by these 
companies compensating landowners for refraining 
from alternative, more profitable land uses in biodi-
versity-rich ecosystems. Under current national pro-
visions, these obligations can only be fulfilled nation-
ally by means of compensating areas (i. e. mitigation 
sites in the same country) (ten Kate et al., 2004; Car-
roll et al. 2007). In parallel, some corporate initia-
tives engage in voluntary payments for compensating 

Box 10.5-1

Payments for ecosystem services in Costa Rica

Under the Pagos por Servicios Ambientales programme 
established in Costa Rica in 1997, landowners receive pay-
ments for the provision of forest ecosystem services. The 
state’s role is complemented by private beneficiaries of eco-
system services, e.g. hydropower stations, which make vol-
untary payments. Potential participants in the system must 
initially submit a management plan covering such details as 
the characteristics of the forest parcel, the intended manage-
ment method and the planned environmental measures, e.g. 

to prevent degradation from forest fires or illegal logging. 
Over an initial five-year period, forest owners receive regu-
lar payments from the specially established fund, the Fondo 
Nacional de Financiamiento Forestal (Pagiola, 2002). In 
1997, the first year of the programme, payments of approx. 
US$ 14 million were made to protect areas amounting to 
79,000 ha (Pearce, 2004). In Costa Rica, as in Mexico and 
other countries, international donors like the World Bank 
and the Global Environment Facility (GEF) also contribute 
to financing. Costa Rica received a US$ 32.6 million loan 
from the World Bank, for example, and a grant of US$ 8 
million from the GEF (World Bank, 2002, 2008c).
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areas in their own countries and abroad as a way of 
improving their image (ten Kate et al., 2004; Bishop, 
2007). Compensation payments and the establish-
ment of compensating areas carry high transaction 
costs from the companies’ point of view. The market-
based institutions of ‘habitat banking’ schemes can 
reduce these costs. Here the actors are companies 

which create certified compensating areas and sub-
sequently sell the certificates to companies wishing 
to develop greenfield sites. This approach was first 
established in the USA in the 1990s in the form of 
‘wetland banking’ (Sulzman and Ruhl, 2002) and is 
now being recommended by the EU Commission for 
implementation (EU Commission, 2007a, b). Prelim-

Box 10.5-2

Establishing an international market in certified 
conservation services

Establishing an international market in certified conserva-
tion services to finance a global protected areas network 
is a conceptual elaboration of the German federal gov-
ernment’s LifeWeb Initiative (Section 10.5.1.3). The fol-
lowing proposal for such a market is based partly on the 
concept of tradable non-utilization commitment certificates 
(WBGU, 2002). The core idea is to secure the financing of 
protected areas by complementing the host countries’ own 
contributions with a system of international compensation 
payments. To create and promote an efficiently structured 
system of compensation payments, it would be expedient 
to standardize the ‘protected area’ resource as an asset for 
which a global market can be established. Standards would 
need to specify the quality criteria that units of area should 
meet in order to gain certification, making them eligible 
to be offered on the market as candidate sites. It would be 
useful to work towards a globally recognized certificate for 
high-quality conservation of biodiversity, perhaps compara-
ble to the CDM Gold Standard.

Supply and demand
In principle, states and any other actors may be suppliers 
or demanders of certified conservation services in the mar-
ketplace. The greatest supply is likely to come from biodi-
versity-rich developing and newly industrializing countries. 
Supply-side activities should be voluntary; the incentive for 
supply should spring from the revenue-earning opportuni-
ties created by the market. To generate a minimum level of 
demand for certified conservation services, the contracting 
parties should enter into commitments to acquire conser-
vation certificates. The scale of these commitments should 
depend essentially on the principle of economic capacity 
– hence industrialized countries would contribute signifi-
cantly more to the financing of global biodiversity than 
developing countries. Secondly, the distribution key should 
also take account of the principles of subsidiarity and eco-
logical capacity – the more biodiversity a state is fundamen-
tally able to conserve on its own territory, the greater its 
obligation in comparison to other countries at an equiva-
lent stage of economic development. Provisions of this 
kind would not affect existing obligations under the CBD, 
according to which every Party must establish and maintain 
its own national system of protected areas (Art. 8 CBD). 
There must be safeguards so that biodiversity-rich states do 
not merely offer conservation services on the international 
market but are always required to enter into obligations 
themselves as well. To fulfil these obligations, certificates for 
conservation services in their own country may be used. For 
the concrete elaboration of these obligations, one option is 
to define a quantity of conservation certificates which must 
be acquired whenever there is sufficient supply. Since it is 
difficult to predict, at least in the start-up phase, the level 
at which certificate prices will settle, the quantity of certifi-

cates can be coupled with a spending limit, above which a 
state need not acquire any further certified conservation 
obligations. This would be a way of avoiding fiscal overload 
on purchaser states. However, it must be borne in mind that 
any such capping impairs ecological effectiveness and could 
lead to some states acquiring conservation services from 
certain other countries, perhaps out of foreign policy con-
siderations, at deliberately inflated prices.

How the market operates
It is desirable to incorporate into this market system the 
kind of steering that ensures representativeness of the glo-
bal protected areas network. Candidate protected areas 
nominated by supplier countries are assigned to ecological 
categories as part of the certification process. This process 
could be based on the LifeWeb Initiative. Suppliers nomi-
nate candidate sites, and these sites become certified. The 
quantitative basis is the area of the site. Demander states 
must acquire a certain quantity of certified conservation 
services and can offset the corresponding area against their 
registered obligations. They can make their own choice of 
the sites they wish to purchase, however. Depending on 
their preferences, e.g. their favoured ecosystem type (rain-
forest, biodiversity hotspot or conservation of flagship spe-
cies, etc.), they purchase the conservation of specific areas 
on the ‘first come, first served’ principle. On the assumption 
that demander states are especially interested in sites of high 
ecological value – whether because this is in the interests 
of the population, which exerts pressure on state decision-
makers accordingly, or because the selection is left to expert 
representatives – there would be an incentive to release the 
funding as quickly as possible to maximize both value for 
money and ecological value in the acquisition of conserva-
tion services. At the same time, supplier states would have 
an incentive to nominate areas of greater appeal from the 
perspective of biodiversity policy rather than just nominat-
ing candidate areas with low opportunity costs. Regular 
assessments by an Intergovernmental Panel on Biodiversity 
(IPBD; WBGU, 2001a, 2001a) could ensure transparency in 
the development of the protected area system, and desig-
nate underrepresented ecosystems (currently, for example, 
wetlands or marine ecosystems) or species groups which 
would then be allocated a valuation bonus in the market-
place to promote the purchase of conservation certificates 
from these segments. 

Given the current political climate, such a market sys-
tem for certified conservation services, e.g. in the frame-
work of a CBD protocol on protected areas, can only be a 
medium-term if not long-term project. Nevertheless, now is 
the time to mark out the parameters. The LifeWeb Initia-
tive should recruit as many partner countries, NGOs and 
companies as possible, and set the certification process in 
motion. Research projects (Chapter 11) should explore 
whether such a protocol can expediently be linked to the 
currently emerging REDD regime under the UNFCCC 
(Section 10.2).
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inary approaches along the same lines have also been 
developed in Malaysia (Hawn, 2008). According to 
data in Carroll et al. (2007), the 400 wetland mitiga-
tion banks in the USA alone generate transactions 
amounting to more than US$ 1000 million per year. 
Furthermore, private organizations (NGOs, founda-
tions, etc.) make additional financial contributions to 
protected areas and the conservation of biodiversity 
in general. According to cautious estimates, pay-
ments of up to US$ 1000 million per year are made 
for international biodiversity conservation (OECD, 
2003; Gutman and Davidson, 2007). Added to this 
are market payments for certain privatizable ecosys-
tem services such as carbon certificates (Box 10.2-3), 
bioprospecting or ecotourism (WBGU, 2001a; 2005). 
Currently the volume of this segment amounts to 
US$ 1000–2000 million and is deemed to be highly 
dynamic (Gutman and Davidson, 2007). It remains 
to be seen whether these kinds of market payments 
increase in future and, above all, whether they are 
deployed as compensation mechanisms in the inter-
national context.

International compensation payments are justi-
fied because biological diversity found locally and 
nationally often yields benefits beyond national bor-
ders (WBGU, 2001a; MA, 2005a; Perrings and Gadgil, 
2005). Property Rights over the relevant resources 
are assigned to individual nation states, effectively 
giving them control over the supply of biodiversity 
and ecosystem services resulting therefrom. Should 
these globally valuable services threaten to decline, 
other countries can offer conditional payments that 
alter the cost-benefit ratios of alternative land uses in 
favour of sustainable uses in the host country of the 
subject of protection. These conditions apply particu-
larly in newly industrializing and developing countries 
in the tropics with globally significant biodiversity 
resources. Many of these countries are considering 
a major expansion of bioenergy production or have 
already taken steps in this direction (Section 4.1.2). 
This trend directly or indirectly increases the risk of 
resource-degrading land-use practices (Section 5.4), 
a risk which has implications for an effective deploy-
ment of international payments.

10.5.2.1  
Financing the global network of protected areas 
through international payments

Estimates of the required funding for a global net-
work of protected areas, including marine pro-
tected areas, vary according to area delimitations 
and assumptions about the degree of protection 
(Gutman and Davidson, 2007; Schmitt et al., 2007). 
Thus Balmford et al. (2002) assume annual costs of 

US$2000 45,000 million. James et al. (1999) put the fig-
ure at US$1996 27,500 million. The total expenditure on 
protected areas is estimated at an annual US$ 6,000–
10,000 million worldwide, of which developing coun-
tries contribute US$ 1300–2500 million (James et 
al., 1999; Molnar et al. 2004; Gutman and David-
son, 2007). Various financing mechanisms come into 
play here (Gutman and Davidson, 2007). Payments 
are stated inclusive of expenditure on protected area 
management, so compensation payments only rep-
resent a small share. The current level of interna-
tional payments for the conservation of biodiversity 
as a whole is put at US$ 4000–5000 million per year 
of which 30–50 per cent relates to the protected area 
network. Some US$ 2000 million are made availa-
ble in the scope of bilateral and multilateral develop-
ment cooperation by the OECD countries (OECD, 
2002; Gutman and Davidson, 2007), the dominant 
mechanism being bilateral development cooperation. 
From the German perspective, the principal compo-
nent to mention is the tropical forest conservation 
programme for which spending of over € 100 million 
was budgeted in 2007 (BMZ, 2008a, b). In addition, 
there are debt-for-nature swaps, in which foreign 
debt is exchanged for nature conservation (WBGU, 
2001a, 2002). Between 1987 and 2003, the equivalent 
of around US$ 2200 million was invested in nature 
conservation under this mechanism (Pearce, 2004). 
Swaps can be financed and implemented by the pri-
vate as well as the public sector. 

In terms of future enhancement of the financing 
of global biodiversity conservation, great expecta-
tions are attached to the global carbon trading mar-
ket and, in particular, to the REDD process under 
the UNFCCC (Section 10.2; Box 10.2-2; Box  10.5-3; 
 Gutman and Davidson, 2007; Huberman, 2007). 
At the same time, the possible different forms of a 
REDD regime must first be explored to assess their 
impact on the functionality of the carbon market 
and to determine their realizable financing potential 
(Box 10.5-2; Section 11.5.4).

Over and above the financing of protected areas, 
compensation payments are applicable in a general 
way to the conservation of biodiversity in the sur-
rounding cultural landscape. Conservation measures 
in cultural landscapes are, according to very rough 
estimates by James et al. (1999), associated with 
annual costs in the low hundred thousand millions 
US$. These costs of biodiversity conservation nor-
mally fall to landowners or are partially passed on to 
the consumers of agricultural products. According to 
Gutman and Davidson (2007) a substantial portion of 
these costs can be offset in the long run by efficiency 
gains from more sustainable land use, but compen-
sation payments have an important contribution to 
make as a mechanism to bridge financing gaps. 
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In sum, the current global volume of payments falls 
markedly short of the estimated requirement for the 
financing of protected areas. So far, there has been 
no coordinated, institutionalized system of interna-
tional (compensation) payments. Payments are ren-
dered principally on a decentralized basis as condi-
tional project financing in the course of development 
cooperation. Unlike funding in other fields of devel-
opment cooperation, however, biodiversity conserva-
tion calls for more than the start-up or ‘seed’ finance 
that is common in sectors like industry, since it is con-
cerned with the lasting conservation of globally valu-
able natural resources. Hence the payments – unlike 
conventional project financing – should be effected 
periodically and reliably over the long term (Swan-
son, 1999). Only this will pave the way for setting 
effective incentives to refrain from unsustainable 
land uses in the long run. For this reason, additional 
financing mechanisms are necessary.

10.5.2.2  
Options for further elaboration – criteria for an 
international compensation regime

Compensation payments can only set an effective 
incentive if adequate financial resources are made 
available for this purpose. According to the principle 
of joint but differentiated responsibility, it is advisa-
ble for every country initially to undertake its own 
efforts, based on its ability-to-pay and its biodiversity 
endowment. The choice of the appropriate instru-
ments, i.e. national compensation payments or other 
methods, rests with the respective sovereign states. 

Within the CBD framework there have long been 
endeavours to develop a strategy for the mobiliza-
tion of additional financial resources. So far little has 
come of this process, however. Specifically for the 
implementation of the programme of work on pro-
tected areas, at COP-9 the industrialized countries 
demonstrated only muted willingness to make addi-
tional resources available. One notable exception is 
Germany’s pledge of € 500 million for the LifeWeb 
Initiative (Section 10.5.1.3).

Box 10.5-3

Climate protection and biodiversity 
conservation within international climate policy

An operable regime on the theme of Reduced Emissions 
from Deforestation and Degradation (REDD) in develop-
ing countries could produce synergies in climate protection 
and biodiversity conservation. Often, projects and activities 
on land use, where the primary purpose is climate protection, 
also contribute directly to the conservation of biodiversity, 
as when near-natural ecosystems with high carbon content 
are protected from conversion and degradation. However, 
land use optimized for climate purposes (Section 5.5) can 
equally render biodiversity conservation all the more diffi-
cult. One example is climate protection by means of affores-
tation, which can have adverse impacts on biodiversity if it 
involves the conversion of natural areas. There is a similarly 
ambivalent relationship between biodiversity conservation 
and the production of energy crops motivated by climate 
concerns: the problems are discussed in Section 5.4. Goal 
conflicts can be expected, e.g. when energy crop production 
involves the conversion of grassland or savannah. Whilst it 
only results in moderate carbon release, which is balanced 
out comparatively quickly by the subsequent utilization of 
bioenergy, the conversion can entail losses of biodiversity. 

Coordinating climate protection and biodiversity 
conservation in land use
The Marrakesh Accords to the Kyoto Protocol explicitly 
state that land use, land-use change and forestry (LULUCF) 
activities must contribute to the conservation of biodiversity 
and the sustainable use of natural resources (UNFCCC, 
2002). The UNFCCC mechanisms for avoiding adverse 
effects of climate protection measures on biodiversity con-
servation differentiate between project-based measures 

and non-project-based climate protection. For project-
based measures (e.g. the CDM), the available options are 
sustainability standards or environmental impact assess-
ments incorporating biodiversity aspects. Evidence of indi-
rect land-use changes caused by displacement effects, which 
have adverse impacts on biodiversity, is particularly difficult 
to capture, however. It is even more difficult to frame the 
non-project-based climate protection incentives under the 
UNFCCC involving national maximum emission targets 
for the signatory countries in such a way as to minimize 
adverse effects on biological diversity. Greater scope could 
be achieved in this area by ensuring that LULUCF obliga-
tions are not completely flexible and interchangeable with 
obligations in other sectors. Then the possibility would arise 
of considering further criteria in the LULUCF sector over 
and above the avoidance of greenhouse gas emissions, with-
out jeopardizing the effectiveness of the regime as regards 
fossil emissions reduction. 

Hence, given the dynamic progress of the REDD negoti-
ations within the UNFCCC, some timely groundwork from 
the CBD is more important than ever. At CBD COP-9, it 
was resolved that a CBD expert group should contribute its 
expertise to the UNFCCC negotiations in order to harness 
synergies and avert risks. Better networking between the 
scientific bodies affiliated to both conventions is also con-
ducive to these aims. At the implementation level, efforts 
should be made to achieve closer coordination within 
national ministries and agencies responsible for UNFCCC 
and CBD negotiation and implementation (Roe, 2006).

Overall, there is a need for international discussion on 
and broad research into ways to harness synergies between 
climate protection and biodiversity conservation through 
improved institutional linkages and ways to resolve con-
flicts (Chapter 11).
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In the view of WBGU the OECD countries as 
well as emerging economies like Russia or the oil-
rich states have a responsibility to do considera-
bly more than they have in the past to finance pro-
tected areas. The question of how much the biodiver-
sity-rich developing and newly industrializing coun-
tries should contribute themselves may be debatable; 
nevertheless, in view of biodiversity’s enormous ben-
efit to benefit other countries globally, it is clear that 
the resources mobilized by the international donor 
community are far from adequate. Depending on the 
level of the share deemed to be appropriate for the 
economically poorer countries of origin to contrib-
ute, the high-income countries should be prepared to 
mobilize around € 20–30 per capita per year to close 
the financing gap. The benefit of the nature conser-
vation thereby achieved is surely many times greater 
than this amount (WBGU, 2005).

The financial resources allocated should be 
employed efficiently, and windfall gain should be 
avoided. Compensation payments should be geared 
towards conserving biodiversity threatened by the 
heightened pressure from competing forms of land 
use, which is an expected consequence of the increas-
ing use of bioenergy. If rising demand for bioenergy 
increases the yield from degrading land use, then 
compensation payments must be raised to a level 
that (still) permits adequate protection. Accord-
ing to a study by IFPRI (2008), 30 per cent of the 
recently observed average rise in cereal prices can be 
attributed to the increased demand for biofuels. With 
progressive expansion of biofuel use, by 2020 prices 
could be 18 to 26 per cent higher (in real terms) than 
in a situation where biofuel production is held at the 
current level (Section 5.2.5.2). Compensation pay-
ments to ensure effective conservation would there-
fore need to rise on a comparable scale, differentiated 
by type of land area, just to keep pace with a biofuels 
boom, i.e. without yet taking account of the effect of 
increased demand for land for industrial feedstock 
purposes (such as wood production). This brings the 
close interrelationship between bioenergy policy and 
biodiversity conservation, including the financing 
issues, into sharp relief. Economic efficiency requires 
conservation objectives to be attained with the least 
possible expenditure. Essentially, efficient payments 
can be assumed where processes of searching for the 
most cost-effective conservation are organized via 
market institutions. On the national level, this has 
already taken place through such initiatives as habi-
tat banking. In an international market, host coun-
tries could offer to supply the protection of high-bio-
diversity sites, and countries with a demand for con-
servation could pay for site protection. As a point 
of principle, however, a functional market for con-
servation services must meet a series of criteria not 

hitherto satisfied on the international level (WBGU, 
2002; Kulessa and Ringel, 2003; EcoTrade, 2008). 
These include the definition of the tradable services, 
which can be highly complex to operationalize in the 
sphere of biodiversity conservation since the system 
must reflect not just area size but also each area’s 
inventory of ecological resources. One possibility is 
to specify core ecological criteria for the quality of 
the sites and to leave the subsequent selection to the 
demand-side actors. To prevent freerider behaviour 
on a large scale, which would ultimately result in a 
situation where few remaining actors would be will-
ing to pay, states should agree to co-finance the con-
servation of biodiversity through protected areas, e.g. 
by undertaking to purchase sufficient quotas of con-
servation certificates (Box 10.5-2).

10.5.3  
Contributions of the CBD to bioenergy standards 
development 

The task of conserving biodiversity in tandem with 
bioenergy deployment involves not only establishing 
effective systems of protected areas, but also ensuring 
the conservation and sustainable use of biodiversity 
in bioenergy production systems in the cultural land-
scape (Sections 5.4 and 7.1). Standards for sustain-
able bioenergy production are important instru-
ments to this end (Section 10.3). 

On account of its limited framework of goals and 
objectives, the CBD is not the appropriate forum for 
developing comprehensive sustainability standards 
for bioenergy, because it cannot cover the full spec-
trum of the necessary ecological and social dimen-
sions. Within certain parameters, however, it can use 
its expertise to develop biodiversity guidelines and 
thus provide building blocks for the kind of stand-
ards required. 

10.5.3.1  
Provisions of the CBD as the basis for bioenergy 
standards

The provisions of the CBD establish a basis for pol-
icy. For example, the Parties undertake to regulate 
and manage biological resources within and outside 
protected areas with a view to ensuring their conser-
vation and sustainable use (Art. 8(c) CBD), to con-
serve ecosystems, habitats and species in their nat-
ural surroundings (Art 8(d) CBD), and to adopt 
measures relating to the use of biological resources 
to avoid or minimize adverse impacts on biodiversity 
(Art 10 (b) CBD). The obligation to set up national 
systems of protected areas is discussed in Section 
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10.5.1. The Convention’s provisional framework for 
goals and targets (CBD, 2004c) includes the general 
requirement that biodiversity-based products should 
be derived from sources and sites that are managed 
sustainably and in consistency with the conservation 
of biodiversity. The following themes in the CBD 
provide key principles which should be used for the 
detailed elaboration: 
•	 Ecosystem approach: As a strategy for the inte-

grated management of land, water and biological 
resources, the CBD developed the ecosystem 
approach which is intended as an overarching, 
guiding framework for action to promote the 
conservation and sustainable use of biodiversity 
(CBD, 2000). The approach consists of 12 princi-
ples which are very highly aggregated and worded 
in general terms, which is why supplementary 
guidelines for interpretation were provided (CBD, 
2004a). The decision adopted at COP-9 reaffirms 
the ecosystem approach and encourages its broad 
application by means of better communication 
(CBD, 2008b). 

•	 Addis Ababa Principles: The 14 principles and 
guidelines on the sustainable use of biodiversity 
adopted by the Convention in 2004 (CBD, 2004d) 
provide an additional framework for action for 
ensuring that the use of components of biodiversity 
does not lead to long-term biodiversity loss. COP-9 
resolved to refine the development of the princi-
ples in cooperation with the FAO. 

•	 Global Strategy on Plant Conservation: With this 
strategy the CBD has set itself specific objectives: 
By 2010 at least 30 per cent of land in use (prima-
rily agricultural and silvicultural land) should be 
managed in a way that is consistent with the con-
servation of plant diversity, also avoiding adverse 
effects on adjacent ecosystems (Target 6; CBD, 
2002a). Moreover, by 2010, 30 per cent of plant-
based products should originate from sustainably 
used ecosystems, integrating social and environ-
mental aspects (Target 12). The spread of the use 
of sustainability standards and the proportion of 
certified products are proposed as possible indica-
tors for this target.

•	 Work programmes on agriculture and forests: In 
many countries the vast majority of biodiversity 
is found in the cultural landscape outside pro-
tected areas. For effective systems of protected 
areas which are integrated into the landscape, the 
conservation philosophy must be integrated into 
such land as well. The demand for sustainable land 
use on all land used for agricultural or silvicultural 
purposes must therefore incorporate the conser-
vation of biodiversity, since the growing need for 
higher-intensity land use to raise land productiv-
ity is otherwise associated with considerable risks 

for biodiversity (MA, 2005b; Phillips and Stolton, 
2008). This applies equally to production systems 
for energy crops (Section 7.1). The links between 
agriculture, forestry and biodiversity are the sub-
ject of work programmes under the CBD, which 
equip the contracting Parties with objectives and 
instruments for improving the compatibility of 
management with the objectives of the CBD. Nei-
ther work programme specifies targets. The COP-9 
decision on agriculture makes reference to bioen-
ergy only insofar as general guidance is given on 
promoting the positive and minimizing the adverse 
impacts of biofuels upon biodiversity. The decision 
on forests makes no reference to bioenergy.

•	 Genetically modified organisms: Article 8(g) 
obliges the contracting Parties to the CBD to 
establish means to regulate, manage or control the 
risks associated with the use or release of genet-
ically modified organisms (GMOs). These are 
elaborated in detail in the Cartagena Protocol on 
Biosafety (CPB) in respect of safe transbound-
ary transfer, handling and use of GMOs. Under 
the terms of the Cartagena Protocol the precau-
tionary approach must be applied, meaning that 
in the absence of an adequate data basis on poten-
tial detrimental environmental impacts of GMOs, 
approval can be refused in order to prevent such 
adverse impacts.

10.5.3.2  
Routes towards implementation of biodiversity-
relevant guidelines or standards on bioenergy

These CBD provisions are appropriate, in princi-
ple, as a policy foundation for the development of 
biodiversity guidelines or standards for bioenergy 
production as well as generally for all types of land 
use, but must be firmed up and elaborated on the 
basis of the precautionary approach (Section 10.3). 
The following are the key dimensions: 
•	 Conservation of biodiversity: The production of 

bioenergy or biomass should ensure the conserva-
tion of biodiversity. In particular, protected areas 
and elements of protected area systems and eco-
systems of high biodiversity value must be exempt 
from (both direct and indirect) conversion for 
bioenergy purposes (Sections 5.4 and 10.5.1). To 
this end, the implementation and further elabora-
tion of the programme of work on protected areas 
is required for the establishment and extension of 
effective national systems of protected areas (Sec-
tion 10.5.1.1). As a prerequisite for the necessary 
monitoring, the extension of the World Database 
on Protected Areas is recommended (WDPA, 
2008). But beyond this, a further concern is the 
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small-scale conservation of areas of especially high 
value for biological diversity in the cultural land-
scape (Section 5.4.2). These areas should be iden-
tified, encircled with buffer zones and, where rea-
sonable, networked with corridors with a view to 
establishing habitat connectivity. Prior to any con-
version of unused land (e.g. marginal, degraded 
or fallow land) for bioenergy, its ecological value 
must be investigated. 

•	 Sustainable use of biodiversity: Where bioen-
ergy production is based on the use of residues or 
energy crops, sustainability must be guaranteed. In 
agricultural and forest ecosystems, the accompany-
ing flora and fauna and genetic diversity should be 
safeguarded and adverse impacts on other ecosys-
tems should be avoided. This calls for regulations 
tailored to the production system and to local con-
ditions, with due regard to such factors as observ-
ing crop rotations, use of water and agrochemicals, 
and avoiding the cultivation of potentially inva-
sive species (Box 5.4-3). For the use of genetically 
modified organisms, Art. 8(g) of the CBD and the 
provisions of the Cartagena Protocol on Biosafety 
provide a framework for action, yet to be worked 
out in detail, in order to prevent such risks as the 
spread of modified genes into wild populations.

Whether the CBD should contribute in such a way to 
guidelines or standards is a highly controversial topic 
of discussion. The EU would like to use the CBD to 
develop guidelines which should help to minimize 
possible adverse effects of biofuels on biodiversity. 
Brazil, supported by Argentina and some other coun-
tries, is taking a very optimistic counterposition with 
regard to the potential and the environmental safety 
of biofuels. Proponents of those views would not 
endorse the CBD as a forum for dealing with the 
issue of biofuels, and particularly sustainability stand-
ards. Nevertheless, many non-governmental organ-
izations operating within the CBD framework are 
issuing emphatic warnings about the adverse effects 
of energy crop production on biodiversity. 

In the run-up to COP-9 in Bonn, views on the 
issue appeared to have reached a deadlock. COP-9 
brought a partial success for the EU since a specific 
resolution on biofuels was adopted, which reaffirmed 
the principle of sustainability and acknowledged the 
role of the CBD in this area. However, the task of 
the CBD as envisaged by the EU, that of drawing up 
concrete biodiversity guidelines for the development 
of standards, was delayed. Until the time of COP-10 
in Nagoya, Japan (autumn 2010), the CBD will only 
use regional workshops to explore ways in which the 
positive effects of biofuels for biodiversity can be 
promoted and the negative effects minimized. It will 
not be possible to assess definitively how the CBD 

can contribute to the development of standards until 
after COP-10 (Loose and Korn, 2008).

More extensive demands upon the CBD over the 
long term to develop relevant guidelines, not only 
for bioenergy but for all forms of biomass produc-
tion, are not yet a specific theme within the Conven-
tion, not least because some Parties perceive a con-
flict with WTO free trade rules and fear the possibil-
ity of trade barriers imposed by industrialized coun-
tries (Sections 10.3.3 and 10.3.4).

10.5.4  
Conclusions

COP-10 in Nagoya will probably be forced to con-
cede that it has not been entirely possible to achieve 
the CBD’s target of significantly reducing the loss of 
biodiversity by 2010. In view of increasing competi-
tion between different forms of land use, which is only 
exacerbated by bioenergy, and the resultant pressure 
on the remaining natural ecosystems, it will become 
rather more difficult in future to achieve appropriate 
biodiversity targets. Consequently, it is all the more 
important to mobilize the necessary political will to 
advocate the conservation of biodiversity sincerely 
and effectively from now onwards. 

The implementation of the protected areas pro-
gramme of work to establish and develop effective 
national systems of protected areas is an important 
prerequisite to enable advancement towards the 
2010 target. As the host of COP-9 in Bonn, the Ger-
man federal government took an exemplary lead by 
pledging a substantial sum of additional financial 
resources for the financing of the global network of 
protected areas. Germany will need to devote even 
greater effort to promoting the LifeWeb Initiative 
among its industrialized partner countries in order to 
ensure the success of the initiative. At the same time, 
the effectiveness of existing financing mechanisms 
and spending must be improved. The aim must be to 
institute a dependable and coordinated international 
financing regime for protected areas and for the con-
servation of biodiversity in general. In the view of 
WBGU, the LifeWeb Initiative could be a first step 
in the direction of an international regime of conser-
vation and payment obligations in the form of a mar-
ket for certified conservation services. To this end, 
the further elaboration of the CBD provisions in the 
direction of a protocol on protected areas should be 
examined as a possible long-term option. 

The drafting of biodiversity guidelines within the 
framework of the CBD as a contribution to sustain-
ability standards should be supported and, as far as 
possible, accelerated. As an important parallel con-
tribution, the expansion of the World Database on 
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Protected Areas (WDPA, 2008) should be promoted 
in order to build up the necessary monitoring capac-
ities. 

10.6
Water and soil conservation in the context of 
sustainable bioenergy policy

10.6.1  
Soil conservation and desertification control: 
Potential and limitations of the Desertification 
Convention

Bioenergy is a newly emergent theme with regard to 
the implementation of the United Nations Conven-
tion to Combat Desertification (UNCCD) on which 
intensive consultations already took place at several 
sessions of the eighth meeting of the Conference of 
the Parties (COP-8) (IISD, 2007). Discussion is now 
focusing primarily on the potential of energy crop 
production for income generation and as a means 

of diversifying income sources, meeting rural energy 
needs, earning export revenues and combating 
desertification through erosion control and reforest-
ation. What becomes clear is that the growth in bioen-
ergy production, along with its unintended adverse 
effects, creates a need for policy in each country to 
monitor and manage activities in the sector. In this 
context the UNCCD provides a platform for setting 
out programmes and strategies supporting sustain-
able land use geared towards poverty reduction in 
the countries affected by drought and desertification, 
particularly the instrument of National Action Pro-
grammes to Combat Desertification (NAPs). Within 
the NAP framework it would also be possible to 
advance the use of standards for sustainable soil use, 
also making specific reference to the production of 
energy crops. Furthermore, the UNCCD ten-year 
strategic plan adopted in 2007 offers a host of possi-
bilities for promoting awareness-raising, assessment 
of bioenergy, standard-setting with specific regard to 
desertification control, and policy-making for sus-
tainable bioenergy use in general (Paquin, 2007; 

Box 10.6-1

Policy implications of biomass use as industrial 
feedstock

Phasing out the use of fossil fuels and feedstocks presents 
novel requirements for the development of biogenic feed-
stock streams as well as the design of products for cascade 
use with end-of-life conversion into energy (Section 5.3). 
These requirements upon products are additional to exist-
ing sectoral requirements such as energy efficiency in pro-
duction and use, hazardous substance reduction, resource 
efficiency (so far mainly in relation to mineral resources) 
and closed-loop management. Based on the above require-
ments, corresponding laws and programmes have been 
passed; in the European Union, for instance, the EU Direc-
tive on energy end-use efficiency and energy services (EU 
Parliament, 2006), the Action Plan for energy efficiency, the 
Ecodesign Directive, the Action Plan for sustainable con-
sumption, the REACH chemicals regulation, and the The-
matic Strategy on the sustainable use of natural resources. 
Comparable activities are under way in other OECD coun-
tries and, with a slight time lag, in newly industrializing 
countries. However, some undesirable global evasion strat-
egies have also become established. For example, end-of-
life vehicle recycling in the EU is being circumvented by 
massive exports to West Africa and Eastern Europe, while 
the disposal of electronic waste is similarly affected by high 
levels of exports for less-than-adequate processing in China 
or India. Another example is the very high consumption of 
paper in industrialized countries and in some cases envi-
ronmentally destructive and climate-damaging extraction 
of cellulose (which – unlike biofuels – is not a major focus 
of the political debate).

Even if it may make perfect pragmatic sense to craft strat-
egies and instruments focused on specific industrial sectors 

and environmental media, it is becoming increasingly clear 
that a new, integrated approach is necessary. Such an inte-
grated global product strategy should be structured in such 
a way that it does not address sub-processes but focuses on 
products, takes account of and optimizes the entire product 
life cycle, carries out integrated assessment of the multidi-
mensional requirements mentioned above giving due con-
sideration to goal conflicts, and also takes account of global 
aspects. Elements of such a strategy would be:
•	 Scenarios	 for	 trends	 in	 material	 flows	 for	 global	 mass	

products, for use in determining the demand for strategic 
resources (energy sources as well as biomass for indus-
trial feedstocks and selected mineral resources) and the 
total pressure on the environment associated with these 
products, globally and regionally, including pollutant 
loads and arisings of secondary resources and wastes,

•	 Investigation	of	competing	demands	for	use	of	biomass	
for food purposes and for energy and material feed-
stocks,

•	 Identification	 of	 innovation	 potential	 and	 regulatory	
needs,

•	 Setting	of	international	and,	where	relevant,	region-spe-
cific innovation targets for products, and corresponding 
alignment of research and technology promotion and, 
where relevant, market incentive programmes,

•	 Setting	of	reduction	targets	and	investigation	of	appro-
priate instruments with the focus on an integrated global 
product policy and dynamic product standards – with the 
twin objectives of stimulating and fostering innovations 
as well as regulating problematic products,

•	 New	 development	 of	 a	 waste	 management	 strategy	
which incorporates cascade use of biomass utilized as 
in dus trial feedstocks with subsequent reuse for energy 
generation. 
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Pilardeaux, 2008). Two of its strategic objectives are 
of special relevance here: 
•	 To	 improve	 the	 living	 conditions	 of	 populations	

affected by drought and desertification: the pro-
duction of energy crops can contribute to diversi-
fication of income sources and to improvement of 
rural energy supply.

•	 To	 improve	 the	 condition	 of	 degraded	 dry-
land ecosystems: bioenergy production can con-
tribute to harnessing the value of marginal and 
overexploited land and can support desertification 
control by preventing erosion.

Under the auspices of the Convention, work on 
assessing the potential and consequences of various 
forms of bioenergy in dryland areas could be carried 
out by the newly organized Committee on Science 
and Technology (CST) (Bauer and Stringer, 2008). 
Monitoring and evaluation of the concrete impacts of 
local and export-oriented bioenergy production on 
food prices, food security and rural income structures 
would be a task for the Committee for the Review of 
the Implementation of the Convention (CRIC) and 
the CST. The promotion of standards for bioenergy 
production in dryland areas and appropriate label-
ling could be taken forward by these two subsidiary 
bodies of the Conference of the Parties (CST, CRIC) 
in cooperation with the Global Environment Facility 
(GEF). In the context of the global bioenergy boom, 
the UNCCD presents a range of opportunities for 
promoting development-oriented agricultural use 
of dryland areas and steering it along sustainable 
lines. In order to limit institutional fragmentation 
and redundancies and, instead, to promote synergies 
among them, any measures agreed in the context of 
the UNCCD should be coordinated in advance with 
the instruments for implementation of the Conven-
tion on Biological Diversity (CBD; Section 10.5). 
Particular attention should also be devoted to bet-
ter coordination between the content of UNFCCC 
National Adaptation Programmes of Action (NAPA) 
and NAPs. The expertise located within the UNCCD 
should also be integrated into standard-setting pro-
cesses outside multilateral institutions.

Fundamentally the UNCCD offers an appropri-
ate framework for combining general international 
strategies for managing the challenges of climate 
change with the specific needs of people living in dry-
land regions. Whilst the Convention process does not 
provide for micromanagement at project level, it can 
help by providing support for policy design at local 
and national level to make meaningful links between 
climate change adaptation and desertification con-
trol – with the production of energy crops as one 
strategy among many. Turning the Convention to this 
purpose presupposes, however, that the State Parties 
support the initiated reform process and move swiftly 

to implement the ten-year strategy. As an institution 
whose field of competence is restricted largely to dry-
land areas, it can provide specialist backup to other 
international institutions for measures in the sphere 
of rural development, conservation of biodiversity 
and adaptation to climate change.

In relevant countries, implementing the NAPs and 
developing a bioenergy strategy in the context of 
desertification control should be made integral com-
ponents of their overarching national development 
strategies, such as PRSPs.

10.6.2  
Conservation and sustainable use of freshwater

One consequence of the growing global impor-
tance of bioenergy is greater demand for freshwater 
resources, especially for food production, increasing 
the pressure on such resources. The effects of climate 
change and soil degradation will further heighten this 
pressure (IPCC, 2007b; FAO, 2008d). In its 2008 strat-
egy paper entitled ‘Elements of a Comprehensive 
Framework for Action’, the United Nations High 
Level Task Force on the Global Food Crisis points 
out the rising competition for use of freshwater 
resulting from the global bioenergy boom. Among its 
recommendations are the development of standards 
which incorporate stipulations on the sustainable use 
of freshwater, as well as prioritizing its use for food 
production (UN, 2008). 

So far, global freshwater resources have remained 
a largely unregulated sphere of international policy. 
There are no agreements on the subject under inter-
national law, such as those which exist for climate 
protection, conservation of biodiversity or soil pro-
tection in drylands (Pilardeaux, 2004). At the same 
time, the trends observed to date highlight an urgent 
need for regulation on the conservation and sustain-
able use of freshwater resources, given the growing 
utilization pressure. 

A significant international forum that deals with 
questions of water policy is the World Water Forum 
that convenes on a three-year cycle. This is a regu-
lar gathering of international water experts, deci-
sion-makers, scientists and representatives of inter-
national organizations, who come together to form 
a stakeholder forum. It is organized by the World 
Water Council, which was founded in 1996 as a plat-
form for international water policy actors, includ-
ing government representatives, parliamentarians, 
NGOs, representatives of the private sector, science, 
development cooperation and the United Nations. It 
has close links with UNESCO. The Council wishes 
to raise political awareness of the theme, support the 
debate on sustainable water policy, help to work out 
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concrete courses of action and motivate countries 
to enter into binding agreements. So far the World 
Water Forum has not yet dealt with the consequences 
of energy crop production for water use, but it is on 
the agenda for the fifth World Water Forum, which 
will be held in Istanbul in 2009. 

The United Nations is likewise engaging with the 
theme of conservation and sustainable use of fresh-
water in the framework of the Commission on Sus-
tainable Development (CSD). Meetings are held on 
a two-year cycle, each cycle consisting of a policy ses-
sion alternating with a review session. The last review 
session of the Commission on Sustainable Develop-
ment (CSD 16) took place in New York in May 2008, 
and addressed the themes of agriculture, rural devel-
opment, land, drought, desertification and Africa. 
Discussion during the CSD encompassed both inte-
grated water resources management and access to 
water and sanitation. The outcomes will form the 
basis of negotiations on policy recommendations for 
CSD 17 in the year 2009, in order to intensify work 
to achieve the Millennium Development Goals in the 
water sector. A further review session on the theme 
of water and basic sanitation is scheduled for CSD 20 
in 2012. Any regulatory effect on the freshwater sec-
tor from the activities of the CSD is unlikely, how-
ever, since it is a dialogue forum that has repeatedly 
been criticized for its lack of power to translate its 
decisions into constructive action (Maier, 2007).

At the 2002 World Summit on Sustainable Devel-
opment in Johannesburg, the international commu-
nity undertook to halve, by 2015, the proportion of 
the world’s population without access to safe drink-
ing water and basic sanitation. Consequently, the var-
ious organizations of the United Nations (e.g. WHO, 
FAO, UNDP) are active in the water sector, support-
ing the theme of conservation and sustainable use of 
freshwater and driving forward the process of pro-
viding better and more sustainable basic sanitation, 
in a concerted effort to achieve the Johannesburg tar-
get in the year 2015.

10.7
State promotion of bioenergy: Agricultural and 
industrial policies

State promotion policies in industrialized and devel-
oping countries alike have a substantial influence on 
the shape and scale of bioenergy use. Along the entire 
production and value chain, a variety of enabling reg-
ulatory and fiscal instruments are brought into play. 
The essential concern is to eliminate support for any 
non-sustainable production or use of bioenergy whilst 
promoting particularly sustainable pathways of cul-
tivation and deployment. In this process, attention 

should not be confined to direct support for the sus-
tainable cultivation of energy crops, mobilization of 
organic wastes and residues and facilitation of mar-
ket access for biogenic energy sources or particular 
conversion and end-use technologies. Rather, there 
is a need for critical scrutiny of any indirect incen-
tives or even perverse incentives arising from other 
policy measures which have implications for bioen-
ergy deployment. A large number of environmen-
tal, energy, agricultural and economic policy meas-
ures and frameworks need to be reviewed to deter-
mine what influence they exert on the choice of (bio)
energy carriers and pathways. To demonstrate this 
approach, WBGU examines a few key areas, namely 
measures to internalize external climate effects, spe-
cifically emissions trading and the international cli-
mate policy framework (Section 10.7.1), and energy 
subsidies (Section 10.7.7.3).

10.7.1  
Promoting bioenergy pathways through climate 
policy

With regard to the climate change mitigation effect 
of bioenergy (Section 7.3), the climate policy frame-
works at international and national level are of spe-
cial importance. So far, energy-intensive sectors of 
industry in industrialized and increasingly also newly 
industrializing countries have been the prime tar-
gets of national legislation on climate protection. 
To set effective incentives for the efficient avoid-
ance of greenhouse gas emissions on a global and 
cross-sectoral scale, ideally any incentive schemes 
would need to cover all emissions, in all countries, 
and from all sectors. Furthermore all emissions 
would have to be capped within emissions trading 
systems or carry such a tax burden that the external 
climate costs of emissions would be fully internal-
ized, i.e. each emitter would bear the entire costs of 
its own emissions by purchasing certificates or paying 
taxes. That would raise the competitiveness of bioen-
ergy pathways with a significant mitigation effect. In 
principle, under such a scheme neither wider-rang-
ing support measures for sustainable bioenergy 
pathways nor support for other sustainable renewa-
ble energies would be required. State support could 
then only be justified in well-founded special cases, 
such as technologies with very high greenhouse gas 
reduction potential and high learning curve effects 
coupled with high start-up costs which inhibit market 
entry. All in all, the state could refrain from any tar-
geted support of climate-protecting energy pathways, 
including bioenergy pathways. Instead, energy-path 
choices would be substantially determined by prices 
in the (global) carbon market.
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The ideal-typical implementation of a cross- sec-
tor al international emissions trading system along 
the above lines is unlikely in the foreseeable future, 
for political reasons. And there are further barri-
ers: the task of allocating all the emissions emanat-
ing from the bioenergy sector to individual emitters 
and, above all, integrating such emissions into a uni-
versal trading system in which emissions rights can 
be traded among individuals may prove virtually 
unworkable, or workable only with disproportion-
ately high costs and excessive interventions. Never-
theless, in the long term, the aim must be to create 
a climate policy framework in which the external 
costs of energy pathways are fully internalized from 
energy-carrier cradle to grave. A first step in that 
direction in relation to bioenergy is the removal of 
any perverse incentives generated by the inventory 
and accounting methods in existing emissions regu-
lation systems.

The current inventory and accounting rules under 
the UNFCCC, whereby emissions from the com-
bustion of energy crops are not allocated to the 
site and sector of emission, indirectly favour uses of 
bioener gy that are harmful to the climate (Doorn-
bosch and Steenblik, 2007). To reverse such instances 
of counterproductive support for bioenergy, the 
UNFCCC inventory and accounting procedures for 
biogenic CO2 emissions need reform (Section 10.2). 
At national and European level, any such accounting 
loopholes should be swiftly closed. Until accounting 
procedures for biogenic greenhouse gas emissions, 
e.g. in emissions trading systems, are appropriately 
developed or adapted to achieve this, sustainability 
standards for bioenergy should be drafted and imple-
mented which ensure that bioenergy use is prevented 
unless it makes a verifiable contribution to reducing 
global greenhouse gas emissions (Section 10.3).

10.7.2  
Promotion and intervention approaches under 
sustainable bioenergy policy

It is the view of WBGU that bioenergy deployment 
should be evaluated principally in terms of its con-
tribution to a global transition towards sustainable 
energy systems, and particularly in terms of the sus-
tainability objectives of mitigating climate change and 
overcoming energy poverty (Section 2.2). This calls 
for a differentiated analysis of each individual path-
way (Chapter 7). In light of the risks posed by bioen-
ergy utilization (Chapter 5 and Section 7.3), blanket 
promotion of bioenergy is not advisable. Bioenergy 
carriers that fall short of certain minimum sustain-
ability standards (Section 10.3.1) should not be pro-
moted directly or indirectly. Rather, the utilization 

of bioenergy sources that do not meet the minimum 
standard proposed by WBGU (Section 10.3.1.1) 
should be prohibited in the long term, and ideally 
worldwide, by means of a comprehensive and effec-
tive regulatory system (Chapter 10). 

Where bioenergy carriers meet the minimum 
standard, their cultivation should fundamentally be 
left to the market. Generally there is no need for 
explicit state support of cultivation. Nevertheless, 
appropriate supplementary frameworks – govern-
ing aspects such as climate change mitigation (Sec-
tion 10.2) or the internalization of external environ-
mental costs, in the agriculture and food sectors (Sec-
tion 10.4) and for nature conservation and soil pro-
tection (Sections 10.5 and 10.6) – should ensure that 
the market mechanism produces outcomes in line 
with the objectives of a globally sustainable bioen-
ergy policy. In the view of WBGU, the only bioenergy 
pathways eligible for explicit promotion are those 
which are particularly conducive to climate change 
mitigation and other sustainability goals. 

Firstly, this means that bioenergy deployment 
must not only comply with the minimum standard but 
must also permit a saving of at least 60 t CO2eq per TJ 
of utilized biomass, taking total life-cycle emissions 
into account (Section 9.2.1). Strictly speaking, assess-
ment by this criterion is only possible upon final use 
of the bioenergy. Of course, any such test would gen-
erate an enormous verification workload. That aside, 
there would be no certainty that promotion at the 
end of the value chain would actually carry through 
to the entire bioenergy pathway. A further considera-
tion is that separate stages in the production and uti-
lization process (cultivation, conversion and end-use 
systems) can be located in different countries. Hence 
WBGU deems it appropriate to employ promotion 
instruments at each stage of the process whilst, as a 
rule, applying default values for the emissions of the 
other stages involved.

Secondly, with specific reference to the promo-
tion of energy crop cultivation, WBGU considers 
that additional compliance with ecological and social 
criteria is essential (Section 10.3.1.2). Equally, in the 
mobilization of biogenic residues, ecological limits 
need to be observed so as to preserve soil fertility 
(Section 10.7.4). 

Thirdly, support for conversion and end-use sys-
tems should be structured to operate in line with the 
vision of a turnaround towards sustainable energy sys-
tems. Undesirable lock-in effects should be avoided 
and promising technologies such as electric vehicles 
supported (Chapter 9).

Apart from climate change mitigation, sustain-
ability in energy systems also involves overcoming 
energy poverty and giving up forms of biomass use 
that are harmful to health (Chapter 3). The moderni-
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zation of off-grid or traditional uses of bioenergy can 
make a valuable contribution to overcoming energy 
poverty and hazards to health, particularly in the 
rural regions of developing countries. In this context, 
WBGU finds support for bioenergy-based projects 
justifiable even in the absence of full compliance with 
climate change mitigation and other promotion crite-
ria (Section 10.8). 

10.7.3  
Agricultural policy: Promoting biomass cultivation 
for energy production

Current policies promoting energy crop cultivation, 
particularly for conversion to liquid transport fuels, 
give scant attention to the different specific con-
tributions made to greenhouse gas abatement, and 
hence to climate protection, depending on the cul-
tivation method, conversion method and particu-
lar form of use (Chapter 7; SRU, 2007). The same 
can be said of other sustainability aspects (Chapter 
9; Doornbosch and Steenblik, 2007). WBGU advo-
cates that states should actively prohibit any clearly 
non-sustainable cultivation. In order to achieve this, 
minimum standards would need to be implemented 
worldwide. Because the international community is 
unlikely to agree on and implement rigorous cultiva-
tion standards in the short to medium term, however, 
WBGU recommends that at least within the EU a 
binding minimum standard for bioenergy sources be 
adopted as soon as possible (Section 10.3). The use 
of bioenergy sources for energy generation should 
not be permitted in the EU until such a standard has 
been met.

10.7.3.1   
Favouring particular cultivation methods and 
ecosystem services

The EU currently supports the cultivation of energy 
crops within the framework of the Common Agricul-
tural Policy (CAP) with an annual subsidy of € 45 
per ha (EU, 2003). The establishment of a suitable 
climate policy framework, functioning internaliza-
tion mechanisms and globally implemented mini-
mum standards would, WBGU believes, negate any 
need for specific support of energy crop cultivation 
justified on the basis of climate policy. In place of this, 
market processes would ensure that bioenergy devel-
oped its potential sustainably, in both economic and 
climate-policy terms. Only cultivation methods meet-
ing sustainability criteria over and above the require-
ments of climate protection, e.g. contributing sub-
stantially to erosion control, (energy) poverty reduc-

tion or biodiversity conservation, would then be eli-
gible for support. Promotion criteria of this nature 
could be satisfied by producing appropriate peren-
nial energy crops on degraded sites and in compli-
ance with social standards. 

Promotion can be effected by means of agricul-
tural subsidies such as production premiums. A com-
plementary or alternative option is to promote the 
spread of land management techniques or agricul-
tural technologies which improve the economic 
viability of especially sustainable cultivation sys-
tems. For example, financial and technical promo-
tion measures could boost the economic efficiency of 
small-scale agroforestry in tropical regions (Section 
7.1.3) or support applications for the sustainable use 
of wood residues and forest products in temperate 
and boreal forests (Sections 7.1.5.2 and 7.1.5.3). In 
principle another conceivable approach by which to 
promote sustainable cultivation is to target the use of 
biomass, e.g. through trade or tax incentives for gen-
erating energy from certain crops (Section 10.3).

10.7.3.2   
International initiatives

The reconfiguration of national support programmes 
for energy crop cultivation should be reinforced and 
accelerated by international coordination. Existing 
forms of support are frequently reaching non-sus-
tainable biomass production, which reinforces the 
incentives for land degradation and biodiversity loss 
(OECD, 2008). Moreover, it distorts the price mech-
anism in the global energy and agricultural markets, 
which could have undesirable side-effects on food 
supply or the deployment of other renewable ener-
gies. Ultimately, the need to avoid an inefficient pro-
motion and subsidy race is a point in favour of an 
international agreement on principles for agricul-
tural subsidies. Without international regulation, a 
situation would arise similar to that established some 
time ago by the present system of agricultural subsi-
dies: poorer developing countries would be robbed 
of the opportunities for economic development that 
could be opened up to them by energy crop cultiva-
tion and the export of biofuels.

Ideally, such forms of promotion, especially agri-
cultural and bioenergy subsidies, need to be rea-
ligned within the context of a holistic approach. 
Where possible, energy, agricultural and environ-
mental policy must be coordinated interdepart-
mentally. On the international level, coordination 
could take place along the same lines as other agri-
cultural subsidies under the auspices of the WTO, 
but also involving other institutions such as UNEP, 
FAO, GBEP, CBD, UNCCD and, where relevant, 
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UNFCCC. Their involvement is essential in order to 
incorporate meaningful sustainability criteria in the 
agreements, determining the conditions under which 
cultivation support remains permissible. This may 
take the form of support to control land degradation 
and desertification (Section 10.6), to promote nature 
conservation and climate change mitigation (Section 
10.5 and 10.2) or to eradicate energy poverty (Sec-
tion 10.8).

10.7.4  
Promoting the conversion of biogenic wastes and 
residues into energy

To promote energy generation from biomass wastes 
and residues which, along with energy crops, form the 
basic feedstocks for bioenergy use (Section 4.1), their 
special characteristics as commodities must be taken 
into account. Biogenic wastes and residues occur 
in different aggregate states, e.g. as solid or liquid 
fuels (timber waste, slurry, straw, household organic 
wastes). Biogenic wastes and residues arise in differ-
ent sectors (agriculture and forestry, manufacturing, 
municipal enterprises and private households) and at 
different stages of the value chain (biomass produc-
tion and harvesting, processing, consumption and dis-
posal; EEA, 2006; Sims et al., 2007).

Mobilizing biogenic wastes and residues for 
energy generation
Energy sources derived from biogenic wastes and 
residues are more conducive to climate change miti-
gation than farmed energy crops (Section 7.3) and 
should therefore be prioritized for use in bioenergy 
production (Section 9.1.1). Availability of primary 
resources can be a constraining factor. There is a need 
for action, firstly, where sustainable potentials have 
not yet been fully utilized due to lack of the requisite 
infrastructure, particularly for waste and residue sep-
aration and (interim) storage. Secondly, action is ne-
cessary to address information deficits or, thirdly, 
where efficient bioenergy generation has previously 
been impossible because, for example, the costs of 
transporting wastes or residues to conversion facil-
ities are unduly high. That said, the predicted rising 
cost of fossil fuels (oil, gas) should improve the eco-
nomic efficiency or profitability of biogenic wastes 
and residues in the long term and thereby contribute 
to the mobilization of previously untapped poten-
tial. In view of the urgency of climate change miti-
gation, WBGU nevertheless recommends targeted 
promotion of the mobilization of biogenic wastes and 
residues in addition to internalization of the costs of 
fossil fuels, so as to expedite this substitution pro-
cess. 

Availability of appropriate conversion 
technologies 
The necessary conversion technologies are availa-
ble, as is the know-how to operate them: biogas facil-
ities for harvest residues, green cuttings, slurry and 
food waste, biodiesel facilities for used oil and ani-
mal fat, and biomass-fired cogeneration systems 
or pellet heating systems for ligneous or straw-like 
wastes and residues. Therefore, at least in industri-
alized countries, these conversion technologies need 
no direct promotion or subsidies, state market intro-
duction programmes or similar support. Moreover, 
direct promotion of such facilities would not increase 
demand just for biogenic wastes and residues but 
might also – depending on the particular technology 
– have unintended benefits for other energy sources 
such as energy crops (Section 10.7.3). A detailed 
rationale for steering biogenic waste and residue 
streams into electricity generation and coal substitu-
tion, which would bring about the greatest reduction 
in greenhouse gases (Sections 7.3 and 9.2.1), is set out 
in Section 10.7.5.

Promotion in order to harness unutilized 
sustainable potential
For biogenic wastes and residues, only a small number 
of global assessments of potential exist and, of these, 
many are subject to considerable uncertainty (Section 
6.1.2). Studies indicate significantly higher potential 
from wastes and residues in the agricultural and for-
estry sector than in other sectors (Table 6.1-1). Stud-
ies for EU member states (EU-25) similarly indicate 
the general potential of these sectors, although there 
is considerable divergence in sectoral classification 
and, especially, sector sizes between the individ-
ual countries (EEA, 2006). Promotion should target 
areas where significant levels of unutilized sustain-
able potential are found. The extent of this exploit-
able potential varies depending on the economic 
importance of biomass-intensive sectors and the 
degree of organization in the waste management sec-
tor (functioning infrastructure, capacities for reproc-
essing, recycling, conversion for energy production, 
or landfilling) in different countries. For example, in 
Germany the potential in the forestry, timber and 
paper sector and in the industrial and waste man-
agement sector is almost fully tapped. Exploitation 
of potential in the agricultural sector, e.g. for straw, 
is limited by the fact that further removal of residues 
would impair soil fertility (humus content). To what 
extent straw should remain on the land essentially 
depends on the site, crop rotation and input of other 
organic fertilizers. Empirical values for straw require-
ments on arable land are between 67–80 per cent 
(Fritsche et al., 2004; Knappe et al., 2007; Vogt et al., 
2008). Similar constraints apply to removal from for-



277State promotion of bioenergy: Agricultural and industrial policies  10.7

ests and should be respected without fail. Assessing 
the entire energy potential of timber residue in Euro-
pean forests, EEA (2007a) recommends that 40 per 
cent of the exploitable potential should be left in for-
ests for sustainability reasons. If these restrictions are 
not adequately observed by farmers and foresters in 
the course of the – essentially desirable – increase in 
residue use, they should be mandated formally. 

Previously untapped sustainable waste and res-
idue potential can be made attractive for use in 
energy generation if state promotion measures give 
them (enhanced) economic value. In the forefront 
of policy on the (indirect) promotion of the use of 
biogenic wastes and residues as energy sources, most 
countries rely on the general promotion of renew-
able energies in electricity generation, sometimes 
combined with promotion measures in local heat-
ing (combined heat and power; DEFRA, 2007). For 
feed-in payments, but also for tendering and quota 
schemes, greater differentiation should be used to 
make waste and residues more attractive in compari-
son to energy crops (Vogt et al., 2008; Section 10.7.5). 
As an alternative to such promotion, direct incen-
tives (e.g. subsidies for collection or transportation) 
or standards (e.g. a ban on landfilling) would be other 
possible means of mobilizing unutilized potential. 
Nevertheless, the effectiveness of such direct sup-
ply-side incentives for climate protection would be 
lower than promotion on the electricity generation 
side, since residues and wastes attracting these kinds 
of subsidies may also be used for purposes with less 
greenhouse gas abatement potential. Hence, meas-
ures which directly increase supply should never be 
considered as an alternative, but merely an addition, 
to measures that promote electricity generation from 
wastes and residues (Section 10.7.5).

Direct and indirect steering of biogenic 
material flows
In industrialized countries the availability of biogenic 
wastes and residues for use in energy generation can 
be supported by making further landfilling of such 
materials less attractive, or altogether unviable, by 
means of higher landfill fees or stringent standards. 
Strict regulations make sense in this context, prima-
rily to reduce the uncontrolled escape of landfill gas 
containing the greenhouse gas methane. Incentives 
are set for the controlled capture of gas and use of 
landfill gas from existing untreated landfill wastes as 
an energy source, and for similar use of sewage treat-
ment plant gas elsewhere, by promoting the use of 
renewable energies.

Greater promotion for biogenic wastes and 
residues for use as energy sources not only contrib-
utes to harnessing unutilized potential but also to 
redirecting material flows from existing uses, espe-

cially material reprocessing and reclamation. Exam-
ples of these uses are particle board production from 
waste wood (Bensmann, 2004), soil improvement with 
sewage sludge or composted garden waste and food 
residues (Knappe et al., 2007) and efforts to recover 
phosphorus, e.g. from slurry (UBA, 2004). Potential 
competition for waste resources can be reduced by 
cascade use steered by waste management laws, but 
will not necessarily be an issue, since lower quality 
waste resources are often unsuitable for industrial 
feedstock use, e.g. smallwood in the forestry sector 
(Fritsche et al., 2004). Nevertheless, any system for 
promotion of waste and residue use for energy gen-
eration must keep track of competing demands for 
resources.

Promotion policy for newly industrializing 
and developing countries
Existing uses of waste and residues in urban centres 
in newly industrializing and developing countries 
make special demands on any specific policy to pro-
mote their use for energy generation. Unseparated 
municipal waste, subject to varying levels of control, 
is often burnt for waste disposal purposes rather than 
for energy production. In some places, disposal is lim-
ited to landfilling waste without any separation at all. 
Although organic components still constitute the 
bulk of municipal waste, the emphasis of waste sep-
aration is on non-organic secondary resources (met-
als, glass, plastics) and their reprocessing or recycling. 
Finally, the informal sector (small entrepreneurs, 
poorer households) plays a major role in the decen-
tralized collection and manual separation of wastes 
(Bogner et al., 2007; Brock, 2008; Weltsichten, 2008). 

An opportune approach for greater promotion 
by national programmes and large-scale support 
through development cooperation may be the dif-
fusion of efficient conversion technologies includ-
ing the know-how required for their operation. The 
focus of such efforts could be (community) facilities 
for population groups affected by energy poverty 
(Section 10.8). Better mobilization of organic wastes 
could be achieved by improving infrastructures and 
– despite past problems – by means of transparent 
incentive systems for the collection and separation of 
these kinds of wastes, e.g. through a functioning state 
remuneration system for informal waste collectors. 
In addition, income-based levies could be charged 
for waste disposal (Brock, 2008; Weltsichten, 2008). 
A final element is the controlled capture of biogas 
from landfill sites and water treatment plants. The 
funding for the necessary investment can be mobi-
lized by CDM projects, among other sources, as long 
as project activities deliver additional greenhouse 
gas emissions reductions (Bogner et al., 2007; Sec-
tion 10.2.3).
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In rural regions in developing countries, wastes 
and residues from the agricultural and forestry sec-
tor are used primarily for distributed heating – often 
with inefficient traditional biomass-burning technol-
ogies (Section 8.2.1). The goal of national promo-
tion or promotion within the framework of develop-
ment cooperation must be to disseminate knowledge 
about sustainability limits on the removal of residues 
from forests and fields, and to promote local insti-
tutions which ensure observance of sustainability 
standards. A further important approach is to pro-
mote the wider use of efficient energy technologies 
such as modern wood stoves and small-scale biogas 
systems, and the transition towards modern forms of 
energy (Section 8.2). This is an area where the CDM 
(Section 10.2.3) has a continuing role to play. Nev-
ertheless, other actors in the field of development 
cooperation are called upon in equal measure (Sec-
tion 10.8).

10.7.5  
Technology policy and the promotion of selected 
conversion pathways 

Incorporating bioenergy into energy systems in the 
best possible way and using it optimally (Chapters 
7, 8 and 9) involves selecting conversion technolo-
gies that are particularly beneficial from a climate 
and energy policy perspective. However, widespread 
application of these technologies is hindered by var-
ious imperfections of the market. Barriers exist both 
in industrialized countries and in the urban centres 
of newly industrializing and developing countries, 
whose energy systems face some of the same chal-
lenges as are encountered in industrialized countries. 
State support measures therefore need to be used to 
promote promising technologies for selected bioen-
ergy conversion pathways. 

A significant problem is that innovative technolo-
gies often do not become competitive until medium- 
and long-term learning effects have been realized. 
Without state promotion their use is often unattrac-
tive to market participants. Another factor is that pri-
vate households, in particular, often continue to use 
familiar but less efficient technologies as a matter of 
habit (perseverance tendencies). Targeted promotion 
measures can provide the impetus for a desired tech-
nology switch. Furthermore, the market entry and 
diffusion of beneficial technologies is hampered by 
the fact that in many countries and sectors the exter-
nal costs of fossil energy carriers are not yet inter-
nalized – e.g. through taxes or pollution allowances 
or rights – or are internalized very inadequately. For 
this reason compensatory promotion measures are 
required for these technologies. 

The advantages and disadvantages of the various 
conversion pathways are set out in detail in Chap-
ters 7, 8 and 9. One of the conclusions is that a par-
ticularly strong climate change mitigation effect can 
be achieved by using sustainably produced biomass 
to replace coal in electricity generation. In this con-
text biogas from fermentation processes, raw gas 
from biomass gasification plants and biomethane 
are important secondary energy carriers (Sec-
tion 10.7.5.1). The direct combustion in coal-fired 
power plants or cogeneration plants of wood chips or 
pellets from wastes and residues also has an above-
average mitigation effect. Irrespective of whether bio-
methane or biomass is used for conversion to energy, 
combined-cycle power plants and combined heat 
and power plants are efficient technologies (Section 
10.7.5.2). Likewise it is more efficient to use bioen-
ergy in the transport sector to power electric vehicles 
rather than perpetuate an inefficient vehicle technol-
ogy by replacing fossil fuels in combustion engines 
(Section 10.7.6). Greater consideration must also be 
given to the use of biomass in the heat sector (Sec-
tion 10.7.5.3). These conversion pathways should be 
promoted, but – in order not to narrow the discovery 
function of competition – only in ways that leave ade-
quate scope for market developments. 

10.7.5.1  
Conversion of biomethane to energy

Biomethane (biogenic natural gas) can be pro-
duced through conversion of biomass in two differ-
ent ways. One method involves the fermentation of 
biomass substrates to produce biogas (fermentation, 
biogas systems), which is then processed into biome-
thane. The other is based on the gasification of solid 
biomass to produce raw gas; after cleaning the syn-
thesis gas is converted to biomethane in the meth-
anization process (gasification, biomass gasification 
systems). In both cases it is necessary to separate 
the CO2. Biogas systems are already established on 
a broad scale; by contrast, fully developed biomass 
gasification systems suitable for broad market use 
are not expected to be available until 2015 at the ear-
liest (Thrän et al., 2007). Even though it will be some 
years before biomethane will be available in suffi-
cient quantity to have an impact on energy policy in 
countries such as Germany (BMU, 2008b), it is fore-
cast that under the right conditions – including accel-
erated development of the necessary infrastructure 
– the EU’s entire present requirement of fossil nat-
ural gas could be met through biomethane by 2020 
(Thrän et al., 2007).

In terms of the objectives of a shift towards sus-
tainable energy systems, biomethane has a number 
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of advantages which justify promotion; they are set 
out in more detail in Box 7.2-2 and in Section 9.2.1. 
There are in principle two points of leverage for sup-
porting the use of biomethane: promotion can target 
either its production or its use. To ensure that promo-
tion policy is transparent and to facilitate retrospec-
tive evaluation of its effectiveness, only one of these 
levers should be selected. WBGU considers promo-
tion of use to be the most suitable approach. This pre-
vents biomethane being produced without regard to 
demand for it. Importantly, it also enables prefer-
ence to be given to the conversion technology that is 
likely to have the greatest climate change mitigation 
effect, namely the use of biomethane for electricity 
generation in countries in which fossil energy carri-
ers, particularly coal, play a major part in electricity 
generation and would be replaced by biomethane. It 
follows that in these countries the emphasis should 
be on promoting the use of biomethane in electri-
city generation. The climate change mitigation effect 
could be heightened further if the CO2, which must 
in any case be separated during the methane produc-
tion process, is securely stored (Carbon Capture and 
Storage, CCS). Pursuing the development of CSS is 
thus an important issue for bioenergy policy as well 
as in other respects. 

Feeding biomethane into the gas grid 
In industrial energy systems, the use of biomethane 
as a gaseous energy carrier is contingent upon cer-
tain conditions: an adequate and functioning grid 
infrastructure must exist, the operators of biogas 
plants and biomass gasification systems must have 
unfettered access to the (supra-regional) gas grid, 
and power plants must likewise be connected to that 
grid. Experience in processing biogas and feeding 
it into (local) gas grids has been acquired in Swit-
zerland, Sweden and the Netherlands (FNR; 2006e; 
van Burgel, 2006). In Germany there are around 
a dozen biogas plants that feed processed biome-
thane into the natural gas grid; a further 20 or so are 
currently planned. In Europe as a whole 80 biogas 
processing plants are in operation (Bensmann, 2008; 
ISET, 2008). Within the EU the legal framework is 
provided by the rules governing the internal mar-
ket for natural gas, the provisions on non-discrim-
inatory access to the gas grid that these rules con-
tain, and the quality and safety standards of member 
states (van Burgel, 2006). In Germany feed-in pro-
motion is effected through grid access rules, obliga-
tions on gas grid operators to accept and pay for gas 
fed in, and payments for avoided grid costs. The lat-
ter mean the distribution of cost savings that arise in 
connection with local feed-in because the transporta-
tion distance between production and consumption 
is reduced (Leuschner, 2008).

In general, expansion of gas grids would need to 
be promoted. At the same time, grid operators would 
have to be required to undertake the investment 
needed – e.g. in pumping stations – to enable oper-
ators of biomethane plants to access the grid. These 
pumping stations increase the gas pressure of the 
injected biomethane to that needed for feed-in and 
transport in gas grids. 

Promoting the feed-in of electricity from 
biomethane 
Gas prices have risen significantly in recent times. 
This may help to make the feed-in of decentrally 
produced biomethane more attractive, and the fact 
that coal prices have risen even more sharply is likely 
to increase interest in biomethane among electricity 
generators. Nevertheless, because in most countries 
– and in the EU – the emissions of fossil energy car-
riers are not linked to their external costs (Section 
10.7.1), explicit incentives for the generation of elec-
tricity from biomethane are required. Feed-in tar-
iffs as a tool for promoting renewable energies have 
proven their usefulness relatively well (UBA, 2006a). 
Nevertheless, countries should not be committed to 
feed-in tariffs by the EU or obligations originating 
elsewhere, since other instruments also have advan-
tages (WBGU, 2004a; Ringel, 2004; UBA, 2006b; 
Finon, 2007; Umsicht, 2007). In the case of energy 
from renewable feedstocks, however, quotas can 
cause problems. The obligation to use at least a cer-
tain quantity of energy crops or residues in gener-
ating electricity can significantly distort the market; 
where energy crops are involved this can have a sig-
nificantly stronger impact on competition for land 
and in particular on food prices than is the case with 
other renewable energies. 

Many countries promote electricity generation 
from biomass: in addition to a general payment per 
kWh for the feed-in to the grid of electricity from 
renewable sources (e.g. wind and solar) they pay a 
premium for electricity produced from cultivated 
biomass (termed in German: nachwachsende Rohst-
offe, NaWaRo). In Germany this is done through the 
‘NaWaRo bonus’. This bonus can be supplemented 
by additional premiums for the use of heat from com-
bined heat and power systems (Section 10.7.5.2), for 
the deployment of new technologies, or for the use 
of organic residues (FNR, 2006e). In Sweden pro-
motion is effected through tradable certificates for 
electricity from renewables (SBGF et al., 2008). In 
WBGU’s view such promotion is appropriate, pro-
vided that steps are taken to ensure that the bioen-
ergy carriers at least meet the WBGU minimum 
standard for sustainability; in addition, WBGU rec-
ommends considering special incentives if the above-
mentioned promotion criteria for energy crops are 
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met (Section 10.3.1). In view of the important contri-
bution that biomethane can make to mitigating cli-
mate change and its technical advantages in electric-
ity generation (Box 7.2-2), particularly when it leads 
to the replacement of coal, WBGU also recommends 
additional promotion measures for electricity from 
biomethane, provided that the CO2 – which must in 
any case be separated in the manufacturing process – 
is captured and stored in a secure repository. 

Sustainability standards 
If biomethane is indeed to make a major contribu-
tion to climate change mitigation, its life-cycle green-
house gas emissions must be kept low and the sep-
arated carbon dioxide must ideally be stored. Pro-
motion policies must be flanked by corresponding 
standards relating, for example, to the use of energy 
crops as a biogas substrate. To reduce methane emis-
sions from digestate stores that are not completely 
sealed or from gas combustion in small-scale CHP, 
promotion must be made contingent upon compli-
ance with best-practice guidelines. Similar steps must 
be taken to limit ammonia emissions from the stor-
age of digestate and digestate application on farm-
land. In addition, sustainability standards relating to 
biodiversity conservation must be considered in con-
nection with the use of energy crops (BMU, 2008d). 
Regardless of the specific promotion policy, the pro-
duction of electricity from biomass should only be 
promoted if minimum sustainability standards are 
complied with. German and European promotion 
policy should be developed with this in mind and 
international bioenergy cooperation should also be 
based on these principles. 

10.7.5.2   
Efficient system technology in electricity and heat 
production

Bioenergy has the potential to transform energy sys-
tems, making them more efficient and helping to mit-
igate climate change (Section 8.1.1), but this poten-
tial will only be realized if the propagation and use 
of efficient system technologies is accorded high pri-
ority. 

Combined heat and power 
When power and heat are generated simultane-
ously in combined heat and power (CHP) systems, 
the technical efficiency of fuel use is particularly high 
(Section 8.1.2.3). This is true regardless of whether 
the fuel is from fossil or renewable sources, includ-
ing biogenic energy carriers. It therefore presents an 
opportunity for replacing a considerable quantity 
of fossil fuel and/or for reducing overall emissions. 

Despite their high efficiency, CHP systems are not 
sufficiently widely used in industrialized countries. 
In the European Union’s member states the extent 
of CHP use is very varied. Factors conducive to the 
widespread use of CHP are the availability of a local 
or district heat grid, access to natural gas as the most 
frequently preferred fuel, a suitable transport infra-
structure and sufficient heat demand. Market effects 
such as rising fuel prices, and in some cases falling 
electricity prices, also make CHP systems less com-
petitive. Promotion policies in the member states are 
underpinned by the EU CHP Directive of 2004; these 
policies include measures such as subsidies for build-
ing new CHP plants, energy tax discounts for the 
energy carriers used, guaranteed feed-in tariffs for 
electricity generation and state infrastructure invest-
ment (EEA, 2007b). Germany, too, makes use of 
such instruments (such as in its amended CHP Act). 
In particular, the feed-in tariff for biogas under the 
Renewable Energy Sources Act (Erneuerbare-Ener-
gie-Gesetz, EEG) has led to a significant expansion 
in biogas-fired CHP plants (IEA, 2008a). The gen-
eral framework set by energy and climate policy 
will help set future investment incentives and thus 
determine the competitiveness of efficient CHP sys-
tems (UBA, 2008b). In this context WBGU wel-
comes the EU Commission’s proposal to reduce 
free allowance allocations under the Emission Trad-
ing Scheme (ETS). As proposed by the Commission, 
the efficiency of CHP should be recognized in the 
ETS through the allocation of free allowances and/or 
discounts on allowance obligations (IEA, 2008b). In 
sectors not covered by emissions trading, partial tax 
exemptions should be continued. In countries such as 
developing countries that have no emissions trading 
scheme or CO2 emissions tax, investment grants or 
output subsidies linked to the use of efficient system 
technology could be used to promote CHP.

Combined-cycle power plants in electricity 
generation 
Combined-cycle power plants have the highest fuel 
efficiency. In addition, they can provide system serv-
ices, such as high-quality control energy and varia-
ble control of electricity generation, that stabilize 
the electricity grid and increase the technical se-
curity of supply (Section 8.1.2.3). Combined-cycle 
power plants are usually conceived on a large scale. 
The advantages of this system technology are that it 
is cost-effective and power generation is both highly 
efficient and controllable. In industrialized countries 
the capital needed for investment in power plants is 
available and there is a high level of investment se-
curity. In WBGU’s view, therefore, no special promo-
tion of this technology is required. Attention should 
focus on a consistent emissions trading or emissions 
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taxation system; this would provide effective incen-
tives for the use of efficient and low-emission system 
technologies, such as those used in combined-cycle 
power plants. In developing countries the situation is 
different: these countries have no effective incentive 
mechanisms for reducing emissions, they have little 
capital and potential investors are deterred by the 
lack of investment security. 

10.7.5.3  
Direct combustion of solid biomass to generate 
heat for private households 

The direct combustion of biomass in coal-fired power 
plants and cogeneration plants and the use of biogas 
or raw gas for the combined generation of power 
and heat is already promoted in many countries. 
Provided that sustainability standards are complied 
with, this should be continued or introduced, espe-
cially in countries in which coal plays a major part 
in power generation. By contrast, the direct combus-
tion of biomass to provide heat should only be pro-
moted in certain circumstances. While the use of solid 
bioenergy carriers, such as pelleted energy crops or 
residues, can contribute to significant greenhouse gas 
reductions in the heat sector when they replace oil 
as a fossil energy carrier (Section 7.3), there is clear 
evidence that bioenergy – including solid biomass – 
has a greater climate change mitigation effect in elec-
tricity generation when it replaces coal. In WBGU’s 
view the heat needed for domestic purposes can be 
provided most efficiently in combination with elec-
tricity generation by using heat extracted from CHP 
(combined heat and power; Section 10.7.5.2). In the 
long term another option is to use ambient heat and 
heat pumps powered by renewable electricity. How-
ever, on account of the extensive infrastructure 
investment needed, particularly in rural areas, it is 
likely to be some time before CHP can meet a large 
proportion of the heat requirement. It will take even 
longer for renewably driven heat pumps to become 
standard, in particular because the shift to extensive 
renewable electricity generation has not so far been 
straightforward. Thus the use of boilers powered by 
wood, wood chips and pellets should be seen as a sec-
ond-best solution and one that is most appropriate in 
situations in which the expansion of local and district 
heat networks cannot be expected (Section 8.1.1.1 
and 8.1.1.2). 

In the residential sector and also in relation to pub-
lic institutions it may be expedient to provide transi-
tion assistance, since it cannot be assumed that a rapid 
transfer from fossil to biogenic fuels will take place. 
Households often do not use the most efficient tech-
nologies; they thus fail to exploit either greenhouse 

gas abatement potentials or money-saving options. 
The reasons for this include particularly strong per-
severance tendencies and resistance to change, even 
when confronted with economically beneficial tech-
nologies. Investments that are expensive, although 
cost-effective in the long term, are often unattractive 
to property owners. This attitude may be linked to 
financing difficulties or to a general tendency to pre-
fer present savings to future ones; in the rented prop-
erty sector a key consideration is that the investment 
benefits the tenant more than the landlord (Levine et 
al., 2007; Schleich and Gruber, 2008). It follows that 
in this area promotion in the form of subsidies may 
be appropriate for a transition period of ca. 10–15 
years; promotion could take the form of cut-price 
loans or other investment allowances for households 
and businesses when they convert to biomass heat-
ing systems (Levine et al., 2007; BMU, 2008c). In 
view of the problem of perseverance, regulatory law 
may also need to be invoked. For example, owners of 
new buildings in Germany must by law meet a cer-
tain proportion of the heat requirement from renew-
able energies. 

This type of promotion policy should focus on 
promoting heating with pellets. However, a disad-
vantage is that in promoting heating systems it is not 
possible to differentiate according to whether sys-
tems use energy crops or wastes and residues. Coun-
tries that have not yet imposed strict emissions limits 
should do so at the time they set up their promotion 
programmes, since otherwise emissions of pollutants 
and particulates may increase. For newly industrial-
izing and developing countries promotion measures, 
including emissions regulations, are also appropriate, 
particularly for relatively affluent urban households. 
Nevertheless, these countries need to focus primarily 
on increasing the efficiency of traditional biomass 
use in rural areas and in relation to poorer house-
holds (Section 10.8.2).

10.7.6  
Promoting bioenergy in final use

Alongside the promotion of cultivation systems and 
conversion technologies that has been described, cer-
tain forms of final energy use are already prescribed 
to a greater or lesser extent. In particular, quotas are 
used as a means of obliging energy consumers or 
providers to use a minimum proportion of biogenic 
energy carriers in their energy use or provision. Blend-
ing quotas for fuels, which are used in many industri-
alized and newly industrializing countries, are clas-
sic examples (Section 4.1.2). For example, Germany’s 
draft law on blending quotas for diesel and petrol is 
intended to ensure that biofuels account for 5.25 per 
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cent of the energy content of total fuel consump-
tion in 2009 and 6.25 per cent from 2010 onwards 
(BMU, 2008f). This is based on the EU’s planned 
target under which biofuels will supply 10 per cent 
of all road vehicle fuel by 2020 (EU Commission 
2008a). However, debate is currently focused on call-
ing instead for a 10 per cent renewables component 
in all energy consumption for road traffic. The Euro-
pean Parliament wants 40 per cent of this share to be 
met from sources other than first-generation li quid 
biofuels (e.g. hydrogen, electricity for automobil-
ity or second-generation biofuels from residues; EU 
Parliament, 2008; Box 4.1-3). Set against this are ‘soft’ 
target quotas in the form of expansion targets set by 
national governments. For example, target quotas of 
this type are used in connection with biomethane use 
(Section 10.7.5.1). Thus by promoting the feed-in of 
biomethane into the grid, the German government is 
pursuing its target of feeding 6000 million m3 biome-
thane per year into the German natural gas grid by 
2020, rising to 10,000 million m3 by 2030. The latter 
figure corresponds to around 10 per cent of the coun-
try’s current consumption of natural gas. Bioenergy-
specific expansion targets of this type set the goal-
posts for market stakeholders without directly con-
straining their (investment) decisions through rigid 
usage quotas. In addition, bioenergy use is influenced 
by the general expansion targets that are being set 
or planned in many countries. For example, there 
are plans in the EU to meet 20 per cent of the final 
energy requirement from renewables by 2020 (EU 
Commission, 2008a; Box  4.1-3). Expansion targets of 
this sort allow greater flexibility in the selection of 
the renewable energy form and thus facilitate more 
efficient investment decisions than narrow sector-
specific quotas for bioenergy use, such as those that 
apply to biofuels (Egenhofer, 2007).

Rigid quotas of this type channel investment more 
narrowly and result in consistently high demand for 
biogenic energy carriers from market stakeholders, 
with inadequate account being taken of relative scar-
cities on the biomass markets or the amplifying of 
competition for land. Additional inefficiencies arise 
from the fact that the way in which the bioenergy is 
used – i.e. through conversion into a liquid biofuel that 
is subsequently used in motor vehicles – is prescribed 
by law, regardless of whether other bioenergy path-
ways are more efficient and whether greenhouse gas 
emissions can be reduced at lower cost (Chapter 7). 
Moreover, blending quotas promote technological 
lock-in effects in the motor vehicle sector, since they 
cause the infrastructure associated with less efficient 
combustion engines to be perpetuated. This consoli-
dates barriers that delay the shift to electromobility 
that must take place in the medium term. This exam-
ple illustrates how relatively rigid and intrusive poli-

cies can unintentionally be less beneficial for the cli-
mate and the environment; they can promote ineffi-
ciencies and have undesirable long-distance effects, 
for example on food prices (Kulessa, 2007). 

For these reasons WBGU believes that the pro-
motion of liquid biofuels for the transport sector in 
industrialized countries cannot be justified on sus-
tainability grounds. WBGU therefore recommends 
rapid abandonment of the promotion of biofuels in 
industrialized countries. In particular, current blend-
ing quotas in EU countries should not be increased 
further and should be removed entirely within the 
next three to four years. However, this should not 
mean that the motor industry in the EU is released 
from its emissions reductions obligations. If blending 
quotas are abandoned, the specific emissions reduc-
tions that have been agreed must be achieved by 
other means. 

In developing countries the production and use of 
liquid biofuels can be more readily substantiated, for 
reasons that include the greater poverty of the rural 
population, the widespread energy poverty, signifi-
cantly poorer starting conditions for a rapid shift to 
electromobility and in some cases a chronic shortage 
of foreign currency. In some developing and newly 
industrializing countries, therefore, the expansion 
of biofuel production for use within the region for a 
transition period can under certain conditions be jus-
tified. Here too, though, subsidies should be critically 
evaluated in terms of efficiency and environmental 
as well as social considerations. 

Promotion of electromobility in place of 
biofuel quotas 
The electrification of motorized personal transport is 
a building block in the overall strategy for reformed 
energy systems (Section 8.1 and 9.2). Because many 
countries are focusing on liquid biofuels as a means 
of reducing their dependency on petroleum or cutting 
transport-related greenhouse gas emissions, there is 
now an indirect connection between the promotion 
of electromobility and bioenergy policy. If vehicles 
with combustion engines were replaced on a large 
scale by plug-in hybrid cars or battery-operated elec-
tric vehicles, the demand for biofuels from energy 
crops would fall and bioenergy potential could be 
more efficiently and more flexibly used. If this is to 
happen, conditions for the expansion of electric vehi-
cles must be significantly improved: at present plug-
in vehicles, which combine a combustion engine and 
an electric motor, have a very small share of the mar-
ket and are used almost exclusively in industrialized 
countries. Both plug-in hybrid vehicles and pure elec-
tric vehicles can also – when connected to the grid 
– represent an energy store, which can provide bal-
ancing energy to stabilize the electrical grid. How-
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ever, both technologies are currently still at the stage 
of inner-city demonstration projects. The greenhouse 
gas balance of electromobility is determined prima-
rily by the composition of the electrical energy used 
in terms of energy sources: electromobility can make 
a significant contribution to climate change mitiga-
tion if the electrical energy used comes mainly from 
renewable sources rather than from fossil ones (Sec-
tion 8.1; WI-IFEU, 2007). The environmental impacts 
associated with the batteries are also relevant (BMU, 
2008a).

Active state promotion of electromobility can 
be justified on the grounds of previously unrealized 
learning effects in the development of battery and 
vehicle technology. For example, the German gov-
ernment is promoting an industrial consortium for 
the purpose of improving lithium-ion batteries. While 
the costs involved in expanding the opportunities for 
plugging in hybrid and electric vehicles to the elec-
tric grid may limit the market development of these 
technologies, this is a much less expensive alternative 
than other options for the future, such as hydrogen 
technology, since the basic structure of the energy 
supply – the electricity grid – already exists. In some 
industrialized countries the motor industry, some-
times in cooperation with energy companies, has for 
some time been conducting fleet trials of electric 
vehicles in conurbations (Haines and Skinner, 2005) 
– frequently with state participation. The German 
government is currently considering providing finan-
cial support for a fleet trial of plug-in hybrid vehi-
cles to be conducted by a German industrial consor-
tium. In the start-up phase, infrastructure subsidies 
can make the propagation of electric vehicles signifi-
cantly easier. Demand for electric and hybrid vehi-
cles can also be stimulated through the tax system, 
in particular through higher taxes on fossil fuels than 
on electricity but also through reductions in vehicle 
tax or toll charges. In addition, national development 
plans for electromobility, such as that announced by 
the German government, create transparency and 
planning certainty for industry and the consumer 
(BMU, 2008b)

However, in developing and newly industrializing 
countries, where purchasing power is low, prices must 
fall considerably if electric cars are to make a break-
through. Since these countries lack the resources for 
adequate price subsidies, rapid diffusion of relevant 
technologies in industrialized countries is needed, in 
addition to pilot projects. In the medium to long term 
and as a result of learning effects and economies of 
scale, this will enable electric and hybrid vehicles to 
be sold at affordable prices in developing and newly 
industrializing countries. 

10.7.7  
International initiatives and institutions for the 
promotion of sustainable bioenergy

A global reconfiguration of energy systems requires 
sustainable expansion of renewable energies, includ-
ing bioenergy, worldwide (Chapter 2; WBGU, 2004a). 
A broad spectrum of international institutions to 
promote renewables, whose mandates include spe-
cific aspects of promotion, are already in existence. 
These include, for example, the Renewable Energy 
and Energy Efficiency Partnership (REEEP), the 
Renewable Energy Policy Network (REN21) and 
United Nations organizations like UNEP and UNDP 
(Pfahl et al., 2005; WBGU, 2004b). However, as yet 
the existing institutions have not been able to pro-
vide a centralized and coordinated approach to the 
promotion of renewable energies by means of policy 
advice and technology transfer.

10.7.7.1  
International Renewable Energy Agency

To alleviate this shortcoming, recent efforts have 
been made – substantially on the initiative of the 
German federal government – to establish a new 
and autonomous international organization to fulfil 
these functions effectively. The International Renew-
able Energy Agency (IRENA) will be founded at 
the beginning of 2009. This specialized agency is ini-
tially sponsored by a sizeable group of industrial-
ized and developing countries. Membership is open 
to additional countries (FES, 2007). In its function as 
a ‘centre of competence’ IRENA offers the advan-
tages that services to governments like policy advice, 
technology transfer and competence building can be 
delivered in a more targeted and cost-efficient way 
thanks to coordination. As a result, transparency is 
increased, consultation improved and double promo-
tion avoided (Pfahl et al., 2005; IRENA, 2008).

Concentration and reinforcement of international 
energy policy institutions by a newly established 
organization is in line with the ideas of WBGU. The 
model developed by WBGU (2004a) of an inter-
national agency for sustainable energy emphasizes, 
however, that as well as promoting renewable ener-
gies, energy systems in their entirety must be included 
in the process. The energy demand and special needs 
of developing countries also need to be considered. 
Overall, IRENA should be put in a position to tackle 
energy, environmental and development issues in an 
integrated way. Ideally it should take a role in con-
vening and running the International Conference on 
Sustainable Bioenergy proposed by WBGU (Section 
10.7.7.2). The outcomes of the conference should, in 
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turn, inform IRENA’s advisory and transfer services 
on bioenergy. The energy development pathways 
(Chapter 8) and promotion principles for sustainable 
bioenergy (Sections 10.7.3 to 10.7.5) described in the 
present report offer a good orientation aid for bioen-
ergy-specific advisory and promotion services.

10.7.7.2  
International Conference on Sustainable 
Bioenergy

The current national policies for the promotion of 
biomass use as an energy source in industrialized, 
newly industrializing and developing countries (Sec-
tion 4.1.2) demonstrate the growing interest in bioen-
ergy. These are accompanied by exploratory pro-
cesses and projects which have been initiated by 
partnerships like GBEP, by networks and by inter-
national organizations like FAO or IEA. These pol-
icy measures and processes to promote bioenergy are 
based on different, sometimes obviously incomplete 
assessments of the opportunities and risks of bioen-
ergy. Consequently, there is as yet no adequate global 
consensus on appropriate standards for the produc-
tion and use of different forms of bioenergy. Given 
the increasing biomass trade flows and growing 
demands upon land use, it is becoming essential to 
call heightened international attention to the inter-
actions between bioenergy and sustainable develop-
ment and to work towards consensus building among 
the actors.

To this end, on the model of ‘renewables 2004’, 
an International Conference on Sustainable Bioen-
ergy (ICSB) could be initiated, which would serve as 
a forum for an international and cross-sectoral dia-
logue and possible cooperation among agricultural, 
energy and development policy actors. It should cre-
ate space for exchanging information on best prac-
tices and for adopting recommendations on bioen-
ergy deployment targets. Specific items on the agenda 
could include proposals for agreements on promotion 
measures (e.g. subsidies) as well as competition and 
sustainability standards. Further elements of the con-
ference might be an action programme, within which 
governments could frame their voluntary measures 
at national or international level, and (framework) 
agreements on (bilateral) partnerships on bioenergy 
technologies (Section 10.8; WBGU, 2004a, b; Pfahl 
et al., 2005). If appropriate, the conference could be 
the starting point for a longer-term follow-up process 
on sustainable bioenergy use. In any event, consid-
ering the dynamic nature of bioenergy use and the 
enormous pressure for action, a well-attended ICSB 
should be convened at the earliest opportunity. Inter-

vention by the German federal government to this 
effect would be welcomed. 

10.7.7.3   
Multilateral Energy Subsidies Agreement

Subsidization of different forms of energy is an ele-
ment of national energy strategies geared towards 
securing an adequate and reliable energy supply at 
reasonable prices whilst avoiding adverse effects on 
the environment and the climate (IEA, 2006b). A 
precise quantitative survey of global energy subsi-
dies is difficult on account of the different classifica-
tions and accounting methods in use. Different esti-
mates put subsidies at a level of US$ 240,000 to over 
US$ 300,000 million. Fossil fuels attract the dominant 
share of subsidies in comparison with either renew-
able energies or nuclear power (IEA, 2006b; Morgan, 
2007). In the bioenergy realm, producers of biofuels 
benefit from relatively high subsidies in developed 
countries. According to Steenblik (quoted in OECD, 
2008) the combined total of state promotion of this 
sector in the USA, the EU and Australia amounted 
to US$ 11,000 million in 2006 (Section 4.1.2). 

Given the climate policy challenges and the increas-
ingly evident economic efficiency of various renewa-
ble energies, it is ineffectual to persist in directing the 
majority of energy subsidies to the fossil energies sec-
tor. WBGU has previously pointed out the necessity 
to redirect or eliminate energy subsidies worldwide 
(WBGU, 2004a). In relation to the promotion of sus-
tainable bioenergy, promoting fossil energy sources 
can militate against desirable bioenergy pathways, or 
actually force up promotion  budgets to compensate 
for the advantages subsidies confer on fossil fuels. 
To avert this, subsidies for fossil energy sources and 
non-sustainable bioenergy pathways (Section 10.7.3) 
should be removed. To avoid distortions induced 
by international discrepancies in subsidy regimes, 
WBGU recommends initiating a Multilateral Energy 
Subsidies Agreement (MESA) which would provide 
for the abolition of environmentally harmful energy 
subsidies and establishes globally valid subsidy princi-
ples. It should provide for the phasing out of subsidies 
for fossil and nuclear energy and establish rules for 
subsidizing renewable energies and efficient energy 
technologies. To improve its prospects of realization, 
perhaps such an agreement could be geared towards 
plurilateral interests in the first instance by involving 
the most important energy producers and consumers, 
e.g. the oil-producing states and Russia as well as the 
OECD countries and the newly industrializing coun-
tries. Long-term efforts could be geared towards the 
establishment of a multilateral framework and incor-
poration into the WTO regime (WBGU, 2004a).
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10.7.8  
Conclusions

Promotion policies in the bioenergy sector – from 
the cultivation of energy crops to energy genera-
tion and use – must be operated with caution so that 
the existing potential of bioenergy for a sustainable 
energy system is better harnessed while avoiding the 
substantial risks of non-sustainable expansion. This 
means that, ideally, energy sources should only be 
used if they meet the WBGU minimum sustainability 
standard. A first essential step is to at least cease any 
promotion of bioenergy which contravenes this min-
imum standard. Within this framework, to ensure the 
success of the most advantageous pathways from the 
viewpoint of climate and environmental impacts, cli-
mate and environmental policy must be designed 
in such a way that all emissions are inventoried 
and attributed, and external costs are internalized 
as comprehensively as possible. Since this state is a 
long way from the reality both globally and in indi-
vidual countries, additional promotion of bioenergy 
appears justified. Further justifications may be drawn 
from development policy aspects such as the eradi-
cation of energy poverty, and from market introduc-
tion difficulties caused by resistance to the up-take 
of new technologies. These arguments are joined by 
anticipated learning-curve effects, as well as positive 
external effects such as the cultivation of perennial 
energy crops on degraded land. Fundamental prefer-
ence should be given to lean promotion policies: this 
means, firstly, concentrating on policy levers small in 
number yet with greatest individual effect, and, sec-
ondly, selecting instruments with minimal intensity 
of intervention. Promotion for biomethane feed-in 
without conditions on usage is one example, the abo-
lition of mandatory fuel blending quotas another. On 
the international level this approach calls both for 
diverse technology cooperation ventures and for a 
coordinated reduction of energy subsidies, including 
at least those bioenergy subsidies that are contribut-
ing to non-sustainable developments. 

10.8
Bioenergy and development cooperation 

Many developing countries pin great hope on an 
international bioenergy boom. The production and 
use of modern forms of bioenergy do indeed provide 
developing countries with a range of opportunities. 
At the same time, however, bioenergy also entails 
significant risks – risks that are all too easily over-
looked due to the high hopes and initial worldwide 
euphoria with which the emergence of bioenergy has 
been greeted. These risks are particularly evident in 

the production of biofuels for supra-regional use and 
for export; in this context short-sighted investment 
can create new dependencies and sustainability cri-
teria may be met insufficiently or not at all (Chap-
ter 8; Box 8.2.3). Moreover, the current focus on liq-
uid biofuels for the transport sector distorts the view 
of the overall potential of the deployment of biomass 
for energy in developing countries. For example, 
there is potential for increasing the efficiency of tra-
ditional biomass use and for using bioenergy to gen-
erate power and heat. From a development perspec-
tive, therefore, the opportunities and risks of bioen-
ergy – particularly those associated with the large-
scale production of energy crops – must be carefully 
evaluated, taking account of specific circumstances in 
different countries and of the differing energy needs 
of developing and newly industrializing countries. 
Promotion strategies can then be tailored to specific 
circumstances as part of development cooperation 
activities. 

The negative impacts of bioenergy may in particu-
lar include the jeopardizing of food security through 
the conversion of cropland, and increasing depend-
ence of food prices on energy prices. Realizing the 
opportunities associated with bioenergy while pre-
venting these negative impacts requires a high level 
of governance and regulatory competencies on the 
part of states, extending far beyond the narrow field 
of bioenergy policy itself (Section 10.2–10.6). At 
national level, the preconditions for a bioenergy pol-
icy that has a positive impact on development include 
effective state structures, good governance, participa-
tory land-use planning, mechanisms for the fair dis-
tribution of land and assured food security. In many 
developing countries these preconditions are not 
met. However, where they are met or are likely to 
be met in the foreseeable future, potential for sus-
tainable energy crop cultivation certainly exists (Sec-
tion 6.7). With this in mind, country-specific bioen-
ergy strategies should be drawn up to ensure that 
development potentials can be harnessed in such a 
way that the risks associated with bioenergy produc-
tion are avoided or at last significantly reduced and 
the opportunities for overcoming energy poverty are 
used sustainably. 

Bioenergy is not a completely new issue for glo-
bal development policy and its multilateral and bilat-
eral actors. For example, the traditional use of bioen-
ergy and efficiency improvements in this area have 
for some years been discussed as a means of tackling 
energy poverty. Improved efficiency of traditional 
use sometimes features, too, in programmes for the 
promotion of renewable energies, but in this context 
it is usually assigned a lower priority. Biofuels, on the 
other hand, are accorded great importance in the cur-
rent debate, although the absence of clearly defined 
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positions and coherent operative strategies is evi-
dent. Crucially, there is a lack of cross-sector coor-
dination of international cooperation in the fields of 
bioenergy, food security, rural development and cli-
mate change mitigation. Instead, a large number of 
initiatives and policy-making processes have been 
set in motion. This has resulted in an uncertain and 
in some cases contradictory scene, as the following 
survey of the relevant international institutions and 
actors shows (Section 10.8.1).

Alongside this overview of international devel-
opment cooperation in the bioenergy sector WBGU 
presents what it regards as the key elements of sus-
tainable bioenergy strategies for developing coun-
tries and the implications for an active promotion 
policy (Sections 10.8.2 and 10.8.3). In the process 
WBGU looks beyond the restriction of the interna-
tional debate to biofuels and emphasizes the differ-
ent forms, depending on the different pathways, in 
which bioenergy can be a suitable means of tackling 
energy poverty in a climate-friendly way through the 
provision of electricity, heat, and mobility. 

10.8.1  
Current bioenergy activities in international 
development cooperation

A coherent and sustainable global bioenergy pol-
icy requires intelligent links between international 
energy policy and other areas – particularly interna-
tional agricultural, environmental and trade policy 
– at all levels. This in turn calls for an effective and 
well coordinated institutional architecture, which 
exists at present only in rudimentary form or not at 
all. This section outlines the activities of the multi-
lateral actors that are most important from a devel-
opment perspective and then summarizes the spe-
cific contributions of European and German devel-
opment cooperation. 

10.8.1.1  
The World Bank Group and regional 
development banks 

The World Bank Group 
The promotion of bioenergy is an aspect of the 
projects and programmes of the World Bank (IBRD 
and IDA) in the area of renewable energies and 
energy efficiency. However, it features much less 
prominently than the promotion of solar energy, 
wind power, hydropower and efficiency improve-
ments in the use of conventional forms of energy 
(IBRD, 2007). Bioenergy has until now been specif-
ically promoted only in small-scale projects aimed 

at tackling energy poverty in developing countries 
(e.g. the Burkina Faso Energy Access Project for sus-
tainable firewood management). Another current 
project involves additional financing of US$ 35 mil-
lion to support the Household Energy and Universal 
Access Project in Mali, which is helping to develop 
capacity building, the expansion of rural electrifica-
tion, municipal forest management and energy effi-
ciency initiatives concerned with the use of energy in 
households (World Bank, 2008a, b). Work should be 
undertaken to identify what the project can contrib-
ute with regard to a bioenergy component of a sus-
tainable national energy system in Mali. In the 2008 
financial year World Bank funding for renewable 
energies and energy efficiency, in part co-financed 
by the GEF, was almost twice what it had been in 
the preceding year. Expenditure totalled US$ 1400 
million, of which US$ 476 million was for projects 
involving renewable energies (Zabarenko, 2008).

The World Bank Group’s attitude to biofuels is 
cautious; this is on account of the current debate on 
environmental impacts, competition with food pro-
duction and the associated uncertainties (World 
Bank, 2008e). The World Bank has not yet finalized 
a strategy for bioenergy promotion. This lack of cer-
tainty is reflected in the Development Committee 
(a joint ministerial committee of the World Bank 
and IMF): for example, while India is strongly crit-
ical of the shift in agricultural production from food 
to biofuels (‘bad policy and worse economics’), Bra-
zil sees in biofuels a major development opportunity. 
The German representative on the Development 
Committee, development minister Wiezoreck-Zeul, 
has called on the World Bank and IMF to impose 
a moratorium on biofuel blending until its impacts 
on food production have been better analysed. It is 
generally agreed that the specific role of biofuels in 
development processes needs to be examined criti-
cally. The World Bank plans to contribute to this by 
investing further in research (Siegel, 2008).

The International Finance Corporation (IFC), 
which forms part of the World Bank Group and does 
a great deal of work with the private sector in devel-
oping countries, is involved in many biofuel projects. 
The number and volume of such projects cannot be 
specified exactly, since agricultural projects have until 
now been recorded only as a whole, with no separate 
reporting according to system components. A break-
down by system components should be introduced as 
a matter of urgency, in order to enable better moni-
toring and analysis of developments in the biofuel 
sector. Although competition with food production 
needs to be taken seriously, the IFC views effects on 
the agricultural sector as being fundamentally pos-
itive. In particular it is anticipated that as a conse-
quence of energy crop cultivation local agricultural 
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practices will be improved, additional infrastruc-
ture will be created, farmers’ incomes will rise and 
research and development relating to new breeds 
and practices will be pursued. The IFC does, however, 
admit that links with food production and the extent 
of competition with it are not yet sufficiently well 
understood. The IFC takes the view that it is better 
to be involved in shaping development of the biofuel 
sector than to avoid all involvement on account of 
the risks and thus forego any influence. This applies 
in particular to ethanol from sugar cane, the produc-
tion of which is already globally competitive, and to 
projects that produce biodiesel from material with 
low value-added potential (e.g. waste oil and animal 
fats). Apart from the general IFC safeguards, which 
specify ecological and social project standards, no 
additional standards are required for biofuels. The 
IFC sees further research as being required in par-
ticular in relation to the production of biodiesel from 
Jatropha and other energy crops that do not compete 
directly with food crops (Hamad, personal commu-
nication).

The World Bank Group should as a matter of 
urgency draw up a comprehensive strategy detailing 
how it can contribute to restructuring of the world 
energy system. The strategy should in particular 
include the role of greenhouse gas abatement tech-
nologies, including bioenergy use. 

The regional development banks 
The African Development Bank (AfDB) is currently 
revising its energy policy strategy of 1994. Its devel-
opment strategy for the bioenergy sector is still in its 
early stages. It is likely that sustainable energy man-
agement and climate change mitigation criteria will 
be incorporated into the AfDB’s energy strategy and 
that minimum targets for loans and subsidies in this 
area will be specified (AfDB, 2007). Africa is seen as 
having in principle major potential for energy crop 
cultivation, but on account of the region’s low level 
of development realizing this potential presents a 
considerable challenge. There are question marks 
over the availability of suitable technologies, infra-
structure and logistics as well as issues of market 
demand and trading capacity. Questions also need to 
be asked about the risk of competition between food 
and biofuel production and about the specific poten-
tial of the rural population and of small and medium-
sized enterprises (SMEs; Sanchez Blanco, 2008). The 
next partnership meeting on rural development in 
west and central Africa takes place in October 2008 
and the AfDB, the World Bank, FAO and IFAD will 
all be represented at it. The consequences of biofuel 
production for food and energy supply in the region 
are due to be discussed in detail at this meeting. The 
AfDB is currently considering promoting small-scale 

biogas projects along the lines of those supported in 
Asian projects (AfDB, 2007).

The Asian Development Bank (ADB) has pro-
duced a strategy paper on climate change that is very 
cautious about the potential contribution of biofuels. 
According to this paper, biofuels could only result in 
lower greenhouse gas emissions than conventional 
fuels if the associated raw materials and inputs are 
selected carefully and the use of fossil fuels in pro-
duction is minimized. Food security and other issues 
affecting poorer countries would also have to be 
explicitly considered in biofuel production. The ADB 
aims to analyse these conflicts of use carefully and 
to promote only projects that do not result in soil 
degradation, the establishment of monocultures or 
sharp rises in the price of vegetable oils. According 
to the ADB, this means that Jatropha, sweet sorghum 
and bagasse (sugar cane residue) and second-gener-
ation biofuels (ADB, 2007a, b) could be candidates 
for the promotion of biofuel production. Projects for 
tackling energy poverty are one of the ADB’s prior-
ities. For example, it funds bioenergy projects in the 
Mekong delta in which biogas is produced from agri-
cultural residues and used to provide heat energy 
to rural households (ADB, 2007b). Another major 
project that is rated as successful is the Efficient Uti-
lization of Agricultural Wastes Project in China: in 
a scheme co-financed by the Global Environment 
Facility (GEF), US$ 33.1 million has been invested 
in small-scale biogas systems, increasing the income 
and standard of living of 18,540 households (ADB, 
2008).

The Inter-American Development Bank (IADB) 
takes a significantly more optimistic view of biofuels 
than the World Bank or the Asian Development 
Bank. This can be attributed to the fact that 40 per 
cent of global bioethanol production comes from 
Latin America and the Latin American biodiesel mar-
ket is also growing strongly at present. The IADB is 
a partner to the US-Brazil Memorandum of Under-
standing to Advance Cooperation on Biofuels and 
supports the development of corresponding national 
action plans in El Salvador, Haiti and the Dominican 
Republic. The IADB also supports the Meso-Amer-
ican Biofuels Working Group. In 2006 the IADB 
launched a Sustainable Energy and Climate Change 
Initiative (SECCI), which is made up of four pillars. 
One of these pillars is biofuel development; the other 
three are renewable energy and energy efficiency, 
increasing access to carbon markets, and adaptation 
to climate change (IADB, 2008). In April 2008 the 
SECCI announced a partnership with the Round-
table on Sustainable Biofuels; the aim is to integrate 
the sustainability criteria that will be elaborated by 
the Roundtable into its own funding practice and to 
support the involvement of various Latin American 
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interest groups in this global standard-setting pro-
cess (IADB, 2008). The IADB is involved in some 50 
bioenergy projects in both the private and the public 
sector. These projects also involve energy efficiency 
and carbon finance components; they have all in all 
a budget of more than US$ 1000 million (personal 
communication, G. Meerganz of Medeazza, IADB).

10.8.1.2  
Programmes and specialized agencies of the 
United Nations

The promotion and use of sustainable energy has 
gained importance in the United Nations context, 
largely on account of the resolutions adopted at the 
Earth Summit at Rio de Janeiro that sought to strike 
a balance between the interests of developing and 
developed countries (United Nations Conference 
on Environment and Development, UNCED 1992). 
A similar approach is also explicitly reflected in the 
energy policy mandate of the Commission on Sus-
tainable Development (CSD), which was set up by 
the General Assembly of the United Nations in 1992. 
However, the CSD has remained largely ineffective; 
in particular, the Energy Cycle scheduled for its 14th 
and 15th sessions (2006/2007) has failed (IISD, 2007; 
Mittler, 2008). While the CSD-16, which introduced 
the Agricultural Cycle in 2008, put the spotlight on 
the general risks of bioenergy, concrete political deci-
sions are unlikely to materialize from it (IISD, 2008). 
Another umbrella institution, UN-Energy, was set up 
in 2002; it is intended to function within the United 
Nations as a hub for the energy policy activities of 
different UN organizations and its involvement with 
bioenergy issues is growing (UN-Energy, 2007a). In 
2007 it published a report on the sustainable use of 
bioenergy entitled ‘Sustainable Bioenergy: A Frame-
work for Decision Makers’ (UN-Energy, 2007b). 
The report provides a general discussion of the links 
between bioenergy and sustainable development and 
describes options for promoting bioenergy in devel-
oping and newly industrializing countries. It stipu-
lates that standardization and certification of bioen-
ergy products are necessary to ensure their sustain-
ability. However, UN-Energy is not in a position to 
drive the associated processes forward or to actively 
require the UN organizations concerned to take 
action. It thus remains the case that the specialized 
UN organizations and programmes that are active in 
the bioenergy sector play a far more important part 
than UN-Energy in strategic decision and tangible 
promotion measures. 

United Nations institutions that deal explicitly 
with the promotion of bioenergy and that are gen-
erally active in the field of development cooperation 

are described below; they include UNDP, UNEP, 
UNIDO and UNCTAD, but this list is not necessar-
ily exhaustive. Other UN institutions whose work 
impinges on both these areas but within a different 
overall context are mentioned elsewhere – for exam-
ple, the FAO is mentioned in the context of the world 
food supply (Section 10.4) and the CBD in connec-
tion with nature conservation (Section 10.5).

United Nations Development Programme 
Improving the energy supply is a classic task of the 
United Nations Development Programme (UNDP); 
better energy provision is in great demand in devel-
oping countries and is seen as an important element 
in tackling poverty. However, there are as yet few 
signs that climate policy considerations are being 
systematically considered or that a strategic focus 
on renewable energies and bioenergy as a means of 
tackling energy poverty is being adopted. 

It remains to be seen whether current attempts to 
develop a closer and more effective operative work-
ing relationship with the United Nations Environ-
ment Programme (UNEP) will result in correspond-
ing adjustments to the UNDP (Bauer, 2008). This 
applies in particular to the Partnership for Climate 
put forward at the World Climate Conference at 
Nairobi in 2006 (UN, 2006). Within this partnership 
UNEP and UNDP intend, among other things, to 
support developing countries in the use of the CDM. 
Irrespective of any specific cooperation with UNEP, 
UNDP sees itself as having an explicit responsibility 
to provide developing countries with access to invest-
ment, such as that available through the Global Envi-
ronment Facility (GEF) and the CDM, through the 
promotion of clean energy technologies. 

United Nations Environment Programme 
UNEP is visibly endeavouring to play an active role 
in international bioenergy policy; it emphasizes the 
links between the production/use of bioenergy and 
the classic UNEP issues of greenhouse gas emis-
sions, loss of species diversity, degradation of water 
resources and soil degradation. In connection with 
these issues UNEP is involved in various processes 
and partnerships, such as the climate protection ini-
tiative with UNDP mentioned above and the Global 
Bioenergy Partnership (GBEP, Box 10.3-4). Bioen-
ergy could in the foreseeable future come to play a 
more significant part in implementation and devel-
opment of the Convention on Biological Diversity 
(CBD), the secretariat of which is based at UNEP 
(Section 10.5).

Particularly important in connection with the pro-
vision of bioenergy expertise is the UNEP Risoe 
Centre on Energy, Climate and Sustainable Develop-
ment; the centre’s experts advise UNEP on renewa-
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ble energy issues and produce studies on the develop-
ment of renewable energies in developing and newly 
industrializing countries (e.g. Kejun et al., 2007; La 
Rovere et al., 2007). A number of smaller projects 
and public-private partnerships operate in the same 
field – for example, the International Panel for Sus-
tainable Resource Management, which is hosted by 
UNEP and focuses on the sustainability aspects of 
biofuels, and a planned GEF project, which will work 
with FAO, UNIDO and the International Energy 
Agency to improve knowledge of the sustainability 
of biofuels and draw up appropriate guidelines 
(Fritsche and Hennenberg, 2008).

In all these activities the Environment Programme 
emphasizes the potential of bioenergy in line with 
the UNEP motto ‘Environment for Development’. 
However, a comprehensive and coherent bioenergy 
strategy has not yet emerged. Instead, UNEP typi-
cally functions as a knowledge manager, synthesiz-
ing information and preparing it for decision-makers 
in order to underpin policy-making and place issues 
on the agenda. Overall, the fragmented activities of 
UNEP largely mirror the structural weaknesses with 
which it is confronted in the tangled institutional 
setup of the United Nations (Biermann and Bauer, 
2004).

United Nations Industrial Development 
Organization 
Energy and the environment is one of the three the-
matic priorities of the United Nations Industrial 
Development Organization (UNIDO), whose core 
mandate is the promotion of sustainable industrial 
development in developing countries. This UN spe-
cialized agency, which was upgraded from a UN 
programme in 1985, could thus in principle play an 
important part in promoting climate-friendly tech-
nologies in developing countries. 

UNIDO’s present energy policy focuses on improv-
ing industrial energy efficiency and expanding renew-
able energies. In the context of renewables UNIDO 
promotes mini hydropower, solar energy, and wind 
power and the use of biomass for energy. UNIDO’s 
bioenergy projects have so far concentrated on the 
utilization of industrial and agricultural residues – 
such as bagasse (sugar cane residues), timber waste 
from forestry operations and cattle dung – in a range 
of different ways. The promotion of such small-scale 
projects is a positive step and should be systemati-
cally expanded. In parallel with this, UNIDO is cur-
rently drawing up its own biofuel strategy in coop-
eration with the GEF project of UNEP mentioned 
above. 

United Nations Conference on Trade and 
Development 
In June 2005 the United Nations Conference on Trade 
and Development (UNCTAD) set up a Biofuels Ini-
tiative with the aim of promoting research, analy-
sis, technical cooperation and consensus building in 
relation to biofuels. As part of this process, an inter-
national Expert Group was convened in the same 
year to provide developing countries with country-
specific advice on technical matters in connection 
with biofuel production and international trade in 
biofuels. The intention is to support developing coun-
tries in drawing up appropriate strategies for making 
better use of opportunities for producing, using and 
trading in sustainably produced biofuels. In this con-
nection the various investment possibilities are also 
evaluated, including the option of using the CDM 
for biofuel projects. The UNCTAD Biofuels Initia-
tive also aims to network existing initiatives within 
and outside the UN (UNCTAD, 2008a).

The final document of the 12th session of 
UNCTAD, which met in Accra (Ghana) in April 
2008, expressed cautious reservation with regard to 
the sustainable development potential of biofuels 
(UNCTAD, 2008b): ‘Countries should also exchange 
experiences and analysis, in order to further explore 
the sustainable use of the biofuels alternative in a 
way that would promote social, technological, agri-
cultural and trade development, while being aware of 
countries’ needs to ensure a proper balance between 
food security and energy concerns.’ The work of the 
UNCTAD Biofuels Initiative should therefore be 
continued, in order to maximize trade and devel-
opment gains for developing and transition coun-
tries while at the same time minimizing the poten-
tial ecological and social risks of biofuel production 
(UNCTAD, 2008b).

10.8.1.3  
Development cooperation activities of the 
European Union and Germany 

European Union initiatives 
Since 2005 the European Union has defined access 
to energy as a core task of development cooperation; 
improved access to energy is seen as a means of com-
bating poverty in newly industrializing and develop-
ing countries (EU Commission, 2005e). The Euro-
pean Commission and EU member states have ini-
tiated various programmes aimed at promoting and 
expanding renewable energies, including biomass, 
in developing countries. Most of this work is carried 
out by the EU Energy Initiative for Poverty Erad-
ication and Sustainable Development through the 
 COOPENER Programme (2003–2006: € 17 million 
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co-financing), the ACP-EU Energy Facility (€ 220 
million) and the Partnership Dialogue Facility. In 
addition the EU supports the Global Energy Effi-
ciency and Renewable Energy Fund (€ 120–150 mil-
lion) and other multilateral initiatives that involve the 
use of biomass for energy. Energy is also an impor-
tant element of the EU-Africa Strategy (EU Com-
mission, 2005f, 2008c). 

The aim of these EU programmes is to combat 
poverty directly through access to energy services 
(e.g. EU Commission, 2004). Promoting the use of 
biomass for energy in this context is only one tech-
nical option for improving rural energy provision 
among many. Promotion focuses on the more efficient 
use of traditional biomass – at household level or in 
the context of small businesses. The use of biomass 
for electricity generation is also covered (Intelligent 
Energy, 2007; Europe Aid, 2007).

Promotion of liquid biofuels plays only a minor 
part in the energy programmes mentioned. For 
example, the Gota Verde programme in Honduras is 
the only liquid biofuel programme funded through 
COOPENER. However, small-scale biofuel produc-
tion and use is sometimes promoted through other 
thematic priority areas, such as the environment/for-
est conservation project ‘RE-Impact: Rural Energy 
Production from Bio-energy Projects: Providing 
regulatory and impact assessment frameworks, fur-
thering sustainable biomass production policies and 
reducing associated risks’. In connection with sus-
tainable land use the project ‘COMPETE: Compe-
tence Platform on energy crop and agroforestry sys-
tems – Africa’, funded under the EU’s 6th Frame-
work Programme for research and technological 
development, is worthy of note. This project, which 
is being conducted with international partners on a 
multidisciplinary basis, aims to promote the sustain-
able use of modern bioenergy in arid and semi-arid 
parts of Africa and to develop corresponding capaci-
ties (COMPETE, 2008).

Although the promotion of biofuels in develop-
ing countries as part of the EU’s biofuel strategy has 
been announced, this objective is not yet reflected in 
specific promotion instruments of EU development 
cooperation. In a strategy paper of 2006, biofuels 
were described as an opportunity for developing 
countries, as they could contribute to diversification 
of production structures, reduction of the use of fossil 
energy carriers and economic growth (EU Commis-
sion, 2006b). By trading in raw materials and biofuels 
worldwide, countries such as Brazil could satisfy the 
demand for fuels. EU promotion measures that were 
initiated at that time included the sugar policy reform 
(to aid development of the ethanol sector), special 
support programmes (Biofuel Assistance Pack-
ages) and the establishment of local, national and 

regional bioenergy platforms. Despite what was said, 
direct and indirect promotion of biofuels focuses on 
domestic producers within the EU and the raw mate-
rials that they produce. Until now the agreed liber-
alization of trade in sugar and ethanol has also not 
been implemented (ODI, 2008). It is true that under 
the reform of European sugar policy, countries with 
sugar industries, such as Mauritius, Jamaica and Fiji, 
have been helped to develop bioethanol production 
capacities, but the help provided has consisted only 
of minimal grants which, moreover, are not subject to 
any environmental or social standards. 

The ambitious European strategy for the expan-
sion of biofuels is therefore criticized for reasons that 
include lacking coherence with other EU policies, for 
example in the areas of development, food security 
and trade (EU Coherence, 2008). It is noticeable that 
EU development cooperation, in particular, lacks an 
integrated and adequately funded strategy for explor-
ing the potential of the use of biomass for energy 
in the context of poverty reduction, rural develop-
ment and climate change mitigation. Such a strat-
egy would need to cover all the ways in which bioen-
ergy is used – for power, heat, and transport fuels. The 
pioneering role in global climate change mitigation 
policy adopted by the EU should be reflected in its 
approach to development cooperation. 

Initiatives of BMZ and the implementing 
organizations of German development 
cooperation 
To clarify the German government’s position on 
bioenergy in the context of development policy, the 
Ministry for Economic Cooperation and Devel-
opment (Bundesministerium für wirtschaftliche 
Zusammenarbeit und Entwicklung, BMZ) has pub-
lished a discussion paper on the subject of biofuels. 
The paper was drafted in the context of the joint 
hearing of the Bundestag committees on economic 
cooperation and development, on food, agriculture 
and consumer protection and on the environment, 
nature conservation and reactor safety on 20 Febru-
ary 2008 and the plenary debate on the amendment 
of the Federal Emission Control Act on 21 Febru-
ary 2008 (BMZ, 2008c). Discussion has so far focused 
mainly on the opportunities and risks of biofuels; 
there are as yet no signs of a more broadly based 
bioenergy strategy. 

With regard to the relevance of biofuels to Ger-
man development cooperation the government 
warns of the considerable social and ecological risks 
and of unjustified expectations; its policy is accord-
ingly one of risk minimization. It takes a sceptical 
view of development opportunities based on export-
oriented biofuel production in developing countries. 
Promotion should instead focus on off-grid supply 
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and energy systems for direct use by the local popu-
lation (BMZ, 2008c).

The intention is to minimize risk by ensuring that 
management of development policy in the bioenergy 
sector is governed by clear ecological and social sus-
tainability standards. The fact that there is no imme-
diate prospect of an appropriate international reg-
ulatory framework should in the short term be 
addressed by testing and developing certification sys-
tems and intensifying research into improved land-
use systems and appropriate bioenergy sources. In 
the eyes of the German government another impor-
tant task of bilateral German development coopera-
tion is to advise partner countries on implementation 
of national food security strategies and on biomass 
strategies in a way that is appropriate ‘to the coun-
try’s national potential and is integrated into an over-
all rural development strategy’ (BMZ, 2008c). In 
view of the unanswered questions relating to Ger-
many’s own bioenergy strategy, however, it remains 
unclear how such strategies are to be implemented in 
the partner countries. 

In a position paper of its own, KfW Entwick-
lungsbank (KfW development bank) takes a some-
what less sceptical view than BMZ of the opportu-
nities for tropical countries associated with the culti-
vation of energy crops and the possibility of export-
ing biofuels (KfW, 2008). The overall picture that 
emerges is one of uncertainty, as is also the case at all 
levels with other actors and institutions involved with 
bioenergy. This means that there is correspondingly 
large scope for influencing strategy decisions, the 
outcomes of which are still unclear. In this context 
the present WBGU report can serve as an aid to deci-
sion making and encourage those involved in shaping 
development policy to more strenuously direct their 
efforts towards the sustainable use of existing bioen-
ergy potentials. 

Below this general strategy level the implement-
ing organizations already contribute significantly to 
utilization of the development potential of various 
forms of bioenergy use in the partner countries of 
German development cooperation. Mention should 
in particular be made of the activities of the Kompe-
tenzzentrum Energie (Energy Competence Centre) 
of KfW Entwicklungsbank and the Bioenergy Sector 
Project of the Deutsche Gesellschaft für Technische 
Zusammenarbeit (GTZ – German Technical Coop-
eration). This project includes GTZ’s HERA pro-
gramme, which targets the household level, and the 
associated BEST Initiative for the promotion of 
national energy strategies based on biomass (Section 
10.8.2.1). 

10.8.1.4  
The state of international development 
cooperation in the field of bioenergy 

As a result of the discussion of biofuels, bioenergy is 
currently a ‘hot’ topic of development policy; almost 
all the actors in this field have published reports and 
position papers on it or set up working parties to 
address the issue. In some cases bioenergy is already 
a well established component of poverty reduc-
tion strategies and programmes for the promotion 
of renewable energies. Mention has already been 
made of the multilateral development banks and UN 
organizations that operate in this area. Alongside 
them, specific transnational partnerships and net-
works – such as the Renewable Energy and Energy 
Efficiency Partnership (REEEP) and the Renewable 
Energy Policy Network (REN21) – are involved with 
various aspects of the promotion of bioenergy. 

It is, however, a noticeable feature of the present 
international discussion of bioenergy in the context 
of development that combating energy poverty in 
developing countries through improvements in the 
efficiency of traditional bioenergy use and through 
modern uses of biomass for energy is not a key objec-
tive of policy-makers. The narrow focus on biofuels 
reinforces this impression. Biofuels for the national 
transport sector represent only one specific aspect 
of the use of biomass for energy. In the present dis-
cussion there is little integrated consideration of the 
different deployment opportunities and needs in the 
areas of electricity, heat and mobility and of the asso-
ciated potential for the economic development of the 
countries concerned. 

Moreover, the energy policy portfolios of the inter-
national actors in development cooperation remain 
dominated by conventional energy systems and 
large-scale hydropower. The imponderable factors 
relating to the opportunities and risks of bioenergy 
in general and energy crop cultivation in particular 
appear to present a further obstacle to more active 
involvement in this field. While almost all interna-
tional development cooperation actors are taking an 
increasing interest in the issue of bioenergy, they shy 
away from large-scale promotion programmes. 

In this context the United Nations presents a par-
ticularly fragmented picture. Its institutions and ini-
tiatives intended to coordinate the environmen-
tal, development, agricultural and energy aspects 
of bioenergy-related policy activities have no large-
scale impact. Some, such as the Commission for Sus-
tainable Development, fail to meet even the most 
modest of expectations that, having regard to the 
prevailing structural weaknesses, can be placed on 
them. The diffuse picture arises in part from the dif-
fering expectations and demands placed on the var-
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ious UN organizations and programmes by mem-
ber states. For example, many developing countries 
look to UNDP and UNIDO mainly for technical and 
financial support for their conventional energy strat-
egies and programmes. In addition, the UN actors 
involved are overwhelmed by the dynamics and com-
plexity of the issue of bioenergy; many of them have 
only just begun to seek realistic solutions for the con-
flicts of use associated with bioenergy and therefore 
tend to adopt a ‘wait and see’ approach, as the exam-
ple of the development banks shows. In view of this 
reluctance to act, there is still a great deal of scope for 
strategy development and policy management. 

The reverse side of the coin is that, apart from such 
organizations as the Inter-American Development 
Bank, very few international organizations have a 
comprehensive bioenergy strategy. This is despite the 
fact that many developing countries are already tak-
ing concrete steps to promote biofuels, foreign inves-
tors are showing great interest in the farmland and 
markets of the South, and energy crop cultivation is 
booming in countries such as Brazil, Malaysia and 
Indonesia. Small-scale initiatives and pilot projects 
that focus on the sustainability of biofuels but ignore 
this larger picture of an emerging and dynamic world 
market for bioenergy are not enough, although they 
may be appropriate components of more comprehen-
sive approaches. The decisive dynamic in this process 
is coming from the private sector. Yet the organiza-
tions involved in multilateral development coopera-
tion, including in particular the financing institutions, 
are well placed to play a part in shaping this develop-
ment. In WBGU’s view they should apply their influ-
ence in line with sustainability guard rails (Chapter 
3) and the corresponding minimum standards and 
promotion criteria (Section 10.3.1) in order to help 
create an enabling setting for the sustainable use of 
existing bioenergy potential in developing countries. 

There is an absence of policies and strategies for 
tapping the various potentials of bioenergy in the 
electricity, heat and mobility sectors without under-
mining important sustainability targets relating to 
the world food supply, climate change mitigation 
and nature conservation. Elected representatives at 
national and international level need a sound basis 
for taking immediate decisions by means of which 
the bioenergy sector can be appropriately regulated 
and the scene set for its future development. It should 
also be borne in mind that well-funded private inves-
tors who are interested in long-term planning cer-
tainty are pressing for a clear and reliable framework 
within which they can operate. 

In order to amalgamate the findings of the many 
forums, task forces, commissions and reports about 
the opportunities and risks of bioenergy that have 
emerged in the last few years and accelerate the inter-

national learning process in a way that produces tan-
gible outcomes, WBGU recommends that an Inter-
national Conference on Sustainable Bioenergy be 
convened very soon. Such a conference could serve, 
along the lines of the Renewables 2004 conference, 
as a forum for inter-governmental and cross-sectoral 
dialogue and possible cooperation in the fields of 
international agricultural, energy and development 
policy (Section 10.7.7.2); it could also contribute to 
the emergence of a global consensus on appropriate 
standards for the production and deployment of dif-
ferent forms of bioenergy. It should further lay the 
foundation for the promotion of sustainable bioen-
ergy through specific multilateral partnerships, which 
could be based on existing technology agreements 
or trading partnerships between industrialized and 
newly industrializing countries. 

10.8.2  
Bioenergy strategies for developing countries

International development organizations should 
help newly industrializing and developing countries 
to use their bioenergy potentials in a sustainable 
way. Strategic issues of bioenergy policy need to be 
resolved in the light of existing biogeophysical, politi-
cal, socio-economic and infrastructure-related condi-
tions; this should occur mainly at national level and 
should involve as wide a range of affected interest 
and population groups as possible. At the same time, 
suitable conditions must be created at international 
level so that national strategies develop in a context 
that is conducive to sustainable bioenergy policy on 
a global scale. 

At all levels it is important to clarify the primary 
objectives of bioenergy use. These objectives will 
in turn spawn further questions about feedstock 
sources (crops, residues) and bioenergy usages (heat, 
electricity or mobility). The question of which pro-
motion policies would enable these objectives to be 
met sustainably must also be answered. Since bioen-
ergy is always only one of several options for achiev-
ing these objectives, it is also necessary to explore 
whether more suitable alternatives might be availa-
ble. 

Energy supply structures in developing countries 
vary widely and are in some cases inadequate for the 
energy services that need to be provided (Chapter 
8). Energy services range from the provision of ultra-
simple technology for cooking to the large-scale sup-
ply of energy and power. These differing applications 
and needs must be integrated into an overall strat-
egy. For the purpose of analysing future bioenergy 
potentials in developing countries and evaluating the 
extent to which realization of these potentials might 
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be promoted through international development 
cooperation, WBGU considers four dimensions of 
the production and use of bioenergy: 
– ecological and socio-economic sustainability 

(Chapters 3 and 5);
– energy potentials (Chapter 6);
– technological opportunities and options (Chap-

ters 7–9);
– cost-effectiveness of different pathways (Chap-

ters 7–9).
In WBGU’s view measures are worth promoting 
if they make a significant contribution to climate 
change mitigation and other sustainability objectives, 
or if they help reduce energy poverty or health risks 
while also being compatible with the goal of turn-
ing energy systems towards sustainability. With this 
in mind the key elements of the development of sus-
tainable bioenergy strategies in developing countries 
will now be discussed.

10.8.2.1  
Combating energy poverty through off-grid 
rural energy provision 

In WBGU’s view, overcoming energy poverty is one 
of the major goals of the global energy turn-around 
towards sustainability (Chapter 2; WBGU, 2004a). 
Overcoming energy poverty involves ensuring that 
people have access to affordable, reliable, high-qual-
ity, safe, healthy and environmentally friendly energy 
services to meet their basic needs. Modern bioenergy 
use can play an important part in this. If energy pov-
erty is to be overcome, WBGU considers it essential 
to improve the traditional inefficient use of bioen-
ergy that is harmful to both human health and the 
environment or to replace it with other low-emission 
forms of energy. Small- to medium-scale solutions 
provide significant development opportunities for 
large sections of the population in developing coun-
tries; these opportunities should be utilized as rap-
idly as possible (Section 9.2.2). With solutions of this 
type, which are usually targeted at individual house-
hold level, extensive investigation of the risks asso-
ciated with the use of bioenergy can usually be dis-
pensed with. A range of biomass-based technologies 
can thus help to reduce energy poverty in both rural 
and urban areas and to mitigate climate change. 

Some of these technologies are particularly sim-
ple and cost-efficient to implement. They include 
improved wood stoves, micro biogas systems, and 
vegetable oil that is produced and used locally. 
Whether conditions are appropriate for the use of 
these technologies must always be analysed locally. 
Energy-efficient wood ovens and stoves and micro 
biogas systems reduce the need for fuelwood, help to 

improve the quality of indoor air, reduce greenhouse 
gas emissions and cut the time needed for collect-
ing firewood. In urban areas more efficient charcoal 
stoves can reduce charcoal consumption. Biomass 
gasification of wastes and residues can be used to 
drive gas or diesel generators and contribute to rural 
electrification. At local level vegetable oil, perhaps 
produced from Jatropha grown on marginal land, 
can be used anywhere to generate electricity in die-
sel generators, to provide mechanical energy (mill-
ing, water pumps) or for mobility purposes (Sections 
8.2 and 9.2.2). In urban areas the conditions for over-
coming energy poverty are different, since access to 
energy services in this context is often a problem of 
distribution. 

Situation and obstacles 
Recognition of the fact that improving the existing 
use of bioenergy plays an important part in reduc-
ing energy poverty and thus contributes to poverty 
reduction and human development is not new. This 
was highlighted at the World Summit for Sustain-
able Development (WSSD) in Johannesburg (EUEI 
and GTZ, 2006). For example, the use of improved 
biomass stoves can cut wood consumption by between 
25 and 50 per cent (Section 7.2). This increases the se-
curity of supply for many people who are affected by 
energy poverty. The major adverse impacts on health 
are reduced at the same time. 

Encouraging progress has been made in replacing 
inefficient stoves: 220 million energy-efficient stoves 
are now in use worldwide. A large number of pub-
lic programmes, as well as the market, have played a 
part in this. Some 570 million households worldwide 
depend on the use of traditional biomass for cooking. 
In China there are now around 180 million improved 
stoves, representing 95 per cent of all households that 
are dependent on traditional biomass use for cook-
ing. In India some 34 million improved stoves rep-
resent 25 per cent of such households. Success has 
also been achieved in other countries, although not 
yet at the same level. For example, Africa has only 
around 8 million energy-efficient wood and charcoal 
stoves whose use has been promoted through distri-
bution and marketing strategies. With the support of 
international development cooperation, one-third of 
all African countries have introduced programmes 
for improved biomass stoves. For example, in 2007 
Uganda set itself the target of increasing the number 
of improved stoves to 4 million by 2017 (Box 8.2-2; 
REN21, 2008).

Examples such as GTZ’s Household Energy Pro-
gramme to promote the use of energy-efficient stoves 
or the biogas programme of the Dutch development 
organization SNV illustrate that development coop-
eration is in principle able to make a very valuable 
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contribution to improving rural energy efficiency in 
situations of poverty. For example, GTZ has devel-
oped markets for energy-saving and low-emission 
stoves; on behalf of the German and Dutch govern-
ments it has made such stoves available to 1 million 
households in the last four years (GTZ, 2007c). In the 
last five years around 25,000 families in Vietnam have 
been provided through SNV with micro biogas sys-
tems with integrated toilet facilities which use biogas 
to generate light and heat for cooking (DMFA, 2008; 
SNV, 2008).

These are important achievements that must be 
continued and expanded as a means of combating 
energy poverty, and hence poverty in general, and 
of contributing on a larger scale to resource con-
servation and emissions reduction. However, reduc-
ing energy poverty involves more than just provid-
ing energy-efficient stoves and micro biogas systems. 
Biomass gasification and vegetable oils also pro-
vide small-scale solutions for reducing energy pov-
erty in the areas of electricity supply and mobility 
(Section 8.2). However, only token successes have so 
far been achieved in this field. For example, in India 
and China micro biogas systems are used to generate 
electricity. In India the total capacity of all such gasi-
fication systems is put at around 70 MW; ten national 
manufacturers provide the gasifiers together with 
the corresponding engines (Loy, 2007; REN21, 2008). 
In 2004/05, however, biomass contributed only 0.03 
per cent to gross electricity generation in India (Loy, 
2007).

Reasons for the sluggish growth of these simple 
and cost-efficient technologies can be identified on 
both the supply and the demand side. On the sup-
ply side the energy policy portfolios of actors on the 
international development cooperation scene con-
tinue to be dominated by conventional ‘modern’ 
energy systems. For donor organizations, govern-
ments in developing countries and private investors, 
large infrastructure projects are more attractive than 
small-scale endeavours in sparsely populated rural 
areas with weak market structures. Moreover, the 
requirement of households and businesses for useful 
heat and the opportunities for modern applications 
of the use of biomass for energy are often underesti-
mated in national energy policies or their relevance 
for the energy supply is overlooked (EUEI and GTZ, 
2006). 

Yet rural development experts repeatedly point 
out that for the least developed countries, in partic-
ular, the simple technological options are extremely 
important (REN21, 2008). However, production and 
marketing of energy-efficient stoves or micro biogas 
systems appears unattractive to potential local pro-
viders, since demand is small. It is likely that there is 
also often a lack of information on the demand side: 

many rural households in developing countries are 
insufficiently well informed about efficient alterna-
tives to burning firewood or they are sceptical of new 
technologies and the follow-up costs involved, e.g. in 
purchasing new cooking utensils. In many places, too, 
there is little pressure to change for reasons of con-
venience since heating materials such as firewood 
can still be found and, as with the water supply, it is 
regarded as normal to spend a great deal of time on 
the collection process. It is mainly women and chil-
dren who suffer as a result, since they use up time 
that could otherwise be used for economic gain or 
spent at school or in training. 

Additional obstacles arise in connection with the 
development of an off-grid rural electricity supply 
based on biomass. These obstacles involve access to 
technology, for example because of the high costs 
of the initial investment, lack of familiarity with the 
technology, and the end users’ lack of willingness or 
ability to pay. There are also problems in connec-
tion with the continuation of existing projects, e.g. 
on account of insufficient investment in maintenance 
and servicing (Valencia and Caspari, 2008).

Prioritizing the reduction of energy poverty 
Comprehensive strategies for reducing energy pov-
erty presuppose that priorities in development coop-
eration are adjusted in line with the requirements of 
these strategies. This means that the international 
community must set time limits for the abandonment 
of forms of traditional biomass use that are harm-
ful to health. WBGU recommends that this target 
should be fully achieved by 2030. If such a strategy 
is to be successfully implemented, the obstacles that 
stand in its way must be better understood and over-
come; this requires both cross-cutting multi-coun-
try evaluations and locally specific studies. However, 
even promotion of off-grid energy supply at national 
or local level requires a certain political and social 
framework. Possible sources of finance in addition 
to public development cooperation funds include 
microfinance systems and public-private partner-
ships (Section 12.5; WBGU, 2004a). Approval of 
small-scale CDM projects aimed at improving the 
efficiency of traditional bioenergy use is also justi-
fiable and can therefore contribute to funding (Sec-
tion 10.2.3.1). In WBGU’s view the phasing out of 
traditional biomass use should have priority over all 
other development-related strategies for bioenergy 
use. This is particularly important in respect of the 
approximately 75 countries in which bioenergy con-
stitutes more than 50 per cent of domestic energy use; 
it is even more urgent in some 50 countries in which 
this figure is more than 90 per cent. 
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10.8.2.2  
Modernization of the energy sector and export 
production

Access to electricity is key to overcoming energy pov-
erty; modernization of the energy sector in develop-
ing countries is therefore crucial. Advanced technol-
ogies associated with the use of biomass for energy 
are in general also suitable for decentralized power 
provision and heat generation in rural areas (Chap-
ter 8). The use of biomass for energy can thus con-
tribute to the modernization of the entire energy sec-
tor, including transport, and as well as improving the 
domestic supply it also offers opportunities for the 
export economy (Section 8.2.2; Box 8.2-3).

As the modelling results presented in Chapter 
6 show, some developing and newly industrializing 
countries – predominantly in tropical and sub-tropi-
cal latitudes – have considerable potential for sustain-
able energy crop cultivation. Of the modelled global 
sustainable potential for energy crops, which corre-
sponds to 6–25 per cent of present primary energy 
demand, approximately 22–24 per cent is in Cen-
tral and South America, 12–15 per cent in sub-Saha-
ran Africa, 12–13 per cent in China and neighbour-
ing countries, 7–8 per cent in the CIS countries and 
3–6 per cent in South Asia. The largest continuous 
areas are in the transition zone between the Sahel 
and savannah, in southern Africa and on the Indian 
subcontinent. However, data on present land use is 
imprecise. Realization of these sustainable potentials 
is dependent upon creation of appropriate institu-
tional conditions and capacity development ena-
bling actors in these parts of the world to meet sus-
tainability requirements (Section 6.7). It is particu-
larly important to avoid undesirable direct and indi-
rect land-use changes that might impact adversely 
on food security, threaten biodiversity conservation 
or result in high greenhouse gas emissions. With this 
in mind, it is therefore essential both to create and 
improve an enabling international environment and 
to pursue national endeavours in this area. 

International development cooperation should 
take appropriate steps to support these countries in 
the sustainable realization of these potentials. This 
assistance may extend to countries in which, although 
political and socio-economic conditions are currently 
unfavourable, bioenergy may in the medium to long 
term become an economically useful resource that 
could reinforce a positive development dynamic. In 
countries that already have land for energy crop cul-
tivation, sustainable management of bioenergy pro-
duction should be called for and supported. By con-
trast, where the sustainable potential for energy crop 
cultivation is already being fully exploited or where 
realization of this potential is unlikely even in the 

long term, expansion of bioenergy production should 
not be promoted. 

Bioenergy is usually produced and used within 
a national context. Nevertheless there are at inter-
national level both positive and negative incentives 
that can impact on the use of bioenergy in developing 
countries and thus influence opportunities and risks. 
In WBGU’s view the following elements should be 
taken into account so that favourable international 
conditions for the sustainable production and use of 
bioenergy in developing and newly industrializing 
countries can emerge: 
•	 The	concept	of	guard	rails	put	forward	by	WBGU	

highlights the limits within which expansion of the 
bioenergy sector is tolerable globally. A sustainable 
promotion policy should therefore take account of 
the guard rails for climate, biosphere and soil pro-
tection and access to food and energy as well as 
health and sustainability criteria. In the EU and 
the supervisory bodies of international devel-
opment organizations the German government 
should call for these guard rails to be observed. 
It should also take steps to make the 2°C guard 
rail mandatory in the United Nations Framework 
Convention on Climate Change (UNFCCC), to 
extend nature conservation areas to cover 10–15 
per cent of the world’s land area and to secure 
basic energy services by aiming for a minimum 
provision worldwide of 700–1000 kWhel per per-
son per year (Chapter 3). 

• Operationalization of the guard rail concept for 
bioenergy production requires both additional 
supporting measures and the development and 
application of universally recognized sustain-
ability standards and certification systems. Appro-
priate support should be provided to developing 
countries in setting up and implementing such cer-
tification systems. In awarding loans for bioenergy 
investment, multilateral development banks and 
international financing institutions should require 
compliance with sustainability standards. The min-
imum standard proposed by WBGU and the pro-
motion criteria should serve as a basis for this 
(Section 10.3.1).

•	 Trade	 barriers	 should	 in	 general	 be	 removed	 to	
enable developing and newly industrializing coun-
tries to utilize their comparative advantages in the 
production of sustainable bioenergy carriers and 
the associated development opportunities (Sec-
tion 10.3.3). Multilateral cooperation can be com-
plemented by specific inter-country partnerships. 
For example, countries that supply bioenergy 
products can enter into trading partnerships with 
countries that require such products; within these 
partnerships free market access can be granted 
in return for assurances of sustainable produc-
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tion that meets the minimum standard, and in 
addition specialized technologies may perhaps be 
exchanged. On account of the potential in African 
and Latin American countries, bioenergy partner-
ships of this sort would be particularly appropriate 
with countries in these regions (Section 6.7).

•	 Since	centres	of	biological	diversity	and	areas	of	
land with high carbon storage are often located in 
developing countries with major bioenergy poten-
tial, special steps must be taken to protect these 
ecologically valuable areas – in particular the trop-
ical primary forests. An international system of 
compensation payments for foregone income in 
agriculture and forestry should be set up and bind-
ing agreements on reduced deforestation should 
be entered into (Sections 10.2 and 10.5.2).

•	 A	 controlled	 expansion	 of	 bioenergy	 should	
be accompanied by worldwide endeavours to 
strengthen agriculture, particularly in develop-
ing countries. The aim should be to ensure that 
the increase in land productivity in the food pro-
duction sector that is necessary for food security 
can be achieved (Section 10.4.3). Because bioen-
ergy production can endanger food security if it 
involves taking land away from food production, a 
global monitoring system for land use is required, 
as is appropriate risk management. Suitable pre-
cautions involving system-wide coherence in the 
fields of developing, humanitarian aid and the 
environment should be put in place under the 
umbrella of the United Nations (Section 10.4). In 
addition, a global commission on sustainable land 
use with appropriate political authority should be 
set up so that competition for land use can be bet-
ter understood and regulated (Box 10.3-6).

10.8.2.3  
Core elements of national bioenergy strategies 
for developing countries 

To avoid the risks of bioenergy use, effective political 
management at national level is essential. These risks 
include a potentially negative greenhouse gas bal-
ance of crop cultivation, the loss of biological diver-
sity (e.g. through forest clearance) and soil degrada-
tion. In addition, there is a danger that displacement 
effects will have an adverse effect on food production 
and that smallholder production will be displaced by 
large-scale buying up of land. The task of averting 
these risks and ensuring that bioenergy production is 
sustainable is primarily one of national policy. 

Particularly when bioenergy is used to restructure 
national energy sectors and energy crops are grown 
on large areas of land, developing and newly indus-
trializing countries need country-specific strategies 

that address the associated opportunities and risks. 
Different policy goals related to bioenergy produc-
tion can be achieved via different conversion path-
ways and value chains; the choices made can help to 
minimize conflicts between goals (e.g. in India: Box 
10.8-1). The core elements of a bioenergy strategy 
must be specified by the government of the coun-
try concerned in the light of the country’s circum-
stances and with the involvement of the actors con-
cerned. Large-scale bioenergy investment in devel-
oping countries should therefore not be undertaken, 
or at least should not be supported through develop-
ment cooperation, until clearly elaborated and via-
ble strategies and utilization concepts are in place. 
Systematic examination of country-specific circum-
stances and objectives and elaboration of the condi-
tions required for sustainable production – including 
evaluation of possible alternatives – are essential if 
national bioenergy strategies are to be developed in 
an ecologically and socially sustainable way (decision 
aid: Figure 10.8-1). Development policy can play an 
important part in this. 

Biomass production
The use of biogenic wastes and residues from agri-
culture and forestry for energy has many advantages 
over the cultivation of energy crops. For example, 
competition with existing land use is largely avoided, 
as are possible emissions from land-use changes and 
cultivation. In many developing countries agriculture 
plays a major role and significant quantities of suit-
able residues arise (e.g. in the fishing industry, saw-
mills, tea and coffee plantations) and can be used 
(Chapters 7 and 8). If residues are removed from 
agricultural and forestry land, effective soil protec-
tion must be ensured. Since the size of the sustain-
able economic potentials and the way in which they 
can be utilized have not been definitively established 
there is a major need for research in this area. The 
mobilization and use of wastes and residues should 
be promoted through pilot projects and best prac-
tices identified. 

When energy crops are grown, particularly in devel-
oping countries, direct and indirect land-use changes 
(e.g. through tropical deforestation, competition with 
food production) are a risk factor. Land-use changes 
have a major impact on the greenhouse gas balance, 
which is why WBGU rejects the direct and indirect 
conversion of forests and wetlands. In developing 
countries and elsewhere, therefore, energy crop cul-
tivation should be restricted to land which can in the 
main be converted for bioenergy production without 
occasioning emissions from land-use change. Such 
emissions, if they arise, can reduce the climate change 
mitigation effect by around 50 per cent or even cause 
climate damages (Section 7.3). Energy crop cultiva-
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tion should therefore be promoted mainly on mar-
ginal land. Since in developing countries even mar-
ginal land is frequently used, the interests of the local 

community should be considered and its participa-
tion ensured. Where energy crops are grown through 
a contract farming system, steps should be taken to 

Box 10.8-1

Country study: India – Jatropha cultivation as a 
development model 

The Jatropha plant has for some years been cultivated 
for biofuel production and has attracted growing interest 
worldwide. Since 2003 India has also increased its support 
for the development of biofuels based on Jatropha. Faced 
with levels of crude oil imports that are high and still ris-
ing, the country’s aim is to increase supply security and 
promote rural development. It also sees Jatropha cultiva-
tion as providing opportunities for restoring degraded land 
and mitigating climate change. The ad hoc committee for 
biodiesel development, set up in 2003, had ambitious expec-
tations: it was assumed that a 20 per cent blending quota 
could be achieved by 2012. To this end, it was envisaged that 
Jatropha would be grown on some 11.2 million hectares of 
wasteland (Planning Commission, 2003). The wasteland is  
defined as land that is not effectively used for agriculture 
or is degraded or of poor quality. A national ‘Biodiesel Mis-
sion’ was planned for the purpose of testing and develop-
ing the production and use of biodiesel (TERI and GTZ, 
2005). Some Indian states, such as Uttarakhand and Chattis-
garh, announced ambitious programmes involving various 
promotion instruments with the aim of setting up the first 
cultivation areas and creating refinery capacity. The Indian 
government has now adopted a new bioenergy policy. The 
intention is that by 2017 20 per cent of the demand for diesel 
should be met from farmed biomass (Economist, 2008b).

Despite the major endeavours of recent years, develop-
ment of the Indian biodiesel sector is still in its early stages. 
The main reason is that Jatropha cultivation has not yet 
been profitable. The fruits cannot be harvested until the 
plant is 3–5 years old, and without additional fertilizer and 
irrigation the yield potential of the wild plant is very low 
(Section 7.1). The subsidizing of fossil diesel hinders the 
profitability of biodiesel production. In addition, it is not yet 
clear what the socio-economic and ecological consequences 
of Jatropha cultivation will be. Some conclusions can never-
theless be drawn from experience to date: 

According to Altenburg et al. (2008), the creation of 
development opportunities through biodiesel production 
depends to a large extent on the organization of the value 
chain. In India a number of different chains have been 
identified, which can be divided into three categories: gov-
ernment-organized cultivation on state land, cultivation by 
smallholders and cultivation initiated by large companies. 
The main respects in which the categories differ are their 
objectives, the distribution of cultivation risks, and land-use 
rights. 

The objectives of the government-organized model are 
rural development and the bringing into use of degraded 
land. Cultivation takes place on state land and the workers 
receive a regular income (collectors model). In some cases 
there is cooperation with the private sector (PPP model). 
The state bears the risk, irrespective of any profit that is 
made in the market. This gives rise to additional employ-
ment and income-generating opportunities. By involving 
the village assemblies or panchayats in cultivation and in 
decisions on which land should be used, risks of displace-
ment and of jeopardizing food cultivation are reduced. 

Organization takes place mostly through state promotion 
programmes, such as the Joint Forest Management Pro-
gramme. This model has become established in the state 
of Andhra Pradesh. Because of a high level of state inter-
vention, however, it is questionable whether it could ever 
become a sustainable and economically independent devel-
opment pathway. 

In the second model, small-scale farmers and smallhold-
ers farm their own land. Since these farmers are dependent 
on immediate income returns, cultivation is at present car-
ried out only as an add-on to their actual farming activities, 
for example in the form of hedge planting under the Fences 
for Fuel programme in Rajastan. Under this scheme the 
farmers use the vegetable oil directly for the operation of 
generators and pumps, thus contributing to the local energy 
supply. In most cases, though, the farmers have supply con-
tracts with companies. In pilot projects in the state of Kar-
nataka the state is supporting the founding of cooperatives. 
The formation of such farmers’ consortiums does not guar-
antee a market, but such a system considerably dilutes pro-
duction risks and promotes the self-organization and per-
sonal responsibility of the smallholders. In this way Jatropha 
cultivation can help to ensure that unused land owned by 
small farmers is brought back into productive use. 

Ecological and social risks are particularly associated 
with the third model, involving cultivation initiated by 
companies. Companies aim for large-scale cultivation and 
benefits of scale. They have the capital and know-how to 
provide the necessary irrigation and nutrients. While this 
creates potential for significantly greater yields and for 
rural employment and income opportunities, it may result 
in monocultures and the displacement of food production. 
However, since market prices for energy crops are currently 
low, this is not a risk at present. 

A key factor in large-scale production is low-cost access 
to land. Companies use predominantly private land. Along-
side this, states such as Chattisgarh make marginal state-
owned land for Jatropha cultivation available. However, 
this land is often used by cowherds to pasture their animals; 
there is a risk that the land-use interests of these herders 
will be ignored and that people will be displaced. In some 
Indian states signs of conflict over land issues are already 
apparent (Grain, 2008; Peoples Coalition, 2008; Box 6.7-2). 
In order to avoid the risks associated with large-scale pro-
duction, it is essential that local processes for making deci-
sions on the use and leasing of land operate on a participa-
tory basis. This condition is not yet met in all parts of India 
(Altenburg et al., 2008). 

Despite some sobering truths, the development poten-
tial of biodiesel and vegetable oil production in India is 
high. Nevertheless, expansion entails risk. This risk, how-
ever, can be significantly reduced through the selection of 
value-adding models, the government’s objectives (local 
energy supply versus supplying of the national or global 
market) and appropriate participatory processes. India is a 
pioneer in the cultivation of Jatropha for biodiesel produc-
tion. The available experience of cultivation and production 
under different promotion models provides an opportunity 
to explore the risks and potentials of oil plant cultivation 
and develop reliable models and methods that can also be 
of benefit to other countries.
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ensure that small-scale farmers are treated fairly 
(Box 8.2-3).

The choice of cultivation system also influences the 
sustainability of production. According to WBGU’s 
sustainability criteria and taking account of land 
yields, perennial crops such as Jatropha, oil palms, 
sugar cane, short-rotation plantations of fast-grow-

ing woody plants and energy grasses are in general 
to be preferred to annual crops such as rape, cereals 
and maize. Wherever possible, plant mixtures should 
be used rather than monocultures. Through suitable 
cultivation systems additional organic carbon can 
be incorporated into the soil, with beneficial effects 
for both the greenhouse gas balance and soil fertil-

Figure 10.8-1
Decision tree for strategic national choices on biofuel development in developing and newly industrializing countries. The red 
arrows refer to WBGU recommendations.
Source: WBGU, building on Vermeulen et al., 2008
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Steer climate and environmental impacts
How can climate change mitigation and biodiversity conservation be reconciled with energy crop cultivation?

Expand protected areas and improve their management, proceed with cultivation 
within the context of an integrated land, water and biological resource management 
scheme (ecosystem approach), harness bioenergy for desertification control

Select crop species and cropping systems
Which sustainable cropping systems are to be preferred (with regard to biodiversity, soil carbon, productivity, GHG balance)?

Give preference to the cultivation of perennial crops such as Jatropha, oil palm and 
sugar cane, and to short-rotation plantations and agroforestry systems

Shape socio-economic outcomes
How can sustainable economic development be promoted and adverse social effects prevented?

Develop promotion strategies for sustainable bioenergy production and use, establish 
and support cooperatives and the involvement of smallholders, participatory land-use 
planning, assurance of land and labour rights 

Select appropriate technological conversion systems
Which energy service is to be provided? Which fossil energy carriers can be substituted?

Heat: improved wood stoves, micro biogas devices etc.
Electricity: diesel generators running on vegetable oil, micro biogas devices, 
 co-firing, cogeneration, combined-cycle power plants etc.
Transport: unrefined vegetable oil, limited use of biofuels etc.

Determine available area, produce national potential analysis
Which areas are biophysically suited? How can land-use competition be prevented?

No forest clearance, careful approach to grassland tillage, check soil and water 
availability, introduce sustainable land-use planning and management

Analyse and assure food security
How can the primacy of food security be reconciled with energy crop cultivation?

Appraise cropland conversion critically and assess with regard to indirect land-use 
change, direct cultivation preferentially to wastelands, link expansion strategies 
with food security strategies 



299Bioenergy and development cooperation   10.8

ity (Section 7.1). This means that in developing coun-
tries, in particular, bioenergy production can be used 
as a means of tackling desertification and restoring 
degraded soils (Section 10.6). A participatory land-
use planning system is an essential element of doing 
so. In view of these benefits, socially and ecologically 
sustainable cultivation systems of particular promise 
should be promoted through suitable pilot projects. 
The possibility of afforestation in combination with 
sustainable use should also be examined. 

In summary, bioenergy from energy crops in devel-
oping countries should in WBGU’s view only be pro-
moted if two conditions are met. Firstly, the climate 
change mitigation effect, including emissions from 
direct and indirect land-use changes, must be shown 
to be unequivocally positive. Secondly, the other sus-
tainability criteria – primacy of food security, conser-
vation of biological diversity, protection of soil and 
water resources – must be met (Section 10.3.1).

Integrating bioenergy into the energy system and 
appropriate conversion pathways 

WBGU describes how bioenergy can be used 
sustainably, depending on the objectives of devel-
oping countries and the existing structure of their 
energy systems. Bioenergy can help to improve the 
local energy supply at household and village level 
and in small businesses; it also has an important part 
to play in the modernization of the energy sector in 
an urban/industrial context. It is important to distin-
guish between on the one hand the use of bioenergy 
to provide power and heat and on the other its use 
in the transport sector. From the point of view of cli-
mate change mitigation, the most attractive areas of 
application – in developing countries and elsewhere 
– are those in which fossil energy carriers with high 
CO2 emissions (particularly coal) are replaced (Sec-
tion 9.2.1.3). This means that pathways that involve 
using bioenergy for power generation should gener-
ally be preferred to the use of biofuels for transport. 
What are the best applications in a given situation 
will, however, depend to a large extent on the energy 
supply structure and on costs. These costs include 
both initial costs and greenhouse gas abatement costs 
(Section 7.3). 

Although developing and newly industrializ-
ing countries have not as yet entered into any inter-
national commitment to limit the quantity of their 
greenhouse gas emissions, they have committed to 
climate change mitigation. In economically weaker 
countries, however, the absolute reduction in green-
house gas emissions is unlikely to be the deciding fac-
tor in the selection of conversion systems. Neverthe-
less, bioenergy pathways that represent particularly 
cost-effective climate protection options should also 
be given high priority in developing countries. Where 
greenhouse gas abatement costs are low, new sources 

of finance can be developed through international cli-
mate protection instruments. The aim should there-
fore be to pursue conversion pathways for bioenergy 
use that combine a relatively high abatement out-
come per unit of biomass used with low greenhouse 
gas abatement costs. The focus should be on technol-
ogies that facilitate a shift to a modern energy sys-
tem with low greenhouse gas emissions. An ineffi-
cient infrastructure should therefore not be encour-
aged to stabilize. 

In the light of these considerations the follow-
ing applications are of particular interest, especially 
for developing and newly industrializing countries. 
In power and heat generation, pathways involv-
ing the co-combustion of solid biomass in coal-fired 
power plants result in major greenhouse gas reduc-
tions with low abatement costs. Particularly effective 
approaches in this context are the use of biogenic 
residues from agriculture and forestry (e.g. straw, 
wood chips, bagasse, etc.), cascade use and energy 
crop use in the form of wood or grass pellets. Co-
combustion is particularly advantageous when coal 
plays a large part in the power supply, as for example 
in the growing newly industrializing countries India 
and China. The major advantage of stationary use is 
that the waste heat can be used. Because of its high 
level of energy efficiency, combined heat and power 
(CHP) generation should in general be preferred to 
power generation alone, provided that demand for 
the heat exists. For regions with a significant require-
ment for cold or cooling, CHP can also be used to 
generate cooling. 

In countries such as Brazil ethanol from sugar 
cane could be used directly in combined-cycle power 
plants. The use of biofuels (such as vegetable oil 
and bioethanol) in small-scale CHP plants also has 
a greater impact on climate change mitigation than 
their use in transport. However, these bioenergy 
pathways have relatively high initial and greenhouse 
gas abatement costs if the infrastructure needs to be 
developed from scratch. As expensive climate change 
mitigation options they are therefore less attractive 
for possible financing through climate change mitiga-
tion instruments. They should therefore be supported 
mainly through development cooperation and tech-
nology cooperation schemes. In countries such as 
Uganda in which the power supply is largely based 
on hydropower, it is appropriate for biomass to be 
used as a liquid fuel in the transport sector if fossil 
fuels are thereby replaced. However, an even greater 
climate change mitigation effect could be achieved 
if the biomass or vegetable oil/bioethanol produced 
in tropical countries were used to generate power in 
small-scale CHP plants or were exported. In urban 
centres, large-scale programmes for the introduction 
of small-scale CHP plants could prevent the con-



300 10 Global bioenergy policy

the oil palms are grown on degraded land, there is 
potential for very significant greenhouse gas reduc-
tion. If tropical forest is cleared to make way for oil 
palm cultivation, the positive balance becomes a neg-
ative one. Issues relating to the cultivation site and 
to compliance with sustainable production methods 
are therefore crucial to evaluation of the benefits and 
prospects of promotion policy in relation to the sus-
tainable expansion of the use of bioenergy. 

In order to harness the existing sustainable 
potentials, development cooperation should support 
the partner countries in their strategy development 
and urge them to observe the minimum standards 
and the promotion criteria, particularly where rela-
tively large-scale applications are concerned. To this 
end the necessary institutional capacities for estab-
lishment of sustainable bioenergy use should be 
strengthened, for example in areas such as land-use 
planning and certification. In particular, socially and 
ecologically sustainable cultivation systems should 
be actively promoted by development cooperation in 
pilot projects. To help promising technologies (CHP, 
mini-CHP, combined-cycle, co-combustion, etc.) to 
make a breakthrough and to facilitate effective tech-
nology transfer, selected bioenergy conversion path-
ways should be promoted through support measures 
(development cooperation, public-private partner-
ships, etc.). In addition, greater use could be made of 
CDM projects (Section 10.2.3). 

10.8.3  
Action under uncertainty: Consequences for active 
promotion policies

In WBGU’s view the important opportunities that 
arise from bioenergy in relation to development are 
twofold. They involve, firstly the replacement of tra-
ditional forms of biomass use by more efficient tech-
nology and, secondly, the off-grid use of bioenergy 
for local production of heat and electricity. Both con-
tribute to poverty reduction and attainment of the 
Millennium Development Goals. Importantly, more 
efficient use of combustible materials contributes to 
reduction of greenhouse gas emissions and hence to 
climate change mitigation. Reducing energy poverty 
in developing countries through modernized bioen-
ergy use thus gives rise to clear win-win situations. 
Furthermore, in developing countries and elsewhere 
bioenergy can play an important part in the moderni-
zation of energy systems and hence also in transform-
ing the world energy system into a climate-friendly 
one. 

Development policy must now create the con-
ditions in which the methodological and analytical 
insights acquired on the basis of current knowledge 

struction of large new coal-fired power plants. This 
provides biofuel producers with assured demand and 
(greater) investment security. 

It should not be forgotten that biomethane is a 
flexible energy carrier that can be used almost uni-
versally. It is produced either from biogas arising 
from the fermentation of moist biomass in biogas 
systems, or from synthesis gas from the gasification 
of predominantly solid biomass. At present, however, 
gasification is still relatively costly (Section 7.2). In 
contrast to the direct use of biogas or synthesis gas 
in off-grid power generation systems, biomethane 
can be supplied via natural gas grids, enabling it to be 
used flexibly in power plants of different types. How-
ever, the biomethane option is only viable in newly 
industrializing or developing countries that already 
have a gas grid or are in the process of establishing 
one. Biomethane can, though, be readily transported 
or exported via pipelines or liquefaction (LNG) (Box 
7.2-2, Sections 8.1.2.3 and 9.2.1.4).

In developing and newly industrializing coun-
tries in which bioethanol and biodiesel can be pro-
duced without difficulty, biofuels are an option in the 
transport sector. Provided that electromobility is not 
yet established and is able to replace the combus-
tion engine, cultivation of tropical energy crops on 
degraded land in order to produce biofuels is a cost-
effective climate change mitigation option. Biodie-
sel from Jatropha and bioethanol from sugar cane 
enable greenhouse gas reductions to be effected at 
low cost, if cultivation results in storing carbon in the 
soil and no indirect land-use changes are triggered. 
Projects involving these processes could be eligible 
for financing through climate protection instruments. 
However, larger greenhouse gas reductions could be 
achieved through power generation. To avoid perpet-
uating the old transport infrastructure in developing 
countries and elsewhere, specific promotion of con-
version into electricity and electromobility should 
be undertaken. Provided that production of biofuels 
meets the minimum standard, opportunities arise for 
export in connection with the conversion of liquid 
fuels into electricity in mini-CHP plants, e.g. in indus-
trialized countries (Sections 8.1.2.1 and 9.2.1.4). 

It is also possible to identify a number of appro-
priate pathways for climate-friendly modernization 
of the energy sector in an urban/industrial context 
in developing and newly industrializing countries. 
Tropical countries have major potential in this area 
through the sustainable cultivation of energy crops; 
opportunities for rural development and the devel-
opment of foreign markets are also opened up for 
them. However, as the example of oil palm cultiva-
tion quite clearly illustrates when direct and indirect 
land-use changes are taken into account, it is energy 
crop cultivation that harbours the greatest risks. If 
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of bioenergy can be applied and operationalized in 
development cooperation. In parallel with this it 
should pursue the institutionalization of national and 
international regulatory frameworks that rule out 
unintended effects of bioenergy use and monitor the 
drivers of potential land-use conflicts, which will have 
their greatest impact on developing countries. In par-
ticular, competition between the requirements of a 
dynamic bioenergy system and those of food security 
cannot be properly addressed unless the correspond-
ing sustainability standards and guard rails are duly 
considered in the development and implementation 
of a global bioenergy policy. The report shows that 
an expansion of bioenergy on a scale that is worth-
while in terms of climate and energy policy can only 
be justified if it is accompanied in the coming years 
by major investment in the agriculture of developing 
countries. This is necessary in order to improve food 
security worldwide. Theoretically existing bioenergy 
potentials must on no account be exploited at the 
expense of food security. 

It is manifestly obvious that the findings presented 
here involve elements of uncertainty. It is clear that 
further information and research on the sustainability 
of future bioenergy use will be required (Chapter 11). 
Priorities and starting points for development-ori-
ented research into the sustainable production and 
use of bioenergy are described in the next chapter 
(Box 11-1). Those involved in international develop-
ment policy must take account of current knowledge 
gaps when developing their strategies and accept the 
uncertainties that prevail in the bioenergy sector. In 
consequence, their decisions and actions need to be 
based on the precautionary principle. 





emissions of land-use changes; these issues require 
further in-depth research. 

In this chapter, WBGU has in particular attempted 
to highlight research issues that have arisen during 
the preparation of the present report. However, the 
research recommendations presented here in no way 
claim to constitute a systematic and complete portfo-
lio for bioenergy research. 

11.1
Bioenergy use and the greenhouse gas balance 

11.1.1  
Improving greenhouse gas balancing of energy 
crop cultivation

The conversion of biomass to energy is usually not 
CO2-neutral; rather, the greenhouse gas balance of 
biomass use is extremely complex. It is true that 
when combusted biomass releases only the quantity 
of CO2 that it previously absorbed from the atmos-
phere; however, emissions also arise during the pro-
duction, supply and processing of biomass that is con-
verted to energy. Depending on the soil, the cultiva-
tion system and the previous land cover, energy crop 
cultivation can lead to high CO2 emissions as a result 
of land-use changes. Significant quantities of green-
house gases may also be released during the cultiva-
tion of energy crops. Information on greenhouse gas 
emissions associated with different forms of cultiva-
tion is absent or inadequate; reliable data is rare. It 
is therefore essential that more in-depth studies of 
the main cultivation systems in Germany and other 
major producing countries are carried out. Green-
house gas emissions also arise during the production 
and transport of the energy carrier, and these need to 
be taken into account too. 

These considerations apply not only to bioenergy 
but also to food production. Better understanding of 
the greenhouse gas balance of food products can help 
farmers to adopt more climate-friendly agricultural 

Bioenergy is a field in which there are large knowledge 
gaps and hence a major need for research. However, 
the considerable political pressure to act to reform 
the world’s energy systems means that decisions 
must be taken now, despite the major uncertainties. 
WBGU therefore recommends, firstly, implementing 
robust win-win solutions without delay, while simul-
taneously scaling up research efforts, some of which 
will need to be coordinated internationally. 

In this report, WBGU has already identified via-
ble approaches to sustainable bioenergy use in some 
areas. Nevertheless, there remains a need for both 
single-discipline and integrating studies to be carried 
out in the coming years. WBGU has identified the 
six most important research fields (Box 11-1); spe-
cific recommendations for research in each area are 
presented below. 

Germany is already intensively involved in 
research into global change, as is demonstrated by the 
numerous activities of the Federal Ministry of Edu-
cation and Research (BMBF) in the areas of envi-
ronment, sustainability and energy. For example, the 
German government’s High-Tech Strategy includes 
the funding programme ‘Bioenergy 2021 – Research 
for the use of biomass’. The 4th colloquium of the 
German National Committee on Global Change 
Research (NKGCF), which focused on ‘Land Use in 
the Area of Conflict of Resource Conservation, Food 
and Energy’, likewise highlighted the fact that glo-
bal land use has been an established area of research 
for some years now. Internationally, these issues are 
addressed in such contexts as the International Geo-
sphere-Biosphere Programme (IGBP) and the Inter-
national Human Dimensions Programme on Glo-
bal Environmental Change (IHDP), as well as in the 
European Research Framework Programme. For 
research into bioenergy the German government has 
recently set up the German Biomass Research Cen-
tre in Leipzig. In WBGU’s view, a particular weak 
point in the assessment of bioenergy remains the 
need for evidence of the climate change mitigation 
effect of bioenergy and the necessary greenhouse gas 
balances of different bioenergy pathways including 

Research recommendations 11
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practices and enable consumers to choose food prod-
ucts that have a less harmful effect on climate. 

11.1.2  
Integrated assessment of climate change 
mitigation options in land and biomass use 

The climate change mitigation effect of bioenergy can 
be only identified by considering the entire pathway. 
Biomass stores both energy and carbon. The deploy-
ment of bioenergy can therefore contribute to cli-
mate change mitigation by a number of routes. One 
option is to use the energy contained in the biomass, 
which can be done in various ways, thereby replac-
ing various fossil energy carriers. An alternative is to 
make use of the carbon storage capacity of biomass 
(either by planting crops and thus increasing soil car-
bon stocks or in the form of harvested products); this 
involves not using (at least partially) its energy poten-
tial or using it as a material resource before conver-
sion to energy. The associated climate change miti-
gation effects operate on differing time scales (Sec-
tion 5.5.4). 

There is therefore a need for integrated studies 
that compare the various deployment options over 
the entire life cycle and thus help to ensure that 

the best possible climate change mitigation effect 
is achieved from the available limited raw biomass. 
These studies should consider not only relative sav-
ings in relation to the final energy but also the abso-
lute values of greenhouse gas reductions in relation 
to the quantity of raw biomass used. 

So far, life-cycle analyses of bioenergy carriers 
have often included only greenhouse gas emissions 
from direct land-use changes. But because the culti-
vation of raw materials for the production of bioen-
ergy carriers competes with other forms of land use 
(including food and fodder production), a change of 
land use for bioenergy-related purposes can result 
in the conversion of land elsewhere. A new assess-
ment methodology is needed to enable the poten-
tial additional emissions from such indirect land-use 
changes to be included in the assessment of energy 
crop use. In order to arrive at an indicator for the 
effects of indirect land-use change that is as realistic 
as possible, information on a number of factors needs 
to be coordinated. These factors include the previ-
ous use of the land in question, its productivity, the 
biogeochemical fluxes arising when land is converted 
and other economic determinants of land use (area 
productivity, involvement of the land in international 
trade and material flows, likely type of land use after 

Box 11-1

Bioenergy and land use: The key research areas

1. Improving the scientific basis of global land use: To create 
the scientific basis for setting up a global GIS-supported 
land register, the state of global land use, land cover and 
soil and the dynamics of global land-use changes need to 
be observed and assessed more accurately than before 
(Bai et al., 2008). The work required includes collecting 
high-resolution data on vegetation cover, water levels 
and soil condition, agricultural use and ground sealing 
in the different world regions. To enable these dynamic 
processes to be observed and measured, it will be ne-
cessary to devise standardized indicator systems and 
develop methods of comparing and interpreting the data 
that is obtained (Section 11.4.1).

2. Determining more accurate greenhouse gas balances 
for various bioenergy pathways: As far as the climate is 
concerned, the greenhouse gas balance is the key vari-
able that determines the benefit (or in many cases the 
harm) of a particular form of bioenergy. In the past it has 
not been possible to calculate this accurately, e.g. taking 
account of indirect effects such as the displacement else-
where of previous land use (Section 11.1).

3. Determining the potential, the greenhouse gas balances 
and the cost-effective pathways for utilizing residues. 
Residues from agriculture and forestry as well as other 
sources have a potential for energy generation that has 
as yet barely been tapped; the future options for using 
them should be explored (Section 11.3.2). 

4. Analysing the role of bioenergy in an energy system of the 
future (nationally, regionally, worldwide): The strategic 
importance of bioenergy in a particular energy system, 
and its incorporation into that system (e.g. as balancing 
power) should be explored in more detail. This is a key 
factor in selecting the preferred pathway, e.g. via the use 
of biomethane (Section 11.3.1).

5. Clarifying the links between food security and bioenergy: 
The complex local, national and global impact chain 
between bioenergy use and food security urgently needs 
to be explored from both socio-economic and geopoliti-
cal angles. A geopolitical question that arises is: Could 
the primacy of securing the energy supply of the western 
world and of other powerful political stakeholders in a 
world energy system of which bioenergy is an important 
component lead to worsening food problems in poor 
and politically less influential countries, and how could 
international cooperation agreements serve to prevent 
this (Section 11.4.4.)? 

6. Analysing international competition for land use and 
developing elements of a global land-use management 
system: In the coming decade, as a result of various driv-
ers (population growth, changing dietary patterns, use 
of biomass for energy generation, impacts of climate 
change) land will become a scarce resource worldwide. 
This means that land use will become a subject of global 
governance. Research should explore interest structures 
relating to worldwide use and contribute to the devel-
opment of an effective global set of rules governing the 
management of land resources and to the avoidance of 
land-use conflicts (Section 11.5). 
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11.2
Sustainable bioenergy potential

11.2.1  
Sustainable agriculture and energy crop 
cultivation

Optimizing crop management
Increasing agricultural production while at the same 
time conserving ecological resources requires sus-
tainable cultivation management involving practices 
such as efficient water management, an optimal fer-
tilization regime and extensive soil management (e.g. 
no-tillage systems). There is still a major need for 
research into sustainable crop cultivation systems that 
enable biomass to be produced cost-effectively on 
degraded and marginal land. Research is also needed 
into various plants that are sources of biomass (e.g. 
pongamia – Pongamia pinnata, giant reed – Arundo 
donax, reed canarygass – Phalaris arundinacea) but 
for which insufficient qualitative and quantitative 
production data is available, in order to determine 
their suitability as energy crops. 

Priorities in plant breeding 
There are various plants, including Jatropha, switch-
grass, miscanthus and willow (or other short-rotation 
coppice species), that have in recent years been found 
to be of interest for bioenergy production but that 
are not domesticated. In other words, they have not 
been genetically adapted and improved for biomass 
production by a process of breeding over centuries 
or millennia. There is great potential here for increas-
ing biomass production; the agricultural industry is 
investing substantial sums of money in developing 
this potential, partly through genetic engineering 
research. 

However, the financial resources available for 
research are sometimes limited, particularly in the 
case of tropical food and energy crops (cassava, oil 
palms, sugar cane), because the crops concerned are 
often grown on a small scale and are therefore not 
economically attractive for private-sector investors. 
Public funds must therefore be applied if research 
and development into sustainable bioenergy pro-
duction in developing countries is to be advanced. 
In many parts of the world, the productivity of these 
crops can be increased considerably by conventional 
means (hybrid varieties, fertilizers, disease control, 
etc.). The highest production increases anywhere in 
the world could be achieved in the developing coun-
tries if research were intensified regionally. In devel-
oping genetically modified energy crops, it is essen-
tial that ecosystem impacts (outcrossing, introduc-
tion into the wild, toxicity, etc.) are identified and 

conversion). The ‘iLUC factor’ (Box 7.3-2) is only a 
first and very rough approach. 

11.1.3  
Sequestration of CO2 in depots and black carbon 
in soils

There are a number of ways in which biomass use can 
enable carbon dioxide to be permanently removed 
from the atmosphere. Important examples are the 
conversion of biomass to energy with carbon capture 
and storage in a depot, or the insertion of biochar 
into the soil. The capacity of plants to absorb carbon 
from the atmosphere and store it by means of photo-
synthesis opens up the possibility of sequestering the 
carbon thus obtained. 

Energy crops and residues can be converted into 
biomethane by fermentation (biogas systems) or gas-
ification (biomass gasification systems) (Box 7.2-2). 
During the production process, some of the carbon 
stored in the biomass arises as CO2 and must be sep-
arated in any case. The separated CO2 can be depos-
ited in suitable storage sites. The technology asso-
ciated with biogas systems is fairly mature; by con-
trast, biomass gasification systems still need further 
research. Both processes enable the use of biomass 
for two purposes simultaneously: for energy and for 
CO2 sequestration. It is also possible to store black 
carbon in the soil in the form of biochar or charcoal. 
The gas that arises during carbonization or pyrolysis 
can be used for energy purposes, while the residual 
charcoal can be either completely removed from the 
biosphere (by being deposited in deep storage sites) 
or inserted into the soil, where it can act as a per-
manent soil conditioner for a long time (charcoal in 
the soil decomposes very slowly). Further research is 
required to determine how long carbon thus stored 
in the soil remains removed from the atmosphere, to 
calculate the associated greenhouse gas balance and 
to reveal any further ecological impacts that arise 
from the process of inserting charcoal into the soil. 
In addition, the global potential of this technology 
is at present unclear, as well as its cost-effectiveness 
(Box 5.5-2).
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work required to prevent unintended ecological, 
social and economic damage. Drawing on the differ-
entiated assessment of the opportunities and risks of 
bioenergy use drawn up by WBGU, the German gov-
ernment should exert its influence through interna-
tional organizations such as UNEP, the World Bank 
and the regional development banks to encourage 
the establishment of regional research programmes 
to explore the sustainable potentials of bioenergy 
in the developing regions, with the aim of providing 
decision-makers with a more robust basis for bioen-
ergy policies oriented towards the longer term. The 
research programmes should be networked so that 
trans-regional assessments can also be made. UNEP, 
as a leading international environmental organiza-
tion, could take on a clearing-house role and provide 
a focal point for collection and assessment of the 
findings, giving decision-makers access to a compre-
hensive evaluation and to the current state of knowl-
edge. The collated research findings will in addition 
assist the development of an international consensus 
on sustainability standards in the bioenergy industry. 
At the same time, development policy and/or inter-
national cooperation on research should be used as a 
vehicle for promoting national research programmes 
on sustainable bioenergy strategies, particularly in 
those countries that according to WBGU’s analysis 
of potential could be significant providers of biomass 
from energy crops in future. 

Determining the economically sustainable 
bioenergy potential 
Research needs to identify not only the size of the 
technically available and ecologically sustainable 
bioenergy potential, but also whether the potential is 
economically worthwhile and sustainable. The tech-
nically usable and ecologically sustainable poten-
tial of energy crops calculated in the present report 
needs to be validated in terms of the cost of tapping 
it. It is essential to distinguish between the potential 
of energy crops and that of residues and waste. In 
order to identify the potential of energy crops, exist-
ing (agro-)economic models must be developed fur-
ther, and work on linking them to climate and vegeta-
tion models must be pursued (Section 11.4.2). For the 
potential of residues, global material flows in agricul-
ture and forestry and in waste management must 
be analysed and assessed in terms of closed nutri-
ent cycles and the cost-effectiveness of providing 
energy from residues. The economic models should 
be expanded to take account of technological change 
in order to yield a realistic picture of technological 
developments relating to land use and energy effi-
ciency against the background of changing economic 
conditions. 

monitored. It is particularly important to consider 
socio-economic factors and to analyse the costs and 
benefits of research if the expected increase in yield 
of genetically modified energy crops or the stability 
of these yields is only slightly above that of adapted 
landraces. 

Invasive potential of energy crops 
Many energy crops have high invasive potential 
(they are fast-growing, have many seeds and regen-
erate easily). Before large-scale cultivation com-
mences, steps must be taken to identify for Germany, 
for Europe and on a global scale the potential prob-
lems associated with each crop species, both in the 
wider landscape and in agricultural land next to the 
energy crop. 

Agroforestry
Agroforestry – that is, a system in which forestry and 
agriculture are combined – has major potential for 
both food and energy crop cultivation. However, there 
is insufficient information on the ‘best’ mixtures and 
on the physiological and ecological processes that 
operate in such systems. Practices are often based on 
traditional knowledge which may lack any scientific 
foundation. In view of the climate-related challenges 
that the world will face in future, this knowledge can-
not be relied on to ensure yield stability and quality. 
Work should be undertaken jointly with international 
organizations such as the FAO to set up research pro-
grammes that focus on food, fodder and energy crop 
cultivation in agroforestry. 

Impact of climate change on energy crop 
cultivation 
Climate change will have a major impact on all culti-
vation systems. Previous discussion of energy crop cul-
tivation has paid very little attention to this, although 
it is a factor that will play a key part in determin-
ing the success of such cultivation. As a matter of 
urgency, therefore, future research programmes on 
climate and agriculture should address the impact of 
climate change on energy crop cultivation. 

11.2.2  
International research programmes on sustainable 
and economic bioenergy potentials

Policies and promotion strategies for bioenergy are 
currently being developed in many developing and 
newly industrializing countries. At the same time, 
however, there is only limited knowledge of issues 
such as the potentials of the different forms of 
biomass use for energy generation, specific cases of 
competition for land use and the regulatory frame-
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which residues can appropriately be used for energy 
purposes and products can be designed to be recy-
cled for energy purposes at the end of their useful 
life (cascade use; Section 5.3.3). This information can 
be used to identify policy measures that will strike a 
balance between those who gain and those who lose 
from bioenergy use. 

An initial tool, available for assessing the costs and 
benefits of energy crop use in different countries and 
regions, is the Bioenergy Assessment Tool produced 
by the FAO, the Copernicus Institute of Utrecht 
University and the German Öko-Institut. Use of 
this analytic framework, which is based on a com-
bination of the FAO’s partial-equilibrium economic 
model COSIMO and the QUICKSCAN model of 
the Copernicus Institute, provides a means of obtain-
ing a more comprehensive assessment of the effects 
of energy crop use on macroeconomic variables, the 
incomes of individual households, price trends and 
food security. The methodology is currently being 
tested in Peru, Thailand and Tanzania (FAO, 2008e). 
Similar tools for comparing the costs and benefits of 
bioenergy use should be developed for residues. In 
both cases – for energy crops and for residues – the 
tools should be refined to deliver more robust results 
in future. 

11.2.3  
Social sustainability

The available case studies (Altenburg et al., 2008; 
van Eijck and Romijn, 2008; UNEP, 2007b) suggest 
that the economically sustainable and, in particular, 
socially sustainable development potential depends 
not only on biogeophysical conditions, the energy 
crop concerned and cultivation methods but also – 
especially where large-scale cultivation is concerned 
– on political and socio-economic conditions and on 
the opportunities that the local community has for 
participation. 

The cultivation of energy crops (such as Jatropha) 
on marginal and degraded land in developing coun-
tries is at first sight an attractive option for reducing 
competition with food production. Often, however, 
this marginal land is already used (usually by sections 
of the population with no ownership rights, so that 
conflicts of use arise). Research is therefore needed 
to identify the measures and decision structures that 
will enable marginal or degraded land to be used for 
energy crop cultivation in such a way that the rural 
poor are not deprived of their means of livelihood or 
gain a stake in the value chain. These measures will 
involve both setting up incentive mechanisms and 
shaping institutional conditions (e.g. the division of 

Updating of the models must be accompanied by 
improved availability of economic land-related data. 
To this end, long-term data gathering (e.g. surveys) 
should be carried out and the data collected should be 
stored centrally. The data should be compatible with 
the spatial resolution of the scientific models; in addi-
tion to demographic and economic data, it should in 
particular include information on land-use decisions 
and lifestyles. WBGU estimates that the sustainable 
potential of residues and waste is of roughly the same 
order as that of energy crops. There is also a need for 
research into the institutional and structural condi-
tions for exploitation of the economically and eco-
logically sustainable bioenergy potential. This will 
involve analysing individual regions with high eco-
nomic energy crop potential in order to identify the 
conditions that are favourable for actual realization 
of this potential. The conditions in question are those 
relating to the distribution of land rights, institutions 
for enforcement of property rights and stakeholder 
structures in the agricultural sector (e.g. dominance 
of large companies vs. a large number of small sup-
pliers). 

In relation to developing and newly industrializ-
ing countries, it is in addition necessary to clarify the 
degree to which exploitation of the sustainable eco-
nomic bioenergy potential is contingent upon the 
existence of infrastructures for the storage, process-
ing, distribution, marketing and export of bioenergy 
carriers and what form these structures must take if 
the bioenergy potential is to be utilized in an eco-
nomically and socially sustainable way (Rosegrant et 
al., 2008). 

Costs and benefits of bioenergy use 
In order to assess the socio-economic impacts and 
macroeconomic cost-effectiveness of bioenergy use 
within a region, studies of the regional (and in a sub-
sequent step also the global) costs and benefits of 
bioenergy production and use must be carried out. 
Such studies should also explore the effects of energy 
crop production and use on raw material and food 
prices, food and energy security, the climate, economic 
growth, the balance of trade and dependence on oil 
imports. Distributional aspects should also be consid-
ered in this context, since costs and benefits may be 
very unevenly distributed among the stakeholders. It 
is important to ask who are the winners and losers 
under different bioenergy strategies (e.g. small-scale, 
decentral production and use vs. large-scale, export-
oriented energy crop cultivation) and under what 
conditions (relating to production, marketing, distri-
bution, etc.) different sections of the population (e.g. 
large landowners, smallholders, rural workers, urban 
dwellers) can benefit or lose from energy crop culti-
vation. Research should also pinpoint the sectors in 
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and fuels by means of thermochemical or biochem-
ical conversion processes is particularly promising 
and should be vigorously pursued.

A weakness in the present state of technology is 
the lack of small-capacity decentral CHP units for 
solid, woody biomass. In agriculture and forestry, in 
particular, large quantities of woody residues arise; 
in the past, it has been possible to use these in decen-
tral applications only for heating. In future, however, 
the share of decentral facilities powered by renew-
ables (e.g. wind turbines and photovoltaic systems) 
will rise, increasing the need for balancing power 
in the distribution networks. In addition to biogas 
systems, combustion plants combined with a steam 
power process (e.g. Organic Rankine Cycle plants) 
can be deployed as small CHP units to provide bal-
ancing power. So far, however, systems for convert-
ing biomass to electricity are not able to perform this 
regulating function. Targeted research programmes 
can help to overcome this. 

Integrating biomethane as a universal, 
flexible energy carrier in the natural gas 
grid 
Biomethane can be deployed universally in all energy 
sectors to generate power and heat and can also be 
used as a transport fuel. It is a bioenergy carrier that 
is readily transportable; via the natural gas grid it can 
be easily distributed to decentral users or collected 
for use by central consumers such as combined-cycle 
power plants. Furthermore, on account of the gener-
ation processes used, biomethane has very low sul-
phur contents. A number of absorption and adsorp-
tion processes for processing biogas for small-scale, 
decentral plants are currently on the market. 

There is a particular need for research into the spe-
cific energy consumption and the GHG emissions of 
biomethane processing. Much research is needed in 
connection with processes that have not yet become 
established for this type of application, including 
membrane processes and low-temperature processes. 
Processes of the latter type have the advantage that 
CO2 that is both liquefied and very pure is produced 
as a ‘waste product’ of the technique, which simpli-
fies the transport and further use of the CO2. There is 
also a major need for research into technologies that 
will facilitate the secure storage of the CO2 separated 
during processing. 

The decentral systems must be integrated into 
existing gas networks and the gas quality must cor-
respond to that of natural gas. Since the number of 
systems capable of feeding biomethane into the grid 
is rising rapidly, there is an urgent need for research 
into the integration of biomethane into gas networks. 
Research also needs to include the development of 
energy management approaches that model the full 

responsibilities between different local and regional 
authorities, or land ownership issues).

11.3
Bioenergy and energy systems 

Important conclusions can be drawn from the results 
of the assessment of different bioenergy pathways. 
From the point of view of climate change mitiga-
tion, the deployment of residues and waste, the use 
of combined heat and power (CHP) and the produc-
tion of biomethane with storage of the separated CO2 
are attractive options that should be developed fur-
ther. In addition, the strategic integration of bioen-
ergy into future energy systems, particularly with 
regard to the stabilizing effect of biomass in electric-
ity networks as balancing power, must be explored. 
Research can also help to make traditional biomass 
use significantly more efficient, particularly in devel-
oping countries. 

11.3.1  
Technologies of bioenergy use 

Better integration of bioenergy into energy 
supply structures 
As the share of fluctuating renewables such as wind 
and solar power rises, effective energy management to 
provide balancing power becomes ever more impor-
tant. Bioenergy, like fossil energy, can be used when 
it is needed; this flexibility gives it a special position 
among the renewables. Ensuring the optimal inte-
gration of bioenergy systems into supply networks 
should therefore be a focus of future research efforts. 
A very promising approach is the development and 
dissemination of small biomethane-powered CHP 
units for households; such units can respond flexi-
bly to the demand for power, and acting as stabiliz-
ing elements in a ‘virtual power plant’, they can oper-
ate highly dynamically to stabilize electricity supply. 
To enable bioenergy to fulfil its stabilizing role within 
the energy system in an optimal way, it is necessary 
to develop dynamic system analyses of the electric-
ity system with various bioenergy variants to bal-
ance fluctuating feed-in. This will require forecasts of 
demand for bio-power and forecasts of the availabil-
ity of bioenergy in each season of the year. 

Higher conversion efficiency through CHP 
application or polygeneration
The highest fuel utilization rates are achieved with 
technical systems involving combined heat and power 
or combined heat/cooling, power and fuel (polygen-
eration). The simultaneous generation of power, heat 
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cal potential can be utilized in a sustainable and cost-
effective way. Dead wood and timber waste fulfil an 
important role in the ecology of natural or semi-nat-
ural forests. Plant residues are likewise highly impor-
tant for the nutrient balance of the soil. Furthermore, 
for all sources of residues, it is unclear whether it is 
practical to use relatively small quantities of biomass 
that may often arise in spatially distributed loca-
tions. The importance of this issue in the context 
of energy has been underestimated and few studies 
have addressed it. 

There is therefore a general need for research 
into the extent to which organic residues can be used 
sustainably and cost-effectively and in which manner 
this can be done. This includes ecological research 
into the significance of residues for biodiversity, soil 
conservation and climate change mitigation for for-
ests and agricultural land located in various climate 
zones and used in various ways. It also covers research 
into the infrastructure required and into economi-
cally and technically appropriate ways of integrating 
this potential into global energy systems. 

11.3.3   
Modernizing traditional bioenergy use to 
overcome energy poverty 

Bioenergy has major potential for reducing world-
wide energy poverty, which affects 2.5 billion peo-
ple, if the efficiency of traditional biomass use in 
developing countries can be significantly improved 
on a broad scale. This will also help to reduce GHG 
emissions. The technologies needed for this purpose 
(e.g. improved wood stoves, small biogas digesters 
based on residues) are available and many develop-
ment measures in this area have already been imple-
mented worldwide. However, the impact of these 
efforts remains limited. There has been no signifi-
cant decrease in the number of ‘energy-poor’ peo-
ple, despite the fact that the technologies needed are 
relatively simple and inexpensive. Although evalua-
tions of individual projects and programmes aimed 
to overcome energy poverty are available, there is a 
lack of reliable information that would explain why 
breakthroughs in this area have not been achieved 
yet. There is therefore a need for research to identify 
the cultural, institutional, property-right-related and 
economic factors that help or hinder improvement of 
the technical efficiency of traditional biomass use in 
developing countries through simple modernization 
of the technology involved. 

dynamics of gas, electricity and heat networks in a 
cross-sectoral way. 

Adapting combustion and gasification 
technology to biomass 
Biomass resources are highly heterogeneous and the 
combustion properties of biomass are not as homo-
geneous as those of fossil fuels. With this in mind, 
process technology must be developed in such a way 
as to ensure that pollutant emissions arising from 
biomass use are kept to a minimum. 

Combustion and gasification processes must be 
developed so that a wide range of raw materials can 
be used without difficulty. Conversion of biomass 
into the secondary energy carrier synthesis gas ena-
bles the biomass to be used very flexibly, since fuels 
such as Fischer-Tropsch diesel, hydrogen and bio-
methane can be produced in addition to power and 
heat via polygeneration. Gasification processes for 
biomass starting materials of differing composition 
are therefore an important area for research. 

Flexible biorefineries for energy carriers 
or industrial feedstocks
Crude oil, an important resource, will become a scarce 
commodity in the foreseeable future. Unlike energy 
services, which can be provided from other sources 
such as wind, hydro and solar energy, the chemical 
industry is dependent upon organic (carbon) feed-
stocks and will therefore need a substitute for crude 
oil (Section 5.3.4). Biorefineries that are currently 
being developed to produce biomethane or syn-
thetic diesel should be designed in such a way that, 
once electromobility has become established, they 
can later provide feedstocks made from biomass for 
the chemical industry. Gas cleaning and processing 
should therefore be a focal area of research. 

Like wastes and residues, algae are a form of 
biomass that does not compete with food. In contrast 
to energy crops, algae can be bred in closed systems 
with no condensation of water; they therefore need 
less water and can be produced even in arid regions. 
Initial experiments indicate that they have consider-
able potential for use as an energy resource and an 
industrial feedstock. This should therefore be a prior-
ity area for research too. 

11.3.2  
Potential for using residues and waste for energy 

The technical potential of the use of bioenergy from 
residues and waste (including plant residues from 
agriculture and forestry, dung and organic waste) is 
in the region of 50 EJ per year (Chapter 6). How-
ever, it is still unclear what proportion of this techni-
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11.4
Bioenergy and global land-use management

11.4.1  
Data on global land use and degradation

The principal source of information on current land 
use and cover changes is remote sensing data. But 
not all types of ground condition and land use can be 
identified from satellite data. For example, in many 
countries arable land is used post-harvest for graz-
ing animals. Similarly, apparently unused fallow land 
may be used by the local community to pasture ani-
mals or collect fuelwood. On account of the food 
requirements of a growing world population and the 
increasing use of bioenergy, it is essential that land all 
over the world is used as efficiently as possible; the 
scientific basis must therefore be created for setting 
up a global GIS-supported land register enabling sat-
ellite data on land use to be aligned with and supple-
mented by local information. 

Two factors essential to sustainable agricultural 
production are good water and soil management. 
Efficient water use requires a strategy that is adapted 
to local water availability and involves optimized pro-
duction processes (e.g. re-use of (waste) water, effi-
cient rainwater storage, etc.). This means that water 
resources must be mapped, local meteorological data 
must be made available and procedures must be in 
place for measuring and monitoring water quality by 
means of an indicator system. 

At global level data on soil quality and soil deg-
radation is outdated and not available for all coun-
tries. The only study that classifies worldwide soil 
degradation (GLASOD) dates from 1990–1992 (for 
the South Asia region: ASSOD study of 1995–1997). 
In addition to GLASOD there is the new initiative 
GLADA (Bai et al., 2008). While GLASOD is based 
on estimates and expert opinions, GLADA calculates 
soil degradation from net primary production (NPP) 
using remote sensing data. An urgent task in connec-
tion with implementation of a sustainable land-use 
strategy is therefore to measure soil types and soil 
condition on an up-to-date basis and by means of 
direct measurements. This should be done in cooper-
ation with the FAO. Bearing in mind the shortage of 
available agricultural land it is particularly important 
to be aware of the condition and extent of degraded 
soils, since they have a great potential for sustainable 
production of biomass, which can be combined with 
soil improvement, carbon sequestration and ecolog-
ical upgrading. In addition, research into marginal 
soils should be undertaken with the aim of identi-
fying their extent, the reasons for their degradation, 
possible remedies and their potential yields. 

11.3.4  
Integrated technology development and 
assessment for bioenergy

So far, engineering research into the development of 
new bioenergy technologies has paid only little atten-
tion to socio-economic issues (economic cost-effec-
tiveness of the new technology under various con-
ditions, possible target users and their requirements, 
economic and social sustainability). Socio-economic 
conditions are, however, highly relevant factors influ-
encing the successful adoption of new bioenergy 
technologies. In addition, an evaluation of technol-
ogy by social scientists is needed in order to assess 
the impact of new bioenergy technologies on the 
competition between energy, food and fodder pro-
duction and to analyse the role of the technology 
within an efficient, forward-looking energy mix. In 
current research and education in Germany, there is 
a clear lack of integrated technology development 
and assessment. 

The funding activities of BMBF, such as ‘BioEn-
ergy 2021 – Research for the Use of Biomass’, should 
therefore cover support for projects that provide 
for integrated development and assessment of new 
bioenergy technologies by engineers and social sci-
entists. It would be important to launch research in 
which scientists link and integrate the approaches 
of the natural, engineering and social sciences from 
the very beginning. In addition, in interdisciplinary 
social science and engineering courses on bioenergy 
technologies, training should be specifically geared to 
the interface between technology development and 
assessment, as it already occurs in the master course 
in Bioenergy Technology at the Technical University 
of Lapeenranta in Finland (LUT, 2008) and the bach-
elor course in Renewable Resources and Bioenergy 
at Hohenheim University (Universität Hohenheim, 
2008). Another pioneering course is the Concen-
trations in Environmental Sustainability (ConsEn-
Sus) programme offered by the University of Michi-
gan to engineering students. Under this programme, 
the engineers learn about legal and economic mat-
ters and about methods of assessing environmental 
impacts (University of Michigan, 2008). The Renewa-
ble and Appropriate Energy Laboratory (RAEL) of 
the University of Berkeley serves as an example of 
integrated research (UC Berkeley, 2008). 
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WBGU’s social and ecological guard rails (Chap-
ter 3) are adhered to. In order to ‘steer’ land use it 
is necessary to identify appropriate institutions and 
mechanisms that can be used to coordinate individ-
ual decisions so that the desired land-use patterns are 
achieved. Related issues are the need for research 
into the steering effect of standards and certification 
systems (for agricultural and forestry products) and 
environmental economic instruments (such as pay-
ments for environmental services or emission trad-
ing schemes) on land use; the conditions under which 
these instruments have the greatest steering impact 
should also be identified. 

11.4.4  
Linkages between energy crop cultivation and 
food security 

The causes of the rises in food prices that have 
recently been observed must be explored further. 
In particular, the role of the demand for bioen-
ergy in these price rises needs to be clarified. Previ-
ous assessments of the influence of the demand for 
biofuels on food prices have arrived at very differ-
ent conclusions. These variations can be attributed 
to the use of different models and assumptions; the 
various estimates cannot necessarily be compared 
directly with each other. For decision-makers this is a 
very awkward situation: which estimates should they 
rely on in, for example, in assessing whether biofuels 
should be subsidized? The first step should be to cre-
ate transparency and to compare the various mod-
els and assumptions in metastudies. This will enable 
the relevance of the different models and assump-
tions to different contexts to be assessed; forecasts 
can then be drawn up for the future development of 
the agricultural markets and the future significance 
of biofuels and/or of bioenergy in general for food 
prices and food availability. In this way the necessary 
regulatory measures for biofuels and/or bioenergy 
can be identified. 

11.4.5  
Effects of changes in dietary patterns and 
lifestyles on climate and land use 

Available data indicate that dietary habits (e.g. the 
amount of meat and milk products in the diet) have 
a major influence on the agricultural greenhouse gas 
balance and on the amount of land needed for food. 
This relationship should be explored in more detail 
in relation to different cultures and regions and in the 
light of observed trends over time (e.g. rising meat 
consumption in newly industrializing countries); 

11.4.2  
Integrated scientific and economic land-use 
modelling

To identify the technically available, ecologically sus-
tainable and economically viable bioenergy poten-
tial, improved integrated modelling of economic and 
scientific processes affecting land use is required. 
This gives rise to a variety of challenges, since exist-
ing scientific and (agro-)economic models are often 
incompatible in terms of their time scales, spatial res-
olution and subject matter. Nevertheless, it is essen-
tial to link the models in order to be able to properly 
depict feedback effects between the biological/physi-
cal and social systems. The task is therefore to pursue 
the linking of these models within a research consor-
tium of natural and social scientists. 

In addition, regional models should wherever 
possible be networked with each other so that inter-
regional dependencies can be depicted. Further work 
on the dynamic aspects of the models should also be 
undertaken. The models should be based on stand-
ardized sets of scenarios, modelling assumptions and 
data sets since this will facilitate integration of differ-
ent global and regional modellings and simplify com-
parison of modelling results. The expected conflicts 
of objectives relating to land use (e.g. between the 
provision of various agricultural products and vari-
ous ecosystem services) could then also be assessed. 

11.4.3  
Agents and drivers

Existing information on the key agents and drivers of 
local, regional and global land-use changes must be 
specified in more detail, as must the factors that influ-
ence the decisions of individual stakeholders (micr-
oeconomic interests, social and cultural influences, 
political economics, social dynamics, etc.). As part of 
this process the role of differing lifestyles (e.g. con-
sumption of animal products) and the effects of tech-
nology development (with regard to yield increases in 
resource production or greater efficiency in resource 
use) on land use should also be considered. 

A necessary task is to identify the overall effect 
on land use of the sum of individual decisions. Meth-
ods such as Agent-based Modelling should be used 
for this purpose and developed further. Informa-
tion on the effects of collective decision-making pro-
cesses and social dynamics is an important require-
ment for the effective use of regulatory and control 
instruments. 

Finally, information on the drivers and cause-and-
effect relationships underlying land-use patterns 
should be used to manage land use in such a way that 
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on the allocation of land that arise from numerous 
international agreements and instruments. On the 
other, there is a need to consider whether local and 
national mechanisms and instruments of spatial plan-
ning can and should be developed further and trans-
ferred to the global level. International communi-
cation, reporting and monitoring commitments are 
at present important policy instruments. There are 
also some instances of intergovernmental land-use 
agreements, such as the international commitment to 
establish protected areas for nature conservation. A 
key task for research in this area is to identify the 
possible role of land-use agreements in other land-
use sectors and to clarify how consistent overall coor-
dination of sector-specific land-use agreements can 
be achieved. This will involve evaluating the effec-
tiveness, efficiency, practicability and enforceability 
of international spatial planning instruments, assess-
ing their economic distribution effects and analysing 
their impact on the structures of international divi-
sion of labour. This research needs in addition to take 
account of development and geostrategic aspects. 

11.5.2  
Standard-setting and the WTO regime 

Framework for standard-setting and 
sustainability criteria 
From a legal perspective there is a need to identify 
the international law regime into which sustainability 
criteria relating to the production and use of bioen-
ergy could best be incorporated. To clarify this matter, 
a comprehensive survey of the advantages and dis-
advantages of a range of possible procedures should 
be undertaken. The possibility of a separate multilat-
eral agreement should be considered, as should the 
option of attaching the new provisions to an existing 
multilateral agreement (in particular the Conven-
tion on Biological Diversity or the United Nations 
Framework Convention on Climate Change; the 
Desertification Convention would be more difficult). 
In this context it is also relevant to enquire after the 
most appropriate methods for formulating sustain-
ability criteria for bioenergy in whatever multilateral 
framework is selected. Development of a multilateral 
‘master agreement’ relating to sustainability stand-
ards for bioenergy would make it possible to explore 
the potential for corresponding rules and regulations, 
the way in which these rules could be embedded in 
the existing body of law and their compatibility with 
the WTO regime. 

possible improvements should be identified (e.g. pro-
motion of deliberate life-style choices as a win-win sit-
uation involving health benefits, an improved green-
house gas balance and less need for land). Complete 
life-cycle assessments (‘from farm to fork’) have in 
the past been available for only a few food products. 
Studies should explore consumer behaviour with 
regard to the purchase of food and bioenergy with 
and without labels declaring their provenance or ori-
gin, covering aspects such as demand and price struc-
ture and consumers’ need for information. 

Indicators such as the ‘ecological footprint per 
person per year’ depict the impact of human con-
sumption habits on the Earth’s surface and the bio-
sphere. Particularly significant is the demand for 
food products that are land-intensive in their pro-
duction (meat and dairy products). This intensifies 
competition for land and resource scarcity. A shift by 
society as a whole towards lifestyles and consump-
tion patterns compatible with sustainable land use 
would reduce the pressure of use on the biosphere. 
Further research is needed into appropriate instru-
ments for changing dietary patterns in this direc-
tion. Such research should cover both ‘soft’ measures 
(education, awareness, labelling requirements) and 
the effects of more incisive instruments (e.g. subsi-
dies, taxes on consumption). Research into the social 
implications and (ethical) limits of state influence 
on consumption patterns should also be intensified. 
To enable these issues to be assessed and discussed, 
work on a robust data basis and a reliable method of 
calculating individual and national land consumption 
must continue. 

11.5
Shaping international bioenergy policy

11.5.1  
Managing global land use 

It is likely that competition for land will intensify 
on a global scale. Meeting the resulting challenges 
requires reliable information on the development of 
global land-use patterns in the light not only of cli-
mate trends but also of socio-economic and political 
developments. Interdisciplinary research on global 
and regional land-use models and scenarios should 
therefore be intensified (Section 11.4.2).

At present, global land use is determined to a sig-
nificant extent by the market and by national poli-
cies. In view of the increasing competition for land, 
WBGU recommends that options for influencing 
land use should be explored in greater depth. On the 
one hand, research should cover the indirect impacts 
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what are the consequences for political and adminis-
trative implementability?

Coordinating the financing of avoided 
deforestation and of protected area 
networks 
If attempts to avoid emissions from deforestation 
(REDD) in the context of the UNFCCC are to be 
successful, reliable agreements should be struck 
on the payments to be made to the affected coun-
tries (Section 10.2). The conservation of sinks and 
carbon stocks can have positive consequences for 
biodiversity conservation, and in particular for pro-
tected areas, and vice versa. Also required are rules 
of a more binding nature governing the financing of a 
global protected area network under the Convention 
on Biological Diversity (CBD) in order to ensure 
that adequate funds are mobilized for this purpose 
(Section 10.5). This opens up a range of research 
questions relating to the synergies between commit-
ments under the two regimes. Research is needed, 
firstly, to define these synergies and, secondly, to 
explore options for regulating the way in which pay-
ments are credited between the two regimes (dou-
ble payment or partial crediting of payments to com-
mitments under both regimes, exclusive crediting of 
payments to commitments under one regime). The 
incentive and distributional effects of the individ-
ual criteria for assessing synergy effects and regula-
tion options should be examined in detail. The politi-
cal implementability and practicability of the various 
options should also be assessed, e.g. the development 
of a protected area protocol to the CBD and possible 
links between this and the emerging REDD regime 
under the UNFCCC (Section 10.5). 

11.5.5  
Methods of supporting decision-making under 
uncertainty

In the light of the fact that the bioenergy debate is 
beset by knowledge gaps, there is scope for explor-
ing the decision-making methods on which individ-
ual stakeholders base their decisions, especially when 
decisions are taken in the face of uncertainty and con-
siderable risk. New methods of supporting the pro-
cess of decision-making under uncertain conditions 
should be developed for the different stakeholder 
groups (e.g. farmers and forestry managers, regional 
planners, political decision-makers), in order to help 
them make scientifically based land-use decisions in 
the future. There should be further development of 
computer-based decision support systems that can 
be used to simulate, contrast and systematically com-
pare different scenarios. 

Clarification and specification of the WTO 
regime
The WTO undergoes constant development (ongo-
ing negotiating round; work of the dispute settlement 
bodies). The outcomes of negotiations should be 
monitored from political and legal perspectives with 
the aim of continuously analysing the impact of these 
outcomes on the realization of sustainable bioenergy 
production and promptly identifying any associated 
need for action at the various levels of legal regula-
tion (international, supranational, national). Particu-
lar consideration should be given to the development 
of minimum requirements for recognizing bioenergy 
carriers as ‘environmental goods’. 

11.5.3  
Bioenergy policy and security policy 

Energy supply security has become a key subject 
of international policy. Bioenergy is an element of 
national, regional and international energy supply 
security. In future, competition for access to biomass 
will therefore increase, along the same lines as com-
petition for access to oil and gas. The dynamics of 
the development of bioenergy management and the 
emerging patterns of international division of labour 
will therefore have geopolitical consequences and 
could give rise to new tensions in international poli-
tics. Security policy research should take account of 
these factors in its analysis of resource conflict risks. 

11.5.4  
Developing commitments under the UNFCCC 
and CBD

Fungibility of emission rights relating to 
sectoral targets 
For a post-2012 regime under the United Nations 
Framework Convention on Climate Change 
(UNFCCC) WBGU proposes sectoral sub-regimes 
with separate targets for emissions reductions – 
in other words, targets for the (global) land-use 
(LULUCF) sector and for the (global) non-LULUCF 
sector (WBGU, 2003). There could be a degree of fun-
gibility of emission rights under the two sub-regimes; 
this would increase efficiency and promote liquid-
ity in the global carbon market, thereby improv-
ing its functioning without compromising the eco-
logical integrity of the overall commitment regime 
(Section 10.2). The form this fungibility should take 
needs to be explored: to what extent should the fun-
gibility of emission rights be limited, and what ceil-
ing should be imposed? To what incentive and distri-
butional effects do alternative forms give rise? And 





energy. In the long term, bioenergy combined with 
carbon capture can even remove some of the emit-
ted CO2 from the atmosphere.

• Secondly, bioenergy use can help overcome energy 
poverty. The initial challenge here is to replace 
traditional forms of bioenergy use in develop-
ing countries that are harmful to health. Modern-
ization of traditional bioenergy use can play an 
important part in reducing poverty, preventing 
health risks and reducing use-related pressures 
on natural ecosystems. Around 2500 million peo-
ple currently have no access to safe and affordable 
forms of energy (e.g. electricity, gas) to meet their 
basic needs. Modern yet simple and cost-effective 
forms of bioenergy can play an important part in 
significantly reducing energy poverty in develop-
ing and newly industrializing countries. 

The guiding vision makes clear that bioenergy is a 
cross-cutting issue. Bioenergy policy encompasses 
not only energy, agricultural and climate policy; 
transport policy and foreign trade policy as well as 
environmental, development and security policy all 
play an important role in this emerging policy field. 
The complex dynamic of the markets is another rele-
vant factor. Energy and agricultural markets are 
becoming increasingly interlinked via bioenergy, and 
energy markets in particular are strongly influenced 
by countries’ strategic interests. In other words, there 
are complex political issues that must be resolved 
and that transcend the boundaries of established 
policy arenas, requiring cooperation between actors 
who, in the past, have shared little common ground. 
This poses major challenges for the governance and 
integration capacities of the policy-making process, 
which is largely structured along sectoral lines. 

However, bioenergy policy also transcends the 
framework of an international system that is based 
on nation states. For example, a blending quota for 
biofuels in Europe can contribute to an increase 
in deforestation in other parts of the world. Bioen-
ergy is thus an example of a complex global issue in 
which the actions of government and non-govern-
ment actors at national or local level may have unin-
tended consequences of a transregional or even glo-

The use of biomass as a renewable energy resource 
opens up opportunities but also involves risks. On 
the one hand, it raises hopes that dependence on 
imported oil and gas can be reduced, or that biofuels 
may mitigate the CO2 emissions of road transport. 
On the other, it gives rise to new fears – for exam-
ple, the possibility that the cultivation of energy 
crops may increase the likelihood of land-use con-
flicts arising from competition between food produc-
tion, nature conservation and bioenergy. The issue is 
a dynamic and highly complex one, attended by much 
scientific uncertainty and involving a multiplicity of 
interests. For these reasons it has not been possible 
in the past to undertake an integrated assessment of 
the opportunities and risks of bioenergy in the light 
of the contribution it can make to sustainable devel-
opment. WBGU sets out to show that bioenergy can 
be used in sustainable ways that exploit many of the 
opportunities while keeping many of the risks at a 
low level. 

WBGU’s core message is that potential for bioen-
ergy exists in all parts of the world and should be 
tapped in any case. Bioenergy must, however, be used 
under conditions that ensure that sustainability is not 
jeopardized; in particular, risks to food security and 
to climate change mitigation and nature conservation 
targets must be precluded. Bioenergy strategies need 
to be differentiated for individual countries, taking 
account of their socio-economic and agro-ecological 
circumstances. The guiding principle governing the 
choice of policy must in WBGU’s view be the strate-
gic role of bioenergy as an element of the global shift 
towards sustainable energy systems. WBGU’s guid-
ing vision therefore incorporates two objectives: 
•	 Firstly, bioenergy should contribute to climate 

change mitigation by substituting fossil energy 
carriers and thus helping to reduce greenhouse 
gas emissions in the world energy system. The fact 
that bioenergy carriers can be stored and used 
as control energy can play a strategically impor-
tant part in stabilizing the electricity supply in the 
energy systems of industrialized, newly industri-
alizing and developing countries when these sys-
tems involve a large proportion of wind and solar 

Recommendations for action 12
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and the Kyoto Protocol create false incentives for 
bioenergy production and use, and may even pro-
mote bioenergy use that is harmful to the climate 
(Section 10.2). In WBGU’s view it is essential, there-
fore, that the UNFCCC bodies address the issue of 
bioenergy. The aim should be to reform the modal-
ities for determining contributions to commitments 
under the Kyoto Protocol and its successor regime 
and adapt the allocation of emissions to greenhouse 
gas inventories in a way that avoids false incentives 
and does not distort the contribution made by bioen-
ergy to climate change mitigation. WBGU favours a 
scheme that includes the following elements: 

Firstly, the use of bioenergy must no longer be 
counted en bloc as free of CO2 emissions (‘zero emis-
sions’) in the energy sector. However, WBGU is not 
advocating replacing the presumed zero emissions 
with cumulated emissions from a life-cycle analy sis 
of the bioenergy, since this would not be compat-
ible with the other allocation modalities within the 
UNFCCC and would lead to double-counting (Sec-
tion 10.2.2). Instead, within the energy sector, the 
actual CO2 emissions arising from the combustion 
of the biomass should be counted and included. 
In return, the uptake of CO2 from the atmosphere 
by energy crops in the land-use sector should also 
be counted. This correction would align the way in 
which bioenergy is treated with the principle used 
elsewhere of always allocating emissions to the place 
and time of their creation. 

Secondly, the existing rules, under which only 
selected CO2 emissions and absorptions from land 
use and land-use change are or can be set against the 
commitments made by states, should be replaced by 
full accounting of all emissions from these sectors. 
Ideally, this new arrangement should form part of a 
wider agreement on conservation of the carbon stocks 
of terrestrial ecosystems within the UNFCCC. 

Thirdly, there need to be supplementary regula-
tions governing trade between countries that have 
and countries that do not have binding commitments 
to limit emissions (Section 10.2.2.1). 

Differentiate consideration of bioenergy in 
the CDM 
The Clean Development Mechanism (CDM) cur-
rently has only a limited influence on overall bioen-
ergy use in newly industrializing and developing coun-
tries. Any expansion of CDM projects that include 
the cultivation of energy crops should be viewed with 
scepticism unless it can be ensured that the use of 
land for this purpose will not give rise to displacement 
effects (leakage) and result in terrestrially stored car-
bon being released elsewhere. Potential new rules 
governing the land use, land-use change and forestry 
sector (LULUCF) in the framework of a post-2012 

bal nature. Bioenergy policy therefore requires a 
multi-level policy approach. 

The following specific recommendations for action 
are grouped into six blocks. The inherent overlap 
between the blocks highlights the need for a multi-
level policy. The starting point is the consistent inclu-
sion of bioenergy in climate change mitigation policy, 
the first of the guiding vision’s two objectives. Sec-
tion 12.1 therefore deals with incentives and com-
mitments under the UN climate protection regime. 
Measures in this area can, however, contribute simul-
taneously to the second of the guiding vision’s objec-
tives, the overcoming of energy poverty. But because 
the climate protection regime has little immediate 
impact and is unable to ensure conformity with other 
dimensions of sustainability (such as food security or 
the conservation of biological diversity), steps must 
be taken at the same time to set up standards and 
certification systems for bioenergy, initially at bi- and 
multi-lateral level. Section 12.2 contains a number 
of recommendations in this area. A key problem of 
bioenergy use is that the cultivation of energy crops 
can give rise to competition for land. Standards alone 
cannot solve this problem. There is therefore a need 
for more detailed accompanying measures to secure 
global food production, biological diversity and soil 
and water protection at all action levels; these meas-
ures are described in Section 12.3. The technical sus-
tainable bioenergy potential, which WGBU estimates 
to be 84–166 EJ per year in the year 2050, should be 
tapped.

Promotion policy is an important instrument of 
state influence in this field. Its task must be to correct 
false incentives and promote developments that are 
in line with the guiding vision. WBGU’s recommen-
dations on this issue are presented in Section 12.4. 
Section 12.5 deals with the objective of overcoming 
energy poverty. In this area WBGU identifies both 
major action shortfalls and equally large develop-
ment potentials. At present there is neither an inter-
national organization nor a convention with specific 
responsibility for bioenergy. Instead, a large number 
of private forums, UN activities and intergovernmen-
tal processes have arisen in recent years. Proposals 
for tackling this fragmented institutional situation 
round off the chapter in Section 12.6. 

12.1
Making bioenergy a consistent part of 
international climate policy

Reform accounting modalities for CO2 
emissions from bioenergy 
The existing provisions in the United Nations Frame-
work Convention on Climate Change (UNFCCC) 
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Move towards a comprehensive agreement 
on the conservation of terrestrial carbon 
reservoirs 
CO2 emissions arising from the LULUCF sector 
should be fully and systematically included in the 
post-2012 regime in order to ensure that the incentive 
given to bioenergy use by the UNFCCC is based on 
the actual contribution to climate change mitigation 
that it makes. However, the absorption and release 
of CO2 by the biosphere differs from the emissions 
of fossil energy sources in a number of fundamental 
respects, including measurability, reversibility, long-
term controllability and interannual fluctuations 
(Section 5.5). 

Since the different sectors also have very different 
characteristics in terms of time-related dynamics and 
amenability to planning, it would seem more appro-
priate – from the point of view of remaining within 
the 2°C guard rail – to define separate reduction 
targets rather than one overarching target. WBGU 
therefore recommends that in future, rather than set-
ting a national upper limit for all emissions, separate 
commitments should be envisaged for LULUCF. 
It proposes negotiating a comprehensive separate 
agreement on the conservation of the carbon stocks 
of terrestrial ecosystems. This agreement should (i) 
take up the debate on REDD, (ii) replace the exist-
ing rules on offsetting reduction commitments in 
the sectors listed in Annex A to the Kyoto Protocol 
against sinks (including CDM activities) and (iii) fully 
include all CO2 emissions from the land use, land-use 
change and forestry sector (LULUCF). Despite sep-
arate target agreements, WBGU considers it appro-
priate from the point of view of economic efficiency 
to aim for a certain level of fungibility; however, on 
account of measurement problems and other uncer-
tainties attaching to LULUCF emissions, this fun-
gibility should be clearly demarcated and linked to 
deductions.

European climate policy: Set incentives for 
emissions reductions in the land-use sector 
The Annex I countries’ commitments to reduce their 
GHG emissions under the Kyoto Protocol already 
cover emissions from agriculture and selected emis-
sions from forestry (Section 10.2.2), but EU policy-
makers have yet to translate these commitments sys-
tematically into appropriate incentives for farmers 
and forest managers. In future this should be done. 
Within the framework of the EU’s common agricul-
tural policy (CAP), there is scope available in the 
context of direct payments (Pillar 1) (with binding 
cross-compliance commitments) and the promotion 
of rural development (Pillar 2) (e.g. agri-environ-
mental measures). As also recommended by SRU 

regime are particularly important for bioenergy in 
the CDM context, and adaptations of the CDM will 
therefore be required. Leakage and the permanence 
problem (i.e. ensuring that climate change mitigation 
efforts have a lasting effect) in the CDM framework 
can be limited to some extent by lump-sum deduc-
tions on certified emissions reduction credits. Over-
all, however, these problems seem to be so important 
for ecological integrity and so difficult to control that 
the CDM should not be given a key role in reducing 
emissions in the LULUCF sector.

By contrast, CDM projects that aim to improve 
or replace inefficient traditional forms of biomass 
use should be utilized in order to further the diffu-
sion of efficient technologies in poorer developing 
countries and rural regions. Current moves in the 
UNFCCC to permit simplified methods for small-
scale CDM projects that facilitate the transition to 
sustainable biomass energy use – e.g. through highly 
efficient biomass stoves – are a step in the right direc-
tion. At the same time, however, the integrity of the 
CDM must be safeguarded; this means that only real 
and permanent emissions reductions from biomass 
use should be rewarded. 

Reduce emissions from deforestation in 
developing countries
Since the current expansion of energy crop cultiva-
tion could result in an increase in tropical deforest-
ation (Section 5.5), an effective regime for reducing 
the emissions from deforestation and forest degra-
dation (REDD) within the UNFCCC framework is 
extremely important. An appropriate REDD regime 
should create effective incentives for the swift 
achievement of real emissions reductions by reduc-
ing deforestation. These emissions reductions should 
be effected at national level in order to avoid leak-
age. Beyond the direct reduction of emissions, incen-
tives should also be created to permanently protect 
the natural carbon reservoirs, such as tropical pri-
mary forests, from deforestation and degradation, 
and to limit emissions from grassland conversion. 
The regime must mobilize adequate international 
financial transfers to establish effective incentives. In 
order to fulfil these requirements, the regime should 
consist of a combination of national targets to limit 
emissions and project-based procedures (Section 
10.2.2). The REDD regime would ideally form part 
of a comprehensive agreement within the UNFCCC 
to preserve the carbon stocks of terrestrial ecosys-
tems. 
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ble advantages for climate change mitigation, as well 
as for soil, water and biodiversity conservation, and if 
such cultivation also rates positively in terms of social 
criteria.

Establish certification schemes for 
sustainable bioenergy carriers 
If minimum standards for bioenergy carriers are 
introduced on a binding basis, appropriate certifica-
tion systems must be created promptly in order to 
demonstrate compliance with these standards. Ide-
ally, these should be internationally applicable certi-
fication schemes for all types of biomass for energy 
use as well as bioenergy end products. This makes it 
easier for the bioenergy standards to be extended 
at a later stage to all types of biomass. The Inter-
national Sustainability and Carbon Certification 
(ISCC) scheme, which was developed for the Ger-
man Federal Ministry of Food, Agriculture and Con-
sumer Protection (BMELV) specifically for the cer-
tification of bioenergy carriers, is a first step in this 
direction. This, or a comparable scheme, should be 
put in place as soon as possible. 

As the introduction of a general biomass stand-
ard can only be achieved in the medium term, the 
duty to furnish proof that the standards have been 
adhered to should lie in the first instance with the 
seller of the end product. This would require sup-
pliers, in turn, to furnish proof that the production 
of their feedstocks also complies with the standards. 
This would not, at least initially, give rise to a duty to 
certify feedstocks that can be used for purposes other 
than conversion to energy, such as rapeseed, soya or 
palm oil. To ensure that feedstocks and raw mater ials 
can be certified, one option is to introduce a ‘land-
use standard’ which imposes an upper limit on GHG 
emissions from the cultivation of feedstocks, includ-
ing direct and indirect land-use changes. The intro-
duction of this type of land-use standard for bioen-
ergy feedstocks can prepare the way for later expan-
sion to all types of biomass. 

Whereas the creation of certification schemes and 
the certification process itself can be left to market 
actors, monitoring of compliance with the standards 
after certification is best performed by the state in 
order to enhance the legitimacy of the standards and 
prevent abuse. To this end, institutions must be cre-
ated by the state to monitor implementation of the 
standards and impose sanctions in the event of non-
compliance or inappropriate issuance or possession 
of certificates.

(2008), the German government should utilize the 
forthcoming CAP review in 2008 and 2009 to initi-
ate comprehensive ecological reform of the CAP. If 
direct payments continue, cross-compliance should 
be systematically expanded to include climate pro-
tection aspects. Improving the focus of agri-environ-
mental measures should be a further objective (SRU, 
2008), and measures should also be geared towards 
mitigation of/adaptation to climate change.

12.2
Introducing standards and certification for 
bioenergy and sustainable land use

Introduce a unilateral minimum standard 
for bioenergy carriers
WBGU recommends, as a first step, introducing a stat-
utory minimum standard for bioenergy at EU level. 
The minimum standard should apply to all types of 
bioenergy carriers used for energy generation in the 
EU. Bioenergy carriers that do not satisfy the desired 
minimum standard should be excluded from the mar-
ket. WBGU’s proposal thus goes much further than 
the EU’s current plans to make compliance with a 
sustainability standard a prerequisite for the promo-
tion for liquid biofuels. For the minimum standard 
for bioenergy, WBGU recommends that the sustain-
ability criteria for liquid biofuels set out in the EU 
directive on the promotion of energy from renewa-
ble sources be expanded to include the methodolo-
gies for the calculation of indirect land-use changes 
and specific criteria for restricting the use of geneti-
cally modified organisms (GMOs). Certain basic core 
labour standards of the International Labour Organ-
ization (ILO) should also be made mandatory as part 
of the minimum standard. With regard to greenhouse 
gas emissions, WBGU recommends a specific abso-
lute emissions reduction in relation to the quantity of 
raw biomass consumed, rather than a relative emis-
sions reduction based on the final energy or useful 
energy. The use of bioenergy carriers should reduce 
life-cycle greenhouse gas emissions by at least 30 t 
CO2eq per TJ of raw biomass consumed in compari-
son with fossil fuels (Box 12.2-1). 

Promotion of bioenergy should only take place 
if additional promotion criteria are fulfilled which 
help to reduce energy poverty or increase climate 
change mitigation or biodiversity or soil protection. 
As a general precondition for promotion, the use of 
the bioenergy should result in a life-cycle greenhouse 
gas reduction of at least 60 t CO2eq per TJ of raw 
biomass used, as compared with fossil fuels. The use 
of biogenic wastes and residues in particular and the 
cultivation of energy crops on marginal land are par-
ticularly worth promoting if this achieves demonstra-
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which they have included environmental and social 
standards. An example is the agreement signed 
between Germany and Brazil in May 2008 on com-
prehensive cooperation in the field of renewable 
energies and energy efficiency. WBGU recommends 
that similar agreements concluded in future should 
contain specific and binding sustainability criteria 
for a minimum standard for the production of bioen-
ergy. In return, the trade partners should be granted 
free market access for bioenergy carriers if they com-
ply with the minimum standard. Wherever possible, 
existing bilateral treaties should be amended to that 
effect.

Pursue multilateral approaches to the 
globalization of standards 
The development and institutionalization of bioen-
ergy standards in a multilateral framework is the pre-
ferred option in terms of WTO rules and should be 
pursued. A further argument in favour of this course 
of action is that if the EU acts alone, large parts of 
the world market for bioenergy carriers will remain 
unregulated. The German government should work 
to ensure that an international consensus on a min-
imum standard for sustainable bioenergy produc-
tion and on a comprehensive international bioen-
ergy standard is achieved as swiftly as possible. From 
WBGU’s perspective, a promising approach is to 
develop existing international initiatives, especially 
the Global Bioenergy Partnership (GBEP), within 
the G8+5 negotiations. The GBEP is an important 
body as it could accelerate the formulation of mul-

Support developing and newly 
industrializing countries in achieving 
compliance with the minimum standards
In order to achieve compliance with the guard rails 
and sustainability criteria, as called for by WBGU, 
the developing and newly industrializing countries, 
including the least developed countries (LDCs), 
must be required to meet minimum standards in the 
production of bioenergy carriers. It must be borne in 
mind, however, that compliance with sustainability 
criteria and the requisite certification procedures 
may impose major burdens on these countries. For 
that reason, the LDCs in particular should receive 
financial and technical support with the establish-
ment of national certification schemes and supervi-
sory bodies, as well as with the certification process in 
individual production facilities. Furthermore, during 
an initial phase, simplified terms for the verification 
of certification criteria could also be offered. Group 
certification is a good way of keeping down certifica-
tion costs for agricultural smallholdings in the devel-
oping and the industrialized countries alike.

Utilize bilateral standard-setting as an 
effective instrument
Until a globally agreed land-use standard is cre-
ated, the anchoring of bioenergy standards in bilat-
eral agreements remains an effective instrument for 
increasing sustainability in the production of bioen-
ergy carriers. The bilateral agreements concluded 
to date between bioenergy producer and importing 
countries have so far been limited in the extent to 

Box 12.2-1

WBGU’s minimum standards for bioenergy 
production

•	 Reducing	greenhouse	gas	emissions	by	using	bioenergy	
carriers: The use of bioenergy carriers, taking account 
of direct and indirect land-use change, should reduce 
life-cycle greenhouse gas emissions by at least 30 t 
CO2eq per TJ of raw biomass used in comparison with 
fossil fuels. For the cultivation of biomass feedstocks, 
the greenhouse gas emissions generated by direct and 
indirect land-use changes from a specific reference date 
onwards, including the loss of the sink effect, should not 
exceed the amount of CO2 that can be re-sequestered on 
the same site by the energy crop within ten years (land-
use standard).

•	 Avoiding	indirect	land-use	change:	This means avoiding 
the displacement of productive forms of land use by the 
cultivation of energy crops.

•	 Preserving	protected	areas,	natural	ecosystems	and	areas	
of high conservation value: No cultivation of energy 
crops in identified exclusion zones (protected areas or 
areas of high conservation value); establishment of ade-
quate buffer zones; embedding of energy crop cultiva-

tion systems in the landscape; ecological risk assessment 
prior to any use of potentially invasive alien species.

•	 Maintaining	 soil	 quality:	 No long-term impairment of 
soil functions or soil fertility as a result of biomass cul-
tivation for energy use; observance of good agricultural 
practice; where residues are removed, maintenance of 
nutrient cycles.

•	 Ensuring	 the	 sustainability	 of	 logging	 by-product	 use: 
Use of logging by-products must proceed in a manner 
that maintains nutrient cycles and preserves the bio-
logical diversity of forest ecosystems.

•	 Managing	 water	 resources	 sustainably: No significant 
impairment of water quality and the hydrological 
regime; no overuse of groundwater resources.

•	 Controlling	the	effects	of	genetically	modified	organisms	
(GMOs): Introgression from genetically modified plants 
into wild plants must be prevented; contamination of, or 
inputs into, the food and animal feed chain must be ruled 
out; and GMO use must comply with national and inter-
national biosafety standards.

•	 Observing	 basic	 social	 standards: Compliance with a 
number of ILO’s core labour standards, particularly 
standards for adequate protection of health and safety 
at work.
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cess, this would clearly conflict with efforts to influ-
ence the sustainability of production in the countries 
of origin through the adoption of a minimum stand-
ard. The German government should therefore work 
within the relevant negotiations to classify as EGS 
only those goods that satisfy the minimum standard 
called for by WBGU and come from selected bioen-
ergy pathways.

Extension of the minimum bioenergy 
standard to all types of biomass
There is a need in the medium term for a global land-
use standard to regulate the production of all types of 
biomass for a wide range of uses (food and feed, use 
for energy and use as an industrial feedstock, etc.) 
across national borders and cross-sectorally. The EU 
member states should therefore prepare suitable 
provisions for extending the minimum standard to all 
types of biomass. At multilateral level, the establish-
ment of a new Global Commission For Sustainable 
Land Use should be considered, whose task would be 
to elaborate the principles, mechanisms and guide-
lines required for global land-use management (Sec-
tion 12.6).

12.3
Regulating competition between uses sustainably

Agriculture in the rural regions of developing coun-
tries can play an important part in preventing food 
crises but has for many years been a neglected area 
of development cooperation; this situation has con-
tributed to the worldwide rise in food prices. WBGU 
therefore recommends that agricultural productivity 
should be raised through increased investment, tar-
geted particularly at rural development, sustainable 
small-scale farming, and plant breeding. This can only 
succeed if decision-makers in the developing coun-
tries likewise accord a high priority to the develop-
ment of rural regions. Multi-lateral development 
cooperation, which over the past decade has paid too 
little attention to rural development, should support 
a radical change of approach in this area. 

12.3.1  
Developing an integrated bioenergy and food 
security strategy 

Over and above the measures specified by the depart-
mental working party on world food affairs in its 
report to the German Cabinet (Box 10.4-3), WBGU 
recommends including the cultivation of energy 
crops in an integrated bioenergy and food security 
strategy in which food security has precedence. The 

tilateral policies. With political support from the G8, 
the decisions could be introduced into relevant polit-
ical forums, institutions and processes, thus ensuring 
their implementation.

Achieve WTO compliance of standards for 
bioenergy carriers 
The minimum standard, as called for by WBGU, 
and the promotion criteria for biomass production 
require bioenergy production to be compatible with 
environmental and social standards. If the EU were 
to introduce unilateral standards, producers from 
non-EU countries would also have to comply with 
these standards if they wished to export their prod-
ucts to the EU or access state aid for feedstock cul-
tivation. 

The question of whether environmental and social 
standards are compatible with WTO law has still to 
be clarified. The World Trade Organization (WTO) 
conformity of unilateral European bioenergy stand-
ards can be justified in law, particularly with regard 
to criteria for the reduction of greenhouse gas emis-
sions and the conservation of global biodiversity, 
because the desirability of protecting climate and 
biodiversity is laid down in multilateral environ-
mental agreements in international law (UNFCCC, 
CBD). Moreover, all the political options should be 
utilized in order to increase the acceptance of estab-
lished environmental standards and the ILO’s core 
labour standards in the existing WTO treaty regime 
and safeguard them in the long term. At present, 
major obstacles to the full recognition of environ-
mental and social standards can be identified, nota-
bly in the opposition of certain groups of states, espe-
cially the majority of developing countries. It is there-
fore essential, within the framework of current and 
future WTO negotiations, to focus substantially on 
building trust in the relationship between the indus-
trialized and the developing countries. 

Gear the liberalization of trade in 
environmental goods and services to 
environmental goals
Within the framework of the current WTO Round, 
one issue being considered is the abolition of tar-
iffs and other trade barriers for goods and services 
which member states regard as particularly environ-
mentally friendly. However, the intended liberal-
ization of trade in relation to these ‘environmental 
goods and services’ (EGS) must not run counter to 
the goal of sustainable production and use of such 
goods and services. If the trade in bioenergy carri-
ers undergoes generalized liberalization within the 
WTO framework, on the grounds that they qualify 
as environmental goods, without any consideration 
of the need for sustainability in the production pro-
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12.3.2  
Taking greater account of the coupling of land 
use, food markets and energy markets 

The challenges of securing the world food supply must 
today be dealt with against the backdrop of increas-
ing pressure on global land use; they can no longer 
be addressed through national endeavours alone. In 
a globalized world, national and international pol-
icy-making must take much greater account of the 
ever closer links between land use, the development 
of agricultural prices and the energy markets. Meas-
ures in one sector must always be considered from 
the point of view of the (international) repercus-
sions they may have on the other sectors. The task 
for the medium term is to design and set up regula-
tory mechanisms for reducing conflicts, for example 
if developments in the energy markets result in unde-
sirable developments for food security. 

Take account of food security in the 
liberalization of agricultural trade 
In the long term it is important for food security that 
signals from the world agricultural markets prompt 
production increases specifically in the poorer devel-
oping countries. To this end, import barriers for agri-
cultural goods – particularly food – should be lowered 
further and export subsidies and other production 
promotion measures that do not comply with sustain-
ability criteria should be reduced. This should hap-
pen worldwide, but particularly in the industrialized 
countries. In all probability prices on the world agri-
cultural markets would then rise and in the medium 
to long term food production in developing countries 
could grow on account of the comparative produc-
tion advantages that these countries enjoy. However, 
poorer developing countries, as net importers of agri-
cultural commodities and food (LIFDCs), are often 
directly and adversely affected by such price rises on 
the world markets. Short-term international finan-
cial support and compensation measures would be 
needed to cushion these negative impacts. The small-
holder sector in developing countries may be simi-
larly affected if liberalization without further sub-
sidies forces small farmers to compete with cheap 
agricultural imports. For the smallholder sector in 
poorer developing countries there should there-
fore be exemptions enabling these countries to levy 
(higher) import tariffs on certain agricultural com-
modities and pursue other promotion measures as a 
means of safeguarding long-term national strategies 
for regional development and sustainable food pro-
duction. These regulations could be included as per-
missible Green Box subsidies in the WTO’s Agricul-
ture Agreement, or could be contained in a ‘Devel-
opment Box’. 

integrated strategy must also cover sustainable water 
use and soil protection. This is particularly important 
for the low-income food-deficit countries (LIFDCs). 

Energy crop cultivation must go hand in hand with 
increases in food production and in the productivity 
of land used for this purpose. Rural development and 
the agricultural sector have for many years been a 
neglected area in international cooperation; this has 
been a significant factor in the worldwide rise in food 
prices. This must change. A controlled expansion of 
bioenergy makes sense only if it is accompanied by 
worldwide efforts to strengthen agriculture. 

Following the dramatic food price rises of 2008, 
there has recently been increased effort at interna-
tional level to develop coordinated strategies for 
avoiding future food crises. In this discussion there is 
widespread consensus on the key strategy elements. 
What is required is, firstly, measures that will imme-
diately and directly improve the food situation in the 
affected regions. Secondly, measures must at once be 
put in place to improve conditions for food security 
and food production in the long term; these measures 
must be consistently incorporated into other policy 
areas such as climate change mitigation and nature 
conservation. The World Agricultural Report com-
missioned by the World Bank and the FAO (IAASTD, 
2008; Box 10.4-2) rightly calls for changes in agricul-
tural policy in order to better reflect the complexity 
of agricultural systems in their differing social and 
ecological contexts. In WBGU’s view, energy crop 
cultivation has a major part to play in this, partic-
ularly in strategies and projects involving off-grid, 
rural energy supply. Cultivation should, however, be 
promoted mainly on marginal or degraded land (Sec-
tion 7.4). Finally, WBGU holds that the decision on 
where energy crops can be sustainably grown can 
only be made on a regional and context-specific basis 
and with the involvement of all the relevant actors. 

In order to be better prepared for future food 
crises, an effective early warning system is needed. 
Existing monitoring capacities, e.g. those of the 
FAO and the World Food Programme (WFP) need 
to be improved and better networked (Ressortar-
beitsgruppe Welternährungslage, 2008). In addition, 
WBGU sees an increasing need for identification of 
risks to food security arising from competition with 
energy crop cultivation for the use of resources. In 
order that the risks arising from the increasing pres-
sure on global land use can be promptly recognized, 
global monitoring and early warning systems are also 
very important. 
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also limits the potential for energy crop cultivation 
(Section 5.2). In LIFDCs, particularly in Africa, it is 
already possible to observe agricultural land being 
bought up on a large scale by foreign investors in 
order to meet the growing demand from other coun-
tries for animal feed. 

The influence of dietary habits should not be 
underestimated: by 2030 they may account for around 
30 per cent of the required increase in food produc-
tion (Section 5.2). There is still far too little aware of 
these links – that is, of the importance of eating habits 
for land use and food security – and the facts there-
fore need to be brought home to consumers through 
education campaigns. The primary aim of such cam-
paigns is to raise awareness of the issue, particularly 
in the industrialized countries, and to motivate people 
to change their behaviour. Initiatives should be insti-
gated at international level, e.g. through the United 
Nations organizations, with the same aim. 

These initiatives should be supported by inter-
national cooperation on land take for the per-cap-
ita consumption of food. At issue is the amount of 
land used at home and abroad for production of the 
food consumed within a particular country. Sustain-
ability concepts such as that of the ecological foot-
print can highlight the fact that in global terms nat-
ural resources are currently being used at a rate that 
exceeds their regeneration limits. Although biomass 
use for food production cannot be considered sepa-
rately from other biomass uses, and although issues 
relating to the methodology and operationalization 
of these analytical concepts still remain to be clari-
fied, it is nevertheless incumbent upon industrialized 
countries that have a high per-capita consumption 
of land-intensive food to take the initiative. The ini-
tial aim should be to identify a precise basis for data 
relating to food-related land take. Countries could 
then undertake to reveal their per-capita land take 
for food. The next stage should be to develop strate-
gies within the international community for reducing 
the per-capita land take. One aspect of this should be 
the very high secondary consumption of food (post-
harvest losses, discards). These strategies could help 
to reduce the per-capita consumption of foods that 
are particularly land-intensive. In the long term coun-
tries could give a voluntary undertaking to reduce 
their per-capita land take. The rapidly growing newly 
industrializing countries should also be included in 
this collaborative endeavour. 

Improve the financing of international food 
aid 
Funding issues also arise in connection with emer-
gency aid programmes – that is, the short-term direct 
provision of food to countries experiencing a crisis. 
The central institution here is the World Food Pro-
gramme (WFP), which has a budget of US$ 2800 mil-
lion. Following the global crisis in 2008 the Programme 
has announced that it needs an additional US$ 750 
million. To ensure adequate long-term funding of 
the WFP, it may be appropriate to set up independ-
ent sources of funding for it. In view of the growing 
global competition between different forms of land 
use, WBGU recommends considering the possibility 
of international financing based on the polluter pays 
principle; this would involve a levy on forms of land 
use other than nature conservation and food produc-
tion. For example, a contribution formula could be 
agreed in the donor community to take account not 
only of the donor state’s ability to pay but also of the 
use it makes of biomass for conversion to energy. 

Consider measures for reducing food price 
volatility
The closer the correlation between energy prices and 
food prices, the more volatile food prices are likely 
to be (Section 5.2). Frequent sharp downward price 
fluctuations increase investment uncertainty for agri-
cultural producers and have a particularly detrimen-
tal impact on the small-scale farming sector; pro-
ducers in this sector are unlikely to have reserves 
and have either wholly inadequate security against 
price risks or none at all. Sharp upward price fluctu-
ations, on the other hand, jeopardize net food con-
sumers with low incomes. There is a need to consider 
whether an internationally coordinated expansion 
of food reserves could represent a viable means of 
increasing supply on the world market in the event 
of a sudden significant price rise, or of generating 
demand if prices fall dramatically. Innovative meas-
ures for reducing volatility are highly desirable. 

12.3.3  
Taking greater account of increasing pressure on 
land use caused by changing dietary habits 

The greatly increased pressure on land use as a result 
of changed dietary habits, namely the land-inten-
sive dietary patterns in industrialized countries and 
the spread of these patterns to dynamically growing 
newly industrializing countries, increases global com-
petition for land use. This is a challenge for the future 
that is still widely underestimated and deserves fuller 
attention. The spread of western dietary patterns with 
their high consumption of meat and milk products 
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be made accessible to providers of ecosystem serv-
ices from developing countries. 

Mobilize more funds for protected areas in 
the financing mechanisms 
In view of the key importance of financing for the 
designation of new protected areas and the improved 
management of existing ones, there is a general 
need to make additional funds available. The inten-
tion here should be to mobilize € 20–30 per person 
per year in high-income countries in order to close 
the present funding gap (Section 10.5). Transition 
countries, newly industrializing countries and rich 
resource countries should be involved more strongly 
in the financing process as time goes on. The foun-
dation should be laid now for a market-like mech-
anism in which assurances that previously certified 
land will be protected are traded for a compensation 
payment. 

Optimize interaction of the CBD and 
UNFCCC 
In view of the priority given to climate policy 
issues in global environment policy forums and the 
many interfaces between climate protection and 
biodiversity conservation, cooperation between the 
different political processes must take place in such 
a way that biodiversity conservation is promoted or 
at least not hindered. The substantive contribution to 
the UNFCCC process agreed at CBD COP-9 repre-
sents only a starting point. Better networking of the 
scientific bodies of the UNFCCC and CBD should 
also be established. At national level there should 
be better intra- and inter-ministry coordination of 
the responsible government bodies. Plans for using 
financing mechanisms related to climate change miti-
gation, such as proceeds from the auctioning of CO2 
certificates, or deploying the financing provided for 
avoided deforestation (REDD process, Box 10.2-2) 
to foster a global protected area network should be 
examined for suitability. 

Examine further development of CBD 
provisions with a view to a protected area 
protocol 
Evaluation of the 2010 target of the CDB and of 
implementation of the protected area programme will 
be undertaken at COP-10 in Japan. If previous trends 
continue, this target is likely to be missed. Whether 
this is so depends in part on the success of the initia-
tives agreed in Bonn. Recent studies highlight clearly 
the economic importance of conserving biological 
diversity. The REDD process in the UNFCCC, which 
is running in parallel, will underline the valuable con-
tribution that conserving endangered natural ecosys-
tems makes to climate change mitigation. Another 

12.3.4  
Implementing biodiversity policy for sustainable 
energy crop cultivation 

From the perspective of biosphere conservation the 
increasing use of bioenergy worldwide poses two 
key challenges to biodiversity policy. Firstly, within 
the global system of protected areas additional pro-
tected areas must be designated and the management 
of existing areas must be improved and made more 
effective. The purpose of this is to limit conversion 
of natural ecosystems triggered directly or indirectly 
by bioenergy use (Section 10.5.1). It is essential that 
this is underpinned by adequate financing of the pro-
tected area system from national and international 
sources (Section 10.5.2). Secondly, when energy crops 
are grown or forests are used as a source of bioen-
ergy, the conservation and sustainable use of bio-
logical diversity must be ensured through appropri-
ate bioenergy standards (Section 10.5.3). The Con-
vention on Biological Diversity (CBD) can play a 
part in this through the development of biodiversity 
guidelines. 

Get the LifeWeb initiative off the ground
The LifeWeb initiative, which was introduced at Ger-
many’s instigation at the COP-9 of the CBD (BMU, 
2008e), aims to promote implementation and financ-
ing of the CBD’s protected areas programme through 
bilateral partnerships. The initiative, and in particular 
the German government’s decision to make signifi-
cant additional funds available to it, is very much to 
be welcomed. The challenge now is to persuade other 
donor countries to support LifeWeb. At the same 
time, concrete bilateral projects should be speedily 
progressed, using the funds that have already been 
approved. The success of this initiative will not only 
contribute to the 2010 target of the CBD but will also 
function as a nucleus for further development of the 
CBD’s provisions relating to protected areas. 

Stabilize agreements on biodiversity 
conservation through compensation payments 
A strategy for ensuring globally sustainable land use 
should provide for worldwide expansion of interna-
tional compensation payments. Without compensa-
tion for lost income from agriculture and forestry, 
developing countries in particular will be unable or 
unwilling to forego the opportunities for economic 
growth generated in these sectors, even if these 
opportunities are only of a short- to medium-term 
nature. This is particularly the case at times of rising 
agricultural and bioenergy prices. With this in mind, 
pilot projects should explore whether national hab-
itat banking systems in industrialized countries can 
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an increasing hunger for energy worldwide can 
greatly increase the pressure of use on soil and water 
resources. This is not yet an acute issue on a global 
scale, but promotion of non-sustainable cultivation 
systems may cause it to become a problem in critical 
regions. In any case, energy crop cultivation should 
not result in a region being placed under intoler-
able water stress or in soil degradation being accel-
erated. In regions that are already experiencing sig-
nificant water stress or soil degradation, energy crop 
cultivation should not exacerbate these adverse envi-
ronmental impacts. Energy crop cultivation should 
therefore be integrated into a regional strategy for 
sustainable soil and water management. 

Use energy crop cultivation to restore 
marginal land 
If the right cultivation system is used, growing energy 
crops on marginal and degraded land can actually 
help to improve the soil. In the long term it is likely 
that only the growing of energy crops on marginal 
and degraded land over several decades could form 
a strategic option because, in some cases at least, 
energy crop cultivation could in the long term make 
restored land available for food production. This 
could go some way towards reducing the growing 
pressure on land use. 

Embed bioenergy use in the combating of 
desertification
The United Nations Convention to Combat 
Desertification (UNCCD) provides a platform for 
supporting, programmatically and conceptually, sus-
tainable and poverty-oriented land-use in countries 
experiencing droughts and desertification. It does this 
primarily through the instrument of National Action 
Programmes (NAPs) to combat desertification (Sec-
tion 10.6). The use of standards for sustainable soil use, 
specifically including energy crop cultivation, could 
be promoted within the context of NAPs. In addition, 
the 10-year Strategic Plan of the UNCCD, adopted in 
2007, provides numerous opportunities for promot-
ing awareness-raising, bioenergy assessment, stand-
ard-setting in relation to combating desertification, 
and the development of policy for sustainable bioen-
ergy use in general. In concrete terms, a sustainable 
bioenergy strategy should be developed and imple-
mented within the context of the NAPs and steps 
should be taken to ensure that these NAPs are inte-
grated into the overarching national development 
strategies (in most cases the PRSPs, Poverty Reduc-
tion Strategy Papers). 

important component of development of the CBD 
is the setting up of a scientific advisory body for bio-
logical diversity, similar to the IPCC. The regular pro-
vision of reports by this body would raise awareness 
of the underlying issues. Under the changed condi-
tions that may ensue, it could in the long term be 
possible to expand the CBD provisions to include a 
mandatory commitment linking the implementation 
of measures relating to protected areas to financing 
instruments. The content and political feasibility of 
a protected area protocol of this type and possibil-
ities of linking it to the emerging REDD regime of 
the UNFCCC should be considered as an option now 
(Section 11.5.4).

Promote development of biodiversity 
guidelines for sustainability standards in 
the context of the CBD 
In the light of the outcomes of COP-9, it cannot be 
assumed that the CBD will make rapid progress in 
the area of bioenergy. Nevertheless, the process of 
drawing up biodiversity guidelines under the CBD 
as a contribution towards sustainability standards 
should be promoted and where possible accelerated 
during the German CBD presidency. As an important 
element of this, development of the World Database 
on Protected Areas (UNEP-WCMC, 2008) should be 
promoted at the same time, in order to establish the 
necessary monitoring capacities. In the medium term 
the impetus for sustainability standards in the bioen-
ergy sector should be used to drive forward the cre-
ation of general guidelines for all forms of biomass 
production. 

12.3.5  
Improving long-term water and soil protection 
through energy crop cultivation 

The Comprehensive Assessment of Water Manage-
ment in Agriculture (IWMI, 2007), the SIWI study 
(Lundqvist et al., 2008) and the GLASOD study 
(Oldeman et al., 1991; Oldeman, 1992) highlight the 
fact that present trends of water and soil use are 
pointing in the wrong direction (Section 5.6). With-
out a change of policy this will lead in many regions 
to more serious water crises and increased soil deg-
radation. 

Make prior analysis of regional water and 
soil availability a requirement
In many regions, water and soil are precarious 
resources. Before bioenergy cultivation is promoted 
on a large scale, an integrated analysis of water and 
soil availability in the region should be carried out. 
Inappropriate cultivation systems (Section 7.1) and 
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rural areas of developing countries. In this context 
WBGU regards the promotion of bioenergy-based 
projects as justified even if the promotion criteria 
are not fully met. 

12.4.1  
Reforming agricultural subsidies 

Restrict incentives for growing energy 
crops to exceptional cases 
Measures that specifically promote energy crop cul-
tivation are often relatively inefficient and ineffec-
tive. They also tend to intensify competition for land 
use. Promotion measures should therefore always be 
examined for counterproductive effects. The exist-
ing promotion of non-sustainable biomass produc-
tion that does not meet WBGU’s minimum stand-
ards should be withdrawn. The promotion of sustain-
able biomass production for energy purposes can be 
recommended if the land use contributes to nature 
and soil conservation services or if it forms part of 
a project aimed at reducing energy poverty (promo-
tion criteria for biomass cultivation). In such situa-
tions energy, agricultural and environmental policies 
need to be coordinated interdepartmentally. 

Tighten the focus of subsidies for growing 
energy crops
Production subsidies in the agricultural sector, espe-
cially in industrialized countries, distort the global 
agricultural market, create inefficient competition for 
subsidies between producer countries and impede the 
development of many poorer countries. This includes 
subsidies for energy crop cultivation, which have the 
additional disadvantage of intensifying competition 
with food production for land use. WBGU there-
fore recommends that policy-makers should work 
towards the widespread abolition of production sub-
sidies in the agricultural sector. Never theless, certain 
subsidies that have major environmental and devel-
opment benefits should be not only excluded from 
this abolition but actively supported by the inter-
national community. The subsidies in question are, 
firstly, those targeted at the sustainable cultivation 
of energy crops in developing countries in the con-
text of projects that directly serve to reduce energy 
poverty and, secondly, subsidies for the cultivation 
of perennial energy crops on degraded and marginal 
land. WBGU therefore recommends that such subsi-
dies should be explicitly classified as permissible sub-
sidies for WTO purposes. 

12.4
Targeting bioenergy promotion policies

The various bioenergy pathways have very differ-
ent environmental impacts and contribute in varying 
degrees to climate change mitigation and biosphere 
conservation (Chapter 5). In the worst case they run 
counter to the German government’s climate change 
mitigation and biosphere conservation targets. It fol-
lows that not all types of bioenergy are worthy of 
promotion. However, WBGU has identified some 
bioenergy cultivation systems and conversion path-
ways that make a sustainable contribution to mitigat-
ing climate change, overcoming energy poverty and 
securing the energy supply; these should therefore be 
promoted. 

WBGU recommends that the use of non-sustain-
able energy carriers that do not meet its proposed 
minimum standard (Section 10.3.1) should cease 
entirely. Minimum standards can initially be agreed 
in the form of unilateral standards at EU level. 
Attempts should be made to encourage the adoption 
of these standards in other countries and at interna-
tional level through bilateral and multilateral agree-
ments (Section 12.3.1).

The direct promotion of bioenergy pathways must 
also be contingent upon compliance with more strin-
gent criteria (Section 10.3.1.2). Promotion should 
only be accorded to those bioenergy pathways that 
contribute to climate change mitigation in a partic-
ularly sustainable way. WBGU defines such path-
ways as ones that not only meet the minimum stand-
ard but also permit a saving of at least 60 t CO2eq 
per TJ of biomass consumed, taking total life-cycle 
emissions into account. However, since for practical 
reasons promotion needs to target different stages of 
the production process (cultivation, conversion and 
application systems), it is usually necessary, when tar-
geting a specific stage, to make standardized assump-
tions about the other stages involved. 

With regard to the promotion of energy crop cul-
tivation, in particular, WBGU regards compliance 
with additional ecological and social criteria as essen-
tial. To conserve soil fertility, ecological limits should 
likewise be set on the use of biogenic residues. The 
promotion of conversion and application systems 
should be designed to be compatible with the over-
all vision of a shift towards sustainable energy sys-
tems. Undesirable lock-in effects should be avoided 
and forward-looking technologies such as electromo-
bility promoted. 

Sustainable energy systems involve not only atten-
tion to climate change mitigation but also the reduc-
tion of energy poverty. Modernization of distributed 
and traditional uses of bioenergy can make an impor-
tant contribution to this latter aim, particularly in the 
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WBGU therefore recommends that the promotion 
of biofuels be rapidly phased out, at least in industri-
alized countries. In particular, blending quotas should 
be frozen with immediate effect and within the next 
few years the current quotas for blending biofuels 
with fossil fuels should be withdrawn completely. 

In the transport sector bioenergy is most efficient 
when it is used to generate electricity to power elec-
tric vehicles (this is at least twice as efficient as using 
bioenergy in the form of biofuels in conventional 
combustion engines). Furthermore, the use of elec-
tric vehicles significantly reduces fine particle emis-
sions and noise, and electric vehicle technology can 
be used to sequester CO2 emissions in the transport 
sector. State promotion policies can help businesses 
develop energy storage and electric vehicle technol-
ogy and expand opportunities for plugging in to the 
electricity grid. On the demand side, state promo-
tion should in the main take the form of monetary 
incentives (e.g. taxes on motor vehicles and fuels) so 
that the process of technological innovation is not 
unnecess arily constrained (Section 10.7.6). 

Promote selected bioenergy pathways for 
electricity generation 
The greatest climate change mitigation effect is 
achieved when coal is substituted by bioenergy car-
riers for electricity generation. A range of conver-
sion pathways – such as co-combustion in coal-fired 
power plants or large-scale CHP plants, the use of 
biogas from fermentation and raw gas from gasifi-
cation in small-scale CHP units, or the use of bio-
methane in small-scale CHP units or combined-
cycle power plants – all deliver roughly comparable 
reductions in greenhouse gas emissions. However, 
where biomethane is used a further enhanced cli-
mate change mitigation effect can be achieved if the 
CO2, which must in any case be separated during the 
production process, can be securely stored. The con-
version of biomass to electricity has the additional 
advantage that – unlike liquid biofuels – it facilitates 
the shift to electromobility for the transport sector. 

WBGU therefore recommends that in countries 
in which coal plays an appreciable part in power 
generation, electricity from biogenic energy carri-
ers should be promoted if a greenhouse gas reduc-
tion of at least 60 t CO2 per TJ of raw biomass con-
sumed (by comparison with the fossil reference sys-
tem) can be achieved, and if policy conditions are 
such that it is likely that fossil energy carriers with 
high greenhouse gas emissions will be replaced. For 
the bioenergy pathways listed above this value is 
usually achieved if biogenic wastes and residues are 
used, whereas when energy crops are used it is not 
achieved for all pathways. 

12.4.2  
Advancing energy recovery from biogenic wastes 
and residues

The sustainable use of biogenic wastes and residues 
largely avoids the competition between different uses 
that energy crops provoke; this enables a consistently 
high climate change mitigation effect to be achieved. 
WBGU therefore recommends that the use of wastes 
and residues be given clear priority over the use of 
energy crops. Wastes and residues achieve their high-
est climate change mitigation effect in electricity gen-
eration, especially when they displace coal. Greater 
incentives need to be put in place so that residues 
are used for conversion to energy. The easiest way to 
mobilize the untapped potentials of biogenic wastes 
and residues is through targeted and differentiated 
promotion of renewable energies for generating elec-
tricity and heat, while ensuring that incentives for the 
use of biogenic wastes and residues are sufficiently 
large in relation to the promotion of other biogenic 
secondary energy carriers. At the same time regula-
tions must if necessary be put in place to ensure that 
the removal of residues from forests and farmland 
meets ecological sustainability criteria. Additional 
incentives for mobilizing wastes and residues can be 
created through rules on the landfilling of waste and 
support for collection and transport infrastructures. 
Promotion of the use of wastes and residues as an 
energy resource must bear in mind the possibility of 
competition with the use of biogenic resources as an 
industrial feedstock; ideally, pathways involving cas-
cade use should be promoted. 

12.4.3  
Reorienting technology policy 

Phase out promotion of liquid biofuels and 
promote electromobility 
For reasons of sustainability, WBGU takes the view 
that the promotion of liquid biofuels cannot be justi-
fied, particularly in industrialized countries. The argu-
ments against promoting liquid biofuels include the 
high costs of abating greenhouse gas emissions, the 
low to negative abatement achieved per unit of land 
used, and the risk of lock-in effects which perpetuate 
an inefficient transport infrastructure based on the 
combustion engine. The expansion of biofuel produc-
tion can at most be justified under certain conditions 
in some developing and newly industrializing coun-
tries, provided that the fuel is for regional consump-
tion and is produced only for a transitional period; 
here too, though, subsidies must be evaluated criti-
cally from the point of view of efficiency and envi-
ronmental and social considerations. 
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of the extensive infrastructure investment that both 
local and central district heat networks require, it 
seems appropriate to deploy boilers fired by wood, 
wood chips and pellets as a transitional approach, 
especially in rural areas. However, resistance to 
change is strong, particularly among private house-
holds, and is encountered even in relation to techni-
cally efficient and economically worthwhile combus-
tion technologies. In view of these perseverance ten-
dencies, it may be expedient for regulatory sanctions 
to be supplemented by promotion through cut-price 
loans or investment bonuses for householders who 
switch to efficient biomass heating systems. If strin-
gent conditions have not yet been imposed on fine 
particle emissions, these should be introduced and 
implemented in tandem with promotion. 

Engage in strategic development of the use 
of biomass as an industrial feedstock 
In order to draw up a strategy for the use of biomass 
from agriculture and forestry as an industrial feed-
stock, a material flow analysis should be carried out. 
The analysis should identify the present situation at 
national and global level (production, use, recycling 
and disposal, also including imports and exports) and 
inventorize the global land areas involved. A range 
of scenarios should then portray likely developments 
and options for action (the likelihood of increased 
competition between use for energy and use as an 
industrial feedstock and between the agricultural and 
forestry resource base; prospects for replacing petro-
leum-based products such as plastics, lubricants and 
bitumen; using long-lived wood products to bind car-
bon; cascade use of biogenically produced products 
that are finally used as an energy resource). For key 
material and product categories such as cellulose and 
paper products, sustainability standards for the culti-
vation and acquisition of the raw materials – analo-
gous to those used for bioenergy – should be estab-
lished and product standards with high recycling quo-
tas should be developed. The present high consump-
tion of resources and products should be drastically 
reduced by putting appropriate measures in place. 

Initiate an international agreement on (bio)
energy subsidies 
The subsidizing of bioenergy as a form of renewable 
energy should be seen in the context of other energy 
subsidies, particularly those for fossil energies. Since a 
shift towards sustainable energy systems is required, 
national policies on the production and use of energy 
should be revised, with sustainability criteria being 
accorded greater weight. This applies to the promo-
tion policies of both industrialized and newly indus-
trializing countries. In WBGU’s view the requisite 
policy change can most readily be implemented with-

Feed-in tariffs are suitable promotion instruments, 
but other instruments including direct subsidies are 
also a viable approach. However, WBGU advises 
against quotas: quotas would generate an enforced 
demand for bioenergy which, in view of the signifi-
cant competition for land associated with the cultiva-
tion of energy crops, could give rise to highly unde-
sirable side effects – which the use of solar or wind 
energy would not do. 

For reasons relating to the systems involved, the 
use of biomethane is particularly attractive. Not only 
is biomethane associated with relatively easy CO2 
sequestration: it can be collected and distributed via 
the infrastructure of natural gas grids that already 
exists in many industrialized countries and converted 
to electricity highly efficiently in small-scale CHP 
units or combined-cycle power plants near where it 
is needed. WBGU therefore recommends specific 
additional promotion of biomethane pathways, if the 
CO2 arising during manufacture is safely stored and 
the biomethane is used for conversion to electricity. 

In tandem with this, expansion of the gas grid 
should be moved forwards and grid operators should 
be obligated to set up pump stations to enable decen-
tral biomethane to be fed into grids with higher pres-
sure levels. 

Promote CHP and combined-cycle power 
plants 
If bioenergy is to be used efficiently in the energy 
system, the spread and use of technically efficient 
conversion systems – especially CHP and combined-
cycle power generation – is particularly important. 
The competitiveness of these power plant technol-
ogies depends crucially on the framework of energy 
and climate policy. It is therefore important that 
allowances allocated under emissions trading sys-
tems are not issued free of charge; free allocations 
such as those under the European Emission Trad-
ing Scheme (ETS) should be phased out resolutely. 
In recognition of the high efficiency of CHP, in the 
ETS free allowances should continue to be issued or 
reductions in allowance obligations should be pro-
vided for. In sectors that are not covered by emis-
sions trading, partial tax exemptions should be con-
tinued. In countries without an emissions trading sys-
tem or without CO2 emissions taxes, investment or 
output subsidies can be made contingent upon the 
utilization of efficient system technology. 

Promote heating of buildings by biomass 
only as a transitional measure 
The heating of buildings is most efficient when it is 
combined with electricity generation via CHP or, as 
a longer term prospect, when it is provided by heat 
pumps operated by renewable electricity. On account 
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international development cooperation. As a first 
step, overcoming energy poverty should be systemat-
ically included in Poverty Reduction Strategy Papers 
(PRSPs). The international community should par-
ticularly promote bioenergy projects that advance 
off-grid rural energy supply in developing countries. 
In this context WBGU welcomes the new Africa-EU 
Energy Partnership, which has set itself the task of 
improving electrification and capacity development 
in Africa (EU Commission, 2008c).

Base strategies on multi-country cross-
cutting evaluations and local studies 
A development-policy strategy for overcoming 
energy poverty must start by considering alternative 
ways of providing energy services; obstacles need to 
be understood and overcome. The priorities of devel-
opment cooperation should then be revised accord-
ingly. Some programmes – such as those of the Asian 
Development Bank and of GTZ – are already adopt-
ing this approach. The development of appropriate 
strategies should be based on multi-country cross-
cutting evaluations, which can identify the elements 
of best-practice approaches. However, in connec-
tion with the scaling-up of new technologies that 
could be based on biomass it is essential to carry out 
large-scale national, regional and local studies of the 
opportunities and obstacles. So far the only studies 
available are single-case analyses with a very narrow 
focus. Once this broader data basis has been created, 
stakeholders involved in international development 
cooperation should work with national institutions 
and decision-makers and affected groups to increase 
awareness and acceptance in this area, incorporate 
these factors into appropriate political strategies and 
actively pursue the replacement of traditional bioen-
ergy use at local level. The wider use of improved 
wood and charcoal stoves is only a first step in this 
direction. 

Support developing countries in drawing up 
national bioenergy strategies 
So that the opportunities and development potentials 
of bioenergy can be realistically assessed and any 
risks can be minimized, WBGU recommends that 
key strategic issues be discussed in the country con-
text and with as broad a range of stakeholder groups 
and affected sections of the community as possible. 
This discussion should aim to clarify the principal 
goals that the promotion of bioenergy is intended to 
achieve. A national bioenergy strategy should exam-
ine all the forms in which bioenergy can be deployed 
and applied and evaluate their suitability in the con-
text of the local situation. Since bioenergy repre-
sents only one of a number of options for achieving 
the required targets, other alternatives must also be 

out significant competition effects if countries jointly 
address the reduction of non-sustainable energy sub-
sidies and coordinate their actions at international 
level. At the same time they should agree on princi-
ples for the admissibility of energy subsidies linked 
to sustainability criteria. This could take place in the 
context of negotiations on a Multilateral Energy 
Subsidies Agreement (MESA). Such an agreement, 
which would initially be plurilateral in nature and 
should cover at least the key energy-producing and 
energy-consuming countries, could in the long term 
be integrated within the WTO body of rules. 

12.5
Harnessing sustainable bioenergy potential in 
developing and newly industrializing countries 

Traditional biomass use forms the basis for cooking 
and heating for some 2500 million people worldwide. 
The use of low-cost, simple technologies can signifi-
cantly increase the efficiency of traditional biomass 
use and improve the health and economic situa-
tion of very many people. In the context of interna-
tional development cooperation many programmes 
have already been undertaken, but the problem is 
still far from being comprehensively solved. In addi-
tion, many developing countries are hoping to profit 
from growing energy crops. From its analysis of the 
situation WBGU derives recommendations for the 
deployment of bioenergy. These recommendations 
are intended to help mobilize the opportunities asso-
ciated with bioenergy in developing countries identi-
fied in the report while at the same time minimizing 
the not insignificant risks, especially those of energy 
crop cultivation. 

Make overcoming energy poverty a priority 
of development policy
Access to energy is a crucial aspect of development. 
Local production and use of bioenergy therefore 
opens up major opportunities, particularly for over-
coming poverty and for rural development. It there-
fore seems appropriate for the combating of energy 
poverty to be explicitly included in the Millennium 
Development Goals, as the UN Millennium Project 
(2005) proposes. This does not require a new Millen-
nium Development Goal: access to energy should 
be included as a means for overcoming poverty and 
improving living conditions. In addition, WBGU rec-
ommends that complete abandonment of traditional 
forms of bioenergy use that are harmful to health 
by 2030 should be an international target (WBGU, 
2004a). If this is to be achieved, overcoming energy 
poverty needs to be more strongly anchored in the 
energy policy portfolios of stakeholders involved in 
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cultivation of multi-year energy crops on degraded 
land, or forest farming practices. This enables experi-
ence to be gained in new agricultural techniques and 
best practices to be identified and established. Pilot 
projects should form part of an overall strategy for 
improving agricultural practice; they should involve 
local participants in a joint decision-making process. 

Promote use of wastes and residues, 
particularly in electricity generation 
In countries in which agriculture plays a major part, 
considerable quantities of residues arise (e.g. from 
the fishing industry, sawmills, and tea, coffee and 
sugar plantations); these can be converted to energy. 
Agro-industrial biogas and cogeneration facilities are 
particularly suitable for utilizing residues; ideally, the 
waste heat produced by electricity generation should 
be used in the manufacturing process that the plant 
supports (e.g. for drying products). WBGU recom-
mends that these potentials should be examined on a 
country-specific basis when national bioenergy strat-
egies are drawn up, and incorporated appropriately 
into these strategies. Technical and financial cooper-
ation can provide valuable support in this area. Pilot 
projects should support the mobilization and use of 
residues and wastes and identify best practices. 

Improve access to energy services and 
support transformation of energy systems 
A range of instruments should be used to ensure 
across-the-board provision of energy services for the 
world’s population and support developing countries 
in the transformation of energy systems. WBGU rec-
ommends that public and private-sector elements 
should be combined. On the demand side, the pur-
chasing power of people affected by energy pov-
erty needs to be improved. Stakeholders involved in 
development cooperation should therefore extend 
their financial support of microfinancing systems. 
Microfinancing can help improve energy provi-
sion both for private households and for small and 
micro-businesses, particularly in rural areas (WBGU, 
2004a). Microfinancing systems can also be used to 
finance the technologies for replacing traditional 
biofuel use that WBGU classes as worth promoting. 
In order to generate additional funds and know-how, 
private capital should also be mobilized. To this end, 
cooperation between the private and public sectors 
should be promoted. There are also examples of suc-
cessful cooperation in connection with the cultiva-
tion of energy crops such as Jatropha (Altenburg et 
al., 2008). Making projects that aim to improve the 
efficiency of traditional uses of bioenergy eligible as 
small-scale CDM activities is justifiable and can con-
tribute to financing. In addition, greater use could be 

considered. To this end, developing and newly indus-
trializing countries should draw up country-spe-
cific strategies that facilitate systematic examina-
tion of the targets, assessment of agro-ecological and 
socio-economic conditions and evaluation of insti-
tutional capacities (decision aid: Figure 10.8-1), in 
order to ensure sustainable cultivation. Development 
cooperation actors should support partner countries 
in developing these strategies and encourage compli-
ance with minimum standards and promotion crite-
ria. In order to achieve this, the necessary governance 
capacities needed to develop sustainable bioenergy 
use should be strengthened, particularly in areas such 
as land-use planning and certification. This will help 
to ensure that regions that have sustainable poten-
tial for energy crop cultivation, such as Latin Amer-
ica and sub-Saharan Africa, can realize their poten-
tial on a sustainable basis. 

Dovetail food security and bioenergy 
strategies 
Energy crop cultivation involves major risks – par-
ticularly for developing countries affected by a high 
level of food insecurity. A significant expansion of 
bioenergy policy on climate and energy-related 
grounds can only be justified if it is also linked to a 
food security strategy for the countries concerned. 

Take account of standards when making 
programme- and project-related loans
In their programmes and projects multilateral devel-
opment banks and international financing institu-
tions have a lever for promoting sustainable devel-
opment in their partner countries. In the context 
of energy crops this lever should be used by ensur-
ing that minimum standards for bioenergy carriers 
are taken into account as a favourable factor when 
projects and loans are awarded, or that there is provi-
sion for project components that encourage compli-
ance with WBGU’s recommended minimum stand-
ards. 

Promote pilot projects that involve 
particularly sustainable cultivation systems 
While compliance with minimum standards should 
be a basic requirement for the production of bioen-
ergy carriers, WBGU recommends that, particularly 
in the context of development cooperation, cultiva-
tion methods that are particularly sustainable and 
that help to combat erosion, conserve biodiversity, 
reduce (energy) poverty and advance rural develop-
ment should be promoted in pilot projects (promo-
tion criteria: Section 10.3). Pilot projects should also 
cover certifiable cultivation systems for the trans-
regional market or for export. Such cultivation sys-
tems include, in particular, the socially acceptable 
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In the context of development cooperation the 
World Bank Group, as an influential and financially 
powerful stakeholder, should draw up a compre-
hensive strategy detailing how it can contribute to 
restructuring of the world energy system along sus-
tainable lines. WBGU recommends that the Ger-
man government should place itself at the head of 
this process at European level and in the supervisory 
bodies of the relevant international organizations, in 
order to make full use of its pioneering role in cli-
mate change mitigation. A first step could be to con-
vene an International Conference on Sustainable 
Bioenergy, in order to maintain and increase interna-
tional awareness of the links between bioenergy and 
sustainable development (Section 10.7.7.2). 

12.6
Building structures for sustainable global 
bioenergy policy

Promote bioenergy through the 
International Renewable Energy Agency 
The necessary transformation of global energy sys-
tems requires coordinated action at global level 
and hence the streamlining of international institu-
tions and stakeholders. WBGU therefore welcomes 
the founding of an International Renewable Energy 
Agency (IRENA) whose aim is to further the world-
wide use of renewables through policy advice, tech-
nology transfer and promotion of competency acqui-
sition and knowledge transfer. However, if the ulti-
mate aim is to be a global reconfiguration of energy 
systems, promotion strategy must cover not only re-
newables but all aspects of energy systems as well 
as energy demand and development policy consid-
erations. IRENA should address issues of energy, 
the environment and development in an integrated 
manner. The energy development pathways (Chap-
ter 8) and sustainable bioenergy promotion princi-
ples (Section 10.7) that have been described provide 
effective guidance for bioenergy-related advisory 
and promotional activities.

Set up a global land-use register
An important requirement for the monitoring of 
direct and indirect land-use changes in connection 
with the introduction of a standard and the required 
certification systems is that a global, GIS-supported 
land-use register should be set up. The register needs 
to incorporate high-resolution satellite data and 
land-use information. As an important element of 
this, rapid development of the UNEP-WCMC World 
Database of Protected Areas is recommended; this 
will make it possible to identify whether or not a par-
ticular product has been produced within a protected 

made of CDM projects for the large-scale substitu-
tion of fossil fuels (Section 10.2.3).

Forge bioenergy partnerships
Multilateral cooperation in connection with sus-
tainable bioenergy production and use can be sup-
plemented by specific inter-country partnerships. In 
some cases these partnerships resemble earlier tech-
nology agreements or partnerships, such as those that 
already exist between industrialized and newly indus-
trializing countries for purposes of technology trans-
fer and joint technology development and expansion 
in other energy sectors (Gupta et al, 2007; Philibert, 
2004). For example, technology-oriented partnerships 
between industrialized and newly industrializing 
countries can be considered in connection with the 
scaling-up of technologies for biomethane processing 
and use. Alternatively, pure technology partnerships 
in the bioenergy field can be linked to aspects of sus-
tainable land-use policy. The same applies to trade 
partnerships: countries that supply bioenergy carri-
ers and those that wish to buy them could enter into 
bilateral agreements under which the production of 
bioenergy carriers is linked to criteria for regionally 
sustainable land use. Supplier countries would under-
take to ensure that production meets sustainability 
standards. In return, demand-side countries would 
provide technology or know-how relating to culti-
vation systems. The sustainably produced bioenergy 
carriers from the partner countries should be granted 
unhindered access to the market. In a positive move, 
the German government plans to enter into agree-
ments that grant import concessions to develop-
ing countries that guarantee sustainable cultivation 
(BMU, 2008e). 

Promote restructuring of the world energy 
system 
WBGU shows how bioenergy can be sustainably used 
in the energy systems of developing countries, taking 
account of differing goals and structures. For exam-
ple, better use can be made of bioenergy in small-
scale applications – for local energy supply, at house-
hold and village level and in small businesses. At the 
same time bioenergy can also make an important 
contribution to modernization of the energy sector 
in urban and industrial contexts. The recommended 
technologies, which range from improved stoves to 
micro biogas systems, small-scale CHP units, CHP, co-
generation plants, electromobility, etc. not only help 
to overcome energy poverty but also promote cli-
mate change mitigation. Restructuring of the world 
energy system should therefore also be coordinated 
and supported by the international community (Sec-
tion 12.6; WBGU, 2004a). 
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Land Use should be set up to organize this interna-
tional ‘search process’. The commission’s task should 
be to identify the key challenges associated with glo-
bal land-use issues and to bring together the most up-
to-date knowledge available. The commission should 
then elaborate principles, mechanisms and guidelines 
for global land-use management. The new commis-
sion, whose responsibilities would extend far beyond 
narrowly-defined issues of land use, could be located 
within UNEP and work closely with other UN 
organizations such as FAO. The findings of the pro-
cess should be regularly placed on the international 
agenda, for example in the context of the UNEP 
Global Ministerial Environment Forum. Even more 
importantly, the issues should be presented and dis-
cussed at the strategically important gatherings of 
heads of state and government (G8+5).

Convene an International Conference on 
Sustainable Bioenergy 
Sustainable bioenergy strategies can be better imple-
mented in an increasingly globalized world if there is 
a shared international understanding of the opportu-
nities and risks and consensus on appropriate norms 
governing the production and use of the different 
forms of bioenergy. Such understanding and con-
sensus can only emerge from international coopera-
tion in formulating goals and principles. Stakeholders 
from the agricultural, energy and development pol-
icy arenas must therefore be brought together. This 
could be achieved through an International Confer-
ence on Sustainable Bioenergy, which could be mod-
elled along the lines of the renewables 2004 confer-
ence. It could be used to exchange ideas on best prac-
tice, formulate the general principles of promotion 
and conclude agreements on international bioenergy 
cooperation, such as pledges to promote bioenergy 
crop cultivation on degraded land or agreements on 
bioenergy partnerships. WBGU recommends that 
the German government supports steps to convene 
such as conference in the near future.

area. The global land-use register must, however, go 
beyond this; for each imported bioenergy carrier it 
must be able to provide information on the land on 
which it was produced (geographical coordinates, 
type of cultivation, voluntary commitment to comply 
with all criteria, etc.). This information would enable 
plausibility checks to be carried out with the stand-
ardized assistance of the land-use register. The infor-
mation provided would, however, need to be supple-
mented by random on-the-spot checks and evalua-
tion of satellite data. 

Pursue multilateral approaches to the 
globalization of standards 
From the point of view of trade rules, the option of 
developing and institutionalizing bioenergy stand-
ards in a multilateral framework is the preferred way 
forward and the one that should be pursued. The 
German government should take steps to ensure that 
international consensus on a minimum standard for 
sustainable bioenergy production and on a compre-
hensive international bioenergy strategy is achieved 
as soon as possible. In WBGU’s view a promis-
ing approach would involve the expansion of exist-
ing international initiatives, particularly the Global 
Bioenergy Partnership (GBEP) in the context of the 
G8+5 negotiations. The GBEP is an important vehi-
cle for accelerating multilateral policy formulation. It 
brings together key stakeholders and involves newly 
industrializing countries (especially Brazil and South 
Africa) whose interests are significantly affected. 
However, steps should be taken to achieve greater 
involvement of civil-society stakeholders than is cur-
rently the case, so that the discussion includes all 
affected parties. GBEP or the Task Force on Sus-
tainability, as an intergovernmental forum, should 
be supported in streamlining the diverse formal and 
informal processes for drawing up global sustain-
ability criteria and in working toward the develop-
ment of global standards and guidelines. The propos-
als of the Roundtable on Sustainable Biofuels (RSB) 
could form a basis for this process of standard-setting 
with close links to political decision-makers; these 
proposals should be incorporated into the work of 
the Task Force. Under the political leadership of the 
G8 it could be possible to incorporate the decisions 
into policy-related forums, institutions and processes 
and to ensure that they are implemented. 

Set up a Global Commission For Sustainable 
Land Use
In view of the land-use management challenge, 
WBGU considers that the issues surrounding glo-
bal land use should be addressed more vigorously 
at international level and institutionalized accord-
ingly. A new Global Commission For Sustainable 
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nol, obtained through established physical and chem-
ical (pressing, extraction, esterification) or biochem-
ical (alcoholic fermentation) processes. The 2nd gen-
eration includes synthetic biofuels such as →Fischer-
Tropsch diesel, →biomethane and biohydrogen, 
produced using thermochemical processes (gasifica-
tion, pyrolysis). 

Biogas 
Biogas is a generic term referring to gases from 
which energy can be recovered and that are created 
when →biomass decomposes under anaerobic condi-
tions. Fermentation produces a mixture of the gases 
→methane (CH4) and →carbon dioxide (CO2). The 
methane is the fraction of the biogas that can be uti-
lized for energy recovery, either directly through its 
combustion or through processing to →biomethane. 

Biomass  
Biomass comprises the organic substances of the 
biotic environment, either as living or dead biomass 
(e.g. fuelwood, charcoal and dung). Important con-
version products of biomass include →biogas and 
→biofuels. In developing countries, →traditional 
biomass use is the dominant form.

Biomethane 
Biomethane is →methane (CH4) produced from 
→biomass. It can be produced from →biogas by sep-
arating →carbon dioxide and other impurities such as 
hydrogen sulphide. Biomethane can also be produced 
by gasifying solid or liquid biomass. This involves the 
initial production of a raw gas which is then con-
verted to methane following cleaning and synthesis. 
Biomethane can be mixed with natural gas.

Blending quota 
A blending quota is a prescribed minimum propor-
tion of →biofuels within the overall quantity of fuel 
marketed, defined in terms of either the volume or 
the energy content of the fuels. The proportion can 
be attained by blending with petrol or diesel fuel, or 
by using pure biofuel.

Annex I states 
The group of countries listed in Annex I to the 
→United Nations Framework Convention on Cli-
mate Change (UNFCCC). It includes all OECD 
countries apart from Mexico and South Korea, as well 
as the eastern European states and Russia. Annex I 
countries have committed under the UNFCCC to 
adopt a leading role in the reduction of greenhouse 
gases. Moreover, most of the Annex I states have 
entered into binding reduction commitments under 
the Kyoto Protocol. These countries are listed in 
Annex B to the Protocol.

Biodiesel 
Biodiesel (fatty acid methyl ester, FAME) is pro-
duced by esterification from →vegetable oils, at 
present mainly from rapeseed oil, soya oil and 
palm oil. 2nd-generation biofuels include →Fischer- 
Tropsch diesel.

Bioenergy 
Bioenergy is the final or useful energy that can be 
released and made available from →biomass.

Bioethanol 
Bioethanol is produced from →biomass with the aid 
of yeasts or bacteria, and subsequently purified and 
concentrated by means of distillation or rectification. 
Grain or sugar cane are the most common feedstock 
materials. Ethanol can also be produced from veg-
etable wastes, wood or straw (lignocellulose etha-
nol), but this process is still at the development stage. 
Bioethanol can be blended with petrol or used in 
its pure form as a fuel in vehicle engines, but also in 
→small-scale CHP units.

Biofuels 
The term biofuels refers to fuels in liquid or gase-
ous form that are produced from →biomass and are 
used primarily as transport fuels but also to pro-
duce electricity and heat, e.g. in →small-scale CHP 
units. A distinction is made between 1st-genera-
tion and 2nd-generation biofuels. The 1st generation 
includes →vegetable oil, →biodiesel and →bioetha-
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the latter. Certified products can be labelled as such 
so that they can be identified by the final consumer 
(labelling).

Clean Development Mechanism (CDM) 
The CDM is one of the flexible mechanisms intro-
duced by the Kyoto Protocol to the →UNFCCC, 
which allows an investor to carry out emissions-
reducing projects in a developing or newly industri-
alizing country and to receive tradable certificates 
for this, which an industrialized country can offset 
against its reduction commitments.

Cogeneration (combined heat and power, CHP) 
Facilities with combined heat and power production 
not only generate electricity from the fuel consumed, 
but also make use of the waste heat. For instance, this 
heat can be used for space heating purposes (as in 
district heating systems). In industry, it can be used 
for heat-dependent production processes. →Small-
scale CHP units are an example of cogeneration.

Combined-cycle power plant 
A combined-cycle power plant is a plant fuelled by 
natural gas or biomethane, in which the principles of 
a gas turbine power plant and of a steam power plant 
are combined. With efficiencies of up to approx. 60 
per cent, such plants are among the most efficient 
conventional power plants. Thanks to the rapid load 
changes which they permit, they can be deployed 
very flexibly in generation mix dispatching.

Convention on Biological Diversity (CBD)
The CBD is the key international regime pertaining 
to the biosphere. It was signed in 1992 at the UN Con-
ference on Environment and Development, entered 
into force in 1993 and has since been ratified by 191 
states. The parties to the CBD undertake (1) to con-
serve biological diversity, (2) to use its components 
sustainably and (3) to share the benefits arising from 
the utilization of genetic resources fairly and equi-
tably. The CBD stresses the links between the con-
servation and use of biological diversity and seeks to 
reconcile the interests of industrialized and develop-
ing countries.

Cross compliance  
Cross compliance rules make the provision of direct 
payments to agricultural holdings contingent upon 
compliance with rules in other spheres. In EU agri-
cultural policy, for instance, cross compliance rules 
are being applied increasingly. They make direct 
payments dependent upon compliance with stand-
ards governing environmental performance, food 
and feed security, animal health or animal welfare. 

BtL diesel  
→Fischer-Tropsch diesel 

Carbon dioxide (CO2) 
CO2 is a naturally occurring →greenhouse gas. It 
is a product of burning fossil energy carriers and 
→biomass. CO2 is also emitted as a result of defor-
estation and other land-use changes, as well as from 
industrial processes such as cement production.

Carbon dioxide equivalents (CO2eq)  
Carbon dioxide equivalents are a measure of the 
degree to which a mixture of gases contributes to glo-
bal warming. A conversion factor, the Global Warm-
ing Potential, expresses the radiative forcing of other 
greenhouse gases as an equivalent quantity of CO2. 
This makes it possible to register and compare the 
impacts of all greenhouse gases using a common met-
ric. 

Carbon sink  
A carbon sink is a reservoir that absorbs and stores 
carbon in a temporary or permanent manner. The 
concept is not to be confused with that of the car-
bon store. While the store (or stock) is static, i.e. con-
tains a certain quantity of carbon, sinks are dynamic, 
i.e. can experience incremental gains, as in the case of 
newly planted forests. 

Carbon store  
cf. →carbon sink

Cascading 
Cascading refers to a strategy seeking to use resources 
or products made from them as long as possible within 
the economic cycle. The material passes through as 
many phases of use as possible, i.e. the same resource 
is utilized several times over in different functions, 
and is thus recycled comprehensively. This approach 
boosts overall value creation and improves environ-
mental performance. In the case of →biomass, cas-
cading can mean that the biomass is first used as an 
industrial feedstock and its energy content is then 
recovered at the end of the product cycle. For exam-
ple, furniture or wood used in construction can be co-
fired in a power plant at the end of its service life.

Certification 
Certification is the process by which an independent 
body affirms that a product or a production or man-
agement process meets certain →standards. The cer-
tificate provides proof that a company or undertak-
ing has subjected itself to such a certification process 
and meets certain standards. The certifying organi-
zation need not necessarily be the organization that 
has set the standards, but can also be accredited by 
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the world’s population. These people are depend-
ent upon →traditional biomass use. Pollutants from 
open hearths cause more than 1.5 million deaths each 
year.

Energy system transformation 
WBGU uses this term to describe the transformation 
of energy systems that will be required in the next 
decades in order to attain the sustainability goals of 
mitigating climate change and overcoming energy 
poverty. The transition involves a shift from fossil 
to renewable energy sources, and the provision of 
modern energy services for the entire population.

Fischer-Tropsch diesel  
Diesel fuel produced from solid →biomass by means 
of the Fischer-Tropsch process. A synthesis gas is first 
extracted from straw, timber and similar biomass and 
then converted into liquid →biofuel. The process 
permits use of the entire aboveground biomass of 
→energy crops. Fischer-Tropsch diesel is also termed 
FT diesel or BtL (biomass-to-liquid) diesel.

Genetically modified organisms (GMOs) 
GMOs are organisms whose genetic material has 
been modified by methods of molecular biology in 
a way that would not be possible naturally by means 
of crossing or natural recombination. Green genetic 
engineering is a term referring to the use of such 
techniques in plant breeding. The plants modified in 
this way are also termed transgenic plants. 

Global Bioenergy Partnership (GBEP)  
The GBEP is a high-level, intergovernmental discus-
sion platform within the context of the G8+5 forum, 
with the aim of advancing renewable energies and 
developing a market for →bioenergy. It originated at 
the suggestion of the UK at the 2005 G8 economic 
summit in Gleneagles. In addition to the G8 and the 
five outreach countries (China, India, Mexico, Brazil, 
South Africa), several UN organizations are involved 
such as the FAO, UNEP and UNDP. Institutionally, 
the GBEP is located within the FAO in Rome.

Greenhouse gases 
Greenhouse gases are those gaseous constituents of 
the atmosphere that, due to their selective absorp-
tion of thermal radiation, cause warming of the lower 
atmosphere. The primary anthropogenic green-
house gases are →carbon dioxide, →nitrous oxide 
and →methane. Other greenhouse gases are indus-
trial gases such as hydrofluorocarbons (HFCs), 
perfluorocarbons (PFCs) and sulphur hexafluoride 
(SF6), and the ozone-depleting chlorofluorocarbons 
(CFCs).

Observance of the rules is monitored. If an infringe-
ment is found, payments are reduced.

Degraded areas  
→marginal land

Ecosystem services  
Ecosystem services are benefits gained by people 
from ecosystems. These include supply services such 
as food or water, regulation services such as protec-
tion against flooding or against the spread of disease, 
cultural services of a spiritual or recreational nature, 
and support services such as nutrient cycles that 
maintain Earth’s life-support systems. The concept 
is here used synonymously with ‘ecosystem products 
and services’. 

Electromobility 
Electromobility refers to the use of electricity in the 
transport sector, especially in road transport. Exam-
ples include the use of hybrid, battery-driven and 
fuel-cell vehicles. 

Emissions trading 
Emissions trading is an economic instrument for the 
limitation or reduction of environmentally harmful 
emissions. Generators of emissions are subject to re-
duction goals that they must either meet themselves 
or can have met in whole or part by other generators. 
To that end, reduction commitments can be traded 
among the participants in a trading system, which 
produces a cost-optimal allocation of the set over-
all reduction. The Kyoto Protocol to the →UNFCCC 
introduces this instrument at state level for those 
countries which have undertaken commitments. 
Moreover, some states or groups of states (such as 
the EU) have introduced emissions trading schemes 
in which companies can trade their emission rights 
among themselves.

Energy crops  
Energy crops are cultivated for the purpose of 
extracting energy from their →biomass. This may 
involve using either a specific part of the crop (e.g. 
maize grain or →vegetable oil extracted from seeds), 
or the entire aboveground biomass (e.g. certain grass 
species or woody species such as poplar or willow).

Energy poverty 
Energy poverty refers to the lack of sufficient access 
to energy services, in order to meet basic needs, that 
are affordable, reliable, high-quality and safe, and 
cause no undue health or environmental impacts. 
Countries where energy poverty is widespread are 
generally characterized by major development prob-
lems. Energy poverty affects around 38 per cent of 
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Life-cycle assessment (LCA) 
An LCA involves a systematic analysis of the envi-
ronmental impacts of products across their entire life 
cycle. This includes all environmental impacts aris-
ing during production, in the use phase and in the 
disposal of the product, and all associated upstream 
and downstream processes (such as production of the 
raw, auxiliary and ancillary materials). The method 
involves compiling an inventory of all inputs along 
the product life cycle (such as metals, as well as fos-
sil and renewable energy carriers) as well as the out-
puts such as emissions of substances hazardous to the 
environment or human health. 

Marginal land  
Marginal lands are (1) areas with little capacity for 
fulfilling a production or regulation function, and also 
(2) areas that have lost their production and regula-
tion function, sometimes to a significant extent. Cat-
egory 1 comprises areas whose productivity for agri-
culture or forestry is considered low. This category 
includes arid and semi-arid grasslands, desert fringes 
and areas of steep ground and structurally weak or 
erosion-prone soils, particularly in mountainous 
regions. Category 2 includes formerly productive 
areas; they may have lost their yield potential as a 
result of human-induced soil degradation (e.g. over-
used, degraded and therefore unproductive land, 
including both forests and pasture and arable land), 
or the land may have been deliberately taken out of 
production (e.g. set-aside land in central Europe that 
has been taken out of production for economic or 
political reasons). Marginal sites are generally highly 
susceptible to soil degradation.

Methane (CH4)  
CH4 is a →greenhouse gas emitted mainly in rice cul-
tivation and livestock management. It is the principal 
component of natural gas and biogas.

Nitrous oxide (N2O) 
N2O is a persistent →greenhouse gas released above 
all through the use of nitrogen fertilizers in agricul-
ture, and through the combustion of →biomass and 
fossil fuels.

Non-Annex I states  
Non-Annex I states are countries not listed in Annex 
I to the →UNFCCC. The group is largely composed 
of developing and newly industrializing countries. 
The non-Annex I states do not have any quantified 
emissions reduction commitments under the Kyoto 
Protocol; cf. → Annex I states.

Guard rail 
Guard rails are quantitatively defined damage limits, 
exceedance of which is intolerable or would have cat-
astrophic consequences. This is a concept introduced 
by WBGU. One example is the climate protection 
guard rail, which states that an increase in the glo-
bal mean temperature by more than 2°C from the 
pre-industrial level should be prevented. Sustain-
able development pathways follow trajectories that 
lie within the range delimited by the ecological and 
socio-economic guard rails. This approach is based on 
the realization that it is virtually impossible to define 
a desirable, sustainable future in positive terms – that 
is, in terms of a goal or state to be achieved. It is, how-
ever, possible to agree on the boundaries of a range 
that is acknowledged to be unacceptable and that 
society seeks to avoid. Adherence to the guard rails 
is a necessary, but not sufficient criterion for sustain-
ability.

Intergovernmental Panel on Climate Change 
(IPCC) The IPCC was founded in 1988 by UNEP 
and WMO, and is the most influential international 
scientific institution for climate policy. The IPCC 
lays the scientific foundation for negotiations on 
the →UNFCCC and publishes regular assessment 
reports on global climate change. The 4th assessment 
report was published in 2007.

International Renewable Energy Agency (IRENA) 
Established in 2009, the task of IRENA is to advance 
the worldwide use of renewable energies. Among 
other things the agency provides advice on policy set-
tings for renewables, fosters technology and knowl-
edge transfer, assists capacity building and advises 
member states on financing options. Its principal pur-
pose is to increase the share of renewable energies 
worldwide.

Land-use changes  
Land use is a term referring to the human use of an 
area of land for a certain purpose, while land-use 
changes refer to changes in such human use. These 
include logging, afforestation, sealing, drainage, the 
conversion of cropland to grassland (and vice versa) 
or the conversion of cropland to fallow. Land-use 
changes can take place directly, for instance when 
tropical forests are cleared and the land is used to 
cultivate →energy crops. Land-use changes induced 
by indirect mechanisms are more difficult to iden-
tify. When cropland is given over to the cultivation of 
energy plants, the agricultural production that pre-
viously took place on this land must now take place 
elsewhere. Through the world market for agricultural 
commodities these indirect displacement effects 
often acquire an international dimension.
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Technology transfer
Technology transfer refers to the set of processes 
involved in the exchange of knowledge, money and 
goods among different stakeholders that leads to 
the spread of technologies, e.g. for mitigating climate 
change or securing sustainable energy development. 
Transfer often has two meanings: dissemination of 
technologies and technological cooperation among 
and within countries. 

Traditional biomass use 
Form of energy production from →biomass, such as 
wood, dung, harvest residues, etc., above all for cook-
ing and heating on open hearths. Worldwide about 
2.4 billion people, predominantly in developing coun-
tries, depend upon traditional biomass and are thus 
often exposed to emissions-related health hazards 
due to inadequate combustion technologies.

UNCCD, Desertification Convention
The UNCCD (United Nations Convention to Com-
bat Desertification in those Countries Experiencing 
Serious Drought and/or Desertification, Particularly 
in Africa) is, among the three Rio conventions (cf. 
→UNFCCC and →CBD), the one with the strong-
est development policy orientation. Besides conserv-
ing resources in drylands, poverty reduction is also 
a declared goal. The UNCCD entered into force in 
1996 and has been ratified by 193 countries.

UNFCCC, United Nations Framework Convention 
on Climate Change
Adopted in 1992, the UNFCCC entered into force in 
1994 and has been ratified by 192 states. Its ultimate 
objective is to stabilize →greenhouse gas concentra-
tions in the atmosphere at a level that would prevent 
dangerous anthropogenic interference with the cli-
mate system ('dangerous climate change'). Such a 
level should be achieved within a timeframe suffi-
cient to allow ecosystems to adapt naturally to cli-
mate change, to ensure that food production is not 
threatened and to enable economic development to 
proceed in a sustainable manner. The Kyoto Proto-
col adopted in 1997 sets out binding commitments to 
reduce greenhouse gas emissions.

Vegetable oil
Vegetable oils are produced by pressing the oil fruit 
or seeds of oleiferous plants. →Biodiesel can be pro-
duced from vegetable oil by means of esterification. 
Unrefined vegetable oil can also be used directly 
as a →biofuel in engines modified for that purpose. 
In Germany, vegetable oil is produced mainly from 
rape. Important tropical oleiferous plants include oil 
and coconut palms, as well as Jatropha and soya. 

Roundtable on Sustainable Biofuels (RSB) 
The RSB is a multilateral forum that has set itself 
the goal of developing global standards and a cer-
tification system (→certification) for →biofuels. The 
forum has its origins in an initiative of the Swiss Fed-
eral Institute of Technology, Lausanne, and brings 
together more than 300 different stakeholders from 
the realms of policymaking, business and society as 
well as experts and international organizations. The 
references it uses include the label scheme of the For-
est Stewardship Council for wood products, as well 
as recent standard-setting processes (→standards) 
for →bioenergy. 

Sequestration 
Storage, by human action, of atmospheric carbon in 
terrestrial ecosystems, geological formations or the 
oceans. For instance, through new technologies the 
→carbon dioxide resulting from combustion pro-
cesses can be captured, possibly liquefied and then 
pumped into underground repositories such as 
depleted gas and oil fields (carbon capture and stor-
age, CCS). 

Short-rotation plantations (SRPs) 
Short-rotation plantation refers to the cultivation of 
fast-growing tree species (e.g. poplar, willow) on agri-
cultural land to produce →biomass. SRPs originate 
in coppicing, a method which served in the past to 
produce firewood. The rotation period is the growth 
period until the trees are cut and depends on the use 
of the wood. For pulpwood or for woodchip pro-
duction, the trees are harvested after 3–5 years. The 
below-ground root mass remains in the soil, enabling 
growth of coppice shoots the following year.

Small-scale CHP units
A small-scale CHP unit produces electricity and heat 
simultaneously. It is operated at the site of heat con-
sumption or feeds useful heat into a local heat net-
work. It operates on the principle of →cogeneration.

Standards 
Standards are fixed criteria that products, manufac-
turing processes or management processes must meet 
in order to fulfil certain (quality) requirements. Com-
pliance with a standard can be voluntary or manda-
tory. Standards can be initiated in voluntary form by 
private-sector actors, or set by the state. A manda-
tory minimum standard – such as a standard requir-
ing compliance with certain sustainability criteria – 
can, moreover, be set as a precondition for the mar-
ket approval of a product. By issuing a certificate 
(→certification), an independent body certifies that 
a standard has been complied with.
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