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Executive Summary 

Background 

This report was produced as a component part of the ‘Review of Indirect Effects of Biofuels’ also 
known as the ‘Gallagher Review’.  The review was requested by Ruth Kelly, Secretary of State for 
Transport, and is led by the Renewable Fuels Agency (RFA) Chairman Ed Gallagher.  He was 
supported in drafting a final report by other members of the Review Executive – the Review Authors 
and the Project Director as well as by the Review Secretariat which includes the Project Manager and 
Project Assistants.  
 
The Review was specifically focused on new and emerging evidence on the displacement effects of 
biofuels.  It was evidence-based, examining the impacts of rising demand for biofuels on land-use and 
specifically the effects on net greenhouse gas (GHG) savings, taking into account potential direct and 
indirect land use changes.  It also addressed the extent to which increasing demand for biofuels is 
driving increasing food commodity prices and food insecurity for the most vulnerable members of 
society. 
 
The Review aimed to consider recent and anticipated future demand and supply scenarios to 2020 
and the effects of these compared to a baseline that should take account of other land use change 
drivers.  It specifically seeks to address six key questions: 
 

• What are the key drivers of land use change and food insecurity to date and to what extent is 
increasing demand for biofuels significant? 

• To what extent may global demand for biofuels contribute to land use change and food 
insecurity to 2020 given known current and proposed targets? 

• How are GHG-savings from biofuels affected by displaced agricultural activity and resulting 
land-use change taking into account the introduction of possible advanced technologies and 
other improvements in production? 

• What are prudent levels and appropriate forms of biofuel targets for the EU currently and to 
2020 - recognising indirect effects of biofuels?  How might the introduction of advanced 
biofuels and technologies change these levels? 

• What policies can mitigate the potential negative indirect effects of biofuels on land-use change 
and food security? 

• What further work would help to monitor and evaluate displacement effects of biofuels? 
 
The above six questions are being addressed through the following work elements: 

 
• Consultancy studies –  

A. Evaluation of the drivers of land use change  
B. Review of future demand and supply of biofuels to 2020 and their impact on GHG-

emissions  
C. Economic benefits and food insecurity concerns of increasing demand for biofuels  

• A call for evidence – including two stakeholder workshops  
• Expert seminars  
• A final RFA report   

 
Elements A and B were managed by AEA with the involvement of a range of subcontractors.  This 
report summarises the work undertaken to cover these specific elements, thereby contributing to the 
evidence-base which the RFA used to answer the six questions outlined above.  
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This Work 

A core aim of this study was to examine the indirect effects of biofuels policy, particularly UK and EU 
policies.  To achieve this it was necessary to have an appreciation of a number of factors: 
 

1. A thorough understanding of global agriculture, production and trade of agricultural 
commodities and the potential response of markets to the expansion of biofuels. This includes 
the potential for conflict between biofuels production and the production of other agricultural 
commodities, such as food and wood, including impact on the price of such commodities. 

2. An appreciation of how much land would be required to meet biofuels targets, and of the land 
available to meet these requirements.  This includes an understanding of which crops are 
important for biofuels and where they are most likely to be grown. 

3. The potential to mitigate the conflicts in (1) by improved efficiency of production (e.g. 
technological advances and yield improvements for all agricultural commodities); and by the 
use of co-products for feed and fuel.  The environmental impacts of such practices. 

4. Regional differences and the significance of these differences. 
5. An appreciation of the environmental impacts of the likely land use changes caused by 

biofuels production, both direct and indirect. 
 

It is difficult for one study team to encompass all of these factors – to do so would require access to a 
very wide range of relevant skills and information.  Given the time constraints on the work, a 
consortium of study teams was contracted to examine the issues for which they have relevant 
expertise and to produce reports which could inform this synthesis report.  The work was therefore 
divided into a series of separate but connected studies.  These studies examined various aspects of 
the potential indirect effects of biofuels on land use change and GHG emissions.   The work was in the 
form of a review and analysis of available data.  The time-scale was insufficient to allow sophisticated 
models to be developed.  However, scenarios were developed to allow examination of current volume 
based targets and hypothetical GHG reduction ones and to ensure the studies were all based on the 
same scenario analysis.  A likely feedstock mix was developed to allow quantification of tonnages 
required.  Data on yield projections for relevant crops were examined under three scenarios and these 
data were combined with the target scenarios to provide an indication of land requirements for biofuels 
in 2020 for each scenario.  The scenarios were also tested at different biofuel target levels and for the 
influence of the use of co-products for animal feed on projected land use. 

A number of key uncertainties are known to influence biomass resource potential.  These include: 
improvement of agricultural management, choice of crops, food demands and human diet; use of 
degraded land; competition for water; efficiency of water use; climate change etc. (WAB 2008).  These 
factors could not be modelled in the timescale of this study and were examined by reference to the 
literature. 

In addition various key papers have recently highlighted the GHG emission consequences of the 
indirect impacts of biofuels, notably Searchinger (2008), Fargione (2008) and Crutzen (2007).  These 
papers were reviewed by members of the study team to examine the uncertainty of the underlying 
assumptions and whether or not the findings stand up to scrutiny. 

This report synthesises the results of all of the studies managed by AEA.  The key findings of these 
studies are summarised below. 
 

Land Use Issues 

Land Requirements for Biofuels 

 
The study examined the targets currently proposed internationally in order to estimate how much land 
would be required by 2020 to produce the crops necessary to meet the targets.  Four scenarios were 
considered – the current volume based targets and targets based on a 7% GHG reduction.  Both sets 
of targets have been investigated with and without the deployment of second generation biofuels 
conversion technologies, and then used to predict land demand.  Additionally three scenarios were 
used to examine potential agricultural productivity changes: Business as usual (where productivity 
continues to improve as at present); maximum improvement (productivity improves by 1% a year over 
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the BAU scenario); and yield decline (where there are no productivity improvements).  Finally the use 
of co-products as animal feed, displacing the need for import of animal feed from elsewhere and 
hence avoiding land use change for these products, was examined for ethanol from wheat and corn 
and biodiesel from rape.   
  
The adoption of second generation technologies, the potential for the use of biofuel co-products and 
improvements in productivity have been seen to have a significant impact on land use.  The results 
are summarised in the Figure below.  The first column examines the yield projections for the yield 
decline scenario.  This scenario is significantly influenced by the estimated yields for jatropha (which 
are highly uncertain) and, to a lesser extent, soy.  This is also particularly influenced by the potential to 
improve productivity in Asia, Africa and South America.  The Figure indicates that there is 
considerable potential to decrease land requirements through productivity improvements, the use of 
co-products and the use of second generation technologies, although most experts in the area add the 
proviso that this depends on sustained investment being committed to these issues. 
 

 
Estimated Global Land Requirements to meet achieve biofuels targets (figures in Mha).   
 

Scenario Analysis
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The Table below shows these figures as a percentage of projected agricultural land use in 2020 (taken 
as the mean figure of 5.5 Gha). 
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Land Requirements with and without Second Generation Technologies and allowing for Co-
product utilisation. 

 
 Land Required  

Mha 
 (% of land for food in brackets) 

 Without second generation 
technologies 

 

With second generation 
technologies 

 No Co-
products 

Co-products No Co-
products 

Co-products 

Current Targets 
 

122 - 166 
(2.2 - 3) 

89 - 133 
(1.6 –2.4) 

73 - 101 
(1.3 – 1.8) 

61 - 89 
(1.1 – 1.6) 

7% GHG Target 
 

196 - 276 
(3.6 - 5) 

167 - 247 
(3.0 - 4.5) 

139 - 199 
(2.5 – 3.6) 

122 - 182 
(2.2 - 3.3) 

Figures for % food land represent projected 2020 global demand of 5.5Gha Land use for biofuels 
represents additional land over and above arable land use for food and feed. 
 
Although these figures are associated with considerable uncertainties, the analysis indicates that: 

 
• Meeting a 7% GHG reduction target appears to require more land than that required to meet 

currently proposed volume base targets.  However, the volume of biofuels produced to meet 
the 7% GHG target are higher than that needed to meet the volume based targets (419 billion 
litres and 259 billion litres respectively).  Ecofys indicate that when the analysis is undertaken 
on an equal volume basis, for the EU the GHG target uses less land (Ecofys 2008).   

 
• Second generation technologies can play an important role in reducing the amount of arable 

land required to meet these target levels, reducing the land required by ~40% for the current 
targets and ~29% for the 7% GHG reduction targets.  

 
• Estimates of land required are also significantly reduced when allowance is made for the 

impact of using co-products as animal feed. 

These figures present the biofuels land use as part of the total projected global land use in 2020.  
However, it is estimated that by 2020 some 200-500 Mha of additional agricultural land will be required 
to meet food requirements (crops and meat).  The wide range in these estimates represents the 
nature of the assumptions behind the figures.  The lower land requirements assume greater 
technology and land productivity; the higher figures, apart from representing lower productivity 
advances also include factors such as population growth, urbanisation and greater demand for meat.  

In comparison to these figures the additional land requirements for biofuels are significant: between 56 
and 276 Mha in 2020, depending on productivity improvements, the use of co-products and the 
introduction of second generation technologies. 

 

Some Key Assumptions and Uncertainties  

 
These estimates are based on currently available data and models that embody many assumptions 
and uncertainties.  In particular:  
 

• The figures for biofuels requirements are based on future predictions for transport fuel and are 
thus dependent on the fuel used and on the mix of crops chosen to meet the targets. 

 
• Projections of future demand for food and other commodities depend on many variables and 

factors and are inevitably uncertain.   
 
• The figures for future crop yields have been made based on extrapolations of current trends, 

adjusted where possible to take account of regional and national issues.   
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• The figures for global land use are based on datasets that are also considered to be 
associated with large uncertainties, particularly in South America and Sub Saharan Africa.  
These are used to show the relative magnitude of land use for food, feed and biofuels.  
Figures for food and feed are from FAO data, which has its own uncertainties associated with 
it. 

 
• The Greenhouse Gas calculations involve assumptions and uncertainties relating mainly to 

default values, emissions estimates for second generation crops, N20 estimates and changes 
to agricultural practices. 

 

Regional Factors And Effects  

 
• Countries such as China and India will struggle to find additional agricultural land and both are 

looking at land regeneration, the use of waste land and saline land.  Land availability is also 
constrained in North Africa. 

 
• Additional land in the EU is restricted. Switching to biofuels production is likely to lead to 

significant imports of feedstocks and biofuels (see below).  This will particularly be the case in 
a country like the UK. France and Germany, and Eastern Europe, have more potential to grow 
their own feedstock.  In Eastern Europe, there is great potential to improve farming efficiency 
and intensity of production.  The major impact in Western Europe is thought to be from 
intensification of agriculture, although this may have impacts on soil and water resources. 

 
• In regions such as Sub Saharan Africa and South America there are large areas of land 

available.  The figures presented here for land availability exclude the use of high conservation 
habitats, forest and wet lands, but these lands are relatively cheap and there will always be a 
temptation to use them.  CE Delft indicates that 50% of available land is in seven countries 
(CE Delft 2008). The case study on southern Africa indicates the considerable potential there 
(Themba, 2008).   

 
• There are plans for biofuels production in a number of countries in South East Asia.  The case 

studies examined Indonesia, Malaysia and Thailand. They indicated that biofuels will be 
produced for both national needs and for export and the targets will be met through the use of 
palm oil, sugar cane and cassava. In Indonesia government plans for biofuels are also 
intended to encourage investment, stimulate development of the rural economy and conserve 
foreign exchange reserves and 12 biofuels zones have been established. Similarly Malaysia 
aims to decrease the imported fuel bill and mobilise investment in palm oil. Together with 
plans for food production it is clear that there will be an expansion of current agricultural land, 
although Malaysia indicates gains will come from improved yields. However, lack of clear data 
means it is not certain how much of the expansion of agricultural land will be attributable to 
biofuels production. In Indonesia there is a large potential for clearance of tropical rain forest 
and drainage of peat land, both of which release significant amounts of carbon to the 
atmosphere with resultant negative impact on emissions savings from biofuels.   

 
• The potential for greenhouse gas emission reduction from using biofuels are one of the key 

factors for their promotion in Europe.  However, this is not necessarily the highest priority for 
developing biofuels in other countries.  It is also noted that, at this time, GHG calculations can 
be inconsistent and vary according to data sets used.  This reinforces the need to closely 
monitor land use and emissions from agriculture and scientific studies which are being 
produced regularly with modifications to GHG calculations derived from specific feedstocks. 

 
It is evident that biofuels and their feedstocks will be produced unevenly on a regional basis and 
that the impact of land use change will be greater in some regions than others.  IIASA has 
estimated that there are between 790 and 1215 Mha of additional land available for agricultural 
production (these estimates include various constraints such as forest land, land of low 
productivity, water resources etc.) (IIASA 2008).  IIASA has indicated that most of this land is 
available in Sub Saharan Africa and South America.  They also emphasise the uncertainty in the 
basic datasets, which means that some of the estimates could be as much as 50% too low in 
areas such as Sub Saharan Africa. 
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Use of Lower Grade Lands 

 
There is considerable potential for idle, waste and degraded lands to be used for cultivation of biofuel 
crops but our knowledge of the current use or function of these is limited and this should be 
investigated further.  However, where these lands are genuinely suitable, perennial biofuels could play 
an important role in regenerating the land through addition of carbon to soils (which results in carbon 
sequestration).  In addition they may also stimulate the local economy, provide fuel in remote areas 
and help increase agricultural productivity in such areas.  
 
The ability to adapt such lands for biofuel production needs to be investigated further and approached 
with caution.  The following questions should be applied to the use of degraded and waste lands: 
 

• What is the land currently used for (both human and environmental services)? 
• Is the land of low carbon stock? 
• Is it of low biodiversity value? 
• Is it of low value (cost)? 
• Is it capable of high productivity? 
• Is it in need of rehabilitation? 
• Is it an area where investment will support food production and wealth growth for local 

inhabitants? 
 

EU Influence  

 
• The EU needs to import a significant proportion of its biofuels, which is likely to be associated 

with land use change (LUC) in the supplier countries.  While such imports represent hard 
income to the exporting countries and puts the EU in a position to influence LUC impacts 
elsewhere through the policies it adopts, it is nonetheless the case that for some crops (sugar 
cane, palm oil and soy) the EU uses only a small amount of the total demand worldwide (see 
graphs on % crop use by EU in the main report). 

• In addition it is not clear what LUC happens as a result of displacement of crops.  For 
example, use of Oil Seed Rape (OSR) in the EU for biodiesel has resulted in loss of this 
feedstock to its traditional markets and these markets are now using oil palm.  

• It is difficult to prove the links between biofuels expansion and indirect land use change.  
There are relationships such as the soy-expansion on the Cerrados discussed in the Brazil 
case study. 

• It is likely that a significant proportion of biofuels crops produced in the EU will be grown on set 
aside land.  The EU’s Biofuels Progress Report (2007) concluded that 40% of EU land use for 
biofuels comes in this category.  It is also estimated that around 22% of biofuels will be grown 
on land that would have fallen out of production.  

• There is an indirect land use change outside the EU as products which used to be produced in 
the EU will now have to be produced elsewhere. In the Biofuel Progress Report it is concluded 
that 37% of the land use for biofuels in the EU falls within this category. 

• It is not easy to estimate the LUC outside the EU because:  
a. It is not know what export crop is replaced in the EU by the biofuel feedstock.  This 

can be the same crop as the biofuel feedstock but can also be different as different 
crops can be grown on the same land. 

b. It is not known what crop will substitute the replaced EU-export-crop.  For example, 
displaced EU wheat exports could be substituted by other grains.  

c. Even if it were known which crop substitutes the displaced EU-export-crop, it is not 
known where this substituting crop will be cultivated and what the yield of this crop will 
be.  Therefore the land requirement for the substituting crop is not known. 

• In line with the above observations it can also be concluded that one displaced hectare in the 
EU normally does not lead to one hectare of indirect LUC outside the EU. 

• The use of co-products as animal feed can have a considerable effect on the total land use, 
because it results in avoided land use for feed crops.  Most of this avoided land use may be 
outside the EU, if the main substituted product is assumed to be soybean meal currently 
produced outside the EU.   
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• The type and the amount of products substituted by biofuel co-products have a large impact 
on the net land use.  

•  The avoided land use may cancel out a large part of the gross land use if co-products are 
used. However, the avoided land use may well be in a very different area than the area used 
to produce the biofuel feedstocks.  Clearly, the effects on issues such as carbon stocks and 
biodiversity can be very different if these two effects take place in different areas.  

GHG Issues 

Process GHG Savings 

 
• The amount of GHG saving from biofuels depends critically on the source of the raw material 

and the way it is grown and processed.  In the best cases, savings can range from 40 - 50% 
for biodiesel and from around 50 - 75% for bioethanol.  However, in cases where feedstock 
production and processing routes are not optimised, biofuels production can result in “negative 
savings”. 

• GHG savings from “second generation biofuels” are less certain, since the processes have not 
yet been commercialised and so there is little or no operational data yet available.  However 
they offer the prospect of lower emissions since the emissions associated with feedstock 
production are lower and by-products can be used to provide energy to the process along with 
low carbon electricity for export.  Estimates prepared for this report suggest that at worst 
savings may be only 80% of the equivalent fossil fuel emissions (i.e. there are net GHG 
emissions from the process, but these are lower than the emissions of equivalent use of fossil 
fuels), and at best there is an overall net GHG saving from the production of the biofuel (i.e 
there is a net GHG emission saving from the use of biofuels) 

• To date little has been done to examine the current use of residues and wastes compared to 
biofuels production in second generation technologies or to compare the potential use of this 
resource for heat and power as opposed to biofuels production, in terms of GHG emissions.  
Analysis for this study indicates that the demand for biomass residues for heat and power 
within the EU 2020 renewable targets exceeds the residues available.  This means that there 
is a potential conflict with their use for second generation biofuels.  

• Similarly, the role of GHG credits associated with by-products is important in reducing GHG 
emissions from biofuels. 

 

N2O Emissions 

 

• Current estimates of N2O emissions from soil are based on the IPCC methodology which is 
subject to high levels of uncertainty.  

• Recently Crutzen has suggested that the IPCC methodology may underestimate the 
magnitude of N2O emissions by a factor of 3 to 5 – if this were the case this would seriously 
reduce or negate any GHG savings from many biofuels. 

• A review of Crutzen’s paper by North Energy suggests that the “top down” methodology 
suggested for estimating N2O emissions is not well founded. They recommend that it is 
prudent to look at the full range of values proposed in the IPCC methodology (which includes 
an upper value of around 2.5 times the currently used value).  For biofuel routes where the net 
savings are already small (< 20%), using the upper value for N2O emissions reduces the 
savings to zero, but for many potential routes to biofuels, the GHG savings, while reduced, are 
still significant. 

 
Changes in Agricultural Practices 

 
• The study has looked at the impact of changing agricultural practices by using reduced or zero 

tillage methods, which can in principle reduce emissions by reducing diesel use in ploughing, 
and increase the amount of organic carbon stored in the soil.  There is currently little data on 
which to base any analysis, and an international review was not possible given the paucity of 
data.   

• Some data is available for the UK and the results here suggest that, in the short term, 
minimum tillage practices could reduce GHG savings from OSR biodiesel and wheat based 
ethanol, although these savings are likely to plateau after a few years once a new soil carbon 
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level equilibrium is established. If the land subsequently returns to conventional agriculture 
then the previous equilibrium level will be re-established. 

 

Effects of Land Use Changes  

Direct Land Use Change 

 
• While estimating the GHG impact of changing land use is complex and uncertain, analysis 

suggests that bringing most sorts of land into cultivation to produce feedstock for biofuels has 
a large GHG consequence which in many (or most) cases negates any savings from using 
biofuels. 

• North Energy has considered the impact of bringing fallow and non-rotational set-aside land 
into energy crop cultivation in the UK.  Over the first 20 years, the GHG savings offered by 
biodiesel from OSR and bioethanol from wheat are about halved and those from sugar beet 
bioethanol reduced even more substantially as carbon is released from the soil.  A similar 
analysis for rotational set aside land is more favourable, suggesting that use of this sort of land 
for energy crop production is to be preferred (in terms of GHG implications).  

 

Indirect Land Use Change 

 
• Modelling the indirect land use changes associated with biofuels production is even more 

complex.  Additional land use can be avoided if crop productivity can be increased, if demand 
for raw materials can be reduced or if overall demand can be satisfied from the existing 
resource base by improvements in overall system efficiency.  On the other hand, land use 
projections have to be tempered by consideration of limitations in water resource on a regional 
basis, the extent (and increase) of land degradation, the real potential to introduce more 
efficient agricultural management and expansion of protected land.  In addition there are 
arguments about how much land use change should be allocated to biofuels, particularly when 
a there are a number of pressures for land use change, or where high productivity land is used 
for biofuels, displacing crops to lower productivity land elsewhere. 

• As a result models for indirect land use are necessarily complex.  General or partial 
equilibrium economic modelling is required to look at interactions between supply and 
demand, different feedstock markets and the possibilities for substitution, productivity 
improvements, and the sensitivity to price. 

• Using this sort of approach, Searchinger has recently examined the impact of displacing corn 
production in the US to uncultivated land in the US, Brazil, India and China.  GHG emissions 
from these land use changes were estimated to be very significant, and these would 
unacceptably prolong the point where net savings could be achieved. 

• A review by ADAS concluded that the Searchinger analysis involves a high level of 
uncertainty, that the specific conclusions of the paper are to be doubted, and that the 
conclusions drawn could not be sensibly extended to cover land use related GHG emissions 
for EU biofuels initiatives.  However, the review acknowledged that GHG emissions from land 
use change are significant and need to be factored into any analysis. 

• Fritsche has been developing a simpler, deterministic method - the indirect land use change 
(iLUC) factor approach.  This assumes that as agricultural commodities are traded globally, 
current agricultural production which is displaced by increased biofuels feedstock production 
may be met by any country currently producing those commodities for export.  Its key 
simplifying assumption, which avoids complex modelling of agricultural markets is that current 
patterns of land use for the production of traded agricultural commodities are an adequate 
proxy for where production will be expanded.  

• Application of the approach, which also requires an assessment of how much of biofuels 
production will be met through intensification and use of idle or set aside land, indicates that 
for several biofuels production routes, such indirect land use change could negate or at least 
substantially reduce GHG emissions savings.  The approach is still under development, but 
may show some promise as a tool for estimating impacts of indirect land use changes and 
allowing some guidelines to be developed. 

• Analysis of the impact on avoidance of land use through the use of by-products as animal feed 
indicated that considerable land use avoidance may occur.  This provides a credit for GHG 
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emissions from land use avoidance, which can be significant.  The study concluded that this is 
an important area that requires further research. 
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1. Introduction 

1.1 Background 

 
1.1.1 This report was produced as a component part of the ‘Review of Indirect Effects of Biofuels’ 

also known as the ‘Gallagher Review’.  The review was requested by Ruth Kelly, Secretary of 
State for Transport, and was led by the Renewable Fuels Agency (RFA) Chairman Ed 
Gallagher.  He was supported in drafting a final report by other members of the Review 
Executive – the Review Authors and the Project Director as well as by the Review Secretariat 
which included the Project Manager and Project Assistants.  
 

1.1.2 The Review was focused specifically on new and emerging evidence on the displacement 
effects of biofuels.  It was evidence-based, examining the impacts of rising demand for 
biofuels upon land-use and specifically the effects upon the net greenhouse gas (GHG) 
savings taking into account potential direct and indirect land use changes.  It also addressed 
the extent to which increasing demand for biofuels is driving increasing food commodity 
prices and food insecurity for the most vulnerable members of society. 
 

1.1.3 The Review aimed to consider recent and anticipated future demand and supply scenarios to 
2020 and the effects of these compared to a baseline that should take account of other land 
use change drivers.  It specifically seeks to address six key questions: 
 

• What are the key drivers of land use change and food insecurity to date and to what 
extent is increasing demand for biofuels significant? 

• To what extent may global demand for biofuels contribute to land use change and 
food insecurity to 2020 given known current and proposed targets? 

• How are GHG-savings from biofuels affected by displaced agricultural activity and 
resulting land-use change taking into account the introduction of possible advanced 
technologies and other improvements in production? 

• What are prudent levels and appropriate forms of biofuel targets for the EU currently 
and to 2020 - recognising indirect effects of biofuels?  How might the introduction of 
advanced biofuels and technologies change these levels? 

• What policies can mitigate the potential negative indirect effects of biofuels on land-
use change and food security? 

• What further work would help to monitor and evaluate displacement effects of 
biofuels? 

 
1.1.4 The above six questions were addressed through the following work elements: 

 
• Consultancy studies –  

A. Evaluation of the drivers of land use change  
B. Review of future demand and supply of biofuels to 2020 and their impact on GHG-        

emissions  
C. Economic benefits and food insecurity concerns of increasing demand for biofuels  

• A call for evidence – including two stakeholder workshops  
• Expert seminars  
• A final RFA report   

 
1.1.5 Elements A and B were managed by AEA with the involvement of a range of subcontractors.  

This report summarises the work undertaken to cover these specific elements, thereby 
contributing to the evidence-base which the RFA used to answer the six questions outlined 
above.  

Call for Evidence 

1.1.6 A key component of the RFA review is the ‘Call for Evidence’.  The call went out on 25
th
 

March 2008 and closed on the 14
th
 April 2008.  It was managed by the RFA who officially sent 
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it to around 500 organisations.  A release was also placed on the RFA website inviting 
submissions. 
 
AEA’s role in the call was to: 
 

• receive and catalogue submissions of evidence forwarded by the RFA (which had 
been pre-sifted to exclude submissions falling short of the submission criteria). 

• review each submission and identify the studies most likely to be of interest. 
• post the submissions on an AEA-managed internet portal, along with a summary 

indexing table to allow teams to quickly identify those of potential interest. 
 

1.1.7 AEA received 130 pieces of evidence from 66 organisations, covering a range of interests 
across academia, industry, government, trade associations and NGOs.  This included 
submissions from organisations such as the WWF, DfT, Defra, RSPB, Supergen, the Royal 
Society, Universities of Cambridge, Cornell, San Paula, BP, General Motors, Shell, the 
Wuppertal Institute, OCC, SMMT, EMPA, HGCA, British Sugar, REA, NFU and the 
Confederation of the Food and Drink Industry of the EU. 
 

1.1.8 Of the 130 pieces of evidence reviewed by AEA, 76 were uploaded to the portal and 
recommended for consideration by the review teams.  Much of the information was of high 
quality and judged in many cases to be of interest to several of the teams.   
 

1.1.9 The submissions not forwarded were those judged to be either well known to the study teams 
or not relevant to this work (for example, there were a number of submissions on forestry and 
the use of biomass for heat and power; some provided information on oil prices, which we 
assumed the study teams would already have access to; and there were several with a socio-
economic focus). 
 

1.1.10 The following are examples of some important submissions: 
 

• The critiques of the Searchinger and Fargione papers (submitted by NFU). 
• The submission from HGCA providing information on yields and projections from the 

US Department of Agriculture (USDA) (projections for maize, wheat & soy to 2016). 
• Professor Zah/Reiner’s MSc thesis (EMPA

1
): Consequences of increased biodiesel 

production/import in Switzerland: Consequential Life Cycle Assessment (CLCA). 
Chapters 4-6 (LCA of replacement by rape of other systems e.g. temporary 
meadows, barley etc, and consideration of the displacement of production of biofuels 
elsewhere). 

• Paper from the University of San Paulo on sugar cane in Brazil. 
• University of Cambridge ‘Treesubmitted’ paper, which details the factors resulting in 

deforestation in palm oil regions. 
• British Sugar – response answering all of the questions from the RFA project plan. 
• ILUC – Accounting for Indirect Land Use Changes in GHG Balances (working paper 

from March - Authors: Edgard Gnansounou, Luis Panichelli, Arnaud Dauriat, Juan 
David Villegas). 

                                                      
1
 EMPA is the Swiss Federal Laboratories for Materials Testing and Research. 
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1.2 Evaluation of the drivers of land use change and 
review of future demand and supply of biofuels to 
2020 and their impact on GHG-emissions 

 
1.2.1 The recent interest in expanding biofuels production is a worldwide phenomenon and is 

driven by a number of factors including the potential for biofuels to: 
 

• be part of a strategy to strengthen energy security (against a background of volatile   
fuel prices); 

• improve GHG emissions; and  
• promote rural development. 
 

1.2.2 Many nations have introduced biofuels targets or are considering policies for their production
2
.  

Some of these policies purposely target or attempt to encourage the use of waste or idle land 
not currently used for food production (such as the use of jatropha on waste land in India) and 
some exclude specific crops that are important local food crops (such as the exclusion of 
maize in China and South Africa).  However, increasingly concerns have been voiced that the 
indirect (unintentional) effects of emerging policies

3
 should be considered before widespread 

expansion of biofuels takes place.  
 

1.2.3  Key among these concerns are: 
 

• The effects of land use change resulting from expansion of biofuels, particularly 
where this involves cultivation of previously uncultivated land, such as high 
biodiversity value woodland or wetlands.  These concerns include the potential for the 
release of stored soil carbon stocks from such land use change, adding to carbon 
emissions to the atmosphere; and the impact of the disruption to local ecosystems 
(particularly in areas of high conservation value).  Such land use change can happen 
as a result of direct impacts (for example, clearance of land or drainage of wetlands 
for biofuels crops) and as a result of indirect land use impacts (such as the 
displacement of agricultural crops to previously uncultivated land). 

• The definition of waste or idle land which is earmarked for biofuels crops, but which 
does not necessarily encompass only degraded land.  The main concerns are that 
such proposals may ignore the current use of such land, its biodiversity or any 
ecosystem services provided

4
. 

• Potential conflicts with food, wood and fibre production (but food in particular) and the 
impact of biofuels production on the price of other agricultural commodities. 

 
1.2.4 One of aims of this study is to examine the indirect effects of biofuels policy, particularly UK 

and EU policies.  To achieve this it is necessary to have an appreciation of a number of 
factors: 
 

1. A thorough understanding of global agriculture, production and trade of agricultural 
commodities and the potential response of markets to the expansion of biofuels. This 
includes the potential for conflict between biofuels production and the production of 

                                                      
2
 These include targets or mandates set or proposed by the USA, China, India, Malaysis, Indonesia, 

Thailand, Australia, Brazil and others. The situation is summarised by the Global Bioenergy Partnership 
(GBEP 2007) and in recent reviews for the FAO (Jull et al 2007) and World Bank (Rajagopal D and 
Ziberman D 2007). The COMPETE web site also provides a summary of the situation regarding biofuels 
in Sub Saharan Africa (Jumbe et al 2007). 
3
 For more detailed information on these concerns see AEA (2008). 

4
 Ecosystem services are the key natural functions that an ecosystem provides and includes provision of 

food, water, wood or fuel; regulation of climate, flood, diseases and water purification; and cultural 
services including recreation and spiritual services. 
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other agricultural commodities, such as food and wood, including impact on the price 
of such commodities. 

2. The land requirements to meet biofuels targets; and the land availability to meet these 
requirements.  This includes an understanding of which crops are important for 
biofuels and where they are most likely to be grown. 

3. The potential to mitigate the conflicts in (1) by improved efficiency of production (e.g. 
technological advances and yield improvements for all agricultural commodities); and 
by the use of co-products for feed and fuel.  The environmental impacts of such 
practices. 

4. Regional differences and the significance of these differences. 
5. An appreciation of the environmental impacts of the likely land use changes caused 

by biofuels production, both direct and indirect. 
 

These points are simplified in Table 1.1. 

Table 1.1 Key issues in the impact of biofuels 

Key issues in 
understanding the impact 
of biofuels 

Comments 

Quantity of biofuels 
feedstock required 

Established by demand for biofuels, driven by biofuels targets.  
As biofuels are not economically competitive with fossil fuels, 
their use is generally driven by policy alone.  Although some 
recent analysis has indicated that the current fossil fuel prices 
mean some biofuels may be economically competitive without 
subsidies, we believe this to still be the general economic 
position for many biofuels. 

Supply of biofuels – the 
importance of feedstock 
costs. 

The economics of first generation biofuels technologies are 
influenced significantly by the cost of the feedstock.  
Consequently developers are in general interested in using the 
cheapest source of biofuels feedstocks available.

5
  In these 

circumstances supply of feedstock will be dominated by 
consideration of cost.  The economics of second generation 
biofuels are more dependent on the technology, as these 
processes are able to use residual or waste feedstocks, which 
are cheaper than first generation crops.  

Land requirements and 
where crops will be planted 

The area of land required to meet biofuels targets will depend 
on the yields of crops used for feedstock in the regions of the 
world where they are produced and the productivity of the land 
available.  The sustained impact of this will depend on 
productivity and yield improvements with time and the demand 
for, and conflict with, other agricultural commodities. 

Regional differences Regional differences are found in yields, land availability, 
agricultural productivity, climate (including water resource) and 
the cost/availability of labour. 

Environmental impacts Environmental impacts result from the impact of land use 
change (e.g. on local ecology and resources), the level of 
intensity of agriculture and the impact of production on soil, 
water resources and biodiversity.  Carbon emissions from land 
use change crucially depend on previous land use. 

 
1.2.5 It is difficult for one study team to encompass all of these factors – to do so require access to 

a very wide range of relevant skills and information.  Given the time constraints of the work, a 
consortium of study teams was contracted to examine the issues for which they have relevant 
expertise and to produce reports which could inform this synthesis report.  The division of the 
work into a series of separate but connected studies is shown in Table 1.2.   
 

                                                      
5
 Unless other criteria are introduced through policy, such as sustainability requirements. 
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1.2.6 These studies examined the various key aspects of the potential indirect effects of biofuels on 
land use change and GHG emissions.  The work was in the form of a review and analysis of 
available data.  The time-scale was insufficient to allow sophisticated models to be 
developed.  However, scenarios were developed to allow examination of current volume 
based targets and hypothetical GHG reduction ones.  These were examined for a likely 
feedstock mix to allow quantification of tonnages required.  Data was examined on yield 
projections for relevant crops under three scenarios and this data combined with the target 
scenarios to provide an indication of land requirements for biofuels in 2020 for each scenario.  
The scenarios were also tested at different biofuel target levels and for the influence of the 
use of co-products for animal feed on projected land use. 
 

1.2.7 A number of key uncertainties are known to influence biomass resource potential.  These 
include: improvement of agricultural management, choice of crops, food demands and human 
diet, use of degraded land; competition for water; efficiency of water use; climate change etc. 
(WAB 2008).  These factors could not be modelled in the timescale of this study and were 
examined by reference to the literature.  The main areas of uncertainty across the study are 
summarised in Table 1.3 below, with further detail provided where relevant in the body of the 
report. 
 

1.2.8 In addition various key papers have recently highlighted the GHG emission consequences of 
the indirect impacts of biofuels, notably Searchinger (2008), Fargione (2008) and Crutzen 
(2007).  These papers were reviewed by members of the study team to examine the 
uncertainty of the underlying assumptions and whether or not the findings stand up to 
scrutiny. 
 
Table 1.2: Studies undertaken to examine the indirect effects of biofuels. 

Topic Studies Lead 
Contractor 

Land use requirements 

Anticipated demand 
for biofuels. 

Use of information on global targets for biofuels to 
develop four scenarios to examine the potential global 
demand for land for biofuels.  The scenarios developed 
in this work were used as a basis for work by CE Delft 
and Ecofys.   

E4Tech. 

Global land 
agricultural 
availability and 
demand. 

Examination of the drivers for land use demand by 
2020.  Includes current and anticipated drivers for land 
and feedstock for food, feed and other commodities.  
Provides an assessment of the availability of 
agricultural land for the scenarios developed by 
E4Tech.  

CE Delft. 

EU targets 

Examination of the 
background analysis 
for the proposed EU 
10% target. 

Critique of the impact assessment undertaken for the 
10% biofuels target proposed in the Renewable 
Energy Directive.  

Ecofys. 

Analysis of proposed 
EU target. 

Analysis of the impact on land use in 2020 of the 
proposed EU biofuel target using a range of scenarios, 

 including a range of biofuel targets. 

Ecofys. 

Potential for improvements in agricultural productivity 

Anticipated and 
potential 
improvements in 
agriculture production 
with intensification. 

Review of available information on the yields of main 
commodity crops and those used for biofuels (first and 
second generation), the role of intensification in driving 
productivity and other factors that drive and influence 
yields.  Examination of how global land production 
could respond by 2020 to increased demands, 

ADAS. 
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Topic Studies Lead 
Contractor 

including for biofuel production.  Yield improvements 
on a regional and crop basis.  Productivity projections 
to 2020 with low, moderate and high trajectories. This 
work was fed into the scenario analysis by E4Tech and 
CE Delft.  

Use of by-products 
from biofuels 
production. 

Review of the potential for use of by-products as 
animal feed or as a fuel for heat and/or power.  
Examination of the effect of these uses on global land 
use and on land use changes.   

CE Delft. 

Regional impacts 

Land use change 
impacts and 
opportunities at 
regional level. 

Examination of the current rate and the principal 
location and types of land use change; where biofuels 
are likely to be grown; and what is the potential role of 
feedstocks cultivated on poor quality soils, salt water 
environments and in arid areas.   

Themba. 

 Case studies on representative areas: India, China, the 
UK, Brazil, SE Asia and Southern Africa.  

Themba in 
association 
with Giulio 
Volpi and 
IEEP and 
using 
COMPETE 
network. 

GHG emissions 

Review GHG 
emissions from land 
use change. 

Review of impacts and uncertainties in GHG emissions 
from a variety of land use changes. Examination of the 
impact of carbon sequestration by fallow land on total 
GHG emissions of biofuel production in the EU.  
Estimation of the effects of low or no till on yields of 
biofuels crops in the UK.  

 

North 
Energy 
Associates 
and ADAS. 

Review the evidence 
on GHG-savings of 
current and future 
biofuel technologies 
and identify key areas 
of uncertainty. 

Evaluation of the impact of GHG emissions of current 
and future biofuel production.  Review of work on N2O 
emissions from soils arising from fertiliser application 
and an assessment of Crutzen’s paper on this topic.   

North 
Energy 
Associates. 

Review of the 
Searchinger paper

6
. 

Critique of Searchinger’s results, including their 
relevance to the EU, the robustness of the approach 
for feedstock conversion and displacement, price 
increases, crop productivity, indirect land use change 
and GHG emissions.  

ADAS. 

The potential 
contribution of 
advanced 
technologies and 
feedstocks with 
limited or no land 
demand and resulting 
GHG savings. 

Examination of development potential for second 
generation biofuels by 2020.   

E4Tech. 

                                                      
6
 Searchinger et al 2008.  
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Uwe Fritsche was also contracted to comment on information relating to Indirect Land 
Use Change. 
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Table 1.3: Areas of the study where significant assumptions were required.

Study 
Element 

Assumptions Implications 
B

io
fu

e
ls

 d
e
m

a
n
d
 s

c
e
n
a

ri
o
s
 

Scenarios are based on future predictions for transport fuel and are thus 
dependent on the fuel used, and on the mix of crops chosen to meet the 
targets.  The scenarios include some assumptions concerning:  
• The projected fuel demand in the different world regions.  
• The conversion efficiencies assumed. 
• The GHG emissions savings for the different biofuel routes.  
• The volume targets each world region will have in place. 
• The ratio of feedstocks used in different biofuels. 
• Penetration rates of new crops and 2nd generation technologies. 
• The ratio of feedstocks used in each world region. 
• Crop yield estimates and yield averages for the different regions. 

• Influences the types of crops 
predicted to be used. 

• The biofuel and feedstock 
estimates are not projections of 
what is likely to happen but 
estimates of what may happen 
under certain conditions (e.g. 
policy targets) and assumptions 
(e.g. shares of biofuel types and 
feedstocks).  

• Land use study, EU targets 
study, and co-products study all 
use these scenarios – which are 
then used in the GHG work. 

Y
ie

ld
 p

ro
je

c
ti
o
n
s
 

The figures for future crop yields have been made based on 
extrapolations of current trends, adjusted where possible to take account 
of regional and national issues.  Assumptions included: 
• Yields calculated on a Business as Usual (yields close to historic 

levels) and Maximum Improvement (high crop prices allow 
investment in new technologies etc).  

• Projections were made on the basis of yields for existing cropped 
areas only – marginal lands not considered. 

• Potential attainable yields (e.g. limits due to regional environmental 
constraints) have only been considered where information was readily 
available. 

• The potential impact of climate change impact has been discounted from 
the projections. 

• Yields are used in the 
calculations for the demand 
scenarios above, and in the co-
products and EU target studies. 

• Given uncertainties relating to 
attainable yields assessments, it 
is not possible to make 
conclusive comments about the 
attainability of the projections. 

L
a
n
d
 a

va
ila

b
ili

ty
 

Land availability/demand work reviewed several studies each with their 
own (often very different) inherent assumptions e.g. in relation to 
comparability between different land types.  Other assumptions in this 
area include: 
• Considerable uncertainty in datasets used in studies.  Errors can 

occur because of size of grids or allocation methods.  
• Most studies on land look at 2050 (not 2020) therefore linear 

interpolations were carried out to convert to 2020. 
• Projections depend on assumptions in growth in population, diet, 

wood demand, and developments in world economy.  Uncertainties in 
all these, which can have profound effect on future land demand 
estimates.  

• Projections of future demand for food and other commodities depend 
on many variables and factors and are inevitably uncertain. 

• This primarily relates to the work 
undertaken in the land demand 
study, which was then used in 
EU targets studies and GHG 
work. 

C
o
-

p
ro

d
u
c
ts

 The co-products work includes some assumptions relating to substitution 
chains e.g.: 
•  Which co-products will substitute which crops. 
•  Where this substitution will actually occur. 
 

• Co-products results were used 
in the E4tech scenarios, land 
demand study and in the EU 
targets work, with attempts later 
made to assign GHG values. 

G
re

e
n
h

o
u
s
e
 G

a
s
 C

a
lc

u
la

ti
o

n
s
 

The Greenhouse Gas calculations involve assumptions and uncertainties 
in several key areas: 
• The values reported for 1st generation biofuels are the default values 

contained in the RFA Carbon Reporting Guidance, and as such are 
‘conservative’ estimates. 

• Second-generation biofuels emissions estimates are more uncertain, 
as the lack of operational plant means that they must be based on 
unproven design data.  

• Current estimates of N2O emissions from soil are based on IPCC 
methodology, which is subject to high levels of uncertainty. 

• Changes in agricultural practices: The data on soil uptake is based on 
a limited number of trials; other assumptions include yield 
improvements, tillage options and fertiliser/pesticide application rates. 

 

• 1st generation values are 
intended to encourage the use 
of real data, rather than 
estimates reflecting best 
practice or even typical 
production routes.  In practice 
GHG emissions could be lower 
and savings higher.  

• Suggestions are that the IPCC 
methodology may 
underestimate the magnitude of 
N2O emissions, which could 
reduce or negate any GHG 
savings from many biofuels. 
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1.3 Report Structure 

 
In this report: 
 

• Section 2 summarises and comments on the results of the studies on aspects of 
potential land requirements for biofuels production, and associated issues. 

 
• Section 3 provides a summary of the key issues associated with the greenhouse gas 

balances associated with biofuels production. 
 
• Section 4 uses the work to provide some answers to the key questions facing the 

Review Team, and highlights some of the remaining uncertainties and issues. 
 
• Section 5 draws out overall conclusions and recommendations from the work.  
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2 Land Use Issues 

 

2.1 How much feedstock is needed to meet biofuels 
targets?  

2.1.1 To date very little analysis of how much feedstock is needed has been undertaken on 
anything other than a regional or national basis.  Globally statistics on biofuels are only just 
beginning to be collated.  A number of national trade and international organisations produce 
national or regional statistics on the use of biofuels.

7
  Targets are only just being introduced or 

proposed and it is difficult to predict with certainty the global quantities of feedstock required 
for 2020, or where these feedstocks will be produced.  The FAO has recently included 
biofuels targets in its Outlook analysis and has begun a series of studies to examine biofuels 
in more detail.  Against this background any analysis of the current and future situation will 
require assumptions to be made and will be subject to uncertainties associated with those 
assumptions.  

 
2.1.2 This means that no certain projections are possible.  In this work a number of scenarios were 

used to model likely demand for 2020.  These scenarios were based around key factors that 
could drive demand in 2020: 
 

• Current volume based targets: biofuels are not generally economically competitive 
with fossil transport fuels at present

8
, so without these targets the drive to increase 

biofuels would be much lower.  It is likely that current targets will be the most 
significant driving force globally. 

• Potential targets based on GHG emission reductions rather than the current volume 
based targets.  There is pressure for the introduction of such targets on the basis that 
their implementation should ensure real environmental improvement. 

 
2.1.3 The influence of changes in technology on feedstock demand, most significantly represented 

by the introduction of second generation biofuels, which could be commercially viable by 
2020. 

 
2.1.4 The basis for the scenarios developed is presented in Box 1 and discussed in more detail in 

the E4Tech submission.   
 
2.1.5 In order to construct the scenarios, the principal assumptions that had to be made were in 

relation to: 
 

• projected fuel demands;  
• conversion efficiencies for different biofuel routes in the future;  
• projected GHG emissions savings in 2020;  
• changes in volume targets by 2020;  
• the ratio of feedstocks used;  
• penetration rates for new feedstocks and second generation technologies;  
• and crop yield estimates, particularly averages in different regions.   

 

                                                      
7
 See AEA (2008) for more information. 

8
 There is some recent indication that current very high fossil fuel prices mean that some biofuels are 

economic without subsidy.  However, it is unlikely that all biofuels are economic at present. 
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2.1.6 These assumptions are given in much more detail in the E4Tech report.  The scenarios 
allowed projections of world and EU demand for feedstock.  The E4Tech submission provides 
graphs of this data and some of the results are presented later in this report.   
 

Box 1: Scenarios examined for biofuels demand 

 
The scenarios modelled for biofuels demand in this study examined:  

• a situation where biofuels demand is driven by policy targets currently proposed for 
the different regions (a likely scenario). 

• a situation where there is a GHG reduction target across all regions (to understand 
the resource implications of a material contribution of biofuels to GHG emissions 
reductions at a global level).  

The scenarios were further differentiated by looking at options with and without the 
deployment of second generation biofuels and new crops.  

One baseline scenario was developed for 2010 along with four scenarios for 2020. The policy 
situation explored in each scenario is as follows: 

• 2010 baseline scenario – This is assumed to be the same for all scenarios and is 
based on the aspirational targets each region currently has for biofuels.  There are no 
second generation biofuels in this scenario. 

• 2020 scenario 1 – Volume based targets that different regions may be likely to put in 
place by 2020 and how these targets might be met if there were no second 
generation biofuels. 

• 2020 scenario 2 – Volume based targets that different regions may put in place by 
2020 and how these targets might be met if second generation biofuels are available. 

• 2020 scenario 3 – GHG based targets (a 7% reduction in emissions from transport 
fuel to come from biofuels, for each region) and how these targets might be met if 
there were no second generation biofuels.  

• 2020 scenario 4 – GHG based targets (a 7% reduction in emissions from transport 
fuel to come from biofuels, for each region) and how these targets might be met if 
second generation biofuels are available.  

 

 

The quantity of different feedstocks required for different scenarios are shown in Figure 2.1.  
 

2.1.7 Key findings reported by E4Tech include: 
 

• Moving from likely volume targets to proposed 2020 volume targets without second 
generation is likely to result in a considerable increase in crop production for biofuels.  
For example the required quantity of sugarcane could increase nearly four-fold over 
the baseline demand in 2010; the quantity of wheat, soy and palm could triple, and 
maize could double. 

• Introduction of second generation biofuels at levels current under discussion by 
Governments (i.e. 30%) considerably reduces the increase in demand for food crops 
(e.g. the use of approximately 25% of the world’s current estimated available 
agricultural and wood residues for second generation biofuel feedstocks results in 
sugarcane demand going up by about two fold by 2020 rather than quadrupling; soy, 
palm and wheat demand also being reduced; and maize demand staying constant). 
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Figure 2.1 Quantity of feedstocks in the different scenarios developed by E4Tech 

 

• In the EU the introduction of a 7% reduction in GHG emissions from transport through 
the use of biofuels could lead to a very different feedstock mix than a target of 10% 
biofuels by energy in the fossil fuel mix.  Policies that focus on reducing GHG 
emissions from transport and which support an effort to have significant penetration of 
second generation biofuels by 2020 could lead to a reduced requirement for wheat, 
OSR and maize in the EU but potentially significant demand increases for sugar cane 
and palm.

9
 

• In all scenarios there was a significant expansion of production of a number of crops, 
particularly sugarcane, palm, wheat and oil seed rape (OSR).  In the scenarios 
without second generation there is also an assumption that there will be an expansion 
of crops that are not currently cultivated widely such as sweet sorghum, cassava and 
jatropha.  Achieving a 7% reduction target of GHG emissions from transport through 
biofuels would be particularly challenging without significant penetration of second 
generation biofuels, as it would require very large expansion in crop production. 

• It is not appropriate to calculate the GHG emissions for the different scenarios as 
these scenarios have not been designed for this purpose, rather they were intended 
to enable an estimate of the quantities of feedstocks that might be required.  There 
are also uncertainties associated with the future GHG savings of the different routes. 

• The likely expansion required for most crops implies that global yield improvement will 
be an important factor limiting land requirements for biofuel production.  

• GHG oriented targets are likely to lead to lower land requirements because of the 
increased uptake of existing and new high yielding (sub)tropical crops and a possible 
accelerated deployment of second generation routes. In addition, a volume based 

                                                      
9
 This analysis did not include consideration of indirect land use change.  Taking this into account may 

prove difficult but will need to include consideration of potential for deforestation or drainage of 
peatlands for these crops and may alter the GHG balance. 
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target within which emphasis is given to low GHG fuels could lead to lower land 
requirements than a pure volume based target.  

 

2.2 Availability of and demand for agricultural land in 
2020 

2.2.1 Is there enough land to meet projected biofuels and other requirements (e.g. for food and 
animal feed) in 2020?  This is a complex question since there is a complex web of interacting 
demands affecting land use even in the absence of the need to produce biofuels, as shown in 
Figure 2.2.  There are also a number of options for the expansion of biofuels production:  
 

• increase yields (e.g. kg/ha) 
• expand land area (ha) 
• use residues and wastes 
• use idle or degraded lands 
• become more efficient / integrated across whole supply chain   
• a combination of any or all of the above (which, in practice, is likely to be what 

happens). 
 

Figure 2.2 Drivers for land use change 

 

Urbanisation

Demand for timber and pulp

Increasing demand for food and 
animal feed

Demand for water

Demand for other agricultural 

commodities e.g. textiles, materials 
etc.

Increased demand for commodities 

(e.g. minerals, metals, oil)

Climate change

Increased 
industrialisation

Increased meat 
consumption

Increased 
development and 

construction

Increased 
populations

• Deforestation
• Loss of uncultivated 
grasslands
• Drainage of wetlands
• Change in use of cultivated
• Reclamation of derelict land

L
an

d
 u

se
 c

h
an

g
e

Demand for 

BIOFUELS
 

 



Review of Indirect Effects of Biofuels                              
  

14                                                                                                     AEA Energy & Environment                  
 

2.2.2 Thus, consideration of land use for biofuels is not straightforward and has to include land 
availability (and conflicting demands), current land use, agricultural yields/productivity and 
technological advances.  We can then additionally consider the potential to decrease demand 
for land through use of co-products and the adoption of second generation technology. 
 

2.2.3 The scenarios developed in the first stage of this work examined only one of these drivers 
(that for biofuels production).  To take this work further the demand for land for agriculture, 
forestry and other agricultural commodities was examined by CE Delft and compared to 
estimates of globally available agricultural land.  Box 2 presents the uncertainties that CE 
Delft uncovered in the available modelling of global land use.  This shows that the results are 
dependent on a number of key assumptions, and that small changes in some of these 
assumptions result in large changes in the outcome. 
 
 

Box 2: Key uncertainties in forecasts for land availability and land use 

 
• There is limited work on forecasts for feedstock and land. The range of results is very 

significant. 
• There are high levels of uncertainty associated with existing forecasts for wood 

demand and land use for timber.  
• Different studies use different units, and assumptions have to be made to allow 

comparison. 
• Most forecasts do not focus on 2020, but often look at 2050. 
• There is considerable uncertainty in the datasets used for land use.  Models are 

based on geographical grids, where it is assumed that land use/cover is uniform 
within each grid.  Errors occur because of the size of the grids or allocation methods. 
(The FAO is currently developing a finer grid dataset). 

• There are considerable demand uncertainties for food, feed and wood, dependent on 
population projections, diet, economic development and wood demand. 

• There are a number of technical uncertainties e.g. yield improvements (a small 
difference in assumptions can make a large difference in outcome). 

• Economic uncertainty: growth in incomes and associated growth in demand 
• There are geographical uncertainties: water availability, land degradation climate 

change. 
 

 
 

 
2.2.4 Figure 2.3 presents current agricultural and forestry land (FAO data).  The results of the 

review of information available on land use projections for 2020 for food, feed and wood are 
presented in Table 2.1 and Table 2.2.   
 

2.2.5 The ranges observed in the estimates in Table 2.1 relate to different assumptions used in the 
modelling.  These include assumptions on diet (e.g. demand for meat); population growth; 
technical development in agriculture; availability of land; and conversion of grassland and 
forestry to agriculture.  CE Delft concluded that future global land use for cropland and 
pastures will be between 3 and 6 Gha (probably around 5.5 Gha). The greatest increase in 
demand is stimulated by demand for meat.  However, there are a number of key regional 
differences.  For example, growing demand for food is particularly significant in the emerging 
economies, with China and India together responsible for 39% of the increase in global cereal 
demand from 1997-2020. 
 

2.2.6 Table 2.2 presents projections of the demand for wood.  Figure 2.4 and Figure 2.5 from 
UNEP 2007 show estimates for current land use for forest.  CE Delft note that about 40% of 
the total wood removals from forests are to satisfy demands for fuel (either as fuel wood or as 
charcoal).  This is mainly (over 75%) consumed by Asia and Africa – 88% of wood removal in 
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Africa is used as fuel wood.  Again the analysis is very dependent on the assumptions used 
e.g. in relation to the use of wood for non-energy purposes; the development of wood 
plantations for non-energy use; which sources of wood are used for bio-energy purposes; and 
improvements in yields/production efficiency.  These result in wide variations in figures for 
land use for forest plantations, though these are probably in the range 100 and 300 Mha.   

Figure 2.3: Current land use (Source: FAOSTAT)  

Agricultural and forest land 2005

Total: 8950 million ha

Arable land

16%

Forest area

43%Fallow land 

1%

Permanent 

meadows and 

pastures

38%

Permanent crops

2%
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Table 2.1: Summary of estimates of land use for food and feed in the literature
10

 

Source Base year and land area 

in that year  

(Gha) 

Year of study and land 

area in that year 

(Gha) 

Land use 2020 (Gha) 

(linear interpolation) 

Hoogwijk et al, 

2003 

2000 

Croplands + pastures: 5.0 

2050 

Croplands + pastures:  

1.3 – 5.0  

(most realistic (2.5 – 5.0) 

3.5 – 5.0  

(most realistic: 4.0 – 5.0)  

UNEP, 2007  2020 

Croplands + pastures: 5.2 

– 5.7 

5.2 – 5.7 

2002 

Croplands: 1.5 

2050 

Croplands: 1.3 – 4.2   

1.4 – 2.5 Smeets et al, 

2007 

2002 

Pastures: 3.5 

2050 

Pastures: 3.5 – 3.8 

3.5 – 3.6 

1990 

Croplands: 1.52 

2050 

Croplands: 1.74 

1.63 Fischer and 

Schrattenholzer, 

2001 1990 

Grassland (pasture, 

woodlands and shrubs): 

3.38 

2050 

Grassland (pasture, 

woodlands and shrubs): 

3.30 

3.34 

 
2.2.7 Future development in the demand and supply for wood is highly uncertain and depends 

upon: 
 

• Demand growth in emerging economies such as China and India 
• Increased illegal logging 
• Over harvesting of existing forests (in important supply countries) 
• A downward trend in available supply from existing forests 
• Environmental demands 
• Increasing fuel wood demand in many developing countries 
• Increasing competition for wood fibres between the energy industry and the traditional 

forest industry 
• Increasing rate of natural disturbances that is reducing the forest capital 
• Rapid technological and biotechnological developments 
• Increased use of recovered paper 
• Policies introduced, and their effectiveness. 
• Increased substitution 
• More efficient industrial processes. 

 
2.2.8 Despite these uncertainties most studies agree that global forest area will shrink, but probably 

at a slower rate than in recent decades.   
 

                                                      
10

 All studies agree more or less in the current land use in the world.  Approximately 1.5 Gha is used as 
arable crop land and 3.5 Gha used as pasture.  The total land currently used as forest ranges between 
3.9 and 4.7 Gha, including 139.8 Mha of forest plantation.  Studies examine the situation in different 
ways, examining scenarios (demand drive/ inter-changeability of types) or estimating current 
(technological potentials) and usage.  The former allow exchange between land types/uses; the latter 
estimate surplus agricultural area with other land uses remaining as at present. 
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Table 2.2: Estimates of global wood demand, review of data in literature 

 
CE Delft estimates from FAO 2003. 
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Figure 2.4. Total forest area by region (M km
2
) (UNEP 2007) 

 
 
 

Figure 2.5. Primary forest by region (M km
2
) (UNEP 2007) 
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2.3 Potential Improvements in Land Productivity 

 
2.3.1 Potential improvements in productivity of agricultural land will have a significant effect on the 

land take for agriculture, both for food crops and for biofuels crops.  This issue was examined 
by ADAS (2008).  This work examined the potential to improve yields of key commodity crops, 
on a crop by crop and on a regional basis to build up a picture of how global land production 
could respond by 2020 to increased demands, including for biofuel production.  ADAS used 
data from three principle sources: extrapolation of previous trends; official projections made 
by others (e.g. the OECD FAO, FAPRI, EC and USDA projections); and assessment of 
potential or attainable yields.  They then examined the potential yields in different world 
regions using the Global Agro-Ecological Zone analysis undertaken by IIASA and FAO. ADAS 
detail this process in their report (ADAS 2008), which also discusses uncertainty in projected 
yields.  The yield projects provided by ADAS were then used in subsequent work to examine 
land requirements and, in particular, the situation for the EU.   
 

2.3.2 Opportunities for increasing yields and land productivity include intensification of previously 
extensive systems

11
, investment in crop breeding, nutrition and protection; and enhanced 

availability of water supply/irrigation. In addition regional differences in climate, condition of 
soil, potential for erosion, water logging and other factors influence the yield of crops on a 
regional basis.   

 
2.3.3 Initially projected yields were predicted as is indicated in Box 3.  The three scenarios 

developed in this work were designed to provide an indication of possible yields given the 
likely situation by 2020.  All three of these scenarios are feasible and, depending on various 
factors, any of them may occur in different parts of the world.  Note that only the “maximum 
improvement” scenario was used to predict land requirements by 2020 (see comment on this 
in 2.1). 

 
 

                                                      
11

 Essentially farming systems can be classed as intensive or extensive: intensive farming is where 
productivity is improved on a unit land area through technological improvements and agro-chemical 
inputs; extensive farming tends to produce low yields and there are little or no agro-chemical inputs 
(such as fertilisers or pesticides).  Intensification is only examined in this work in appropriate 
environments. 
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Box 3: Scenarios used by ADAS to provide a range of yield forecasts for crops 

 
Projected yields for 2020 were calculated by extrapolation of previous trends including 
projections made by others.  The scenarios examined were: 

Business as usual (BAU): return to prices close to recent historical levels; current food and 
fuel security issues resolved by good harvests in 2008; yield projections continue on present 
trends.  Extrapolation from current trends. 
 
Maximum improvement: recent high crop prices maintained allowing increased investment 
in farming and agro-industries; assumes that we are still some way from hitting a 
physiological ceiling to yield improvement for most crops.  Sets out maximum yields that 
should be attainable. Uses 12% assumed improvement above BAU scenario (1% per year), 
tempered by evidence in literature for specific crops.  This is the yield scenario that the results 
in Table 2.2 above are based on.  
 
Yield decline: low limit for yields assuming that current yield plateaus are due to 
environmental constraints that cannot be overcome by technological means; that climate 
change represents a great challenge to yield improvement and may result in declines in some 
regions; that high fuel and input prices restrict farmers reaching attainable yield levels; and 
that global political and economic uncertainty reduces investment in agriculture.  
  
Analysis of potential yields for each crop in each region used the Global Agro-Ecological Zone 
(GAEZ) analysis undertaken by IIASA and FAO

12
.   

 
 
 

                                                      
12

 ADAS indicate that some estimates made by this model on a regional basis may be inaccurate for 
some crops in some areas.  (‘Not knowing whether current cropping for a country or region is on very 
suitable, suitable or marginal land makes it difficult to ascertain which classification gives the most 
appropriate estimate of attainable yield’. ‘The biggest concern with the GAEZ data however is that there 
are many instances where GAEZ estimates of attainable yield, appear very different from local 
knowledge.’ ‘the attainable yields estimated by GAEZ appear not to recognise a capacity to improve 
efficiencies of crop growth by breeding – for example efficiencies with which radiation, water or nutrients 
are used’.) In addition they state: ‘the accuracy of some FAO-published data is open to question’ 
particularly where there are large differences between areas within regions that skew data on yield 
improvements for that geographical region. 
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2.3.4 The results from ADAS’ initial yield estimates were given on an FAO geographic region basis 
for BAU and Maximum Improvement scenarios in the draft report and all land requirement 
estimates given in the draft were based on the ‘Maximum Improvement’ estimates using a 
crude match between FAO geographic regions and the OECD regions used by E4tech. 
Subsequently, ADAS have re-estimated yields for both the business-as-usual, maximum 
improvement and yield decline scenarios by individual country to give appropriate aggregates 
for the OECD regions adopted by E4Tech in producing their demand scenarios.  The land 
requirement figures produced in this report (Sections 2.4 and 2.6) are based on these 
improved estimates. Given the limited time available however, the yield projections for the 
OECD regions should not be seen as definitive – further time and consultation might refine 
these estimates considerably. 

 
2.3.5 There is much concern about the implications of the current high agricultural commodity 

prices at present, particularly food prices and the impact that biofuels might have on these 
prices.  While the FAO Outlook (2007) does not expect these high levels to last, it also does 
not expect to see the return of low prices.  This is because of sustained changes that will 
continue to influence demand: increased demand from transition nations, population growth 
and other factors signal the end to very cheap crop prices. The FAO expects that productivity 
trends will continue as for last decade; to exceed these levels requires investment in crop 
research and development.   

 
2.3.6 Hazell (2008) has examined the influence of food prices on yields. This suggests that high 

prices alone are not sufficient to raise yields; for this concerted investment in R&D is required.  
From the consultations ADAS undertook with experts around the world, they found that 
‘advances in productivity depend on a combination of three drivers: (i) public investment in 
research and infrastructure, (ii) supportive legislative and trade agreements, and (iii) private 
investment supported by profitability of production – hence product prices’. 

 
2.3.7 There are indications that, for some crops, we are reaching the limit of yield increases for 

particular regions (e.g. wheat in EU, maize in the US, rice in China).   
 
In their summary ADAS divide the world by income: 

• Middle income countries have good opportunities to increase productivity through 
mechanisation, irrigation and chemical inputs, but they have to invest in their 
agriculture.  

• High income countries are already approaching attainable yields and additional 
investment in R&D and improved soil and water management is needed to raise 
yields further.  Current levels of investment in these areas are not sufficient to achieve 
this.   

• In low income countries it is possible that attainable yields have been over-
estimated in those having low rainfall, because lack of available water may not have 
been recognised.  But other constraints are numerous: including small-scale farming 
methods with complex, diverse and risk-prone facets, fragile soils, dysfunctional 
markets for inputs and farm products; remoteness and poor rural infrastructure, 
vested pastoral and forestry interests, communal property rights regimes, and 
unfavourable agriculture policy regimes.  For example, large areas of Africa are part 
of extensive fallow or livestock systems that are compatible with low and erratic 
rainfall. It has been calculated that Africa needs investment of about $10 billion per 
year over the next decade achieve a second Green Revolution. 

 
2.3.8 Table 2.3 summarises the results from this analysis for potential for yield improvements for 

specific crops.  
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Table 2.3: Summary of potential yield improvements for specific crops. 

Crop Comment 

Wheat Stagnation in yield improvements in EU, which may be due to CAP reforms.  
The plateau in wheat yields has not been investigated and further work is 
required to understand what is causing it.   
Eastern Europe (principally Russia and the Ukraine may have considerable 
potential for increased yield. 

Maize USA dominates maize production and improvements in yield have been 
driven by use of new hybrids. 
Little improvement is foreseen for Europe. 
Yields in Asia show steady progress. 
Prospects for continued improvement are good. 

Rice Dominated by Asian production, which is showing slow down in yield 
improvements. Yield projections are modest but may improve with investment 
as a result of recent price issues. 

Barley Dominated by Western Europe.  Levelling off of yield increase observed. 
Sugar cane Dominated by Brazil where yield improvements have been observed.  

Elsewhere declines have been observed. Modest improvements predicted in 
most regions. 

Sugar beet Dominated by European production.  Good projections for yield increase. 
Soya Dominated by Americas. Yield improvements have occurred, and are 

predicted to continue. 
Oil seed rape Considerable variation in yield improvements by region. Projections by EC 

are for 1.8% growth/year. 
Sunflower Dominated by Eastern Europe and South America.  Projections show yield 

growth over 1%/year. 
Palm oil Dominated by Far East. Good opportunity for yield improvement, although 

this is not being observed on the ground. 
Jatropha No detailed work available on yield projections. 
Second 
generation 
crops 

Opportunities for plant breeders to improve yields are thought to be limited by 
low potential return for perennial crops.  In the absence of Government 
support it is difficult to envisage significant private investment in biomass 
breeding programmes under current market forces.  In addition conventional 
breeding programmes improve the productive proportion of the plant.  This is 
not so appropriate to crops that are harvested for whole plant potential. 

 
2.3.9 The conclusions to the ADAS study indicate that, overall, it is apparent that demand is 

increasing for products from land.  To meet this without undesirable land use change will 
require productivity increases.  These yield improvements will not be achieved without 
significant public investment.  In addition: 

 
• Any biofuels mandate must be aligned with initiatives that ensure that (1) research 

and development is directed at improving productivity and (2) regulatory and fiscal 
arrangements facilitate greater productivity across the world.  It is not so likely that 
yields for second generation crops will be improved without Government support, as 
there is less incentive for private sector development.   

• To date GM crops have not significantly improved productivity (rather they tend to 
show advantages for crop management rather than improvements in yield potential). 

• Overall productivity improvements could be constrained by political instability, 
reductions in funding, the amount of field R&D funded, climate instability, the choice 
of a species for a particular agro-ecosystem, water supply (drainage and irrigation). 

• It is thought that some crops may have reached their physical limits in some regions. 
• More work is needed to understand which crops are suitable for which developing 

nations and investment is needed in R&D to improve productivity without affecting 
water supply and other environmental impacts. 
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• There is a need to understand the impact of intensification on water use, salinization, 
soil health, water pollution and other environmental impacts.   

 

2.4 Crop and Land Requirements for Biofuels 

2.4.1 Table 2.4 and present estimates of the tonnages of crops required for biofuels for each of 
E4Tech’s scenarios, and express these in terms of the percentage of 2006 production. 
 

2.4.2 The greatest increases are predicted in the production of palm, sugar cane, oilseed rape and 
sorghum, although, the extent varies between scenarios.  There is also a significant increase 
(of 20-35%) of use of wood and agricultural residues expected in both of the scenarios with 
second generation biofuels (Scenarios 2 and 4).  In the period 2010-2020, global demand 
increases of wheat, sugar beet, maize and soy for biofuels are expected to be limited to a 
maximum of 20% of the 2006 production volume. 
 

Table 2.4: Global Feedstock Demand for Biofuels in 2010 and 2020 (million tonnes) 
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Table 2.5:  Global production of biofuel feedstock in 2006 (million tonnes) and the 
percentage of these amounts required for the biofuel scenarios in 2020 

 
 
 

2.4.3 Combining these projections for feedstock demand with estimates produced by ADAS of 
yields in different regions (Section 2.3) provides the estimates for the amount of land needed 
globally to provide these crops under each scenario and combination of yield projection for 
2020, shown in Table 2.6.  This indicates a demand of 73-276 Mha of land in 2020 for 
biofuels, depending on the scenario.  This compares with current (2006) land use of 16.5 Mha 
in the USA, EU, Brazil and China and increases current land use for biofuels by a factor of 
between 4.4 and 16.7 (compared to 2006).   
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Table 2.6: Global estimated land area required for the production of biofuel feedstock 
in 2010 and 2020(million ha) for high crop yield improvements and for extrapolated 
business as usual (BAU) crop yield improvements 

a) for the business as usual yield scenario 
 

 
 
 
b) For the maximum improvement in yield scenario 
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c) for the low yield scenario 
 

 
 
 

Figure 2.6: Range of land use for biofuels (Mha) under the ADAS yield scenarios 

BAU: Business as usual 
High: Maximum improvement 
Low: Yield decline 
(See Box 3 for description of scenarios) 
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Source: E4Tech, ADAS 
 

2.4.4 It can be seen from this analysis that the lower yield (yield decline) scenarios would result in 
higher demand for land (in the above table the land use for BAU is between 9-11% higher 
than for the high yield scenario and land use for yield decline is 20-25% higher than BAU). 
The much larger land use estimated in the yield decline scenarios is influenced significantly 
by the yields of jatropha (which are highly uncertain) and soy (to a lesser extent).  In other 
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words, the need for land is sensitive to increases in productivity and yield and to advances 
that can be made in the productivity of crops grown in Africa, Asia and South America (this 
specifically refers to jatropha and soy but can also be important for other crops).   
 

2.4.5 It is interesting to compare the 73-276 Mha of estimated land requirement for biofuels with the 
projected 3000 - 6000 Mha of global cropland and pasture discussed in Section 2.2.  While 
bearing in mind that both sets of figures are based on a wide range of assumptions, the 
projected requirement for biofuels represents between 1.2-9.2% additional land above the 
projected global pasture and cropland.  If avoided land is taken into consideration through use 
of co-products as feed (see 2.8), this reduces to 1.3-5.0% (Table 2.9, Section 2.10).  
However, these figures are misleading in that they regard biofuels as a subset of total land 
use.  If, instead we examine the impact of biofuels on additional land a different picture 
emerges.  IIASA, in their presentation to the RFA as part of this review, provided figures for 
available agricultural land.  They excluded land constrained by temperature, rainfall, degraded 
land and land of low productivity and estimated that the remaining available potential 
agricultural land is between 790 and 1215 Mha.  They indicate that this could be an 
underestimate because of limitations in the source datasets (by up to 50% in some regions) 
but it provides an estimate of land availability.  IIASA also indicated that this is unevenly 
distributed by region. Some regions such as Northern Africa and a large part of Southern and 
Eastern Asia are severely land constrained.  On the other hand there is considerable 
available land in South America and Sub Saharan Africa (which agrees with the findings of 
CE Delft and the case studies undertaken for this study).  CE Delft provide an indication that 
the additional demand for agricultural land between now and 2020 will be some 200-500 Mha.  
They compare this to the land use increase since 1990 of 34 Mha and comment that it is high.  
The figures they provide for future additional land demand for agriculture include yield 
improvements and more efficient meat production.  Biofuels create an additional demand on 
top of this of 73-276 Mha. 
 

2.4.6 Moving to a greenhouse gas based target (Scenarios 3 and 4) appears to significantly 
increase land requirements, but the quantity of biofuels required to meet the GHG target (419 
billion l) is higher than that required to meet the volume based targets (259 billion l). In their 
analysis of the EU situation Ecofys (2008) examined targets based on the same volume of 
biofuels and showed that land requirements are lower for the GHG based targets (see Figure 
2.11 below).  This means that care must be taken in examining the land take for the different 
types of targets.  What is clear is that the types of crops used are different and therefore the 
targets impact on different regions.  
    

2.4.7 The impact of second generation biofuels can be seen when comparing scenarios 1 with 2, 
and 3 with 4. Global feedstock demand (in Mt) is seen to be reduced here by about 18% and 
29% respectively (Table 2.4).  The impact is even more pronounced when looking at the 
impact on land demand (Table 2.6).  This is about 40% less in scenario 2 compared to 
scenario 1.  For scenarios 3 and 4, the impact of second generation biofuels on land use is 
comparable to the impact on feedstock demand, a ~30% reduction.  
 

2.4.8 The percentage of these feedstocks that would be needed to achieve the EU targets for 2020 
(with and without second generation) has also been estimated.  The results are shown in 
Figure 2.7 and Figure 2.8.  These figures show the dominance in Europe of crops such as 
OSR, sunflower, sugar beet and wheat.  They also indicate that the EU is predicted to use 
relatively small amounts of the world’s production of palm oil or sugar cane that are used for 
biofuels.   
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Figure 2.7:  Percentage of global biofuel crop production needed to meet EU targets in 
2020, on a crop basis.  Scenario without second generation technologies 
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Figure 2.8:   Percentage of global biofuel crop production needed to meet EU targets in 
2020, on a crop basis. Scenario includes second generation technologies 
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2.4.9 CE Delft makes a number of key observations in their work: 

 
• Land that is potentially available to meet future demand for biofuels is divided 

unevenly across the world.  In North Africa, South Asia and Japan there is very little 
arable land left for expansion (94% of available cropland is being used in South Asia 
and land in North Africa is also constrained).   Almost half of the global potentially 
available arable land is situated in only seven countries: Angola, Argentina, Bolivia, 
Brazil, Colombia, DR of Congo and the Sudan.   
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• Large differences in the estimates of land availability are down to assumptions made in 
the inter-changeability of land.   

• The FAO estimates that 20% of extra food production by 2030 will result from 
expansion of arable land, but 70% of the increase will result from increasing yields or 
cropping intensity.   

• Arable land in South America and Sub Saharan Africa will expand at the expense of 
forest.   

• UNEP forecasts that arable land will decrease and forestry increase in the EU and 
North America.   

• There are large areas of idle land where major potential exists to increase productivity, 
including in the Eastern EU and Russia, Ukraine and Kazakhstan. In the EU and USA, 
idle land is increasing (although if temporary changes to set-aside become more 
permanent this may change for the EU).  

• The analysis of the European Environment Agency (EEA 2007) examining the potential 
for biomass indicates that ‘recent analysis in Germany (where agricultural-bioenergy 
production is already well-developed) showed that potential and actual impacts on 
water quality and biodiversity have become real environmental concerns.  This relates 
to the conversion of grassland or set-aside land to arable biomass crops, potential 
inappropriate application of biogas digestate on farmland, higher grassland intensity for 
biogas production as well as indirect environmental effects via land use intensification 
on arable and grassland.’ The EEA recommends that that at least 3 % of present 
intensively used farmland be set aside by 2030 for nature conservation purposes. 

 
2.4.10 The key conclusions regarding land use are summarised in Box 4. 
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Box 4:  Key findings from analysis of land use (CE Delft conclusions) 

• Food and feed production are the main sources of demand for agricultural land: in 
2020, about 5.5 Gha of land is expected to be in use for croplands and pastures.  
Pastures have a large share in this, about 3.5 Gha. Future food and feed land 
demand depends strongly on global diet and on developments in agricultural yield. 
It is expected that future increase in feedstock demand will be met mainly by an 
increase of agricultural yields, due to agricultural intensification, more efficient meat 
production and crop improvements. 

• The second largest driver for land demand is the wood, pulp and paper industry. 
Demand for these products is increasing strongly. Wood is also a large bioenergy 
source, as many households all over the world use (waste) wood for heating and 
cooking. It is estimated that the area of forest plantations in 2020 will be somewhere 
between 190 and 310 Mha. This is only a small part of all forest land (currently 
estimated at 3.87 Gha).  

• In terms of bioenergy demand, most studies assess future potential rather than 
provide a forecast. Estimates of related land demand vary widely - it is estimated 
that between 0 – 2.6 Gha of surplus land may be available globally for bio energy 
crops in 2050.  This represents a wide range and reflects the assumptions made in 
the modelling, such as the level of technological change (intensification of extensive 
farming) and the availability of idle land.  IIASA estimate potential agricultural land 
availability, given a number of constraints, to be 790-1215 Mha. 

• Other drivers for land demand are the tobacco, rubber, textiles and petrochemical 
industries, but their demand for land is much smaller than that of the drivers 
mentioned above. 

• Land availability is not a given, but depends on developments in demand, crop 
prices, agricultural developments, environmental demands, etc.  Any change in land 
use, however, will have an environmental (and often also a social) impact. 

• One would expect that the effect of growing economies leads to an increasing 
demand for agricultural and forest feedstock (meat, wood for timber and paper, 
etc.), but also to yield improvements.  This may have a positive (i.e. dampening) 
effect on land use for these products.  However, forecasts do not expect that yield 
improvements completely compensate increases in demand for food and wood.  It 
can therefore be concluded that agricultural land demand is expected to increase 
due to the increasing food, feed and wood demand.  An increasing biofuels demand 
will then further increase agricultural land demand. 

 

 

2.5 The EU 10% Biofuels Target 

2.5.1 As part of this work Ecofys examined the impact assessment of the 10% biofuels target 
proposed in the Renewable Energy Directive.  This included examination of the likely makeup 
of feedstock for biofuels consumed in the EU and whether or not these fuels originate in the 
EU or are imported.  The documents examined by Ecofys are: 
 

• The Proposal for a DIRECTIVE OF THE EUROPEAN PARLIAMENT AND OF THE 
COUNCIL on the promotion of the use of energy from renewable sources. 

• The accompanying Impact Assessment: SEC(2008) 85/3 
• The annex to the above Impact Assessment: SEC(2008) 85 
• The Renewable Energy Roadmap: COM(2006) 848 final 
• The accompanying Impact Assessment: SEC(2006) 1719 
• The Biofuel Progress Report: COM(2006) 845 final 
• The annex to this report, Review of Economic and Environmental Data for the 

Biofuels Progress Report: SEC(2006) 1721/2 
• EEA (2007): How Much Bioenergy Can Europe Produce Without Harming the 

Environment? 
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2.5.2 The Annex to the Biofuels Progress Report and Impact Assessment of the 10% biofuel target 

by DG Agri (the assessment accompanying the road map) both study related land 
requirements but within the EU only.  They do not analyse land use change outside the EU as 
a result of demand for feedstock for exports to the EU; nor do they analyse land requirements 
outside the EU to compensate for reduced production of food and feed in the EU (as part of 
the EU’s arable land shifts from food or feed production to biofuel feedstock production).  
There is no analysis of the GHG implications of this land use change. 
 

2.5.3 Further comments by Ecofys are summarised in Table 2.7 below.  

Table 2.7: Comments on the Reports examined by Ecofys 

Report Comments 
Annex to the 
Biofuels Progress 
Report 

Includes assessment of land requirements but only within the EU.  
The modelling work examined a 7% and a 14% biofuels target.   
Assumptions are listed in the Ecofys report. 
Results suggests that for each additional 1 million hectares needed 
in the EU to produce raw material for biofuels, land use will change 
as follows: 
- 370 000 hectares of arable land will be re-orientated from 

exports to domestic production; 
- 400 000 hectares will be taken out of set-aside; 
- 220 000 hectares of land that would otherwise have fallen into 

other uses will remain in arable use’ 
Total estimated land use change in EU: 7% biofuel target - 4.8 
Mha; 14% target - 11.5 Mha. 
Total estimated land use change outside EU: 7% target - 4.9 Mha; 
14% target – 10 Mha. 
No analysis of impact of land use change outside the EU. 

Analysis: 
DG Agri: Impact of 
10% target. 

The assumptions made in this analysis are listed in the Ecofys 
report. 
Estimate of total production causing land use change in EU: 41%;  
Total production causing land use change outside EU: 44%.  
Remainder: total from residues within EU (15%). 
No analysis of impact of land use change outside the EU. 
 

 

2.5.4 Some of the conclusions reached by Ecofys are summarised in Box 5. 
 

Box 5:  Conclusions to examination of the Annex to the Biofuel Progress Report and 
Impact assessment of 10% biofuel target by DG Agri 

 
• The results of both studies suggest that more than 80% of biofuels will be produced 

from energy crops, with less than 20% from residues. 
  
• Analysis of the share of imports and diversion of existing EU-production to biofuels 

suggests that more than half the biofuel production from energy crops will lead to 
LUC outside the EU.   

 

 
2.5.5 The Renewable Energy Directive – Impact Assessment claims that the main impact of 

enhanced EU biofuels demand will be a further increase in productivity, not an increase in the 
quantity of land used for agriculture.  Ecofys dispute this on the grounds that demand for food 
and feed is growing and expansion of arable land is needed to meet this growing demand - 
with the consequence that expansion of use of biofuels in the EU is likely to require expansion 
of arable land.  They calculate the risk of indirect LUC from the 10% target to be high – 13% 



Review of Indirect Effects of Biofuels                              
  

32                                                                                                     AEA Energy & Environment                  
 

of the quantity required will result in non-arable land being converted to cropland; 11% of the 
demand will result in land use change outside the EU due to the diversion of exports

13
 and 

20% of the demand will result in land use change out side the EU due to diversion of crops 
produced within the EU for food and feed now being used for biofuels. 
 

2.6 Land use requirements for the EU biofuel target 

2.6.1 Further analysis was undertaken on the impact of the EU target on land use change.  This 
used the E4Tech scenarios and ADAS yield data, but added in additional sensitivities to 
examine the impact of lower volume targets (5.75 and 7% biofuel target by energy content) 
and the impact of the various yield scenarios from ADAS (the low yields prediction and the 
high yields prediction for the crops relevant to the EU, plus data from EEA 2007 on the yields 
of woody crops and grasses).  The biofuel yield per ha for different biofuels feedstocks are 
shown in Figure 2.9.  This shows that some first generation biofuels crops (e.g. sugar cane 
and sugar beet) have higher biofuels yields than second generation crops. 

Figure 2.9:  Biofuel yield per ha for different biofuel feedstocks used in Ecofys 
examination of land use for biofuels target. 
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2.6.2 Figure 2.10 presents the effect of the use of co-products (discussed in more detail in section 
2.8) on land use requirements.  This shows the significant effect that the use of co-products 
may have on the land use from biofuels in the EU.  This is a preliminary analysis.  Ecofys 
conclude that this is an area where further research is required. 
 

                                                      
13

 Export diversion refers to products that were peviously used for exports but, under the 10% target for 
biofuels, will be used for domestic biofuel purposes. 
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2.6.3 Ecofys also examined the use of residues for first generation biofuels.  These include the use 
of recovered vegetable oils and tallow.  Their analysis indicates that in a 10% volume target 
these residues could provide around 9.1% of the biofuels required. 

Figure 2.10:  Ha required to produce one tonne of oil equivalent biofuel from different 
feedstocks with and without the potential land use avoidance from the use of co-

products and straw for bioethanol 
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2.6.4 Second generation biofuels production from biomass residues has been proposed as another 
way to decrease the land requirement for biofuels to meet the EU target.  These residues 
include agricultural or forestry residues or wastes (such as waste wood and sewage sludge).  
The total residue potential was estimated to be 116Mtoe by EEA (2007).  Ecofys compared 
this to the heat and power generation from biomass under the 20% renewable energy 
scenario in the Renewable Energy Roadmap, which results in 1.10EJ (power) and 3.81EJ 
(heat).  Their analysis indicated that the residues in the EU could not fulfil this potential 
demand. They concluded that the EU residue potential alone is not sufficient to supply the 
biomass needed for heat and power generation predicted in the Renewable Energy Roadmap 
in 2020 for the 20% target.  This means that even if we do not take second generation 
biofuels into account there will be insufficient resource for biomass heat and power.  
Consequently there will be competition between biomass heat and power and biofuels 
(second generation) for the same biomass residues.  This is an important conclusion and 
requires further analysis. 
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2.6.5 Figure 2.11 shows the combination of all of the potential means to decrease land use for 
biofuels to meet the requirements for the various biofuels scenarios for EU.  For each 
scenario the first column shows the gross land requirement; the second shows the net land 
requirement, taking account of the potential decreased requirement due to use of co-
products.  Biofuels from residues are not included as they do not require land. 

Figure 2.11: Gross and net land requirement for different biofuel scenarios 
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2.6.6 There are a number of important observations from this analysis: 

• A volume based target with no second generation results in the highest land 
requirement, including a large share for OSR, soy and wheat.  Both the use of co-
products and second generation decreases this land requirement considerably.   

• The GHG reduction scenarios result in lower gross land requirements, but the net 
land requirements are higher because of the higher shares of sugar cane, oil palm 
and jatropha in the GHG scenarios (these crops yield lower co-products than OSR, 
maize and wheat used in the volume based targets). 

 
2.6.7 Figure 2.12 shows the effect of lower volume based targets.  This demonstrates the 

contribution made by second generation biofuels, which can be seen if the 7.5% target with 
no second generation biofuels is compared to the 10% target with second generation biofuels. 
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Figure 2.12.  Gross and net land requirements for different biofuels targets 
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Box 6:  What land use change is caused by these biofuels requirements? 

(Source: Ecofys analysis of the EU targets) 
The DG Agri background analysis of the proposed 10% target indicates that to meet an EU 
10% target would require 16.5Mha to 31.5Mha, depending on the scenario. 
 
The Biofuels Progress report estimates that around 7.6 Mha of land would be required to 
achieve a 7% biofuels target within the EU.  In addition it estimates that a further 2.1Mha of 
land would be affected outside the EU.  It estimates that of this total land area, 32% of the EU 
land required for the biofuels target would be met by land taken out of set aside(=3.1 Mha);  
17.5% would be met by land that would have fallen out of production (potential set aside land, 
1.7 Mha); and 29% would be met by land used for crops that were formally exported  (=2.8 
Mha).  The remainder (22%) is direct or indirect land use change outside the EU. 
 
Indirect land use change 
The change of land use from crops that were exported to domestic production will lead to 
indirect land use change outside the EU.  How much is uncertain because it is not known 
what export crops are replaced, what crop will substitute it and where this crop will be 
produced (so its yield is unknown).  Thus 1 displaced ha in the EU will not necessarily result 
in 1 ha land use elsewhere.  This means that the amount of indirect land use is difficult to 
determine. 
 
Avoided land use change from co-products 
Co-products have a large impact on land use requirements.  Taking avoided land use due to 
co-products into account makes OSR yield more biofuel per ha than oil palm and maize 
outperforms sugar cane.  The type and amount of substituted products by biofuels co-
products has a large impact on the results.  There will always be uncertainties in defining 
these parameters.  Although the avoided land use change cancels out gross land use from 
biofuels, these land use changes do not necessarily take place in the same areas; the 
avoided land use is likely to happen in a very different area. The effects on issues such as 
carbon stocks and biodiversity would be very different.  However, it would be true to say that 
production of biofuels from European feedstocks which generate a lot of co-products might 
reduce pressure on land outside the EU.  Biofuels feedstocks from which less co-products are 
produced (e.g. second generation biofuels) will not result in this effect. 
 

 
2.6.8 From this analysis Ecofys conclude: 

• 10% EU target requires 16.5 to 31.5 Mha, depending on the scenario. 
• Co-products have a large impact on land requirements and could reduce pressure on 

land requirements outside the EU.  Examination of the impact of co-products on total 
land use requirements indicated that this land requirement decreases considerably, to 
around 8-14.8 Mha, depending on the scenario.  In scenario 1 the decrease is from 
31.5 Mha to 11.9 Mha. 

• A volume based target results in a more prominent role in the total feedstock mix of 
those feedstocks that achieve good GHG performance, although the picture changes 
if co-products are taken into account.  Ecofys’ analysis did not take GHG emissions 
from land use change into account. 

• Use of residues prevents land use change.  However, it is likely that biofuels will 
compete with heat and power for EU residues, as there are insufficient residues to 
supply biofuels and heat and power under the EU 20% renewable energy scenario. 

• If co-products are taken into account, some first generation crops out perform second 
generation crops in terms of biofuels production per ha. 

• A lower target results in lower land use, providing the feedstock mix remains constant. 
• Future yield developments are important in reducing land requirements.  However, 

future yield developments will also critically affect food and feed production which 
could free up more land are that could be used sustainably for biofuel production. 

• There are important risks to using targets based on GHG emission per ha, uncovered 
in the Ecofys analysis.  These are examined in Box 6. 
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• Displacement effects will cause land use change in different areas to where the 
feedstock is grown. 

• The indirect effects could include substitution by food crops grown outside the EU to 
for production displaced by biofuels within the EU. 

• Indirect effects may be reduced by the use of residues for biofuel production, by 
biofuel production on idle land and by additional yield increases on top of those 
expected from BAU and from biofuel production from algal crops. 

 

Box 7:  Risks associated with the use of targets based on GHG emissions per ha 
(source: Ecofys 2008) 

• For a given feedstock the approach encourages the feedstock grown on the most 
productive land, which may encourage producers to choose to convert the most 
productive lands first.  The amount of indirect land use change is not so much related 
to the amount of ha displaced but by the amount of production displaced.  If the most 
production oil palm areas are used for biofuels it may require more ha of oil palm to 
substitute the displaced oil palm from lower productivity land.   

• The approach does not stimulate sustainable land use change in which biofuels are 
used to regenerate degraded lands, as these will not be so productive. 

 

 

2.7 Regional Issues 

2.7.1 The production of biofuels will vary on a regional basis.  This is demonstrated in Figure 2.13 
and Figure 2.14, which show predicted biofuel volumes for 2010 and 2020 if regional targets 
are met.  The dominance of the US, EU and Latin America can be seen though, by 2020, the 
targets in Asia and other parts of the world are also becoming significant.  Data presented 
elsewhere in this report has shown that some crops are likely to be more significant than 
others, including sugar cane, palm oil, oil seed rape and sorghum.  The regional pressures on 
land use change also vary according to national policies and needs and these were examined 
in six case studies on: Brazil, South Asia, Southern Africa, China, UK and India, together with 
a report from the IEEP, and a synthesis report by Themba.  Some of the findings from these 
studies are summarised below.  
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Figure 2.13:  Biofuel volumes required to meet targets in 2010, presented on regional 
basis 
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Figure 2.14:  Biofuel volumes required to meet targets in 2020, presented on regional 
basis 
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Regional drivers for land use change  

 
2.7.2 There are multiple, complex and inter-related drivers for land use change, particularly 

deforestation (these have already been discussed, see Figure 2.2).  The resulting combined 
land use change obscures the potential impacts and emissions arising from increased 
demand for bioenergy, either direct or indirect.  In many areas little or no conclusive data is 
available on the causes or extent of deforestation (or other land use change) and there is an 
urgent need to obtain better data and to understand the impacts of land use change on a 
regional basis. 
 

2.7.3 The synthesis report by Themba highlighted the potential for deforestation in many regions of 
the world.  In some areas deforestation is controlled centrally; in others logging (legal or 
illegal) dominates.  Subsequent reforestation activities are driven by national government 
policy, which has implications for assumptions about ‘foregone sequestration’.  In Brazil and 
SE Asia (Indonesia and Malaysia), Themba (2008) indicate that logging activities are the 
primary driver for deforestation, although the FAO (2008) think that land use change in 
tropical areas is more complex than this (see Box 8).  Themba agree that there is ‘an urgent 
need for better data on the fate and impacts of secondary forest land’.  They also point out 
that ’it is unclear what the impacts of land use change will be on the above and below-ground 
carbon stocks of important ecosystems.  Existing assessments, whilst valuable, may not be 
sufficiently detailed or robust to provide credible estimates for calculating these impacts.’ 
 
 

 
Box 8: Land use change in forestry (summary from FAO 2008)  

 
The FAO routinely report on forest cover on a global basis (see, for example, 
www.fao.org/forestry/fra for a summary of their work). 
 
Their work has indicated that fundamental data on deforestation is difficult to obtain and it is 
difficult to compare information from different regions at national regional or local level.  This 
is particularly true in work being undertaken to understand what the forest is being converted 
to.  Hence it is difficult to understand the key causes of deforestation, particularly if a complex 
chain of events happens.  
 
In addition it is difficult to report the changes in carbon stock, particularly as much work at the 
moment relies on IPCC default data on carbon in litter and soil, rather than actual data.  Data 
available on carbon stock is highly variable and very few countries have actual data on 
carbon stock changes.  As a result there is no reliable data on carbon stock emissions from 
deforestation. 
 
Factors that put pressure on forests include agriculture, infrastructure, dams, habitation and 
logging.  The FAO has studied land use change to examine the causes of deforestation by 
region between 1990 and 2005.  Their work indicates that: 

• In Africa the most common land use change in forestry is conversion to small-scale 
agriculture. 

• In South America the most common land use change is conversion to large-scale 
agriculture (ranching). 

• In Indonesia, Malaysia and Thailand there has been a big increase in oil palm 
plantations but the annual loss in forest area is much higher than the annual gain in 
oil palm, soy and sugar cane in these regions. It is not clear what the difference is 
made up of. 

 
The FAO observe that logging may be responsible for primary ‘invasion’ of forested areas, by 
providing infrastructure into these areas.  However, loggers do not take all of the trees (FAO 
estimates that the loggers take <10% of the trees); it is subsequent slash and burn that 
results in the more permanent land use change. 
 
The FAO are currently undertaking a more detailed assessment of forestry (FRA2010), which 
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will use high resolution sampling as part of a remote sampling survey to complement national 
reporting.  This will provide more accurate area change statistics, information on land use 
dynamics and forest maps as well as establishing an information framework to support the 
monitoring of forests, land use and the environment.  
 

   
2.7.4 Themba note ‘GHG emissions from biofuels are one of the key factors for their promotion in 

Europe, however, this is not necessarily the highest priority for developing biofuels in other 
countries.’  In fact often economic drivers (such as a desire to stimulate the rural economy or 
to conserve foreign exchange reserves and diversify export commodities) predominate in the 
considerations for biofuels policy in many countries. 
 

2.7.5 In Brazil, land use changes have long been associated with sugar cane and soy and these 
figures are worth scrutinizing.  Figures for use of sugar cane indicate that sugar cane for 
ethanol occupies 1.2% of Brazil’s land and 6.3% of its cultivated land

14
.  This compares to 22 

Mha of soybean and 200 Mha dedicated to extensive cattle ranching.  The Brazil case study 
says ‘the risk of indirect land use change associated with soybean expansion is significant, 
though it is difficult to measure.  Soybean production can generate indirectly strong pressure  
for large-scale biodiversity loss in the Amazon.  Various authors have demonstrated the 
existence of a close yet complex relationship between soybean and cattle ranching – which is 
the main cause of tropical deforestation in the Brazilian Amazon.’ ‘Sugarcane expansion will 
have limited direct impacts.  The indirect impacts may be more important, but more research 
is needed to quantify them.  Soybean direct and indirect impacts are more significant.’ 
 

2.7.6 Elsewhere pressure on land is not related to deforestation but to other factors.  The UK case 
study says there is sufficient land to achieve a 5.0% target but not the 5.75% EU target.  This 
means that the UK will need to consider its options and it is likely that development of biofuels 
in the UK will depend on cost competitiveness.  In the UK, in contrast to Brazil, the major 
environmental impact will be intensification of production, resulting in impacts on soil, water 
and biodiversity.  The range of potential crops for the UK is not very wide, so future supply 
options could examine the potential to expand this list and look to develop technology to 
extend the range of feedstocks through second generation production. 

 
2.7.7 The results of the assessment of land availability indicate that there are very large areas of 

land ‘potentially available’ for increasing agricultural and forestry production.  Areas were 
identified in Brazil and Southern Africa, among other regions.  This confirms the findings of 
the CE Delft work where it was concluded that land area is available in sub Saharan Africa 
and South America.  However, concern has been expressed about the ability of China and 
India to meet their targets.  Given the restrictions on land and water availability in these 
countries, their biofuel options are more difficult (and important given their targets).  India is 
constrained on land availability and on the need to feed its growing population and is 
considering crops that can be grown on marginal land (e.g. it has a large Jatropha 
programme).  China, facing similar land constraints and food demand, is examining crops that 
can be grown in water scarce, semi-arid and saline lands unsuitable for food crop production.  
In addition the Chinese are examining the use of Jatropha and the potential of algal biofuels.  

 
2.7.8 There are plans for biofuels production in a number of countries in South East Asia.  The case 

studies examined Indonesia, Malaysia and Thailand.  It indicated that biofuels will be 
produced for both national needs and for export and that GHG emissions are not the primary 
driver; rather the drivers are related to economic and fuel security issues.  In this region the 
targets will be met through the use of palm oil, sugar cane and cassava.  In Indonesia 
government plans for biofuels are also intended to encourage investment, stimulate 
development of the rural economy and conserve foreign exchange reserves and 12 biofuels 
zones have been established.  Similarly Malaysia aims to decrease the imported fuel bill and 
mobilise investment in palm oil. It indicated that biofuels will be produced for both national 
needs and for export.  Together with plans for food production it is clear that there will be an 
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 The total land area in Brazil is 850Mha; 340Mha is used for arable land. Sugar cane occupies 7Mha. 
(Volpi 2008) 
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expansion of current agricultural land, although Malaysia indicates gains will come from 
improved yields.  However, lack of clear data means it is not certain how much of the 
expansion of agricultural land will be attributable to biofuels production.  In Indonesia there is 
a large potential for clearance of tropical rain forest and drainage of peat land, both of which 
release significant amounts of carbon to the atmosphere with resultant negative impact on 
emissions savings from biofuels.   

 
2.7.9 The role of infrastructure should not be underestimated.  The Brazil case study highlights the 

case of the State of Goias, which will only start to produce ethanol once dedicated ethanol 
transport infrastructure is built.

15
  This rationale also explains why high value forest 

ecosystems are the likely target for agricultural expansion.  The extraction of timber requires 
the development of a road infrastructure and also in part pays for land clearance.  Farmers 
then have access to cheap, or even negative cost, land with pre-built transport infrastructure 
(Hazel and Wood, 2007).  In turn, this reduces the cost of getting the products to market and 
so helps competitiveness.  

 
2.7.10 The regional studies also show that development of biofuels must take account of local needs 

and policies.  In Southern Africa ‘big areas of land could be brought under cultivation, 
although this needs to take into account what is already happening on the land’.  The need to 
take regional policies and practices into account is also important.  This case study points to 
the need for financial assistance, subsidies and investment in infrastructure in the region.  
 
  

Box 9: Key issues in Southern Africa (Diaz-Chavez and Jamieson 2008)  

The case study for southern Africa points to a large potential to grow crops in the region, 
taking account of the need to avoid deforestation and the potential limitations of water 
resources.  However, there are key issues that will influence biofuels development: 

• The lack of infrastructure in some regions can stall development.
16

  
• The potential water resource issues for some crops in some areas.  
• The issue of investment in processing for second generation crops (the need to 

develop large plants for economic processing could be difficult in Africa and a Dutch 
study indicated the best option was torrification of biomass, with shipping of the 
product to Europe where gasification and Fischer Tropsch synthesis could be 
undertaken at the port)

17
. 

• Land tenure issues (which can result in a range of issues including displacement of 
small holders; land tenure rights is an important issue influencing the ability of whole 
communities to invest in agricultural development of their land). 

• The potential for small-scale production to complement larger scale production (and 
vice versa) and to benefit from centralised processing facilities. 

• The potential conflict between biomass for local heat and for second generation 
biofuels should be examined. 

 

 
2.7.11 The regional work clearly brings out the need for caution when generalising about biofuels.  

There are areas where the development of biofuel crops will lead to conflicts with food 
production or to undesirable land use changes, direct and indirect.  It is likely that there will be 
‘hot spots’ for biofuels crops, where local climate, infrastructure and land availability attract 
investment.  These are the areas where conflicts between land use and the impact of indirect 
land use could be intensified.  However, it is also true that there are opportunities to develop 
agriculture and local infrastructure through investment in biofuels; to provide for local needs, 
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 Bioethanol and petrol cannot be transported together in a single pipeline because of their tendencies 
to separate.  Thus bioethanol has to be transported by tanker.  The provision of dedicated pipelines to 
transport bioethanol opens up the possibility of bioethanol production in new ares. 
16

 One example involves the potential development of biofuels in Mozambiques, which is being stalled 
by infrastructure problems such as the need to build a bridge across a river.  This construction would 
take time and make the project financially unattractiev (Craig Jamieson, pers comm. 2008). 
17

 Craig Jamieson, pers comm. 2008 
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particularly in areas where the cost of fossil fuel supply is aggravated by the lack of 
infrastructure for supply; and to bring degraded land back into production. 

 
2.7.12 There is a wide range of variability in most of the factors relevant to an assessment of the 

indirect impacts of biofuels between regions, countries and across agro-ecological zones.  In 
a number of regions there is also a great deal of uncertainty associated with data on these 
factors.  As Europe is likely to import a significant proportion of its biofuel supply (either 
because of cost differences or because it is more efficient to do so) it is important the data to 
assess the impact of this biofuels production is collected. 
 

2.7.13 Great caution is needed with regard to assumptions made concerning palm production on 
peat soils and the wider implications with regard to LUC emissions and biofuel GHG pay-back 
times.  GHG calculations can be inconsistent and vary according to data sets used. This 
reinforces the need to closely monitor land use and emissions from agriculture and scientific 
studies which are being produced regularly with modifications to GHG calculations derived 
from specific feedstocks. 
 

Potential of cultivation on poor quality soils, salt water environments and in arid areas  

 
2.7.14 Although on aggregate the world is on track to meet food and fibre requirements through 

2050, there are areas of the world where rain-fed agricultural potential is nearly exhausted, 
land degradation continues, and climate change will exacerbate the problem (Themba, 2008). 
Increasing the amount of biomass production in these areas would come into direct conflict 
with food production.   

 
2.7.15 There are opportunities in these areas to use alternative biofuels crops on land that is 

unsuitable for food production.  There are crops that are suitable for first or second generation 
of biofuels that can be grown on such land, as is highlighted for India and China above.  
Crops could be chosen that rehabilitate degraded or saline soils, but policies would need to 
be in place to ensure that their use is prioritised over commercial production of biofuels crops 
on better quality land.  There is also the potential advantage that bringing such lands into 
production provides the opportunity to sequester carbon and to improve the land (particularly 
with perennial crops).  This use of biofuels has created much excitement but investment is 
needed (such as the work in China and India) and a thorough appreciation of the current use 
of the land is also important.  Assumptions are often made about waste or degraded land 
potential, but this needs detailed examination, on a regional basis.  Some crops proposed for 
these lands can be invasive.  In places, alien species have been proposed because of their 
low water and drought tolerance characteristics, but the large scale deployment of these 
crops and their susceptibility to local pests and diseases is not clear.  

 
2.7.16 In many developing countries wastelands are used for subsistence agriculture or perform 

important ecosystem functions.  The ability to adopt such lands needs to be investigated 
further, together with potential conflicts with its current use.  With this in mind Woods and 
Black (Themba, 2008) propose the following questions regarding the use of degraded and 
waste lands: 

 
• Is the land of low carbon stock? 
• Is it of low biodiversity value? 
• Is it of low value (cost) 
• Is it capable of high productivity? 
• Is it in need of rehabilitation? 
• Is it an area where investment will support food production and wealth growth for local 

inhabitants? 
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2.8 Potential for use of co-products 

2.8.1 In addition to the production of biofuels, first generation processing can also result in the 
production of co-products that are suitable for use as animal feed or as a fuel for heat and 
power.  It is likely that both uses will be considered and that the market price for animal feed 
will be a determining factor in its use.  On the other hand, if sustainability becomes a key 
issue for biofuels and plants are judged on GHG emissions reduction, then the potential GHG 
emissions benefits from the use of the co-products will be important in determining the overall 
GHG emissions of the plant (either through displacement of fossil heat and power or through 
displacement of animal feed production elsewhere, reducing the emissions from land use 
change).   

 
2.8.2 The potential for the use of these co-products as animal feed is well proven in Europe and the 

USA.  The co-product from ethanol production from sorghum, cassava, wheat and corn is 
known as distiller’s grains (DG), which is available as wet DG (WDG) or dried DG, commonly 
called dried distillers grains and solids (DDGS).  DG contains high levels of digestible fibre 
and high levels of bypass protein, making it an ideal feed for ruminants, particularly dairy 
livestock.  WDG can be stored for a week; DDGS is transported over much larger distances 
(large amounts are currently exported from the USA to the UK and Ireland).  WDG can 
replace soybean mean.  DDGS may also be suitable for poultry (up to 15% by weight).   

 
2.8.3 The co-product from biodiesel from rape is rape meal, commonly called rape seed meal or 

RSM. This is an established protein source in dairy and beef cattle diets and is finding 
application in pig diets. 

 
2.8.4 CE Delft’s submission to this study on co-products provides details of the advised levels of 

incorporation of DDGS and RSM to livestock diets.  The potential for application of DDGS has 
been estimated by CE Delft to be 156 Mt (worldwide) in 2015.  This exceeds the potential 
production of DDGS of 80 Mt in scenario 1 of the E4Tech analysis above; and it also exceeds 
current soybean meal use.  

 
2.8.5 The potential for application of RSM at 10-15% of feed in pig meat and poultry production is 

75-105 Mt annually.  This exceeds the maximum amount of RSM in E4Tech’s scenario 3 
(50Mt/a).  However, CE Delft point out, the claim that DGs in dairy and beef cattle diets will 
substitute soy bean meal may not be entirely in accordance with reality for all scenarios.  Of 
total US soy bean production only 7% - 15% seems applied in cattle diets (both exports and 
domestic consumption).  Extrapolating to a global level gives a current total soy meal 
consumption of approximately 10 – 22 Mt/a and a future consumption of 12 – 26 Mt/a of soy 
bean meal.  Assuming a substitution ratio of 0.6 – 0.7 kg soybean meal/ kg of DGs (100% 
d.s.), the amounts of DGs produced in several scenarios will substitute more than only soy 
bean meal. 
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2.8.6 Table 2.8 shows the potential avoidance in agricultural land demand by 2020 resulting from 
substitution of feed by co-products.  The reduction is potentially significant, in total between 
16.7 Mha and 31 Mha, depending on the scenario (the higher levels of land use decrease are 
in Scenarios 1 and 3 where there is no second generation production).  Comparing these 
figures with the land requirements for biofuels (73-276 Mha, Table 2.6) shows that a 
significant decrease in land requirement could result from the use of the co-products in animal 
feed.  

Table 2.8:  Potential reduction in agricultural area (Mha) by substituting corn and soy 
by DGs and RSM. 

 Scenario 1 Scenario 2 Scenario 3 Scenario 4 

Wheat DG's         

-  North America 3.5 1.4 3.7 0.9 

-  Europe 1.6 1.1 0.4 0.2 

-  R.O.W. 1.0 0.8 1.3 1.1 

Corn DG's     

-  North America 2.1 0.9 1.0 0.4 

-  Europe 1.2 0.7 0.7 0.4 

-  R.O.W. 0.7 0.4 1.8 1.5 

US soy 9.0 3.7 8.1 4.0 

Latin American soy 12.0 7.6 12.1 9.0 

Total 31.0 16.7 29.1 17.5 

  
 

2.8.7 Comparing data in Table 2.8 with that in Table 2.6 the use of co-products would reduce land 
requirements to 56 Mha to 182 Mha in 2020.  

 
2.8.8 It is important to recognise that the land use saved by use of by-products will not necessarily 

be in the same region as those experiencing land use change from biofuels crops.  It is clear 
that use of co-products could make a significant difference to land use change from biofuels.   

 
2.8.9 In this study only the land use avoidance from DDGS produced in ethanol from wheat and 

corn and RSM from biodiesel from OSR was examined.  There are also possible land use 
avoidance from the use of sugar beet pellets and palm kernel expeller (PKE) as animal 
feed

18
.  For many first generation biofuel crops there are important co-products that may 

result in land use change, but very little work has been undertaken on this potential land use 
avoidance to prove that it actually happens and the extent to which substitution may occur.  
The submission of Ensus (2008) to the RFA Call for Evidence is an important contribution to 
this work. This submission shows that considerable land use could be avoided through the 
substitution of DDGS for soybean meal.  Clearly further work is needed on this important 
area.  

  

                                                      
18

 Wicke et al (2007) examined the GHG emissions from co-firing oil palm products from Malaysia and 
included the issue of emissions reduction due to the use of by-products as animal feed (among other 
uses).  They found that land use conversion for oil palm plantation makes up the greater share of the 
overall emissions and that the use of degraded land, for example, had significant impact on the GHG 
emissions.  However, they also concluded that more work is needed on by-products, the products they 
replace and their emission factors (particularly the way they are treated in the GHG calculations).  The 
use of palm kernel expeller as an animal feed has been established in the EU for some time. Recently 
its use has also increased in Australia and New Zealand, in response to drought in Australia and the use 
of corn in bioethanol production.  This has caused large price rises for PKE (currently trading at 
$120/tonne (FOB Malaysia)) over the past year.  As production in grain increases this may slow down, 
but it indicates the potential for PKE to substitute other animal feed products (Biopact 2007).  
Understanding whether or not this represents land use avoidance from the use of an alternative feed is 
difficult.  This ares requires further investigation.  It also shows that there is volatility in the animal feed 
market based on price and that this has an important influence on the feed products used. 
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2.9 Potential for second generation technologies 

2.9.1 The scenario analysis in section 2.1 indicates the potential for second generation routes 
(even at moderate market penetration) to reduce the demand for land from biofuels 
production.  This is because second generation technologies use waste feedstock or 
agricultural residues, which in themselves do not create a demand for additional land.  
Although the second generation technologies do not result in co-products that can displace 
land use in feed production, some of these processes are capable of being manipulated to 
produce a range of chemical products.  There is a considerable range in estimates of when 
these technologies will be commercially viable, but it is likely that they will not be deployed in 
the next decade without government support for second generation biofuels. 

 
2.9.2 The range of technologies proposed are discussed by E4Tech (2008) and further information 

is provided and referenced in AEA (2008).  The importance of these technologies is their 
ability to use lignocellulose and other feedstocks that are not used for food.  They include 
alcohol production from lignocellulose using biological methods; biomass to liquid 
technologies using gasification; pyrolysis to product bio-oils; and other technologies under 
development, such as the production of biobutanol and the potential for using algae.  In their 
report, E4Tech discuss the status of these technologies and the key players in their 
development.   

 
2.9.3 Large second generation research programmes are ongoing in the USA and the EU.  India 

and China are both looking at the technology; and Canada and Australia are also supporting 
work.  It is likely that breakthroughs will come in lignocellulose technology through 
developments of enzyme hydrolysis in the next decade.  The US mandates for biofuels 
include a requirement of second generation technologies as early as 2012 and there are 
some demonstrations at present. E4Tech estimates that by 2015, further facilities are 
expected to have been built and early adopters’ technology development to have significantly 
advanced: 

 
2.9.4  ‘If all goes well with the first-of-a-kind commercial plants in terms of the technology and scale 

up, and given the right policy support and market signals, lignocellulosic ethanol plants could 
potentially be being built at commercial scale (beyond first of a kind) by 2015-2018. However, 
it is not expected that the plants would be fully commercial by this stage; some financial 
support would still be likely to be needed as it is not envisaged that the costs could come 
down so significantly in this short period to make them cost competitive. The competitiveness 
of lignocellulosic ethanol plants is likely to rely on the availability of relatively low cost 
feedstocks.’ 

 
2.9.5 Biomass to Liquid (BTL) technologies are being demonstrated in Europe.  E4Tech comment 

that there is very limited commercial experience in integrating biomass gasification with 
downstream processes for the production of liquid or gaseous transport fuels; further R&D, 
and demonstration is needed to determine plant configurations that will be technically and 
economically viable using biomass.  Construction on the first large BTL plant will begin in 
2011 (see Box 10).  Although there is optimism about this technology and it is likely that other 
plants could be built by 2020, more positive policies encouraging second generation 
production would be needed to stimulate its uptake.  In addition, to be commercial, large-
scale plants are required for economy of scale and the logistics of supply of such plants need 
to be examined. 
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Box 10: Biomass to Liquid Technology: the Choren plant  

Biomass to Liquid (BTL) technology has been used for many years with coal and natural gas 
feedstocks and there is a substantial resource in terms of process engineering know how. 
The key company working in this area is Choren.  In partnership with Shell and Volkswagen, 
Choren is constructing a first-of-a-kind demonstration biomass-to-liquid plant in Germany at a 
scale of 15,000 tonnes of diesel per year.  Choren has plans for five commercial scale sigma 
plants which will each have a capacity of 200,000 tonnes diesel per year.  The first of these 
plants is expected to begin construction in 2011.  Another key player in this area is the 
Canadian company Range Fuels, which is building a demonstration plant in the US that will 
produce ethanol from lignocellulosic material (wood, grasses, corn stover) via syngas, using a 
catalytic process.  In addition to Choren, there are also other small projects at Gussing 
(Austria) and Karlsruhe (Germany).  The Schwarze Pumpe plant in Germany is very large and 
processes wastes into methanol using gasification. 

 
 

2.9.6 E4Tech comment that the other technologies considered are not likely to achieve significant 
penetration of the market by 2020. 

 

2.10 Summary and Discussion 

Land Requirements for Biofuels 

 
2.10.1 The study has looked at the targets proposed internationally and estimated the land use 

requirements by 2020 if these targets are to be met.  It has considered four target scenarios – 
the current volume based targets and targets based on a 7% GHG reduction.  Both sets of 
targets have been investigated with and without the deployment of second generation biofuels 
conversion technologies, and then used to predict land demand.  The target scenarios have 
also been examined for potential agricultural yield scenarios: Business as Usual (BAU) in 
which yields continue to improve as at present; a maximum improvement scenario in which 
yields improve at a rate of 1% extra a year above BAU; and yield decline in which yields do 
not improve above current levels.  Increases in productivity improve land use considerably, 
but agriculturalists agree that these projections are only possible in response to sustained 
investment in research on crop productivity.  In addition, the use of biofuel co-products has 
been seen to have a significant impact on land use, by reducing the land area needed to 
produce animal feed.  The results are summarised in Figure 2.15. 
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Figure 2.15.  Estimated Global Land Requirements to meet achieve biofuels targets 
(figures in Mha) 

Scenario Analysis
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2.10.2 Table 2.9 shows these figures as a percentage of projected agricultural land use in 2020 
(taken as the mean figure of 5.5 Gha). 

Table 2.9.  Land Requirements with and without Second Generation Technologies, and 
allowing for co-product utilisation. 

 
 Land Required in 2020 

Mha 
 (% of land for food in brackets) 

 Without 2 Gen 
Technologies 

 

With 2 Gen Technologies 

 No Co-
products 

Co-products No Co-
products 

Co-products 

Current Targets 
 

122-166 
(2.2 - 3) 

91-135 
(1.7 –2.5) 

73-101 
(1.3 – 1.8) 

56-85 
(1.0 – 1.5) 

7% GHG Target 
 

196-276 
(3.6- 5) 

166-247 
(3.0 -4.5) 

139-199 
(2.5 – 3.6) 

149-182 
(2.7-3.3) 

 
 

2.10.3 Although these figures are associated with considerable uncertainties, Figure 2.15 and Table 
2.9 do indicate that: 

 
• the figures appear to show that meeting a 7% GHG reduction target in 2020 requires 

significantly more land than that required to meet currently proposed volume base 
targets.  However, we are not comparing like for like.  The biofuels produced in the 
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7% GHG target are higher than in the volume based targets (419billion l and 259 
billion l respectively for the BAU yield scenarios).  As is shown above in the EU 
analysis for Ecofys when the analysis is undertaken on an equal volume basis the 
GHG target uses less land. 

 
• Second generation technologies can play an important role in reducing the amount of 

arable land required to meet these target levels, reducing the land required by ~40% 
for the current targets and ~29% for the 7% GHG reduction targets.  

 
• Estimates of land required are also significantly reduced when allowance is made for 

the impact of using co-products as animal feed, although the region where land use is 
saved from animal feed production may not be the same region where land use 
change from biofuels takes place. 

 

Some Key Assumptions and Uncertainties 

 
2.10.4 Estimates are based on currently available data and models which embody many 

assumptions and uncertainties. In particular:  
 

• The figures for biofuels requirements are based on future predictions for transport fuel 
and are thus dependent on the fuel used, and on the mix of crops chosen to meet the 
targets.  For example the E4Tech scenarios make assumptions about the makeup of 
feedstocks for biofuels which influence the results obtained.  These assumptions have 
been exposed to peer review and are based on the best information that we have but 
they still influence the outcome and hence the types of crops we predict will be used 
in regions of the world. 

 
• Projections of future demand for food and other commodities depend on many 

variables and factors and are inevitably uncertain.   
 
• The figures for future crop yields have been made based on extrapolations of current 

trends, adjusted where possible to take account of regional and national issues.   
 
• The whole analysis is based on models that are based on datasets.  The land use 

datasets are necessarily flawed because it is difficult to collect accurate information 
on land use and agricultural productivity world wide.  For example, GIS datasets are 
based on grids that are quite large and assumptions are made about the uniformity of 
land use within these grids.  This introduces some fundamental flaws into the models, 
and means that the assumptions can influence the results.  It is particularly difficult to 
quantify land use in Africa, South America and some parts of Africa because of a lack 
of data and conflicting data sets.  This means that land use change is difficult to 
quantify in these regions. One example of this is the deforestation of land in Indonesia 
which is attributable to oil palm plantations, where there are a range of estimates 
based on local observations and satellite data. 

 
• In order to refine the information and analysis there is clearly a need to obtain better 

datasets and monitor agricultural land use and productivity more closely.  Given the 
scale and scope of the activity this will need to involve significant international 
cooperation and collaboration. 
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Regional Factors and Effects 

 
2.10.5 These are global projections but regional differences could be significant.   

 
• Countries such as China and India will struggle to find additional agricultural land and 

both are looking at land regeneration, the use of waste land and saline land. 
• Additional land in the EU is restricted.  Switching to biofuels production is likely to lead 

to significant imports of feedstocks and biofuels (see below).  This will particularly be 
the case in a country like the UK.  France and Germany, and Eastern Europe, have 
more potential to grow their own feedstock.  In Eastern Europe, there is great 
potential to improve farming efficiency and intensity of production. 

• In regions such as Sub Saharan Africa and South America there are large areas of 
land available, although the use of some of this could result in deforestation or 
drainage of wet lands.  CE Delft indicates that 50% of available land is in seven 
countries, predominantly in South America and Sub Saharan Africa.  The case study 
on southern Africa indicates the considerable potential there, which can be exploited 
without the need for deforestation. 

As a result, future biofuels may be produced unevenly on a regional basis and the impact 
of land use change may also be greater in some regions than others. 
 

Use of Lower Grade Lands 

 
2.10.6 There is considerable potential for idle, waste and degraded lands to be used for cultivation of 

biofuel crops but our knowledge of the current use or function of these is limited and this 
should be investigated further.  However, where these lands are genuinely suitable, perennial 
biofuels could play an important role in regenerating the land through addition of carbon to 
soils (which results in carbon sequestration).  In addition they may also stimulate the local 
economy, provide fuel in remote areas and help increase agricultural productivity in such 
areas. 

 
2.10.7 The ability to adapt such lands for biofuel production needs to be investigated further and 

approached with caution.  The following questions should be applied to the use of degraded 
and waste lands: 
 

• What is the current land use (human and ecosystem service)? 
• Is the land of low carbon stock? 
• Is it of low biodiversity value? 
• Is it of low value (cost) 
• Is it capable of high productivity? 
• Is it in need of rehabilitation? 
• Is it an area where investment will support food production and wealth growth for local 

inhabitants? 
 

EU Influence  

 
• The Annex of the Biofuels Progress report indicates that the EU needs to import a 

significant proportion of its biofuels.  This is likely to be associated with LUC in the 
supplier countries.  While such imports represent hard income to the exporting 
countries and puts the EU in a position to influence LUC impacts elsewhere through 
the policies it adopts, it is nonetheless the case that for some crops (sugar cane, palm 
oil and soy) the EU uses only a small amount of the total demand worldwide for 
biofuels (see graphs on % crop use by EU in the main report). 

• In addition the EU’s own production of biofuels is likely to result in the need to import 
other agricultural commodities displaced by biofuels production. It is not clear what 
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LUC happens as a result of displacement of crops.  For example, use of OSR in the 
EU for biodiesel has resulted in loss of this feedstock to its traditional markets and 
these markets are now using oil palm.  

• It is difficult to prove the links between biofuels expansion and indirect land use 
change.  There are relationships such as the soy-expansion on the Cerrados 
discussed in the Brazil case study. 
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3 Greenhouse Gas Issues 

3.1.1 This section of the report sets out current estimates of greenhouse gas savings from current 
and future biofuels technologies, identifies key uncertainties in the estimates and explores the 
sensitivity of the estimates to different assumptions.  Finally it discusses the issue of how to 
account in greenhouse gas emissions estimates for potential land use change caused by 
biofuels cultivation.   

3.2 Greenhouse Gas Savings from Current and Future 
Biofuel Technologies 

3.2.1 Figure 14 shows greenhouse gas (GHG) emissions from current (first generation) biofuels, 
compared to GHG emissions from conventional fossil fuel based diesel and petrol.  The 
values are the default values contained in the RFA Carbon Reporting Guidance, and as such 
are ‘conservative’ estimates, intended to encourage the use of real data, rather than 
estimates reflecting best practice or even typical production routes.  In practice GHG 
emissions could be lower and savings higher.  The range shown in the Figure represents the 
range in values from different countries of production, and reflects e.g. differences in yield or 
the carbon intensity of fuels used for processing.    
 

3.2.2 In Figure 3.1 below the diamonds represent the ranges from the RTFO default data.  The 
lower diamond represents the data for the lowest regional default and the higher diamond for 
the data for the highest default figure 

Figure 3.1:  Estimated GHG emissions from current biofuels 
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3.2.3 It is clear that the savings offered by biofuels vary considerably depending on feedstock and 
country of origin.  For the feedstocks for which data is available, GHG savings from biodiesel 
(exclusive of LUC/ILUC) are 40 to 50% of conventional diesel emissions (for source countries 
where emissions are lowest) but can be as little as 7%.  In contrast, while the best bioethanol 
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feedstocks, such as sugar cane from Brazil, offer savings of a similar or greater magnitude, 
maize based ethanol from the US offers no net saving and neither do molasses, wheat or 
sugar cane from countries where different production and processing conditions lead to 
higher emissions.  The low emissions from bioethanol from sugar cane in Brazil are a 
consequence of high yields and the use of bagasse (waste from sugar cane production) 
which is used for generation of heat and power.  If coal is used for processing as is assumed 
to be the case in Pakistan, then emissions are much higher, and in fact lead to no net saving.  
In the case of wheat, the high emissions from ethanol produced from Ukrainian wheat are due 
to the low wheat yields.  The lack of savings from maize based bioethanol from the US is due 
to the assumption that coal is used as the fuel source for bioethanol processing.  

 
3.2.4 Estimates for emissions from second generation biofuels (Figure 3.2) are more uncertain, as 

the lack of operational plant means that they must be based on design data, which is not 
proven in practice.  North Energy have developed estimates of emissions savings for several 
second generation biofuels (which are currently not covered by the RFA methodology) based 
on data for feedstock production from the BEAT tool and feedstock processing from the 
European JEC study; the latter was adjusted to ensure consistency with the RFA 
methodology in the treatment of surplus electricity produced.  GHG savings from bioethanol 
produced by this route are much higher than from first generation routes because: 

 
• emissions associated with feedstock production are lower - because they are either 

waste products/residues or perennial crops generally requiring low inputs 
• By-products from the process such as lignin are used as a source of heat and power, 

and some of this zero-carbon electricity is exported, leading to GHG credit as it 
replaces the UK marginal electricity mix. 

 
3.2.5 In the case of syndiesel production via gasification and Fischer-Tropsh processing, the GHG 

credits from the surplus electricity which is exported are so great that there is an overall GHG 
net saving from the production of the biofuel.  

Figure 3.2: Estimated GHG emissions from future biofuels 
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3.2.6 Notes: For bioethanol, processing routes were simultaneous Sacchrification and 
Cofermentation (SSCF) lignocellulosic processing for wood based feedstocks, and logen 
lignocellulosic processing for miscanthus and straw; in both processes lignin and other by-
products are a fuel source for the process.  

 
3.2.7 Figure 3.3 (based on data from North Energy) shows the contribution of production steps to 

biofuel GHG emissions for both first and second generation biofuels, assuming that there is 
no land use change associated with their production (the potential impact of land use change 
is discussed separately below).  

 
3.2.8 With first generation biodiesel, emissions of nitrous oxide (N2O) from soils, are a significant 

source for biodiesel from both OSR and soybeans, and manufacture of nitrogen fertilisers is a 
key source for OSR based biodiesel.  There is some uncertainty over N2O emissions from 
soils and the uncertainty this introduces into emissions estimates is discussed further below.   

 
3.2.9 In the case of palm oil biodiesel, the most significant source is methane emissions from the 

treatment of palm oil mill effluent.  As discussed earlier in this report, by-products from 
biodiesel production (rape meal in the case of OSR and soy bean cake in the case of soy 
beans) can be used as animal feeds and the GHG credit which is given for this use (because 
other animal feeds do not need to be produced) are significant in reducing the overall 
emissions from these biofuels.  This is discussed in more detail below.  

 
3.2.10 In the case of bioethanol, the most significant source of emissions is from the energy required 

for processing and distilling the bioethanol.  The exception is sugar cane from Brazil where 
bagasse, the residue left over from sugar cane processing, is typically used to fuel this 
process rather than fossil fuels.  Once again, soil N2O emissions and fertiliser manufacture 
are significant sources, particularly for wheat based bioethanol, and GHG credits for co-
products (corn oil and corn gluten from a maize feedstocks, beet pulp form sugar beet and 
DDGS from wheat meal) all make a contribution to reducing overall emissions from the 
bioethanol.   
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Figure 3.3.  Contributions to overall GHG emissions 

 
First generation biodiesel 

First generation bioethanol 

-60%

-40%

-20%

0%

20%

40%

60%

80%

100%

120%

140%

160%

M
a

iz
e

 (
U

S
A

)

M
o

la
s
s
e

s

(U
K

)

M
o

la
s
s
e

s
 (

S

A
fr

ic
a

))

S
u

g
a

r 
B

e
e

t

(U
K

)

S
u

g
a

r 
c
a

n
e

(B
ra

z
il)

S
u

g
a

r 
c
a

n
e

(P
a

k
is

ta
n

)

W
h

e
a

t

(G
e

rm
a

n
y
)

W
h

e
a

t

(U
k
ra

in
e

)

C
o

n
tr

ib
u

ti
o

n
 t

o
 n

e
t 

G
H

G
 e

m
is

s
io

n
s Byproduct credit

Electricity credit

Other

Transport
feedstock/bioethanol

Soil N2O emissions

N fertiliser
manufacture

Process energy



 

AEA Energy & Environment                                                                                                    55 
 

-300%

-200%

-100%

0%

100%

200%

300%

400%

Forestry
residues

Straw W illow

C
o

n
tr

ib
u

ti
o

n
 t

o
 n

e
t 

G
H

G
 e

m
is

s
io

n
s

Electricity credit

O ther

Transport of
feedstock

Soil N2O em issions

Diesel fuel use in
feedstock production

Processing
emissions

Process energy

Processing
chem icals

-400%

-300%

-200%

-100%

0%

100%

200%

300%

Forestry
residue

Straw W illow

C
o

n
tr

ib
u

ti
o

n
 t

o
 n

e
t 

G
H

G
 e

m
is

s
io

n
s

Electric ity credit

O ther Contributions

Feedstock transport

Soil N2O  em issions

Fertiliser m anufacture

Processing em issions

D iesel used in
feedstock production 

Second generation bioethanol 
 
 

 

 

 
 
 
 
 
 
 
 
 

Second generation syndiesel 
 
 

 
 



Review of Indirect Effects of Biofuels                              
  
 

56 AEA Energy & Environment 
 

 
3.2.11 In the case of second generation syndiesel, the large GHG credit for surplus electricity produced by 

the plant dominates.  Emissions from production of the feedstocks are lower than for first generation 
biofuels as these are wastes, residues or perennial crops which typically have lower input 
requirements than annual crops.  The exception is straw where there are emissions from fertiliser 
manufacture and resultant N2O emissions from the soil from N fertiliser application.  For second 
generation bioethanol produced by lignocellulosic processing, emissions associated with processing 
(either in production of chemicals required for the process, from diesel used for processing or released 
directly) are the main source of emissions.  

3.3 Nitrous oxide emissions from soils 

3.3.1 The addition of nitrogen (from mineral fertilisers, animal wastes, or through biological fixation) to soil 
leads to emissions of N2O, through microbial action.  Emissions can vary with both environmental 
factors (climate, soil organic C content, soil texture, drainage and soil pH) and management-related 
factors (e.g. fertiliser type, N application rate).  

 
3.3.2 At present the methodology recommended by the IPCC for estimating N2O emissions from soils 

(IPCC, 2006) assumes that 1 % of the nitrogen contained in mineral fertilisers is released directly as 
N2O, with further N2O emissions arising from volatilisation and subsequent deposition of NH3 and NOx 

from the application of fertilisers.  The uncertainty surrounding this estimate is high and hence 
estimates of emissions have a relatively high level of uncertainty.   
 

3.3.3 A recent paper by Crutzen et al (2007) suggested, from an examination of the global N2O flux, that the 
emissions factor recommended by the IPCC was too low and that biofuels studies which use this 
factor underestimate the contribution of soil N2O emissions by a factor of 3 to 5.  Crutzen then 
concluded, based on an evaluation of certain biofuels, that given these increased N2O emissions most 
biofuels would not generate net GHG savings compared to conventional fossil fuels.   

 
3.3.4 North Energy critically reviewed the Crutzen paper (Box 11) and concluded that: 

 
• There are considerable uncertainties about the magnitude of soil N2O emissions which are 

only likely to be resolved as more measurements of emissions and more sophisticated models 
of the biological processes become available in the future.  

• The ‘top-down approach used by Crutzen et al to derive a relationship between soil N2O 
emissions and N fertiliser application rates relies on an incomplete assessment of the global 
N2O fluxes and is affected by considerable uncertainties.  There is therefore considerable 
uncertainty over the relationship which is derived.  

• The analysis of the effect of applying this new relationship in biofuels GHG emissions 
estimates is incomplete, partial, and selective. 

 
3.3.5 North Energy recommended that in order to assess the impact of uncertainty in N2O soil emissions on 

biofuel GHG emissions, it would be better to use the range of values suggested by the IPCC (2006), 
where the upper limit of the range is about two and a half times higher than the current value.  The 
sensitivity of the default GHG emissions from the RFA methodology to this uncertainty in N2O soil 
emissions (as calculated by North Energy) is shown in Figure 3.4 and Figure 3.5 for biodiesel and 
bioethanol respectively.  It is clear that emissions for biodiesel from OSR and wheat based bioethanol 
are sensitive to the magnitude of N2O soil emissions and could be about 40 to 50% higher than current 
estimates, if N2O soil emissions were at the upper limit of the range suggested by the IPCC.  For other 
feedstocks, the effect is generally less pronounced (increases of 14 to 20%, although bioethanol from 
sugar cane in Pakistan is relatively sensitive).  For some of the feedstocks considered here for which 
GHG savings from use of biofuels compared to use of fossil fuels are relatively small (under 20%), 
using N2O emission values from soils which are at the upper limit of the IPCC range, would suggest 
that there would be no net savings. 
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Figure 3.4:  Impact of uncertainty in N2O soil emissions on biodiesel emissions 
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Figure 3.5:   Impact of uncertainty in N2O soil emissions on bioethanol emissions 
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Box 11: Critical Review of Crutzen Paper (Crutzen et al, 2007) by North Energy 

The paper by Crutzen et al examines the N2O flux through the atmosphere in an attempt to determine 
the amount of N2O that can be attributed to the global cultivation of soils.  This is then compared with 
the global estimate of nitrogen (N) fertiliser applied to cultivated soils to derive a relationship between 
soil N2O emissions and N fertiliser application.  The resulting relationship is contrasted with that 
provided from relevant work by the Inter-governmental Panel on Climate Change (IPCC 2006) and a 
significant discrepancy is identified.  Prominent life cycle assessment (LCA) studies of biofuels use 
data from IPCC 2006 to estimate soil N2O emissions.  Hence, it is implied that such studies under-
estimate the contribution of soil N2O emissions by a factor of 3 to 5.  This conclusion is then applied to 
an evaluation of certain biofuels to demonstrate that most do not generate net GHG savings relative to 
conventional fossil fuels.  Consequently, the paper by Crutzen at al is frequently cited as evidence 
against the use of biofuels as an effective means of mitigating global climate change. 
 
Key issues in the paper are:  
 
Global Nitrous Oxide Flux 
There are fundamental concerns about the attribution of N2O emissions to cultivated soils by what is, 
in effect, a “remainder calculation” which is highly sensitive to the assumed values of individual N2O 
fluxes.  In particular, it is doubtful whether all the “non-cultivated soil” fluxes have been adequately 
accounted for by the flux from industrial sources.  This estimated flux does not include all other 
anthropogenic N2O sources, which are very substantial and include N2O emissions from biomass 
combustion and livestock (IPCC 2006).  It is also not apparent whether the industrial source includes 
N2O emissions from transport.  Even if transport emissions are excluded from the analysis, deduction 
of global N2O emissions from biomass combustion and livestock reduces the balance attributed to 
cultivated soils.    
 
Comparison with IPCC estimate.  
The apparent contrast with the quoted relationship from IPCC 2006 is incorrect since this refers to 
direct soil N2O emissions.  For proper comparison, it is necessary to use the estimated total (direct 
plus indirect) soil N2O emissions.  The derivation of indirect soil N2O emissions in IPCC 2006 is based 
on the estimated Including indirect emissions (from conversion of N to N2O through volatilisation and 
leaching/run-off) gives a likely value for total soil N2O emissions of 0.0132 kg N2O-N/kg N (1.3%), and 
a discrepancy with the Crutzen et al estimate of 2 to 3 and not 3 to 5 as claimed.  It should also be 
noted that the IPCC total soil N2O emissions value has a range of 0.0058 – 0.0348 kg N2O-N/kg N (0.6 
-3.5 %), which suggests a slight overlap of the values with those derived by Crutzen et al (of 0.0340 – 
0.0460 kg N2O-N/kg N (3.4 – 4.6%). 
 
Soil Nitrous Oxide Emission Relationship 
Actual soil N2O emissions depend on a number of specific factors including soil and crop type, climatic 
conditions prior to and after application, fertiliser type and land use and cultivation practices.  This 
means that soil N2O emissions are location specific and can be expected to vary from country to 
county, and indeed, even within countries.  There is a growing acceptance that a single, simple 
relationship is no longer valid as a means of estimating soil N2O emissions and it is expected that as 
more measurement data and modelling of N2O soil emission processes becomes available, countries 
will move away from using a simple relationship between soil N2O emissions and the N fertiliser 
application rate, to location specific values.  This could lead to significant variations between countries 
on the average relationship between N application and N2O soil emissions. 
  
Hence, it could be argued that Crutzen et al simply confirm the already-known fact that the IPCC 2006 
Tier 1 approach has limitations and probably cannot be used to estimate global soil N2O emissions.  In 
effect, the paper by Crutzen at al presents a “top-down” approach to estimating soil N2O emissions 
and attempts to reconcile this with a “bottom-up” approach enshrined within the IPCC 2006 Tier 1 
approach.  From this perspective, it is hardly surprising that a discrepancy arises since, for acceptable 
accuracy, it would be necessary to determine global soil N2O emissions by aggregating individual 
estimates, at a country, region or, even, field level, using the IPCC 2006 Tier 2 or Tier 3 approaches.  
However, this does not mean that the conclusions drawn by Crutzen at al on this issue are correct, 
especially given doubts over their basic assumptions used to derive the contribution of cultivation to 
the global N2O flux.  Instead, it indicates that there is a problem that will have to be addressed by more 
sophisticated means.    
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Box 11: continued 
 
Life Cycle Assessment of Biofuels 
  
The Crutzen et al evaluation of net GHG emissions savings of biofuels is precursory and misleading 
on a number of counts.   
1. A highly simplified and selective method is used to determine whether a somewhat limited list 
of biofuels (biodiesel from oilseed rape and bioethanol from corn (maize) and sugar cane) can reduce 
total GHG emissions relative to conventional fossil fuels.  It is misleading to take this list as 
representative of all current biofuels.   
2. Rather than combine actual N fertiliser application rates with their own relationship for soil N2O 
emissions, it is assumed that the fixed N content of the biomass from which biofuels are produced can 
be used as an accurate proxy.  It may have been imagined that, by “globalising” the method of 
estimation in this novel way, the problem needing to perform a country-by-country and crop-by-crop 
analysis can be resolved.  However, it is only possible to consider this method by also assuming a 
global value of 40% for the uptake efficiency of N fertiliser by all crops.  
3. The subsequent analysis attempted by Crutzen et al is incomplete because it only considers 
GHG emissions from the “conversion of biomass to biofuels” plus the “role of N2O (soil) emissions”.  It 
is claimed that the effects of co-product allocation, which are ignored in this analysis, partially 
compensate for the GHG emissions of all the other stages of biofuel production, although no evidence 
is offered to support this rather sweeping contention.  
4. These points taken together means that subsequent conclusions about biofuels are wholly 
unconvincing. 
 
Conclusions 

 
Crutzen et al uses a “top-down” approach to deriving a relationship between soil N2O emissions and N 
fertiliser application rates.  This relies on an incomplete assessment of the global N2O fluxes which are 
affected by considerable uncertainties.  These are ignored to attribute a global N2O flux to cultivation 
which could, in fact, be an artefact of the method of calculation and its assumptions.  Despite this, the 
resulting relationship is compared with the “bottom-up” approach of IPCC 2006 and an apparent 
discrepancy is identified.  This comparison is also flawed because it only addresses the direct soil N2O 
emissions derived from the IPCC 2006 Tier 1 approach.  Additionally, uncertainties, which, by 
themselves, could account for the discrepancy, are not recognised.  Their own relationship between 
soil N2O emissions and N fertiliser application rates is then applied in an incomplete, partial and 
selective analysis which cannot be regarded as an acceptable replacement for proper LCA.  All-in-all, 
one layer of uncertain assumptions added on top of further layers of assumptions and combined with 
unreliable data to form firm and radical conclusions about the potential of biofuels to reduce GHG 
emissions.  Whilst the paper by Crutzen et al does seek to address an important matter, namely the 
magnitude of soil N2O emissions from the cultivation of crops for the production of biofuels, it cannot 
be regarded as resolving the problems and assisting the objective evaluation of biofuels. 
 
 

3.4 Impact of changes in agricultural practice on emissions 
from use of biofuels 

3.4.1 It has been suggested that changes in agricultural practices such as reduced or zero tillage could help 
to reduce GHG emissions from biofuels, due to a reduction in diesel fuel required for ploughing, and to 
an increase in the amount of organic carbon stored in the soil.  When the soil is not disturbed than 
organic carbon in the soil increases for a number of years (about 20) until a new equilibrium level is 
reached for the soil carbon. Table 3.1 shows the impact of changes in agricultural practices on 
emissions from OSR and wheat in the UK as estimated by North Energy based on data from ADAS.  
Two values are shown, one for the first 20 years, while there is an uptake of carbon in the soil, and 
one for the long term (more than 100 years) where a new equilibrium level has been reached and and 
there is no further uptake of carbon.  Soil uptake of carbon is the primary cause of reduction in 
emissions; reduced diesel fuel consumption is responsible for only a small (2 to 3%) decrease.  In the 
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case of the zero tillage option (sowing during the previous harvest) a reduction in yield and an 
increase in soil N2O emissions from soils offset reductions from carbon uptake by the soil, and once 
this has ceased actually lead to an increase in emissions.   

 
3.4.2 The data on soil uptake is based on a limited number of trials and the N2O emissions data are 

somewhat speculative, so the results should be treated with caution.  However, they indicate that in 
the short term, while there is an uptake of carbon by the soil, minimum tillage practices could 
increase the savings from OSR based biodiesel and wheat based ethanol in the UK.  However if/when 
the soil is subsequently returned to conventional agriculture and ploughed regularly, then the carbon 
which has been stored in the soil will be released.   

 
3.4.3 North Energy reported that insufficient data on the changes induced by minimum tillage practices and 

in particular changes in soil carbon, were available to undertake this analysis for other countries. 

Table 3.1: Change in GHG Emissions compared to conventional cultivation 

 

 
Short term 

(< 20 years) 
Long term (> 
100 years) 

Biodiesel from OSR- minimum tillage 
-25% -2% 

Biodiesel from OSR – no tillage - sowing 
during previous harvest 

-17% 32% 
Bioethanol from wheat - minimum tillage 

-19% -3% 
 

3.4.4 Assumptions: no change in yield, or fertiliser or pesticide application rates, for minimum tillage options; 
yield reduction and increase in pesticide application rates for sowing during previous harvest.  Carbon 
uptake is 0.59 t CO2/ha.a for minimum sowing during previous harvest. 
 

3.5 Land Use Change  

3.5.1 This section contains a discussion of the greenhouse gas emissions associated with land use change 
based on: 
 

• analysis by North Energy to estimate the impact of GHG emissions from land use change in 
the UK and overseas  on overall biofuels emissions.  

• a critique by the ADAS study team of the Searchinger paper on the impacts of indirect land 
use change. 

• an examination by the North Energy study team of the impacts of changes in soil carbon from 
land use change on biofuels GHG emissions, and specifically of growing biofuels on fallow or 
set-aside land. 

• information from Uwe Frtische of Oeko-Institut on a methodology under development in 
Germany which allows the estimation of emissions associated with indirect land use change. 

Direct Land Use Change 

3.5.2 Direct land use change occurs when feedstocks for biofuel displace a prior land use (e.g. forests) 
thereby generating possible changes in the carbon stock of that land ( 

3.5.3 Box 12).  Assessing the amount of carbon in soil and vegetation pools is complex because of the 
inherent variability in natural ecosystems, and estimates can be very uncertain.  Nevertheless 
estimates of carbon stored in different types of ecosystems around the world are available and can be 
used to estimate emissions from land use change.  The default values for direct land use change in 
the RFA guidance are based on those recommended by the IPCC.  
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Box 12:  Carbon emissions from land use change  

 
To understand the carbon dynamics associated with land use change and accurately assess the 
carbon which may be released, it is important to understand the amount of carbon stored in different 
soil and vegetation pools (above-ground biomass, below-ground biomass, litter and woody debris, and 
soil organic matter), and what happens when these systems are replaced by cultivation.  While above 
ground biomass such as forests contain large stores of carbon, soils are also important reservoirs of 
carbon.  Soil under peatlands and forests generally contain the highest amounts of soil carbon, more 
than in the vegetation, and most land use changes in these ecosystems results in significant releases 
of carbon to the atmosphere (usually in the form of carbon dioxide or methane).  Carbon storage is 
commonly highest in tropical wet forests followed by annual crops and grasslands in tropical latitudes 
and then by temperate grasslands. Carbon storage in peat-forming wetlands is exceptionally high 
though most of the carbon is stored not found in above-ground biomass but rather in slow-developing 
peat soils. 
 

 

Impact of LUC in UK and Overseas on GHG Emissions from Biofuels 

3.5.4 Estimates of net carbon loss rates from grassland conversion in the UK (ADAS, 2008) suggest that the 
greenhouse gas emissions resulting from conversion of grassland to grow biofuels feedstocks would 
in many cases negate the emissions savings from biofuels use (Figure 3.6).  The impact of GHG 
emissions associated with land use conversions overseas, gives (Figure 3.7) a similar conclusion.  If 
direct land use change occurs to allow cultivation of the feedstock then the GHG emissions from land 
use conversion to cultivate feedstocks can often completely negate any potential GHG savings from 
the use of biofuels.  For land uses where the carbon stored is very high, e.g. peatland rainforest, 
conversion can leads to extremely high emissions compared to conventional petrol or diesel, so, for 
example, production of biodiesel produced from palm oil grown on land converted from peatland rain 
forest has total GHG emissions over 10,000 times greater than those from conventional diesel. 
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Figure 3.6:  Impact of conversion of unfertilised grassland in UK on GHG emissions
19
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Sources and assumptions: North Energy (2008); assuming unfertilised grassland, default values from the RFA methodology for 
production emissions, and allowing  for net carbon loss, methane loss and change in N2O emissions.   
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 For fertilised grassland, there is a small reduction in the land use change contribution to GHG emissions (2 to 4 
percentage points in the mean value) but the overall conclusion is unchanged. 
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Figure 3.7: Impact of LUC on GHG emissions for overseas biofuels production 
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Sources and assumptions: North Energy (2008); assuming conversion from tropical rainforest for palm oil production, from 
grassland cerrado for soybean production, central grassland for maize production and  wooded cerrado for bioethanol 
production, and values for LUC GHJG emissions from Fargione et al, 2008 and Smeets et al, 2007.  

 
3.5.5 Section 2.8 discussed the potential reduction in land use change that might arise from the utilisation of 

coproducts (e.g. DDGS) as animal feed.  A simple estimate of the avoided GHG emissions from this 
avoided land use change is shown in Figure 3.8, based on the estimates of avoided land use change 
from co-product use made by the CE Delft and Ecofys study teams, and default values form the RFA 
methodology for land use conversion.

20
 It is clear from this that if the use of co-products prevents land 

use change, then this should be included in the overall estimate of GHG emissions from biofuels 
production as it may be significant.  More research is needed to establish clearly under what 
circumstances LUC will be avoided and refine estimates of the effect on GHG emissions.  
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 The default values in the RFA methodology for GHG emissions from LUC differ from those used by North 
Energy in their estimates 
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Figure 3.8:  Impact of allowing for avoided LUC from co-product production on GHG emissions 
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Sources and assumptions; Calculated by AEA based on avoided land use change for co-product production calculated by 
Ecofys and CE Delft study teams, and assuming production of co-products avoids conversion from grassland,  

 

Effect on biofuel GHG emissions from conversion of fallow and set-aside land  

 
3.5.6 North Energy also considered the specific case for the UK of conversion of fallow land, non-rotational 

set-aside land and rotational set-aside land for production of the biofuels feedstocks OSR or wheat.  
The estimates of the effect on GHG emissions allow for the cessation of carbon storage on fallow and 
non-rotational set aside, N2O emissions from fallow land/non rotational set aside, and any diesel used 
to maintain (mow) fallow or set aside land.   
 

3.5.7 Figure 3.9 shows the increase in biofuel GHG emissions if OSR or wheat are cultivated on non-
maintained fallow or set aside land, compared to a standard case where cultivation is on land which is 
already cropped.

21
 Results are shown for the short term (i.e. less than 20 years); in the longer term 

(after 100 years) the release of soil carbon from previously fallow land plateaus out in the long term as 
soil carbon reaches a new equilibrium level, and the long term increase is zero).  The increase in GHG 
emissions is due to emissions of carbon from the soil when it is cultivated. These subsequently decline 
and, in the longer term, GHG emissions are less than the standard case due primarily to avoided soil 
N2O emissions from the set-aside/fallow land.   
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 There is a slightly smaller (2 to 3 percentage points) increase if the fallow or set aside land was mown due to 
savings in diesel used in agricultural equipment.  
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3.5.8 In the short term (less than 20 years) cultivation of OSR and wheat on fallow or non-rotational set 
aside land, increases biofuels emissions (compared to cultivation on previously cropped land) by 
about one-third for OSR biodiesel, about a quarter for wheat bioethanol, and two-thirds for sugar beet 
bioethanol.  While there is still a saving compared to conventional petrol or diesel, it is about halved for 
OSR biodiesel and wheat bioethanol, and reduced even more substantially for sugar beet.  This 
suggests that in the UK biofuels are best grown on rotational rather than permanent set aside or fallow 
land. 

Figure 3.9: Increase in biofuel emissions when fallow or set aside land is converted 
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Indirect Land Use Change 

3.5.9 Where feedstocks are supplied from existing agricultural land, then there is no direct land use change, 
but there may be indirect land use change as the production of the commodity previously produced is 
moved to a different location, leading to an overall increase in agricultural land use.  For example, if 
existing sugar cane plantations are switched to providing a feedstock for bioethanol, then new sugar 
cane plantations may locate on other land.  Conversion of pasture land to e.g. soy bean cultivation 
could lead to cattle grazing being moved to other areas e.g. deforested land in the same region, or to 
increased production of meat in other producing countries, with land use change occurring there.   

 
3.5.10 Ecofys, in their examination of the EU 10% target, point out three mechanisms which may avoid the 

need for additional land: 
 

• Increases in productivity - yield increases and increased cropping intensity may offset (some 
of) the demand for additional land.  However Ecofys argue that this will only prevent an 
increase in arable land if the additional demand for biofuels (over and above increased. 
demands for feedstocks for food and other purposes) leads to additional productivity increases 

• Less consumption of the feedstock in other markets e.g. due to increased prices because of 
increase demands. 

• The additional demand leading to a more efficient system, in which less is wasted in the 
supply chain before it reaches the point of consumption. 
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3.5.11 Modelling the indirect land use change which may occur from increased demand for biofuel feedstocks 
is complex, and ideally should reflect the elasticity of demand, interactions between different feedstock 
markets and possibilities for substitution, as well as potential improvements in productivity and the 
sensitivity of both these factors to price.  It is also necessary to take account of the potential use of co-
products from the biofuels production process which can be used as e.g. animal feeds, thus avoiding 
some land use change.  In addition, in order to assess the associated carbon emissions from indirect 
land use change, it is not only necessary to know the magnitude of the land use change which occurs 
(i.e. number of ha) but also the type of existing prior land use and the regional location of land which is 
being converted, as carbon stored in biomass varies significantly. 
 

3.5.12 To date indirect land use changes have been modelled using general or partial equilibrium economic 
modelling to quantify the increased demand for land.  This was the approach used by Searchinger et 
al (2008) who used the FAPRI international model (which is a partial equilibrium model of agricultural 
commodities) to allocate displaced corn production (due to demand for corn for bioethanol in the US) 
to uncultivated land in both the US and primarily Brazil, India and China.  Assumptions on the types of 
land which would be converted in these countries were based on the proportion of land types which 
had been converted into cropland in the past.  GHG emissions from these indirect land use changes 
were estimated to be sufficiently large that the period until net savings begin would be reached long 
after the period when GHG pay-back is required.  
 

3.5.13 ADAS conducted a critical review of the Searchinger paper (see Box 13), including critiques of this 
which have been made.  In particular they have assessed the relevance of the conclusions from this 
paper to the EU situation, and the robustness of the approach.  They concluded that    
 

• Any analysis of biofuels initiatives must include consideration of the indirect land use change 
effects even though their estimation remains difficult and contentious. 

• The Searchinger approach involves a high level of uncertainty, to the extent that specific 
conclusions of the paper are not trustworthy, but it is clear that GHG emissions from indirect 
LUC could nonetheless be significant in relation to intended GHG savings. 

• The Searchinger approach is not a good model for quantifying GHG emissions from indirect 
land use from EU biofuels initiatives.  
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Box 13:  Detailed Critique of Searchinger Paper by ADAS 

The review by ADAS identified 3 key issues of debate surrounding the Searchinger study: 
1. The chain of causation is too long and complex for LUC to be attributed confidently to use of grain 

for biofuel. For example, deforestation may also be driven by meat production, timber extraction, 
accessibility, migration, and other changes.  The interacting effects on land of policies relating to 
diet, energy, development, conservation, and other ecosystem services need to be considered.   

2. The models used by Searchinger are inappropriate or inadequate for this purpose. 
3. Assumptions and / or input data are unclear or inaccurate, to the extent that the conclusion is 

unreliable or flawed. 
 
Overall, the basic issues raised by Searchinger are relevant to the EU, but there are fundamental 
differences between US bioethanol and EU biofuel initiatives. 
1. The balance between bioethanol and biodiesel (and hence their feedstocks), has consequences 

for crop rotations, and therefore for crop productivity.  US policy favours just one fuel (bioethanol) 
which encourages mono-cropping, or may even exaggerate ILUC in order that the feedstock crop 
can be grown in rotation.  The EU plans to balance bioethanol and biodiesel production, which will 
improve the balance of rotations.   

2. The motivation for the US biofuels initiative is fuel-security, whereas in the EU it is GHG mitigation.   
3. Fiscal policy is more supportive of biofuel production in the US than envisaged so far in the EU. 
 
Two main points have been raised about Searchinger’s overall approach: 
1. It may not be feasible to model world economics to a level of precision that will enable 

quantification of secondary or tertiary effects of a relatively small perturbation in the global system.  
Given the limited success with modelling other complex systems – weather, biological organisms, 
etc. – a global model will not necessarily enable trustworthy predictions.  For the predictions to be 
trusted, the models need to be validated, perhaps demonstrating that their predictions of past 
seasonal perturbations in prices match those observed satisfactorily. 

2. It is not likely that the consequences of a biofuels initiative will be allowed to play out with the 
degree of free market economics that is modelled.  Biofuels initiatives will be accompanied by 
policy instruments such as certification, tax rebates and investment in research and development 
that will also affect GHG outcomes.  

 
Specific points of criticism are: 
Feedstock conversion and displacement 
The assumption that feed corn subsitiutes for corn diverted to bioethanol on a tonne per tonne basis 
appears to be an overestimate (ES15, Wang & Haq, ECCM).   The co-product, dried distillers grains 
(DDGS), has ~30% protein and ~5% fibre, and if heat damage is avoided, maximum can be included 
in animal diets (maximum rates are  ~400 g/kg for cattle, 200 g/kg for sheep, and 100-250 g/kg for 
non-ruminants (Cottrill et al. 2007)).   Thus the displacement value of DDGS is at least 23% higher 
than that assumed by Searchinger et al. (Klopfenstein et al. 2008).   
 
Price increases 
Searchinger assumed baseline prices equivalent to those of the last 3 years.  It seems likely that price 
assumptions will have significant effects on price results.  This should be checked. 
 
Price elasticities 
The important price elasticities need to be validated (Hazell), because Seale, Regmi & Bernstein 
(USDA), who provided the analysis of food elasticities underlying Searchinger’s work, say that 
different specifications (such as ‘AIDS’ or ‘Rotterdam’) can generate significantly different estimates of 
elasticities from the same data (Wiggins).  In addition, Seachinger reports the demand for meat 
products to be inelastic and explains that feed price changes are only partially translated to meat 
prices because they are diluted by other costs.  Nevertheless, it is not clear that sufficient care was 
taken about meat products’ elasticities in the large fast-developing economies of China and India 
where meat consumption is particularly dynamic.  
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Box 13: Continued 

 
Crop productivity: Searchinger assumes that the net effect of biofuels on yield trends will be nil.  This 
crude assumption has attracted extensive debate, and robust defence by Searchinger, but some 
points remain:    
1. It is clear that a majority of yield improvement happens in response to public investment in 

research and infrastructure, and due to public support, as in production subsidies (Hazell).   
Searchinger does not acknowledge that such public intervention is likely to be associated with 
any biofuels initiative.   

2. Searchinger accepts that private agricultural investment responds to prices.  However, he 
appears to down-play the response, (ES15).  The response (ES15) needs to be quantified and 
documented.    

3. Searchinger’s contention that extension of cropping will cause a net reduction in crop 
productivity needs to be examined as:  

• Some LUC happens on good land, as well as on poor land e.g. soybeans in Brazil’s Matto 
Grosso (ECCM). 

• A biofuels mix can be designed to decrease, rather than increase, mono-cropping with its 
associated reduced yields.   

• The productivity of grasslands is probably as responsive to prices as that of cash crops, and 
apparently was not included in Searchinger’s calculations.   

 
Indirect Land Use Change 
A fundamental problem raised by several respondents arises from Searchinger’s inaccurate 
assumption of ‘pound for pound’ displacement of corn.  Allowing for the higher protein of DDGS, and 
also for land to replace the oil foregone (we assumed oil palm), we calculate that this assumption 
about doubles the land required to substitute for US corn-ethanol.  Ensus (ES15) conclude the 
assumption trebles the result, but they do not account for the ‘lost’ oil from the displaced soya. 
 
It should be clarified what has been assumed in Searchinger’s approach about the inter-changeability 
of maize, rice, wheat & barley etc.  It is puzzling that there is 23 Mha of unused arable land in Eastern 
Europe & the former Soviet Union (Riddle 2008), yet the predicted response in these parts is for 
cropping to decrease. 
 
LUC affects biodiversity as well as GHG emissions. Biodiversity is threatened where GHG costs are 
greatest (e.g. pristine forest).  Governments will surely respond with stronger protective measures, 
albeit with incomplete effectiveness.  Searchinger does not credit any tightening of statutory controls 
on LUC in Latin America or more environmentally conscious policies on LUC in China.  Whilst it is 
outside his assumption of free market economics, statutory constraints (whether or not they are 
integral with biofuels initiatives) will mitigate indirect LUC (Wang & Haq). 
 
GHG emissions 
Searchinger assumptions of direct GHG savings from bioethanol production relative to fossil fuels are 
much lower (at ~20%) than GHG savings estimated for bioethanol produced from grain in the EU (of 
25-70%).  A greater saving would significantly shorten his estimated payback periods (Wang & Haq; 
ES15). 
 
Searchinger includes opportunity costs of using land to sequester carbon, instead of providing biofuel 
feedstock, in regions where cropping contracted in the 1990s (e.g. Europe and the former Soviet 
Union), but this is ignored where cropping expanded in the 1990s (e.g. Latin America & China). This is 
inconsistent, and gives a shortened pay-back period. 
 
Searchinger admits his assumption of 25% loss of soil carbon, where land changes from un-cropped 
to cropped, is conservative.  Wider consultation and the literature (Guo, L.B. & Gifford 2002; Lal et al. 
2006; Powlson & Smith) indicate that a more appropriate value would be 30-40% (ADAS; Powlson; P 
Smith); revision of this assumption would increase estimates of indirect GHG emissions considerably. 
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Box 13:  Continued 

 
Additional points relevant to policy development on EU biofuels: 
 
Rosegrant et al. (2006) conducted a similar analysis to Searchinger, but provided much less detail.  
They considered smaller increases in biofuels demands, distributed globally. They suggest that, if 
biofuels initiatives are accompanied by extra publically instigated productivity research, then effects on 
prices will be acceptable.   
 
It should be noted that meeting biofuels demands through productivity has associated GHG costs, 
mainly due to the fertiliser N needed to support genetic improvement. However, data from the UK 
indicate that greater productivity is better, since the use of more fertiliser (to support genetic 
improvement in productivity) has GHG costs similar to LUC from grassland, but much smaller than 
with LUC from forests, swamps etc. (ADAS).  It may be that productivity has bigger advantages in 
developing regions. 
 

 

The ILUC factor approach 

3.5.14 Another, simpler approach being developed by the Oeko-Institut in Germany (Fritsche, 2008)  to 
estimate indirect land use change impacts is the indirect Land Use Change (iLUC) factor approach 
(previously known as the ‘risk adder’ approach).  In order to avoid the complexities of modelling world 
agricultural markets, a deterministic approach is used, as set out below.   
 

1) It is assumed that if there is increased biofuels feedstock production, while some production 
may be met from set-aside and idle land, intensification of existing cultivation schemes and 
use of marginal land, a certain proportion will cause the displacement of existing food and feed 
production.  As markets for agricultural commodities are global, increased demand for biofuels 
feedstocks leads to an inducement for all countries producing relevant products to increase 
supply. 

2) A key simplifying assumption is then made that current patterns of land use for the production 
of traded agricultural commodities are an adequate proxy for assessing which countries will 
increase production.  The calculation is further simplified by limiting the calculation to land 
used for production for export of rapeseed, maize, palm oil, soy and wheat in four 
representative regions, Brazil, Indonesia, USA and the EU 

3) The share of land used by each of these regions for exports of agricultural commodities can 
be calculated from FAO data, taking into account country specific yields.   

4) Explicit assumptions are made about the most likely land use change to occur in each region 
for each commodity (e.g. grassland to maize in the US).  These are combined with the 
respective IPCC based direct land use change factor for this type of conversion (amortised 
over a period of 20 years) to give an average CO2 emission factor per ha of displaced land 

5) This CO2 emission factor is combined with the land requirements of different types of biofuels 
production to give a “full” iLUC factor, i.e. the additional GHG emissions arising if all of the 
biofuels feedstock production caused displacement of feedstock effect, 

6) The actual “risk adjusted” iLUC factor should be estimated by adjusting the full factor by 
estimating how much of the biofuels production will be on set-aside, idle or marginal land or 
met through intensification, thus causing no displacement effect.   

 
3.5.15 The Oeko-Institut has made a first estimation of full iLUC factors, and Fritsche suggests that an 

indicative order of magnitude for the ‘risk adjusted’ iLUC factor is a minimum of 25% of the full iLUC 
factor and a maximum of 75% of the “full” iLUC factor. The impact (Figure 3.10) of the iLUC factor on 
biofuels emissions is significant, and with a medium iLUC factor several biofuels productions routes 
offer no savings.   
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Figure 3.10: Effect of iLUC Factor on biofuels emissions
22

 

0%

50%

100%

150%

200%

250%

300%

350%

O
SR

 (E
U
)

Pal
m

 o
il 
(In

do
ne

si
a)

Soy
 (B

ra
zi
l)

Sug
ar

 c
an

e 
(B

ra
zi
l)

C
or

n 
(U

SA)

W
he

at
 (E

U
)

2G
en 

- S
R
C (E

U)

%
 o

f 
fo

s
s
il 

fu
e

l G
H

G
 e

m
is

s
io

n
s

No iLUC min iLUC factor med iLUC factor max iLUC factor

No GHG 

savings

 

Source: Fritsche, 2008 

 
3.5.16 This approach is still in development and is likely to be refined.  The key simplifying assumption 

(acknowledged by Oeko), which avoids the need for complex modelling of agricultural markets, is that 
because there is a global market for agricultural commodities, the pattern of land use change caused 
by additional demand can be estimated by examining current patterns of land use for the production of 
traded agricultural commodities.  It is not clear how valid this assumption would be as we move into 
the future, and current patterns of production do not necessarily indicate which areas this expansion is 
likely to occur in.  As Fritsche himself notes, this is likely to be where land conversion is cheapest and 
easiest. The approach also does not appear to examine in any detail the type of land which may be 
displaced, and there appears to be an arbitrary approach to determining exactly how much of 
displaced production causes conversion from forest, but these assumptions are explicit and could be 
refined in the future.  A methodology for calculating the ‘risk adjustment’ of the full iLUC factor would 
also be useful.  The approach is still under development, but may show some promise as a tool for 
estimating in a simplified way the impacts of indirect land use changes and allowing some guidelines 
to be developed. 
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 Values for biofuels prodution are based on German estimates and therefore differ from those quoted earlier. 
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3.6 Discussion and Conclusions 

GHG Balances for Biofuels – Excluding Land Use Issues  

Process GHG Savings 

 
• The amount of GHG saving from biofuels depends critically on the source of the raw material 

and the way it is grown and processed.  In the best cases, savings can range from 40 - 50% 
for biodiesel and from around 50 –75% for bioethanol.  However, in cases where feedstock 
production and processing routes are not optimised, biofuels production can result in “negative 
savings”. 

• GHG savings from “second generation biofuels” are less certain, since the processes have not 
yet been commercialised so there is little or no operational data yet available.  However they 
offer the prospect of lower emissions since the emissions associated with feedstock 
production is lower, and by-products can be used to provide energy to the process and low 
carbon electricity for export.  Estimates prepared for this report suggest that savings may 
range from 80% of the equivalent fossil fuel emissions to a situation where there is an overall 
net GHG saving from the production of the biofuel. 

• Emissions of N2O from soils and fertiliser manufacture associated with growing biofuel 
feedstocks are important and uncertain factors in the overall GHG balance. Similarly, the role 
of GHG credits associated with by-products is important in reducing GHG emissions from 
biofuels. 

 
 

N2O Emissions 

 

• Current estimates of N2O emissions from soil are based on IPCC methodology which is 
subject to high levels of uncertainty. 

• Recently Crutzen has suggested that the IPCC methodology may underestimate the 
magnitude of N2O emissions by a factor of 3 to 5 – if this were the case this would seriously 
reduce or negate any GHG savings from many biofuels. 

• A review of Crutzen’s paper by North Energy suggests that the “top down” methodology 
suggested for estimating N2O emissions is not well founded.  They recommend that it is 
prudent to look at the full range of values proposed in the IPCC methodology (which includes 
an upper value of around 2.5 times the currently used value).  For biofuel routes where the net 
savings are already small (< 20%), using the upper value for N2O emissions reduces the 
savings to zero, but for many potential routes to biofuels, the GHG savings, while reduced, are 
still significant. 

 

Changes in Agricultural Practices 

 
• The study has looked at the impact of changing agricultural practices by using reduced or zero 

tillage methods, which can in principle reduce emissions by reducing diesel use in ploughing, 
and increase the amount of organic carbon stored in the soil.  There is currently little data on 
which to base any analysis, and an international review was not possible given the paucity of 
data.   

• Some data is available for the UK and the results here suggest that, in the short term, 
minimum tillage practices could reduce GHG savings from OSR biodiesel and wheat based 
ethanol, although these savings are likely to plateau after a few years once a new soil carbon 
level equilibrium is established.  If the land subsequently returns to conventional agriculture 
then the previous equilibrium level will be re-established. 
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Effects of Land Use Change 

Direct Land Use Change 

 
• While estimating the GHG impact of changing land use is complex and uncertain, analysis 

suggests that bringing most sorts of land into cultivation to produce feedstock for biofuels has 
a large GHG consequence which in many (or most) cases negates any savings from using 
biofuels. 

• North Energy has considered the impact of bringing fallow and non-rotational set-aside land 
into energy crop cultivation in the UK.  Over the first 20 years, the GHG savings offered by  
biodiesel from OSR and bioethanol from wheat are about halved and those from sugar beet 
bioethanol reduced even more substantially  as carbon is released from the soil. A similar 
analysis for rotational set aside land is more favourable, suggesting that use of this sort of land 
for energy crop production is to be preferred. 
 

Indirect Land Use Change 

 
• Modelling the indirect land use changes associated with biofuels production is even more 

complex.  Additional land can be avoided if crop productivity can be increased, if demand for 
raw materials can be reduced or if overall demand can be satisfied from the existing resource 
base by improvements in overall system efficiency. 

• Modelling indirect land use is a complex issue requiring general or partial equilibrium 
economic modelling to look at interactions between supply and demand, different feedstock 
markets and the possibilities for substitution, productivity improvements, and the sensitivity to 
price. 

• Using this sort of approach, Searchinger has recently examined the impact of displacing corn 
production in the US to uncultivated land in the US, Brazil, India and China.  GHG emissions 
from these land use changes were estimated to be very significant, and these would 
unacceptably prolong the point where net savings could be achieved. 

• A review by ADAS concluded that the Searchinger analysis involves a high level of 
uncertainty, that the specific conclusions of the paper are to be doubted, and that the 
conclusions drawn could not be sensibly extended to cover land use related GHG emissions 
for EU biofuels initiatives.  However, the review acknowledges that GHG emissions from land 
use change are significant and need to be factored into any analysis. 

• Fritsche has been developing a simpler, deterministic  method - the indirect land use change 
(iLUC) factor approach.  This assumes that as agricultural commodities are traded globally, 
current agricultural production which is displaced by increased biofuels feedstock production 
may be met by any country currently producing those commodities for export.  Its key 
simplifying assumption, which avoids complex modelling of agricultural markets is that current 
patterns of land use for the production of traded agricultural commodities are an adequate 
proxy for where production will be expanded.  

• Application of the approach, which also requires an assessment of how much of biofuels 
production will be met through intensification and use of idle or set aside land, indicates that 
for several biofuels production routes, such indirect land use change could negate or at least 
substantially reduce GHG emissions savings.  The approach is still under development, but 
may show some promise as a tool for estimating impacts of indirect land use changes and 
allowing some guidelines to be developed. 

• Analysis of the impact on avoidance of land use through the use of by-products as animal feed 
indicated that considerable land use avoidance may occur.  This provides a credit for GHG 
emissions from land use avoidance, which can be significant.  The study concluded that this is 
an important area that requires further research. 
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4 Discussion and answers to RFA questions. 

4.1 Supply and demand 

This section addresses the key questions: 
1. What are the key drivers of land use change and food insecurity to date and to what extent is 

increasing demand for biofuels significant? 
2. To what extent may global demand for biofuels contribute to land use change and food insecurity 

to 2020 given known current and proposed targets? 
 

Land demand for biofuels 

4.1.1 The results of the scenario analysis for this work (Box 14) show that current regional targets for 
biofuels will create a not insignificant demand for land around the world, which could be particularly 
intensive in some regions.  This will happen in a period when the world’s population is also forecast to 
grow significantly and demand for agricultural commodities such as food, feed, fodder and wood will 
rise, not fall. 
 
 

Box 14:  Results of analysis of scenarios for global demand for biofuels  

Four scenarios were examined, for the current volume based targets and a scenario 
examining the implication of achieving 7% GHG emissions reduction from transport fuels 
globally.  These were then examined for the difference that advanced (second generation) 
biofuels technologies made.  
 

• In the absence of second generation biofuels technologies it is estimated that 
current targets create a global demand for: 

  
250billion litres of biofuels from 1667t of crops grown on 122-166 Mha of land  
• Meeting a 7% reduction in GHG emissions in transport fuels from every region in the 

world would require:  
 

400billion litres of biofuels from 3090t of crops grown on 196-276 Mha of land 

• This will require substantial increases in some crops (e.g. sugar cane, wheat, oil 
seed rape (OSR), soy, palm and maize) and, for the 7% GHG reduction scenario, 
the rapid development of other crops (e.g. sweet sorghum, jatropha and cassava) 
for biofuels.   

 
• Analyses were also undertaken of the potential impact of second generation 

technologies, productivity increases, and use of co-products to reduce overall global 
land take.  These analyses demonstrated a significant reduction in the use of land 
for biofuels. The use of co-products in the EU was seen to reduce the impact on 
land demand due to the 10% EU target by 38%; improvements in productivity could 
reduce global land demand by at least 9%; and if second generation technologies 
using residues were used to meet 30% of regional targets, then land demand was 
seen to decrease by 29-40% (depending on the original scenario). 

 
Note: These estimates use IEA projections for transport demand; they use assumptions 
about the types of crops used and the factors affecting market decisions influencing which 
crops would be used. For more details on the core assumptions see the work by E4Tech, 
ADAS and Ecofys. 
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4.1.2 The demand for land for biofuels varies depending on a number of factors but it is likely to be met 
through one or all of the following: 
 

1. Additional land clearance to create additional agricultural land on which biofuels or the crops 
they displace can be grown.  The former is direct land use change from biofuels; the latter is a 
result of indirect land use change, caused by a change in crop production which means that 
demand for the original crop is now met elsewhere. 

2. The use of idle or degraded land of low productivity which is currently unsuitable for food 
crops.  This includes land that has been cleared for logging, but is not in current use; 
degraded lands (poor soil structure, soils prone to erosion etc.); saline land; arid land etc.  The 
potential and the impact of this use depends how the land is currently used and the ecosystem 
service it provides.

23
 

3. The use of residues or wastes for the production of biofuels through advanced technologies, 
which avoids direct land use because the residues or wastes are already produced for some 
other purpose.  This also avoids indirect land use, assuming that the residues and wastes do 
not already have a use which has to be displaced from some other source. 

4. Increased productivity from land currently used, through improved efficiency of the crop use 
system, in which less of the biomass produced is wasted in the supply chain before it reaches 
the point of consumption.  This is certainly possible with some developments.  For example 
the use of co-products as a feed or fuel represents one improvement in efficiency of the crop 
use system. 

5. Increased productivity from land currently used through increased yields or technical advances 
(‘intensification’).  This work has found that there are no serious technical constraints to 
increasing yields of most crops across most regions but the yield improvements required are 
unlikely to be met without significant public investments in agricultural research and 
development and breeding, and without a shift in political and economic measures in many 
countries. 

 
4.1.3 The first of these is the only immediate option, although it is likely that options 2 to 4 could increase in 

importance relatively quickly; and option 5 (which has links with option 2) could contribute significantly 
by 2020, if adequate investment is made.  Thus demand for biofuels will add to current demands on 
land.  Important influences on the amount of land required will include not only availability of land, but 
also intensification of agriculture, improvement of productivity, our ability to bring idle or degraded land 
into production and to develop technology that uses residues and wastes as feedstocks.  These are all 
important if we are not to create extra pressure on the use of important uncultivated areas including 
savannahs, forests and wetlands.   

Potential for reducing land demand 

4.1.4 The demands on land presented in Box 14 above have been estimated assuming increases in yields 
projected from current agricultural rates of improvement.  Assuming investments in agriculture aimed 
specifically at improving productivity and yields by 1% per annum, it was estimated that land 
demand would decrease by approximately 9%.  Furthermore there is potential to reduce land demand 
through the use of co-products as animal feeds.  This would reduce land demand significantly for 
some crops, particularly soy, maize, wheat and OSR.  Using co-products in this way as feed in the EU 
reduces predicted EU land demand for biofuels in 2020 from 31.5 Mha to 19.6 Mha.

24
   

 
4.1.5 The use of second generation technologies also has considerable impact on demand for land.  

Globally the use of second generation decreases demand from 138 to 82 Mha for the current volume 
targets (BAU yield scenario) and from 222 to 158 Mha in the 7% GHG reduction scenario.  
 

These factors together decrease the demand for land for biofuels to meet the EU 
10% target from 31.5 Mha to around 8 Mha if all of the second generation biofuels 
are produced from residues.  

 

                                                      
23

 It is estimated that some 450,000km
2
 (45M ha) of irrigated land is salt affected, and this is increasing annually.  

In addition as much as 20,000 to 50,000km
2
 (2–5Mha) is lost annually through land degradation such as nutrient 

depletion and soil erosion.  Greatest losses are in Africa, Latin America and Asia.  (UNEP 2007). 
24

 For further information on the assumptions of this analysis see the Ecofys submission to this study. 
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4.1.6 These solutions to land use change are not simple, and each has its own set of impacts.  Productivity 
improvements are often made as a result of intensification of agricultural practices, including greater 
input of agro-chemicals.  The addition of nitrogen (from mineral fertilisers, animal wastes, or through 
biological fixation) to soil leads to emissions of N2O,

25
 through microbial action.  Emissions can vary 

with both environmental factors (climate, soil organic C content, soil texture, drainage and soil pH) and 
management-related factors (e.g. fertiliser type, N application rate).  There are considerable 
uncertainties about the magnitude of soil N2O emissions and it is thought that the impact of 
intensification of agricultural practice on GHG emissions in relation to N2O has been underestimated. 
North Energy undertook analysis of this and their results are considered under the GHG section.  It is 
important that the impacts of intensification are also considered, as well as the gains in productivity.   
The use of co-products may win on the displacement of animal feed, but some of the feed crops also 
supply other commodities (such as oil), which would need to be replaced on the global market and this 
may result in indirect land use change.  Second generation technologies may use residues with no 
apparent land use change, but these residues may already have an alternative use, which would need 
to be substituted in some way.  These indirect impacts would also need to be taken into account in the 
assessment of potential land use change. 

How does this compare to current land use? 

4.1.7 This compares to projections for total land use from agriculture of approximately 5.2 to 5.5 Gha (up 
from the current 5.0 Gha), an increase of 200 to 500 Mha over current levels.  In other words, demand 
for biofuels could increase additional land requirements by 2020 from the estimated 200 to 500 Mha 
required for additional food to 322-666 Mha in order to meet the current global biofuel targets; and 
273-601 Mha if second generation technologies using residues can be deployed.

26
  This is a 

significant additional demand on land resources; and it occurs at a time of high population and 
economic growth, resulting in demand for other commodities such as wood fuel, timber and cloth and 
against a background of uncertain climate due to climate change (with potential significant impact on 
agriculture in certain regions).  IIASA have analysed land availability globally and estimate potential 
available land to be 790-1215 Mha

27
, and they note considerable uncertainties surrounding basic land 

cover.  CE Delft reviewed models on land use availability and found estimates between 0 and 1480 
Mha available cropland and pasture land.  The most optimistic of these models use scenarios in which 
land productivity increases and there are significant technological advances, improving the productivity 
of formally low productivity land.  The lowest estimates restrict the expansion of agricultural land or the 
improvements in productivity.   
 
 
 
 
 
 

                                                      
25

 N2O is a potent GHG. 
26

 These figures depend on yield projections for the future and represent the lowest and highest land take 
estimated for all three yield projetion scenarios. 
27

 These figures represent additional land that could be used for rain fed agriculture globally.  To calculate this 
figure IIASA used the GLC-2000 and MODIS-2000 land use datasets.  They excluded the following land types: 
forest, temperature and precipitation constrained lands, degraded land and land of limited productivity.  The lower 
estimate is from the GLC-2000 analysis; the higher from MODIS; the difference between the two is down to 
classification of curren agricultural land.  IIASA emphasise that there are some fundamental problems with the 
classification of land use, which are particularly important for South America and Africa.  Because of these the 
potential in these regions in particular could be much higher than the levels quoted above. 
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Box 15: Projections for land use in 2020  

• There is considerable uncertainty associated with land use projections in 2020.  It 
was not possible to do detailed modelling in this study and the figures presented 
are from a review of projections from available modelling. 

• The drivers that influence land use are demographic, economic, technological, 
policy and cultural.  Assumptions about these drivers influence the outcomes of 
land use models.

28
 The most optimistic scenarios include increases in productivity 

and technology; the least optimistic do not.  The impact of climate change was not 
included in the models reviewed.  There is limited work on forecasts for feedstock 
and land and the range in results is considerable, depending on the assumptions 
made about demand, productivity and technological changes.  

• Most work focuses on 2030 to 2050 and the results presented are an interpolation 
from these estimates.  

• There is considerable uncertainty about current land use patterns (see, for 
example, the submission of Obersteiner et al of IIASA: this quotes the results of 
two models for agricultural land use to be 1.94 Mha and 2.36 Mha; agricultural land 
use is not defined). 

• The results of this review indicate land use for agriculture of 3 to 6Gha of land in 
2020.  Discounting extreme scenarios CE Delft considered demand for cropland 
and pastures would be around 5.5 Gha. 

• The FAO considers it likely that a substantial amount of the additional demand for 
food in 2030 will be met by productivity improvements and only 20% of the 
additional demand will be met through the use of additional land. The greatest 
increase in demand is stimulated by demand for meat (see submission by Hazell 
2008). 

• Additional demand for timber will result in projected demands for 190-310Mha 
forestry land.  Fuel wood dominates wood demand in Asia and Africa, but there are 
significant increases in timber demand in the emerging economies. 

 

 
4.1.8 This study reviewed the impact assessment of the EU 10% target in 2020: 

• A significant proportion of the EU target is likely to be imported (estimated at around 13% of 
the total feedstock required, in terms of million tonnes of oil equivalent), which will lead to land 
use change outside the EU.    

• The targets will be met in part by the use of set aside land in the EU.  The impact of this on 
GHG emissions will depend on the type of set aside: the use fallow land and non-rotational set 
aside increases GHG emissions from biofuels in the first 20 years of use; the use of rotational 
set aside decreases GHG emissions from biofuels.    

• The impact outside the EU comes from a number of causes: the direct land use change due to 
production of biofuels crops (as indicated above); and indirect land use change from the 
substitution of EU production of food with EU production of biofuels.  The latter results in crops 
being produced elsewhere to meet demand, although it is difficult to predict which crops and 
where they will be produced.   

• The analysis of the 10% target indicates around 41% of the land use change will occur inside 
the EU and 44% will occur outside the EU.  The remaining 15% of biofuels will come from 
residues (e.g. the use of recovered vegetable oil for biodiesel).

29
 

                                                      
28

 The most common assumptions varied in models relate to increases in population, affluence and urbanisation; 
yield projections, land degradation and water resources; infrastructure; demand for timber and demand for other 
agricultural commodities.  Policy and cultural differences tend to be modelled in terms of the way they influence all 
of the above.   
29

  The analysis for the Biofuels Progress Report, which examines the impact of a 7% and 14% target indicates 
that: 

• The total land use change estimated within the EU is estimated at 4.8 Mha (for a 7% target by volume) 
and 11.5 Mha (for a 14% target, by volume).  
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• 80% of the biofuels target will be met through land use change.  The Impact assessment of 
the Renewable Energy Directive argues that the main impact of increased biofuel demand will 
be a further increase in productivity not an increase in the quantity of land used for agriculture.  
However, the reviewer (Ecofys, 2008) refutes this, providing evidence that productivity growth 
alone has not kept up with demand historically, and an expansion of agricultural land has been 
necessary.

30
   

 
4.1.9 MNP have also recently analysed the impact of the EU (and US) targets.  The results of their analysis 

are provided in Box 16.  Their work also shows considerable increases in land use due to the EU and 
US targets. 
 

Box 16:  Results from MNP analysis of EU and US biofuels targets (MNP 2008) 

 
MNP present evidence that the key crops being considered for biofuels occupied around 500 Mha 
of land in 2000 and that, according to the OECD-FAO Outlook (2007) this is expected to reach 
555 Mha in 2020. ‘Of this total, the area used for biofuels is expected to increase from 4 Mha in 
2000 (less than 1% of the total area of wheat, maize, sugar cane and oilseeds) to 35 Mha in 2020 
(more than 6%), assuming default developments (OECD/FAO, 2007).  This scenario shows that 
60% of the land increase between 2000 and 2020 will be due to the demand for biofuels, and that 
40% will be due to the demand for food and feed (see figure below, left panel).  When the United 
States and EU targets are both considered, the size of the area needed for biofuels increases to 
around 60 Mha in 2020 (see figure, right panel).’ 
 
Size of biofuel area in EU, USA, Canada, Brazil and Asia according to OECD-FAO (left 
panel; 2007) and for the USA and EU targets in their own regions (right panel). 
 

 
 

                                                                                                                                                                      
• The total land use change outside the EU is estimated at 4.9 Mha (7% target) and 10 Mha (14% target).  

This suggests that around half of the land use change will occur outside the EU. 
30

 In a recent speech Mariann Fischer Boel said ‘We expect yield increases in the European Union to give us 
extra cereals – perhaps an extra 34 million tonnes each year by 2020.  Furthermore, we expect the abolition of 
set-aside to give us about an extra 12-15 million tonnes of cereals. And we expect second-generation fuels to 
continue making progress.  So in our modelling, we assume that they meet 30 per cent of our biofuel demand in 
2020….. In our modelling, we put that level at 20 per cent of our needs in 2020. If second-generation fuels 
develop more slowly than expected, imports will have to rise.’ 
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4.1.10 The MNP study also analysed the additional grain requirements from the EU and US targets.  This 
analysis is shown in Figure 4.1 below and indicates that the additional demand to meet the EU and US 
targets more than doubles the quantity of grain required.   

Figure 4.1.  Global production of cereals from 1961 to 2020 including implementation of biofuel 
policies by EU and USA.  Food and feed projection based on OECD-FAO Outlook (2007)(EEA 

submission to RFA) 

 
 

 
4.1.11 This work leads us to the conclusion that there will be significant additional land use change unless 

productivity can be increased over and above the level required to meet food demand or additional 
efficiencies in crop use systems are made.  In addition the use of residues in second generation 
technologies will reduce land demand.  None of these will happen without considerable investment in 
R, D&D. 

Land Use change 

4.1.12 There are multiple, complex and inter-related drivers for land use change, particularly deforestation, as 
can be seen from Box 15.  The resulting land use change obscures the potential impacts and 
emissions arising from increased demand for biofuels, either direct or indirect and makes 
analysis difficult (Themba 2008). 
 

4.1.13 The most important impacts from land use change will be on the above and below-ground carbon 
stocks of uncultivated ecosystems (see Box 17).  Existing assessments, whilst valuable, may not be 
sufficiently detailed or robust to provide credible estimates for calculating these impacts. 
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Box 17:  Carbon emissions from land use change. 

To understand the carbon dynamics associated with land use change and accurately assess 
the carbon which may be released, it is important to understand the amount of carbon stored 
in different soil and vegetation pools (above-ground biomass, below-ground biomass, litter 
and woody debris, and soil organic matter), and what happens when these systems are 
replaced by cultivation.  While above ground biomass such as forests contain large stores of 
carbon, soils are also important reservoirs of carbon.  Soils under peatlands and forests 
generally contain the highest amounts of soil carbon, more than in the vegetation, and most 
land use changes in these ecosystems results in significant releases of carbon to the 
atmosphere (usually in the form of carbon dioxide or methane).  Carbon storage is commonly 
highest in tropical wet forests followed by annual crops and grasslands in tropical latitudes 
and then by temperate grasslands.  Carbon storage in peat-forming wetlands is exceptionally 
high though most of the carbon stored in peat-forming wet lands not found in above-ground 
biomass but rather in slow-developing peat soils. 
 
For areas with high above ground and low below ground carbon stocks, the loss of carbon 
can be very rapid i.e. most of the carbon will be lost to the atmosphere within the first year.  
For areas with high below-ground carbon stocks, release can be gradual but can still be high 
enough to overwhelm the greenhouse gas balances of biofuels where the land use change-
derived emissions are attributed to these (direct or indirect). 
 

Indirect land use change 

4.1.14 Although there is no direct land use change where feedstocks are supplied from existing agricultural 
land, there may be indirect land use change as the production of the commodity previously produced 
is moved to a different location.  This leads to an increase in use of agricultural land overall.  For 
example, if existing sugar cane plantations are switched to providing a feedstock for bioethanol, then 
new sugar cane plantations may locate on other land.  Conversion of pasture land to e.g. soy bean 
cultivation could lead to cattle grazing being moved to other areas e.g. deforested land in the same 
region, or to increased production of meat in other producing countries, with land use change 
occurring there.  It is particularly difficult to prove the links between biofuels expansion and indirect 
land use change and considerable controversy surrounds the issue because of this.   
 

4.1.15 Models of indirect land use have to be capable of reflecting elasticity of demand, interactions between 
different feedstock markets and the possibilities for substitution.  In addition they must also reflect 
potential improvements in productivity, indirect decreases in land demand due to the use of co-
products and the sensitivity of all of these factors to price.  At the present time such modelling of the 
indirect land use change from biofuels is in its first stages.  Whilst work such as that produced recently 
by Searchinger (2008) indicates that there are potentially serious indirect land use impacts, further 
work is important.  This work must improve the quality and certainty of the data on which the modelling 
is based in order to improve confidence in its results.  Work in this area shows that the assumptions 
regarding how much land use change occurs, where and on what type of land all influence the 
conclusions regarding the impact of land use change on the GHG benefits of biofuels.  Further 
information on modelling of indirect land change is provided in Box 18.   
 

4.1.16 There are alternatives to this approach, such as a more simple deterministic allocation of indirect land 
use change being developed by the Oeko-Institut in Germany - the “indirect Land Use Change (iLUC)  
factor approach”.  This simplifies the arguments about indirect land use change by assuming that 
increased demand for feedstocks can be met by any country producing this commodity for export (as 
commodities are globally traded) and taking current land use shares of production for export as a 
proxy for where expansion will occur.  These are combined with assumptions about what type of land 
use change will occur, and values for carbon emissions from LUC to producing a globally weighted 
average of carbon emissions caused by indirect LUC.   The approach is still in development, but 
indicative results using approximate estimates for land use shares, indicate again that GHG emissions 
associated with indirect LUC can significantly reduce and in some case negate GHG savings from 
biofuels.    
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Box 18:  Modelling Indirect Land Use Change  

General and Partial Equilibrium Modelling 
To date indirect land use changes have been modelled using general or partial equilibrium 
economic modelling to quantify the increase demand for land.  This was the approach used 
by Searchinger et al (2008) who used the FAPRI international model to allocate displaced 
corn production (due to demand for corn for bioethanol in the US) to uncultivated land in the 
US and to land in Brazil, India and China.  Assumptions on the types of land which would be 
converted in these countries were based on the proportion of land types which had been 
converted into cropland in the past.  GHG emissions from these indirect land use changes 
were estimated to be sufficiently large that the period until net GHG savings began would be 
reached long after the period when GHG pay-back is required.   
 
There are some problems with this approach.  Difficulties arise in that the chain of causation 
is too long and complex for land use change to be attributed confidently to use of crops for 
biofuels.  For example, deforestation may also be driven by meat production, timber 
extraction, accessibility, migration, and other changes.  The interacting effects on land of 
policies relating to diet, energy, development, conservation, and other ecosystem services 
need to be considered.  In addition it may not be feasible to model world economics to a level 
of precision that will enable quantification of secondary or tertiary effects of a relatively small 
perturbation in the global system.  Given the limited success with modelling other complex 
systems – weather, biological organisms, etc. – a global model will not necessarily enable 
trustworthy predictions.  For the predictions to be trusted, the models need to be validated, for 
example through demonstrating that their predictions of past seasonal perturbations in prices 
did indeed satisfactorily match those observed in practice. 
 
Indirect Land Use Change  (iLUC) Factor 
The Oeko-Institut in Germany is developing a simpler, deterministic approach to modelling 
iLUC and the GHG emissions which arise from it.  The approach, the indirect land use change 
factor (iLUC), is still in development and is likely to be refined.  The key simplifying 
assumption, which avoids the need for complex modelling of agricultural markets, is that 
because there is a global market for agricultural commodities, the pattern of land use change 
caused by additional demand can be estimated by examining current patterns of land use for 
the production of traded agricultural commodities.  It is not clear how valid this assumption 
would be as we move into the future, as current patterns of production do not necessarily 
indicate which areas this expansion is likely to occur in.  As Fritsche, one of the developers of 
the approach notes, expansion is likely to be where land conversion is cheapest and easiest. 
The approach requires explicit assumptions to be made about the type of land conversion 
which will occur due to expansion in particular regions of the world (e.g. maize expansion in 
the US will lead to conversion of grassland), which are combined with IPCC default data on 
carbon releases from LUC to give an estimate of the overall GHG emissions from iLUC.  The 
effect that indirect LUC may have on biofuels GHG emissions can then be examined, taking 
into account assessments of how much of feedstock production may be met through 
intensification and through use of set-aside, idle and marginal land, and how much will 
displace existing production. The approach is still under development, but may show some 
promise as a tool for estimating impacts of indirect land use changes and allowing some 
guidelines to be developed. 
 
 

4.1.17 In summary these considerations indicate:  
 

• It is difficult to prove the links between biofuels and indirect land use change. Indirect land use 
change is a function of a multiple, complex and inter-related drivers for land use, particularly 
deforestation.  The resulting land use change obscures the potential impacts and emissions 
arising from increased demand for bioenergy, either direct or indirect.  

• Indirect land use change is the most difficult and contentious area relevant to biofuels policy, 
mainly because the indirect expansion or displacement of crops onto uncultivated land such 
as tropical rainforest or grasslands may release considerable stored above ground and below 
ground carbon.  
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• Despite these uncertainties and difficulties it is clear that some indirect land use change does 
occur as a result of biofuels.  It is therefore important that any analysis of biofuels initiatives 
must include consideration of the impacts of potential indirect land use change.  This is an 
area where much further work is required. 

• It is recommended that research is undertaken to develop a pragmatic measure of indirect 
land use change, including the contentious issue of allocation to enable the potentially 
important GHG impacts to be taken into account in biofuels policy. 

Regional impacts 

4.1.18 The land use and other impacts noted above will not be even across the world: it is most likely that 
there will be strong regional differences related to population, economic, land availability, agricultural 
issues and national government policy.  Case study results are summarised in Table 4.1.  

Table 4.1:  Case study results 

Country Biofuel 
target? 

Land 
availability 

Land use 
change? 

Comments 

UK Yes Low Intensification; 
use of set 
aside 

Potential high impact of 
intensification on soil and water 
resources. 

Use of set aside likely to have 
carbon and biodiversity impacts. 

Will need to import biofuels or 
feedstocks. 

Brazil Yes High Intensification 
and use of 
uncultivated 
land 

Potential indirect land use change.  
Legislation to address this is in 
place but needs to be enforced.  

Southern 
Africa 

Not all 
countries 

High Use of 
uncultivated 
land 

Large potential land resource 
excludes deforestation.  Biofuels 
could help develop agriculture and 
infrastructure.  

Policies must protect food 
production. 

India Yes Low Use of waste 
land 

Need to develop biofuel crops with 
low water requirement and ability 
to grow on waste land. 

China Yes Low Use of 
degraded land 

Use of biofuels to reclaim 
degraded lands.  

Investing in biofuels production in 
Laos. 

South 
East 
Asia 

Yes Low Use of 
uncultivated 
land 

Policies designed to meet 
economic drivers: to stimulate rural 
economy, to stimulate additional 
investment, to provide foreign cash 
reserves and to improve security of 
fuel supply. 

There will need to be expansion of 
agricultural land, which will 
probably come at the expense of 
rain forest and peat land. 
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4.1.19 The analysis for this study undertaken by Themba and IEEP indicated: 
1. There are considerable regional differences in land availability.  In many areas little or no 

conclusive data is available on the causes or extent of deforestation (or other land use 
change)

31
 and there is an urgent need to obtain better data and to understand the impacts of 

land use change on a regional basis.   

2. There are very large areas of land ‘potentially available’ for increasing agricultural and forestry 
production, but they are not evenly distributed.  Half of the available land potential is in just 
seven nations within Sub Saharan Africa and South America

32
.  

3. Other areas are considerably land (and water) constrained (such as China and India) and in 
these areas the use of biofuels to reclaim degraded land is an important policy objective.   

4. There are plans for biofuels production in a number of countries in South East Asia for both 
national needs and for export, which are also intended to stimulate development of the rural 
economy and conserve foreign exchange reserves.  Together with plans for food production it 
is clear that there will be an expansion of current agricultural land, although Malaysia indicates 
gains will come from improved yields.  There is potential for deforestation and drainage of 
peatlands in Indonesia with related release of carbon emissions from these long term sinks. 

5. Specific policies are needed in order to encourage biomass crop types in specific agro-
ecological zones which do not compete with food and wilderness land uses and do not 
compromise the environmental services these lands already supply.  It is important to make 
sure that the right crops are used in the right circumstances (location and management 
practices).  Policy has a major role in ensuring that good practices are used. 

6. Commercial production of biofuels may target high-quality lands due to better profit margins 
and high soil requirements of first-generation crops with the loss of the opportunity to improve 
marginal or degraded land.   

7. There is great heterogeneity in most of the factors relevant to an assessment of the indirect 
impacts of biofuels between regions, countries and across agro-ecological zones.   

8. Greenhouse Gas emissions from biofuels are one of the key factors for their promotion in 
Europe, however, this is not necessarily the highest priority for developing biofuels in other 
countries.  It is also noted again that, at this time, GHG calculations can be inconsistent and 
vary according to data sets used.  This reinforces the need to closely monitor land use and 
emissions from agriculture and scientific studies which are being produced regularly with 
modifications to GHG calculations derived from specific feedstocks. 

4.2 GHG savings from biofuels 

4.2.1 This section draws together the work undertaken to answer the question  
 

• How are GHG-savings from biofuels affected by displaced agricultural activity and resulting 
land-use change taking into account the introduction of possible advanced technologies and 
other improvements in production? 

                                                      
31

 There is some data indicating that logging (legal or otherwise) is a major cause of deforestation in some parts 
of the world.  In some cases deforestation and reforestation is centrally controlled.  In other cases concessions 
are granted for plantations (notably for oil palm).  In many other situations farmers displaced from their land by 
commercial interests then invest in slash and burn agriculture in rain forest areas.   
32

 Angola, Argentina, Bolivia, Brazil, Colombia, DR of Congo and the Sudan (FAO, 2007) 
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GHG savings from cultivation and production 

 
4.2.2 Excluding the effect of land use change, GHG savings from current biofuels production can vary 

considerably depending on the feedstock, cultivation conditions – particularly yield and use of 
nitrogenous fertilisers, and the carbon intensity of fuels used for processing.  The latter is particularly 
important in bioethanol production, which has higher energy requirements than biodiesel production.   
The carbon intensity of processing can be improved by using biomass fuels e.g. bagasse (the waste 
from sugar cane) is used in Brazil contributing to the high GHG savings this bioethanol offers, and 
efficient generating technologies such as CHP.  
 

4.2.3 Using advanced technologies for biofuels production (i.e. second generation technologies such as 
lignocellulosic processing for bioethanol production and gasification and Fischer-Tropsch processing 
for syndiesel production) gives greater GHG savings as emissions associated with feedstock 
production are lower - because they are either waste products/residues or perennial crops generally 
requiring low inputs waste products, and because wastes such as lignin from the process can be used 
as the energy source for the process.  

 
4.2.4 It is possible that changes in agricultural production techniques could also help to increase GHG 

savings.  An examination of the effect of minimum tillage techniques on the GHG emissions from 
oilseed biodiesel and bioethanol from wheat in the UK, indicated that in the short term (less than 20 
years) GHG emissions from biofuels productions were reduced by 19% to 25% due to reduced loss of 
soil carbon, increasing GHG savings by over 40%. 
     

Effect of Land Use Change on GHG Savings 

4.2.5 Direct land use change (LUC) occurs when feedstocks for biofuel displace a prior land use (e.g. 
forests) thereby generating possible changes in the carbon stock of that land.  The effect of such 
carbon emissions on the overall emissions from biofuels production can be high.  For a number of 
examples in the UK and overseas examined by North Energy for this study, emissions associated with 
direct LUC (even when amortised over 20 years) substantially reduced and in many cases completed 
negated any GHG savings the biofuels offered.  Allowing for the avoided land use change that use of 
co-products from biofuels (e.g. using rapemeal as animal feed) may induce, reduces the effect and it 
is important that the effect of co-product use on land use change is included in any overall assessment 
of the effect of land use change on GHG savings.   
 

4.2.6 Where feedstocks are supplied from existing agricultural land, then there is no direct land use change, 
but there may be indirect land use change as the production of the commodity previously produced is 
moved to a different location, leading to an overall increase in agricultural land.  Indirect land use may 
be avoided if the additional demand for biofuels leads to increases in productivity (beyond those 
productivity increases caused by increased demand for food), less consumption of the feedstock in 
other markets (e.g. due to increased prices because of increased demands), or less wastage in the 
supply system.   

 
4.2.7 Modelling the indirect land use change which may occur from increased demand for biofuel feedstocks 

is complex, and ideally should reflect the elasticity of demand, interactions between different feedstock 
markets and possibilities for substitution, as well as potential improvements in productivity and the 
sensitivity of both these factors to price.  It is also necessary to take account of the potential use of co-
products from the biofuels production process which can be used as e.g. animal feeds, thus avoiding 
some land use change.  In addition, in order to assess the associated carbon emissions from indirect 
land use change, it is not only necessary to know the magnitude of the land use change which occurs 
(i.e. number of ha) but also the type of existing prior land use and the regional location of land which is 
being converted, as carbon stored in biomass varies significantly. 
 

4.2.8 Full modelling of the effect of indirect LUC on GHG savings is complex, and subject to much 
uncertainty.  A review of work by Searchinger (2008) who used a partial equilibrium economic model 
to quantify the increased demand for land globally due to increased demand for corn for bioethanol in 
the USA, and indicative results from a simpler, deterministic iLUC approach developed in Germany for 
a range of biofuels however indicate that: 
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• Any analysis of biofuels GHG savings must include consideration of the indirect land use 
change effects even though their estimation remains difficult and contentious. 

• That GHG emissions from indirect LUC could be significant in relation to intended GHG  
savings 

 

4.3 Biofuels Policy 

This section addresses the following questions: 
• What are prudent levels and appropriate forms of biofuel targets for the EU currently and to 

2020 - recognising indirect effects of biofuels?  How might the introduction of advanced 
biofuels and technologies change these levels? 

• What policies can mitigate the potential negative indirect effects of biofuels on land-use 
change and food security? 

 

Why have a biofuels policy? 

4.3.1 The drivers for biofuels policy are related to security of supply and emissions from transport.  
Emissions from transport are high and increasing.  There are a number of policy options to address 
this but biofuels represent the only current fuel substitution that can decrease emissions directly.  In 
his summary at the first RFA seminar Michael Obersteiner said: 
‘without biofuels low stabilisation targets are not feasible…. We have to have a trade off: 
certain incremental bio-economy damages today versus uncertain mega risk tomorrow’. 

Key messages from our work 

4.3.2 Despite the important role biofuels potentially play in reduction of emissions from transport fuels, the 
range of emission reductions are quite wide.  For some time life cycle analysts have been expressing 
concerns regarding the emissions from land use change and indirect land use change and it is clear 
from this work that these concerns are legitimate, but still not clarified because of the large 
uncertainties embedded in the assumptions that have to be made in modelling GHG emissions.  
Nevertheless we can draw some key messages from our work: 

• More work is needed to collect data for GHG emissions from land use change, or an 
alternative way of representing this change must be agreed on.  Ignoring it is not an option, as 
this could lead to policies based on lower emissions that occur in reality which may have long 
term consequences. 

• Setting the 10% target for 2020 could have important consequences and indirect effects, 
particularly on land use change and on the release of N2O.   

 
4.3.3 To avoid this policy must consider mechanisms to improve the sustainability of biofuels, encourage 

best practice and acknowledge and take account of indirect land use change.  Our work indicates that 
these impacts vary across geographical location and time, and that this should be taken into account. 
 

4.3.4 There are mechanisms which can decrease or mitigate the indirect effects of biofuels including: 
• Use of biofuels in a way that avoids indirect land use change (for example through the use of 

degraded or idle land;
33

 use of crops that assist the reclamation of degraded land, particularly 
perennial crops that also increase soil organic carbon). 

• Use of more efficient feedstocks (ones that use land more effectively, with higher yields), 
providing indirect land use change is taken into account.  Such policies can include work to 
improve the productivity of land used for biofuels crops.

34
  

                                                      
33

 The use of idle or degraded land and the land use change assigned is, however, controversial, particularly idle 
land which is not well-defined. There is one school of thought that says that these emissions are low.  However, 
others, including Searchinger, regard this land as a potential sink of  carbon which is released during cultivation.  
Most analysts agree that cultivation of degraded land can have benefits. 
34

 In fact general support for improvements in agricultural productivity would support biofuels as this would free up 
land from the cultivation of food or feed crops that could be used for biofuels crops without land use change. 
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• Use of whole supply chain, including co-products use as feed or fuel (or both).  The use of co-
products avoids land use change and can make a significant difference to emissions allocated 
to the use of biofuels. 

• Development of advanced or second generation technologies that use residues or waste 
feedstocks.  However, the analysis by Ecofys indicated that there are insufficient biomass 
residues to meet the proposed 2020 heat and power targets for the EU; this means that there 
will be insufficient biomass residues to meet all the demands of heat, power and biofuels and 
there are potential conflicts between the use of such biomass which need to be resolved. 

 
4.3.5 In addition policy needs to include an appreciation of the overall environmental impact of biofuels 

crops, particularly on soil and water resources.   
 

4.3.6 In their analysis of advanced technologies E4Tech make the following points: 
 

• In the US there is strong political and financial support for the production of lignocellulosic 
ethanol from native non-food feedstocks such as corn stover and switch grass.  In other 
regions, including the EU, one could argue that there is a lack of a policy focus to encourage 
and incentivise the production of second generation biofuels, in particular by rewarding their 
lower GHG intensity compared to other biofuels.  The lack of a link between emissions savings 
and the level of financial support is not helping the progression of these technologies to 
commercialisation.  There is also a high risk associated with the high capital cost of 
commercial scale plants which is hindering their financing, and support is needed to cover 
commercialisation costs. 

• Lignocellulosic ethanol  - The next couple of years are crucial for understanding the 
deployment prospects for this technology.  If all goes well with the first-of-a-kind commercial 
plants in terms of the technology and scale up, and given the right policy support and market 
signals, lignocellulosic ethanol plants could potentially be being built at commercial scale 
(beyond first of a kind) by 2015-2018.  However, it is not expected that the plants would be 
fully commercial by this stage; some financial support would still be likely to be needed as it is 
not envisaged that the costs could come down so significantly in this short period to make 
them cost competitive.  The competitiveness of lignocellulosic ethanol plants is likely to rely on 
the availability of relatively low cost feedstocks.  

• Syndiesel - With the current policy environment not distinguishing between biofuels on their 
carbon intensity, and in the absence of other targeted support, it is not expected that there 
would be a large demand for second generation biodiesel in the coming years and that there 
would therefore only be a few of the plants built prior to 2020.  If the first BTL plants are 
successful and policy in the US and EU is changed to significantly support the production and 
use of second generation biodiesel, the prospects could be more optimistic with perhaps 5 or 
6 plants by 2020, and many more beyond that date if they can be made technically and 
economically feasible, in particular at smaller scales.  

4.3.7 Discussing regional issues, Themba make the following comments: 
 

• It is important to encourage targeted agricultural development in areas with good productive 
potential but low impacts on carbon stocks and hotspot biodiversity. 

• Encourage policy solutions that recognise the large variance in potential impacts and 
opportunities across geographic location and time: 

o India and China already use virtually all their land that is suitable for agricultural 
production and therefore relevant policy options would focus on helping such 
countries to improve yields, make more efficient use of residues and wastes and 
efficiency gains from whole system integration. 

o The Brazil and Southern African case study countries have very substantial areas of 
land that could be converted into productive agriculture and that under sensitive 
management could potentially maintain or even increase biodiversity and carbon 
stocks.  These options should be incentivised and the research & monitoring capacity 
developed. 
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• There should be great caution with regard to assumptions made concerning palm production 
on peat soils and the wider implications with regard to LUC emissions and biofuel GHG pay-
back times. 

4.3.8 The work for this study has also indicated that in the absence of appropriate policies, commercial 
production of conventional crops will continue to dominate the biofuels feedstock mix, driven, not least, 
by opportunities in by-product markets.  Consequently, commercial production of biofuels may target 
high-quality lands due to better profit margins and high soil requirements of first-generation crops with 
the loss of the opportunity to improve marginal or degraded land.   
 

What benefits can biofuels provide? 

4.3.9 There are important benefits that may be obtained from biofuels but these must be proven.  In our 
work the following benefits have been indicated, but for each case the benefits have to be 
demonstrated: 
 

• The use of biofuels can reduce the GHG emissions from fossil transport fuels, in the right 
circumstances.   

• Biofuels may assist the development of the rural economy in some countries (for example, 
both Brazil and Indonesia have introduced biofuels policies designed to assist the 
development of the rural economy). 

• Biofuels may be important in the reclamation of degraded land, particularly the use of 
perennial crops.  In both India and China this potential use of biofuels is important. 

• It is thought that biofuels could be used as a catalyst for agricultural development in 
developing nations.  This is particularly true if they bring with them investment in infrastructure 
and other benefits.  However, it is important to prove such benefits and to ensure that we do 
not have production of biofuels at the expense of sustainability. 

Biofuels policy 

4.3.10 Biofuels policy must recognise the international nature of biofuels, the conflicts with other land use and 
the potential for unintended consequences, such as indirect land use change.  It has been shown that 
there is great variance in land use datasets and in the results of work on indirect land use change.  
Consequently policy must aim to encourage good practice and work to co-ordinate internationally on 
agreed standards for sustainable biofuels.  In summary: 
 

• It is important that biofuels policies encourage good practice whilst avoiding the negative 
impacts of indirect effects. 

• Biofuel policies should focus on delivering GHG-savings, but these must take into account 
indirect land use change and avoided land use change (from co-products). 

• It is important to encourage development of second generation technologies utilising residues, 
but policy must also address the potential conflicts with biomass heat and power. 

• There needs to be international action to address deforestation.  Biofuels alone are not 
responsible for all deforestation and it is not possible to address deforestation through biofuels 
policy alone. 

• Land use change is caused by a complex interaction of drivers.  The allocation of the causes 
of indirect land use change must be examined in greater detail and international agreement on 
the approach to this accepted.  

• We should develop policy solutions that recognise the large variance in potential impacts and 
opportunities across geographic location and time, allowing for differences in regional needs 
and improvements with time. 

• Policy should support R&D to improve productivity and decrease pressures on land.  

 

4.3.11 Policy options are considered below.  These include the option of abandoning biofuels, of continuing 
with the 10% target and a variety of alternative options.  Each is examined in terms of its strengths, 
weaknesses, opportunities and threats. 
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Policy option  

1.  Abandon 
biofuels 

Abandon target on basis of evidence that target is harmful to the 
environment and not achieving GHG benefits 

Strengths Would address concerns that biofuels cause more LUC and ILUC 
issues than we currently understand. 

Weaknesses Evidence to support this is weak. Would do immediate harm to 
biofuels market and investment in biofuels (and other biomass 
renewables?) in the UK.  Financiers and developers of biofuels would 
have legitimate right to complain that the Government has mislead 
them.  Would lead to plant closures and a halt to development of 
biofuels which would lead to job losses and long term loss of 
confidence in the development and finance sectors in Government 
policy in this area. 

Opportunities Would allow more time for data on LUC and ILUC to be gathered. 
Threats Could halt development of advanced biofuels technologies in the UK, 

threaten the UK’s competitive position in biofuels development and 
result in the UK depending on imports for any future biofuels target.    

2.  Current target Keep target at present level, with no increase 

Strengths Would address concern that market would collapse with no further 
development.   

Weaknesses Little incentive to move on to more advanced technologies with lower 
LU impact (although RTFO does address this). 

Opportunities Would enable us to examine LUC and ILUC in more detail before 
increasing targets. 

Threats Could damage advanced biofuels R&D in the UK & our future 
competitive position in the market. May also weaken incentives to 
examine environmental impacts in more detail. 

3.  10% target in 
2020 

Increase target to 10% by 2020 

Strengths This keeps the current proposed target and sends a clear signal 
about the importance of biofuel development in UK policy. 

Weaknesses This will not enable us to send a clear signal about the need to take 
indirect effects into account.  This is not supported by the evidence in 
this review. 

Opportunities Provides a strong framework for the development of biofuels in the 
UK. 

Threats Unless there are caveats about sustainability this target may just be 
met with the most cost effective biofuels available, regardless of 
indirect effects.  This may mean that the UK will have to back track 
later resulting in more upheaval in the market at that point 

4.  Monitor Monitor impact of 5.75% target and increase biofuels to higher 
targets only when it can be demonstrated that it is ok to do so. 

Strengths Allows more data to be gathered and taken into account in setting 
higher targets.   

Weaknesses Could halt development of advanced biofuels. 
Opportunities  Allows monitoring of the effects of the current target to see if 

models/predictions are correct. 
Threats Could threaten future development of biofuels in UK, particularly our 

competitive position on advanced biofuels. 
5.  Delay target 
increase 

Moratorium on further biofuels development while research is 
undertaken to demonstrate a safe level of biofuels.  Link higher 
targets to evidence on indirect effects to stimulate industry to 
undertake own initiatives 

Strengths Allows more data to be gathered and taken into account in setting 
higher targets.  Linking higher targets to evidence may stimulate 
industry to undertake its own research. 

Weaknesses Could halt development of advanced biofuels in UK, particularly if 
other nations have more favourable policies 
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Opportunities Will provide evidence to underpin future target setting. 

Threats Could threaten future development of biofuels in UK, particularly our 
competitive position on advanced biofuels. 

6.  No import Achieve EU targets without import of biofuels 

Strengths Prevents indirect effects outside the EU. 

Weaknesses Limits options for biofuels to EU crops only.  Costs could be high.  
May make EU susceptible to the effects of poor harvests for key 
crops.  Does not allow EU to influence biofuels abroad, particularly 
sustainability of biofuels grown abroad.  Threatens initiatives to 
encourage biofuels in Africa. 

Opportunities  Supports and strengthens development of EU biofuels feedstocks and 
technologies.  Could bring development of advanced technologies 
forward in order to achieve cost reductions from 2G as soon as 
possible. 

Threats This may not be allowed under international trade agreements.  Could 
also be challenged by developers who have invested in development 
of feedstocks abroad.  

7.  Incremental 
increase/Best 
practice 

Keep 5.75% target.  Incremental increases to 10% for best 
practice only.  Link to progressive reduction of lifetime GHG 
emissions from road transport fuels. 

Strengths Linking increased targets to best practice enables progressively 
tougher targets to be set for sustainability/GHG emissions to 
encourage development of advanced biofuels. 

Weaknesses May be complex and slow development of biofuels in UK.  

Opportunities  Opportunity to encourage best practice and development of strict 
sustainability criteria for indirect effects of biofuels whilst supporting 
current market for biofuels in UK.  

Threats May be difficult to demonstrate sustainability criteria, particularly for 
biofuels produced in Africa, the Far East and some Latin American 
countries.  
Once built plants cannot change configuration or feedstock, so the 
reward for investment may be insufficient or considered too risky for 
finance. 

8. EU sustainable 
practice 

Link EU base target (5.75%) to production that could be achieved 
within EU without indirect land use change.  Link additional 
obligation to advanced biofuels encompassing best practice, 
with a buy out price linked to obligation. 

Strengths Allows EU to develop biofuels in more sustainable policy 
environment.  Encourages advanced biofuels encompassing better 
practice 

Weaknesses Could be complex.  Advanced biofuels and best practice would need 
to be defined.  May require funding for RD &D. 

Opportunities  Allows EU to achieve a sustainable level of biofuels on open market, 
but limits further expansion to development of advanced biofuels or 
best practice. 

Threats If advanced biofuels are difficult to develop, EU biofuels might 
stagnate resulting in loss of competitive position. Once built plants 
cannot change configuration or feedstock, so may find that reward for 
investment is insufficient or considered too risky for finance. 

9.  RTFO Certification of biofuels production with score relating to carbon 
intensity and environmental impact of the scheme.  Requirement 
for increased annual GHG saving, % feedstock meeting a 
qualifying standard and data reporting of sustainability 
characteristics (monthly and annual basis). 

Strengths Continues with current policy, which has been developed over a 
number of years and which could be adapted to ensure indirect 
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effects are brought up the agenda. 
Weaknesses There are issues in obtaining data for reporting of sustainability, 

resulting in default values being used. 
Opportunities Uses mechanism that industry is familiar with.  Could evolve to link 

RTFO certificates with GHG savings or environmental best practice 
determined though a standardised certification system. 

Threats Defaults do not include indirect effects.  May not take these effects 
sufficiently into account. 

10.  RTFO – 
variable scores 
allocated to 
certificates. 

Scores rewarding best practice, GHG savings or both 

Strengths Evolves current policy without too much disturbance of the market 
place.  Rewards GHG savings directly. 

Weaknesses Will need clear policy on scoring for certificates.  The ‘reward’ for best 
practice will need to be sufficient to enable development of best 
practice.  This may prove costly and increase prices for fuel at the 
pump. 

Opportunities  Build on current policy to encourage development of best practice in 
UK. 

Threats May take time to establish.  Once built plants cannot change 
configuration or feedstock, so may find that reward for investment is 
insufficient or considered too risky for finance. 

11. Fuel 
taxation/levy or 
duty reduction 

Tax fuels according to the externalities they generate. 

Strengths Fossil fuels will be taxed directly according to their environmental 
impact.  Some less sustainable biofuels could also be taxed in the 
same manner. 

Weaknesses Fuel taxes are already high. Where fuel tax reductions are already in 
place they have been shown to be expensive to Governments. 

Opportunities  Opportunity to link tax with environmental impact. 
Threats Increased loss of tax revenue will result in Governments stopping 

policy.  May not provide clear signal for best practice.  

Additional comments 

4.3.12 The following provides some comments on policy from external sources. 

Defra work 

4.3.13 In three reports examining the support for biofuels, Defra examine the biofuels in terms of value for 
money, cost effectiveness and their impact on commodity prices.  Information from one of these 
reports is provided in Box 19 below.  In their conclusions to these reports Defra say: 
 

• More research is also needed in order to understand the potential costs and benefits of biofuel 
production on food security and agricultural development more generally under different policy 
options (e.g. regarding the incentive to use by-products either for animal feed or energy). 

• Policy in support of biofuels should be tailored to maximise carbon savings rather than 
providing blanket support for all biofuels, in order to improve the economic efficiency of 
biofuels support.   
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Box 19:  Extract from Defra (2008) Estimating the Value for Money of Government 
Support for Biofuels 

Government support for biofuels is usually given through: 
• Production subsidies (direct & indirect) 
• Grants and loans 
• Tax exemptions/reductions 
• Agricultural support for feedstocks 
• R&D support 
• Mandates 
• Federal and state support 

Government support is provided to achieve a number of objectives, not all of them necessarily 
compatible.  These include: increased security of supply, reduced greenhouse gas emission 
and support for the rural economy.  Support is provided at all points along the production 
supply chain from the production of feedstocks (EU energy aid programme) to final 
consumption (fuel duty tax incentives).  The GSI report estimates that government support for 
biofuels in OECD countries, Australia, Canada, EU, Switzerland and the USA, amounted to 
US$11bn in 2006 and is estimated to be in the range of US$13-15bn in 2007. The magnitude 
of this support level becomes evident when set along side the percentage biofuels account for 
of total liquid transport fuels, less than 3% on an energy-equivalent basis.  Bioethanol 
receives twice as much support as biodiesel (more ethanol is produced) and the US provides 
the most total support followed by the EU. 
 
‘Biofuels are not a homogeneous product in terms of life-cycle GHG/carbon savings. A range 
of savings are estimated even for a single feedstock.  The paper has also shown that most 
current biofuels do not offer cost-effective carbon savings, with cost per tonne saved in some 
cases exceeding £300/tCO2.  This represents poor value for money at the present time 
compared to other policy options.  In the longer term the potential carbon savings biofuel can 
generate is likely to increase.  While it is unlikely that all biofuels will offer cost-effective 
savings, some biofuels, including sugarcane ethanol and cellulosic ethanol, are or are 
expected to be cost-effective.  This suggests that policy in support of biofuels should be 
tailored to maximise carbon savings rather than providing blanket support for all biofuels.’ 
 

 

OECD analysis 

4.3.14 This report produced by Doornbosch and Steenblik (2007) included an examination of government 
policy on biofuels.  It argues that because biofuels require fossil fuels in their production that high oil 
prices will lead to high biofuels prices and that there are few countries where biofuels have the 
potential to make a significant dent in dependence on imported oils.  Government policies play a large 
role in the financial attractiveness of biofuels production and trade.  In addition it argues that because 
there are ethanol import tariffs adding at least 25% to the cost of imports trade in biofuels is also not 
encouraged.   
 

4.3.15 Regarding policy the report makes the following points: 
 

• Certification of biofuels is a useful tool for promoting sustainable practices, as reliable 
certification could provide a way to discriminate between the ‘good’ and the ‘bad’.  There are, 
however, serious questions that must be raised about the effects and effectiveness of 
certification schemes.  First, enforcement and chain-of-custody control could prove to be an 
enormous challenge, as recent experiences with the certification of wood products has shown. 
Second, the effectiveness of certification could be undermined by displacement of biofuel 
products.  As long as certification is not a multilateral requirement but conducted on a country 
by country basis, it will merely lead to a segmentation of the market, not a reduction of 
unsustainable practices.  Third, without a uniform certification scheme exporters will face 
increasing costs and bureaucratic complexity.  A final limitation is that certification schemes do 
not easily capture knock-on effects on agricultural markets… Misuse of certification schemes 
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and sustainability standards regulations provide a continuing challenge to fair and 
indiscriminate trade.  The question of if, and under what design criteria, trade rules should be 
allowed to exclude fuels that fail to meet minimum performance levels from mandatory 
schemes or preferential tax treatments should be addressed urgently. 

• Priority should be given to research into second-generation biofuels - not only their 
technologies, but also the assumptions regarding the cost and long-term availability of 
feedstocks.  Domestic policy efforts should be redirected from (subsidy) instruments aimed at 
the deployment of biofuels in general back to the R&D and demonstration phase of advanced 
biofuel technologies. 

• Further research is needed to verify the environmental benefits for each biofuel production 
pathway, feedstock and location. 

• Current biofuel support policies place a significant bet on a single technology despite the 
existence of a wide variety of different fuels and power trains that have been posited as 
options for the future.  National governments should cease to create new mandates for 
biofuels and investigate ways to phase them out, preferably by replacing them with 
technology-neutral policies such as a carbon tax.  Such policies will more effectively stimulate 
regulatory and market incentives for efficient technologies. 

• Policy efforts to develop certification of biofuels must be unified.  Only a global and coherent 
approach stands a chance of making a positive difference. 

• Certification of biofuels - and the design criteria to use them in combination with GHG 
emissions reduction regulations and preferential tax treatments - should be urgently placed on 
the WTO agenda.  A special committee on trade and environment has been created to 
channel these discussions and could possibly be used to this end. 

• The WTO should also be used to step up efforts to lower trade barriers to biofuels imports, 
allowing developing countries that have ecological and climate systems more suited to 
biomass production to use their comparative advantage. 

• More work needs to be done to assess the relative importance of biofuels in developing 
countries as an export commodity and as a means to provide access to modern, more efficient 
and less polluting energy sources.  It may be that in many developing country circumstances it 
would be more productive to channel efforts to developing other forms of bioenergy than liquid 
fuels. 

• More help should be provided to developing countries in identifying opportunities to use 
biofuels to enhance economic progress. 

• Attempts to quantify support provided to biofuels also point to a more disturbing problem: that 
governments are providing billions of dollars or euros to support an industry about which they 
have only scant information.  Yet without good statistics, it is difficult to imagine that policy 
makers are obtaining the feedback they need to respond to new developments in a timely 
fashion. 

EU policy 

4.3.16 A very different view is expressed by the EU.  In Box 20 below we have reproduced parts of a recent 
presentation by Mariann Boel of the EC.  This provides a response to recent comments on biofuels.   
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Box 20:  Extract from Mariann Fischer Boel (Member of the European Commission responsible 
for Agriculture and Rural Development 

Biofuels: more valuable as fuel than as a scapegoat 

Policy dialogue on biofuels organised by EPC (European Policy Centre) 

Brussels, 6 May 2008) 

A transport sector that depends on imported oil for 98 per cent of its fuel needs is a vulnerable transport 
sector. 80 per cent of our imported oil comes from five countries: Russia, Saudi Arabia, Libya, Iran and 
Norway.  For political and economic reasons, this is not a comfortable position to be in. 

We need to diversify our sources of fuel.  And this makes all the more sense when oil prices as high as 
$ 120 a barrel are stirring up inflation. 

So, for these reasons, biofuels can be extremely useful to us.  But to get the best out of them, European 
Union Member States need to move together. 

Only if we move together – with clear objectives - can we get industry to adapt to a world with biofuels, 
give confidence to investors, build a well-functioning internal market, bring down production costs and 
make second-generation fuels economically viable. 

This is why we have agreed on a binding target: that by 2020, every European Union Member State 
must draw 10 per cent of its transport fuel supply from biofuels. 

With this target, we can already start getting benefits from the better first-generation biofuels.  And we 
can use them as a bridge to take us to the next generation. 

I underline the importance of that bridge.  A stable market can cut down the considerable risks faced by 
potential investors in second-generation fuels.  Also, production facilities for some advanced fuels could 
be built as extensions to first-generation plants. 

This is a bridge that we can cross; without it, I fear that the leap to the second generation may be so far 
that we can't make it. 

So without a binding target, it's very likely that: 

• the internal market would be fragmented; 

• the more advanced products would never take off; 

• greenhouse gas emissions from transport would continue to climb, imposing heavier emission 
reductions on other sectors, so we would be unable to meet our overall reduction target of 20 
percent by 2020; and 

• our fuel supply would remain vulnerable. 

Of course, some have challenged the environmental value of first-generation fuels. 

It's because of anxieties like these that the Commission has proposed a safeguard: a given biofuel 
would count towards a Member State's target only if it made a greenhouse gas saving of at least 35 per 
cent compared to fossil fuels. 

This would apply both to domestic production and to imports, and we are open to the idea of raising that 
threshold from 2015. 

In fact, many first-generation fuels score well above 35 per cent.  The typical greenhouse gas saving for 
biodiesel made from European-grown rapeseed is 44 per cent.  Some typical European Union first-
generation fuels with very efficient conversion processes make savings closer to 60 per cent, while 
sugarcane-based biofuel could easily reach 74 per cent. 

….. But bear in mind that, in our analysis, the "real" land use figure would in a sense be lower than 15 
per cent. This is because of the by-products obtained from biofuel production. 

…… The European Union currently uses less than 1 per cent of its cereal production to make ethanol. 
This is a drop in the ocean. It uses two-thirds of its rapeseed crop to make biodiesel, but in fact 
European rapeseed production accounts for about 2 per cent of global oilseed demand. So this is not 
something to shake the markets. 
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5 Recommendations for further work 

5.1.1 This study has highlighted many of the uncertainties involved in current understanding of land use 
change and associated greenhouse gas estimates.  The key areas that are now recommended for 
further consideration so as to address some of these uncertainties are outlined below.  These 
recommendations are taken from all of the studies done for this work and further detail is available in 
the individual study reports. 

 
1. Addressing the issue of Indirect Land Use Change will require action at an international 

level.   
In order to refine the information and analysis there is clearly a need to obtain better datasets and 
monitor agricultural land use and productivity more closely.  Given the scale and scope of the 
activity this will need to involve significant international cooperation and collaboration.  Detailed 
national and sub-national research into the causes, rates and locations of land use change is 
urgently required.  
 
The issue of indirect land use change involves changes in trading patterns across national 
boundaries.  This means that land use changes in one country have indirect consequences 
elsewhere.  On the particularly contentious issue of deforestation in tropic regions in it important to 
have international agreement and solutions.  This is an issue that cannot be dealt adequately 
within national transport policies. 
 

2. More evidence is needed on Indirect Land Use Change 
Indirect land use change is a difficult and contentious area relevant to biofuels policy.  Work is 
needed to develop a pragmatic measure of indirect land use change (considering chain of 
causality, substitution and avoided LUC from co-product use) so that GHG impacts can be taken 
into account in biofuels policy.  This should be incorporated into the consideration of the impacts 
of potential indirect land use change when assessing biofuels initiatives. 

 
3. More work is needed on development of reliable and comparable land use datasets 

In particular these datasets are uncertain for developing countries.  More work is required to 
provide high resolution and spatially explicit agro-ecological zoning in formats that can be used for 
regional and global level modelling (particularly for developing countries).  Common 
methodologies and definitions are critical 
 

4. More work is needed on co-product allocation. 
This study has found that co-product use could make a potentially significant contribution to 
avoiding land use with subsequent effects on GHG emissions and savings.  This is a particularly 
important area for further research. 
 

5. More work is required on competition for residues and whole crop analysis 
The availability of residues is uncertain, particularly due to competition from other sectors (e.g. 
heat and power).  Work is required to fully understand the impacts of this. 
 

6. The potential role biofuels have as catalysts for development of agriculture and 
investment. 
Evidence is needed that biofuels specifically have the ability to act as catalysts in these respects, 
and to determine the extent to which they are able do this.  This should involve attempts to 
understand which crops are appropriate in which regions, particularly developing nations. 
Investment is needed in R&D to improve productivity without affecting water resource or having 
additional environmental impacts (e.g. on soil degradation). 
 

7. Work to more accurately predict yield improvements 
Maximum Improvement figures generated by ADAS set out the maximum yields that should be 
achievable in the most favourable conditions.  Further work would allow an expected improvement 
estimate to be made.   
 
Given the very limited timeframe available for the work, the analyses and projections presented 
can only be regarded as initial estimates.  A more detailed study involving wider consultation and 
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wider analysis of the literature, as well as more detailed consideration of GAEZ attainable yields is 
required to provide confidence and robustness to the results and any conclusions gained.  Greater 
resolution is required on the estimate of 1% growth per year to additional trends for a maximum 
achievable rate of yield increase, it should be possible with deeper thinking to refine this estimate 
for different crops and regions. 
 
ADAS have also recommended that the phenomenon of ‘yield plateaus’ in some of the major 
crops in important producing regions is a cause for concern and warrants more detailed study than 
they have been given to date, in order to understand the reasons behind them and to aid the 
transition back to the required levels of growth. 

 
8. Investment in agricultural productivity 

The evidence presented to the RFA in the London seminar by Hazell and the evidence presented 
in this report from ADAS indicate that productivity improvements can make a significant difference 
to land take, but that this will not be possible without investment in R&D on productivity.  Price 
rises alone will not enable this sustained long term investment. 
 

9. The impact of second generation biofuels on the use of biomass residues for heat and 
power 
Work is needed to examine impact of second generation biofuels on the use of biomass residues 
for heat and power.  This would best be achieved through a comparative LCA approach. 
 

10. Improved modelling taking all factors into account 
As outlined in section 3.5, models of indirect land use have to be capable of reflecting a wide 
range of key factors and interactions.  At the present time such modelling of biofuels is in its first 
stages – future work must look to improve the quality and certainty of the data on which the 
modelling is based in order to improve confidence in its results.   

Work is needed in developing countries that allows high resolution and spatially explicit agro-
ecological zoning in formats that can be used for regional and global level modelling e.g. common 
methodologies and definitions are critical. 

11. Improved statistics for biofuels monitoring 
At present governments are basing policy on poor statistical information relating to biofuel 
production and use and to area of crops planted.  This makes it difficult to assess the success of 
policy and to develop future policies. 
 

12. Improved monitoring of direct and indirect impacts of biofuels 
Develop the capacity to monitor biodiversity, soil organic matter and above ground carbon stocks 
in key regions across the world. 

 
13. R&D on N2O emissions 

There is little data on the actual release of N2O from agricultural land.  The IPCC and national 
bodies are working on developing improved (Tier 2) data sets and these figures, when available, 
will help to improve uncertainties relating to N2O.  The current situation means that there are large 
uncertainties associated with the release of this important GHG.  This means that it is difficult to 
accurately assess techniques that could potentially decrease emissions (such as low tillage). 

 
14. R&D on biodiversity impacts  

There is further need to develop the capacity to assess biodiversity impacts.  However, 
biodiversity impacts from first generation biofuels are likely to be similar to those from agricultural 
crops.  Thus work on this area could be combined.  Previous work by AEA indicated problems in 
assessing biodiversity, in terms of indicators of biodiversity and this issue needs to be addressed 
as a priority.  For advanced and second generation biofuels, particularly the use of novel or 
perennial crops, further work needs to be done specifically on the biodiversity impacts of these 
crops. 
 

15. Support work on improving productivity of first generation and second generation crops 
The potentially available yield improvements shown in the ADAS study are unlikely to be achieved 
without significant public investments in agricultural research and development and breeding, and 
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without a shift in political and economic measures in many countries.  This should be aligned with 
initiatives that ensure that research and development is directed at improving productivity. 
 
Potential improvements in grassland or livestock productivity have not been assessed in this 
review  - improving productivity of these systems is equally important as crop productivity in 
reducing pressure on land use.  Work should be undertaken to investigate the potential of this. 
 

16. Support work on second generation technologies appropriate for EU 
The EU has concentrated its efforts on first generation production to date.  This work has shown 
the potential importance of second generation technologies in decreasing the indirect impacts of 
biofuels and the urgent need to bring these technologies forward. 

 
17. More research into the non-technical barriers to increased production in developing 

countries.   
Non-technical barriers can include cultural, socio-economic and infrastructure issues and are often 
specific to countries or regions.  If developing countries are to provide much of the increase in 
agricultural production then investment is needed to help address these barriers.  This should 
include a focus on assisting with the development of fair land tenure frameworks in developing 
countries with fragmented or poorly defined systems.   
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Abbreviations 

 
BAU Business as usual l litre 

BEAT Biomass Environmental Assessment 
Tool, under development for Defra and 
the Environment Agency 

LCA Life Cycle Analysis 

BTL Biomass to liquid LUC Land use change 

CLCA Consequential life cycle analysis Mkm
2
 Million kilometre squared 

CO2eq Carbon dioxide equivalent Mt Million tonne 

Defra Department for Environment, Food and 
Rural Affairs 

Mt/a Million tonne per annum 

DfT Department for transport N Nitrogen 

DG Distillers grains NFU National Farmers Union 

DGGS Dried distillers grains and solubles NGO Non governmental organisation 

EEA European Environment Agency N2O Nitrous oxide 

EMPA Swiss Federal laboratories for materials 
testing and research. 

OCC Office of Climate Change 

EU European Union OECD Organisation for Economic Co-
operation and Development 

FAO UN Food and Agricultural Organisation OSR Oil seed rape 

FAPRI Food and Agricultural Policy Research 
Institute 

PKE Palm Kernel Expeller 

FOB Free on Board (cost of goods at point of 
delivery) 

R&D Research and development 

GAEZ Global Agro-Ecological Zones REA Renewable Energy Association 

Gha Giga hectares (one billion) RFA Renewable Fuels Agency 

GHG Greenhouse gas RSM Rape seed meal 

GJ Giga Joule (one billion) RSPB Royal Society for the Protection of 
Birds 

GM Genetically Modified. SMMT Society of Motor Manufacturers 
and Traders 

HGCA Home Grown Cereals Authority UNEP United Nations Environment 
Programme 

IEEP Institution for European Environmental 
policy 

USDA US Department of Agriculture 

IIASA International Institute for applied systems 
analysis 

WDG Wet distillers grains 

ILUC Indirect land use change WTO World Trade Organisation 

IPCC Intergovernmental panel on climate 
change 

WWF World Wildlife Fund 

kg kilogramme   
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