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Abstract: 

The contribution of biofuels to reducing greenhouse gas emissions (emissions) has recently been 
questioned by leading scientists because production of biofuel feedstocks causes indirect land use 
change (ILUC) that in turn causes emissions. The European Commission (EC) put forward policy 
proposals to control for ILUC that we discuss in this paper. Firstly, we provide a definition of ILUC, 
briefly present ILUC modelling approaches and display their methodological and data-related 
shortcomings. As models are neither able to calculate a biofuel feedstock- nor a location-specific 
ILUC emission factor, modelling results cannot be used to implement a biofuel feedstock- or location-
specific ILUC regulation. Thus, we find that the only effective policy for the EC would be to increase 
the minimum emission saving threshold. What threshold would rule out all biofuel options with a 
negative emission balance depends essentially on the risk that one is willing to accept for violating the 
positive emission balance of certain biofuel options. Going beyond the policy proposals of the EC, we 
conclude that, in the end, ILUC can only be controlled by requiring that all agricultural production is 
made subject to sustainability assessments by implementing sustainable land use planning and by 
preventing illegal deforestation. 
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1. Introduction 

One of the components of the European Commission´s (EC) strategy to replace fossil energy sources 

by non-fossil renewable sources is to expand the production of biofuels. Biofuels are especially 

important for reducing the dependency of the transport sector on fossil fuel and for decarbonising the 

fuel it uses. Through its biofuel sustainability regulation (EU-RED), the EC seeks to achieve a 

minimum target of 10% renewables in the transport sector by 2020 [13]. The EU-RED was 

supplemented by a regulation stipulating a mandatory reduction of 6% in the emission intensity of 

fuels used in transport [14] to emphasise the aim to reduce greenhouse gas emissions (emissions). 

According to the recently published national renewable energy action plans biofuels will account for1 

90% of the mandated target of 10% renewables in the transport sector [8].  

The 10% target of the EU-RED has been widely criticised. Due to an increase in biomass demand for 

feedstocks for biofuel production and a continuously high demand for feedstocks in the food and feed 

sector, the demand for agricultural land is expected to increase globally [12][18],[19]. Meeting this 

demand causes emissions from LUC that still contribute approximately 9% to global emissions [17]. 

Thus, it is questionable whether using biofuels can reduce emissions as long as there are any emissions 

from LUC.  

To ensure that biofuels contribute to a reduction in emissions and that biofuels are sustainably 

produced, the EU-RED contains a sustainability regulation in order to avoid undesirable LUCs caused 

by expanding biofuel feedstock production. These undesirable LUCs can be divided into direct land 

use change (DLUC) and indirect land use change (ILUC).   

The definition of DLUC is straightforward: it is the conversion of land that has not been cultivated 

before, into land used to produce a particular biofuel feedstock. Regarding DLUC, the EU-RED 

stipulates that biofuel feedstocks may not be produced on land with high carbon stocks, such as 

continuous forests or peatlands, or on land with high biodiversity.  

In addition, in order to assure that biofuels reduce emissions even when they cause emissions from 

DLUC, the EU-RED stipulates a mandatory minimum emission saving threshold. Accounting also for 

possible emissions from DLUC, it has to be proofed that each biofuel will provide emission savings of 

at least 35% compared to the fossil fuel alternatives in order to be counted towards the 10% target 

imposed on the mineral oil industry. This minimum emission saving threshold will be increased to 

50% in 2017 and 60% in 2018 for new installations for biofuel production [13]. Accounting for 

possible emissions from DLUC is possible as they can be directly linked to a particular biofuel 

production, and can thus be allocated to the specific emission balance of the biofuel at hand. The EC 

implemented the EU-RED by adapting six certification schemes aimed at verifying compliance with 

the sustainability criteria set out in the EU-RED, including those regarding DLUC.  



 

2 
 

However, the EU-RED does not solve the question of how to deal with emissions from ILUC. Several 

scientists state that “current scientific understanding is sufficient to warrant immediate action”, and 

they urge the EC “to align the EU biofuels policy with the best scientific knowledge and take into 

account emissions from ILUC.” [31]. In addition, a growing literature has put forward several policy 

proposals that try to take into account emissions from ILUC: The study by the EEA [11], for example, 

focuses on promoting integrative biofuel production that allows only the use of feedstock for biofuel 

production that is produced additionally to food and feed production. However, they do not specify a 

policy instrument to achieve this integrative biofuel production. Bowyer and Kretschmer [2] question 

the usefulness of overall EU biofuel policy. They find that emissions from the biofuel production 

volumes anticipated for 2020 are higher than emissions from the fossil fuel alternatives when 

emissions from ILUC are factored into the emission balances of biofuels. Cornelissen and Dehue [3] 

promote the idea of identifying biofuels that have a higher risk of having an ILUC effect rather than 

trying to quantify the effect. In a similar way, Fritsche et al. [16] promotes an ILUC emission factor 

derived by a deterministic calculation of the ILUC risk of different biofuel feedstocks. His calculation 

is based on current land use and trade patterns of the biofuel feedstocks without modelling the quantity 

of emissions from ILUC.  

Nevertheless, there is a growing literature that tries to model the quantity of emissions from ILUC that 

would be caused by the EU target or other biofuel targets [6],[20],[26],[27],[28],[29]]. In order to 

make these different modelling approaches comparable, Edwards et al. [10] standardise the results of 

modelling LUC, that is DLUC plus ILUC. They find that the standardised results indicate a 

considerable and a very large range of emissions for all the biofuel options: biodiesel emissions range 

between approximately 40 gCO2/MJ (AGLINK biodiesel EU) and 350 gCO2/MJ (LEITAP biodiesel 

EU-DEU) per year, bioethanol emissions range between approximately 140 gCO2/MJ (LEITAP 

bioethanol wheat EU-Fr) and about 25 gCO2/MJ per year (IMPACT coarse grains EU) (see Edwards 

et al. [10], Fig.22). 

Based on the literature on policy proposals for ILUC regulation and the literature on modelling the 

quantity of emissions from ILUC, we discuss in this paper how science can contribute to evaluating 

the emissions from ILUC caused by the EC´s biofuel target and whether existing model results can be 

used to draft an ILUC regulation. We particularly discuss these questions in order to evaluate the EC 

policy proposals that could be used within the EU-RED to control for ILUC.  

We begin by providing an appropriate definition of ILUC and proceed with a discussion of the current 

state of art in modelling ILUC. We use the model results of Laborde [23] in the following sections. 

Then we illustrate the main instrument to control for undesirable LUC within the EU-RED, namely the 

mechanism of the minimum emission saving threshold. We discuss the effect of the threshold on the 

biofuel market, land needed to fulfil the EU biofuel target and related biofuel emission balances. Next, 

we elaborate on how model results can guide biofuel and ILUC policies within the EU-RED 



 

3 
 

framewo

to evalua

 

2. I

ILUC is 

agricultu

and oils.

produce 

markets 

land to p

increases

interpret

increased

 Figure 

 

Lange [

incentive

land alre

caused b

 

3. M

Defining

models u

the abili

ork by apply

ate the policy

ILUC- A de

an external 

ural products

. The croplan

biofuel feed

is reduced, 

produce foo

s for agricu

ted as DLUC

d production

1: Different

24] shows t

e, particularl

eady used to 

by the overal

Modelling I

g ILUC as a

use to evalua

ity of econo

ing current m

y proposals o

efinition 

effect of the

s on the wor

nd used to pr

dstocks inste

which drive

d and feed. 

ultural produ

C caused by

n of biofuel f

t Types of L

that the sus

ly for the bio

produce cro

l EU biofuel

LUC  

an external e

ate the ILUC

omic models 

model results

of the EC to 

e promotion 

rld market, p

roduce food 

ead. Conseq

es up their p

This externa

ucts on glob

y food and 

feedstocks. F

and Use Ch

tainability c

ofuel options

ops. While th

l target. 

effect of the

C effect of bi

to quantify

s to biofuel e

control ILUC

of biofuels. 

particularly f

and feed is r

quently, the 

prices, which

al effect of 

bal or regio

feed produc

Figure 1 illust

hange: DLUC

criteria to co

s from tempe

his effectivel

e biofuel pro

iofuel policie

y ILUC was 

emission bal

C and draw c

This effect i

food and fee

reduced glob

supply of fo

h in turn cre

biofuel prod

nal markets

ction incenti

trates this co

C and ILUC

ontrol DLUC

erate regions,

ly avoids DL

oduction is 

es. However

initiated by

ances. Finall

conclusions. 

s caused by 

ed products i

bally when th

ood and feed

ates an incen

duction is ca

. In this co

ivised by th

oncept. 

C 

 

C in the EU

, to produce b

LUC, it incre

the basic co

, a controver

y a recently 

ly, we use o

  

changes in p

in the form 

he cropland i

ed products o

entive to con

aused solely 

ontext, ILUC

he price effe

U-RED gene

biofuel feed

eases the ILU

oncept that e

rsial discussi

published m

ur results 

prices for 

of grains 

is used to 

on world 

nvert new 

by price 

C can be 

ect of an 

erates an 

stocks on 

UC effect 

economic 

ion about 

modelling 



 

4 
 

exercise by Laborde [22] commissioned by the EC to assess the ILUC effect of the EU biofuel target. 

In this section, we discuss requirements needed to adequately model ILUC. In addition, we briefly 

present the modelling exercise by Laborde [22], as we want to use his results to discuss the policy 

proposals put forward by the European Commission that could be used within the EU-RED to control 

ILUC. In order to evaluate the usefulness of such model results to draft an ILUC regulation, we 

discuss limitations of current modelling exercises.  

i. Requirements for a correct modelling of ILUC  

According to the definition of ILUC above, the extent of the ILUC effect depends on global and 

regional demand and supply conditions for food and feed products, on regional support policies in the 

agricultural sector, on local infrastructure conditions, and on local markets. In addition, the 

geophysical suitability of land for agricultural production determines land use decisions. And most 

importantly, the extent of the ILUC effect depends on the particular biofuel feedstock that replaces the 

food and feed production.  

As a consequence, models that attempt to quantify the ILUC effect need to take into account several 

substitution effects and linkages between the agricultural sector, the energy sector and land markets 

for example, the substitution elasticities between feedstocks for a particular end use, the 

interrelationship between biofuels and fossil fuel markets, or the potential to intensify agricultural 

production on the existing cropland in contrast to the potential to convert new land to produce crops.  

If the quantified ILUC effect is to be disaggregated and causally attributed to each particular biofuel 

production, this would require the following steps of analysis: firstly, a site-specific identification of 

which food and feed production is replaced by the biofuel feedstock, secondly, an economic analysis 

of the global market responses to this replacement, and finally, a site-specific identification of the  

formerly unused land that  is converted into cropland to produce a particular food or feed that has been 

replaced by the biofuel feedstock. In practice, few of the parameters needed for this specific 

identification are derived from practical data. Most of them are the educated guesses of the modellers. 

This is due to the lack of empirical data. To validate the model results on the quantity of the ILUC 

effect they are, nonetheless, evaluated by using sensitivity analysis.  

We can distinguish two model types, used in related studies that attempt to quantify the LUC effect of 

biofuel policies on a global scale: partial equilibrium (PE) models and computable general equilibrium 

(CGE) models. The basic mechanism of these models is to equilibrate supply and demand via prices 

and thus generate equilibrium on markets. These models start with a baseline scenario that simulates 

current trends on the market up to a certain target year. This baseline scenario is then used to compare 

scenarios that are run subject to additional policy measures. The comparison of the baseline scenario 

with the policy scenario provides the information for the assessment of the policy measure. Therefore, 

both the assumptions for the baseline scenario and for the policy scenario are of importance.  
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However, regarding their suitability for quantifying of the LUC effect of biofuel policies, one has to 

distinguish between PE and CGE models. PE models have the advantage of capturing the agricultural 

sector in more detail. But since they treat changes in other sectors exogenously (e.g. since biofuels do 

not have an impact on energy prices), they are not able to consider feedback effects between different 

sectors. CGE models treat changes in other sectors endogenously, as they address the world 

agricultural market as well as repercussions on the world economy and energy markets. Hence, CGE 

models are able to quantify the LUC effect of biofuel policies on a global scale.  

 

ii. The MIRAGE Model  

In order to quantify the LUC effect of the EU biofuel target and its related emissions, the EC 

commissioned the International Food Policy Research Institute (IFPRI) to perform a CGE modelling 

exercise. It was performed by Laborde [22], who uses the CGE model MIRAGE. A first version of 

this modelling exercise (Al-Raffai et al. [1]) was launched by the EC, and after a public consultation, 

several model assumptions were changed. Laborde [23] simulates the LUC effect of the EU biofuel 

target for 2020 and its related emissions using the planned biofuel production in the EU member 

states, taken from the national renewable energy action plans (EC [8]). We summarise the main results 

of Laborde [23] in this section. In addition, we use Laborde [23] to discuss the ability of current CGE 

models to quantify ILUC, as the modelling exercise of Laborde [23] is currently the most sophisticated 

one available for the quantification of the LUC effect of biofuel policies. 

The model used in the modelling exercise of Laborde [23] includes a detailed representation of 

important biofuel feedstock and biofuel options. LUC is driven by price changes affecting the 

production activity on a particular type of land. This is because these price changes determine the 

profitability of a particular type of agricultural production. LUC is addressed both in the form of 

substitution within cropland between different agricultural production on these croplands and the 

expansion of croplands into new land. The conversion of a cropland used to produce food and feed 

into a cropland used to produce biofuel feedstock represents a pure substitution effect. The conversion 

of new land into cropland used to produce food, feed or biofuel feedstock represents either DLUC or 

ILUC.  

The emissions associated with the conversion of new land are computed in the modelling exercise of 

Laborde [23] by using the standard values of the EU-RED, which draw on the results of IPCC [21]. 

Laborde [23] presents his results on the LUC effect of the EU biofuel target for 2020 in the form of 

marginal, biofuel feedstock specific emissions from LUC i and aggregated global emissions from 

LUC. His results on the LUC effect are the sum of DLUC and ILUC and are presented for two policy 

scenarios: one simulating the EU biofuel target for 2020 with free trade and one without free trade.  
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Laborde [23] also performs a Monte Carlo simulation to assess the sensitivity of the results for the 

LUC effect to the uncertainty range of several key model parameters. We present the characteristics of 

the Monte Carlo simulation because we use its results as the confidence interval of the results for the 

LUC effect when we discuss the policy proposals put forward by the EC to control ILUC. The 

following key model parameters are addressed in the Monte Carlo simulation:  

 The shifter in the share of land expansions occurring into primary forest which modifies the 

emission release by unit of exploited land expansion; 

 The shifter in intermediate demand price elasticity of agricultural inputs, indicating how easily 

the processing sector will release inputs after a biofuel demand shock; 

 The ratio between yield on new cropland and average yield; 

 The elasticity of substitution between land and other factors (factor intensification); 

 The elasticity of substitution between key inputs (feedstuff or fertiliser) and land (input 

intensification); 

 The elasticity of transformation of land and extension elasticity.  

A further characteristic is the assumed log-uniform probability distribution for each key model 

parameter centred on their default values used in the modelling exercise. The range for each key 

model parameter is based on a literature review conducted by Laborde and Valin [22] (see Table 1 

Laborde [23]). From the probability distribution of each key model parameter Laborde [23] draws 

1000 different sets of values for the key model parameters. With these 1000 sets, he creates 1000 

model baselines and runs model simulations for each set. This results in a set of 1000 different results 

on the LUC effect calculated with the model. The distribution of the different results on the LUC 

effect represents the probability distribution of the LUC effect subject to the key model parameters 

analysed. For the resulting LUC emission values, Laborde [23] displays the 5 and 95 percentile level 

of the confidence interval. This means that 90% of all the resulting values for LUC emission in the 

Monte Carlo simulation lie within this confidence interval. In other words, the probability that the 

values on LUC emission lie outside this confidence interval is very small. 

iii. Limitations of models for the determination of ILUC 

In order to evaluate the usefulness of model results such as those from Laborde [23] to draft an ILUC 

regulation we need to address 1) the generic limitations and 2) (current) possible data shortcomings of 

such model exercises. 

With regard to generic limitations, it must be emphasised that, in general, CGE models are the suitable 

tool to understand effects such as the influence of biofuel policies on the direction of changes in 

feedstock and energy price or in output quantities. However, to draft an ILUC regulation based on 

model results, the following generic limitations must be considered: 



 

7 
 

 The effect of the expansion of croplands is modelled in a simplified way and is only driven by 

market effects. This is due to the non-consideration of other important factors that likewise 

play a major role in local land use decisions. In practice, this effect is driven by land market 

regulations, nature protection laws and their level of enforcement, tenure rights and other local 

institutional factors.  

 The LUC emission factors applied represent average values for a particular land use category. 

This is due to the limited differentiation within one land category. Only a further 

differentiation of different land categories in the model would result in LUC emission factors 

that are more precise. However, a further differentiation would require a much more 

elaborated database of the spatial distribution of global land categories. 

 It is not possible to split up the modelled LUC effect of the EU biofuel target into the ILUC 

and DLUC effect. This is due to the fact that all markets are cleared simultaneously in CGE 

models. Consequently, only the net LUC effect can be computed. Thus, a LUC emission factor 

calculated on the basis of a CGE model will always include DLUC and ILUC effects of a 

biofuel target which cannot be distinguished. 

 The individual LUC effect of a particular biofuel production unit cannot be computed. This is 

due to the level of aggregation in the model that does not allow for the representation of every 

production unit. 

 A distinction of the effect of the EU biofuel target for a specific biofuel feedstock is not 

possible. This is also due to the fact that in CGE models, all markets are cleared 

simultaneously. The assumption that the marginal effect of a particular biofuel feedstock is the 

same as the effect of that biofuel feedstock when the model clears all markets and feedstocks 

simultaneously is at least doubtful, as it assumes perfect linearity of effects. 

With regard to currently unsolved data shortcomings, the large differences in LUC effects 

computed by different models indicate both the high sensitivity of results to certain key model 

parameters and a considerable uncertainty about the exact quantification of the key model 

parameters. The model comparison by Edwards et al. [10] highlights key model parameters 

that the authors identify as being responsible for differences in the computed LUC effect. 

These key model parameters are as follows: 

 The quantity of feedstock and its share in the production of biofuel. The study by JEC-IE 

identified differences in the amount of biofuel feedstock required to produce one unit of each 

biofuel. They state that these differences are caused mainly by different mixes of biofuel 

feedstocks.  
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 The amount of biofuel feedstock saved by substituting by-products. Some models allow by-

products to be substituted by animal feed such as fodder feedstocks and oil meals. The degree 

of substitution and the way substitution can take place varies significantly.  

 The average feedstock yields. Average feedstock yields do not vary considerably. They 

depend on the dataset, feedstock and year used in the model. 

 The increase in feedstock yields over time. Average real increases in feedstock yields are 

positive in all scenarios, leading to a reduced expansion of cropland. However, the rate of 

increase in feedstock yields varies significantly.  

 The effect of feedstock substitution on the demand for cropland (the elasticity of substitution). 

Feedstock substitution causes a lower demand for cropland when the substituted feedstock has 

a higher yield than the original feedstock and causes a higher demand for cropland when the 

substituted feedstock has a lower yield than the original one (Edwards et al. [10], p. 93). The 

amount of substitution that is possible between different varies significantly. 

 The relationship between intensification and expansion (the elasticity of transformation). The 

higher demand for a particular feedstock can be met by intensifying production on the existing 

cropland or by expanding the cropland. The relationship between intensification and 

expansion varies significantly. 

While comparing model results of the two modelling exercises with the MIRAGE model (Al-

Raffai et al. [1], Laborde [23]), we additionally identified the following sensitive model 

parameters.  

 The quantity of first-generation biofuels assumed to fulfil the EU biofuel target. Al-Raffai et 

al. [1] assume an amount of 17.6 Mtoe biofuels in 2020 and Laborde [23] assumes an amount 

of 27.2 Mtoe biofuels in 2020. Furthermore, Laborde [23] adjusted the share of biodiesel in 

this target to fit the national renewable energy action plans of the member states. This results 

in a much higher share of biodiesel, 78% compared to 55% in Al-Raffai et al. [1]. One major 

driver of this high biodiesel share is, for example, Germany, where biodiesel has the highest 

share in the biofuel sector. 

 The fraction of palm cropping on peatland. Al-Raffai et al. [1] assume that a faction of 10% of 

the new palm cropping expands into peatland for Malaysia and a fraction of 27% for 

Indonesia. Laborde [23] assumes that a fraction of 33% of the new palm cropping expands 

into peatlands for both countries. Due to the high carbon content in peatlands, these 

assumptions have a strong impact on resulting emissions from LUC. Edwards et al. [10] 

provide an overview of current knowledge about the expansion patterns of palm cropping into 

peatland in Malaysia and Indonesia, this knowledge is indeed very limited because official 

statistics do not exist.ii The fraction of 33% assumed by Edwards et al. [10] and used by 
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Laborde [23] needs to be treated as an educated guess as long as there are no better statistics 

available.  

After illustrating the generic limitations and (current) possible data shortcomings of CGE modelling 

exercises within the context of LUC effects caused by biofuel policies, it must be emphasised that 

many of the parameters that drive model results are empirically not well established. Comparing these 

generic limitations and data shortcomings with the requirements defined earlier, it is clear that a 

conceptually correct identification of ILUC is currently impossible in practice. More so, current 

modelling of ILUC is far from coming close to quantifying the ILUC effect even on a rather 

aggregated scale.  

                              

4. The Mechanism of the Emission Saving Threshold 

The problems in modelling and quantifying ILUC stand in contrast to the fact that the EU biofuel 

target has already been implemented and an ILUC regulation is pending. Therefore, in this section, we 

discuss how such an ILUC regulation can be implemented effectively by relying on the understanding 

of the mechanism of the ILUC effect as defined in Section 2. We start with a theoretical analysis on 

how the minimum emission saving threshold effects emissions from ILUC, as it is the main instrument 

to control undesirable LUC within the EU-RED. The understanding of this mechanism provides the 

basis for our elaboration below on how model results, in spite of above-mentioned shortcomings, can 

guide biofuel and ILUC policies within the EU-RED framework. 

The minimum emission saving threshold within the EU-RED is currently 35%. This means that in the 

whole production process from the field to the tank, including emissions from DLUC, biofuels may 

not cause more than 65% of the equivilent emission content in the fossil fuel alternatives. The 35% 

minimum emission saving threshold and therefore the contribution of biofuels to climate change 

mitigation was chosen in the political process. A contribution to climate change mitigation, although a 

small one, would already be realised with only 1% emission savings, and, for energy security aspects, 

a neutral emission balance of biofuels, compared to the fossil fuel alternatives, would already be 

sufficient.  

In addition to the 35% emission saving threshold, the EC determined standardised default values for 

emissions from the whole production process and DLUC which represent a conservative estimate of 

the actual values. iii iv Consequently, the required 35% emission saving threshold, combined with the 

default values, should be understood as a risk premium that prevents biofuels from potentially 

violating the objective of climate change mitigation.  

Since the risk premium for emissions from the production process and DLUC does not explicitly 

account for emissions from ILUC, the questions are: 
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 whether and how an increase in the minimim emission saving threshold of 35% would 

influence the emissions from ILUC caused by different biofuel options (see this section); and  

 whether the 35% emission saving threshold is high enough to cover potential emissions from 

ILUC (see Section 5). 

In order to identify the influence of an increase in the minimum emission saving threshold, it 

is necessary to understand the emission accounting in the EU-RED. 

Whether a biofuel option can under the implemented minimum emission saving threshold be counted 

towards the EU biofuel target – at least under current EU-RED – is determined purely by the emission 

balance of its entire production process in the case that no DLUC takes place. Thus, the default values 

for the production process expressed in gCO2eq/MJ in the EU-RED are the hurdle to take if no 

individual emission accounting for a specific biofuel production is performed within a certification 

process. This means that a biofuel is not allowed to exceed ~54,5 gCO2eq/MJ emissions from fossil 

sources in the whole prodution process, including DLUC, under the current required minimum 

emission saving threshold at the 35% level. Increasing the minimum emission saving threshold implies 

that these allowed emissions in the production process are reduced. A reduction in the allowed 

emissions results therefore in a reduction of the currently available biofuel options in the case that 

default values are used to calculate the emission balance. Thus, increasing the minimum emission 

saving threshold reduces the portfolio of biofuel feedstocks eligible for fullfilling the EU biofuel 

target. 

As a next step, it needs to be determined how the effect of increasing the the minimum emission 

saving threshold on the portfolio of biofuel feedstocks reduces the overall LUC effect of the EU 

biofuel target and therefore also the ILUC effect.  

The portfolio of biofuel feedstocks eligible for fullfilling the EU biofuel target is determined by the 

biofuel feedstock’s energy yield per hectar. Obviously, if a biofuel is eligible for a higher minimum 

emission saving threshold due to its default values, it causes low emissions throughout the whole 

production process. An large share of the emissions generated during the production process is 

contributed by emissions caused by the biofuel feedstock production expressed in gCO2eq/MJ in the 

default values. Emissions caused by biofuel feedstock production are determined in gCO2eq/ha, 

expressing the fuel and fertiliser input needed per hectare to produce and harvest the biofuel feedstock. 

These emissions per hectare are tranformed into CO2eq/MJ via the energy yield per hectare (MJ/ha) of 

the biofuel feedstock expressing its energy productivity. Thus, a higher energy yield per hectare of a 

biofuel feedstock results in less CO2eq being allocated to each MJ of the final biofuel. Consequently, a 

higher production of energy per hectare due to biofuel feedstocks with higher energy yields per 

hectare (MJ/ha) reduces the amount of land needed to fullfill the EU biofuel target.   
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With this mechanism, only those biofuel feedstocks with high energy productivity remain in the 

portfolio eligible for the EU biofuel target when the minimum emission saving threshold is increased. 

Consequently, the LUC effect is reduced, as well as the ILUC effect and thus emissions from ILUC.v vi 

 

5. Can biofuels contribute to climate change mitigation at all? – The range of emission 

balances using model results. 

The question remains how high the overall minimum emission saving threshold should be set in 

practice in order to assure that biofuels contribute to climate change mitigation when emissions from 

ILUC are possible. To answer this question, we begin by analysing whether biofuels can contribute to 

climate change mitigation at all with the currently eligible portfolio of biofuels when possible 

emissions from ILUC are considered in the emission balances.  

In order to do so, we assume that the range of the Laborde [23] model result is the best guess possible 

about emissions from LUC at the moment. Laborde [23] calculates the probability distribution of the 

range of emissions from LUC using a Monte Carlo simulation. We combine the results on emissions 

from LUC of the Monte Carlo simulation with the EU-RED default values for emissions from 

production process (well-to-wheel emissions = WTW emissions) in order to assess the probability 

distribution of the total emission balances of different biofuel options. We assume that the emissions 

from LUC represent the ILUC effect of the EU biofuel target. This represents a worst case scenario for 

emissions from ILUC when we assume that there are no emissions from DLUC, which corresponds to 

assuming that all biofuel feedstocks are produced on land already used before as cropland. This 

assumption is quite realistic due to the sustainability requirements concerning DLUC. To calculate the 

emission balance, we use the average (and not biofuel-feedstock-specific) value for emissions from 

LUC computed by Laborde [23] and treat them as pure emissions from ILUC. As the emissions from 

LUC are the same for every biofuel option, it is only the default value for WTW emissions that causes 

the differences in emission balances of different biofuel options. Figure 2 summarises the results. 
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(CHP) plants contributes to climate change mitigation with a high degree of certainty. In contrast, 

biodiesel derived from palm with processing without methane capture and ethanol derived from wheat 

processed by inefficient plants will most likely not contribute to climate change mitigation.  

Due to the large confidence intervals for all other biofuels, it is uncertain whether these biofuels would 

contribute to climate change mitigation or not, when combining default values for WTW emissions 

with results on emissions from LUC. However, there is a good chance that biofuels derived from 

options derived from maize, sugar beet and palm with processing with methane capture contribute to 

climate change mitigation by having a positive emission balance. 

The size of the confidence intervals for the emission balances may become somewhat smaller with 

more sophisticated modelling and improved data. However, a range of uncertainty will remain. In 

order to assure, nevertheless, that biofuels will contribute to climate mitigation, this raises the 

following question: How does ILUC have to be regulated so that only those biofuel options are chosen 

that have a positive emission balance with a sufficient degree of confidence? What constitutes a 

sufficient degree of confidence is open to discussion and would need to be established by policy 

makers depending on how risk averse people are. 

 

6. Which emission saving threshold provides a positive emission balance with a “sufficient” 

degree of confidence?  

In order to evaluate what type of ILUC regulation would provide a positive emission balance with a 

particular degree of confidence, we relate in this section the emission balance confidence intervals 

determined in the previous section to various levels of the minimum emission saving threshold.  

In doing so, we have to keep in mind that a higher minimum emission saving threshold reduces the 

LUC effect of the EU biofuel target. Thus, strictly speaking, when determining the effect of various 

levels of the minimum emission saving threshold, one would also need to consider the changes in 

emissions from LUC caused by changing the level of the minimum emission saving threshold. To 

compare the LUC effects under various levels of the minimum emission saving threshold, the model 

would have to be applied using various biofuel feedstock portfolios that are derived from various 

levels of the minimum emission saving threshold. However, we continue with the available results 

computed by Laborde [23] as his model scenarios only consider emissions from LUC caused by the 

biofuel portfolio given the current 35% minimum emission saving threshold.  

To compare various levels of the minimum emission saving threshold, we again compare the emission 

balances of different biofuel options with the emission balances of the fossil fuel alternatives, using 

Laborde’s results on emissions from LUC and various data on WTW emissions. The results of that 

comparison are displayed in Figure 3, which shows the emission balances of different biofuel options 

in gCO2eq/MJ. The dark blue bars represent the default values for WTW emissions from the EU-RED. 
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balance are equal (83.8 gCO2eq/MJ fuel = 0% emission savings) is highlighted with a light blue line. 

Thus, if the whole biofuel emission balance (blue bar on WTW emissions plus the green arrows on 

emissions from ILUC) exceeds the blue line, the biofuel option causes more emissions than the fossil 

fuel alternative. This replicates the results shown in Figure 2.  

In order to rule out all biofuel options that cause more emissions than the fossil fuel alternatives and 

therefore do not contribute to climate change mitigation, a functional minimum emission saving 

threshold should rule out all biofuel options that, when considering a possible ILUC risk, exceed 83,8 

gCO2eq/MJ (blue line). When considering the values for emissions from LUC computed by Laborde as 

the possible ILUC risk without DLUC, a specific biofuel option could cause WTW emissions 

amounting to 45,4 gCO2eq/MJ for the mean value of emissions from LUC (and to 33,4 gCO2eq/MJ for 

the 95 percentile limit or to 58,9 gCO2eq/MJ for the 5 percentile limit) and then cause exactly as many 

emissions as the fossil fuel alternatives.  

In Figure 3, the two levels of the minimum emission saving threshold proposed in the EU-RED are 

illustrated by red lines. Since the implemented 35% threshold in the EU-RED has so far only been 

applied to emissions from WTW and DLUC only the blue bar indicating WTW emissions has to be 

compared to the red line indicating the minimum emission saving threshold. The blue bar on WTW 

emission of a biofuel option may not exceed the respective red line of the minimum emission saving 

threshold in order to be eligible under a certain level of the minimum emission saving threshold. We 

included the currently implemented level of 35% and a possible increase to 50%.  

 

7. Analysis of policy proposals put forward by the EC to control ILUC. 

After analysing the mechanism of the already implemented regulation of emissions from biofuels in 

the EU-RED, we discuss, as a next step, the policy proposals put forward by the EC that could be used 

within the EU-RED to specifically control emissions from ILUC.  

The EU-RED has a provision requiring the EC to report on the issue of ILUC [13], which it did in the 

“Report from the Commission on ILUC related to biofuels and bioliquids” [7]. In this report, the EC 

discusses the difficulties to quantify and model specific emissions from ILUC. Besides the difficulties 

involved in modelling ILUC, the EC acknowledges that “in the absence of intervention - there can be 

an effect of ILUC on the GHG balance of biofuels with the potential to substantially reduce their 

impact on climate change mitigation” (EC [7] p. 14). According to this first report regarding ILUC 

regulation, a final, not yet published impact assessment of the EC will focus on four policy proposals: 

1. Take no action for the time being, while continuing to monitor; 

2. Increase the minimum emission saving threshold for biofuels; 

3. Attribute a quantity of emissions to biofuels that reflects the estimated ILUC effect; 
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4. Introduce additional sustainability requirements for certain categories of biofuels. 

In the following, we analyse each of these four policy proposals by relying on the analysis of the 

mechanism of the minimum emission saving threshold and the knowledge about the quantity of 

possible emissions from ILUC computed by Laborde´s [23] modelling exercise. In particular, we rely 

in our analysis on the following intermediate conclusions. 

 The range of the confidence interval of the Laborde [23] results for emissions from LUC 

indicate that if WTW emissions are sufficiently low, several biofuel options actually 

contribute to climate mitigation even if DLUC and/or ILUC takes place. Thus, effective ILUC 

regulation should favour biofuel options with lower WTW emissions. 

 Increasing the minimum emission saving threshold introduces incentives to become more 

efficient in the production process and thus to reduce WTW emissions, and to prove this in the 

certification process. In such cases, default values for WTW emissions from the EU-RED 

would usually rule out such biofuel options. 

 The question which level of the minimum emission saving threshold is appropriate to ensure 

that producing biofuels without a climate mitigation impact is unlikely to take place depends 

essentially on the risk that would be accepted for ignoring that the biofuel option causes less 

emissions than the fossil fuel alternative. A risk averse approach would suggest a high 

minimum emission saving threshold. 

Based on these conclusions, we evaluate the policy proposals put forward by the EC to control 

ILUC as follows: 

Policy proposal 1 and 2:  Take no action for the time being, while continuing to monitor or 

increase the level of the minimum emission saving threshold. 

Policy proposal 1 implies that the minimum emission saving threshold will remain at the 35% level 

until 2017 and will then be increased to 50%. Policy proposal 2 implies that the minimum emission 

saving threshold will be increased to 50% at an earlier stage.  

If the minimum emission saving threshold remained at the 35% level, it would not rule out all biofuel 

options that cause more emissions than the fossil fuel alternatives when possible emissions from ILUC 

are considered (see Figure 3). Only biofuels derived from sugar beet, sugar cane, and maize would 

cause less emissions than the fossil fuel alternatives, according to the sum of the biofuel emission 

balance based on the average values for emissions from LUC as computed by Laborde [23] and the 

default values for WTW emissions of the EU-RED. According to this sum of the emission balance, 

biofuel derived from rapeseed would cause more emissions than the fossil fuel alternative, however, 

the 35% level of the minimum emission saving threshold would not rule this option. In addition, if, to 

compute the sum of the biofuel emission balance, one were to use the typical values for WTW 

emissions of the EU-RED instead of the default values, biofuels derived from palm processed without 
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methane capture, and from rapeseed, soy and wheat would meet the requirements pertaining to the 

35% level despite causing more emissions than the fossil fuel alternatives. 

With the 50% level for the minimum emission saving threshold (Option 2), the portfolio of eligible 

biofuel feestocks is strongly reduced. According to the sum of the biofuel emission balance based on 

average values for emissions from LUC and the default values for WTW emissions, biofuel derived 

from wheat processed by efficient straw fired CHP plants, and from sugar beet and sugar cane would 

meet the requirements pertaining the 50% level. Biofuel derived from palm processed with methane 

capture would be the only eligible biodiesel option. Despite the reduced portfolio, it needs to be 

emphasised that the 50% level for the minimum emission saving threshold would rule out all biofuel 

options that cause more emissions than the fossil fuel alternatives, when considering the average 

values for emissions from LUC computed by Laborde [23]. 

However, the use of the average values for emissions from LUC may rule out some biofuel options 

even though they may not cause more emissions than the fossil fuel alternatives. This is due to the 

large range of the confidence interval of the emissions from LUC computed by Laborde [23] which is 

due to the high variance in the assumed distribution of the key model parameters analysed. Suppose 

we use the 5 percentile limit of the confidence interval of emissions from LUC to illustrate whether 

the minimum emissions saving threshold rules out biofuels that cause more emissions than the fossil 

fuel alternatives. In this case, using the default values for WTW emissions, only biofuel derived from 

wheat processed by inefficient plants and palm processed without methane capture would actually 

cause more emissions than the fossil fuel alternatives. However, the 50% minimum emission saving 

threshold would also rule out biofuels derived from soy and rapeseed.  

These results illustrate the role of risk when specific levels of the minimum emission saving thresholds 

are chosen. The 50% level essentially ensures that there is a high likelihood that the biofuels that pass 

this threshold actually cause less emissions than the fossil fuel alternatives. On the other hand, it rules 

out several biofuel options although they may cause less emissions than the fossil fuel alternatives. 

The 35% level, to the contrary, may accept some biofuel options that probably do not cause less 

emissions than the fossil fuel alternatives. The choice between the two options therefore comes down 

to a choice between two errors, that of ruling out some biofuel options although they would cause less 

emissions than the fossil fuel alternatives and that of including some biofuel options although they 

would cause more emissions than the fossil fuel alternatives.  

Of course, these results depend heavily on the modelling results for the net effect of emissions from 

LUC induced by the expansion of biofuel feedstock production. As these results are generated by only 

one model and depend on a number of assumptions that still need to be verified by empirical 

observations and by additional modelling exercises, there still exists considerable uncertainty 

concerning the robustness of the conclusions that can be drawn. 
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Despite this uncertainty, the advantage of proposal 2 is that it can be implemented easily and quickly 

within the current EU-RED. This is because it builds upon the sustainability regulation already in 

place, on especially the certification schemes approved by the EC. Schemes like the ISCC provide a 

means to account WTW emissions individually, which could potentially reduce the accounted WTW 

emissions and thus bring the overall emission balance in line with the 50% level of the minimum 

emission saving threshold. 

Most importantly, the advantage of proposal 2 is that by addressing the minimum emission saving 

threshold, it uses the mechanism that actually affects the LUC effect of the EU biofuel target and 

therefore also reduces the related emissions from LUC.  

Policy proposal 3: Attribute a quantity of emissions to biofuels reflecting the estimated 

ILUC effect  

This policy proposal implies that an ILUC emission factor is added to the emission balance of the 

different biofuel options based upon results derived from modelling exercises that compute LUC. The 

mechanism utilised by this proposal is similar to the increase of the minimum emissions saving 

threshold under proposals 1 and 2. However, if an ILUC emission factor is added to the sum of the 

emissions from WTW and DLUC, several problems need to be resolved: 

 Current models only compute LUC values and not ILUC, i.e. they can only identify the 

combined effect of DLUC and ILUC. Hence, computing DLUC as in the current emission 

balance according to the EU-RED would need to be dropped. Otherwise emissions from LUC 

would be counted double. 

 It is impossible to assign a particular LUC emission factor to a certain biofuel feedstock, as 

only the combined effect of DLUC and ILUC can be identified. Hence, no biofuel-feedstock-

specific emissions from LUC can be computed.  

 A general LUC emission factor including DLUC and ILUC destroys the individual incentive 

for producers to reduce DLUC. Hence, without direct control of the producer´s land use for 

biofuel feedstock production, the direct incentive for a good agricultural practice would 

vanish. 

Policy proposal 4: Introduce additional sustainability requirements for certain 

categories of biofuels  

This proposal, implies that more sustainability criteria than currently implemented would be applied in 

the certification process. Sustainability criteria can only be applied to DLUC because only DLUC is 

directly related to a particular biofuel production process that is subject to a certification process. As 

the sustainability criteria currently applied to DLUC have already resulted in production of biofuel 

feedstocks predominantly on land already used before to produce crops, additional sustainability 

criteria would not make much of a difference as regards which areas are used to produce biofuel 
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feedstocks [25]. And, more importantly, they would not change the ILUC effect of the EU biofuel 

target, since they would not reduce the pressure on land already used to produce crops. This is because 

they would not influence the price mechanisms for agricultural products on world markets nor LUC 

decisions for feedstocks other than biofuel feedstocks.  

There is only one sustainability criterion that could influence the ILUC effect of the EU biofuel target, 

namely one that would allow biofuel feedstock production only on degraded land. However, there is 

no consensus about the location, and definition of degraded land. Hence, such a sustainability criterion 

can not be implemented currently. Even if a workable defintion of degraded land could be established, 

it is doubtful whether biofuel feedstock production on such land would be profitable. 

 

8. Discussion and Conclusions 

We show in our analysis that it is impossible to calculate the ILUC effect of different biofuel options 

using current modelling approaches. Even conceptually, there is no way of causally linking ILUC to a 

particular type of biofuel production. Nor can it be linked to a specific type of biofuel production in a 

particular region or from a particular biofuel feedstock. This is due to the fact that the ILUC effect is 

driven by price effects in international markets that are themselves determined by the complex 

interplay of many market forces, on both the supply and the demand side. The policy proposal to 

allocate biofuel feedstock and region-specific ILUC emission factors to the emission balance of 

biofuels has therefore no defendable scientific or conceptual base. 

We argue that the only feasible and effective policy proposal is the one that would increase the 

minimum emission saving threshold. As a consequence, only the most efficient biofuel feedstocks in 

terms of emission savings could meet the sustainability requirements of the EU-RED. Thus, the risk of 

allowing the production of biofuels that pose a high risk of causing more emissions than the fossil fuel 

alternatives would be avoided. However, decisions about how much to increase the minimum 

emission threshold would depend on the decisions about the level of two probabilities, namely first the 

probability to rule out biofuels with potentially higher emissions than the fossil fuel alternatives and 

second the probability to avoid that biofuels with lower emissions than the fossil fuel alternatives are 

ruled out of the market. 

To illustrate the impact of different levels of the minimum emission saving thresholds, we add up the 

WTW default emissions calculated by the EU-RED with the emissions that are likely to come from the 

global LUC effects of the biofuel target, i.e. DLUC and ILUC. To do so we use the results of the 

Laborde [23] modelling exercise. If the 35% level of the minimum emission saving threshold is 

maintained, those biofuel options that have the highest default values for WTW emissions and thus are 

likely to cause more emissions than the fossil fuel alternatives are effectively ruled out of the market. 

However, there are several biofuel options that would fulfil the 35% minimum emission saving 
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threshold but are nevertheless likely to cause more emissions than the fossil fuel alternatives when 

emissions from ILUC are considered. 

On the other hand, increasing of the minimum emission saving threshold to 50% would ensure that 

only biofuel options that have a very high probability of causing less emissions than the fossil fuel 

alternatives and thus would contribute to climate mitigation would enter the market. However, our 

results show also in some cases that there is a possibility that they would be ruled out of the market 

even though they might cause less emissions than the fossil fuel alternatives. 

Our results are computed using of the results of the Laborde [23] modelling exercise, the currently 

most sophisticated modelling exercise available for this purpose. We show that there can still be 

considerable improvement in the modelling of the LUC effect. Both the empirical validation of key 

model parameters and several ad hoc assumptions about a number of unknown model parameters, and 

also the model architecture, can be improved upon. This might change the resulting size of the LUC 

effect. However, it will not change the fact that biofuel feedstock and region-specific ILUC emission 

factors cannot be computed in such models.  

Thus, by going beyond the policy proposals of the EC, the only way to really control ILUC is by 

requiring that all agricultural production be subject to sustainability assessments (see also Lange [25], 

Delzeit and Holm-Müller [4]), especially to an emission balance. The problem of ILUC regulation is 

only a problem of an incomplete emission accounting of land use practices when only biofuel 

production is subject to such accounting, but food, feed and bioenergy production other than biofuel 

production are not. If, in contrast, all land use practices (forestry, animal grazing, food, feed and 

bioenergy production) were subject to emission accounting, the burden of LUC would always be 

imposed on the agricultural production that has replaced the previous type of production. All 

considerations about accounting for ILUC would then become meaningless. 

In addition, the LUC effect of biofuel policies depends heavily on the change in demand for land for 

other types of agricultural production, mainly food and feed production. Erb et al. [12] show that the 

potential for bioenergy production, the development of agricultural production technologies, and a 

potential change to a more vegetarian diet are important and strongly interrelated determinants of the 

demand for land for agricultural production. Thus, the LUC effect following an increase in biofuel 

feedstock production depends on the land needed for food and feed production, which in turn depends 

on diets and advances in agricultural production technologies. 

Finally, the type of land converted into cropland strongly influences the emissions from LUC. 

Normally, land with very high carbon stocks, such as peatland soils and tropical forests, is already 

subject to protection laws in many countries. The fact that they are nevertheless converted into 

cropland indicates that weak public institutions, corruption and a lack of property rights are major 

factors influencing how global emissions from LUC will develop in the long run.  
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iFor a description of the calculation of feedstock specific ILUC emission factors see Laborde (2011) p. 
23.-28. 

iiThey expect the expansion into peatland to increase over time because there are not many other areas 
left for expansion. Different sources for different regions are cited which indicate rates that range from 
25% of palm concessions on peatland in Indonesia up to 80% deforestation of forest on peatland in 
some regions. 

iiiFor a detailed discussion of these EC Guidelines see Lange (2011). 

ivA company can replace the default values by a process based detailed proof of the actual carbon 
balance. 

vThe European Environmental Agency (EEA) concerned that this mechanism can even increase the 
LUC effect of the EU mandate if feedstock producers try to improve their carbon balance via the 
reduction of fertiliser inputs, the lion´s share of the cultivation emissions. They claim that with less 
fertilizer input, yields are reduced and thus, more land is needed to produce the same amount of 
energy (EEA 2011). However, this would only be the case if sustainability verification was built upon 
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a track and trace system. With the mass balance system at hand, this effect is not going to occur, since 
feedstock input is not physically differentiated into feedstock for biofuel or food/feedstuff production 
within storage. For example, for a mill to have ¾ of its output certified, ¾ of the feedstock input needs 
to be certified as well at least over a certain time frame. However, the certificate is not physically 
connected to the biofuel feedstock harvest. Thus, farmers do not know during cultivation whether the 
harvest is used for biofuel production or other uses, and thus they do not have a prior incentive to 
reduce fertiliser inputs.  

viBesides the influence of the increased threshold on LUC, in case biofuel producers choose an 
individual carbon accounting via certification scheme, an increased threshold sets incentives to reduce 
WTW emissions. This is necessary if the default WTW emissions are too high to make the biofuel 
option eligible automatically. When the individual carbon accounting is successful with respect to 
fulfilling the minimum emission saving threshold, these biofuel options contribute to a reduction of 
the carbon emissions of the target compared to a lower threshold. Even with possible emissions from 
ILUC it is more likely that the biofuel still contributes to climate mitigation when production 
emissions are low. This fosters the role of biofuels as a climate mitigation instrument; however, the 
LUC effect of the target stays the same. 

viiThe EU-RED provides the default and typical values. The default values represent very 
conservative estimates in order to capture also less efficient production. They need to be used when no 
individual carbon accounting is realised in the certification process. The provided typical values serve 
only as an orientation about the potential result of individually calculated values. 


