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a b s t r a c t

The potential impact of policies promoting transport biofuels on the use of land due to the

indirect effects of feedstock cultivation has generated a controversy in the EU. Policy-

makers are urged to regulate the matter without conclusive scientific evidence concerning

the scale and severity of indirect land-use change (iLUC). By looking at this situation as an

instance of policy making in the context of scientific uncertainty, this study analyses ways

to deal with iLUC of biofuels policies learning from policy fields where similar dilemmas

were confronted in the past. The experience with technologies such as genetically modified

organisms, carbon capture and storage, nuclear power and radioactive waste, and transport

biofuels is instructive for this purpose. Policy approaches identified in the case studies are

applied to the case of iLUC. The results show that a preventive approach, which appears as

the most practical choice in terms of effectiveness and stakeholders’ acceptability, however,

also involves a risk of treating scientific uncertainty as certainty (the uncertainty paradox).

Policy-makers, scientists and stakeholders all have responsibility to avoid this paradox, in

order to limit future controversy.
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1. Introduction

Substituting fossil fuels with biofuels is considered to advance

desirable objectives such as energy security, climate protec-

tion and development of rural areas. In order to reap some of

these benefits, governments around the world have adopted

policies to support development and deployment of biofuel

technologies. The sector has rapidly expanded to account for

2% of global consumption of transport fuels in 2008 (IEA, 2010).

However, the prospects of scaling up biofuel production has

raised a variety of concerns including conflicts in respect to

food supplies, water resources, biodiversity, and even addi-

tional greenhouse gas (GHG) emissions. Although it is

generally recognized that the impact of biofuels production

on social and environmental issues may be positive or

negative depending on local conditions and, design and
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implementation of projects (IPCC, 2011), recent life cycle

studies have shown that some of the most adverse impacts

may be linked to changes in the use of land due to feedstock

production (e.g., Tufvesson, 2010). In the debate on land use,

the terminology direct land-use change (dLUC) is use to

describe changes connected to the field where the cultivation

of the biofuel crop is taking place. However, if the area was

previously utilised for other purposes, that activity might be

displaced to other areas. This type of indirect land-use change

(iLUC) may occur in the same country where the feedstock is

produced, but due to the international trading of crops it is

possible that they are displaced to other parts of the world

competing with local production of food, feed and with nature

conservation.

Until 2008, scientific studies limited their attention to dLUC

and reported positive balances for most biofuels. In 2008, two

studies (Searchinger et al., 2008; Fargione et al., 2008) initiated
.
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the on-going debate on the scale, significance and policy

implications of iLUC. According to the iLUC hypothesis, the

indirect effects of feedstock cultivation on the use of land

might occur and could be relevant (Gawel and Ludwig, 2011).

Not taking them into account when drafting public policies

could create welfare losses, while wrong accounting could also

generate losses because of the missed opportunities. The

overall challenge is to avoid both underestimation as well as

overestimation of iLUC which would lead to either too much or

suboptimal use of biofuels. Although this has been the goal of

several scientific studies in the last 3 years, the large variation

of results showing both positive and (mainly) negative impacts

has triggered harsh criticisms towards the latest EU policy for

biofuels (Directive 2009/28/EC) for not addressing iLUC. This

controversy has created a political deadlock in the EU where

policy makers are urged to regulate the matter without

conclusive scientific evidence concerning the scale and

severity of iLUC.

In this study, we look at this dilemma as an instance of

policy making in the context of scientific uncertainty and aim

at analysing ways to deal with iLUC of biofuels policies

learning from other policy fields where similar dilemmas were

confronted in the past. The experience of EU policy-making

with technologies such as genetically modified organisms

(GMOs), carbon capture and storage (CCS), nuclear power and

radioactive waste, and transport biofuels1 is considered

instructive for this purpose. We use these four cases, each

consisting of a technology, a set of uncertain risks on the

environment and human health, and EU regulatory acts

containing measures addressing such risks, to identify policy

approaches to deal with uncertain risks. These policy

approaches are then applied to the case of biofuels and used

to interpret a set of policy options considered by policy-

makers, the European Commission (EC). The study is based on

a review of the scientific literature about policy-making in the

context of scientific uncertainty. We apply theories and

concepts from this literature, but have no ambition to develop

this literature further. The study is problem oriented and

aspires to contribute to the debate on biofuels policy in the EU.

Data on the case studies are primarily from official EU policy

documents (Directives, legislative proposals and impact

assessments), while stakeholders’ positions are primarily

from the public consultation exercises carried out by the EC

(EC, 2010a, 2009a).

2. The EU context

Key political decisions that have shaped the development of

biofuels in the EU include the Biofuels Directive 2003/30/EC

and the Renewable Energy (RE) Directive 2009/28/EC. The

Biofuels Directive sets indicative targets for the introduction of

biofuels (and other renewable fuels) in the petrol and diesel

consumption (2% by 2005 and 5.75% by 2010). In March 2007,

EU leaders committed to mandatory 10% biofuels target in

each country to be achieved by 2020. As the critique on biofuels
1 Transport biofuels are both the main focus of the study, with
reference to ILUC, as well as a case of past experience in relation to
environmental impacts.
mounted during 2008 with numerous critical publications, the

target was extended to all types of renewable energies. One of

the purposes of the RE Directive is to ensure that biofuels

consumed in the EU are produced in a sustainable manner.

Biofuels must comply with a set of sustainability criteria in

order to be eligible for financial support and be counted

towards the 10% target. The sustainability criteria take into

account environmental aspects such as protection of land

with recognized high biodiversity value or high carbon stock.

In connection to that, the GHG emission savings from the use

of the biofuel must be at least 35% compared with the use of a

reference fossil fuel. The GHG savings constraint also increase

with time, by the year 2017 the saving must be 50% and from

the year 2018 they must be at least 60% for new production

plants.

As a result of policies and incentives, the European biofuels

industry has experienced rapid growth over the past 10 years.

In 2009 the industry had an annual turnover of 11.9 billion s
and employed about 82,000 people in the EU (EurObservER,

2011). In the same year biofuels accounted for 4% of the fuels

used in road transportation in the EU, 75% of which was

produced in the EU (EurObservER, 2010). The European

biofuels production is dominated by biodiesel, 244 PJ in

2009, mainly based on rapeseed and sunflower, while the

ethanol production, 77 PJ in 2009, is mainly based on wheat

(EurObservER, 2010). Biofuel imports to the EU have grown in

the past few years, thus making the EU an important export

market for biofuel producing countries. Ethanol produced

from sugar cane is imported from Brazil and other Latin

American countries (Lamers et al., 2011). The biodiesel imports

are dominated by Argentinian biodiesel produced from soya

beans, but also include biodiesel from palm oil from Indonesia

and Malaysia (Lamers et al., 2011).

The debate on how to address iLUC in EU policy has

engaged strong interest groups with high political as well as

economical stakes. Major international environmental NGOs

(e.g., Greenpeace, Friends of the Earth, and Transport and

Environment) have for the past few years expressed sharp

criticism against the promotion of biofuels, and some argue

for a moratorium on biofuels. Drawing on negative reports in

the scientific literature (e.g., Searchinger et al., 2008), environ-

mental NGOs have become very influential in the public

debate and in the reframing of biofuels from being a renewable

solution to the problems associated with fossil fuels to

something that creates negative impacts on, e.g., biodiversity,

food security and so on (Pilgrim and Harvey, 2010). The

evolution of the RE Directive and current discussions in

Brussels indicate that NGOs have gained increasing clout in EU

policy-making. Various environmental NGOs are now putting

pressure on the EU commission to introduce measures that

prevent iLUC caused by biofuels. Such measures may,

however, harm the European biofuels industry, an industry

that EU policy has previously promoted and paved the way for.

The EU biofuels industry and farmers associations as well as

biofuels exporting countries generally oppose policy measures

that target biofuels specifically. Instead they advocate LUC to

be addressed more widely through, e.g., international agree-

ments (EC, 2009a, 2010a). While addressing iLUC more widely

has many advantages, it appears that the EC does not see it as

a realistic solution for the short term (EC, 2010b). The EC is,
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however, required by the RE Directive to report to the EU

institutions on the impact of iLUC on GHG emissions of

biofuels and to submit, if appropriate, proposals on ways to

minimize it.

3. Modelling iLUCs

As iLUCs are not observable (a farmer growing wheat for

bioethanol cannot see any indirect effects and it can be difficult

to prove that a certain change in land use in, e.g., Brazil is the

effect of a European farmer’s activity). However, attempts have

been made to quantify iLUC using models. There are two types

of modelling approaches: economic equilibrium modelling and

simplified modelling (Ahlgren and Börjesson, 2011).

Economic equilibrium models are complex optimization

models, which can study the entire global economy (general
Fig. 1 – Models’ results of annualized GHG emissions (g CO2 equ

intervals (illustrated with lines), others as specific values (illustra

period of 20 years. ‘E’ equilibrium models, ‘S’ simplified models

Ahlgren and Bö rjesson (2011).
equilibrium models), or a specific sector such as agriculture

(partial equilibrium models). All equilibrium models are based

on the assumption of perfect markets and that equilibrium is

reached when demand equals supply in the studied economy.

Economic models have been developed and used by research-

ers for many years. However, most models are complex, not

transparent and can only be run by researchers who have in-

depth knowledge of the models (Fritsche et al., 2010; Nassar

et al., 2011). A crucial matter is that the different models also

display large variations in the results (Fig. 1). If science is to

inform policy making, then this variety of results creates a

conundrum for policy makers. Modelling efforts have so far

focused on conventional biofuel technologies with limited

interest on advanced technologies. A recent study by Havlı́k

et al. (2011) indicates that the impact of advanced biofuels on

land-use is dependent on assumptions about feedstock and

land availability. So if advanced biofuels are to be produced on
iv./MJ) due to LUC. Notes: Some studies show results as

ted with dots). Annualized emissions are calculated over a

. The full literature review with references can be found in
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agricultural land using short rotation biomass plantations,

they can indirectly cause LUC as well. In general, there are

many reasons for the large divergence in modelling results,

such as assumptions on, e.g., prices, elasticity, start and end

points, harvest yields, biofuel yields. It is also of importance if

and how the models can include consumption changes,

intensification in agriculture and the use of by-products from

biofuel production. Further, the resolution of the model, on

spatial and commodity level is important as well as assump-

tions on the type of land that will be affected, the greenhouse

gas emissions associated with the land use changes, and the

number of years the emissions are allocated over (Khanna and

Crago, 2011; Nassar et al., 2011; Prins et al., 2010).

Several simplified alternatives to the economic models

have been developed, with varying approaches. The model

described in Bauen et al. (2010), e.g., uses a causal descriptive

approach where land use scenarios are formed by a reference

expert group. Others use statistics of past land-use to predict

future land use changes (e.g., Fritsche et al., 2010; Tipper et al.,

2009). Just as the economic models, the simplified models are

overflowing with uncertainties and the results show large

variations (Fig. 1). Results from economic models have

frequently been published in peer-reviewed scientific jour-

nals, while simplified models are usually not scientifically

published. However, even if the economic models have more

scientific bearing, the results as seen in the figure below can be

highly variable (mainly) due to assumptions in the model and

model construction.

4. Science, policy making and uncertainty

Science is an activity whose most important product is the

creation of knowledge. Scientific knowledge is often called

upon in the policy process of decision-making and used to

guide action because it provides understanding (van den Hove,

2007). Any political decision (indeed, any decision) is guided by

expectations of the future. Such expectations can in turn be

less or more informed by scientific knowledge, but in some

situations the capacity of such knowledge to yield an accurate

and coherent picture of the future is very limited. In situations

when the problems to be solved feature complex causalities,

large-scale, long-term and trans-border processes, the simul-

taneous presence of high decision stakes2 might cause the

same scientific knowledge to be perceived or portrayed to be

limited, i.e., uncertain.

Uncertainty can be defined as the incomplete, imperfect

knowledge concerning the present or future state of a system. It

is a situation where the important system parameters are

known, but the probability distributions are not (Wynne, 1992).

Different types of uncertainty are indeterminacy and ignorance.

Indeterminacy is a larger form of uncertainty that questions

causal chains (Wynne, 1992). Ignorance, or complete uncer-

tainty, is an unavoidable part of science as sometimes we do not

even know what we do not know (Stirling, 2003). Uncertainty is

often confused with risks although the latter express the
2 Decision stakes are the investments and commitments, per-
sonal as well as commercial and institutional that are at stake in
the decision.
probability of an adverse effect in situations where both

system’s outcomes and probabilities are well known and

quantifiable. Even though the concept uncertain risks is used

to identify situations where risks are highly uncertain (van

Asselt and Vos, 2008), this does not mean that all risks are highly

uncertain. In this way, negative iLUC of biofuel policy can be

interpreted as uncertain risks because of the incomplete

knowledge about probability distributions.

In environmental policy-making risks are normally dealt

with through risk assessment and risk management, whereas

when dealing with uncertainty there are two possibilities

which depend on the nature of the uncertainty. In cases of

uncertainty due to imperfect knowledge, or epistemic uncer-

tainty (Walker et al., 2003), it is possible to reduce the

uncertainty through data collection, more research, better

models, and so forth. This is the objective of most studies

published on iLUC of biofuels which aim at overcoming the

uncertainty – making known the unknown. Conversely, in

cases where the uncertainty is caused by the inherent

variability of the system studied, variability uncertainty

(Walker et al., 2003), decision-makers need to manage

uncertainty rather than master it. As illustrated by the

modelling of iLUC of biofuels, in predicting the future

evolution of complex natural and social systems we are

unavoidably confronted with variability uncertainty and a

plurality of valid scientific standpoints (van den Hove, 2007).

However, uncertainty is not necessarily a problem in the

policy process. Some authors (e.g., Heazle, 2011; Sarewitz,

2004; Jamieson, 1996) suggest that scientific uncertainty

generates a controversy only when conflicts over values and

interests also exist. In this way, it is the existence of conflicts

over values and interests that bring the uncertainty to the fore.

In these situations, decision-makers enjoy only a limited

range of alternatives. In essence, they can neglect the existence

of uncertainty, treat it as a conventional risk (apply risk-based

management), or adopt precaution. We argue here that policy

makers can opt, more or less consciously, to neglect scientific

knowledge that would otherwise contribute to generating

uncertainty. In other cases, they might acknowledge the

existence of such possibilities, but do not treat them as

uncertainty, but as conventional risks. This is referred in the

literature as the uncertainty paradox which is an umbrella term

for situations in which uncertainty is acknowledged, but the

role of science is framed as one of providing certainty (van

Asselt and Vos, 2008). Finally, precaution, extensively discussed

in the literature under the term precautionary principle, is

applied to decisions under uncertainty where a course of action

poses risks to the natural environment or human health that

cannot be determined accurately by existing science (Heazle,

2011). This rough categorization is employed in the following

section to interpret how EU policy makers have dealt with

uncertain risks in a sample of well-known cases.

5. Approaches to uncertain risks in the case
studies

In this section we assess the way EU policy makers have dealt

with uncertain risks, i.e., risks whose probability distribution

is not known, in a sample of well-known cases which show
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features similar to the case at hand. We claim that although

the selected cases and the case of iLUC are different in many

respects, they show important similarities in terms of

system’s complexity, decision stakes and (thus) uncertainty

about impacts on the environment and human health. This

makes them instructive learning experiences. Furthermore,

they provide the reader with well-known examples that can be

related to which relate when going into the case of iLUC of

biofuels. Since our goal here is to characterize the policy

approach employed in each case, we limit our attention to the

policy decisions without delving into the specific features of

each case which might well justify the adoption of a specific

approach.

5.1. Neglect knowledge: transport biofuels

Biofuels are transport fuels produced from biological material.

In 2003 with Directive 2003/30/EC the EU established a

common framework for the deployment of biofuel technolo-

gies for the period 2004–2010. The Directive is clearly based on

the assumption that increased biofuel production and

consumption will translate into more energy security and

less GHG emissions. No potential risks for the environment or

human health are acknowledged and, thus, no measures are

introduced. In the explanatory memorandum of the Direc-

tive’s proposal (EC, 2001a), environmental impacts are

described as positive on all fronts: ‘‘Apart from the obvious

CO2 reduction advantage, any other environmental effects would

appear to be insignificant, either positive or negative providing a

proper implementation (. . .) of Community legislation’’. Even

impacts in developing countries are described as ‘‘opportu-

nities’’ and no risks are highlighted.

In sum, in the Directive there is no mentioning of any

potential risk of significant adverse effects under the

assumption that all biofuels are benign for the environment.

EU policy makers consciously decided to neglect scientific

knowledge, e.g., from studies on the environmental impacts of

agricultural practices, which would otherwise have contrib-

uted to generating uncertainty, and embraced an optimist,

risk-indifferent approach.

5.2. Treat uncertain knowledge as certain

5.2.1. Carbon dioxide capture and storage (CCS)
CCS is a technology for reducing CO2 emissions from the

combustion of fossil fuels by capturing and storing CO2 away

from the atmosphere for a very long period of time. The EU has

allocated significant resources to the promotion of CCS

technology, described as indispensable to reduce global GHG

emissions by 50% by 2050 (EC, 2008). However, one of the

concerns with CCS is the risk of a failure at the storage site

leading to leakage of CO2 out of the system with local impacts

for people and ecosystems in the immediate vicinity, and

global climate change impacts (Damen et al., 2006).

The potential environmental and human health impacts of

CCS, and the measures to address them, were investigated in

an Impact Assessment (IA) (EC, 2008) prior the adoption of

Directive 2009/30/EC. The way the EU responds to those risks

in the Directive is characterized by, first, requiring an

assessment of the potential security of each proposed storage
site. A site cannot be used unless the initial assessment

concludes there is ‘‘no significant risk of leakage’’ (EC, 2009b).

Second, it establishes an iterative process of monitoring,

reporting and inspection to detect leakage of stored CO2. Third,

in case of leakage, the environmental damage will be dealt

with as a liability matter requiring the company managing the

site to cover the cost of the damages caused and to off-set the

emitted CO2 by purchasing allowances on the EU Emission

Trading Scheme market. The uncertainty about these events is

managed in a conventional fashion employing risk assess-

ment and risk management methods, although the IA states

that ‘‘no risk assessment for the environmental impacts of the non-

engineered system components (i.e., the geological storage) has

been possible for the lack of empirical evidence on which to base the

probability of release of CO2’’ (EC, 2008).

In sum, EU policy-makers focused largely and optimisti-

cally on the economic and environmental benefits of deploy-

ing CCS, whereas the main environmental and health

concerns due to leakage of CO2 from storage sites are treated

as conventional risks whose probabilities are known. This risk-

taking approach focuses on ways to address ex-post the

consequences of negative events primarily by creating liability

rules and mechanisms.

5.2.2. Nuclear power and radioactive waste
Production of nuclear energy has been carried out for many

decades by EU member states. One of the main concerns with

nuclear energy, together with the occurrence of accidents at

production sites, is the generation of radioactive waste

hazardous to human health and the environment. Although

radioactivity diminishes over time, the period of time the

waste must be stored depends on the type of waste and high-

level waste (such as spent nuclear fuel) must be stored for

thousands of years. In the EU it is common practice to

segregate and store high-level nuclear waste at interim

facilities near nuclear power plants (EC, 2010c).

EU legislation on radioactive waste and spent fuel

management has been discussed for many years in Brussels.

The latest proposal for a regulation, presented in 2010 (EC,

2010d) and accompanied by an IA (EC, 2010e), was formally

adopted in July 2011 (EC, 2011). This Directive contains the EU

strategy to deal with an existing problem, radioactive waste

generated (mainly) from the production of nuclear energy.

With the Directive the EC is introducing EU wide safety

standards asking member states to present national pro-

grammes, indicating when, where and how they will construct

and manage final repositories stating that ‘‘Following 30 years of

research, debate and peer reviews, it is broadly accepted at the

technical level that deep geological disposal represents the safest and

most sustainable option’’ (EC, 2010d). The IA emphasises the

risks associated with long-term storage at interim facilities

stating that ‘‘unjustified extension of the duration of long-term

interim storage unduly increases the overall risk of accidents’’ (EC,

2010e). The option of deep geological disposal is, however, not

without problems due to the inherent difficulties of predicting

the state of the planet in thousand years.

In sum, the Directive reveals quite clearly the intent of

policy makers to reduce and minimize the risk of radioactive

contamination by advancing the option of deep geological

disposal. This implicitly assumes that the severity and
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probabilities of radioactive contamination can be calculated

for both the current and the future state of the system. In this

way the EU subscribed to a preventive approach aiming at

reducing the likelihood of negative events.

5.3. Precaution: genetically modified organisms

A genetically modified organism (GMO) is an organism whose

genetic material has been altered using genetic engineering

techniques. To date the most controversial, but also the most

widely adopted application of GMO technology is patent-

protected food crops engineered to possess several desirable

traits, such as resistance to pests, herbicides, or harsh

environmental conditions, improved product shelf life, and

increased nutritional values. There are concerns with GMOs,

e.g., negative effects on biodiversity, uncontrolled transfer of

genes, antibiotic resistance development, toxicity, allergic

reactions due to new types of proteins in the food, etc. (GMO

Compass, 2011). However, there are also arguments that these

effects are highly exaggerated and that saying no to GMO will

be a much greater loss than any eventual risks of using GMOs

(Peterson et al., 2000).

In the EU, GMOs technology has been regulated since the

90s. Directive 2001/18/EC on the deliberate release into the

environment of genetically modified organisms focuses on the

cultivation and import of living genetically modified plants.

The Directive does not forbid the cultivation or use of GM feed

or food, however, it imposes a rigorous framework for

authorization (van Asselt and Vos, 2008). As a result, the

cultivation of GMOs in the EU, although not banned, is very

limited (GMO Compass, 2011). The challenging and demanding

process for authorization has allowed the disagreement

among experts and actors to halt the deployment of the

technology and precaution has been invoked as the basis to

justify this stance towards GMOs (see, e.g., Levidow et al., 2005;

Levidow, 2001).

In conclusion, there is little doubt that EU policy makers

have adopted a precautionary approach to deal with the GMO

issue. In this way, the technology will not be deployed to any

considerable extent until the uncertainty (or the controversy)

about potential negative effects is resolved.

The assessment of the case studies, summarised in Table 1,

shows that uncertain risks were managed by EU policy makers

employing a variety of approaches. In the first case, transport

biofuels, the risks are simply neglected as a whole (risk-

indifferent), while in the cases of CCS (risk-taking) and nuclear

(preventive) the risks are treated as conventional risks, even

though their probability cannot be quantified. In the last case,

GMOs, it is the limitations of existing science that justify a

precautionary approach.

6. Dealing with uncertain iLUC of biofuels

In this section the approaches identified earlier are applied to

the case of iLUC of biofuel policies with the help of thought

experiments. This type of pre-factual thought experiments

speculate on possible future outcomes, given the present, and

ask what the outcome will be if a certain event occurred

(McAllister, 1996). Thought experiments are used here to
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investigate the implications of each approach for biofuels in

the EU and how that could be justified by policy-makers.

A risk-indifferent iLUC policy would allow further deployment

of biofuel technologies in the EU simply assuming that biofuels

are carbon neutral and will be sustainably produced. This

decision, motivated by energy security and rural development

objectives, could be justified by the inconclusiveness of

scientific evidence concerning the nature and scale of potential

iLUC. The event of negative iLUC would be downplayed and

more research would be an appropriate accompanying mea-

sure. A risk-taking policy would also allow an expansion of

biofuels in the EU. However, attention would focus in this case

on measures to address the consequences of negative iLUC by,

e.g., creating a system of liability in case of damages. However,

due to the practical difficulties of observing and thus quantify-

ing iLUC, such legal framework for liability would have to be

based on models able to connect (ex-post) biofuel production

with changes in the use of land and specific damages. This

decision could be justified by existing scientific knowledge

showing low probability coupled with limited severity of

adverse events. Companies would not engage in biofuel

production if the probability and extent of their responsibility

were too high. Similarly, a preventive policy would allow further

policy support for biofuels, but would introduce measures to

reduce the probability of negative iLUC. These measures would

in principle aim at incentivizing less risky biofuels such as those

produced, e.g., on degraded land, from waste and residues, or

without using land (e.g., algae biofuels). A preventive policy

could be justified by studies showing a significant reduction in

the probability of adverse events due to the application of

preventive measures. However, this would imply the capacity

to quantify the probability distribution of negative events in the

current and the future state of the system. Finally, a precaution-

ary policy would end the deployment of biofuel technologies in

the EU. This could be done by, e.g., eliminating policy support for

production and consumption of biofuels, or creating an overly

demanding system of sustainability requirements. This policy,

which would represent a deep revision of the EU policy for

transport fuels, could be justified by relying on studies

predicting potentially negative events whose probability and

outcomes were considered, respectively, too high and severe to

wait for scientific certainty.

The results of this brief mental exercise can be used to

examine and interpret the policy options currently considered

by the EC to deal with iLUC. A first set of options was disclosed

by the EC as part of a public consultation exercise in 2009 and

covered a broad variety of alternatives ranging from ‘do

nothing’ to ‘increase the thresholds of minimum GHG

savings’, ‘establish additional sustainability requirements’,

‘add an iLUC factor to the life-cycle GHG balance of biofuels’,

but also ‘conclude international agreements on protecting

carbon-rich habitats’ (EC, 2009a). Remarkably this set of

options covered the entire range of ways to manage uncertain

risks – neglect them, treat them as conventional risk and

precaution. However, the list of options was later reduced by

the EC (2010a) to include only:

1. take no action for the time being, while continuing to

monitor;
2. increase the minimum GHG saving threshold for biofuels;

3. introduce additional sustainability requirements on certain

categories of biofuels;

4. attribute a quantity of greenhouse gas emissions to biofuels

reflecting the estimated indirect land-use impact.

It is not an easy task to interpret this set of policy options. If

we apply the results of the thought experiment carried out

earlier to understand the meaning and examine the con-

sequences of each policy option we find the following. Option

1, ‘‘take no action for the time being’’, clearly corresponds to a

risk-indifferent approach. This strategy relies on the (claimed)

inconclusiveness of the scientific knowledge to avoid action

and postpone indeterminately the decision. Option 2 assumes

that the existing minimum levels of GHG savings – 35%, rising

to 50% for existing installations from 2017 and 60% for new

installations from 2018 – are considered insufficient against

the estimated side-effects of iLUC and, therefore, must be

increased further to higher (but unspecified) levels. Following

option 3, biofuels have to meet additional requirements, for

instance, that production practices will not lead to negative

iLUC (e.g., because feedstock is cultivated on degraded land).

With option 4 an additional amount of (indirect) GHG

emissions is to be included in the formula for calculating

lifecycle GHG emissions of biofuels. This value is to be based

on the results of the modelling exercises. Notwithstanding the

structural differences between options 2, 3 and 4, none of

them can be pinned to one particular policy approach

identified from the case studies – risk-indifferent, risk-taking,

preventive and precautionary. What will determine the

approach is the level of requirements introduced either as

minimum GHG savings, sustainability requirements, or iLUC

factors. In the following we illustrate the meaning and

consequences of each approach by examining the case of

an iLUC factor (option 4).

In the case of an iLUC factor a quantity of GHG emissions

is attributed to biofuels reflecting the estimated indirect

land-use impact. Emissions due to iLUC are then added to

the direct GHG emissions to obtain total GHG emissions. The

results of this exercise display a large variety of values

(Fig. 2). Clearly, scientific results do not deliver ‘the’ answer

from which policy makers easily can make policy options.

There are many alternatives. One alternative is to select

values for each type of biofuel from the high-end of the

results of the modelling exercises. This decision would

substantially constrain the biofuel sector since there are no

commercially available biofuels that can comply with the

minimum GHG emission savings of the RE Directive. Since

the RE Directive establishes that biofuels not in compliance

with its requirements will not be entitled to policy support,

there would be no demand for these fuels in the EU. Hence,

the introduction of iLUC factors from the high-end results

clearly corresponds to the application of the precautionary

approach acting on the very cause of iLUC of biofuels, i.e.,

biofuel production.

The opposite strategy takes up iLUC factors from the low-

end of models’ results. Taken to its extreme this decision

would have no significant impacts on the biofuel sector since

all biofuels currently consumed in the EU would comply with

the Directive’s 35% target. The choice of low-end values clearly



Fig. 2 – Total GHG emissions (CO2 equiv./MJ) and GHG emission requirements of Directive 2009/28/EC. Notes: Land-use GHG

emissions are from the models reviewed for this study; some studies show results as intervals (illustrated with lines),

others as specific values (illustrated with dots). Non-land use GHG emissions are typical values from Annex V of Directive

2009/28/EC.
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corresponds to a risk-indifferent approach where the risk of

iLUC is in practice neglected.

The last option is the selection of iLUC factors from the large

group of middle values (all values between the high and low

ends). The direct consequence of this choice is that some

biofuels will not comply with the 35% GHG saving requirement,

while others will. Now, independently from the specific values

adopted, such an approach would re-direct policy support

towards biofuels considered less risky based on the models’

results. In this scenario there are two alternatives. In case the

application of iLUC factors were made compulsory (biofuels not

in compliance with the minimum GHG savings will have no

market), we would refer to an instance of the preventive

approach. On the other hand, in case the iLUC factors were used

only to inform companies and influence their decision on
whether or not to produce and sell a specific type of biofuel

(under the assumption that in case of adverse effects they will

be held liable), we would speak of a risk-taking approach.

7. Discussion and conclusions

We have seen how different approaches to uncertain iLUC,

illustrated by different levels of iLUC factors, might affect

biofuels in the EU and how their adoption could be justified.

However, an analysis of policy approaches would be incom-

plete without a discussion of their effectiveness in preventing

negative iLUC and of stakeholders’ acceptability.

A precautionary approach (e.g., through high iLUC factors)

is the only approach that can ensure that negative iLUC will
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not appear. As in the case of GMOs, EU policy makers could opt

for this approach to ensure that the very cause of the risks, i.e.,

biofuel production, is avoided. However, as for the case of

GMOs, this does not imply that countries outside the EU will

not deploy biofuels generating potential iLUC in the EU as well.

Nevertheless, some of the most prominent environmental

NGOs and some EU governments would be in favour of such

measure. On the other hand, the biofuel industry, farmer’s

organizations, several EU governments and, partly, the EC

would oppose it due to the large economic and institutional

interests at stake. Thus, high effectiveness and low accept-

ability seem to characterize this approach.

On the contrary, a risk-indifferent approach (e.g., through

low values of iLUC factors, or no action) will have no, or very

limited impact on the biofuel sector and thus on land use

changes. Differently from 2003 when the first EU biofuels

Directive was adopted, societal understanding of and partici-

pation in the debate on the potential environmental and socio-

economic impacts of biofuels has greatly improved. NGOs and

some EU governments would be highly critical towards such

decision which would, on the other hand, most probably meet

the approval of the EU biofuel industry, farmers’ organizations

within and outside the EU, and countries exporting biofuels to

the EU. By and large, this alternative shows low effectiveness

in combination with low acceptability.

In a similar way, a risk-taking approach based on middle

values does not ensure that iLUC will be avoided, but only that

the adverse effects will be compensated. However, there are

practical problems with this alternative since the estimated

LUC can never be validated, as iLUC is a phenomenon that is

impossible to directly observe or measure. The EC seems to

recognize this point and does not suggest policy options that

match this approach.

Finally, a preventive approach does not ensure that

negative iLUC will not appear but, as in the case of nuclear,

it simply aims at reducing the probability of adverse events.

However, existing models encounter numerous limitations

and are poorly suited to estimate either the current probability

of iLUC or the future probability after the introduction of

preventive measures. In general terms, the effective function-

ing of a preventive approach assumes the capacity to identify

the correct level of requirements from middle values (in the

form of iLUC factors, GHG emissions thresholds, or sustain-

ability requirements) in order to avoid both too much and

suboptimal use of biofuels. This is technically difficult, if not

impossible due to the intrinsic uncertainties surrounding the

future evolution of complex natural and social systems.

However, the acceptability of a preventive policy in the EU

might be higher than for other approaches depending on

which types of biofuels will be penalised.

Based on this analysis we suggest that a preventive

approach appears as the most practical way forward for

policy-makers. However, such approach is open to the

uncertainty paradox. In instances of this uncertainty paradox,

policy makers resort to experts for conclusive evidence and

definite answers, despite uncertainty precluding both conclu-

siveness and definitiveness (van Asselt and Vos, 2006). The

options considered by the EC to reduce the risk of iLUC rely on

the knowledge generated by scientific models, regardless of

the models’ lack of conclusiveness and definitiveness. This
suggests that the EC intend to treat the uncertain risks of iLUC

as conventional risks, i.e., an instance of the uncertainty

paradox. For policy makers the advantage of hiding behind a

veil of science is that they will be able to impose measures

unwelcomed by some groups of stakeholders and not be

blamed if something goes wrong. The responsibility will

eventually fall on science, or the lack of it.

van Asselt and Vos (2008) argue that policy reforms that do

not recognize and address the uncertainty paradox are

doomed to fail. If this is potentially a problem also for the

case of biofuel policy, how do we break out of the uncertainty

paradox? We suggest policy makers can contribute by focusing

on the (certain) knowledge that science can currently supply

on iLUC and by ceasing from making deterministic questions

to science such as ‘how many grams of CO2eq does a MJ of each

type of biofuels emit?’ since there are no definite answers.

Informed by the available scientific knowledge, policy makers

could solve the current policy deadlock by taking an openly

political decision on iLUC. Thus, science will not serve as a

predictive oracle to guide policy choices, but as a tool to

support, monitor and assess policies that have been selected

through the political process (Sarewitz, 2004).

However, avoiding the uncertainty paradox is here

considered a co-responsibility of policy-makers and the

scientists involved in the science–policymaking interface.

We suggest scientists can contribute by refraining from

claiming the need for more research, better models and more

comprehensive data, and admit that due to irreducible

uncertainties there are many valid results, but no ultimate

correct ones. In this way, they will not give policy-makers the

opportunity to misuse the scientific knowledge. Furthermore,

we argue that in the case at hand stakeholders also have a role

to play in escaping from the uncertainty paradox. Stake-

holders should be aware that in the process of selecting the

correct levels of requirements, policy-makers will use various

types of knowledge (political, institutional, moral and so on)

in combination with scientific knowledge. It is by questioning

policy decisions on iLUC presented as purely science based

that stakeholders can contribute to avoiding the uncertainty

paradox.

In conclusion, the study presented in this article shows that

EU policy-makers, confronted with a dilemma on whether and

how to regulate iLUC of biofuel policy, have turned to science

for a clear direction. Among the approaches that policy-

makers could apply, a preventive approach appears as the

most practical considering acceptability and effectiveness.

However, this approach is susceptible to the uncertainty

paradox. We urge policy makers, scientists and stakeholders

to recognize and address the uncertainty (paradox), or we

should be prepared for more controversy in the future.
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