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Abstract In recent years, many public policies and regula-
tions have supported the biofuel expansion in many countries.
One of the main reasons for this support was concern about
the environment, since biofuels, when used in place of tradi-
tional fossil fuel-based transportation fuels, lead to lower
greenhouse gas (GHG) emissions. However, this argument
was contradicted with the discussion on indirect land use
change (ILUC) from biofuel expansion, leading to higher
GHG emissions. Acknowledging this debate, we present a
literature review focusing on the recent studies on ILUC and
GHG emissions related to the biomass production and pro-
cessing. We provide a summary of the main issues in this
debate that focus on the impact of model characteristics on the
GHG emissions computation, specifically those triggered by
land use change.
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Introduction

Public policies and regulations that have triggered and sup-
ported the biofuel expansion in recent years have been moti-
vated by several factors such as diversification of energy
supply and support for rural incomes. Environmental concerns
have also been a key justification since biofuels, when used in
place of traditional fossil fuel-based transportation fuels, lead
to lower greenhouse gas (GHG) emissions. However, this

argument was countered in recent years with the discussion
on indirect land use change (ILUC) leading to net higher GHG
emissions [1, 2].

Biofuels affect GHG emissions in two opposite directions.
First, by displacing an energy-equivalent amount of fossil
fuels, they reduce GHG emissions (for example, when ethanol
is used in vehicles in place of gasoline). Second, they lead to
ILUC and increase GHG emissions through the release of
carbon sequestered on land converted to biofuel production
or by release of carbon stored in soils/vegetation (e.g. defor-
estation, peatland destruction). This change happens when,
through the impact of higher crop prices caused by higher
biofuel demand, demand for agricultural crop area increases
either for traditional crops or for dedicated energy crops. If the
second effect is larger than the first, the environmental benefits
of biofuels are called into question. Thus, it is crucial that
ILUC and GHG accounting are done correctly. Khanna and
Chen [3] note various factors in accounting for this net effect.
One factor is how much fossil energy inputs are used directly
over the lifecycle of biofuels production. Another factor is the
change in soil carbon as land is directly converted to crop
production [3]. As Khatiwada et al., summarizing the vast
literature on this issue, put it: ILUC is critical due to the
possibility that these GHG emissions might counter their
benefits from biofuels substituting for fossil fuels [4].

It should also be noted that use of agricultural inputs, such
as fertilizer, also lead to GHG emissions through higher N2O
emissions. Rice and livestock productions generate CH4.
Thus, the direct and indirect emissions balance from agricul-
ture is a complicated issue that requires careful analysis.

The ILUC implications from biofuels expansion has im-
pacted the debate surrounding biofuels as well as the policy
design. Therefore, there are many studies dedicated to simu-
lating the magnitude of ILUC and the related GHG emissions
from biofuels expansion. These studies generally focus on
implications of legislative processes and rely on the use of
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various analytical tools, such as partial equilibrium (PE),
computable general equilibrium (CGE), or linear program-
ming models. This debate centers on computing the magni-
tude of the direct and indirect land use change from a shock
relative to a baseline, where land use change will take place,
the short-run versus the long-run effects of the shock (time
frame for computing the GHG emissions). The factors that
condition the answer to these questions depend on the biofuel
pathways (in the marketplace and included in the model),
criteria used for assessment of ILUC (through lifecycle
GHG emission savings relative to a baseline or through car-
bon intensity computation), how biofuel demand is met
(through domestic production or imports of biofuels, and if
through domestic production, whether through domestic feed-
stocks or imported feedstocks).

Khanna and Zilberman also give a detailed list of the
pathways through which biofuels expansion impacts land
resources [5]. On the demand side, they list any policy shock,
energy price shock, and vehicle fleet composition, among
others. On the supply side, they list yield of biofuel feed-
stocks, co-products, land productivity at the intensive and
extensive margin, substitution of land across uses, and
technology.

Zilberman et al. also note the importance of including
ILUC in GHG emission estimates since the market adjust-
ments that occur due to biofuel expansion need to be consid-
ered [6]. In this regard, they provide four additional indirect
effects to be analyzed: two regarding the final and intermedi-
ate demand for agricultural products, indirect food consump-
tion effect, indirect co-product effect; and two regarding the
oil markets, indirect fuel use change and indirect fuel supply
change. The latter effects are directly linked to the carbon
leakage issue of the policy by reducing the expected gains
from a reduction in fossil fuel consumption when additional
biofuel supply leads to a decrease in fossil fuel prices, creating
a demand “rebound” effect. This leakage can be domestic or
international and its magnitude depends highly on the policy
instruments used to foster biofuel consumption, e.g. tax credit
or mandate [7]. This effect, also measured by the “net oil
displacement factor” (NODF)1 in Rajagopal and Plevin [8],
is weakly marginal since the estimated range in the literature
goes from 50% to 75% on average (see [8] Fig. 2, [7] Table 1,
or [9] page 58).

Acknowledging this phenomenon, we focus our literature
review in this article on the emissions related to the biomass
production and processing. We provide a summary of the
latest work (our list is not exhaustive) and the issues in this
debate that focus on the impact of model characteristics on the
GHG emissions computation, specifically those triggered by
land use change. Table 1 provides a summary of the models

discussed in this review. Our main question is how do the
various ways to model the land use change (Section 2), handle
uncertainty (Section 3), and account for GHG emissions
(Section 4) affect the policy implications from the different
models (Conclusions)?

Land Use Change

As discussed previously, GHG emissions from direct and
indirect land use change are critical due the possibility that
these GHG emissions might counter their benefits from
biofuels substituting for fossil fuels. There are three main
factors that condition the answer to this question. First is the
size and the location of land use change (i.e., if a new crop area
comes into production or if crop area reallocation takes place).
Second is the type of feedstocks being used in the biofuel
pathways. Third is the trade policy regime for the biofuels and
the feedstocks used for biofuels production. The literature
includes various simulation models that incorporate these
characteristics and the simulation results depend on these
model characteristics. In this section, we will discuss these
three characteristics.

Spatial Explicitness of Land Use in the Model

The most critical component for computation of GHG emis-
sions is the indirect and direct land use change taking place
and how models incorporate this change. A higher level of
spatial explicitness allows models to determine correctly
where production takes place. This is crucial to determine
the GHG emissions since it allows modelers to determine
how much crop area reallocation takes place, how much land
is converted to crop production, and which category of land is
converted to crop production. Khanna and Zilberman also
provide a discussion on existing modeling approaches and
key results [5]. In this subsection, we present three models
that use different approaches in terms of land use representa-
tion (modeling, level of aggregation, and scope) to illustrate
the current literature.

The study by Laborde and Valin uses a global CGE
model, MIRAGE-BIOF,2 to analyze the implications of the
European Union Renewable Energy Directive (EU RED)
under different assumptions regarding the future evolution
of biodiesel and ethanol shares in the EU transportation fuel
consumption [10•]. MIRAGE-BIOF is a CGE model, with a
detailed agricultural sector module. It updates and signifi-
cantly modifies the GTAP database, refines agricultural pro-
duction functions, and includes land use substitution and
expansion. It also differentiates among different land use
types as well as includes detailed regional disaggregation,

1 The NODF can be defined as the ratio of the reduction of oil consump-
tion to the increase in global biofuel consumption. 2 Also used by Laborde, 2011.
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i.e. Agro-Ecological Zone (AEZ). The model allows for land
use expansion into different activities (different crops, pas-
ture, forestry) and land covers at the AEZ level using a
nested-CET approach. This approach is conceptually similar
to other CGEs, in particular the GTAP-Biof, but differs in
one key aspect: a non-isoelastic land supply for anthropic
activities at the AEZ level allowing extension into pristine
environment when land rents increase [11]. The study shows
the significant impact of EU RED on global land use, since
the intensive margin response remains limited in terms of
contribution to production increase. The land use impact
takes place primarily outside the EU, with most of the crop
production from savannah and grasslands. As they show, the
closure assumption regarding the potential competition be-
tween cropland and pasture land plays an important role:
allowing substitution effects and intensification in the live-
stock sectors allow most of additional cropland (60 – 70 %)
to come from grassland-type land cover, leading to carbon
emissions. In the scenario of biodiesel expansion within EU
member states’ National Renewable Energy Action Plan
(NREAP), carbon emissions are even larger due to the
expansion of palm oil in Southeast Asia and larger extension
of soybean production in Latin America. Since EU RED
includes a significant share of biodiesel, different from other

countries’ biofuel targets, the MIRAGE-BIOF scenario anal-
yses are useful to compare with U.S. policy scenarios to
highlight the importance of feedstock and biofuel mixes on
ILUC and GHG emissions.

Beach et al. [12•] use the FASOMGHG model, a U.S.
regional model that includes forestry and agriculture sectors
with detailed land use categories. Baseline includes the RFS2
mandate without storage costs for cellulosic feedstocks (where
corn and miscanthus dominate biofuel production). The sce-
narios included in the study are introduction of cellulosic
feedstock storage costs and introduction of carbon prices.
With the introduction of a $30/tCO2e carbon price, the model
shows that corn use in ethanol increases and miscanthus use in
ethanol decreases. Cellulosic feedstock use shifts to bioelec-
tricity since this shift provides a bigger decline in GHG
emissions relative to these feedstocks used in ethanol produc-
tion. In this scenario, there are significant changes in land use
across categories, with a shift toward forestry away from
agriculture. In other words, carbon payments encourage a
reallocation of land from agriculture to forestry that has higher
GHGmitigation potential. The carbon price scenario results in
lower GHG emissions. The inclusion of a bioelectricity sector
impacts the results significantly, since under the carbon price
scenario the option of bioelectricity and its lower GHG

Table 1 List of models reviewed

Model Countries Scenarios

US
RFS2

EU RED +
NREAP

Biomass
technology

Cellulosic
feedstock
storage cost

Carbon
prices/tax

Cellulosic
biofuel
producers
tax credit

Biofuel
tax credit

Sarica and Tyner (2013) US EPA MARKAL US only X X

Laborde and Valin
(2012)

MIRAGE-BIOF Global X

Beach, Zhang, and
McCarl (2012)

FASOMGHG US only X X

Chen, Huang, Khanna
(2012)

BEPAM US Only X X X

Kauffman and Hayes
(2013)

Specific PE model US only X

Drabik and de Gorter
(2011)

PE model of
the fuel/biofuel
sector NO
LAND USE

US and EU X X

Huang, Khanna, Onal,
Chen (2011)

BEPAM US only X X X

Rajagopal and Plevin
(2011)

PE model for
global oil markets,
MC approach

Global X

Mosnier, Havlik, Valin,
Baker, Murray, Feng,
Obersteiner, McCarl,
Rose and Schneider
(2013)

GLOBIOM Global X

Laborde (2011) MIRAGE-BIOF Global X
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emissions impact the allocation of feedstocks among alterna-
tive uses. The study shows the importance of including spa-
tially explicit land use data as well as including detailed land
use categories and transferability across these categories. The
significant portion of the GHG mitigation in scenario results
comes from afforestation, forest management, and bioelectric-
ity [12•],

In Mosnier et al. [13•], the GLOBIOM model is used to
assess the land use and emissions effects of the U.S.
RFS2 at a global level. Similarly to FASOMGHG,
GLOBIOM proposes a detailed land use representation of
agricultural and forestry activities relying on a linear pro-
gramming approach where allocation decisions are taken to
maximize social welfare subject to resource, technological,
and policy constraints. Although it operates at the global
level, grouping countries into 28 regions, it simulates land
use changes at a simulation unit level “defined by the
intersection of country boundaries, altitude, and slope and
soil classes within a 50 × 50-km grid.” Because of the
many similar features between the FASOMGHG and
GLOBIOM, this paper offers a strong harmonization re-
garding key baseline assumptions with the FASOMGHG
model, including rates of exogenous crop-yield growth,
land conversion for development, and biofuel scenarios. A
key result of this study shows that land use emissions are
on average 76 times higher in the rest of the world than in
the U.S. [13•].

Biofuel Pathways

The second critical component that impacts GHG emis-
sions is the biofuel pathways used in an economy and
included in the model [10•, 3]. All models include first-
generation biofuels, and only some include second-
generation biofuels3 since commercialization of second-
generation biofuels is limited at best. The nature of the
biofuel pathways included determine which biofuel is the
most feasible to meet the demand, the land requirement
for that biofuel pathway, and where the additional land
will come from.

It should be noted that Khanna and Chen [3] draw attention
to the potential of energy crops to sequester carbon in soil.
Using crop residues for cellulosic ethanol can affect soil
organic matter depending on residue collection rates and
tillage practices. They note the importance of providing in-
centives to produce and sell lower carbon intensity biofuels.
An example they provide is the low carbon fuel standard
(LCFS) that generated a large implicit subsidy for biofuels
with lower carbon intensity [3].

Among the studies included in this review, Laborde and
Valin [10•] include only first generation, crop-based ethanol
and biodiesel in the biofuel mix on the EU market. Therefore,
in their scenario analyses, EU biofuel targets lead to signifi-
cant land use change globally. This is either through domestic
production of biofuels (domestic feedstocks or imported feed-
stocks) or through biofuel imports from South America and
East Asia to meet NREAP targets [10•].

Sarica and Tyner [14] use the U.S. EPA MARKAL model,
a bottom-up energy systems model to analyze the implications
of U.S. RFS2 and various biomass technologies. They add
two new technologies in MARKAL: biochemical cellulosic
ethanol and thermochemical biomass conversion technology.
They run U.S. RFS2 scenarios with and without coal com-
bined with biomass technology. Their analysis shows that the
inclusion of these technologies in scenarios impacts the results
to a significant extent. The results show that introduction of
coal combined with biomass technology induces significant
increase in thermochemical biofuel production. There is no
cellulosic ethanol production in any of the scenario results
[14].

Beach et al. [12•] also highlight the fact that whether
second-generation biofuel pathways are included in the model
or not determine the scenario results and land use allocation.
Specifically, their baseline includes the RFS2 mandate with-
out storage costs for cellulosic feedstocks (where corn and
miscanthus dominate biofuel production). In the introduction
of a cellulosic feedstock storage costs scenario, corn use in
ethanol increases and miscanthus use in ethanol production
declines. The ethanol feedstock mix responds to the inclusion
of storage costs by shifting emphasis to traditional crops with
the lowest logistics costs. With storage cost introduction, mix
of the crop production changes with little impact on allocation
of land use in the U.S. Furthermore, the storage cost scenario
results in higher GHG emissions since it has less mitigation
potential relative to baseline [12•].

Chen et al. [15•] and Huang et al. [16] both use the
BEPAM model to analyze the implications of U.S. biofuels
policy and carbon tax in terms of land use and GHG
emissions. BEPAM includes first- and second-generation
biofuels, with multiple second-generation biofuel pathways
from crop and forest residues, and dedicated energy crops
like switchgrass and miscanthus [15•, 16]. Since both
models use the same model, the rest of the discussion will
be focused on Chen et al. [15•]. The analysis includes a
BAU with no biofuel and no carbon policy. They run three
scenarios: RFS2, RFS plus cellulosic biofuel producers tax
credit, RFS2 plus domestic carbon tax. The inclusion of
second-generation biofuels with a detailed land use model
allow the authors to analyze implications of a wider range of
policy scenarios, as well as the land use and land conversion
implications of these policies. With the RFS2 scenario, they
find that cellulosic ethanol becomes competitive over time

3 Second generation biofuels are ethanol produced from corn stover,
wheat straw, switchgrass, miscanthus, or similar energy crops and bio-
diesel from algae.

Curr Sustainable Renewable Energy Rep (2014) 1:104–110 107



with declining processing costs. Cellulosic ethanol meets a
significant part of RFS2. The crop area for corn and energy
crops increase relative to baseline. The area for energy crops
comes from conversion of idle/crop-pasture land and crop
area reallocation. They find that RFS2 lowers GHG emis-
sions (domestic plus ILUC). With the introduction of a
cellulosic biofuel tax credit to RFS2, cellulosic ethanol
production increases further with reduction in first-
generation biofuel production. This increases not only acre-
age under bioenergy crops, but also acreage from which
crop residues are harvested. GHG emissions decline in this
scenario relative to baseline and RFS2. With a carbon tax
replacing the cellulosic tax credit, second-generation in-
creases at the expense of first-generation, but to a lesser
extent. Crop residue harvest declines since energy crops
are used more due to their low carbon intensity. GHG
emissions decrease the most in all of the scenarios. The
critical part of the model is that the inclusion of multiple
biofuel pathways allows the authors to show how GHG
emissions depend on the biofuel mix, i.e. the relative role
of energy crops which are low-carbon intensity versus crop
residues for cellulosic ethanol production. They also depend
on the existence of a carbon policy [15•]. This finding is
similar to Beach et al. [12•].

Trade Policy Framework

The third critical component is the role of trade policy
in meeting biofuel targets. Obviously, the trade compo-
nent is included in all global models. One-country
models, like BEPAM, can also include trade through
reduced-form equations that imitate global trade re-
sponse. Although trade plays a role in all models, its
role has been identified particularly in Laborde and
Valin regarding the EU policy [4]. Although most stud-
ies regarding the U.S. RFS2 will point to a potential
adjustment in the rest of the world’s land use due a
decrease in U.S. exports, EU policy will lead to direct
and indirect imports affecting different regions, in a
heterogeneous way, linking strongly the global LUC
pattern to the specific biofuel mix.

Beyond the trade channel, few studies consider the active
role of trade policies in shaping the LUC pattern. In particular,
Laborde studies not only the role of trade restrictions in the
baseline (EU antidumping and countervailing duties on U.S.
biodiesel exports, Brazilian ethanol re-exports in Central
America and the Caribbean due to trade preferences), but also
the effect of trade policy reform in combination with the
biofuel mandate [9]. For instance, the same biofuel policy
leads to a 1.73 million-ha expansion of global cropland in a
scenario with constant trade policy while the combined bio-
fuel policy and the EU removal of trade barriers on ethanol
and biodiesel leads to 1.87 million ha.

Uncertainty

As discussed above, many factors impact land use change
from biofuel expansion and the resulting GHG emissions.
Zilberman et al. summarize the challenges of computing
ILUC as follows: 1. recognizing the heterogeneity of land
characteristics, 2. model assumptions on the ease of substitu-
tion of land use among different categories, 3. rate of change
of agricultural productivity, 4. rate of change of consumer
demand, 5. elasticities used in models. Finally, they note the
inherent variability of ILUC estimates, though they acknowl-
edge the justification for its use in policy design framework
[6].

Of course, the quantification of these different drivers is
quite challenging and generates uncertainties. Model compo-
nents (modeling choices and parameter values) play a signif-
icant role in generating variability among the results from
model simulations. Thus, different papers consider alternative
assumptions to study the uncertainty of their results.
Approaches are various: doing sensitivity analysis on one
assumption, e.g. alternative value for the exogenous trend in
yield productivity, as in Mosnier et al. [13•]; a set of technical
or policy parameters, as in Chen et al. and Huang et al. [15•,
16] regarding production costs, yield trends, and land use
restrictions; a combination of model closures, technical and
behavioral parameters, i.e. elasticities, as in Laborde and Valin
[10•]; or a systemic, but not exhaustiveMonte Carlo approach
tackling simultaneously eight categories of model parameters
in Laborde [9].

As already noted while discussing the challenge of quanti-
fying the ILUC with economic models, uncertainty is a key
dimension of both the research and the policy agenda. This
uncertainty is not specific to land use change and Rajagopal
and Plevin provide a rigorous and systematic approach of the
issue considering the different sources of uncertainties: oil
market response, non-land-use emissions of producing
biofuels, and land-use emissions. They use a Monte Carlo
experiment and show that limiting the policy design to add
ILUC emissions in the policy’s fuel rating systems will not
guarantee emissions decline [8].

Computation and Accounting of GHG Emissions

Since one of the aims of biofuel policies is to reduce GHG
emissions, having an exhaustive accounting of the GHG
emissions of biofuel production, including, but not limited to
land use, is critical.

Most legislative processes on biofuels include GHG emis-
sions, as summarized by Khatiwada et al. [4]. Specifically,
they note that the “result of lifecycle GHG emissions varies
significantly, depending on the life cycle analysis approach
used, type and characteristics of biomass feedstocks, system
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boundaries, functional unit, reference energy systems, conver-
sion technologies, treatment of co-products, direct/indirect
land use change”. They note that lifecycle GHG emission
estimates vary greatly based on agricultural practices (N2O
emissions from applications of nitrogen fertilizer, tillage op-
erations, residue collection and use), land carbon stock, incor-
poration of direct and indirect LUC, and assumptions in these
models regarding land use parameters and electricity credit in
the fuel production.

While computing GHG emissions frommodel simulations,
the emission categories included in each study may differ. In
some cases, the models focus explicitly on LUC emissions,
relying on exogenous and external (legislation, literature) life
cycle analysis coefficients to compute the GHG net balance of
biofuels, while others have an explicit modeling of non-land-
use emissions, considering potential shift in technology (e.g.
livestock intensification) as a side effect of the biofuel policy.
The emission categories generally included are CO2 emissions
from land conversion (due to ILUC) for biomass above
ground, mineral carbon in soils, and organic carbon in soil
(i.e. peatlands) [10•, 12•, 13•, 15•], N2O from farm inputs and
fertilizer [12•, 13•], CH4 from livestock [12•, 13•], and rice
production [10•, 12•, 13•]. These are included in terms of CO2

equivalent per MJ for policy analysis such as U.S. RFS2 or
EU RED.

Similar to Khatiwada et al. [4], Witcover et al. [17] draw
attention to the importance of estimating GHG emissions from
ILUC in terms of intensity (gCO2e/MJ fuel) due to legislation
[4, 17]. However, Kauffman and Hayes explore the issue of
how to measure GHG emissions in terms of units: per hectare
basis (tCO2e/ha) or per energy (gCO2e/MJ) basis and whether
the policy implications would change [18•]. In their U.S.
model of corn and switchgrass, they incorporate land con-
straint in a social planner’s optimization function to minimize
the environmental cost. They find that the optimal solution for
which feedstock is chosen depends on the relative energy
yield per hectare of corn and switchgrass, carbon price, and
external benefits to biofuel production (they measure this by
$0.45 per gallon biofuel tax credit). They use the EPA’s
assumptions on annualized GHG emission by biofuel path-
way converted to tCO2e/ha in their analysis. They show the
range of yields where either corn or switchgrass is the optimal
choice with and without external biofuel benefits. The mea-
surement of GHG emissions per hectare narrows the gap
between corn and switchgrass. This model suggests that if
the GHG emissions are measured on a per hectare basis, the
ranking between corn and switchgrass may change. The pol-
icy design should consider these contrasting findings.

Witcover et al. make an important point that ILUC and
GHG emission results are sensitive to policy decisions about
the amount of time emissions are tracked after conversion, and
how post-conversion emissions are treated (in other words,
amortization of emissions annually or assessing them in the

year they occur) [17]. In other words, the choice of discount
factor and how the intertemporal accounting is performed is
significant for GHG accounting. The gains from consuming
biofuels will be accumulated over time, year after year, while
biomass-based biofuels will replace fossil fuels. On the con-
trary, most land-use emissions are related to change in land
cover and the release of an accumulated carbon stocks, the
bulk of them occurring when the conversion is done, or in a
relative period of time after (e.g. time for the carbon accumu-
lated in wood from cleared forests to be released). In this
framework, the challenge is to balance long-term savings with
short-term costs. Most studies will use the ad hoc choices
defined in the policy framework to annualize land use emis-
sions. Studies focusing on the EU legislation will use a 20-
year period (total land-use emissions are divided by 20 years),
while for the U.S. focused studies, a 30-year period is used.
More interestingly, O’Hare et al. and de Gorter and Tsur
provide a critical discussion on this topic and provide a
theoretically sound framework for improved GHG account-
ing. Both papers show that improved methodology signifi-
cantly reduces the scope of net GHG savings by many
biofuels [19, 20].

Conclusions

This paper attempts to evaluate the literature published in
recent years relevant to ILUC from biofuel expansion and
GHG emissions. We showed the variability of ILUC and
GHG emission estimates and tried to identify the main sources
of variability. These are: a. a level of spatial heterogeneity in
the model, b. whether second-generation biofuel pathways are
included or not, and c. the role of trade policy. Since design
and implementation of biofuel polices have relied on and will
continue to rely on simulation models, the variability of these
estimates highlights the importance of conducting a
comprehensive effort of policy simulation exercises
using multiple models. Policy design should acknowl-
edge the underlying uncertainty of these quantitative
assessments. In other words, there is no one simulation
model that can deliver an answer on ILUC. At the same
time, this uncertainty does not mean that policy makers
should avoid tackling this critical issue.

Furthermore, policy framework is crucial for development
of second-generation biofuels that limit the extent of ILUC,
either through consumption mandates or through R&D grants.
Trade policy, though not the first thing that comes to mind
when discussing biofuels, has greater implications than is
currently acknowledged. Thus, biofuel policy simulation ex-
ercises should always be conducted within multiple trade
policy frameworks. This also highlights the fact that biofuel
policy design should be done in coordination with trade policy
design.
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An important point in this debate is made by Beach et al.,
who note that policy makers can impact only a limited amount
of factors [12•]. They show the importance of supply logistics
as well as regulation in their simulation results. They note that
“the desirability of a given feedstock varies as the set of traits
favored by market and policy changes”.

It is important to quote Witcover et al. who propose a
guideline for policy makers to deal with ILUC and its conse-
quences [17]. These are summarized as (1) use of feedstocks
that require less land, (2) adoption of measures that lower
LUC risk from land-using feedstocks, and (3) investing in
productivity gains and environmental protection.

To sum up, ILUC is a key component of the GHG balance,
and the policy design should learn from the assessments based
on model simulations, such as the importance of a good trade
policy framework, promotion of “some” biofuels vs. others,
reinforcement of land conservation programs, defining
roadmaps in terms of yields progress and land use achieve-
ments, and making the pursuit of biofuels programs contin-
gent to such realization.
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