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1 Introduction and Overview
The use of biomass for energy production is rising globally in parallel to increasing oil
prices, and concerns about energy security, and climate change. Many countries
recognize biomass as a domestic energy resource, and some see opportunities for
exports of liquid biofuels. With political goals of e.g., the EU to increase the use of
biofuels in the transport sector from a current rate of 2% up to 10% in 2020, and
domestic biofuel quota systems being introduced in many other countries as well,
there is little doubt that biomass use for liquid transport fuels, as well as for electricity
and heat production, will continue to rise in the future, and that global trade with
bioenergy will rise in parallel. This will pose both opportunities and risks for sustainable development for regions, countries, and the world as a whole.
In this context, the German Federal Environment Agency (UBA), on behalf of the
Federal Ministry for Environment (BMU), funded research on sustainable global
biomass trade, carried out by Oeko-Institut and IFEU.
This “bio-global” project covers methodical aspects concerning climate protection,
biodiversity, water and land use, but also aspects related to bioenergy trade and legal
issues (e.g., WTO, bilateral agreements)1.
A key element in that research is to consider and elaborate on opportunities for
sustainable biomass feedstock provision which have no negative or even positive
environmental, biodiversity, climate, and social trade-offs.
With regard to the greenhouse-gas (GHG) emission balance of bioenergy, the
possible effects of direct and especially indirect land use changes (ILUC) associated
with cultivating biomass feedstocks are vigorously discussed (Section 2).
The core of this paper introduces a deterministic approach developed by OekoInstitut within the Bio-global project to include GHG emissions from ILUC in
regulatory policies for biofuels (Section 3), and updates previous versions of this
paper which have been published earlier by introducing a revised 2005 iLUC factor
estimate (Section 3.2), and giving an outlook to the range of possible future iLUC
factor values from 2010 to 2030 (Section 3.3).
The paper further discusses briefly policy options to include an iLUC factor in
regulatory schemes for biofuels (Section 4), sketches approaches to “offset” ILUC
emissions (Section 5), and alternative policy concepts which avoid quantifying ILUC
effects (Section 6).
Finally, some conclusions are drawn and future work on ILUC is outlined (Section 7).

The Annex gives the data background for calculating the iLUC factor.

1

For details, see OEKO/IFEU (2010)
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2 Bioenergy Greenhouse-Gas Emissions from Land Use Changes
The evidence of significant greenhouse gas (GHG) emissions from potential land use
changes (LUC) has been increasingly recognized in the recent literature2.
Cultivating biomass feedstocks for bioenergy in general and for biofuels in particular
needs land, which might cause LUC regarding


direct effects on the site of a farm or plantation, and



indirect effects through “leakage”, i.e. displacement of previous land use to
another location where direct LUC could occur.

Both effects could have significant impacts on the overall GHG balance of bioenergy
and biofuels, so that a methodology is needed to include both in GHG accounting.

2.1 Direct Land Use Changes
The GHG emissions of biomass feedstock production resulting from direct land use
changes (dLUC) can be determined from the carbon balances of the previous land
use and the land use for biocrops regarding above-ground carbon content of existing
vegetation (if any), as well as the below-ground (soil) carbon3. Each balance might be
negative or positive, so that the total direct C balance could also be negative or
positive.
To derive the respective balances, the default data of the Intergovernmental Panel on
Climate Change (IPCC 2006) for direct land use and soil-carbon changes can be
used, and a time horizon of 20 years to allocate the net CO2 balances to annual
bioenergy production, i.e. the total net CO2 emissions from dLUC is distributed over
the total energy yield from biocrops for a 20 year time horizon.
As it is reasonable to assume that the location of any biomass feedstock production is
known, one immediately knows also which dLUC occurred: is arable land
converted, or pasture or permanent grassland, peatland, savannah, or (tropical)
forests (OEKO/IFEU 2010)? Thus, using the IPCC default data, the GHG emissions
from dLUC can be derived with rather low uncertainty4.

2

See e.g., CDB (2009); Dale (2008); Ecofys (2009a); ELOBIO (2009); ESA (2010); Fargione et al. (2008);
Fehrenbach/Fritsche/Giegrich (2008); GBEP (2009a+b); IEA (2009a+b); IFEU (2009); JRC (2008); Lapola
(2010); MIT (2009); MNP (2008); OEKO (2008 + 2010a); ORNL (2009); PBL (2010a-e); RSB (2009); RFA
(2008); Searchinger et al. (2008 + 2009); Searchinger (2009 + 2010); UNEP/RSB/IPIECA (2009); WBGU
(2008)

3

It should be noted that direct LUC not only affects the C balance, but could also cause emissions of CH4, and
N2O. For reasons of data availability, only CO2 from the net C balance is considered here for the direct and
indirect GHG emissions from LUC.

4

It should be noted that the IPCC default data have an inherent uncertainty, though, as they were derived for
accounting of LUC in national GHG reporting under the UNFCCC which has a spatial scope of 100,000 to
several million hectares. Their application to site-specific situations of a biomass feedstock plantation with a
spatial scale in the order of 100 to 1,000 hectares introduces a possible range of error.
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2.2 Indirect Land Use Changes (ILUC)
From a global perspective which takes into account all land use from all production
sectors of biomass (agri- and horticulture, fishery, forestry), increasing biomass
feedstock production has only direct LUC effect, as all interaction of markets,
changes of production patterns and the respective conversion of land from one (or
none) use to another will be accounted for.
The problem of possible indirect effects arises when a partial view of the


production sectors (e.g. only agriculture), and/or



biomass product market (e.g. only biofuels), and/or



land use (e.g. only a certain region/country)

is taken in considering impacts. An example for this is a GHG reduction requirement
which only addresses biofuels, i.e. not considering food and feed production.
Thus, it is a problem of scope – when the system boundary for an analysis is
reduced, a “blindness” to possible impacts outside of the scope is the consequence.
In focusing only on the production of biomass feedstocks for bioenergy in general, or
biofuels in particular, the direct effects outside of the scope become “indirect”:
In that view, cultivating biomass feedstocks can have indirect LUC (ILUC) effects
through displacing current agricultural (food, feed) or forest (fiber, timber) production
to other areas5 - e.g. grasslands or forested land – which causes dLUC there6.
As the displacement could move previous agricultural production to areas outside of a
country, could occur with significant time lags, and could be distributed through global
trading, ILUC cannot be determined with respect to any individual feedstock
production activity – it is “non-local”.
The non-locality of indirect effects is a result of the non-locality of global commodity
markets – unless one assumes a full global “tracing and tracking” for the origin of all
traded commodities, one cannot know whether a production increase of an
agricultural commodity such as wheat (and possibly a respective conversion of
previously unused land) in a given country is “caused” by a rise in demand for bread in

5

A key assumption for this is that demands for displaced production remain on the same level, or even grow –
otherwise, the displacement could be reduced or even zero. For food and feed, though, demands are expected
to rise more or less in the next decades, depending on population growth, income, and diets (which are
interlinked). Still, one needs to consider the price elasticity of demands – if prices for e.g. food and feed rise
due to land or price competition with biofuels, the demand for food/feed might be reduced to some extent,
compared to the demand without additional biofuel production. Similarly, prices can have an effect on diets
(share of dairy and meat), which in turn can “dampen” the actual displacement.

6

Note that indirect effects could occur also with regard to biodiversity impacts (CBD 2008; Hennenberg et al.
2009; OEKO/IFEU 2010), and food security implications (ELOBIO 2009b; Faaij 2008; FAO 2008+2009; IIASA
2009; Ratmann/Szklo/Schaeffer 2010).
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another country, or by a change in trade relations, or by a rising demand for
bioethanol produced from wheat somewhere else. Even if the feedstock into the
ethanol plant would be “traced back” to its source(s), only full global tracing could
reveal any implications this feedstock demand has on all other production – and not
only for wheat, but also for interrelated feedstocks such as maize (corn) or rye which
have a functional equivalent to wheat on the different markets and uses.
Besides assuming such a full track and trace system for all biomass production in all
sectors, the only undisputed option to avoid (or control) indirect effects is to extend
the scope to all land use for all commodities in all countries, i.e. taking a global
perspective on all biomass production sectors7.
For a variety of reasons, such a “full” scope is neither feasible in a policy context nor
practical in the near future – the global governance of land and carbon is still in its
infancy (WBGU 2009), and the monitoring of all land use changes has severe
restrictions in spatial and time resolution, and the correlation between LUC and
economic activities in a given country or region within a given time is far beyond all
data availability.
In consequence, one will have to “deal” with indirect effects of incremental land use,
and find ways to identify and quantify ILUC effects as long as specific policy goals
such as net GHG reduction are related to e.g., biofuels8.
In that regard, biomass for energy (or biofuels) is only one option for land use among
others, and markets for bioenergy feedstocks and agricultural or forestry commodities
are closely linked already and will become more so in the future.
Thus, LUC effects which are “indirect” to bioenergy are “direct” effects of changes in
agriculture (food, feed), and forestry (fiber, wood products), and vice versa.
Before going into the problems of quantifying ILUC effects, a clarification is needed on
what ILUC means in terms of “strictness”:
In a strict definition, ILUC could occur for all biomass feedstocks derived from any
land which has been used previously for food/feed or fiber production, or from land
which has the potential to be used for food/feed/fiber production. In that regard, all
arable or pasture land used for additional biomass feedstock production will induce at
least some ILUC due to displacement, even if such displacement is hypothetical only.
The underlying hypothesis of the strict definition is that any arable or pasture land has
potential to be used for food/feed production, so that its opportunity value would be
reduced by using it for biomass feedstock production.

7

For a more detailed discussion of the carbon accounting under various regimes which lead to “indirectness” of
CO2 emissions due to limitations in the accounting system (boundaries, time dependencies etc.), see
Joanneum (2010). This paper gives an excellent discussion of the issue with a focus on wood.

8

It is important to understand that for any partial analysis, ILUC is not only a possibility for incremental biofuel
production, but a consequence of any incremental use of productive land.
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Others consider the opportunity value of all arable or pasture land as a potential (nonpermanent) sink of atmospheric C due to (natural) biomass growth.
A more “loose” definition assumes displacement from biomass feedstock production
only for land which actually was used previously for food/feed/fiber production, thus
excluding set-aside and abandoned land as well as biomass feedstocks derived from
intensified land use which, due to higher yields, “frees” land for other uses.
In both definitions, though, biomass feedstocks derived from unused9 biogenic
residues and wastes and from abandoned and unused degraded land have a zero
displacement risk, thus inducing no indirect land use change.
In the following, the “loose” ILUC definition will be used, as the paper addresses
mainly the policy options in which analytical issues such as opportunity values and
hypothetical future situation are of less importance.

2.3 Quantifying GHG Emissions from ILUC
Given the principal “non-local” nature of ILUC, the task to calculate possible GHG
implications from ILUC is to establish quantitative relations between


the additional biomass feedstock production and respective displacement of
previous land use(s), and



the displaced production and its possible direct LUC effects10.

The first relation can, in principle, be derived from economic models for agricultural
production which try to establish the trade relations between countries, commodities,
and markets. In those models, land is an (economic) input factor for producing
commodities so that any change in markets, trade, and production can be computed
back into changes in land use.
The second relation needs biophysical models to derive direct LUC and the
respective CO2 emission balance.
Thus, the quantification of GHG emissions from ILUC requires to couple economic
models with a biophysical component or to pre-calibrate biophysical models with
economic data – in both cases, different model “worlds” are coupled11.

9

The term “unused“ reflects that in case of existing uses of biogenic residues (e.g. straw for animal bedding,
forest thinnings for pulp & paper ), displacement could occur which would not follow land use change logics, but
material flow substitution. Thus, it is important to clearly define that non-displacing residues are not in
competition with other uses. For wastes which are subject to disposal, displacement could result in positive
effects, e.g. reducing CH4 emissions from landfilling. For wastes being subject to recycling, the material flow
substitution logic need to be applied to check whether displacement causes positive or negative effects.

10 See also Ecofys (2009a) and RSB (2009).
11 For a discussion see Banse/Eickhout (2009).
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This implies a need for coherent data definitions, and compatible spatial as well as
time resolution of both “worlds”, which puts quite some burden on constructing and
maintaining the interfaces between the models. In reality, this requirement can be met
only partially due to data availability and model structure restrictions.
Accordingly, there is a lively debate in the literature (and beyond) on how to model
(and interpret) ILUC and the respective potential GHG emissions12.
A recent study of CE Delft for a consortium of European NGOs discussed ILUC values
(from various approaches and models) which could be included in possible future
revisions or extensions of the RED methodology to calculate life-cycle GHG emissions
for biofuels (CE 2010). The following figure represents the respective data for GHG
emissions from ILUC.
Figure 1

Modeling Results for GHG Emissions from Indirect LUC

Source: CE (2010); AGLINK data on LUC were converted by CE into GHG emissions

12 The key references for this debate are given in footnote 2.
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This figure should only give an impression on the overall “spread” of results from
various models – it can be seen that there is a range of roughly 10 to 100 grams of
CO2 per MJ of biofuel resulting from ILUC.
2.3.1 Agro-economic models for ILUC
Without going into details13, it can be argued that agro-economic models depend
extensively on critical input parameters such as land and commodity prices, and
internal resolution and structure (e.g., conversion of pasture land, handling of byproducts etc.). Basically, such models derive “indirect” impacts from the difference of
two model scenarios - one scenario with a bioenergy policy (or assuming that the
global system is exposed to a “shock” from producing a certain amount of biofuels),
and one scenario without (e.g., a reference case excluding the bioenergy policy, or the
respective amount of biofuels).
The models simulate future worlds, and the quality of the simulation depends on
appropriate data inputs, their (recursive) handling to derive future trends, and the
overall completeness of interactions between commodities and markets handled
within the model14.
By necessity, the outcome of such modeling varies between models, studies, and
scenarios resulting from modeling.
Furthermore, it is currently not possible to run one model with the database of another
one (or vice versa) or several models with on identical database to identify modelspecific deviations (or shortcomings) – this is part of an ongoing discussion, especially
in the Europe (EEA, EU Commission, JRC)15 and the US (DOE, EPA)16.
There is some exchange between these discussions, and international bodies such as
FAO and OECD, and their respective research teams, participate as well17.

13 For a recent review of models for ILUC, and the respective implications for policy, see PBL (2010c).
14 For example, the role of by-products from biofuel feedstock conversion is a key issue – until recently, only few
agricultural models considered this, although the treatment of by-products will have a dominant role regarding
ILUC results (PBL 2010e).
15 As part of the work of the Joint Research Centre (JRC) for the European Commission with regard to including
ILUC in the EU Renewable Energy Directive (RED, see Section 4.1), a literature review of estimates on future
land use changes associated with increasing the biofuels share in the EU fuel matrix was carried out (JRC-IPTS
2010), but this study did not translate the LUC into GHG emissions.
16 The US discussion around ILUC is mainly focusing around the EPA approach (see Section 4.2) and the
Californian LCFS (see Section 4.3). For the latter, an international expert group is currently working on
improving the ILUC modeling for CARB.
17 This discussion is mainly organized in transatlantic workshops (JRC/EE/OECD 2009), but also as part of the
IEA Bioenergy Task 38 exchanges (IEA 2009b).
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In political discussions around ILUC, the range of results from ILUC modeling has
been translated into “uncertainty” – which is quite misleading, as the future – by
definition – cannot be known with any “certainty” today.
There is a fundamental gap between now and the future - say, 2020 - which no model
will ever be able to bridge, even assuming the “best”” accuracy, resolution, and
complexity of the database, or model algorithms.
Global commodity markets have an intrinsic uncertainty, because important drivers
are unknown in their future values, or subject to a range of possible expressions – or,
as Timothy Searchinger put it:
“All models suffer from the uncertainty about whether past economic relationships will
hold true in the future“. (Searchinger 2010; p. 9)
Thus, any future projection for markets will necessarily show a significant error range
which will increase with projected time horizons.
2.3.2 Deterministic Approaches: Simplified Modeling
In contrast to data-intense and rather intransparent economic models, deterministic
approaches use simplified calculations (mostly spreadsheet-based) in which the basic
idea is that complex simulations of trade and respective LUC effects can be shortcut
with a set of statistical data on trade, and assumptions on, e.g., future trade patterns,
and displacement ratios for incremental land use for biomass feedstock production18.
An ongoing study for the UK Department of Transport tries to develop fuel-chain
specific ILUC values using a “descriptive-causal” approach for several EU-relevant
biofuel life-cycles.
A study objective is to demonstrate the validity of the approach, and a crucial part of
the work is to capture views and insights of a range of stakeholders who have an
understanding of the systems involved in ILUC to ensure that the ILUC factors
calculated are based on the best available scientific and economic evidence (E4tech
2010).
As of now, this study resulted in various drafts for biodiesel from European rapeseed,
and imported soybean and palm oil, as well as for ethanol from European wheat, and
imported ethanol from sugarcane. Due to the ongoing work, no final results are
available19.

18 Besides the iLUC factor approach presented in Section 3, such approaches are e.g., Ecometrica (2009), and
Scott-Wilson (2009), among others. A brief summary is given in Ecofys (2009a) and IFEU (2009).
19 As the authors of this paper are part of the external review committee for this study, we refrain from citing
preliminary results. Any interested party can obtain available texts from the study’s website (see E4tech 2010).
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3 The iLUC Factor: A Simplified Approach
As one of the early approaches to determine GHG emissions from potential ILUC
using deterministic, simplified analysis, Oeko-Institut developed a methodology to
include potential GHG emissions from ILUC in regulatory policies for biofuels. This
approach has first been called “risk adder” (Fehrenbach/Fritsche/Giegrich 2008), but
was renamed during 2008 into iLUC factor20.
The key simplifying assumption of the iLUC factor approach to avoid complex
modeling of agricultural markets (see Section 2.3.1) is that current patterns of land
use for producing traded agricultural commodities are an adequate proxy to derive
global averages of potential GHG emissions from indirect LUC.
The second underlying assumption is that for the near future, the pattern of global
trade in agricultural commodities can be derived from observed trade trends.

3.1 Key Considerations for the iLUC factor
The iLUC factor approach assumes that the potential release of CO2 from LUC
caused by displacement is a function of the land used to produce agricultural products
for export purpose, as trade flows will be affected by displacement21.
As the overall global agricultural production and trade system is changing only slowly
over time due to internal inertia22, the pattern of agricultural production and trade from
the last years can be assumed to be rather similar to the near future development.
Second, the “disturbance” of the global agricultural production and trade system
arising from increase bioenergy (and especially biofuels) demands will remain
comparatively small in the next decade or so, even if the EU and the US implement
their policy targets for increasing biofuel use. The reason for this is that the share of
biofuel feedstocks is, in quantitative terms, far below 10% of the overall mass of nonbioenergy feedstocks traded globally.
The following table shows the respective mass flows.

20 The renaming reflects the applicability in both “malus” and “bonus” schemes for GHG accounting: a malus
system will add a certain amount of GHG emissions from ILUC to those biofuels which are derived from
feedstocks with a non-zero risks for displacement, while a bonus system would credit zero-risk biofuels (e.g.
from wastes, or feedstocks grown on degraded land) with the amount of indirect GHG emissions they avoid.
21 Due to this key assumption, the iLUC factor approach cannot be applied to potential ILUC occurring within a
country, as there is usually no intra-national trade information.
22 The inertia of the ”overall“ global system of agricultural trade is a result of the aggregation of a broad variety of
decision-makers (e.g. millions of farmers, several thousands of commodity traders, hundreds of banks issuing
credits for agricultural investment etc.), and the “dampening” of quick changes due to political decision making
on trade. For example, the GATT/WTO negotiations on agricultural trade (tariffs, subsidies etc.) typically run for
several years. There is quite a
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Table 1

iLUC Factor

Global Biomass Production and Trade in the Year 2006

Product

World
production

Industrial wood, forestry products
Industrial logs
Wood chips and chippings
Saw logs
Cellulose pulp
Cardboard and paper
Agricultural products
Corn
Wheat
Oats, barley, rye
Rice
Palm oil
Rapeseed, rapeseed oil
Bioenergy

3009
1684
232
427
190
354
2214
695
606
175
635
37
66
1284

Ethanol
Bio diesel
Palm oil
Firewood
Charcoal
Pellets
Indirectly traded bioenergy carriers
Industrial logs

51
5
1,4
1827
43
8

Wood chips and chippings
Total bioenergy traded

Internationally traded

Unit

424
120
37
120
42
100
290
83
118
27
28
23
11
15
300
4,3 (120 PJ)
< 0,5 (15 PJ)
1,1 (40 PJ)
4 (40 PJ)
1,4 (20 PJ)
3,6 (60 PJ)
630
480

Million t
Million m3
Million m3
Million m3
Million t
Million t
Million t
Million t
Million t
Million t
Million t
Million t
Million t
Million t
PJ
Million m3
Million t
Million t
Million m3
Million t
Million t
PJ
PJ

150
930

PJ
PJ

International
trade/world
production
14%
7%
19%
31%
22%
31%
13%
12%
19%
15%
4%
62%
17%
1%
8%
8%
79%
0%
3%
45%

Source: OEKO/IFEU (2010) based on Heinimö, J./Junginger, M. 2009: Production and trading of biomass for energy – An overview of the global status; in: Biomass & Bioenergy vol. 33, p.
1310-1320

As can be seen, the bioenergy mass share in total global biomass trade is so small
that even massive increases will not – on average – result in significant changes of the
global system23.
The globally traded bioenergy and biofuel feedstocks represent about 1 % of all global
bioenergy production, and traded biofuel feedstocks account for approx. 5% of all
traded agricultural products. If wood and timber products are added, biofuel
feedstocks are 2% of all anthropogenic biomass production traded globally, while all
bioenergy production represents 20% of all agricultural and forestry production.

23 Within countries, though, the changes can be far higher, for example in Argentina, Brazil or India, or within the
EU countries, and the US.
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Thus, there is a factor of 10 between overall bioenergy production, and traded biofuels
and respective feedstocks. Even if trade in biofuels would increase by a factor of 5 in
the next years, it would still represent a small fraction of overall biomass trade.
The iLUC factor approach takes into account that all countries trading agricultural
products across borders might be subject to LUC from displacement, so that
displacement can impact different land with different (above- and below-ground)
carbon stocks.
Countries participating in global trade are potentially incited to increase food/feed
production to “balance” the global market if increased feedstock production for biofuels
displaces previous food/feed production through respective land use.
The iLUC factor as a deterministic approach aims to describe average impacts for a
given year or period.
For that, the share of land utilized for producing the amount of food/feed displaced by
increased bioenergy feedstocks production is derived from the share of land used in
each country for agricultural exports, taking into account country-specific yields (based
on FAO data for 2005)24.
Thus, the share of land in each export country was calculated using the respective
amounts of traded key agricultural commodities which are influenced by bioenergy
feedstock production, i.e. rapeseed, corn (maize), palmoil, soy, and wheat, and these
amounts were divided by the respective country-specific yields25.
To simplify the overall data, only key countries/regions were considered: Argentina
(AR), Brazil (BR), the European Union (EU), Indonesia (ID, together with Malaysia),
and the United States of America (US). These countries/regions represent more than
80% (in mass terms) of the global trade in the selected agricultural commodities in
2005, thus giving a good proxy of the overall pattern of land use. The following table
shows the first steps of this calculation for selected commodities.

24 See Annex for detailed data on export shares, and yields derived from FAOSTAT.
25 Note that biofuel feedstocks can be cultivated also on (former) pasture and grasslands where they might
displace not food/feed/fiber crops, but cattle ranching or sheep herding, etc. This could, in principle, be also
factored into the global trade “pattern” derived here and the respective land use changes. Due to restrictions in
time and available data, this could not be included in the calculations given here, though.
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Table 2

iLUC Factor

Maize, Soybean and Wheat Exports and Associated Land Use
exports, million t
2005

land for exports, million ha

2010*

2005

2010*

maize
AR

14.6

16.0

2.0

2.1

BR

1.1

11.0

0.4

2.8

EU

8.8

25.0

1.0

2.8

0

0

0

0

US

45.4

55.0

4.9

5.5

total

69.9

107.0

8.3

13.2

ID

soybeans
AR

9.9

12.0

3.6

4.2

BR

22.4

24.0

10.1

10.2

EU

0

0

0

0

ID

0

0

0

0

US

25.7

30.0

9.0

10.1

total

58.0

66.0

22.7

24.5

wheat
AR

10.4

10.0

4.1

3.8

BR

0.2

0

0.1

0.0

EU

22.6

32.0

3.2

4.5

0

0

0

0

US

27.2

35.0

9.4

11.7

total

60.4

77.0

16.7

20.0

ID

Source: own calculation based on FAOSTAT data; * = based on trend 2003-2007

The land use for agricultural exports determined for each country/region was then
totaled, and the shares of countries/regions in that total was derived as the “world mix”
of land used for total exports of the selected agricultural commodities.
The world mix is used as a proxy for the average pattern of all displaced land, i.e.
the mix does not discriminate between agricultural commodities, but gives an average
per hectare.
The logic of this key assumption is that the trade flow pattern and respective land use
shares of agricultural commodities will be, on average, the same for the displaced
commodities, expressed by the displaced land use. With future changes in trade
patterns, and changes in associated LUC, the “world mix” of land use must be
adjusted.
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The next step in deriving the iLUC factor is to combine the land use shares in the
“world mix” with assumptions on which direct LUC occurred when producing export
commodities, e.g.


shares of arable and grassland to produce rapeseed and wheat in the EU, and
maize (corn) in the US,



share of converting grassland or savannah in AR or BR for soybean farming,



tropical forests converted to oil palm plantations in Indonesia26.

The regional LUC assumptions were then coupled with the respective IPPC factors for
C, and weighted with the share of the country/region in the world mix (see last column
in Table 3). The result of this is the CO2 emission from LUC associated with the
average world mix, i.e. the average emissions per hectare of land used for globally
traded commodities (see last two lines in Table 3).
Table 3

Matrix for World Mix of Land associated with ILUC and respective CO2
Emissions from LUC for 2005
assumption on C for LUC, based on IPCC

region, crop, previous land use
EU, rapeseed, arable land
EU, rapeseed, grassland
AR/BR, soybean, grassland
ID, oil palm, trop. forest
EU, wheat, arable land
EU, wheat, grassland
US, maize, arable land
US, maize, grassland
BR, sugarcane, arable land
BR, sugarcane, grassland
BR, sugarcane, savannah

above ground below ground
[t C/ha]
[t C/ha]
5
50
6
63
6
63
165
5
6
5
6
5
6
66

100
50
63
50
63
50
63
68

weighted world mix based on domestic land shares for export
theoretical 100% iLUC factor, per hectare per year

total
emission
share in
[t C/ha] [t CO2/ha] world mix
55
202
2%
69
254
2%
69
254
20%
265
55
69
55
69
55
69
134

972
202
254
202
254
202
254
491

3%
4%
2%
20%
26%
7%
9%
5%

270 t CO2/ha
13.5 t CO2/ha/a

Source: own calculations based on IPCC (2006), and FAOSTAT (for world mix); red shading: high GHG
emissions from LUC due to carbon-intense land

The theoretical “full” – i.e. 100% - iLUC factor would be applicable only if the certainty
of displacing a given amount of biofuel feedstock production would be 100%, i.e. if

26 These assumptions were checked against the 1980-2000 land conversion trends for several world regions
established by Gibbs et al. (2010) using remote sensing data and using Lapola (2010) data for Brazil. This
check lead to a revision of the earlier reported iLUC factor for 2005 - see column “2005 (old)” in Table 4.
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each hectare of bioenergy feedstock production would displace 1 hectare of previous
production.

3.2 The iLUC factor: Realistic Levels
In reality, though, the ratio between the land used for biofuel feedstock production and
displaced land (i.e., the ILUC risk level) will be lower than 1, as biofuel feedstocks
come from a variety of sources, and circumstances, such as use of set-aside and
abandoned land, intensification of existing cultivation schemes, and price-induced
changes of commodity consumption must be considered as well.
It is assumed that in the longer-term, 25% of all biofuels will come from feedstocks
grown on land “set free” through yield increases for which the “loose“ definition
assumes a zero displacement risk. The 25% figure is derived from an average yield
increase of 1% per year until 2030 which is used in various studies (e.g. IEA 2009c).
Thus, the maximal iLUC factor will be only 75% of the theoretical full iLUC factor.
To derive practical values for the iLUC factor, i.e. numbers which could be used in a
regulatory context, the following cases were defined:


“low level”, assuming that 25% of all biofuel feedstocks are subject to the
theoretical full iLUC factor, which gives 3.4 t of CO2/ha/year for the year 2005



“medium level”, meaning a 50% share of all biofuel feedstocks are subject to the
theoretical full iLUC factor, resulting in 6.8 t of CO2/ha/year for the year 2005.

Still, the displacement risk will change over time, i.e. the more biofuel feedstocks are
produced from cultivating land being subject to competition, the higher the cumulative
risk of displacement will become for the average biofuel feedstock, as land is a finite
resources, and competing demands for land use increase as well.
Therefore, the iLUC factor should be dynamic, as presented in the following section.

3.3 The iLUC factor: Future Levels
The approach for using the “world mix” of land use implied by agricultural exports and
explicit assumption on respective LUC in each country/region can be projected also
over time to derive future iLUC values for given risk levels.
For this, the yield data of the biofuel feedstocks were projected from the 2005 levels to
2030 (see Annex), and the IPCC factors for dLUC were held constant.
Next, the trade shares for 2010 were estimated based on FAOSTAT data trends from
2000 to 2008, and the possible changes in LUC due to national/regional land use
policies27 factored in. For 2030, a range of LUC figures was derived in three scenarios
to reflect possible longer-term developments:

27 For example, Brazil has introduced a law on ”agro-environmental zoning“ for sugarcane expansion.
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The “HIGH” case assumes that conversion of carbon-rich land especially in AR,
BR and ID cannot be stopped, so this scenario indicates the maximum (upper)
range of possible LUC emissions.



The “LOW” case assumes that policies to ban conversion of carbon-rich land are
successful, and also that degraded land is increasingly used for feedstock
production. Thus, this scenario describes the “optimistic” (lower) range of possible
GHG emissions from LUC.



The “REF” case is the middle path between HIGH and LOW, but leaves out the
use of degraded land.

The following table gives the development of the “world mix” of land use, assumed
direct LUC, and the respective iLUC factor figures derived.
Table 4

Range of iLUC Factors for Biofuel Feedstocks, 2005-2030

region, crop, previous land use
EU, rapeseed, arable land
EU, rapeseed, grassland
AR/BR, soybean, grassland
AR/BR, soybean, savannah
ID, oil palm, grassland
ID, oil palm, degraded land
ID, oil palm, trop. rain forest
EU, wheat, arable land
EU, wheat, grassland
US, maize, arable land
US, maize, grassland
BR, sugarcane, arable land
BR, sugarcane, grassland
BR, sugarcane, degraded land
BR, sugarcane, savannah

share in world land mix for agricultural exports
2030203020302005
2010
2020
REF
HIGH
LOW
2%
1%
0%
0%
0%
0%
2%
3%
2%
0%
0%
0%
20%
20%
21%
23%
20%
26%
0%
0%
2%
3%
6%
0%
0%
0%
2%
4%
0%
5%
0%
0%
0%
0%
0%
3%
3%
3%
4%
4%
8%
0%
4%
3%
2%
0%
0%
0%
2%
3%
4%
5%
5%
5%
20%
20%
10%
0%
0%
0%
26%
25%
30%
33%
33%
33%
7%
4%
2%
0%
0%
0%
9%
14%
18%
26%
24%
18%
0%
0%
0%
0%
0%
10%
5%
4%
3%
2%
4%
0%

iLUC factor
maximal iLUC
iLUC25%
iLUC50%

[t CO2/ha/year]
10.2
3.4

10.2
3.4

10.9
3.6

10.9
3.6

12.8
4.3

8.3
2.8

6.8

6.8

7.3

7.3

8.5

5.5

Source: own calculation; grey values are reported for information only.

The following figure gives a graphical representation of the respective iLUC factor
results over time.
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Figure 2

iLUC Factor

Current and Projected Levels of the iLUC Factor
iLUC25%

9

iLUC50%

8
7

t CO2/ha*a

6
5
4
3
2
1
0
2005

2010

2020

2030-LOW

2030-REF

2030-HIGH

Source: own calculation; the dashed lines indicate the 2005 iLUC factor levels for 25% and 50%

To translate the iLUC factor to a given biofuel, the land-based values given above
(t CO2/ha/year) need to be divided by the fuel-specific yield (GJbiofuel/ha/year), resulting
in energy-specific emission factors (g CO2/MJbiofuel).
With a “typical” net energy yield of a biofuel life-cycle of 100 GJbiofuel/ha, the 25% iLUC
factor for 2010 translated into 34 g CO2/MJbiofuel, while the 50% iLUC factor would
result in 68 g CO2/MJbiofuel.

In the following table, the life-cycle GHG emissions of “real” biofuels are shown,
differentiating between the emissions from life-cycle analysis (LCA), LCA plus direct
LUC (+dLUC), and this sum plus the 25%- and 50% iLUC factors, respectively (both
for 2010). Note that biofuels using feedstocks from degraded land, the dLUC value is
negative, while the iLUC factor is zero. Thus, the LCA emissions are reduced in the
+dLUC column, and remain the same in the iLUC columns.
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iLUC Factor

Life-Cycle GHG Emissions of Biofuels and Impacts from ILUC in 2010

Region, feedstock,
previous land use
EU, rapeseed, arable
EU, rapeseed, grass
EU, SRF*, arable
EU, SRF*, grass
AR/BR, soy, grass
AR/BR, soy, sav.
ID, oil palm, grass
ID, oil palm, degr.
ID, oil palm, forest
EU, wheat, arable
EU, wheat, grass
BR, sugarcane, arable
BR, sugarcane, grass
BR, sugarcane, degr.
BR, sugarcane, sav.

GHG emission g CO2eq/MJbiofuel
+iLUC
+iLUC
LCA +dLUC
25%
50%
40
40
73
107
40
67
100
134
14
-2
36
75
14
29
67
106
20
51
92
118
20
188
188
188
43
12
30
48
43
-55
-55
-55
43
213
213
213
45
45
79
112
45
72
106
139
26
26
47
68
26
43
64
85
26
-1
-1
-1
26
120
120
120

reduction vs. fossil fuel
+iLUC
+iLUC
LCA
+dLUC
25%
50%
-54%
-54%
-15%
24%
-54%
-23%
16%
55%
-84%
-103%
-58%
-14%
-84%
-67%
-22%
22%
-76%
-41%
7%
37%
-76%
118%
118%
118%
-50%
-86%
-65%
-44%
-50%
-163% -163%
-163%
-50%
147%
147%
147%
-46%
-46%
-7%
32%
-46%
-15%
24%
63%
-69%
-70%
-45%
-20%
-69%
-50%
-25%
0%
-69%
-101% -101%
-101%
-69%
41%
41%
41%

Source: own calculation with GEMIS 4.6; fossil comparators from EU RED; positive (bold in red) figures
indicate that no emission reduction is achieved but an increase; *= short-rotation forestry
as feedstock for biomass-to-liquid (Fischer-Tropsch) diesel in year 2030

In the “reduction” columns on the right side, positive numbers for savings relative to
fossil fuels mean that there is no net GHG saving.
Even if no direct land-use change is assumed, the iLUC factor will worsen the GHG
balance for all non-zero displacement risk biofuels, depending on its level of
application: with a 25% ILUC factor, 1st generation biofuels from rapeseed, soy, wheat
and maize (corn) will only in some cases reduce GHG emissions compared to their
fossil fuel competitors, and all will not achieve the 35% reduction level required by the
EU RED by 2012, nor the 50% reduction level required by 2017 onwards.
For the 50% iLUC factor, only sugarcane ethanol from degraded land and palmoil from
grass- or degraded land could meet the 35% reduction requirement of the EU RED.
This is shown graphically in the following figure.
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Figure 3

Life-Cycle GHG Emissions of Biofuels and Impacts from ILUC in2010
iLUC25%

160
g CO2eq/MJbiofuel (life-cycle incl. by-product allocation)

iLUC Factor

iLUC50%

140

120

100
fossil fuel
comparator

80

60

35% reduction
level

40

20

BR, sugarcane, grass

BR, sugarcane, arable

EU, wheat, grass

EU, wheat, arable

ID, PME, grass

AR/BR, SME, grass

EU, SRF-BtL, grass

EU, SRF-BtL, arable

EU, RME, grass

EU, RME, arable

0

Source: own calculation with GEMIS 4.6, iLUC factor for 2010, fossil comparators from EU RED
RME = rapeseedoil methylester; SRF = short-rotation forestry; BtL = biomass-to-liquid
(Fischer-Tropsch) diesel; SME = soybeanoil methylester; PME = palmoil methylester

How will the results for the iLUC factor presented here compare with other results,
especially from more “sophisticated” models (see Section 2.3.1)?
The following figure summarizes such results from a variety of studies and models,
and indicates that the life-cycle GHG emissions including ILUC are in the range of 50150 g CO2/MJbiofuel, which is the same range as the results from the iLUC factor
approach.
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iLUC Factor

Model Results for GHG Emissions of Biofuels including ILUC

for comparison:
25-50% iLUC factor range (20102020) for biofuels with a net yield
of 100 MJ/ha/yr

Source: PBL (2010b); the MIRAGE results are for 2nd generation biofuels only; for acronyms, see Annex

In that regard, the iLUC factor as presented here seems an adequate proxy for
policy makers to address potential GHG emissions from ILUC.

Given the deterministic nature of the iLUC factor approach, it should contribute to
minimize the discussion on “uncertainties”, and to re-focus the debate on the key
issue:
How and by whom can indirect effects from ILUC be translated into policy?

In the following sections, this will be discussed briefly.
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4 Options and Problems to Include Quantitative iLUC Factors in
Policy-Making
Several European countries and the US (including several US States) started
discussing and considering biofuel policies to regulate GHG emissions from ILUC in
2006-2007. In the following, a brief summary of the current status of such policies is
given, and problems in translating ILUC factors into regulation are addressed
especially for the EU.

4.1 The EU Renewable Energy Directive (RED)
The EU Renewable Energy Directive (RED, see EC 2009) sets a binding target of
10% renewables in transport to be achieved in each Member State by 2020, with
environmental criteria to be met for biofuels and other bioliquids28:
Up from 2011, the life-cycle GHG emissions of biofuels must be at least 35% less than
fossil gasoline or diesel, rising to 50% reduction by 2017, and 60% for new
installations after that.
The reduction requirements are against a “fossil fuel comparator” specified in the RED
for gasoline and diesel, and include life-cycle and direct LUC emissions (with the base
year of 2008), but do not consider ILUC yet.
During the intense discussions around and negotiations for the RED taking place in
2007 until the end of 2008, several parties and countries did propose to include an
ILUC factor into the GHG balance of biofuels, but the final decision of the European
Parliament and the Council refrained from doing so – only a report of the EU
Commission is required until December 2010 which will review the impact of ILUC on
GHG emissions and will address ways to minimize that impact, e.g. through legislation
on ILUC, or other policy options.
In summer 2010, a formal consultation will be carried out in which the EU Commission
seeks feedback from Member States and stakeholders on a variety of ILUC issues,
including quantification, and regulative action29.
In preparing for the report and consultation, the EU Commission requested several
studies30, but has not yet published any official material for the upcoming consultation.
In parallel to the EU Commission, Member State and NGOs are preparing studies on
ILUC (see Section 2.3.2), and this working paper should also be seen in that context.

28 Besides GHG emissions, RED also introduces other sustainability requirements, e.g. that biofuels and other
bioliquids shall not be made from feedstocks obtained from land with high biodiversity value, nor from carbonrich or forested land, or wetlands. Currently, the Commission is trying to define “high biodiverse” grasslands.
29 In Summer 2009, The EU Commission already held a “pre-consultation” on ILUC – for results, see
http://ec.europa.eu/energy/renewables/consultations/2009_07_31_iluc_pre_consultation_en.htm
30 For a listing, see http://ec.europa.eu/energy/renewables/studies/land_use_change_en.htm
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Disregarding how and in which quantitative figures the possible GHG emissions from
ILUC are expressed, it should be noted that the EU RED scheme in its current format
is, in comparison to the Californian LCFS, fundamentally flawed with regard to
favoring low-ILUC risk biofuels31:
The fixed RED thresholds set to 35% (in 2011) and 50% (in 2017) GHG emission
reduction can be either met – and then a biofuel is eligible to be accounted under the
10% renewable fuel quota for 2020 – or not. There is no dynamic or flexibility to
encourage biofuels which perform better than the required reduction thresholds.
Thus, if a quantitative ILUC factor – either as a bonus or a malus32 - would be
included in the current RED calculation scheme for GHG emission reduction, the net
impact might be marginal (for ILUC factors around 10-50 g CO2eq/MJbiofuel), as it
would only change the in- or exclusion of biofuels in the 10% quota which are close
the threshold. Those which are performing better would not be influenced at all.
Without an ILUC factor, though, the consequence of the RED calculation is that
through the inclusion of direct LUC, low carbon stock land comes under pressure to
be used in order to pass the threshold, which could lead to increased indirect land
use change, as arable or low-C pasture land show low direct LUC emissions.

4.2 The US National Renewable Fuel Standard (RFS)
As part of revisions to the National Renewable Fuel Standard program (RFS) as
mandated in the Energy Independence and Security Act of 2007 (EISA) which
established eligibility requirements for renewable fuels, including mandatory life-cycle
GHG reduction thresholds (specified by EPA), which determine compliance with four
renewable fuel categories.
These GHG emission thresholds require a 20 % improvement compared to the 2005
life-cycle GHG emissions of fossil (gasoline or diesel) fuels for any renewable fuel
produced at new facilities (those constructed after enactment), a 50% reduction in
order to be classified as biomass-based diesel or advanced biofuel, and a 60%
reduction in order to be classified as cellulosic biofuel.
For this, EPA published a final methodology and assessment in 2010 (see EPA 2010)
which includes ILUC quantitatively33, and is performing further analysis and review
with input from the US National Academy of Science.

31 It should be noted that the EU Fuels Quality Directive (FQD) which was discussed and enacted in parallel to the
RED in 2010, includes an obligation for fuel suppliers to monitor and reduce the GHG intensity of fuel sold on
the EU market by 6% by 2020. Producing biofuels would be one option to meet this obligation, on the
condition that biofuels demonstrate net GHG emission reductions. Thus, the FQD is similar to the LCFS
approach in allowing a dynamic GHG accounting, and avoiding fixed “thresholds”.
32 see footnote 20
33 see RFS values in Figure 4.
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4.3 California Low Carbon Fuel Standard (LCFS)
On 1 January 2010, the California Low Carbon Fuels Standard (LCFS) regulation
became effective after several years of intense discussion which especially focused
on the quantification of GHG emissions from ILUC caused by increased use of
biofuels.
The LCFS aims to reduce California’s GHG emissions from transport fuels by reducing
the carbon intensity of the overall fuels in the state. The reduction, starting in 2011,
aims to achieve a 10% reduction by 2020.
The California Air Resources Board (CARB) determines the carbon intensity of all
fuels, including biofuels, by calculating life-cycle GHG emission factors which include
direct and indirect impacts, especially ILUC.
CARB created, similar to the default values of the EU RED, so-called “lookup tables”
for the most relevant fuels in California – but in stark contrast to the EU, the CARB
data already include fuel-specific ILUC factors which were determined based on
modeling (CARB 2010).
A summary of selected GHG emission factors including ILUC from the CARB work are
given in the following table.
Table 6

Fuel
Gasoline

Selected Life-Cycle GHG Emissions of (Bio)Fuels in the LCFS Carbon
Intensity Lookup Tables

Pathway Description
average crude oil delivered to CA
refineries, average efficiencies
Midwest average 80% Dry Mill,
20% Wet Mill, Dry DGS
80% Midwest average 20% CA
Dry Mill, Wet DGS, NG

Carbon Intensity (CO2eq. in g/MJfuel)
Direct
Land Use or Other
Total
Emissions
Indirect Effect
95.9

0

95.9

69.4

30

99.4

65.7

30

95.7

27.4

46

73.4

Diesel

average production processes
average crude oil delivered to CA
refineries, average efficiency

94.7

0

94.7

Biodiesel

from Midwest soybeans

21.3

62

83.3

Ethanol from Corn
Ethanol, CA
average
Ethanol from BR
sugarcane

Source: extracted from CARB (2010), colors added; CA = California; DGS = Distillers Grains and
Solubles; NG = natural gas; BR = Brazil

Compared to the EU “fossil comparators”, the Californian data on gasoline and diesel
are approx. 10% higher, but the life-cycle GHG emissions of biofuels are rather similar
to the data given here (see Table 5), with ILUC factors similar to the 25% iLUC factor
determined in this paper for the 2010 time horizon.
While the LCFS is becoming operational in 2010, the data for the GHG balances are
subject to further review and adjustment to reflect growing knowledge. In that regard,
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CARB operates several expert groups and works with US EPA, universities, and other
experts to improve its figures, and extend the work to other biofuel pathways.
CARB’s Expert Group on Indirect Effects will prepare an input for this until end of 2010
on which CARB will consider changes or adaptations of its ILUC values.
It should be noted also that other US States have legislation under way which is quite
similar to the LCFS, and most probably will use similar GHG values.

4.4 Voluntary Standards: RSB, CEN/ISO and the GBEP
In addition to governmental mandatory regulations, several initiatives exist to establish
voluntary sustainability standards for bioenergy, and biofuels in particular34.
The most comprehensive initiative is the Roundtable on Sustainable Biofuels
(www.rsb.org) which released, after extensive consultations, a version 1 of its
standard in 2009, and currently carries out pilot applications, and operates several
expert groups to detail the requirements, especially for GHG emissions.
With regard to ILUC, the RSB is not ready to include such a factor, but its inclusion in
the standard is a possibility in the future35. The RSB sustainability standards require
minimizing ILUC risks, though, and aim to do so using low-risk feedstocks (see
Section 5) and/or offsets (see Section 6.1)..
In parallel, the European Standardization Body CEN (since 2009) and the International
Standardization Organization (ISO, since April 2010) work on voluntary sustainability
standards for bioenergy which also tries to address ILUC, but it will take several years
before results of both can be expected36.
The Global Bio-Energy Partnership (GBEP, see www.globalbioenergy.org), an
intergovernmental body established by the G8 countries in 2005 in which many
industrial and developing countries and international bodies participate, is compiling
sustainability standards and criteria for bioenergy, aiming at an agreed list by 2011
which could serve as a coordinated base for voluntary implementation by all countries.
The GBEP Sustainability Task Force is dealing with ILUC issues (GBEP 2009a+b),
and will hold a 2nd international workshop on ILUC in late 2010.

34 Feedstock-specific initiatives such as the Roundtable on Sustainable Palm Oil (RSPO), the Better Sugarcane
Initiative (BSI), the Round Table on Responsible Soy (RTRS) and the Forest Stewardship Council (FSC)
represent collaborations of supply chain stakeholders of the respective feedstocks, and have (or are in the
process to) established sustainability requirements to be met within the supply chains. In most cases,
independent verification is required to demonstrate compliance, but the initiatives differ in their specific
requirements (see Dam et al. 2010 for more details).
35 Internal discussions in the respective RSB expert groups on GHG calculation and indirect effects, no agreement
is yet reached on those requirements.
36 The CEN mandate is mainly to support the implementation of the RED, but CEN operates also a working group
in indirect effects.
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5 Pairing and Trading: “Offsetting” Options for ILUC Risks
The discussion of ILUC policies should also reflect how GHG emissions from ILUC
could be reduced – disregarding how a quantification of such emissions would be
done37. Evidently, any regulation which includes a quantitative ILUC factor might favor
those biofuels which show low overall GHG emissions including those from ILUC – but
as discussed briefly with reference to the EU RED calculation scheme, it could be that
the impact might actually be marginal.
Whatever the ILUC factor may be, there are more options to reduce the “net” total
GHG emissions from biofuels by expanding the accounting scope of the GHG
balance. With GHG emissions being a global concern without spatial distinction, the
share of GHG emissions from ILUC could be “offset” – either by GHG emission
reductions somewhere else (in case of a quantified ILUC risk), or by reducing the net
land use by considering virtual LUC “bubbles”.
The latter has the benefit of not relying on a “full” calculation of GHG emissions from
ILUC, as it already nets out land use before LUC emissions are calculated.

5.1 Offsetting Through GHG Emission Reduction
Given a quantitative expression of potential GHG emissions from ILUC, any biofuel
with a positive GHG emission burden from ILUC could “offset” this share of total lifecycle emissions through GHG emission reduction achieved by another project, actor,
or emission trading scheme.
On the project level, emission credits from the Clean Development Mechanism (CDM)
or the future REDD scheme38. As ILUC-related GHG emissions are, in principle, the
same emissions than those from any other source of CO2, the mechanisms acknowledged under the UNFCCC to “offset” GHG emissions are applicable also for ILUC
emissions.
It must be noted, though, that both CDM and REDD projects are quite sensitive to the
establishment of a baseline to which GHG reductions of a project must be additional,
and it is not an easy task to determine baselines.
Another option to “offset” ILUC emissions is to make use of the European Emission
Trading System (EU ETS) which allows “retiring” emission credits from trade, thus
assuring that the respective GHG emission equivalent is not longer subject to
emission within the EU ETS scope.

37 Further options to reduce potential GHG emissions from ILUC without relying on quantitative expressions are
discussed in Section 6.
38 Reduced Emissions from Deforestation and Degradation – a mechanism under development under the
UNFCCC which credits avoided CO2 emissions especially from forests.
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With current price levels of CO2 certificates in the order of 10-20 €/t, offsetting ILUC
emissions of a liter of biofuel through the EU ETS would be far less than 1 cent – not
a major cost element when compared to typical production costs of 50 cents/l.

5.2 The Virtual LUC Bubble: Offsetting Through Increased Yields
The second option to reduce ILUC risks is to consider above-average yield increases.
As ILUC– whatever the quantification approach – is depending on the yields of both
biofuel feedstocks and displaced agricultural production, there is, in principle, the
possibility to avoid ILUC through yield increases if, at a given demand level of
agricultural production, either the biofuel feedstock production or the displaced
production would come entirely from land “set free” by such increases.
There are many parts of the world in which agricultural systems are quite extensive
(low yields, few external inputs), especially in the cases of small-scale and subsistence farming. Furthermore, yields and external inputs (fertilizer, water…) for agricultural crops vary widely over production systems and regions, as FAOSTAT data show.
Methods to improve yields could increase external inputs (pesticides and fertilizers),
make use of genetically improved plants and farming practices, intercropping, and
growing leguminoses in parallel with crops which increased nutrient recycling through
N fixation, among others.
Intensification and the respective amount of land possibly “set free” can be measured
for a given production systems so that land used on one location for biofuel feedstock
production would be “offset” by yield increases somewhere else. This virtual LUC
bubble concept could, in principle, be applied on a regional or country level, but also
on a project or farm/plantation level by “pairing” the biofuel feedstock producer with a
yield-increasing farmer somewhere else.
In the simplest form, a farmer would intensify production on own land by e.g. 10%
compared to a baseline, and could then cultivate biofuel feedstocks on 10% of the
land without any ILUC risk39.
Similarly, the use of grassland for pasture could be intensified by a higher animal
stock density, e.g. in replacing shares of grazing cattle with protein-rich feed, and
determining the net land (and GHG emission) gains, if any40.
A more refined and statistically more significant model would aggregate farmers,
crops, regions, and production cycles (at least several years) to determine ILUC-free
land offsets which are robust against natural fluctuation in yields due to external

39 The potential increase in direct and indirect N2O emissions from increased fertilizer application would have to
be considered in the life-cycle GHG emissions as well.
40 Again, the net balance must be established with considering all changes of inputs, and their life-cycle GHG and
land implications. For example, the partial replacing of grazing by corn feed must consider the GHG emissions
and land use from corn cultivation, the energy use for ventilation, lighting etc. Furthermore, the direct LUC
emissions from converting grassland to biofuel feedstock production must be factored in.
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factors such as weather, or pests. For schemes aiming to intensify pasture, similar
aggregation would be needed.

There are various problems associated with the virtual LUC bubble concept, though:


Yield increases to “free” land must be additional to a baseline. As yields show a
variation over time even on the same land, establishing a reference is a challenge
in its own, and a baseline would also need to consider “business-as-usual” trends
for the future.



The data on future (projected) yield increases is rather scarce, and evidently
subject to debate (see e.g. Johnston et al. 2009). Climate change might well have
a negative impact on yields, as Schlenker/Roberts (2009) showed for corn and
soybeans in the US, and IFPRI (2009) for irrigated crops in South Asia.



Intensification could cause negative tradeoffs for (agro)biodiversity by reducing
the genetic pool, impacting species by direct effects of increased pesticide use and
more intense harvesting cycles, or indirectly through N and P leaching which could
pollute (ground) water.

The possible negative tradeoffs might be ultimately controlled through a certification
system or regulatory requirements, but the problem of establishing adequate baselines and demonstrating additionality seems quite massive unless levels of aggregation are used which would allow to derive statistically significant figures and trends.

The RSB (see Section 4.4) is considering a variation of the virtual LUC bubble on the
level of individual economic operators for its ILUC requirements, and the Responsible
Cultivation Area approach (see Section 6.2) is testing to what extent one can measure
intensification levels in practice.

Still, the overall concept of avoiding ILUC through “netting out” additional land use is a
potentially valid approach which should receive further attention, study, and practical
testing in the field.
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6 Beyond Quantification: Policy Options to Address ILUC without
Quantifying Indirect GHG Emissions from Bioenergy
Given the ongoing scientific and especially political debate over quantifying ILUC or
using “offsetting” approaches, it is noteworthy to consider alternative policies which
address and reduce ILUC risks without quantifying displacement and potential GHG
emissions from ILUC.
In principle, there are five basic options for this:
1. prioritizing low- or no-ILUC risk feedstocks in bioenergy and biofuels policies
2. prioritizing land for biofuel feedstocks which is not in competition with other uses
3. improving the carbon accounting under the UNFCCC to a fully global system, and
establishing a global cap on LUC-related emissions for all countries
4. accounting for all LUC-related emissions in product carbon footprints for all
products using biomass feedstock
5. increasing the overall efficiency of bioenergy (and especially biofuel) use.
These options will be discussed briefly in the following sub-sections. Other options not
discussed here but being implemented are to address ILUC with specific laws and
regulations, or funding and support schemes on better land use management and best
agricultural practice for biofuels feedstock crops.

6.1 Feedstock Prioritization: Residues, Wastes…and Algae?
The iLUC risks are low or close to zero for bioenergy and biofuel feedstocks which do
not require land for their production – thus, ILUC can be avoided through prioritizing
the use of such feedstocks.
With some exceptions41, residues from biomass production and conversion, e.g.,
agricultural residues such as manure or excess straw, forestry residues such as
thinnings and harvesting leftovers, food processing residues (e.g. risk husks, tallow),
wood processing residues such as sawmill dust, are not in competition with other uses
due to their low-to-zero economic value, or use restrictions due to physical properties
(e.g. water content, particle size). These residues do not imply indirect effects on land,
and therefore, their use as bioenergy or biofuel feedstocks is preferable even if no
clear ILUC emission factor is known.

41 A residue can have competing uses, ranging from improvement of soil organic carbon (e.g. straw) to fertilizers
(e.g. potato leafs) and fiber (e.g. pulp & paper, wood panels). In those cases, indirect effects could occur from
displacing those uses, with potential impacts on GHG emissions from e.g. fossil fuels being used to produce
fertilizers, or additional cultivation of biomass is implied which could cause LUC.
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Similarly, organic wastes from various conversion processes and use of food usually
need treatment to be safely disposed. Their use as feedstocks could not only avoid
ILUC, but might reduce other effects as well, e.g. CH4 emissions from landfilling.
Algae as possible no-ILUC feedstocks for biofuels became an issue in the last years,
with high expectations especially for land-based micro-algae due to assumed very
high yields, and their insensivity to productive land. Still, there is little evidence today
that algae-based biofuels are near-term options, and their overall economic and
environmental performance is questionable unless significant progress – by a factor of
10 or more - is made42.

6.2 Cultivation Area Prioritization: Feedstocks from Land Not in Competition with other Uses
The second option to reduce ILUC without quantifying GHG emissions is the
cultivation of biomass feedstocks on land which – in the “loose” definition of ILUC - is
not in competition with other uses, e.g. abandoned farmland and especially unused
degraded land, could safeguard against ILUC effects from bioenergy development: As
no displacement of previous cultivation occurs, biomass production from these lands
will not result in any ILUC-related GHG emissions, and could reduce pressure on
protected areas and unprotected biodiversity-relevant areas.
Thus, abandoned farmland and unused degraded land appear to be priority areas for
biomass production. However, it is questionable to what extend these areas are
available (OEKO 2010b). Furthermore, caution is required because some of these
lands may constitute areas of high biodiversity value (Hennenberg et al. 2009), and
degraded lands can be the base of subsistence for rural populations (Sugrue 2008).
In a two international workshops initiated by the Bio-global project, and held in
collaboration with international partners, the overall concept has been discussed
broadly43, and – again as part of the Bio-global project – three case studies were
carried out in Brazil, China, and South Africa44 which aimed at:


providing GIS data for mapping of abandoned and degraded land and biodiversityrelevant areas on a national and sub-national scale, and to compare these data
with globally available results of mapping;



identifying potential sustainable bioenergy production areas with a focus on
degraded land, abandoned farmland as well as natural unused areas, and
identifying sustainable cultivation systems for these areas;

42 See e.g. OEKO (2009a-c) and NRDC (2009).
43 The workshops were a joint initiative of Oeko-Institut, RSB and UNEP in collaboration with CI, FAO, IUCN and
WWF (see OEKO/RSB/UNEP 2008+2009a). A full documentation is available on the Bioenergy Wiki (see
OEKO/RSB/CI 2008 + UNEP/RSB/UNEP 2009b).
44 see OEKO (2010b) for a summary, and OEKO/IFEU (2010) for the project context. The full texts of the country
case studies will be made available over Summer 2010 on www.oeko.de/service/bio

Working Paper: The “iLUC Factor” as a Means to Hedge Risks of GHG Emissions from Indirect
Land Use Change Associated with Bioenergy Feedstock Production

Oeko-Institut


29

iLUC Factor

checking the achieved results of GIS analysis (top-down) with selected data from
the field, involving respective stakeholders (bottom up).

Evidence from this work indicates that indeed degraded land could be available for
biomass feedstock production without competing with other uses, but the overall
potential of land “really” being unused seems far smaller than previously assumed in
many top-down studies.
Furthermore, many of those lands seem to be located in rather remote areas which
especially lack transport infrastructure, thus increasing costs of starting production
there. Degraded land also requires some sort of reclamation to support biomass
cultivation, and yields will be often lower than on competing, fertile land, thus
increasing production costs.
Without major incentives to move biomass production into such areas, few
investments can be assumed. Therefore, a prioritization of degraded land must be
substantiated by an adequate support scheme.

The concept of “Responsible Cultivation Areas” (RCA) is heading in a similar direction.
RCA focuses on identifying underutilized, “degraded” or “unused land” and intensification or integration models to avoid additional land use for biomass crop cultivation,
thus minimizing ILUC as well as negative social and environmental impacts. (Ecofys
2009b). Funded by industry (BP, Nesté Oil, Shell) and private foundations, the RCA
approach has been developed by Ecofys, Conservation International, and WWF, and
field-tested in some smaller areas in Brazil and Indonesia (CI 2010). Preliminary
results indicate similar findings than those of the country studies mentioned above,
and it will be quite interesting to follow the implementation of the RCA component
“intensification”, as this is burdened with specific problems (see Section 5.2).

6.3 Global LUC Accounting and Capping for all Counties
A third – and rather fundamental – option is to change the currently only partial
accounting of CO2 from LUC under the UNFCCC into a full, globally viable scheme,
and to establish a binding “cap” on the overall CO2 emissions from LUC for all
countries (WBGU 2009).
This is clearly the preferable option, as it would extend the scope of LUC accounting
to all “drivers” and, thus, effectively eliminate indirect effects.
Unfortunately, the UNFCCC process is rather slow, as the Copenhagen negotiations
at COP15 in December 2010 and the follow-up process have shown. A full LUC
accounting would clearly be opposed by some parties, and establishing a “cap” would
face similar opposition than the non-LUC emission limits (or reduction targets) face
already.
Still, it is important to recognize the link between ILUC and the UNFCCC
implementation, even if it is only a long-term perspective to resolve ILUC problems.
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6.4 LUC Emissions in Carbon Footprints for all Products from Biomass
Feedstocks
A different option to account for all LUC-related emissions could, in principle, be
implemented independently from the UNFCCC by requiring product carbon
footprints for all products using biomass feedstocks45 which would also effectively
expand the accounting scope dramatically, and avoid the loopholes of current sectoral
accounting logics.
Such a system could be introduced gradually for the key products, and with the major
producers of feed, food, fiber and bioenergy feedstocks agreeing on such a system,
avoiding the consensus-building process between all countries while still capturing the
majority of possible displacement effects.
The drawback of this approach is, besides its questionable chances of near-term
implementation, that it would rely on customer decision making to avoid products with
a high carbon footprint. Experiences with “green” electricity in various countries
indicate that there seemingly are limits to the private willingness to factor GHG
emissions into decision making if cost implications are significant.
In that regard, the carbon footprint option in itself might be applicable, but its
effectiveness in reducing ILUC would depend on global customer acceptance.

6.5 Efficient Bioenergy Use to Reduce ILUC
Last but not least, any increase in the overall efficiency of bioenergy (and especially
biofuel) use would proportionately reduce ILUC risks, whatever its quantitative
expression. For example, using liquid biofuels for transport is less efficient in terms of
displaced fossil fuel per hectare of feedstock production than the same biofuel used in
cogenerating electricity and heat, and electric cars running on high-efficient
conversion of biomass feedstocks in to bio-electricity might be more favorable than
using biofuels in cars with combustion engines46.
Similarly, the concept of biorefineries might reduce ILUC through improved conversion
efficiency for all products delivered – but as biorefineries are still in the concept stage,
it will take quite some time before biorefineries could make an impact, if at all.
More fundamentally, any improvement in the end-use efficiency of bioenergy and
biofuels, from better insulation of homes, improved cooking stoves to less fuelconsuming airplanes, buses, cars, ships and trucks could contribute to reduce ILUC in
proportion to the level of end-use reduction achieved47.

45 The establishment of GHG footprints for biomass products is discussed in BMU/UBA/OEKO 2009
46 This is being discussed more prominently in e.g., IEA (2009a), UNEP (2009) and WBGU (2009).
47 Although outside of the scope of this paper, it should be noted that dietary changes (from meat and dairy
toward vegetables and fish) could effectively reduce ILUC also.
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7 Conclusions and Future Work
This paper tried to introduce and detail a simplified approach to quantify GHG
emissions from ILUC with regard to policy implementation in regulation48, and argues
that the derived figures could, in principle, be implemented in respective policies.
Clearly, the approach can be refined and substantiated with better data on direct LUC
trends from global monitoring, and be improved by adding more adequate estimates of
future trade patterns.
The brief discussion of current policies and options to reduce ILUC resulted in a
variety of approaches and options so that a quantified iLUC factor could be translated
into practical regulation – both mandatory and voluntary – with few restrictions.
A more fundamental solution of ILUC could come from a revised LUC accounting
under the international climate regime, but would require also a “cap” on LUC
emissions which will be hard to negotiate within the near future.

Thus, approaches such as the iLUC factor and the other options presented here
will be needed as “second best”.

In 2010, both in the EU and in the US the quantification of ILUC will be discussed at
least as prominently as in the last two years, and globally, the GBEP will contribute to
a more intensive exchange of thoughts and views on ILUC.
Given this background, a few items of future work on ILUC are presented in the
following.

7.1 “Tiered” iLUC Factors
The work on the iLUC factor and other ongoing studies – especially the UK ILUC
study (E4Tech 2010) – together with the more “global” modeling carried out in the US
by EPA and CARB should be developed further into an overall framework of “tiered”
ILUC values for selected fuels, regions, and specific methods:


Tier 1 would be a global average similar to the iLUC factor presented here



Tier 2 would represent specific regionalized data e.g. for the EU, or the US



Tier 3 would detail methodologies (e.g. different agro-economic or biophysical
models).

48 The iLUC factor approach is not meant as an analytical tool for policy analysis, as it treats in its current version
- to be in accordance with the mandatory EU RED calculation requirements for GHG emission balances - the
by-products of biofuel conversion systems by energy allocation. For policy analysis, this restriction is not
necessary so that more adequate rules of accounting for by-products can (and should) be applied, as this is a
key issue for the overall results (see e.g. E4Tech 2010; PBL 2010e).
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This work would not “resolve” the dispute around ILUC, but could help to clarify
limitations of approaches, increase understanding between different ways to calculate
ILUC, and enhance overall consistency.

7.2 Detailing Offset Options
As briefly discussed in Section 5, “offsetting” possible ILUC emissions is neither
depending on calculating a GHG emission factor for ILUC, nor must it be a costly
option.
Thus, the different concepts should be researched and detailed further to allow both
governments and market actors to consider approaches such as the virtual LUC
bubble, or the intensification component of the RCA as means to reduce ILUC risks in
their respective decision-making.

7.3 Risk Mapping
Last but not least, the spatial understanding and resolution of ILUC should be
improved by considering risk mapping, an approach being suggested in late 2009.
Risk mapping aims to


identify potential countries/areas under significant (highly probable) thread of iLUC
impacts using a combination of agro-economic model results, national maps on
crops suitability, infrastructure, and carbon stocks



in order to check if “regionalized“ ILUC predictions from models match GIS-based
evidence, and to calculate the risk distribution for that.

Preliminary work in that direction is currently carried out by Oeko-Institut in
cooperation with PBL, based on own funding.

Building on the outcome of this work might be a viable contribution to the further
understanding and improvement of ILUC in general, and the “tier” approach suggested
in the previous subsection.
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A-1: Acronyms and Abbreviations
AR

Argentina

BMU

German Federal Ministry for Environment, Nature Protection and
Nuclear Safety

BR

Brazil

BtL

biomass-to-liquid (Fischer-Tropsch) diesel

C

carbon

CARB

California Air Resources Board

CBD

Convention on Biological Diversity

CDM

Clean Development Mechanism

CEN

Comité Européen de Normalisation (European Committee for
Standardization)

CI

Conservation International

degr.

degraded

dLUC

direct land use change(s)

DOE

US Department of Energy

EEA

European Environment Agency

EISA

Energy Independence and Security Act

EPA

US Environmental Protection Agency

EU

European Union

FAO

Food and Agriculture Organization of the United Nations

FAPRI

Food and Agricultural Policy Research Institute model

GBEP

Global Bio-Energy Partnership

GEMIS

Global Emissions Model for Integrated Systems (www.gemis,de)

GHG

greenhouse gas(es)

GJ

GigaJoule(s) = 109 Joules

GTAP

Global Trade Analysis Project

ha

hectare(s)

ID

Indonesia

IEA

International Energy Agency

IFEU

Institute for Energy and Environment Research

IIASA

International Institute for Applied Systems Analysis

ILUC

indirect land use change(s)

Working Paper: The “iLUC Factor” as a Means to Hedge Risks of GHG Emissions from Indirect
Land Use Change Associated with Bioenergy Feedstock Production

A-3

Oeko-Institut

ILUF Factor

IPCC

Intergovernmental Panel on Climate Change

ISO

International Standardization Organization

JRC

European Commission Joint Research Centre

LCA

life-cycle analysis

LCFS

Low Carbon Fuel Standard (of California)

LUC

land use change(s)

MAX

Maximum Case

MJ

MegaJoule(s) = 106 Joules

MY

Malaysia

NGO

Non-governmental organization

OECD

Organization for Economic Cooperation and Development

OEKO

Öko-Institut (Institute for applied Ecology)

OPT

Optimal Case

ORNL

Oak Ridge National Laboratory

PBL

Netherlands Environmental Assessment Agency

PME

palmoil methylester

RED

EU Directive on the promotion of the use of energy from
renewable sources (“Renewable Energy Directive”)

REDD

Reduced Emissions from Deforestation and Degradation

REF

Reference Case

RFS

Renewable Fuel Standard (US)

RME

rapeseedoil methylester

RSB

Roundtable on Sustainable Biofuels

sav.

savannah

SME

soybeanoil methylester

SRF

short-rotation forestry

UBA

German Federal Environment Agency (Umweltbundesamt)

UNEP

United Nations Environment Programme

UNFCCC

United Nations Framework Convention on Climate Change

US

United States of America

WWF

World-Wide Fund for Nature
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A-2: Data Background for the iLUC Factor Calculation 2005 - 2030

Table A- 1

Carbon Emissions from Direct LUC and World Mix of Land Used for
Agricultural Commodity Exports in 2005
assumption on C for LUC, based on IPCC

region, crop, previous
land use
EU, rapeseed, arable land
EU, rapeseed, grassland
EU, SRF for BtL, arable land
EU, SRF for BtL, grassland
AR/BR, soybean, grassland
AR/BR, soybean, svannah
ID, oil palm, grassland
ID, oil palm, degraded land
ID, oil palmö, trop. rain forest
EU, wheat, arable land
EU, wheat, grassland
US, maize, arable land
US, maize, grassland
BR, sugar cane, arable land
BR, sugar cane, grassland
BR, sugar cane, degraded land
BR, sugar cane, savannah

above ground below ground
[t C/ha]
[t C/ha]
5
50
6
63
5
50
6
63
6
63
66
68
6
63
5
30
165
5
6
5
6
5
6
5
66

100
50
63
50
63
50
63
30
68

weighted world mix based on domestic land shares for export
theoretical 100% iLUC factor, per hectare and year

2005

total
emission
[t C/ha] [t CO2/ha]
55
202
69
254
55
202
69
254
69
254
134
491
69
254
35
128
265
55
69
55
69
55
69
35
134

share in
world mix
2%
2%
0%
0%
20%
0%
0%
0%

972
202
254
202
254
202
254
128
491

3%
4%
2%
20%
26%
7%
9%
0%
5%

270 t CO2/ha
13.5 t CO2/ha*a

Source: own calculation based on IPCC (2006), and FAOSTAT
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Table A- 2

ILUF Factor

Life-Cycle GHG Emissions of Biofuels and Impacts from iLUC in 2005

Biodiesel
EU, rape, arable
EU, rape, grass
EU, SRF-BtL, arable
EU, SRF-BtL, grass
AR/BR, soy, grass
AR/BR, soy, sav.
ID, oil palm, grass
ID, oil palm, degraded
ID, oil palm, trop. forest
Bioethanol
EU, wheat, arable
EU, wheat, grass
BR, sugarcane, arable
BR, sugarcane, grass
BR, sugarcane, degrad.
BR, sugar cane, sav.

GHG emission g CO2eq/MJbiofuel
LCA
dLUC iLUC25% iLUC50%
40
40
73
107
40
67
100
134
14
-2
36
75
14
29
67
106
20
51
92
118
20
188
188
188
43
12
30
48
43
-55
-55
-55
43
213
213
213
LCA dLUC iLUC25% iLUC50%
45
45
79
112
45
72
106
139
26
26
47
68
26
43
64
85
26
-1
-1
-1
26
120
120
120

reduction vs. fossil fuel
LCA dLUC iLUC25% iLUC50%
-54% -54%
-15%
24%
-54% -23%
16%
55%
-84% -103%
-58%
-14%
-84% -67%
-22%
22%
-76% -41%
7%
37%
-76% 118%
118%
118%
-50% -86%
-65%
-44%
-50% -163%
-163%
-163%
-50% 147%
147%
147%
LCA dLUC iLUC25% iLUC50%
-46% -46%
-7%
32%
-46% -15%
24%
63%
-69% -70%
-45%
-20%
-69% -50%
-25%
0%
-69% -101%
-101%
-101%
-69%
41%
41%
41%

Source: own calculation with GEMIS 4.6; fossil comparators from EU RED; positive (bold in red) figures
indicate that no emission reduction is achieved but an increase; *= short-rotation forestry
as feedstock for biomass-to-liquid (Fischer-Tropsch) diesel in year 2030

Working Paper: The “iLUC Factor” as a Means to Hedge Risks of GHG Emissions from Indirect
Land Use Change Associated with Bioenergy Feedstock Production

A-6

Oeko-Institut

Table A- 3

ILUC Factor

Carbon Emissions from Direct LUC and World Mix of Land Used for
Agricultural Commodity Exports in 2010
assumption on C for LUC, based on IPCC

region, crop, previous
land use
EU, rapeseed, arable land
EU, rapeseed, grassland
EU, SRF for BtL, arable land
EU, SRF for BtL, grassland
AR/BR, soybean, grassland
AR/BR, soybean, svannah
ID, oil palm, grassland
ID, oil palm, degraded land
ID, oil palm, trop. rain forest
EU, wheat, arable land
EU, wheat, grassland
US, maize, arable land
US, maize, grassland
BR, sugarcane, arable land
BR, sugarcane, grassland
BR, sugarcane, degr. land
BR, sugar cane, savannah

above ground below ground
[t C/ha]
[t C/ha]
5
50
6
63
5
50
6
63
6
63
66
68
6
63
5
30
165
5
6
5
6
5
6
5
66

100
50
63
50
63
50
63
30
68

2010

total
emission
[t C/ha] [t CO2/ha]
55
202
69
254
55
202
69
254
69
254
134
491
69
254
35
128
265
55
69
55
69
55
69
35
134

share in
world mix
1%
3%
0%
0%
20%
0%
0%
0%

972
202
254
202
254
202
254
128
491

3%
3%
3%
20%
25%
4%
14%
0%
4%

weighted world mix based on domestic land shares for export

270

t CO2/ha

theoretical 100% iLUC factor, per hectare and year

13.5 t CO2/ha*a

Source: own calculation based on IPCC (2006), and FAOSTAT
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Table A- 4

A-7

ILUF Factor

Life-Cycle GHG Emissions of Biofuels and Impacts from iLUC in 2010

GHG emission g CO2eq/MJbiofuel
Biodiesel
LCA dLUC iLUC25% iLUC50%
EU, rapeseed, arable land
40
40
73
107
EU, rapeseed, grassland
40
67
100
134
EU, SRF for BtL, arable land
14
-2
36
75
EU, SRF for BtL, grassland
14
29
67
106
AR/BR, soybean, grassland
20
51
92
118
AR/BR, soybean, svannah
20
188
188
188
ID, oil palm, grassland
43
12
30
48
ID, oil palm, degr. land
43
-55
-55
-55
ID, oil palm, trop. rain forest
43
213
213
213
Bioethanol
LCA dLUC iLUC25% iLUC50%
EU, wheat, arable land
45
45
79
112
EU, wheat, grassland
45
72
106
139
BR, sugarcane, arable land
26
26
47
68
BR, sugarcane, grassland
26
43
64
85
BR, sugarcane, degr. land
26
-1
-1
-1
BR, sugarcane, savannah
26
120
120
120

LCA
-54%
-54%
-84%
-84%
-76%
-76%
-50%
-50%
-50%
LCA
-46%
-46%
-69%
-69%
-69%
-69%

reduction vs. fossil fuel
dLUC iLUC25% iLUC50%
-54%
-15%
24%
-23%
16%
55%
-103%
-58%
-14%
-67%
-22%
22%
-41%
7%
37%
118%
118%
118%
-86%
-65%
-44%
-163%
-163%
-163%
147%
147%
147%
dLUC iLUC25% iLUC50%
-46%
-7%
32%
-15%
24%
63%
-70%
-45%
-20%
-50%
-25%
0%
-101%
-101%
-101%
41%
41%
41%

Source: own calculation with GEMIS 4.6; fossil comparators from EU RED; positive (bold in red) figures
indicate that no emission reduction is achieved but an increase; *= short-rotation forestry
as feedstock for biomass-to-liquid (Fischer-Tropsch) diesel in year 2030
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Table A- 5

ILUC Factor

Carbon Emissions from Direct LUC and World Mix of Land Used for
Agricultural Commodity Exports in 2020
assumption on C for LUC, based on IPCC

region, crop, previous
above ground below ground
land use
[t C/ha]
[t C/ha]
EU, rapeseed, arable land
5
50
EU, rapeseed, grassland
6
63
EU, SRF for BtL, arable land
5
50
EU, SRF for BtL, grassland
6
63
AR/BR, soybean, grassland
6
63
AR/BR, soybean, svannah
66
68
ID, oil palm, grassland
6
63
ID, oil palm, degraded land
5
30
ID, oil palm, trop. rain forest
EU, wheat, arable land
EU, wheat, grassland
US, maize, arable land
US, maize, grassland
BR, sugar cane, arable land
BR, sugar cane, grassland
BR, sugar cane, degr. land
BR, sugar cane, savannah

165
5
6
5
6
5
6
5
66

2020

total
emission
[t C/ha] [t CO2/ha]
55
202
69
254
55
202
69
254
69
254
134
491
69
254
35
128

100
50
63
50
63
50
63
30
68

265
55
69
55
69
55
69
35
134

972
202
254
202
254
202
254
128
491

share in
world mix
0%
2%
0%
0%
21%
2%
2%
0%
4%
2%
4%
10%
30%
2%
18%
0%
3%

weighted world mix based on domestic land shares for export

290

t CO2/ha

theoretical 100% iLUC factor, per hectare and year

14.5

t CO2/ha*a

Source: own calculation based on IPCC (2006), and FAOSTAT
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Table A- 6

A-9

ILUF Factor

Life-Cycle GHG Emissions of Biofuels and Impacts from iLUC in 2020

GHG emission g CO2eq/MJbiofuel
Biodiesel
LCA dLUC iLUC25% iLUC50%
EU, rapeseed, arable land
40
40
73
107
EU, rapeseed, grassland
40
67
100
134
EU, SRF for BtL, arable land
14
-2
36
75
EU, SRF for BtL, grassland
14
29
67
106
AR/BR, soybean, grassland
20
51
92
118
AR/BR, soybean, svannah
20
188
188
188
ID, oil palm, grassland
43
12
30
48
ID, oil palm, degraded land
43
-55
-55
-55
ID, oil palm, trop. rain forest
43
213
213
213
Bioethanol
LCA dLUC iLUC25% iLUC50%
EU, wheat, arable land
45
45
79
112
EU, wheat, grassland
45
72
106
139
BR, sugarcane, arable land
26
26
47
68
BR, sugarcane, grassland
26
43
64
85
BR, sugarcane, degr. land
26
-1
-1
-1
BR, sugarcane, savannah
26
120
120
120

reduction vs. fossil fuel
LCA dLUC iLUC25% iLUC50%
-54% -54%
-15%
24%
-54% -23%
16%
55%
-84% -103%
-58%
-14%
-84% -67%
-22%
22%
-76% -41%
7%
37%
-76% 118%
118%
118%
-50% -86%
-65%
-44%
-50% -163%
-163%
-163%
-50% 147%
147%
147%
LCA dLUC iLUC25% iLUC50%
-46% -46%
-7%
32%
-46% -15%
24%
63%
-69% -70%
-45%
-20%
-69% -50%
-25%
0%
-69% -101%
-101%
-101%
-69%
41%
41%
41%

Source: own calculation with GEMIS 4.6; fossil comparators from EU RED; positive (bold in red) figures
indicate that no emission reduction is achieved but an increase; *= short-rotation forestry
as feedstock for biomass-to-liquid (Fischer-Tropsch) diesel in year 2030
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Table A- 7

ILUC Factor

Carbon Emissions from Direct LUC and World Mix of Land Used for
Agricultural Commodity Exports in 2030 (Reference Case)
assumption on C for LUC, based on IPCC

region, crop, previous
land use
EU, rapeseed, arable land
EU, rapeseed, grassland
EU, SRF for BtL, arable land
EU, SRF for BtL, grassland
AR/BR, soybean, grassland
AR/BR, soybean, svannah
ID, oil palm, grassland
ID, oil palm, degraded land
ID, oil palm, trop. rain forest
EU, wheat, arable land
EU, wheat, grassland
US, maize, arable land
US, maize, grassland
BR, sugar cane, arable land
BR, sugar cane, grassland
BR, sugar cane, degr. land
BR, sugar cane, savannah

above ground below ground
[t C/ha]
[t C/ha]
5
50
6
63
5
50
6
63
6
63
66
68
6
63
5
30
165
5
6
5
6
5
6
5
66

100
50
63
50
63
50
63
30
68

weighted world mix based on domestic land shares for export
theoretical 100% iLUC factor, per hectare and year

2030-REF

total
emission
share in
[t C/ha]
[t CO2/ha] world mix
55
202
0%
69
254
0%
55
202
0%
69
254
0%
69
254
23%
134
491
3%
69
254
4%
35
128
0%
265
55
69
55
69
55
69
35
134

972
202
254
202
254
202
254
128
491
290

4%
0%
5%
0%
33%
0%
26%
0%
2%
t CO2/ha

14-5 t CO2/ha*a

Source: own calculation based on IPCC (2006), and FAOSTAT
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Table A- 8

A-11

ILUF Factor

Life-Cycle GHG Emissions of Biofuels and Impacts from iLUC in 2030
(Reference Case)

GHG emission g CO2eq/MJbiofuel
Biodiesel
LCA dLUC iLUC25% iLUC50%
EU, rapeseed, arable land
40
40
73
107
EU, rapeseed, grassland
40
67
100
134
EU, SRF for BtL, arable land
14
-2
36
75
EU, SRF for BtL, grassland
14
29
67
106
AR/BR, soybean, grassland
20
51
92
118
AR/BR, soybean, svannah
20
188
188
188
ID, oil palm, grassland
43
12
30
48
ID, oil palm, degraded land
43
-55
-55
-55
ID, oil palm, trop. rain forest
43
213
213
213
Bioethanol
LCA dLUC iLUC25% iLUC50%
EU, wheat, arable land
45
45
79
112
EU, wheat, grassland
45
72
106
139
BR, sugar cane, arable land
26
26
47
68
BR, sugar cane, grassland
26
43
64
85
BR, sugar cane, degr. land
26
-1
-1
-1
BR, sugar cane, savannah
26
120
120
120

LCA
-54%
-54%
-84%
-84%
-76%
-76%
-50%
-50%
-50%
LCA
-46%
-46%
-69%
-69%
-69%
-69%

reduction vs. fossil fuel
dLUC iLUC25% iLUC50%
-54%
-15%
24%
-23%
16%
55%
-103%
-58%
-14%
-67%
-22%
22%
-41%
7%
37%
118%
118%
118%
-86%
-65%
-44%
-163%
-163%
-163%
147%
147%
147%
dLUC iLUC25% iLUC50%
-46%
-7%
32%
-15%
24%
63%
-70%
-45%
-20%
-50%
-25%
0%
-101%
-101%
-101%
41%
41%
41%

Source: own calculation with GEMIS 4.6; fossil comparators from EU RED; positive (bold in red) figures
indicate that no emission reduction is achieved but an increase; *= short-rotation forestry
as feedstock for biomass-to-liquid (Fischer-Tropsch) diesel in year 2030
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Table A- 9

ILUC Factor

Carbon Emissions from Direct LUC and World Mix of Land Used for
Agricultural Commodity Exports in 2030 (Maximum Case)
assumption on C for LUC, based on IPCC

region, crop, previous land above ground below ground
use
[t C/ha]
[t C/ha]
EU, rapeseed, arable land
5
50
EU, rapeseed, grassland
6
63
EU, SRF for BtL, arable land
5
50
EU, SRF for BtL, grassland
6
63
AR/BR, soybean, grassland
6
63
AR/BR, soybean, svannah
66
68
ID, oil palm, grassland
6
63
ID, oil palm, degraded land
5
30
ID, oil palm, trop. rain forest
EU, wheat, arable land
EU, wheat, grassland
US, maize, arable land
US, maize, grassland
BR, sugarcane, arable land
BR, sugarcane, grassland
BR, sugarcane, degr. land
BR, sugarcane, savannah

165
5
6
5
6
5
6
5
66

100
50
63
50
63
50
63
30
68

total
[t C/ha]
55
69
55
69
69
134
69
35
265
55
69
55
69
55
69
35
134

2030-MAX

emission
share in
[t CO2/ha] world mix
202
0%
254
0%
202
0%
254
0%
254
20%
491
6%
254
0%
128
0%
972
202
254
202
254
202
254
128
491

8%
0%
5%
0%
33%
0%
24%
0%
4%

weighted world mix based on domestic land shares for export

340

t CO2/ha

theoretical 100% iLUC factor, per hectare and year

17.0 t CO2/ha*a

Source: own calculation based on IPCC (2006), and FAOSTAT
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Table A- 10

A-13

ILUF Factor

Life-Cycle GHG Emissions of Biofuels and Impacts from iLUC in 2030
(Maximum Case)

GHG emission g CO2eq/MJbiofuel
Biodiesel
LCA dLUC iLUC25% iLUC50%
EU, rapeseed, arable land
40
40
73
107
EU, rapeseed, grassland
40
67
100
134
EU, SRF for BtL, arable land
14
-2
36
75
EU, SRF for BtL, grassland
14
29
67
106
AR/BR, soybean, grassland
20
51
92
118
AR/BR, soybean, svannah
20
188
188
188
ID, oil palm, grassland
43
12
30
48
ID, oil palm, degraded land
43
-55
-55
-55
ID, oil palm, trop. rain forest
43
213
213
213
Bioethanol
LCA dLUC iLUC25% iLUC50%
EU, wheat, arable land
45
45
79
112
EU, wheat, grassland
45
72
106
139
BR, sugarcane, arable land
26
26
47
68
BR, sugarcane, grassland
26
43
64
85
BR, sugarcane, degr. land
26
-1
-1
-1
BR, sugarcane, savannah
26
120
120
120

LCA
-54%
-54%
-84%
-84%
-76%
-76%
-50%
-50%
-50%
LCA
-46%
-46%
-69%
-69%
-69%
-69%

reduction vs. fossil fuel
dLUC iLUC25% iLUC50%
-54%
-15%
24%
-23%
16%
55%
-103%
-58%
-14%
-67%
-22%
22%
-41%
7%
37%
118%
118%
118%
-86%
-65%
-44%
-163%
-163%
-163%
147%
147%
147%
dLUC iLUC25% iLUC50%
-46%
-7%
32%
-15%
24%
63%
-70%
-45%
-20%
-50%
-25%
0%
-101%
-101%
-101%
41%
41%
41%

Source: own calculation with GEMIS 4.6; fossil comparators from EU RED; positive (bold in red) figures
indicate that no emission reduction is achieved but an increase; *= short-rotation forestry
as feedstock for biomass-to-liquid (Fischer-Tropsch) diesel in year 2030
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Table A- 11

ILUC Factor

Carbon Emissions from Direct LUC and World Mix of Land Used for
Agricultural Commodity Exports in 2030 (Optimal Case)
assumption on C for LUC, based on IPCC

region, crop, previous land above ground below ground
use
[t C/ha]
[t C/ha]
EU, rapeseed, arable land
5
50
EU, rapeseed, grassland
6
63
EU, SRF for BtL, arable land
5
50
EU, SRF for BtL, grassland
6
63
AR/BR, soybean, grassland
6
63
AR/BR, soybean, svannah
66
68
ID, oil palm, grassland
6
63
ID, oil palm, degraded land
5
30
ID, oil palm, trop. rain forest
EU, wheat, arable land
EU, wheat, grassland
US, maize, arable land
US, maize, grassland
BR, sugarcane, arable land
BR, sugarcane, grassland
BR, sugarcane, degr. land
BR, sugarcane, savannah

165
5
6
5
6
5
6
5
66

100
50
63
50
63
50
63
30
68

total
[t C/ha]
55
69
55
69
69
134
69
35
265
55
69
55
69
55
69
35
134

2030-OPT

emission
share in
[t CO2/ha] world mix
202
0%
254
0%
202
0%
254
0%
254
26%
491
0%
254
5%
128
0%
972
202
254
202
254
202
254
128
491

0%
0%
5%
0%
33%
0%
18%
0%
0%

weighted world mix based on domestic land shares for export

220

t CO2/ha

theoretical 100% iLUC factor, per hectare and year

11.0 t CO2/ha*a

Source: own calculation based on IPCC (2006), and FAOSTAT
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Table A- 12

A-15

ILUF Factor

Life-Cycle GHG Emissions of Biofuels and Impacts from iLUC in 2030
(Optimal Case)

GHG emission g CO2eq/MJbiofuel
Biodiesel
LCA dLUC iLUC25% iLUC50%
EU, rapeseed, arable land
40
40
73
107
EU, rapeseed, grassland
40
67
100
134
EU, SRF for BtL, arable land
14
-2
36
75
EU, SRF for BtL, grassland
14
29
67
106
AR/BR, soybean, grassland
20
51
92
118
AR/BR, soybean, svannah
20
188
188
188
ID, oil palm, grassland
43
12
30
48
ID, oil palm, degraded land
43
-55
-55
-55
ID, oil palm, trop. rain forest
43
213
213
213
Bioethanol
LCA dLUC iLUC25% iLUC50%
EU, wheat, arable land
45
45
79
112
EU, wheat, grassland
45
72
106
139
BR, sugarcane, arable land
26
26
47
68
BR, sugarcane, grassland
26
43
64
85
BR, sugarcane, degr. land
26
-1
-1
-1
BR, sugarcane, savannah
26
120
120
120

LCA
-54%
-54%
-84%
-84%
-76%
-76%
-50%
-50%
-50%
LCA
-46%
-46%
-69%
-69%
-69%
-69%

reduction vs. fossil fuel
dLUC iLUC25% iLUC50%
-54%
-15%
24%
-23%
16%
55%
-103%
-58%
-14%
-67%
-22%
22%
-41%
7%
37%
118%
118%
118%
-86%
-65%
-44%
-163%
-163%
-163%
147%
147%
147%
dLUC iLUC25% iLUC50%
-46%
-7%
32%
-15%
24%
63%
-70%
-45%
-20%
-50%
-25%
0%
-101%
-101%
-101%
41%
41%
41%

Source: own calculation with GEMIS 4.6; fossil comparators from EU RED; positive (bold in red) figures
indicate that no emission reduction is achieved but an increase; *= short-rotation forestry
as feedstock for biomass-to-liquid (Fischer-Tropsch) diesel in year 2030
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Table A- 13

ILUC Factor

Yield Assumptions for the iLUC Factor Calculations from 2005 to 2030

yield of crop system [GJfeedstock/t]
rapeseed EU
SRF, EU
soybean, AR/BR
oil palm, ID/MY
oil palm, degraded land, ID/MY
wheat, EU
maize, US
sugarcane, BR
sugarcane degraded land, BR

2005

2010
84
135
43
500
350
100
159
650
600

2020
88
138
45
526
363
116
55
660
609

2030
93
142
47
552
377
119
57
670
618

108
153
55
641
422
128
61
701
647

Source: data for 2005 from FAOSTAT, for 2010 ff and degraded land own estimate based on trend
projections for annual yield increases from various sources; data represent total gross
biomass growth (including by-products and residues); EU = European Union; SRF = shortrotation forestry; AR = Argentina; BR = Brazil; ID = Indonesia; MY = Malaysia; US = United
States of America
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