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PREFACE
Sustainability of Biomass Utilization in Changing Operational Environment (SUBICHOE) project was established in 2009. It is the part of ”BioRefine” programme of the
Tekes. The project is funded by Tekes, TEM and MMM, and it is carried out jointly
by VTT Technical Research Centre of Finland, Finnish Environment Institute SYKE,
MTT Agrifood Research Finland, Finnish Forest Research Institute (Metla) and The
Government Institute for Economic Research (VATT). This project (SUBICHOE) is
a continuation of the “BIOVAIKU” project, which results was published in the VTT
Research Notes 2482.
The main objective of the SUBICHOE project is to assist in strategic decisionmaking of public administration and companies, as regards the most sustainable
use of biomass, by taking into account the changing operational environment. In the
project the sustainability of biofuels and the criteria, in particular those set by the EC,
for ensuring that set requirements can and will be fulfilled are being assessed from
short and long term perspectives.
The work plan is divided into four Work Packages. This is the final report of Work
Package 3 (WP3) “Assessment, verification and monitoring of indirect impacts due
to market mechanisms”.
The following researches have been involved in the writing process:
SYKE:
VTT:
VATT:
MTT:

Kaisa Manninen and Riina Antikainen
Sampo Soimakallio
Antti Simola
Rabbe Thun

The authors gratefully acknowledge the financiers of the project, the reviewers of
the text, and all the persons who gave useful comments during the work.
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1 Introduction

Global use of biomass and arable land for non-food purposes has been increasing
continuously, due to the growing demand for bioenergy boosted with ambitious
targets on biofuel production and use in the transport sector. In EU-25, for example,
the production of biodiesel from oilseed crops has increased more than twentyfold in
the period 1994–2005, resulting in a relative share of 3.1 % of total renewable energy
production in 2005 (EEA 2007). In the US, fuel ethanol production has been on the rise
since 1980 with the most dramatic increase in recent years as the production increased
by 25% between 2009 and 2010 (U.S. Department of Energy 2011). The EU Fuel Quality
Directive requires that GHG emissions from transport are reduced by at least 6% in
all the EU member states by 2020, whilst the Renewable Energy Directive (Directive
2009/28/EC) requires that each member state shall ensure that the “share of energy from
renewable sources in all forms of transport in 2020 is at least 10% of the final consumption of
energy in that Member State”. Similar targets have also been set in the USA, China etc.
In Finland, the share of renewable energy should be raised to 38 % by 2020 according
to the EU Directive (2009/28/EC). This is likely to include a considerable amount of
wood energy that will be used in heat and power production. (TEM, 2008.)
The growing bioenergy demand has recently led to increasing concern about the
direct and indirect impacts of the growth. Global biomass can be seen as a large
resource pool, in which the use of each component is directly or indirectly linked to
each other. This is due to the fact that productive or arable land is a limited resource,
and possibilities to increase the use of biomass depend on the production potential
provided by this resource. According to Bruinsma (2009), there is still potential for
increasing both the amount and productivity of global arable land. However, the
situation will be more difficult in more distant future and regional disparities might
become apparent as well. Moreover, Bruinsma (2009) did not consider the effects of
possible increase in biofuel use. The changes in the use of biomass often culminate in
changes in land use, either directly or indirectly. Mechanisms behind these changes
are related to factor and commodity markets or to other system impacts, such as competition between different raw materials, auxiliary materials, main and by-products,
residues and waste, and therefore increasing attention studies related to biofuel life
cycle sustainability is paid on so called consequential and indirect effects.
In this study the indirect effects of bioenergy and transport biofuels and especially
those of indirect land use changes are examined more closely. The theory part focuses
mainly on the indirect land use changes. In the case studies, also other indirect impacts
on resource use are considered.
The aims of the study are to examine:
• Which methods can be used to identify and quantify indirect effects?
• What is the significance of indirect effects in biofuel production?
• Which biofuels have probably high indirect effects? What are these effects and
their magnitude?
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• Are there biofuels that do not have any indirect effects?
• How can the indirect effects be monitored and controlled?
• How reliable methods exist to indentify and assess indirect effects?
Land use changes can lead to significant direct and indirect effects on greenhouse gas
emissions, biodiversity, soil quality, nutrient cycling, water balances and other environmental effects, as well as to different types of social and economic aspects. These
effects can be both positive and negative, but most concern is naturally on negative
impacts of various sustainability dimensions.
We use Brazil and Finland as case regions. Brazil is one of the leading countries of
biofuel and biomass production, with identified deforestation due to land use related
problems in important biomes such as the Amazon area. In addition, there is a lot of
published material on biofuel and biomass production and land use in Brazil. Using
the published material, we aim to create a picture on how easy or difficult it is to
identify direct and especially indirect impacts based on generic data.
Two case studies from Finland are examined and presented in this report. In the
first case study, we assess how the fulfillment of the biofuel mandate alters the land
use allocation and other sources of non-CO2 greenhouse gas emissions (NCGG). We
focus on the two most important land using sectors, agriculture and forestry and on
the land use changes between them. The method used is computable general equilibrium (CGE) modeling.
In the second case study of Finland, the results of the “FOBIT”-project are presented. The project analyses the rationality of the EU target to increase the use of
transportation biofuels from the perspective of climate chance mitigation and economic efficiency using partial equilibrium (PE) modeling.
In this report, we do not consider in detail the consequences the land use changes
have, on, for example, socio-economic aspects, such as employment, land use rights
or equity of the local population. Furthermore, environmental changes caused by land
use changes are not assessed in detail. In addition, land use planning and legislation
of land use aspects are excluded from our study.

8
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2 Definitions and concepts of direct
and indirect impacts and their related
effects
2.1

Definitions
Direct and indirect effects, for example land use changes, have been discussed in many
sources and there is not only one definition for the concepts. The direct effect can be
related for example to land use changes, GHG emissions, water use, employment and
profits. Thus, in the policy context, the key of the definition is that the direct effects
can be directly linked to and therefore controlled by the actors in the production chain.
The direct effects and for example the new biofuel product can be the starting point
of a variety of cause-and-effect chains leading to indirect effects. (Ros et al. 2010a.)
According to Ros et al. (2010a) the direct effects can be defined as follows:
”Direct effects are the effects that can be directly and exclusively linked to the productionconsumption chain of the bioenergy product”
Ros et al. (2010a) have also defined indirect effects of bioenergy production as
follows:
”Indirect effects are the effects that are caused by the introduction of a bioenergy product,
but cannot be directly linked to the production chain”
Land use related terminology is numerous and often ambiguous. Many definitions
are often mixed or used as synonyms, for example, land cover and land use. Mattila
et al. (2011) define land cover as the physical material on earth’s surface, meaning
the trees and other vegetation, water, soil, asphalt and so on. According to Mattila
et al. (2011), land use refers to the functional dimension (i.e. use) and corresponds to
the description of areas in terms of their socio-economic purposes – how the area is
used for urban activities, agriculture, forestry etc. By the definition of IPCC (2007a)
land use refers to the total arrangements, activities and inputs undertaken in a certain land cover type (a set of human actions). The term land use is also used in the
sense of the social and economic purposes for which land is managed (e.g., grazing,
timber extraction, and conservation). Land use is further divided into two separate
categories in LCA terminology: land occupation and land transformation (Mattila
et al. 2011). Land occupation refers to a continuous use of land area for a certain
human-controlled purpose, e.g. agriculture, forestry, construction and infrastructure.
Land transformation refers to the change from one land use category to another; for
example plantation of forest on land previously used for agriculture. According to
Mattila et al. (2011), direct land use change (DLUC) is the land transformation that is
caused directly by the expansion of a certain land use activity; i.e. drainage of peat
land to forestry area. Indirect land use change (ILUC) refers to the land transformation that is caused indirectly by land competition outside the studied product system
boundary and that is attributable to the studied activity.
A bioenergy production chain is just one of many production-consumption chains,
which interact with other systems, such as the economic system, climate system and
the ecosystem. Every indirect effect also in its part cause other effects, which in time
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become smaller and smaller. Due to that, indirect effects are often difficult to identify
and quantify. Examples of indirect effects of bioenergy production are e.g. land use
changes, higher prices for (non-biofuel) food products, nature conversion for food
production, and lower feed and oil prices. Direct effects can be a starting point for
indirect effects. (Ros et al. 2010a.)
More accurate definitions of land use changes have been published by The European Commission. The communication on the practical implementation of the
Renewable Energy Directive (the RED) (EU 2009), defines the concept of land use
change as follows:
“Land-use change should be understood as referring to changes in terms of land cover
between the six land categories used by the IPCC (forest land, grassland, cropland, wetlands,
settlements and other land) plus a seventh category of perennial crops, i.e. multi-annual crops
whose stem is usually not annually harvested such as short rotation coppice and oil palm
(because such a land has features of both cropland and forest land). This means, for example,
that a change from grassland to cropland is a land-use change, while a change from one crop
(such as maize) to another (such as rapeseed) is not. Cropland includes fallow land (i.e. land
set at rest for one or several years before being cultivated again). A change of management
activities, tillage practice or manure input practice is not considered as land-use change”.
According to previous chapters, many land use related terminology exist and also
the definition of direct and indirect effect can vary. In order to avoid misunderstandings, it is important to recognize the context, where the term is used. In a new context
it is good to provide the definition.

2.2

Types of indirect land use change
Indirect impacts can be realized through several mechanisms. Gnansounou et al.
(2008) separates five different types of indirect land use changes (Fig 1):

1) Spatial ILUC
Spatial ILUC occurs when the production of crops for biofuels on a certain land
pushes the previous activity to another location. For example sugarcane expansion
replaces pasture land, which as a consequence is displaced to forests.

2) Temporal ILUC
Temporal ILUC takes place when the land is cleared for another purpose but is later
used for biofuels’ crop production. If the forest land is deforested for the purpose
of pasture land, which is later used for energy plant production, it is not rational to
assign all the impacts to the first land use category. The effects should be distributed
over a certain time horizon and allocated between the subsequent land use categories.

3) Use ILUC
Use ILUC occurs when the land use in a defined area remains the same, but for example the end use of sugarcane produced in that area changes from sugar production
to ethanol. However, the demand for sugar still exists and therefore for example forest
land is transformed to sugarcane production in another location.

4) Displaced activity ILUC
Displaced activity ILUC means that national land use change is avoided by shifting
a previous activity to another country. For example, in a simple two country case,
sugarcane production in Brazil replaces pasture land when the displaced meat production can be substituted by imports from another producing country, for example

10
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from Argentina. This can lead to an increased meat production demand in Argentina
and thus generate land use changes in that country. This direct land use change in
Argentina can be attributed to the Brazilian biofuel production as an indirect land
use change induced by this biofuel pathway.

1) Spatial ILUC
= energy plant (e.g. sugar cane)
= forest
= pasture land
2) Temporal ILUC

3) Use ILUC
ETHANOL

ETHANOL

SUGAR

SUGAR

SUGAR

4) Displaced activity ILUC
A

A
A

MEAT

B

B
B

5) Displaced use ILUC
A

A

A

ETHANOL

ETHANOL

SUGAR

B

B

B
SUGAR

A
B

SUGAR

Country A
Country B

Figure 1. Different ILUC types based on Gnansounou et al. (2008).
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5) Displaced use ILUC
Displaced use ILUC occurs when national land use change is avoided by shifting
production for a previous purpose to another country. For example, in a simple two
country case, the end use of sugarcane in Brazil changes from sugar to ethanol. If
Brazil as an exporting country of sugar cannot supply the demand for sugar in the
importing country this has to increase its own sugar production to satisfy its internal
demand. Therefore the indirect land use change, caused by sugarcane production for
sugar in another country may be attributed to the Brazilian bioethanol production
and an indirect land use change is induced by this biofuel pathway.
Terminology by Gnansounou et al. (2008) presented above is only one way to
define different ILUC types. These, however help to understand the starting points
that could lead to indirect land use changes.

12
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3 Identification and quantification of
the indirect effects
The indirect effects are likely to be caused by every economic activity due to complex
interlinkages in a socio-economic system. The indirect effects have been raised and
emphasized in particular in the context of expanding production of biofuels on agricultural land. Bioenergy has the potential to reduce GHG emissions when replacing
fossil fuels, but the indirect effects might partly or even completely eliminate this
benefit. Indirect effects can even change the order of magnitude of emissions from
bioenergy chains. However, the objective identification, quantification and attribution of indirect effects to various production chains may be very challenging. Various
approaches based on monitoring and modeling are being applied for these purposes.
Monitoring and modeling are different kinds of methods which, however, are linked
to each other and are discussed in the following chapters.
3.1

Monitoring of indirect effects
The indirect effects cannot be measured unequivocally. One option to quantify the
indirect effects is to monitor them. As it was said before, the indirect effects are a
consequence of activities between and within the different production/consumption
chains and the dynamic systems. Many effects can be monitored, both directly related
to the biofuel production chains and within the global systems, but the identification of their relation is difficult (Prins et al. 2010). Different monitoring tools are for
example maps, figures and statistics. Remote sensing data can be used for micro level
examination of a certain area (e.g. Rudorff et al. 2010; Nassar et al. 2010) and with
different statistics, changes in, for example production volumes can be monitored
during some time period (e.g. FAO Statistics).
Nassar et al. (2010) present three different monitoring methods to estimate past
land use dynamics and another one to project future trends. These methods are mainly
meant for estimating direct land use changes, but can also be used for estimation of
ILUCs. The first method is to measure the LUC using remote sensing images. In the
second case micro-regional secondary data is used. The third method is an empirical
study, where field data is collected from environmental licensing reports. Monitoring
and analysis of future trends can be supported by use of partial equilibrium models.
A simplified monitoring method to quantify ILUC is The Risk Adder1 approach
(later renamed as ILUC factor) developed by the Oeko-Institute (Van Dam et al.
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
et al. 2008), but was renamed during 2008 into ILUC factor (Fritsche et al. 2010). 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 (Fritsche
et al. 2010).
1

The Finnish Environment 1 | 2012

13

2010). It gives an estimation of the risk for ILUC and consequently additional GHG
emissions, but the differentiation between direct and indirect land use changes is not
made. The approach assumes that only countries, which are exporters on the world
markets, have an effect on ILUC, because they are the only ones that benefit from
incentives for additional production and can therefore trigger ILUC. The approach
determines where the ILUC takes place geographically. The potential CO2 emissions
from ILUC are simplified and determined as the mean value of proportionate areas
required for agricultural exports by world regions and the respective carbon release
by the required LUC in that region. A conservative default value was estimated to
be 300 t CO2/ha for the conversion of a high carbon content natural system to arable
land within a time frame of 20 years (Hoefnagels et al. 2010).
Ecometrica Inc. (2010) criticizes the forward-casting models when quantifying
ILUC associated with biofuels or other changes in agricultural output, as the predictive reliability of such models is highly questionable and their application provides
a limited basis for practical solutions either by the biofuel industry or by policy makers. Due to that, Ecometrica (2010) has developed a practical three-step approach to
quantify GHG emissions from ILUC associated with different biofuel feedstock within
the context of changing patterns of global land use.
The steps according to Ecometrica (2010) are:
– Step 1: Estimation of LUC emissions associated with marginal changes in
output of commercial agricultural crops based on a share of actual LUC emissions (using standard allocation methods).
– Step 2: Separation of direct and indirect emissions, such that total LUC emissions = directly attributed emissions + indirect emissions (to avoid doublecounting).
– Step 3: Progressive attribution and acceptance of responsibility towards direct
effects by each sector and producer, thus reducing the residual pool of indirect
emissions. Overall the aim of step 3 is to attribute also indirect emissions as
direct emissions.
As highlighted in the previous chapters above, different methods to monitor ILUC
have been developed. These methods can, however, often not distinguish direct and
indirect land use change emissions from each other. Neither does any generally accepted monitoring method to calculate ILUC emissions exist.
3.2

Modeling
Monitoring data can be used to identify historical changes in land use, including
indirect effects of bioenergy production, and furthermore, for various scenarios and
assumptions on expected future development trends. Such a set of assumptions can
be regarded as a modeling approach. The models are an imperfect simulation of a
complex reality. The models can be very useful for understanding the phenomenon
and mechanisms leading to indirect effects of bioenergy, especially when comparing the results of different models with a different representation of the system. The
models cannot easily distinguish between direct and indirect effects but are the only
tools for comparing different scenarios or “two different worlds”: a world with a
bioenergy policy and one without. That kind of comparisons show the possible final
land use impacts, which, in their turn can be used to predict the indirect impacts. For
the assessment of indirect effects, modeling on a global scale is required. The models
describe the interaction of a new bioenergy production system with global dynamic
systems, such as the economic/climate systems or ecosystems. The result depends

14
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on the changing states in these global systems. Therefore, the indirect effects vary
over time and there are no fixed characteristics of the biofuels alone. As a result, the
modeling can yield a variable for the greenhouse gas emissions caused by indirect
land use change. (Prins et al. 2010; Ros et al. 2010a.)
In order to analyze all the different impacts of bioenergy policies properly, the
economic and bio-physical systems need to be combined in one modeling framework.
Indirect impacts are prominently influenced by economic factors and various policies.
Climate change policies in general and those specifically targeting the increased use
of renewable energies have potential effects on land use. Extensive policy measures
might have significant effects on the world trade patterns, which makes an indirect
land use problem an international one. The US corn ethanol policy is a good example
since it has been cited as a main factor for the recent increases in world market prices
of food products. The final land use change and its impact, for example, land use emissions, occur in the bio-physical domain. Over the last decade several research groups
have separately developed global economic and bio-physical models to investigate
different implications of bioenergy production. (Prins et al. 2010.) Table 1 explains
the role of the equilibrium models in the role of quantification of indirect impacts.
This four-step approach is generally used by the available initiatives, although each
initiative has its own exact methodology for quantification of indirect impacts of
biofuel production. (Cornelissen & Dehue 2009.)
Table 1. General four-step approach initiatives to model ILUC in global models (Cornelissen &
Dehue 2009; Van Dam et al. 2010).
Step

Description

1. Market response

Global agroeconomic equilibrium models
Assess the effect of additional biofuel demand (e.g. a biofuel mandate,
on the market)
Effects are divided into:
– Expansion of agricultural land.
– Intensification of agricultural production; e.g. higher yield per
harvest, increased number of harvests per year
– Higher commodity prices, crowding out consumers of the same
commodity in other markets, leading to reduced consumption e.g.
for food.

2. Types of LUC

According to the information from step 1 (e.g. amount of agricultural
land expansion, location of expansion), prediction is made on which
types of land will be converted to agricultural land.
One method used for this purpose is satellite analysis of historical
LUC trends.

Impacts:
3a. Biodiversity
3b. Carbon stocks

Information from step 1 and 2 and some datasets (e.g. soil organic
carbon data, IPCC data sources or data on protected areas) are used
to assess the biodiversity and carbon stocks impacts.

4. Time allocation

Although the carbon emissions quantified in step 3b. largely take
place upon conversion, they are usually allocated to the GHG
balance of biofuels over time (e.g. for a 20 years period). Different
allocating mechanisms have been suggested. The chosen time scale
for amortization influence the results drastically. Furthermore,
when aiming to stabilize the atmospheric GHG concentrations at
an ambitious low level, the actual climate effects of pulse emissions
(for example from land-use changes) are significantly underestimated
(70–80%) if annualized for many years (10–50a) (Kendall et al. 2009).

The economic equilibrium models commonly used in ex ante policy analysis can be
divided in two categories: Partial Equilibrium (PE) models and General Equilibrium
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(GE2) models. These models are based on changes between equilibrium states. Relative prices of inputs and outputs adjust to accommodate the quantities produced and
consumed in an economy restricted by equilibrium conditions. In a typical equilibrium condition markets are set to clear so that supply of goods equals demand. Partial
equilibrium models present only one or few industries of the economy, e.g. agriculture
or forestry. They generally allow for a detailed representation of e.g. agricultural and
bioenergy production, and land use restrictions. In contrast, the general equilibrium
models present all of the industries and are therefore able to account for direct and
indirect3 effects of applied policies. A GE model works as a typical economic circular
flow of income (Figure 2) and has three main categories of agents: the private sector,
households, and the public sector. Private sector industries produce the commodities
that households and the public sector consume. In production processes the industries use primary factors (capital, labor, and land) as inputs. Primary factor use of an
industry is the value added of that particular industry. Industries also use intermediate inputs (or materials) that are outputs produced by the industries. For example
industry producing feed uses the outputs of agricultural industries as its input. I/Otables (input/output-tables) describe the structure of how industries use inputs and
produce outputs, and they serve as the basic database for GE models. Households
own the primary factors and receive income from their rental to finance the consumption. The public sector collects taxes and makes income transfers to households and
industries. The capital used in production is formed and worn throughout time by
investments and depreciation. In contrast to partial equilibrium models, the demands
of households and the public sector are typically endogenous in general equilibrium
models. PE and GE models both have great spatial variety starting from regional
reaching to national and even global levels. Global level GE models have endogenous
world trade, which is a great asset for such models, but consequently requires a vast
database. The GTAP-project has constructed a global trade database that serves as
the standard database for global GE models (GTAP 2011).
The greatest strength of CGE-models is the way in which the indirect consequences
of public policies can be investigated. The downside is that the models tend to be
large and not easily disaggregated into technological details smaller than industry
level. However, during the past few years this family of methods has become the
most prominent in economic analysis of land use change in climate change policies
– especially the analysis for biofuel policies that take into account the indirect land
use changes require CGE-modeling. Hertel et al. (2009) is a good introduction to the
topic. Although the CGE-modeling has become the most prominent tool for climate
change policy related land use analysis that is still largely a work in progress as new
developments in modeling techniques become available.
3.2.1

Different models to evaluate ILUC emissions
This chapter presents examples of different models, which can be used to evaluate
the impacts of marginal increase in biofuel production. The list of models presented
here is not exhaustive, and other examples of models are e.g. the US Agricultural
Abbreviations CGE and AGE are commonly used for computable and applied general equilibrium
models, respectively. However, there are no conceptual differences between currently used CGE and AGE
models and it is largely matter of taste which abbreviation is used.
3
Direct effects refer here to the economic effects for the industries directly affected by economic shocks
or policies. Indirect effects are the effects for the other industries due to the direct effects. E.g. a direct effect
of a biofuel policy would be increased production in biomass producing industries and an indirect effect
would be decreased production in the rest of the industries if they face higher energy costs because of the
policy. PE modeling is constrained to the direct effects, whereas GE modeling traces the indirect effects as
well.
2
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Iinvestment
IM (import)
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Figure 2. Economic circular flow of income (Wikimedia Commons 2011).

Sector and Mitigation of Greenhouse Gas (ASMGHG) Model (Schneider et al., 2007
U.A. Schneider, B.A. McCarl and E. Schmid, Agricultural sector analysis on greenhouse gas mitigation in US agriculture and forestry, Agricultural Systems 94 (2007),
pp. 128–140. Article View Record in Scopus | Cited By in Scopus (10) Schneider et al.
2007) and the Global Biomass Optimization Model (GLOBIOM) (Havlík et al. 2011).
The aim of this chapter is mainly to briefly introduce different models, but not to go
in the details in their properties. Often the user needs to modify the model to fit the
special focus of the assessment in question.

The GTAP Model4
The standard GTAP (The Global Trade Analysis Project) Model is a multiregion,
multisector, computable general equilibrium model, with perfect competition and
constant returns to scale. GTAP-E (Environment and Energy) has been developed
to make the global economic analyses of GHG emissions reduction easier and more
realistic. This model has been extended with biofuels by adding the possibility for
substitutability between biofuels and petroleum products. The percentage change
in demand for ethanol depends on the change in aggregate demand for liquid fuels
and on changes in the intensity of ethanol use in liquid fuels. The modified version of
the GTAP-E is called GTAP-BIO which is designed specifically for analysis of global
impacts from expanded biofuels production policy. (Edwards et al. 2010.) The GTAP
project has extended its database with the AEZ (agro-ecological zones) data to account
for the global heterogeneity of primary factor land, which is one of the three primary
4

https://www.gtap.agecon.purdue.edu/models/current.asp
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factors (labor, capital and land) in economics. The AEZ-data is based on grid-level
observations of latitude and climatic and soil conditions that contribute to the zone’s
productivity. Hertel et al. (2008) describe the AEZ-data and the related model in more
detail. The GTAP-AEZ-GHG-model developed by Golub et al. (2008) includes also
GHG-emission data and it has become perhaps the most widely used version of the
GTAP-model in global biofuel and land use change analysis.

The FAPRI-CARD Model5
The model has been developed by the Food and Agricultural Policy Research Institute
(FAPRI) and the Center for Agriculture and Rural Development (CARD) at Iowa State
University. It is an interconnected network of several partial-equilibrium models describing in a rather detailed way the markets for different agricultural commodities.
These sub-models include econometric relations and simulations as appropriate. They
cover all major temperate crops, sugar, ethanol and biodiesel, dairy, and livestock and
meat products for all major producing and consuming countries and are calibrated
for most recently available data. The models provide 15-year projections of supply,
utilization, and prices for modeled commodities by country or region. (Edwards et
al. 2010.)
The linkages between the sub-models reflect derived demand for feed in livestock
and dairy sectors, competition for land in production, and consumer substitution
possibilities for sets of close substitutes, such as vegetable oils and meat types. The
CARD Model and associated numerical analyses have been validated through numerous academic publications, external reviews, and internal annual updates. (Edwards
et al. 2010.)
The modeling system captures the biological, technical, and economic relations
among key variables within a particular commodity and across commodities. The
model is based on historical data analysis, current academic research, and a reliance
on accepted economic, agronomic, and biological relationships in agricultural production and markets. For each commodity sector, world prices are found at a point where
supply equals demand. For smaller producers, the world price is modified by a price
transmission equation, which takes into account transport costs, policy effects and
quality. However, in general, major producers have dedicated sub-models embedded in the global model, which endogenously calculate domestic prices. (Edwards
et al. 2010.)

The AGLINK-COSIMO Model6
AGLINK-COSIMO is a dynamic supply-demand model of world agriculture, developed by the Organization for Economic Co-operation and Development (OECD)
Secretariat in close co-operation with Member countries. The geographical coverage
has been improved through co-operation with FAO’s COSIMO (COmmodity SImulation MOdel), which shows a comparable design and represents the agricultural
sectors and policies of many developing countries. The model represents annual
supply, demand and prices for the principal agricultural commodities produced,
consumed and traded in OECD countries and certain non-OECD countries. Being a
partial-equilibrium model, AGLINK-COSIMO only covers agricultural commodities,
using simple elasticities to assess the effect of prices on demand, rather than modeling all other economic sectors to do this. However, these elasticities are in practice
easier to estimate from historical data than the production functions used in general-

No web page found. Information is based on Edwards et al. 2010: http://ec.europa.eu/energy/renewables/consultations/doc/public_consultation_iluc/study_4_iluc_modelling_comparison.pdf
6
http://www.oecd.org/officialdocuments/displaydocumentpdf?cote=AGR/CA/
APM%282006%2916/FINAL&doclanguage=en
5
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equilibrium models. Non-agricultural sectors are not modeled, and are treated as
exogenous to the model. (Edwards et al. 2010.)

The LEITAP Model7
The LEITAP Model was developed at the Dutch agricultural research institute LEI,
part of Wageningen University and Research (WUR) and is based on the general equilibrium model GTAP that has been extended to analyze the impact of the EU biofuel
directive on agricultural markets. The version LEITAP2 uses the carbon market and
the rough characteristics of the production structure of the energy-variant of GTAP,
GTAP-E and the international capital flow accounting system of the dynamic GTAP
model GTAP-DYN, and includes also some parts of the agricultural variant of GTAP,
GTAP-AGR. There are several differences with other GTAP-based models, of which
the most important is the land supply method. To predict land use change, LEITAP2
adds a land supply curve approach using information from the land allocation models
IMAGE and CLUE. The production structure of LEITAP has maximum flexibility in
the way inputs are substituted. For all sectors the capital/energy nesting structure is
used, but only for the petroleum industry ethanol and biodiesel can be used as fuel
inputs. (Edwards et al. 2010.)

The IMPACT Model8
The International Model for Policy Analysis of Agricultural Commodities and Trade
(IMPACT) has been developed by the International Food Policy Research Institute
(IFPRI). It is a partial equilibrium agricultural sector model which offers a methodology for analyzing baseline and alternative scenarios for global food demand, supply,
trade, income and population. This model has been used by IFPRI for projecting
global food supply, food demand and food security up to the year 2020 and beyond.
The model contains three categories of commodity demand: food, feed and other
use. When the utilization of each of a particular commodity as biofuel feedstock is
reflected, the ‘other use’ demand category is manipulated. (Edwards et al. 2010.)

The CAPRI Model9
The CAPRI (Common Agricultural Policy Regional Impact) Model is an agricultural
sector economic model covering the EU-27, Norway and Western Balkan based on
non-linear regional programming models consistently linked with a global agricultural trade model. The principal aim of the model is to analyze impacts of changes
in EU agricultural policies and markets on European agriculture and global agricultural markets, mostly at the medium term (8-10 years ahead). Technically, it is a
static, partial equilibrium model consisting of four interconnected modules covering
(1) regional agricultural supply for EU-27, Norway and Western Balkans, (2) global
and EU markets for major primary and secondary agricultural products including
bi-lateral trade, (3) EU markets for young animals and finally (4) premium schemes
and other policy instruments of the Common Agricultural Policy (CAP). The CAPRI
Model provides a detailed description of the Common Agricultural Policy (CAP) and
the model covers EU with detailed results reported in 250 regions/NUTS (Nomenclature of Units for Territorial Statistics) which were created by the European Office for
Statistics (Eurostat). In contrast the rest of the World is treated as one single region.
(Edwards et al. 2010.)

No web page found. Information is based on Edwards et al. 2010: http://ec.europa.eu/energy/renewables/consultations/doc/public_consultation_iluc/study_4_iluc_modelling_comparison.pdf
8
http://www.ifpri.org/book-751/ourwork/program/impact-model
9
http://www.capri-model.org/
7
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The ESIM Model10
The ESIM (European Simulation Model) is a SuperCalc-5 spreadsheet-based, multicommodity, multi-regional, comparative-static, net-trade, partial-equilibrium policy
model. ESIM contains 13 countries/regions and reproduces total world production
and trade of the modeled commodities. The policy-driven model contains an extensive list of policy instruments that are used or could be used in the future by either
the EU or potential new entrants. ESIM is not a structural model, but an analytical
framework where the behavior of economic agents is represented, in reduced form,
by elasticity parameters that reflect adjustments to changing prices. The elasticity
parameters are derived from a variety of sources.

Summary of the presented models
Biofuel policies can be assessed with various models. However, comparing the results
of different models should be done with care. Partial and general equilibrium models
might yield quite different results. Partial equilibrium models have more detailed
structure and can more easily accommodate comparisons between various feedstocks.
Unfortunately, effects on the whole economy level cannot be adequately presented
in a partial equilibrium framework. General equilibrium modeling addresses this
problem, but falls short in production details. To have the best of both worlds, it is
possible to combine partial and general equilibrium approaches by, e.g. soft-linking
the models. However, as it is quite a demanding task there is not much research going on in this front at the moment. Choosing a model for a particular task depends
foremost on the focus of the problem and the results needed. If the focus is mostly on
comparing various feedstocks, the partial equilibrium framework might be sufficient.
However, the general equilibrium modeling might be needed if the indirect effects
are a significant part of the problem. In biofuel policies the interlinkages between
agriculture, forestry and energy through the land and energy uses makes it a natural
case for general equilibrium modeling. Partial and general equilibrium divide aside,
the models have many other individual differences, which have varying effects for
their usability. Assessment of the differences should be done on case-by-case basis.
Comparison of results of various global models is possible and might even be an
interesting exercise in its own right. However, on the lower spatial levels there rarely
are that many models for a particular country or region that could be reasonably
compared. Assumptions and correlations between model variables can be wrongly
interpreted and linked which can create fundamental errors to the modeling results
(e.g. O’Hare et al. 2011 and Kline et al. 2011).

No web page. Information is based on: http://ec.europa.eu/energy/renewables/consultations/doc/
public_consultation_iluc/study_1_jrc_biofuel_target_iluc.pdf and http://www.ers.usda.gov/publications/tb1865/TB1865b.PDF
10
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4 Significance of indirect effects

The significance of indirect effects is still an open question, even though many studies
have been conducted to assess them. Here we summarize findings on the significance
of indirect effects based on two studies, which used the models presented above. Additionally, we present results from other relevant literature.
Models presented in the previous chapters have been used in two studies by the
Joint Research Centre (JRC). The study of Edwards et al. (2010) is a comparative analysis of the outputs of these models. The result of the analysis is a range of potential
factors. These factors can be used to convert estimates of biofuel consumption into
estimates of associated land use change. The study presents the comparison of six
models and the results for marginal biofuels production from various feedstock. The
ideal output from the models, for the purpose of policy development, would be the
marginal tons of GHGs per an energy unit for every biofuel from every feedstock.
The study supports the preparation of the policy proposal on the assessment of the
effects of indirect land use change and provides useful information to the European
Commission’s internal debate on how to address ILUC emissions in legislation. The
partial and general equilibrium models compared are: AGLINK-COSIMO, CARD,
IMPACT, G-TAP, LEI-TAP and CAPRI. The studied scenarios were requested to correspond as closely as possible to the following specifications:
–
–
–
–

A marginal extra ethanol demand in the EU
B marginal extra biodiesel demand in the EU
C marginal extra ethanol demand in the US
D marginal extra palm oil demand in the EU (for biodiesel or pure plant oil
use)

The comparison of the results of different models is not simple because each model
has been created to model different scenarios, with varying quantities of biofuels
produced in different parts of the world using different mixes of feedstock. The results present the marginal changes in land use area (kha/Mtoe) for all of the modeled
scenarios. The results vary between 82-1982 kha/Mtoe in the biodiesel scenarios and
between 107-863 kha/Mtoe in the ethanol scenarios. (Edwards et al. 2010.)
The study of Fonseca et al. (2010) presents the results of an agro-economic impact
analysis with the aim of analyzing the impacts of EU biofuels policies on agricultural
production, trade and land use within and outside the EU up to the year 2020. Three
models, AGLINK-COSIMO, ESIM and CAPRI were used in the exercise. In order to
quantify the impact of EU’s biofuel policy, each model was required to simulate two
scenarios. The baseline scenario depicted the situation up to year 2020, assuming that
the EU’s 10% target for energy use in the transport sector is achieved using both firstand second-generation biofuels, at the ratio 70:30. In the corresponding counterfactual
scenario there is no mandatory target for the biofuel share of total transport fuel,
and no tax exceptions or other fiscal stimuli for biofuels. The three models used are
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quite different in their basic specifications and their features of particular relevance
to modeling biofuel markets. Therefore, identical results cannot be expected.
The results by Edwards et al. (2010) comparing different models have been used
as the basis in the report, prepared by the IEEP (Institute for European Environmental Policy) to convert the increase in biofuel demand generated by the RED into an
approximation of ILUC impact. The IEEP report (Bowyer, 2010.) determined robust
ILUC conversion factors expressed as thousand hectares of ILUC resulting from 1 ktoe
of additional biofuel consumption. After that the numbers for estimated ILUC per 23
studied member states associated with increased demand for conventional biofuels
between 2008 and 2020 were calculated. Also the GHG emissions associated with
land use change were calculated based on the converting default values, which vary
depending on prior land use. Because of the assumptions of the modeling approach,
the results of estimated GHG impacts associated with the expanded agricultural production arising from ILUC will likely be underestimated. On the basis of the results,
the expanded use of conventional biofuel use ILUC could be estimated to account for
between 4.1 and 6.9 million ha for biofuels alone in total in the EU Member States.
Assuming there is no further action undertaken to address ILUC, the major increase
in the use of conventional biofuels, the consequent change in land use has been calculated to lead to between 44 and 73 million tons of CO2 equivalents being released
on an annualized basis in the member states. (Bowyer, 2010.)
Cornelissen & Dehue (2009) review current existing initiatives that aim to quantify
the magnitude of the indirect impacts of biofuel production and also to account for
and mitigate indirect impacts of biofuel production. The following indirect impacts
were taken into account: 1) impact on the lifecycle greenhouse gas balance of the
biofuel due to indirect land use change, 2) impact on biodiversity due to indirect land
use change and 3) impact on global food prices and food consumption. The study reviewed the following key quantification initiatives, which used global agroeconomic
equilibrium models:
1) EC: Work undertaken by the European Commission.
2) RFS: US Renewable Fuels Standard (2nd version, RFS2), designed by the Environmental Protection Agency.
3) LCFS: Californian Low Carbon Fuel Standard, designed by the Californian
Air Resources Board.
4) Searchinger: Work undertaken by Tim Searchinger, scholar and lecturer at
Princeton University, et al.
5) IIASA, Work undertaken by IIASA, the International Institute for Applied
Systems Analysis.
6) LEI: Work undertaken by LEI, the agroeconomical institute of Wageningen
University and Research Centre.
It is important to note that most initiatives, including RFS, LCFS and LEI have refined
and expanded their modeling calculations after the review and the latest results are
not presented in the review by Cornelissen & Dehue (2009). The first initiative (EC) did
not have the quantitative result by the time the study of Cornelissen & Dehue (2009)
was published and thus they could not be included in the quantitative comparison.
Additionally, although the results of LEI provided quantified results of indirect impacts of biofuel production, it has not been possible to extract such data from their
work that would allow a useful quantitative comparison with the other initiatives.
(Cornelissen & Dehue 2009.)
Most of the global agro-economic models cannot separate direct and indirect land
use changes and thus neither their GHG effects. The models calculate a reference
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scenario and an additional biofuel scenario for land uses. The differences between
the two represent all land use changes, both direct and indirect (Table 2).
Table 2. Combined GHG emissions caused by direct and indirect land use changes (Cornelissen &
Dehue 2009).
Weighted average of emissions
from (I)LUC (from energy crops)

Unit

RFS

LCFS

Searchinger

IIASA

g CO2 eq/MJ fuel

56

32

103

30

These differences of GHG emissions caused by ILUC per unit of fuel are an accumulation of the differences in the parameters as following (Cornelissen & Dehue 2009):
Model input assumptions:
– The amount and choice of feedstock for the additional biofuel demand.
– Treatment of co-products of biofuel production.
– Relation between agricultural intensification and commodity prices and/or
demand.
– Relations between commodity demand, commodity prices and food demand.
– Emissions of cropland expansion, integrating:
• Assumptions of types of LUC caused by cropland expansion.
• Assumptions on carbon and biodiversity stocks of land types affected by
cropland expansion.
– Project horizon for emissions from ILUC.
The model output results in this set of parameters contain crucial and comparable
quantitative data on the magnitude of the calculated indirect impacts:
– The division between the following possible results from additional biofuel
demand:
• Biofuel induced agricultural intensification.
• Reduced demand in other sectors.
• Cropland expansion.
– Absolute amount of cropland expansion.
– GHG emissions of ILUC caused by cropland expansion.
Although the GHG emission factors of different initiatives differ from each other, the
results are, however, in line. This is due to the fact that every initiative has defined a
different cropland expansion area per unit of additional biofuel demand and different
emission factors per ha of expanded cropland. Assumptions in different initiatives
are that the IIASA and LCFS found both a low relative cropland expansion per unit
of additional biofuel demand and a low emissions per ha of expanded cropland. The
RFS finds roughly 50% higher values for cropland expansion per unit of biofuel and
one third higher values for emissions per unit of expansion compared to IIASA and
LCFS, which would suggest a factor two higher GHG emissions per unit of fuel at ~60
g CO2 eq/MJfuel. It is almost in line with the actual result of 56 g CO2 eq/MJfuel. When
the work by Searchinger is compared with those of LCFS and IIASA, the value for
cropland expansion per unit of biofuel is more than twice as high and just over 50%
higher for emissions per unit of expansion, which would suggest 3.5 times higher
GHG emissions per unit of fuel. Even though there are differences between the values
of the quantitative outcomes, all studies find that the indirect impacts of biofuels are
significant. (Cornelissen & Dehue 2009.)
For comparison Ecometrica (2010) has estimated that the marginal LUC emissions
for various biofuels range from 10 to 45 g CO2/MJ between years 2000 and 2005.
Mean LUC emissions varied between 0.9 to 4 g CO2 /MJ during the same time period.
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Here, the mean refers to the average emissions of the total production of feedstocks,
whereas the marginal means the emissions estimated across the increase in output.
At the EU level Laborde and Valin (2011) found that fulfilling the biofuel mandate
is likely to lead to 1-12 hectares changes in land use per TJ produced by biofuels. The
increase of emissions associated to indirect land use change would then range from
10 gCO2/MJ to 115 gCO2/MJ. In the same study biodiesel production was found to
cause two times more greenhouse gas emissions related to indirect land use changes
per produced energy unit than ethanol. In any case the study indicates that the biofuel
policies are much less sustainable at the EU level than expected. Banse et al. (2011)
found that mandatory biofuel policies have harmful effects on the greenhouse gas
emissions even at global level. They also found that the indirect effects dominate
in the total amount of greenhouse gas emissions. Furthermore, a strong connection
between biofuel policies and increasing food prices was found.
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5 Controlling and mitigating indirect
land use changes

Most of the current work on indirect impacts of biofuel production focuses on the
quantification of the problem. Understanding the magnitude of the indirect effect
is important but also the awareness of biofuel production without (or with a minimum risk of) indirect impacts should be raised. Relatively few concrete initiatives
exist today that aim to mitigate the indirect impacts of biofuels. In the following, a
common framework for analyzing mitigation measures for indirect effects of biofuel
production is presented. (Cornelissen & Dehue 2009.)

5.1

Global and project level mitigation measures
According to Cornelissen & Dehue (2009), the unwanted indirect impacts from biofuels can be mitigated, in theory by preventing unwanted direct LUC, globally and for
all sectors, and by reducing pressure on land from the agricultural sector as a whole
by increasing yields, supply chain efficiencies and/or a reduction in consumption.
In addition, practical production models can be used to identify and prevent indirect
impacts at a project level.
In the first option the unwanted indirect land use change effects are considered to be
caused due to direct land use changes and thus preventing DLUC altogether eliminates ILUC. The second option tries to reduce the need to expand the area used by the
agricultural sector through e.g. increased public R&D or policy incentives. This does
not necessarily prevent unwanted LUC. (Cornelissen & Dehue 2009.) Also Stehfest et
al. (2010) present the views against agricultural intensification: When other crops are
replaced with biofuels production, the losses in the production of these other crops
are compensated not by expanding agriculture but by increasing the yield on existing agricultural land. However, intensification can also cause additional greenhouse
gas emissions due to the increased fertilizer use and related N2O emissions. Merely
increasing the quantity of nitrogen fertilizers, which is probably the simplest way to
produce higher yields, could lead to additional emissions of up to 150 kg CO2 eq/GJ
of fuel. If yield improvements could be achieved by simultaneous improvements of
management practices, crop varieties and fertilizer input, additional emissions could
stay below 5 kg CO2 eq/GJfuel. (Stehfest et al. 2010.)
The third option concentrates more on the individual producer and four main mitigation measures at project level have been put forward to expand biomass usage for
energy purposes without unwanted consequences of indirect impacts. They are: 1)
producing biofuels from residues, 2) producing biofuels from aquatic biomass such
as algae, 3) producing biofuels from feedstock grown on land without provisioning
services and 4) introducing energy crop cultivation without displacing the original
land use through agricultural intensification or integration models. (Cornelissen &
Dehue 2009.)
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Ros et al. (2010b) present a method for identification and mitigation of biofuel
production’s indirect effects. The method can also serve in mitigation of indirect land
use. According to Ros et al. (2010b) the production of many biofuel crops generates byproducts, which may replace other feed products. In such cases, less land is required
for feed production elsewhere. This means that net land-use for the biofuel production
alone is considerably less than the area needed for the cultivation of the energy crops.
This positive effect has to be included in the impact assessment of biofuels, also in the
case of ILUC. Therefore by-products are relevant in the analysis of indirect land use
effects. By-products cause interdependency between biofuels and feed production
chains. This can complicate the modeling and assessment of greenhouse gas emission
reductions and indirect land use changes induced by bioenergy products. There are
three options to quantify this effect:
1. Integrated models could help in the assessment of the interactions between a
new fuel–feed production chain and global economic and physical systems;
2. A simple life-cycle analysis (LCA) can be done, including a specification of
overall impacts from biofuel production chains for energy products and byproducts;
3. An extended life-cycle analysis (LCA) of the combined fuel and feed production chains can be done, including the substitution of animal-feed ingredients
(e.g. soy meal) by biofuel by-products.
When by-products of biofuels are taken into account, the allocation of total emissions
to the biofuel and to the by-products can be complicated. The study presents three
different methods for allocating environmental impacts of one process or production chain to different products. These methods are allocation based on the energy
content or the economic value of the products or allocation based on substitution of
one product by another. (Ros et al. 2010b.) Multi-functionality is a general challenge
in many LCA calculations, and for example the ILCD Handbook (2010) discusses
different methods to treat and solve the issue. When the magnitude of indirect effects
is known, they can be better mitigated.

5.2

Existing initiatives for mitigating indirect effects
Cornelissen & Dehue (2009) present in their publication various initiatives that have
been proposed or are being developed as proposals for measures to mitigate indirect
impacts from biofuels. The studied initiatives are the RFS - US Renewable Fuels
Standard, the LCFS - Californian Low Carbon Fuel Standard, RCA - Responsible
Cultivation Areas, the EU RED -EU Renewable Energy Directive and the UK RTFO
- UK Renewable Transport Fuel Obligation. RFS and LCFS have also calculated the
ILUC emissions, and these results are presented in Chapter 4. Characteristics and
summaries of the different initiatives have been included in Table 3, in which the main
measure and the scope of each initiative are given. Also each initiative is indicated
with a plus (+) or minus (-) score whether the initiative is likely to drive the behavioral
change of actors. Behavioral changes can be relevant on two levels. First: are actors
driven to choose a certain feedstock with a lower risk of indirect impacts? Second:
are actors that are committed to a certain feedstock driven to make choices in their
production process that eliminate or minimize risks of indirect impacts? In addition
of above mentioned initiatives, the RSB - Roundtable on Sustainable Biofuels - initiative has worked on the topic. The FFD – Forest Footprint Disclosure aims to decrease
deforestation caused by direct and indirect land use change.
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Table 3. Summary of the various initiatives that have proposed or are developing proposals for measures to mitigate
indirect impacts from biofuels. The plus and minus signs indicate whether the initiative is likely to drive behavioral change
of actors. (Cornelissen & Dehue 2009.)
Measure

Scope

Drives behavioral change
Feedstock
choice

For a given
feedstock

RFS - US Renewable Fuels
Standard

GHG-factor

GHG

+

-

LCFS - Californian Low
Carbon Fuel Standard

GHG-factor

GHG

+

-

RCA - Responsible
Cultivation Areas

Preventing displacement by
expanding on land without
provisioning services

GHG, biodiversity, land
rights, food consumption

+

+

RCA - Responsible
Cultivation Areas

Preventing displacement
through agricultural
intensification

GHG, biodiversity, land
rights, food consumption

+

+

EU RED -EU Renewable
Energy Directive

Various alternatives are being considered

UK RTFO - UK Renewable
Transport Fuel Obligation

Under development

RFS – the US Renewable Fuels Standard11
The Renewable Fuels Standard is a federal biofuel obligation in the United States
that consists of various components for different “types” of biofuels. Cornelissen &
Dehue (2009) discuss the first version (RFS1). Currently the U.S. EPA (Environmental
Protection Agency) is
proposing the volume requirements and associated percentage standards that
would apply under the RFS2 program in calendar year 2012 for cellulosic biofuel,
biomass-based diesel, advanced biofuel, and total renewable fuel; and the 2013 biomass-based diesel volume. The proposed standards would ensure that transportation fuel sold in the United State contains a minimum volume of renewable fuel as
required by the Energy Independence and Security Act of 2007. (EPA 2011.) The RFS
focuses on GHG savings and for ILUC the proposal includes only the GHG effects.
While this may have close links with effects on biodiversity and food consumption,
measures to mitigate unwanted effects on these aspects are not explicitly included in
the RFS. (Cornelissen & Dehue 2009.)

LCFS – the Californian Low Carbon Fuel Standard12
LCFS calls for a reduction of at least 10 percent in the carbon intensity of California’s
transportation fuels by 2020. The focus of the LCFS is on GHG emissions and therefore
only GHG effects from ILUC are currently within the scope of the LCFS. Discussions
are on-going on including wider social and environmental sustainability aspects.
The GHG savings of biofuels compared to the fossil reference fuels are determined
through an LCA of pre-defined biofuel chains. Emissions from ILUC are included in
this LCA. Thereby the scheme provides incentives for biofuels that cause no or less
ILUC. Currently, calculations have been done for a few different pre-defined biofuel
chains based on energy crops. The land use changes are defined by modified GTAP
Model. (Cornelissen & Dehue 2009.)

11
12

http://www.epa.gov/otaq/fuels/renewablefuels/index.htm
http://www.energy.ca.gov/low_carbon_fuel_standard/
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UK RTFO – UK’s Renewable Transport Fuel Obligation13
The Renewable Transport Fuels Obligation (RTFO) requires suppliers of fossil fuels to
ensure that a specified percentage of the road fuels they supply in the UK are made
up of renewable fuels. The target for 2009/10 is 3.25% by volume. RTFO requires
companies to submit reports on the net GHG savings and on sustainability of the
biofuels they supply. The Renewable Fuels Agency, the administrative body of the
RTFO, requires biofuel suppliers to submit reports on both the net GHG saving and
the sustainability of the biofuels they supply, in order to receive Renewable Transport
Fuel Certificates (RTFCs). These reports address the direct impacts arising from biofuel cultivation. The RFA is introducing a methodology that suppliers could follow
to develop biofuel projects with a low risk of indirect land-use change (ILUC). This
can be reported by suppliers on a voluntary basis in their annual report. The methodology is based on the Gallagher review14. The methodology sets the criteria that
a development project should comply with to claim that the project has a low risk
of causing ILUC. Also the demonstration and verification system is explained. The
methodology consists of different phases, which are presented in Table 4. (RFA 2010.)
Table 4. Summary of the RFA methodology to develop biofuel projects with a low risk of indirect
land-use change (RFA 2010).
Project level approaches
1) The use of land
without provisioning
services

2) Increasing land
productivity through
integration with nonbioenergy system

3) Increased
productivity of
existing bioenergy
feedstock system

Mitigation criterion
for unwanted
indirect effects

Additional production has been realised without displacing existing
provisioning services of the land.

Indirect effects

Demonstrate the project activity that increases feedstock production
is additional: i.e. in absence of the bioenergy feedstock demand the
measure would not have been implemented during the crediting period.
i.e. the land would not i.e. the integration
have been taken into
model would not have
production
been implemented

i.e. the yield increasing
would not have been
implemented

Setting the baseline

Zero (land previously
unused)

Business as usual
BAU production levels
(BAU) production
of existing bioenergy
levels of non-bioenergy systems
system (e.g. milk or
beef)

Monitoring

Monitoring of realised
bioenergy feedstock
production levels

Monitoring that
Monitoring of realised
baseline production
bioenergy feedstock
levels of non-bioenergy production levels
feedstock are
maintained

Claim that can
be made

All realised
production has a low
risk of indirect effects

All realised bioenergy
feedstock production
has a low risk of
indirect effects

The additional
production (‘realised
production’ minus
‘baseline production’)
has a low risk of
indirect effects

http://www.renewablefuelsagency.gov.uk/aboutthertfo
http://www.renewablefuelsagency.gov.uk/reportsandpublications/reviewoftheindirecteffectsofbiofuels
13
14
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RCA - Responsible Cultivation Areas
The Responsible Cultivation Areas initiative is a private sector initiative coordinated
by Ecofys in collaboration with NGOs such as WWF and Conservation International
and industrial parties such as Shell and Neste Oil. Ecofys has published the concept
of RCA (Responsible Cultivation Areas), whose goal is twofold (Cornelissen & Dehue
2009; Dehue et al. 2010):
1. To put forward a practical voluntary methodology to identify concrete areas
and/or production models that can be used for environmentally and socially
responsible energy crop production minimizing unwanted direct and indirect
effects.
2. To put forward a set of criteria and a methodology that enables parties to
distinguish bioenergy with a low risk of indirect effects. This includes:
a. Criteria that must be met by producers in order to qualify as bioenergy
with low risk of unwanted indirect effects.
b. Suggestions on how producers can demonstrate compliance with the criteria for a low risk of unwanted indirect effects.
c. Suggestions on verification requirements.
d. Suggestions on the claims that companies can make.
The first goal of the RCA concept is primarily focused on companies and land use
planners. This identification module is not intended as a certification scheme, but
rather as a practical tool for parties that want to identify areas for sustainable feedstock production, taking into account both direct and indirect effects.
The second goal of the RCA concept could be adopted by policy makers and voluntary certification schemes that wish to distinguish bioenergy with a low risk of
indirect effects. Of course, market players are eventually the ones affected by these
policies and certification schemes. Because most policies and certification initiatives
have already developed criteria for direct effects themselves, the focus of this goal is
purely on indirect effects.
Figure 2 summarizes the two distinct modules of the RCA initiative, with their
goals, main products and intended user groups.

Distinquish production with
low risk of indirect eﬀects

Identiﬁcation of sites for sustainable
feedstock production

• Criteria for indirect eﬀects
• Suggestions on how to
demonstrate compliance
• Suggestions on claims

• Criteria for iLUC and dLUC
• 4step identiﬁcation
methodology

• Bioenergy policy makers
• Certiﬁcation schemes

• Companies
• Land use planners

Goal

Product

Intended
user
group

Figure 3. The two modules of the RCA methodology, their goals, products and intended users
(Dehue et al. 2010).
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In the RCA concept, an area is considered suitable for “environmentally and socially responsible” cultivation, if its conversion does not cause unwanted direct effects
and has a low risk of unwanted indirect effects. To support the identification of the
unwanted effects, a set of sustainability criteria on the direct effects of the conversion of an area has been defined. The criteria are based on the criteria defined in the
following biofuel sustainability initiatives:
• EU Renewable Energy Directive (RED).
• UK Renewable Transport Fuel Obligation (RTFO).
• Roundtable on Sustainable Biofuels (RSB), version Zero.
The five criteria set in the RCA concept are:
1) Establishment of energy crop plantations maintains or increases High Conservation Values.
2) Establishment of energy crop plantations does not lead to significant reductions in carbon stocks.
3) Establishment of energy crop plantations respects the legal land status and
customary land rights.
4) Establishment of energy crop plantations does not cause unwanted indirect
effects.
5) Intensification does not cause adverse environmental or social effects.
The RCA methodology has been tested on pilot scale in Brazil and Indonesia. In Indonesia, the first phase of the pilot test was to preselect sites in the western Kalimantan
area. This area has a high potential to qualify as a Responsible Cultivation Area, due
to the presence of conservation areas, carbon stocks, land use, legal status, and agricultural suitability for oil palm cultivation. The goal of the pilot test’s second phase
was to 1) refine the findings of phase I (pre-selected areas) and 2) identify remaining
knowledge gaps that must be filled in through field activities. The goal of the third
and at the same time last phase was to 1) define and perform field activities needed
to fill the remaining gaps/uncertainties in the analysis for the pre-selected area and
2) assess compliance with RCA principles. As a result of a field study performed in
Indonesia, a number of constraints were found in order to qualify as a RCA, the most
important barrier being the violation of criteria 3, the legal land status and customary
land rights. (Ecofys & WWF 2010.)

Forest Footprint Disclosure
The Forest Footprint Disclosure Project is an initiative that was launched in 2009. It
helps the investors to identify the valuation risk cause by the forest footprint of their
portfolios. It also helps companies to identify and manage the forest footprints in
their supply chains. The forest footprint refers to the total amount of deforestation
caused directly or indirectly by an individual, organization or product. Deforestation
is often caused by the global demand for agricultural commodities, which connect
the FFD with the ILUC issues.

RSB - The Roundtable on Sustainable Biofuels
The Roundtable on Sustainable Biofuels (RSB) is an international initiative coordinated by the Energy Center at EPFL in Lausanne, Switzerland that brings together
farmers, companies, non-governmental organizations, experts, governments, and
inter-governmental agencies concerned with ensuring the sustainability of biofuels
production and processing. The RSB has developed a third-party certification system
for biofuels sustainability standards, encompassing environmental, social and economic principles and criteria through an open, transparent, and multi-stakeholder

30

The Finnish Environment 1 | 2012

process. Participation in the RSB is open to any organization working in a field
relevant to biofuels sustainability. Current RSB Principles and Criteria (Version 2.0)
aim to address only the direct activities that farmers and producers can undertake to
prevent unintended consequences from biofuel production. The RSB recognizes the
importance of the issue of indirect land use change and an Indirect Impacts Expert
Group has been established. It helps including Indirect Impacts in the RSB Standard.
The RSB Secretariat has drafted a “Discussion Paper: Addressing Indirect Impacts in
the RSB Standard” (May 27, 2010 version) and the work is continuing.
The RSB has also developed the RSB Standard for EU market access, called the
RSB EU RED scheme. The purpose of the scheme, is to ensure that the criterion of
the Renewable Energy Directive are fully covered. Operators who wish to sell their
product in the EU market, and be certified against the RSB standards, will be required
to be compliant with the RSB Standard for EU Market Access, in addition to the RSB
Principles and Criteria. (Any RED-compliant claims made by operators are to be identified as RSB EU RED compliant Biomass/Biofuel.) (European Commission 2011.) The
European Commision has recognized RSB EU RED and six other voluntary schemes,
which can be used to demonstrate the compliance of the sustainability requirements
of RED. (IP/11/901.)

EU RED –EU’s Renewable Energy Directive
Although the sustainability criteria of the RED do not take into account indirect land
use changes, the ILUC are, however discussed in the article 19(6):
“The Commission shall, by 31 December 2010, submit a report to the European Parliament and to the Council reviewing the impact of indirect land-use change on greenhouse
gas emissions and addressing ways to minimise that impact. The report shall, if appropriate,
be accompanied, by a proposal, based on the best available scientific evidence, containing a
concrete methodology for emissions from carbon stock changes caused by indirect land-use
changes, ensuring compliance with this Directive, in particular Article 17(2)”.
In the summer 2009 the Commission had a “pre-consultation” the objective of
which was to seek views on possible elements of a policy approach in addressing
ways to minimize the impact of indirect land use change. The Commission has also
launched a number of analytical exercises in order to better understand the magnitude
of ILUC. In the autumn of 2010 the Commission had another consultation, in which
interested parties were asked to base their contributions on these studies, where comments on assumptions, data and methodology were of special interest, as well as on
other analytical work. The Commission also asked advice on concrete policy options.
(European Commission 2010.)
The European Commission published a report on indirect land use change related
to biofuels and bioliquids in December 2010. The report focuses on the results of
analytical exercises, of which two are presented in Chapter 4. The conclusion of the
report is that the best available methodology to estimate (indirect) land use change
is through economic models, in which decisions are made based on relative prices,
although conceptual limitations exist. The Commission admits that indirect land use
change could effect on the greenhouse gas emission savings associated with biofuels.
This effect can weaken the potential of biofuels in contributing emission reduction
goals. The Commission will present the Impact Assessment, if appropriate, together
with a legislative proposal for amending the Renewable Energy Directive and the
Fuel Quality Directive as necessary no later than by July 2011. However, the impact
assessment is not publicly available at the moment. The Impact Assessment focuses
on the following policy options:
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1) Take no action for the time being, while continuing to monitor.
2) Increase the minimum greenhouse gas saving threshold for biofuels.
3) Introduce additional sustainability requirements on certain categories of biofuels.
4) Attribute a quantity of greenhouse gas emissions to biofuels reflecting the
estimated indirect land use impact. (COM/2010/811/final.)

Conclusion of initiatives
Different initiatives, as presented above, exist, that try to mitigate indirect effects.
They are, however still under development. They differ mainly in aspects taken into
account, e.g. measures (GHG emissions, biodiversity, food consumption etc.) and
behavioral changes. Monitoring of ILUC effects is difficult for companies, authorities
and consumers due to many different existing initiatives and because many of them
are still theoretical and not official. Therefore some congruent directions would be
needed to standardize the use of the mitigation method of indirect effects.

32

The Finnish Environment 1 | 2012

6 Case study: sugarcane cultivation
in Brazil
6.1

Introduction
Land use changes can lead to significant direct and indirect effects. In the chapters 6-8,
the case studies are used as an example, when trying to create a picture on how easy
or difficult it is to identify direct and especially indirect impacts based on generic data.
Brazil has become the foremost ethanol producer from sugarcane in the world. The
ethanol demand has been increasing in the Brazil’s domestic market since 2003 because of the flex-fuel car development but also international demand have increased
the production. For example the Renewable Energy Directive and the Fuel Quality
Directive of the EU have placed strict obligations on all EU Member States to achieve
the targets set and this has led to increased import of bioethanol from Brazil. (Nassar
et al. 2008; Gallardo & Bond 2010.)
Many important biomes are located in Brazil, and therefore land use changes are
important to be taken into account when considering impacts of sugarcane ethanol
production. The increased demand for sugarcane poses a risk for the virgin ecosystems if they are converted into cultivated land. Also when pasture lands or agricultural lands of other crops are replaced with sugarcane plantations the land use
changes have to be taken into consideration. The threat is the expanding of pasture
and agricultural areas on to important biome areas when replacing these areas with
sugarcane plantations. Recent modeling forecasts indicate that the growing population and consumption of animal based food, along with increasing use of bioenergy
and biofuels, fibers and continuation of historical patterns of poorly planned and
governed exploitation of forest resources will lead to significant deforestation in the
Amazon region. Between 2010 and 2050, the loss of forests in Latin America is projected to be 82 million hectares unless effective measures are taken into use to mitigate
forest loss and degradation (WWF 2011). The links between the drivers and the land
use changes, especially indirect land use changes, are, however, difficult to prove.
The aim of this case study is to, based on literature and statistics, identify potential
direct and indirect land use changes in Brazil, their reason and backgrounds and also
forecast potential future development in this area.
6.2

Brazil in general
Brazil is the world’s fifth largest country both by geographical area and by population. Brazil is a federation composed of twenty-six states, one federal district (which
contains the capital city, Brasília) and municipalities. The states and the federal district
may be grouped into regions: North, North-East, Central-West, South-East and South.
The Brazilian regions are merely geographical, not political or administrative divisions, and they do not have any specific form of government. The Brazil federation
and its 26 states grouped into regions are presented in Figure 3. (Wikipedia, 2010.)
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Figure 4. Brazil federation and its 26 states grouped into regions (Wikipedia 2010).

Brazil has many important biomes including the Amazon and Atlantic rainforests
(Figure 4). The largest biomes of Brazil are the Amazon rainforest (about 4.2 million
km2) and the Cerrado (about 2.0 million km2) (Table 5). The Amazon is located mainly
in the North Region. A part of the Amazon is in the state of Mato Grosso, which locates
in the Central-West Region of Brazil. Brazilian tropical savanna is called Cerrado and
it is located on the large plateau that occupies the central highlands. The other Brazilian biomes are located mainly in the North-East, South-East and South Regions of
Brazil. The Caatinga scrubland is the largest dry forest region in South America and
is characterized by a semi-arid climate, low and irregular rainfall, fertile soils, and
apparent dry vegetation. Mata Atlântica is a Portuguese name for the Atlantic rainforest. The Pantanal biome is the world’s largest wetland with a total area of 230 000 km2
situated in the areas of Brazil (150 000 km2), Bolivia and Paraguay. Pantanal has two
seasons, a dry period and a rainy season. In the Central-West Regions, Pampa is the
fertile lowland, which is appropriate for agriculture. (Brazadv 2010; Wikipedia 2011.)
Table 5. The areas of Brazil’s biomes (Portal Brazil 2010).
Biome
Caatinga

844 000

Cerrado

2 036 000

Pantanal

150 000

Pampa

34

Area (km2)

176 000

Amazônia

4 197 000

Mata Atlântica

1 110 000
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Figure 5. The biomes of Brazil.

6.3

The expansion of sugarcane cultivation
Brazil is the biggest sugarcane producer in the world followed by India, Thailand and
Australia. In 2007, about 2% of Brazilian arable land was occupied by sugarcane fields,
which is about 7.8 million hectares. Main production regions are South-Central Brazil,
where close to 90% of overall production is concentrated, and the North-East, which
accounts for the remainder. There are two harvests per year, which allows Brazil to
produce sugar and ethanol the whole year around for both the internal market and
for export. (UNICA 2008.) The sugarcane expansion in Brazil is limited by the quality
of the soil, pluviometric precipitation, and logistics. The most important sugarcane
production state in Brazil is São Paulo. (Goldemberg et al. 2008.) During the past
decade, the sugarcane harvesting15 area, yield, and production have been constantly
growing (Table 6).

Note that there is an important difference between “harvested area” and “cultivated area”. Doublecropping in a field would double the amount of harvested area, while cultivated area remains constant.
(COM/2010/811/final.)
15
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Table 6. The sugarcane annual harvesting area, yield and production
amount in Brazil in 1998-2008 (FAO Statistics).
Area Harvested
(1000 ha)

Yield
t/ha

Production
(1000 t)

1998

4 990

69

345 300

1999

4 900

68

333 800

2000

4 850

68

327 700

2001

4 960

70

345 900

2002

5 100

71

364 400

2003

5 370

74

396 000

2004

5 630

74

415 200

2005

5 810

73

423 000

2006

6 360

75

477 400

2007

7 080

78

549 700

2008

8 140

80

648 900

There are a great number of studies about sugarcane and sugarcane based ethanol
production in Brazil (e.g. Nassar et al. 2010; Ros et al. 2010a,b) concerning critical subject areas such as the expansion forecasts of sugarcane cultivation, the sustainability
of sugarcane ethanol, and the land use changes of sugarcane plantations. Forecasts on
the expansion of sugarcane and also the statistics from the previous cultivated years
differ to some extent depending on the source. However, all the sources show expanding harvested areas, and also increasing average yields (tons per hectare). Figure 5
presents the forecast of the sugarcane harvesting area expansion by FABRI (2011) .
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Figure 6. Forecast of the expansion of sugarcane harvested area (FABRI 2011).

36

The Finnish Environment 1 | 2012

6.4

Quantified land use changes
Panichelli (2007) estimates the effects of biofuel production on land-use changes using
Brazilian sugarcane-to-ethanol as a case study. The study is based on the following
main hypotheses:
– Sugarcane expansion for ethanol production has replaced pasture land and
annual crops in the Cerrado, shifting these activities to the Amazonian Forest.
– Pasture land replacement has led to direct land use changes in cattle producing countries.
– Annual crops replacement has led to direct land use changes in displaced annual crops producing countries.
– Sugarcane production for ethanol has led to increased sugarcane area for
sugar production, shifting pastureland and annual crops to new areas.
– Pastureland for cattle in deforested areas is replaced by sugarcane and soybean plantations.
– Ethanol production in Brazil has led to direct land-use changes in Brazilian
goods importing countries.
– Ethanol production in Brazil has led to direct land-use changes in sugar producing countries.
Panichelli (2007) presents the identified indirect land use source types in Brazilian
sugarcane-to-ethanol production. (Figure 7), including spatial and temporal ILUC,
use ILUC, displaced use ILUC and displaced activity ILUC. Different ILUC types are
explained in Figure 1.
Micro-regional secondary data by Nassar et al. (2010) show that although the sugarcane expansion area is relatively small compared to the total of agricultural area in
many states, expansion and replacement of pasture and other land area by sugarcane
plantation is, however, occurring (Table 7). Results also show that more than half of
the expansion has occurred in the state of São Paulo.
Table 7. Area of crops and pasture displaced for sugarcane expansion by State, from 2002 to 2006
(1 000 hectares) (Nassar et al. 2010).
State

Total
agricultural
expansion

Sugarcane expansion
Total
growth

Over
pasture

Over other
crops

Not
allocated

São Paulo

146

639

460

115

65

Minas Gerais

-1 251

160

157

2

1

Parana

535

92

58

2

32

Goiás

-775

63

56

0,1

6

Mato Grosso do Sul

281

45

44

0,6

0,1

Mato Grosso

4 945

31

18

3

10,0

Bahia

124

27

19

5

3

Maranhão

-655

16

12

0

5

Piaui

-122

3

0,2

0

2

Tocantis

148

1

0,5

0

0,60

Total

3 376

1 077

773

103

125

An inspection of the remote sensing image by Nassar et al. (2010) shows the concrete
evidences of sugarcane expansion to the pasture and other crops areas. Also Rudorf
et al. (2010) studied sugarcane expansion using remote sensing (Landsat) data. The
study identified four different types of land use conversion which include: 1) conver-
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BRAZIL

Consuming countries

Biofuel demand
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Goods demand
Ethanol

Biomass supply
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Cattle producing countries

Goods demand/supply
Ethanol, sugar, bagasse for
heat/electricity, meat from cattle
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Ethanol
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Ethanol
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Displacement prior
use of the biomass
Sugarcane to sugar
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sugarcane for sugar
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Goods supply
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Forest
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Figure 7. Indirect land use sources for sugarcane-to-ethanol (Panichelli 2007).

sion from pasture to sugarcane, 2) conversion from agricultural crop to sugarcane,
3) conversion from citrus to sugarcane and 4) conversion from reforestation to sugarcane. According to the Landsat type images (from crop years 2003/04 to 2008/08)
from the area of São Paulo State by Rudorf et al. (2010), a major increase in sugarcane
production was observed not only in traditional sugarcane and annual crop producing regions, but also in regions that are more devoted to cattle-raising.
According to Nassar et al. (2010) it seems that both pasture land improvement
and increasing stocking rate can more than compensate land released for sugarcane
and even for other crops. In the Brazilian states where the sugarcane plantation areas
increased from 2002 to 2006, also the areas of other crops have increased (with the
exception of São Paulo) (Table 8). Thus there is not clear evidence, that sugarcane
expansion would have replaced cultivation areas of other crops. A similar conclusion
can be made for pasture land, but now including yield improvement. The expansion
of pasture and grain cultivation areas in the Amazon biome region are smaller than
the area displaced by sugarcane in the South-Central region. In addition, although it
is well-known that deforestation is occurring in agricultural frontiers, both past data
and projections have shown that sugarcane is not significantly expanding in these
regions. However, even though the direct connection of expanding sugarcane production cannot be shown using existing data, more information and data is still needed
as evidence for that indirect land use change is not occurring, and that sugarcane
expansion is leading to an increase in the land productivity rather than promoting
incorporation of new land for food production.
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Table 8. Net growth of sugarcane, other crops, pasture land, total used area, and cattle herd from
2002 to 2006 in selected Brazilian states (1000 ha and heads) (Nassar et al. 2010).
State

Net growth 2002-2006
Sugarcane
(1 000 ha)

Other crops
1 000 (ha)

Pasture land
(1 000 ha)

Total used
area (1 000 ha)

Cattle herd
(1 000 heads)

São Paulo

622

-224

-882

-484

-909

Minas Gerais

153

390

-625

-82

1 644

Parana

74

850

-636

287

-284

Mato Grosso
do Sul

41

734

-985

-210

558

Goiás

34

576

-2 041

-1 431

545

Bahia

27

492

143

661

912

Mato Grosso

25

1 634

-1 437

222

3 881

Maranhão

16

298

-463

-148

1 835

Pará

3

115

2 502

2 620

5 311

Piauí

3

206

-112

97

34

Rondõnia

1

124

-364

-239

3 444

Tocantins

0,9

238

-595

-355

778

Acre

0,7

13

109

123

635

Total

3 376

5 446

-5 385

1 061

18 383

According to the Roundtable on Sustainable Biofuels, biofuels produced from biomass
grown on unused arable land or resulting from yield improvements (as much of the
pasture land displaced for sugarcane) have no indirect effects. Thus yield improvements in crops can be considered as areas’ release. Therefore sugarcane cultivated on
released areas does not compete with land and has no indirect effects. (Nassar et al.
2010.) However, although intensification is suggested to be one possible measure for
reducing or avoiding the indirect land use conversion and greenhouse gas emissions
related to biofuels, intensification mostly relies on or is driven by increased mechanization, and the use of agrochemicals and fertilizers. Machinery and agrochemical
production require energy and can therefore lead to additional CO2 emissions, and
nitrogen fertilizer application causes emissions of the potent greenhouse gas N2O.
Under the circumstances, although intensification would not have indirect land use
changes, other indirect effects have to be taken into account. (Stehfest et al. 2010.)
The examinations of the net growth numbers do not necessarily tell the whole truth.
Also the demand of soybean, the raw material of biodiesel and feed, and the need of
food and feed crops has been increasing. The expansion of these products can also
take place in pasture areas. Moreover, if the expansion of food crops is larger than
the amount of land displaced by sugarcane, indirect effects cannot be quantified. The
effects of global development should also be taken into consideration, because many
countries produce and trade different products that can be related to ILUC analysis.
(Nassar et al. 2010.)
The study of Nepstad et al. (2008) states that in the Brazilian north region, 84% of
the total area under agricultural and livestock uses have been occupied by 74 million
heads of cattle. The pasture land has also expanded 9% per year on average over the
last 10 years causing 70-80% of deforestation in this same area. The Amazon is not
the only biome under threat. According to Sawyer (2008) the relative annual deforestation rate is two or three times as fast in the Cerrado as in the Amazon Region. In
2005-2006 about 22 000-30 000 km2 of deforestation was estimated in the Cerrado as
compared with 13 100 km2 in 2005-2006 and 9 600 km2 in the Amazon in 2006-2007.
Table 9 presents the forest area estimation for different years, and also shows that the
largest deforestation is in the Cerrado biome.
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Table 9. Results of forest area estimation data and carbon stock for 1990, 2000, 2005 and 2010
and the percentage change from 1990 to 2010. (FAO 2009; FAO 2011).
Biomes of Brazil Forest area (1 000 ha)
1990

2000

2005

2010

379 900

367 700

359 500

354 400

-7 %

Caatinga

53 130

49 860

48 290

46 770

-12 %

Cerrado

90 340

79 580

74 650

70 010

-22 %

Mata Atlantica

32 100

30 420

29 610

28 820

-10 %

Pantanal

10 490

9 478

9 005

8 554

-18 %

3 857

3 706

3 633

3 561

-8 %

569 900

540 800

524 700

512 100

Amazon

Pampa
Total of natural
forest

Percentage
change

-10 %

Carbon stock in living forest biomass (million tonnes)
Brazil

68 119

65 304

63 679

62 607

-8 %

Figure 8 shows the net growth of sugarcane, pasture land, and other crops in Brazil.
The decrease in pasture land area has been strongest in the areas of Mato Grosso and
Goias, with a simultaneous and almost equal increase in the area for other crops. At
the same time, the area for other crops has decreased in the state of Sao Paulo, but
compensated with increased sugarcane cultivation area. These trends and shifts from
one agricultural land use type to another indicate that there is potential indirect land
use change followed by increasing sugarcane cultivation. In addition, the pasture
area has expanded close to the Amazonian biome (for example to the states of Para
and Acre). The results by Barona et al. (2010) also show that deforestation is predominantly a result of pasture expansion, but they also found support for the hypothesis
that an increase of soy in Mato Grosso has displaced pasture further north, leading
to deforestation elsewhere. Therefore, in the future the pasture area replacement with
the other crops’ cultivation areas and furthermore with the sugarcane areas should
be monitored and the interlinkages verified.
6.5

Predicted land use changes
In future, the expansion of the sugarcane cultivation area is expected to continue.
Even though there is no clear evidence that sugarcane cultivation leads to indirect
land use changes, the expanding cultivation creates a larger potential for ILUC effects.
The sugarcane is not a particularly demanding crop in terms of soil quality but adapts
to soils of average fertility and sandier soils with high porosity/permeability. More
fertile soils mean higher productivity levels and/or smaller demand for fertilizers and
soil amendments and areas with these types of soils are, however, more expensive. In
the areas of the North-East region of Brazil, the investment costs of irrigation systems
are often very high. (Goldemberg et al. 2008.)
The areas with suitable pluviometric precipitation and logistics are in addition to
the average soil quality, the most potential areas for the sugarcane expansion. In the
short term, this type of areas include the Minas Gerais State, the northwestern area of
São Paulo State, Mato Grosso do Sul State, Goias State and the north of Espirito Santo
State. In the medium term the areas of the west of Bahia State, the south of Maranhao
State and the south of Tocantis State are potential for expansion. Most of the Amazon
is not suitable for agricultural purposes and the fact is that it would lead to further
undesirable deforestation. (Goldemberg et al. 2008.)
Nassar et al. (2010) used a partial equilibrium model to project sugarcane expansion
and changes in land use in the South-Central region of Brazil (Table 10). It is expected
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Figure 8. The net growth of sugarcane, pasture land and other crops (1000 ha) in 2002 to 2006 based on Table 8 and Table 9.
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that pasture area will lose 6 million ha to sugarcane and grains during the period of
2008 to 2018. Projections for the Amazon Biome region indicate that the pasture area
will increase by 4 million hectares for the same time period. The lost unit of pasture
land does not have to be fully compensated in the Amazon Biome frontier because
the productivity of cattle production is increasing. According to the projections, the
harvested sugarcane area in the entire Brazil will reach 11.7 million ha in 2018, when it
is 7.8 million ha in 2008. The sugarcane areas will expand mainly in the South-Central
region. (Nassar et al. 2010; Table 10.)
Table 10. The expected land use by sugarcane, grains and pastures (1000 ha and heads) in SouthCentral region (Nassar et al. 2010).
2008

2018

Net growth

Sugarcane (ha)

6 359

9 654

3 295

Grains (ha)

26 332

29 539

3 198

Pasture (ha)

92 328

86 215

-6 113

Total (ha)

125 018

125 398

380

Cattle herd (heads)

119 399

125 501

6 102

Smeets et al. (2008) evaluated the environmental and socio-economical impacts of
the production of ethanol from sugarcane in the state of Sao Paulo. According to the
study, direct impacts are likely to be limited, because the increase in sugarcane cultivation during the previous decades occurred mainly at the expense of agricultural
land and far away from the most important biodiversity areas. However, the study
states that predictions about increased ethanol production will lead to the expansion
of sugarcane cultivation in Sao Paulo and also partially on areas close to and within
the Cerrado biome region.
6.6

Brazilian legislation as an alternative
to avoid land use changes
The legislation of Brazil and the individual states is one way to avoid direct effects
of sugarcane plantation. The Brazilian laws require that the sugarcane production is
restricted to areas previously used for crop production or cattle grazing, up to a certain
number of years ago. With that criterion the availability of land for sugarcane production can be limited. However, this criterion is not effective to mitigate indirect impacts,
if natural vegetation is converted into agricultural land for pastures and other crops
are replaced by sugarcane. The Brazilian Forest Code (FC), enacted in 1934, requires
each land owner to maintain a proportion of each property under natural vegetation
as a legal forest reserve, but many land owners do not comply with the legal reserve
obligation. The percentage of a forested property that needs to be set aside as a legal
reserve varies from region to region. Currently in the Legal Amazon, the law states
that 80% of a property has to remain forested. For the Cerrado within the Legal
Amazon, the share is only 35%, and for the reminder of the Brazilian territory 20%.
FC also defines Permanent Preservation Areas (PPA), which have to be maintained
in or restored to their natural state. The PPA areas are defined in metres on each side
of water bodies (rivers, lakes etc), steep slopes, hilltops, and high altitudes (> 1800 m
above sea level). Depending on the width of the water body the requirements vary.
(Hermele 2011.) However, PPA overlaps with less than 1% of the sugarcane area, so
this PPA legislation will hardly affect cane production. (Smeets et al. 2008.) The Forest
Code was under alterations in the spring and summer of 2011 and has led to lot of
discussion and debate on the fact that changes could more likely increase deforestation than decrease it (e.g. WWF, 18 June 2011).
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New laws and better implementation of existing laws are only a part of the measures to reduce deforestation and other negative impacts of land use change. A significant driver of deforestation in the Brazilian Amazon has been identified as insecure
property rights in land, and therefore the incentive framework in Brazil should be
modified to help to reduce deforestation, and sustainable forest management should
be regarded as a productive use of land in the Brazilian law (Araujo et al. 2009).
According to WWF’s recent report (WWF 2011), global mitigation of deforestation
requires new policies and also tough crackdowns on corruption, probably with some
unpopular decisions. Local strategies must be negotiated and alternative livelihood
options need to be found for the local people.
6.7

Conclusions drawn from the case study
of sugarcane cultivation in Brazil
The effects of indirect land use changes of bioethanol production in Brazil are very
difficult to estimate. The results of this report are based on a literature review and they
show that many studies have examined the ILUC subject, but it is hard to prove any
clear causal effect relationship. The established fact is that the sugarcane production
has been growing enormously in Brazil in the 21st century. This means that the sugarcane plantations need more cultivated areas and the area demand must be satisfied,
for example by replacing existing pasture, other crops or forest lands with sugarcane
plantations or with intensification of sugarcane or other agricultural production. Some
studies (e.g. Nassar et al. 2010), however, present that in previous years, although
the sugarcane areas have expanded, also the cultivation areas of other crops have increased. At the same time the pasture areas have instead decreased, but the livestock
production has intensified, which lead to a conclusion by Nassar et al. (2010) that the
sugarcane expansion has not caused indirect land use changes. However, for example,
as Barona et al. (2010) concluded, the drivers of Amazon deforestation need further
research to examine more closely how inter-linkages between land area, prices, and
policies influence the relationship between cultivation and deforestation, in order to
make a conclusive case for ‘displacement deforestation’.
The conclusions based only on the numerical values do not tell the whole truth. A
more extensive examination means for example taking into account micro-regional
changes. The changes in one area, state, or biome are only one part of a wide-ranging
value change because the changes caused by sugarcane expansion can occur over
the frontiers. In this case-study only the changes in Brazil are taken into account but
also the effects in other countries should be examined for example with the economic
models. These models are, however, quite uncertain. Some studies propose the use
of ILUC factors. But because the real effect relations are hard to quantify, the use of
ILUC factors, when comparing the individual products, is debatable.
Brazilian legislation sets limitations for the land use available for sugarcane cultivation. Also the Forest Code aim to maintain a proportion of each property under natural
vegetation as a legal forest reserve. These are not enough to protect biome areas from
the increased land demand for biomass production. Although, the deforestation in the
Legal Amazon has decreased, in the area of Cerrado, the deforestation has continued.
Among others the EU and the U.S. have set mandatory targets to increase renewable energy use. In the future, the significant amount of agrofuels will be grown in
all likelihood in Brazil, which has direct impacts on the Brazilian land use pattern.
(Hermele 2011.) However, the EU and the U.S. have also set sustainability criteria for
biofuels, which have requirements concerning the origin of the agrofuel feedstock.
These requirements might have effects also on the legislation of Brazil in the future.
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7 Case study: indirect land use effects
of biofuel production in Finland
- (CGE modeling)

7.1

Introduction
In parallel with other countries, increasing use of bioenergy and biofuels is likely to
lead to land use impacts also in Finland. Two main domestic sources of bioenergy rawmaterial are forests and agriculture. Agriculture is a significant emitter of non-CO2
greenhouse gas emissions (NCGGs) such as methane and nitrous oxide, which might
change along with the changes in land use. The most important sources of NCGG
emissions in agriculture are livestock enteric fermentation and manure management,
fertilizer application and crop soils.
The land area of Finland is 24.3 million hectares (excluding water areas). Finnish
land cover is dominated by forestry since 71% of the land area is forest land (Figure
9). Agriculture covers 11% share of Finnish land area. Auxiliary lands are used for
transportation and other infrastructure. The category of other lands includes only the
land that is not included in any economic use. (SLICES-data 2006.)
There are, however, considerable differences in land use in different parts of the
country. The southern parts are most urbanized in general and their share of residential and auxiliary land uses is much higher than on average. The most urbanized region Uusimaa, for example, has a 14% share of combined land area for these
uses. The southern parts and the western coast are most suitable for agriculture and
generally these regions have higher shares of agricultural land: e.g. 22% in Uusimaa
and 30% in Finland Proper. Central and eastern parts of the country are dominated
by forestry as the regions typically have 80-90% forestry shares. The northern parts
are climatically most challenging for biomass production. The Lapland region has a
quarter of the total Finnish land area and 73% of its lands belong to other land uses
category, which means land outside of economic uses other than for recreational
purposes, such as national parks and nature reserves. (SLICES-data 2006.)
Agriculture and forestry differ in land use most notably in temporal means. Typically agricultural land is tilled annually with some exceptions of pasture lands and
perennial crops16. Forestry, on the other hand, requires significantly longer growing
periods and forward looking management practices. Obviously, this temporal aspect
has consequences on carbon sequestration. Conversion of forest land to agricultural
land causes an immediate increase in CO2-emissions while turning agricultural land
to forestry will increase carbon sequestration only incrementally. The ability of agricultural land to sequester carbon depends on the soil type. Inorganic soils have some
potential to sequester carbon, whereas organic soils always emit greenhouse gases
when they are used for agricultural purposes.
16
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Less than 5 % of total Finnish agricultural land area is in multiannual cultivation (SLICES-data 2006).
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The amount of fallow land was highest just before the EU admission, after which
some of the fallowed land was transformed back to agricultural use and the share of
fallow land stabilized close to mandatory 10 % (Figure 10). The forest land area has
been more stable and it is inventoried on multi-annual basis. Total forest land area
has not changed much since the Second World War when the area dropped from
30.5 million hectares to 26.7 million hectares due to territorial concessions. The most
recent figure for the Finnish forest area is 26.2 million hectares according to the 10th
National Forest Inventory (Metla 2011).
This case study was conducted in order to investigate how sustainable the biofuel
policies are for Finland in the case that the biofuel mandate is actually reached by
2020 and direct and indirect changes in land use are accounted for. We also wanted
to analyze how domestic production and imports of the biofuels would compare to
each other with respect to land use.
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Figure 9. Land use in Finland (SLICES-data 2006).
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Figure 10. Agricultural land use changes in Finland 1990-2011 (Tike 2010).
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Our exercise concentrates on the two most important land using industries, agriculture and forestry and the land use changes between them. With the set timeframe
the changes in other land use categories (e.g. due to urbanization) can be safely
omitted as insignificant. As well, we did not consider using land from other land use
categories for biofuel production. This land might have some potential for bioenergy
production, but due to lower quality its potential is much smaller than its relative
share. Increasing the use of biomass from either agriculture or forestry will increase
the land rentals for all land using industries. To adequately accommodate the interlinkages between the industries, we applied general equilibrium modeling approach
to conduct an ex ante policy analysis.
Additionally, with our model, we could predict how fertilizer use and the numbers
of domestic animals would change as a result of the policies and land use effects.
Fertilizer use is affected both in extensive and intensive margin of production. If
more land is required because of increased demand for biofuels, then more fertilizing
is needed as well for the increased area under cultivation. This would increase the
extensive margin of production. On the other hand, the amount of fertilizer applied
per hectare could change and if the land rentals raise it could be optimal to produce higher yields on a smaller area with higher fertilizer application assuming that
the fertilizer prices stay relatively stable. That would mean an increase in intensive
margin of production. Fertilizer manufacturing and application both contribute to
increased greenhouse gas emissions. The number of animals affects the greenhouse
gas emissions as well, since especially ruminants are emitting significant amounts of
methane through feed digestion and manure management.
7.2

Material and methods
The method we used for our analysis is computable general equilibrium (CGE17)
modeling (see Section 3.2). This case study does not aim at any new developments
in the modeling field but applies the basic modeling features already available. However, the current work is a good starting point for making new contributions in the
future and e.g. full accounting of forestry dynamics and better assessment of the use
of idle land and non-primary land use could be taken into account in later versions
of the model.
We used a model called VERM, which is a dynamic regional model for Finland
developed at the Government Institute for Economic Research (VATT). The model
has a bottom-up regional structure similar to the Australian TERM-model (Horridge,
et al. 2005) and it contains 20 Finnish regions (NUTS3 level) as separate economic
units linked to each other by the trade flows. The model contains also the public
sector that is divided into central and local public sectors. For the present analysis
we made significant extensions of the model and to the database. In order to capture
the inter-linkages inside and between the agricultural and forestry industries we
needed to build a new and extended database. The database that we used includes 70
industries, of which 10 use land as a factor of production. Agriculture has nine separate industries that use land and forestry has only one - growing of forests (I_0211).
Agricultural bioenergy production we assigned to grain production industry, whose
composite commodity includes wheat, barley, oats and rye. Biomass from forestry we
assigned to timber harvesting (I_0212) industry. I/O-tables for the year 2004 calibrate
the model for our base year and the baseline from 2005 to 2010 is based on historical
data. From 2011 onwards the baseline incorporates the national level economic trend
predictions for output, employment and investments.
17
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Alternative and equivalent designation, applied general equilibrium (AGE) is in common use as well.
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Agriculture, forestry and food industries were disaggregated to smaller subindustries than in previous versions. The full listing of the industries is included in
the Appendix I. Furthermore, some changes in the model structure were required
and a nesting structure that allows for land and fertilizer to be substituted with each
other was incorporated in the model. This allows changes on intensive margins as
well, when more fertilizer is used per unit of land in production if the land prices
rise. Furthermore, we used a standard nesting structure for energy use that allows
primary factors to be substituted with energy. Figure 11 depicts the production nest
structure. The output of a land using industry is achieved by combining first the primary factors of production that are capital, labor, and land and fertilizer composite.
Land can be substituted with fertilizers and they are combined together as the land
and fertilizer composite at the lowest level of the nest. The value added is nested
with energy inputs and thus the value added can be substituted with energy. Within
the energy composite, the fuels are substitutable with each other. Value added and
energy composite is nested with the intermediate inputs (other than fertilizers or
energy) with fixed proportions18.
Some of the fallow land could potentially be used for bioenergy production. Unfortunately we could not take this fully into account in our model and all the land
in the model is in economic use. In order to implicitly model the use of fallow land
we would have needed to either allow unused capacity for primary factor land or
more detailed agricultural policy in the model. The both are doable in terms of CGEmodeling, but would have required model development work of such extent that
was not feasible in terms of time constraint of this project. Thus, the land use changes
we report apply only to land in agricultural and forestry uses – the land shifts only
between these industries or between different agricultural uses. Evidently, this is only
an approximate presentation of the reality, but nevertheless the model incorporates
the most important underlying economic tendencies in land use changes. The fallow
land, after all, is set as fallow because of its lower quality in production. Thus, the
production potential for bioenergy on fallow land is less than the potential of land
that is presently in active agricultural use. In 2010 13.4% of agricultural land (307 000
ha) was fallowed (Tike 2011). In 2009 the EU Commission abolished its set-aside
scheme that required a minimum fallowing share of 10% due to foreseen food crisis.
The fallow share being higher than required still in 2010 indicates that the fallow is
not as productive as the land in cultivation. Forecasts for year 2011 show, however,
a smaller share for fallow land of 11.9% (272 000 ha) (Tike 2011). We will return to
possible consequences of fallow land in the results section.
What comes to carbon sequestration in forests, the model produces an output of
the overall economic wood use. This gives an idea of how much more intensive wood
logging is going to be because of biofuel policies and how that will affect the carbon
sequestration potential. A more detailed description and recent application of this
feature is available in Honkatukia and Simola (2011). A detailed description of the
VATTAGE model (single-region version of VERM) is available in Honkatukia (2009).

18 Leontief structure with zero elasticity of substitution.
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Figure 11. Production nest structure in VERM land use model.

7.3

Case / scenario description
To investigate our problem, we constructed four alternative scenarios for reaching
the set share of biofuel mandate by 2020. We compared these alternative scenarios to
the model’s base line in order to find out the effects the biofuel polices would have in
idealized economy, ceteris paribus. The model’s baseline consists of predictions of the
overall economic development of the industries not directly relevant for our study.
The industries that we are especially interested in – agriculture, forestry, and food
production – we allowed to be endogenously determined in the model and adjusted
their production by the constraints set by the development in other industries. For
example the price development for crude oil is exogenous in our model and based on
economic forecasts. The exogenous price level for crude oil sets constraints on how
high price ethanol can have if produced domestically. Also the capital rental rates
are largely determined by the other industries that demand most of the investment
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demand. The ethanol and forest biomass prices we assumed to follow the prices of
grain products and wood material, respectively.
We assessed four scenarios to fulfill the mandate of 10% share as follows:
1. AGRI: biofuels raw material is domestic and/or imported agricultural biomass.
2. FORE: biofuel raw material is domestic and/or imported forest biomass.
3. AG_DOM: biofuels raw material is domestic agricultural biomass.
4. AG_IMP: biofuel raw material is imported agricultural biomass.
It should be noted that all the scenarios reflect only domestic land use changes. Thus,
for example in the scenario with all the ethanol imported, the lack of land use changes
is due to them occurring outside Finland and about whose level we could not give any
predictions. For forestry and agriculture, the share of biofuels was raised to 10% by
substituting fossil energy inputs (crude oil) from fuel industry incrementally during
the period from year 2011 to 2020. As crude oil is imported, the imports were at least
to some extent replaced by domestic inputs. Additionally, for agriculture, we took
into account the by-products of ethanol production that can be used by feed industry.
We assumed that 12.8 % of the economic value of the ethanol production is derived
from its by-products (Bernesson et al. 2006). We assigned the use of by-products to
feed industry to substitute protein demand (5/11 of the economic value) and feed
grain demand (6/11 of the economic value) based on the results of Sten (2007). In
the imported ethanol case we did not assume any changes to feed markets as only
ethanol is imported. We also assumed that Finnish demand has no effect on world
market prices of either ethanol or fossil fuels.
7.4

Results
7.4.1

Land use changes
In our scenarios land use changes occur within those industries that produce the
biomass. We predict a 150 000 hectare overall increase in agricultural land use in the
AGRI scenario. That would mean a 7.4% increase of the total agricultural land use
area. This figure is less than the current fallow area, and the domestic ethanol production could thus be covered with fallow land if we assume at least 55% productivity
for the fallow land (prediction for the year 2011 area). Special care with interpreting
the results of the land use change in forestry land is required. The model’s dynamic
structure is recursive and therefore cannot grasp the forward-looking and long-term
nature of forestry industry. Thus, our results can be interpreted as if the very long
term effects would happen right away. According to the model results, the land use
in forestry decreases by 400 000 hectares. If we assume 80 year rotation for managed forests in Finland and further assume that the reduction is evenly distributed
over the years, the annual reduction in the forest area would be only 5000 hectares.
The reduction could go to agricultural use or be left completely out of economic
use. And as 150 000 hectares extra land is needed in agriculture, the annual change
of forest land will be absorbed completely by agriculture during the first 30 years.
The land rentals increase that much that forestry is economically more reasonable
to be practiced more intensively on smaller area of land. The long term reduction of
forest land presents only 1.5% of the total forest area. If all the agricultural biomass
was produced in Finland (AG_DOM scenario), the increase in agricultural land area
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would be even higher, 260 000 hectares, which is barely covered by current fallow
land. Forest land would decrease with 690 000 hectares in this case (8 625 hectares in
annual terms). If the biomass is produced in forestry (FORE scenario), the effects are
somewhat smaller. The land use in forestry increases by only 15 000 hectares (187.5
hectares annually) and that of agriculture decreases by 5 000 hectares. These figures
are significantly smaller than in agriculture scenarios and reflect higher flexibility in
intensifying the land use in forestry. In the case of imported ethanol the effects are
negligible and slightly positive for agriculture and slightly negative for forestry. This
is due to a marginal increase in agricultural prices, which makes agricultural use of
land a bit more profitable. Table 11 summarizes the results for land use changes for
agriculture, forestry and separate agricultural industries.
Table 11. Changes in land use in Finland in year 2020 compared to base scenario (hectares).
Positive = increased need for land, negative = decresead need for land vs. the baseline. The
complete list of abbreviations used for industries in VERM model is explained in Appendix I.
AGRI

AG_DOM

AG_IMP

FORE

ha

ha

ha

ha

Agriculture total

153671

259863

340

-5214

I_01111 Grain crops

168359

285230

117

-2289

I_01113 Oilseed crops

-857

-1309

0

-202

I_01115 Sugarbeet

-853

-1494

17

-128

I_01119 Other plant production

-1322

-2281

13

-217

I_0112 Horticulture

-2278

-3941

29

-314

I_0121 Dairy and beef production

-5254

-9212

136

-1466

I_0122 Sheep and horses

-285

-562

1

-154

I_0123 Swine

-3002

-5167

21

-367

I_0124 Poultry

-838

-1401

6

-77

Forestry

-404406

-691652

-1007

15239

Net effect

-250734

-431789

-667

10025

Industrial sectors

7.4.2

Fertilizer use
We predict that in the AGRI scenario the use of fertilizers increase by 12 000 tons/
year, which means 9 600 tons/year increase in nitrogen application. If all the ethanol
is produced domestically (AG_DOM scenario), the figures would be 22 000 tons/
year more fertilizers and 17 000 tons/year more nitrogen. For the FORE scenario the
figures are significantly smaller: 100 tons/year in overall and 80 tons/year for nitrogen. For the AG_IMP scenario the changes are smallest and slightly positive. Table
2 summarizes our findings for fertilizer use in year 2020 when compared to the base
scenario. We have assumed that the shares of nitrogen, phosphorous and potassium
stay constant in average fertilizer application.
Table 12. Changes in fertilizer use in year 2020 compared to base scenario (tons).
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AGRI

AG_DOM

AG_IMP

FORE

ton

ton

ton

ton

Fertilizer use

12 636

21 768

49

107

Nitrogen

9 607

16 549

38

81

Phosphorous

773

1 332

3

7

Potassium

2 256

3 886

9

19
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7.4.3

Animals
For the number of animals we assumed that the ratio between the output and the
amount of animals stays constant. The changes in the animal numbers are presented in
Table 13. They differ by scenario and agricultural industry. In the agricultural biomass
scenario (AGRI) dairy animals and pigs decrease in number whereas the number of
poultry increases when compared to the base line. In the case when all the ethanol
is domestically produced, the amount of animals is slightly lower overall. Poultry
uses relatively little land compared to other agricultural industries and achieves
comparative advantage against other land using animal husbandry industries. In the
forestry case almost all animal numbers increase and the difference to agriculture is
most notable for cattle that is also the biggest emitter of greenhouse gases in animal
husbandry. This increase of animal numbers occurs due to the fact that among agricultural sectors animal production uses less land and is thus gaining comparative
advantage on expenditure side in comparison to the other agricultural industries as
land rentals increase. In the imported ethanol case changes are altogether smaller
than in other scenarios but slightly positive. Table 13 summarizes our findings for the
animal numbers as difference in year 2020 compared to the base scenario.
Table 13. Changes in animal numbers in year 2020 compared to the base scenario (heads).The
complete list of abbreviations used for industries in VERM model is explained in Appendix I.
AGRI

AG_DOM

AG_IMP

FORE

heads

heads

heads

heads

-5803

-5953

224

1365

Bulls

-688

-706

27

162

Dairy cows

-1815

-1862

70

427

Suckler cows

-353

-362

14

83

Heifers

-1016

-1042

39

239

Calves

-1931

-1981

75

454

I_0121 Dairy and beef production

I_0122 Sheep and horses

13

-28

3

-105

Ewes

5

-11

1

-42

Other sheep

5

-11

1

-40

Goats

0

-1

0

-3

Horses

3

-5

0

-21

-5526

-5402

282

1771

Boars

-13

-12

1

4

Sows

-604

-590

31

194

Fattening pigs

-2168

-2119

111

695

Pigs

-1253

-1225

64

402

Piglets

-1488

-1455

76

477

37525

31827

2552

15759

Laying hens

13284

11267

903

5579

Chicks

3280

2782

223

1377

Broilers

18069

15325

1229

7588

Turkeys

1095

928

74

460

Other poultry

1798

1525

122

755

I_0123 Swine

I_0124 Poultry
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7.5

Discussion
This case study presents the preliminary results of the modeling exercise in which
CGE approach was applied for the first time to Finnish biofuel policies. Our results
have shown how the biofuel policies would alter the land use, fertilizer application
and output of animal products. These factors well capture the main indirect effects
the biofuel production might have. Based on our results, producing the biofuels in
agriculture will shift land from forestry to agriculture and increase fertilizer use. This
result indicates increased indirect emissions from biofuel production. On the other
hand, the effect for the animal numbers is negative, which decreases emissions. The
effects are opposite in the forestry case. However, the results reflect the domestic
effects only. Therefore the information we obtained is useful for assessing the reduction potential of domestic emissions and fulfillment of national emission reduction
targets whereas the global effects were not covered in our study. Thus a careless
interpretation might give support to NIMBYist policies that would be harmful for
some core domestic industries. Unsustainable production of biodiesel from palm
oil is an example of such a risk. Based on our results the biofuel policies are likely
to have notable changes on Finnish land use and the sustainability of such policies
seems to be highly varied. On the whole, the most significant indirect effects being
accounted for, the land use change can be covered with the current fallow land. The
forestry seems to fare best in what comes to sustainability criteria with an increase
in the number of ruminants being a clear exception. In the case where the ethanol is
totally imported, we expectedly saw no significant changes in any of our indicators.
But as Banse et al. (2011) has recently shown, the indirect land use effects are likely to
be high in the exporting countries as well and thus importing the biofuels is not likely
to evade the problem. Thus, a further study would be required to take into account the
external effects as well. Furthermore, our model still needs improvement especially
on incorporating long term optimization behavior in forestry. Current results for the
forest land changes need careful and somewhat ad hoc interpretation, but seem after
all very reasonable on average. Based on the simulation results it would be possible
to calculate the net emission effects of the policies. However, due to the preliminary
nature of our model runs we do not present such figures here. The foremost purpose
of this case study was to test the suitability of the methodology for this particular
problem. As we can see the CGE modeling has clear benefits in capturing the underlying economic realities and interlinkages that drive the indirect effects caused by
biofuel production. However, some further data and model development work is still
needed in order to give actual results to support decision making.
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8 Case study: impacts of increasing the
use of transportation biofuels derived
from forest biomass on energy system
and forest carbon stocks in Finland
- (PE modeling)
Increasing production of biofuels may lead to indirect impacts that are not necessary related to land-use changes. Such impacts may take place due to increased or
decreased competition of resources between various end-use applications and may be
highly relevant for example in the light of greenhouse gas emissions. In this Chapter,
a summary of a case study quantitatively exploring the particular issue is presented.
Climate impacts of using forest resources as energy in Finland are studied in the
“FOBIT” project (“Forest-based fuel and material demand and the overall climatic
impacts”) funded by The Academy of Finland and coordinated by VTT. The four
year lasting project (2008–2011) is publishing a study (Forsström et al. 2011) in which
the rationality of the EU targets to increase the use of transportation biofuels are
analyzed from the perspective of climate change mitigation and economic efficiency
in the Finnish context.
8.1

Methods and scenario setting
The starting point of the analysis was the fixed national emission reduction target
for Finland, i.e. 16% reduction from the level of 2005 by 2020, in the prevailing GHG
accounting framework, where the GHG balance of forests is only partly accounted for
(EC 2009). The overall impact of the climate policy on the actual domestic GHG balance of Finland by considering also the GHG balance in forests and not accounted for
in the climate policy framework were analyzed. The climatic and economic impacts
of transportation biofuel targets were analyzed under other agreed obligations and
measures of the EU climate policy including the Emission Trading Scheme (ETS), the
energy efficiency target of 310 TWh for energy end-use, and the overall 38% share of
renewables in primary energy consumption by 2020. Different positions of the ETS
sector and sectors outside the ETS (so called non-ETS sector) when assessing the actual
climate impacts of transportation biofuels were highlighted. The focus was on the
indirect impacts and energy system adjustment through changing relative competitiveness of different energy sources. Interaction between ETS and non-ETS sectors was
demonstrated. All transportation biofuels were assumed to be derived from secondgeneration biorefineries using domestic forest resources and being realized by 2020.
A detailed energy-system model EPOLA based on cost-minimizing was used to
assess the adjustment of the Finnish energy system under the given conditions. The
EPOLA model is an EFOM (Van der Voort 1985) model for Finland augmented with
descriptions of forest industry processes. The model has been developed and used for
several energy policy assessments and comparisons (e.g. Tuominen 2009, Honkatukia
2008). The model covers the whole energy system from fuel supply and conversion
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to demand sectors of energy. A wide range of existing and potential technologies are
described. The emissions can be reduced in the model by substituting more fossil fuel
intensive fuels with less intensive or carbon free fuels in existing plants. In addition
the emissions can be reduced by investing into less carbon intensive technologies, as
well as through energy saving technologies.
The European Forest Information Model (EFISCEN) was used to provide the estimates for changes in the GHG balances of forests (terrestrial and soil). EFISCEN
(Sallnäs 1990, Schelhaas et al. 2007) is a large-scale scenario model that assesses the
supply of wood and projects forest resource development and carbon stocks and
fluxes on regional to European scale (Eggers et al. 2008, Ťupek et al. 2010). EFISCEN
has been validated for Finland by Nabuurs et al. (2000) and a detailed model description is given by Schelhaas et al. (2007).
The share of biofuels in all transportation fuels was studied by using three different assumptions: 0%, 10%, and 20% share of biofuels from 2020 onwards. The price
of emission allowances in the ETS was studied by using fixed price level equaling
30, 50, and 80 €/ton CO2. Furthermore, the wood supply situation was studied by
using three different wood supply curves reflecting low, interim and high harvesting potential depending on the availability of wood for certain price levels. Consequently, all together 27 different cases were studied. In comparison of the scenarios,
the same price of emission allowance and the same wood supply function was used
for both baseline (0% biofuels in transportation) and target scenarios (10% or 20%
biofuels in transportation). The EPOLA results for wood demands for stemwood and
energy wood were given to EFISCEN as inputs (Figure 12). EFISCEN was then used
to calculate the final fellings and thinnings needed to satisfy the given demand and
update the forest resources accordingly (Figure 12). The scenarios were calculated
up to 2050. The biofuel was assumed to be fully derived from wood and processed
to biodiesel through gasification and Fischer-Tropsch (FT) synthesis integrated into
pulp and paper mill. The detailed description of the process parameter assumptions
based on McKeough & Kurkela (2008) are given in Forsström et al. (2011).

External drivers

EPOLA

Wood demand

Competitive fuel
mix

Emissions in
ETS sector

Emission
allowances

EFISCEN

GHG balance in
forests

Emissions in
non-ETS
sector

Total GHG
balance

Figure 12. Main structure of the modeling framework (Forsström et al. 2011).
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8.2

Results and conclusions
The overall baseline emissions (0% share of transportation biofuels) from the energy
system are dependent on the price of emission allowance and on wood supply. The
higher the price of emission allowance or the wood supply the lower the baseline
emissions (Figure 13). Increase in both the price of emission allowance and wood
supply due to lower overall demand increase the level of wood harvest (Figure 14).
However, wood harvest increases notably less than the amount of wood needed for
biofuel production in all but some of the highest allowance price cases. Most of the
wood comes to biorefineries from reallocation of wood use in other energy production and industry (Figure 15, Figure 16). The impacts of the transportation biofuel
production were reflected onto the ETS sector through wood and fossil fuel markets.
In the non-ETS sector there was some adaptation potential. In the industry the largest transition in wood use takes place in the pulp and paper production where wood
fuel goes to the biorefinery instead of direct burning in the industrial steam plants.
However, only part of this “loss” of wood fuel need to be replaced by other fuels
because the by-products of the biorefinery process, steam and a small amount of
non-liquified syntheses gas, are fed back to the pulp and paper mill fulfilling partly
its fuel and energy needs. The net effect of this wood reallocation is thus smaller in
industry than in other sectors.
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Figure 13. The base surface of total emissions from the energy system in 2025. Allowance price
and wood supply define the system state without biofuels (Forsström et al. 2011).

Production of wood based biofuels increased the use of electricity and wood. The
10% biofuel target stands for 450 kton of fuel. To produce this amount of biofuel 4.5
Mm3 of wood and 1 TWh of electricity is needed to process the biofuel. Increasing
electricity generation means higher emissions. The additional demand of wood for
biorefineries pushed the price of wood up and deteriorated its competitive position as
a fuel in energy production. This led to new fuel-mixes in all sectors of the economy
with more fossil fuels and emissions. The significance of the volume and fuel-mix
effect varied in such a way that the lower the price of allowance the stronger the
fuel-mix effect on emissions. The emissions due to energy system adjustments are
illustrated in Figure 17.
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Figure 14. Total wood use (stemwood+residues) in the scenarios with a biofuel share of 0%, 10%
or 20% for different prices of emission allowance (30/50/80 EUR/ton, CO2) and wood supplies
(Low/Intermediate/High) due to availability (Forsström et al. 2011). Higher wood prices result in
lower availability and supply of wood.
20
15
TWh

Harvest
10

Industry
Energy

5

nonETS

0
30

50

80

30

10 %

50

80

20 %

Figure 15. Wood procurement to biorefineries in the case of biofuel targets of 10 or 20 %
with different prices of emission allowances (30, 50 and 80€/ton, CO2) and intermediate wood
supply. (Harvest = wood from additional harvest; Industry=wood from reduced wood use in the
industries; Energy= wood from reduced wood use within large-scale energy production; NonETS
=wood from reduced wood-use in the other parts of the non-ETS sector) (Forsström et al.
2011).
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Figure 16. Wood procurement to biorefineries in the case of biofuel targets of 10 or 20 % with
different wood supply assumptions (Low, Intermediate, High) and a price of emission allowance
of 50 €/ton, CO2 . (Harvest = wood from additional harvest; Industry=wood from reduced wood
use in the industries; Energy= wood from reduced wood use within large-scale energy production; NonETS =wood from reduced wood-use in the other parts of the non-ETS sector) (Forsström et al. 2011).
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Figure 17. The CO2 emissions from the non-ETS and ETS sectors and as a total for the scenarios
with different biofuel shares (0%, 10% and 20%) and assumptions for wood supply (low, interim
and high). The price of emission allowance is 50 €/ton, CO2 (Forsström et al. 2011).

The EFISCEN forest model simulations showed that the additional wood demand
due to the transportation biofuel production would weaken the terrestrial C sink in
Finland for the next 40 years examined with respect to the baseline with no transportation biofuel production (Figure 18). Finnish forests would still remain as a net C
sink, but neglecting the sink change in the accounting framework can be considered
a principal C leakage mechanism.
In the near future, emission reductions from transportation dominate the joint impact of the changes of forest C sink and the emissions of the non-ETS sector (Figure 19).
However, later on the reduced carbon stock in forests attained the size of the benefits
obtained from the transportation sector. The emission increase in the ETS sector has
to be compensated for by the purchase of emission allowances from abroad under
current emission trading system. This implies that corresponding additional emission
reductions will be realized outside Finnish borders. Additional emissions of the ETS
sector in Finland do not cause GHG impacts at the EU level.
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Figure 18. Forest carbon stock change in different biofuels scenarios when the price of emission
allowance is 50 €/ton, CO2 (Forsström et al. 2011).
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Although transportation does not belong to ETS, wood market makes ETS and
non-ETS compete for wood. If the transportation sector is obliged to use wood based
fuel, it takes the amount needed. Others take only the cost-effective part of their demand. Through this mechanism the effects migrate from non-trading sectors to the
trading ones leading to ”C leakage” (e.g. use of peat and coal instead of wood in the
power and heat production in the ETS). This can be considered as an indirect impact
of increased transportation biofuel production. This example shows that the indirect
impact on GHG emissions can be significant even if it does not necessarily lead to land
use changes. Instead, the increased competition for resources may lead to reallocation
of the use of the resources. Thus, when aiming to understand the impacts related to
increased biofuel production it is necessary to consider all relevant indirect impacts
and not only those related to land use changes. However, as the increased production
of biofuels may have spatially and temporally far-reaching impacts, as illustrated in
this Chapter, the objective quantification of the impacts may be very difficult.
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Figure 19. Average yearly impacts of biofuel target on emissions in forests, non-ETS-sector and
transportation. ETS-M describes the increased allowance purchases in the ETS sector when
the price of emission allowance is 50 €/ton, CO2 and intermediate wood supply (Forsström et
al. 2011). Positive value indicates increase in emissions and negative value indicates reduction in
emissions.
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9 Conclusions

Biofuels are promoted in many parts of the world with the aim to reduce GHG
emissions and reduce oil-dependency among other targets such as improvement of
regional employment and energy self-sufficiency. The sustainability of biofuels’ production and use is not, however, unequivocal. Concern of environmental and social
problems due to increased production of biofuels started to grow a few years ago.
Thus, to ensure the sustainable production of biomass and biofuels, several initiatives and certification systems on the sustainability criteria of biofuels and biomass
production have been proposed by various organizations and institutions. In recent
years, however, the criticism against the sustainability initiatives and certification
systems has also grown as they are considered incapable to handle all the impacts
related to increased production of biofuels. Examples of such impacts are indirect
effects caused by resource competition and other market mechanisms. Indirect land
use changes (ILUC) due to the increasing biofuel production has become a key issue
in the ongoing ‘food vs. energy’ debates.
A number of recent studies have concluded that different types of indirect effects, in particular ILUC, are significant and have an influence among others on the
GHG emissions, biodiversity, and social issues. However, they are difficult or even
impossible to quantify and attribute to various products as the nature of them are
at least to some extent speculative. The indirect effects may be very far reaching in
space and time, including possibly a number of complicated positive and negative
feedback mechanisms. The life cycle approach has been widely used as a method
to assess the environmental effects of a product. It has, however, still deficiencies
related to biodiversity and soil quality assessment. Also, the detailed evaluation of
a long product chain may be difficult in a global delivery chain. Typically, system
boundary setting applied in life cycle assessment studies does not consider indirect
effects caused by market mechanisms. This reduces the applicability of the microlevel (i.e. product-level) results to describe the potential macro-level impacts due to
the changes in the economy.
Various approaches to quantify indirect effects and ILUC in particular have been
developed and presented. Some of them rely on historic data whereas the others use
forward looking modeling. Various approaches have their pros and cons and may
lead to different conclusions. Complex economic forecasting models are typically
very uncertain due to multiple degrees of freedom, feedback loops, complex interactions and limited resolution. However, together with geographical information and
land-use-related statistics they can be used to carry out scenario analysis. Approaches
based only on statistics are not necessarily well-suitable to describe the future development. General scientific consensus, however, exists on using an economic approach
to address indirect effects and ILUC but the available methods are still widely controversial. The consensus is due to the central role the economics and political decision
making play in the ILUC problem. One viable alternative in the future might be to
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try to integrate life cycle based methods with the existing economic modeling tools
to achieve more balanced and accurate information on the ILUC effects.
Indirect effects have been identified in several studies to be an important source of
environmental impacts, such as GHG emissions and loss of biodiversity. However,
it is difficult to quantitatively compare different study results with each other due to
different system boundaries, assumptions and units. Additionally, even though the
sources and drivers of ILUC can formally be defined from a theoretical perspective,
the difficulties in identifying and separating the contribution of each driver on the
indirect effect in practice make the analysis complicated and unreliable. Based on
the current knowledge, waste and residues have less indirect effects than virgin raw
materials. An empirical assessment of ILUC effects is a much less promising option
as it appears in theory, and in fact, ILUC analysis is still under development, both in
terms of proper definition and methods to measure it. Due to the importance of ILUC
effects several initiatives, including legislation, certification schemes and voluntary
initiatives exist. Additionally, the European Commission is currently preparing a report regarding ILUC and the possible options on the way forward to reduce harmful
ILUC effects. However, in practice it is difficult to create and fulfill effective principles
and criteria to mitigate negative land use change effects.
In this report three different case studies were presented. First, based on literature
review examining ILUC related to sugarcane ethanol production in Brazil, it was
shown that many studies have examined the ILUC subject, but it is difficult to prove
any clear causal effect relationship or conclusions. Second, by using a CGE model it
was assessed how the increase in liquid biofuel production alters the allocation of
land use patterns and other sources of non-CO2 greenhouse gas emissions in Finland.
Third, by using a PE model it was assessed how forest-based transportation biofuel
production influences on the resource use in energy system and carbon stocks of forests in Finland. The Brazilian case and both of the Finnish case studies only presents
assessed domestic impacts and exclude impacts outside the target country’s borders.
This is a clear limitation as global trade of products is present and production and
consumption of many products are interlinked to other products. Global impacts
should also be taken into account but it makes modeling attempts more challenging.
The main problem in ILUC is the fact that deforestation mainly takes place in
countries that are currently not committed to the binding targets for GHG emission
limitations or reductions, such as Indonesia and Brazil. Furthermore, ILUC is mainly
promoted by increasing global demand and trade of agricultural products. According
to Overmars et al. (2011), it is evident that accounting for all land use emissions in
all countries accurately could ensure a much more logical consideration to cultivate
biofuel crops, since emissions from LUC should be accounted for. Without effective
policy measures there is a significant risk that the current biofuel policies will increase
LUC and respective negative impacts in countries not committed to reduce their GHG
emissions. System level modeling can provide useful information on potential impacts of various policies and measures but probably too many uncertainties and inaccuracies are included in such modeling to be used to quantify the impacts in practice.
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Appendix 1: Industries in the VERM-model
I_01111
I_01113
I_01115
I_01119
I_0112
I_0121
I_0122
I_0123
I_0124
I_0125
I_014
I_015
I_0202
I_0211
I_0212
I_0219
I_05		
I_101
I_103
I_11101
I_11102
I_13_4
I_151
I_152
I_153
I_154
I_155
I_156
I_157
I_158
I_159_6
I_17_9
I_20		
I_21121
I_21125
I_21129
I_212
I_22		
I_23		
I_241
I_242
I_243_7
I_25		
I_26		
I_271
I_272_5
I_28		
I_29		

Grain crops
Oilseed crops
Sugarbeet
Other plant production
Horticulture
Dairy and beef production
Sheep and horses
Swine
Poultry
Other animal production
Services for agriculture
Hunting
Services for forestry
Growing of forests
Timber harvesting
Other forestry and logging activities
Fishing
Coal
Peat
Crude oil
Natural gas
Mining
Meat products
Fish products
Fruits and vegetables
Oils and fats
Dairy products
Grain mill products
Prepared animal feeds
Other food products
Beverages and tobacco
Textiles, apparel and leather
Wood pruducts
Newsprint
Fine paper
Pulp
Paperboard
Publishing
Manufacture of fuels
Manufacture of basic chemicals
Manufacture of pesticides
Manufacture of other chemicals
Manufacture of rubber and plastic
Manufacture of other non-metallic minerals
Manufacture of iron
Manufacture of other metals
Manufacture of metal products
Manufacture of machinery and equipment

I_30_3
			
I_34_5
I_36_7
I_401_3
I_41		
			
I_4501
I_4502
I_50_2
I_55		
I_60		
I_61		
I_62		
I_63		
I_64		
I_65_7
I_702
I_70_4
			
I_75		
I_80		
I_85		
I_90_2
			
I_93_5
			

Manufacture of electrical and optical
equipment
Manufacture of transport equipment
Other manufacturing
Electricity, gas, steam and hot water supply
Collection, purification and distribution of
water
Construction (other)
Construction (complete)
Wholesale and retail trade
Hotels and restaurants
Land transport
Water transport
Air transport
Supporting transport activities
Post and telecommunications
Financial intermediation
Letting of own property
Other real estate, renting and business
activities
Public administration and defence
Education
Health and social work
Other community, social and personal
service activities
Activities of households as employers of
domestic staff
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presented in literature were compiled. However, in practice, it is often difficult to recognize the
type of the effect in question, and what is the actual driver behind the change. The methods to
assess the significance of ILUC were also reviewed. The monitoring data alone cannot be used
to distinguish direct and indirect land use change emissions from each other, but it serve as a
basis for various scenarios and assumptions on expected future development trends.
To conclude, main problem in ILUC is the fact that deforestation mainly takes place in
countries that are currently not committed to the binding targets for GHG emission limitations or reductions. Furthermore, ILUC is mainly promoted by increasing global demand and
trade of agricultural products. Without effective policy measures there is a significant risk that
the current biofuel promotion policies will increase ILUC and respective negative impacts. Both
methodology to identify and quantify ILUC and management and policy approaches to mitigate
negative LUC and ILUC impacts need to be further developed. System-level modeling can provide useful information on potential impacts of various policies and measures but probably too
many uncertainties and inaccuracies are included in such modeling to be used to quantify the
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