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Abstract

The Policy Research Working Paper Series disseminates the findings of work in progress to encourage the exchange of ideas about development 
issues. An objective of the series is to get the findings out quickly, even if the presentations are less than fully polished. The papers carry the 
names of the authors and should be cited accordingly. The findings, interpretations, and conclusions expressed in this paper are entirely those 
of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and 
its affiliated organizations, or those of the Executive Directors of the World Bank or the governments they represent.

Policy Research Working Paper 5513

This study analyzes the long-term impacts of large-scale 
expansion of biofuels on land-use change, food supply 
and prices, and the overall economy in various countries 
or regions using a global computable general equilibrium 
model, augmented by a land-use module and detailed 
representation of biofuel sectors. The study finds that an 
expansion of global biofuel production to meet currently 
articulated or even higher national targets in various 
countries for biofuel use would reduce gross domestic 
product at the global level; however, the gross domestic 
product impacts are mixed across countries or regions. 
The expansion of biofuels would cause significant land 

This paper is a product of the Environment and Energy Team, Development Research Group. It is part of a larger effort by 
the World Bank to provide open access to its research and make a contribution to development policy discussions around 
the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The author may be 
contacted at gtimilsina@worldbank.org.  

re-allocation with notable decreases in forest and pasture 
lands in a few countries. The results also suggest that 
the expansion of biofuels would cause a reduction in 
food supply. Although the magnitude of the impact on 
food supply at the global level is not as large as perceived 
earlier, it would be significant in developing countries 
like India and those in Sub-Saharan Africa. Agricultural 
commodities such as sugar, corn, and oil seeds, which 
serve as the main biofuel feedstocks, would experience 
significant increases in their prices in 2020 compared 
with the prices at baseline due to the expansion of 
biofuels to meet the existing targets.
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1. Introduction 

The last four years have been characterized by extreme price movements in commodity markets. 

From 2006 to summer 2008, commodity prices increased to historically record-high levels. 

Since, this commodity bubble subsided; nevertheless agricultural commodity prices have 

remained high, at roughly twice their levels of early years in the decade. These recent sharp rises 

in agricultural and primary food prices have made real the issue of food-biofuels trade-offs. 

Since many countries have announced more ambitious future targets for domestic biofuel use, 

implying the need for further expansion in global biofuel production going forward, a key 

question is how much future global biofuel expansion could lead to longer-term increases in food 

scarcity and hunger, especially among regions and populations at risk. A second concern has 

emerged regarding the environmental impact of biofuels, and in particular, their local and global 

impact on land-use and carbon release. Many stakeholders now question the urgency of further 

developing biofuels because of this triple global interface between food, bioenergy and the 

environment (Searchinger et al. (2008); and Runge and Senauer (2007)). We investigate some of 

these complex questions, with a focus on the impact of biofuel expansion on land allocation and 

the resulting impact on food supply and affordability. 

 In the midst of the price surge of spring 2008, analysts suggested that the production of 

biofuels was one of the key reasons for the spike in global food prices (Mitchell (2008); and 

Rosegrant et al. (2008), among others). However, there is no established consensus on the causes 

of the recent food crisis and its potential determinants, which include the surge in biofuels, cost-

push factors such as the increase in energy and fertilizer prices, high food consumption growth in 

large emerging economies, the role of market restrictions, investment funds’ hoarding, and the 

devaluation of the US dollar on dollar-denominated commodity prices (Timmer (2008); and 

Banse et al. (2008b)).  

 Similarly, there are many questions relating to the long-term impacts of increased 

biofuels production—how does the expansion affect food availability and prices in the long run? 

Who would gain and lose from potentially higher commodity and food prices, especially among 

the heterogeneous poor depending on their net buying or selling status (Winters et al. (2004))? 

Will biofuel production generate income and reduce poverty despite higher food prices? What 

are the land supply responses?  
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Our paper examines some of these long-term issues using a global dynamic computable 

general equilibrium (GDCGE) model augmented with an explicit land allocation module and 

detailed biofuel production sectors. The GDCGE model is developed in ways to account for the 

competition between biofuel and food industries for agricultural commodities. The major biofuel 

feedstock is composed of corn, sugarcane, soybean oil, palm oil, and other vegetable oils and 

their backward linkages to oilseeds. We do not include second generation or cellulosic biofuels 

in the study due to limitations in data and their unknown profitability. The approach pays 

particular attention to productivity gains through increases in yield and to changes in land 

allocation between various uses between forest land and agriculture and within agricultural uses. 

Yield assumptions have been contentious in the biofuel literature because of their implications 

for land expansion (Searchinger et al., 2008; and Keeney and Hertel, 2008). An expansion of 

biofuels would result in diversion of land used for other agricultural commodities towards 

production of biofuel feedstock. Grassland and forest land could be converted to agricultural land 

to produce biofuel feedstock. Yield responses to higher prices mitigate these land diversions and 

reallocations although the exact magnitude of these responses remains uncertain. This 

uncertainty is an important caveat qualifying our results. We emphasize as well that our results 

represent estimates of long-term impacts and do not shed light on the potential for and causes of 

short-term food price crises, such as the one that occurred in 2008. 

Our analysis aims first to estimate land-use mix at national, regional, and global levels in 

the baseline scenario. This is followed by the estimation of land-use mix under two main 

scenarios of biofuels penetration in the global energy supply mix for road transportation. All 

types of land such as crop land, grass land, and forest land are included. The study assesses, at 

national, regional, and global levels, the impacts of the increased production of biofuels on land 

allocation, agricultural and food production, and their prices.  

Finally, we also investigate the role of increased demand for biofuel feedstock as a 

promoter of monoculture of some feedstock. How does the biofuel expansion impact rainforest, 

wetlands, and other biodiversity resources? Existing studies (e.g., Sielhorst et al., 2008) argue 

that the expansion of biofuels seriously impacts wetlands. In Indonesia, deforestation is linked 

with an increased production of palm oil, a feedstock for bio-diesel. Thus, we examine impacts 

of biofuels on various types of land and natural resources at national, regional, and global levels. 
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We find that the impact of a considerable global expansion of biofuel production on 

agricultural prices is moderate (less than 5%), except for sugar crops, which increase by about 7 

to 10%. Food prices and supplies are moderately impacted by these increases in biofuels. 

However, the land use impact is more significant with large expansion of crop land offset by 

reduction in forest and pasture. Within the land used for crops, a sizeable reshuffling of land 

takes place to accommodate the expansion of feedstock crops for biofuels. Decreases in forest 

areas are notable in Brazil and Canada.  

 

2. Related Literature on Biofuel, Land Use and Food Prices 

There are a growing number of studies on ethanol and other biofuel markets and their impact on 

other sectors, as the biofuel industry has experienced a boom in recent years and raised a set of 

issues. Partial equilibrium analyses are first reviewed and then followed by general-equilibrium 

ones. Rajagopal and Zilberman (2007), and more recently, Kretschmer and Peterson (2008) 

summarize the recent biofuel literature on the various economic, environmental, policy and 

modeling aspects of biofuels. The latter source focuses on general equilibrium analyses. Here, 

we focus on land and price effects related in the literature. 

2.1 Partial equilibrium studies 

Few analyses fully endogenize the prices of feedstock used in ethanol production, that is, sugar 

and corn. Recent investigations (Elobeid and Tokgoz, 2008; Tokgoz and Elobeid, 2006; Fabiosa 

et al. (in press); and Searchinger et al. (2008)) have endogenized these prices using large partial 

equilibrium multi-market models, including explicit international crop markets solved for a 

world equilibrium. Elobeid and Tokgoz (2008) incorporate linkages between an international 

ethanol model, an international sugar model, and a U.S. crops model. The U.S. crops model 

incorporates reduced-form equations for U.S. crop exports that capture the responses of 

international crop markets to changes in U.S. crop prices. Elobeid and Tokgoz (2008) analyze 

the impact of trade liberalization and removal of the federal tax credit in the United States on 

U.S. and Brazilian ethanol markets using a multi-market international ethanol model. They find 

that the removal of trade distortions induces an increase in the price of world ethanol but has 

relatively small effects on commodity prices. The U.S. domestic ethanol price decreases, which 
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results in a decline in production and an increase in consumption. U.S. net ethanol imports 

increase. Brazil responds to the higher world ethanol price by increasing its production. Total 

ethanol consumption in Brazil decreases and net exports increase. The removal of trade 

distortions and the tax credit to refiners blending ethanol induces a more limited increase in the 

world ethanol price. In these partial equilibrium investigations, yields are assumed constant and 

most of the production changes occur through land allocation changes, overstating the land 

effects. Land allocation is country specific and depends on local crop mix, suitability of land and 

relative crop prices. Acreage price elasticities are country specific and reflect a combination of 

econometric and consensus estimates. Elobeid et al. (2007) estimate the break-even price for 

corn implied by long-term equilibrium in ethanol production and conditioned by oil and gasoline 

prices. The latter prices provide a long-term floor to ethanol given its gasoline value equivalent. 

They estimate that corn prices would roughly double from $2 per bushel in pre-biofuel days to 

$4 per bushel to reach a long-term equilibrium in U.S. ethanol production and with oil prices 

hovering around $60/barrel. 

 Fabiosa et al. (in press) and Searchinger et al. (2008) extend the framework developed by 

Elobeid and Tokgoz to analyze the effects on global land allocation of the biofuel emergence in 

the United States and elsewhere in the world. Land allocation within countries is affected by the 

biofuel expansion, but global land and price effects are limited. The major drawback of these 

studies is the exogeneity of yield growth --the absence of yield response to prices. Supply 

adjustment in that model is through land allocation and is rather sluggish with lagged acreage 

response. Inventory demand adjusts to higher prices and offsets some of the supply sluggishness. 

These land market and production features are common to all analyses relying on the FAPRI 

modeling approach (Elobeid and Tokgoz; Elobeid et al.; Fabiosa et al., Searchinger et al.; 

Tokgoz and Elobeid; and Tokgoz et al.).  

 English et al. (2006) look at the impact of achieving the goal of “25x25,” that is, 25 

percent of the U.S. projected energy needed in 2025 coming from renewable energy sources, on 

the U.S. agricultural sector. In renewable energy sources, these authors include ethanol from 

traditional crops and from cellulosic sources, biodiesel, and wind. They use POLYSYS (a partial 

equilibrium model of U.S. agriculture), which provides annual estimates of changes in land use 

resulting from the demand generated by bioenergy industries. The biomass feedstock crops are 
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corn, soybeans, switch grass, corn stover, wheat straw, wood residues, animal manure, and 

yellow grease. Their study does not incorporate impacts of the changes in the U.S. agricultural 

sector on international agricultural markets and the resulting adjustments on world prices and 

land allocation. The more recent work by Chen et al. (2010) endogenizes both yields and 

gasoline prices using a multi-market equilibrium model of US agriculture, biofuel and gasoline 

markets. Chen et al. look at the impact of meeting the 36 billion gallons renewable fuel standard 

(RFS) and associated subsidies with conventional and second-generation biofuels. They compare 

the welfare and GHG impacts of the RFS to a carbon tax of $30/mt. 

Following the extreme price hikes of spring 2008, Collins (2008), Mitchell (2008), and 

Timmer (2008) provide ad-hoc insightful background analysis of key factors affecting food 

prices including the role of the emergence of biofuels and the resulting increase in agricultural 

feedstock demand. These papers do not formally address the global multi-crop land allocation 

problem.  

 Rosegrant (2008) uses the IMPACT model to analyze several scenarios departing from 

the recent (2007) biofuel demand.1 The IMPACT model is a partial equilibrium (PE) global 

agricultural model incorporating major agricultural activities for 115 countries. The model 

incorporates land area and yield responses to prices, an improvement over the FAPRI-based 

biofuel models. Recent extensions of the IMPACT model account for demand for biofuel and 

feedstock. Rosegrant suggests that biofuel demand contributed about 30 percent of the price 

increases during the period covering the early 2000s until 2007. The latter figure refers to the 

effect on the weighted average grain prices, with the largest effect on corn prices (39 percent) but 

lesser effects on rice and wheat prices (21 and 22 percent, respectively). Roberts and Schlenker 

(2010) use a calorie-equivalent approach to aggregate wheat, corn, rice, and soybean production. 

They estimate aggregate supply and demand for calories and quantify the impact of a biofuel 

shock equivalent to the current U.S. biofuel mandate on the price of calories from these four 

crops. They find that the calorie price increases by about 20 percent when accounting for calories 

saved through dried distillers grains with solubles (DDGS), and 30 percent when abstracting 

from these by-product calories savings.2 

                                                 
1 Note there are other references to the same IFPRI analysis which are not cited here. 
2 For an in-depth review of literature on food supply effects of biofuels, please see Timilsina and Shrestha (2010).  
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2.2 General equilibrium biofuel analyses 

General equilibrium analyses provide a more encompassing assessment of the biofuel emergence 

on the whole economy and food prices because these multiple linkages are explicit in the model. 

The disadvantages of many of these analyses are the aggregation of crops in a few sectors, the 

lack of realistic biofuel policy parameterization, and trade elasticities, which tend to dampen 

trade responses to changing relative agricultural prices. Taheripour et al. (2007) describe 

extensions of the GTAP 6 database to account for biofuel production and their linkages, 

upstream and downstream, 

calibrated to 2001 data. The 

impact from biofuel expansion on 

land is through reallocation of 

land into corn, sugar cane, and 

oilseeds sectors. Biodiesel is 

treated as crushing oilseeds and 

producing meal as a byproduct (as 

DDGS are in the case of ethanol), 

a drastic assumption. Land supply is not explicitly described but presumably it follows the 

standard one level CET assumption incorporated in the GTAP model structure as shown in 

Figure 1. Land adjusts sluggishly according to relative rents obtained in respective activities. All 

countries have a common cost structure. The trade matrix is rather limited. It analyzes several 

policy shocks such as the 

increase in crude oil prices, 

the phasing out of MTBE, 

and biofuel subsidies. Keeney 

and Hertel (2009) propose a 

model incorporating land, 

yield, and trade responses to 

the biofuel expansion. Land 

demand is derived from a 

constant-return-to-scale 

Lj Ln Li 

_

L

σ1 

Figure 1. Land allocation in the standard GTAP model 

Lj Lk Ln 

Lforest & other Lpasture Lcrops 

L1 

_

L

σ1 = -0.11 

σ2 = -0.5 

 

Figure 2. Land allocation in Keeney and Hertel (2009). 
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farming sector as explained below, characterized by perfect competition and endogenous input 

prices. Aggregate land supply is fixed but land can move across uses according to relative 

returns. The yield response to prices is a much needed addition. Keeney and Hertel make the 

yield response explicit. It depends on the substitution between land, labor, capital, and other 

factors. Land supply follows a CET structure as described in Figure 2. However, the 

differentiated bilateral trade response in Keeney and Hertel is a potential drawback. Bilateral 

export demand assumes differentiation for commodities that are essentially homogeneous across 

countries (e.g., corn, soybean). The assumed trade substitution elasticities for grains are low (-

2.6). These elasticity estimates are based on econometric work by Hertel et al. (2007). Keeney 

and Hertel assume that U.S. imports of ethanol from Brazil increase proportionally to the total 

U.S. ethanol demand, irrespective of price levels, a questionable assumption as explained later in 

the modeling section and which has important consequences for land allocation. 

 Birur et al. (2008) use the GTAP database developed by Lee et al. (2005) and (2008) to 

analyze the impact of biofuel production on global agricultural markets. The latter authors 

decompose land into 18 agro-ecological zones (AEZs). Birur et al. consider 3 biofuels, ethanol 

from grains, ethanol from sugar-crops, and biodiesel from vegetable oils. They treat the 2 ethanol 

productions as imperfect substitutes. The crops considered are coarse grains, oilseeds, sugarcane, 

other grains, and other agriculture. Crops, grazing, and forestry use the total land endowment. 

Composite land supply is made of land in the 18 AEZs, which are treated as highly substitutable 

(CES with an elasticity of substitution of 20). Within any AEZ, land shifts between forest, 

pasture, and crops with some CET value of -0.11. Within crops, land shifts moving with a CET 

elasticity of -0.5. Land owners maximize returns on land by choosing an optimum allocation 

across uses according to relative returns. Figure 3 describes the nested CET tree structure of land 

supply. This approach essentially parallels Keeney and Hertel within each AEZ. 

 Banse et al. (2008a) use a modified GTAP-E model which incorporates a 3-level nested 

approach to land allocation first proposed by Huang et al. (2004), shown in Figures 4 and 5. 

Banse et al. analyze the impact of the EU biofuel directive on agricultural markets. In addition to 

the nested CET for land allocation, the authors endogenize aggregate land supply to account for 

the possibility of new land entering or re-entering agriculture. The reclaimed land comes from 

non-agricultural uses such as urban areas or forestry. 
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Gohin (2007) and Bouët et al. (2008) analyze the impact of the EU Biofuel directive. 

Gohin uses a custom EU-15 CGE model. Gohin provides an extensive disaggregation of the farm 

sector with 32 agricultural activities and a detailed policy representation of the EU Common 

Agricultural Policy (CAP). He finds that the expansion of biodiesel production induces a change 

Lwheat Lcoarse grains Loilseeds 

Lpasture Lsugar Lgrains & oilseeds & protein 

Lhorticulture Lother crops Lfield crops &pasture 

_

L  

σCET 1 

σCET 2 

σCET 3 

Figure 4. Land allocation in Banse et al. (2008a) 

σCET 3 ≥ σCET 2 ≥ σCET 1 

Lcrop1 Lcrop i Lcrop n 

Lforest Lpasture Lcrops 

AEZ1 AEZi AEZ18 

_

L in value added 

σvalue added = 20 

σCET 1 = -0.11 

σCET 2 = -0.5 

Figure 3. Land allocation in Birur et al. (2008) 



 10

for the EU-15 from being a net exporter to being a net importer of rapeseed oil and a substantial 

expansion of EU-15 rapeseed production. All world vegetable oil prices increase considerably. 

The expansion of bio-ethanol induces a dramatic reduction of EU soft wheat exports. The 

analysis also accounts for set-a-side land coming back into agricultural production and for the 

impact on the livestock sector. Gohin’s land supply is similar to that of Keeney and Hertel 

(2009), with land being allocated in two steps, first between forest, pasture, and crops, and then 

among crops. Gohin does not explicitly mention the values of his CET parameters.  

  

 Bouët et al. use the MIRAGE model of the Centre d'Etudes Prospectives et 

d'Informations Internationales (CEPII) to analyze the same policy and use a land decomposition 

also based on AEZ data. They show that EU mandates would increase EU ethanol production by 

373 percent and EU sugar beet production by more than 15 percent by 2025. EU biodiesel 

production would increase under a mandate by 34 percent in 2025. To reach EU consumption 

mandated targets, the full removal of tariffs on EU imports of ethanol and biodiesel would have 

to be complemented by a domestic consumption subsidy. Only the trade liberalization scenario 

stimulates foreign production of sugar cane with Brazilian production increasing by 7.6 percent 

in 2025. These EU biofuel policies imply a significant reallocation of land in favor of sugar 

cane/sugar beet and oilseeds for biodiesel sectors, in Europe and/or in South America. EU land 

allocated to sugar beet would be increased by 11 percent under an EU mandate. 

Lwheat Lcoarse grains Loilseeds 

Lpasture Lother field crops Lgrains & oilseeds & protein 

Lmisc Lrice Lfield crops &pasture 

_

L  

σCET 1 

σCET 2 

σCET 3 

Figure 5. Land allocation in Huang et al. (2004) 

σ3 ≥ σ2 ≥ σ1 
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Gurgel et al. (2007) use the MIT Emissions Prediction and Policy Analysis (EPPA) 

model to analyze an expansion of second-generation biofuel based on biomass production. The 

EPPA model is calibrated on 1997 data from GTAP and other sources and is rather aggregated. 

There is only one aggregate agricultural crop sector and many large countries are aggregated in 

regions. For example, Brazil and Argentina are part of the Central and South America region. 

Land is categorized in 5 types: crop land, pasture land, harvested forest land, natural grass land, 

and natural forest land. The crops sector and two biomass sectors compete for cropland. Pasture 

land is specific to the livestock sector, and so is harvested forest land for the forest sector. The 

EPPA model collapses the biomass production and biofuel transformation into a single sector. 

Two specifications are used for land allocation. Land moves across activities according to a CET 

transformation -land supply is price responsive- in a first specification, and under an alternative 

specification, non-agricultural land enters crop land according to an explicit cost of conversion 

into agricultural use. EPPA’s approach is not well suited to analyzing the food-bioenergy trade-

off because of its lack or explicit representation of agriculture, its focus on second- generation 

cellulosic biofuel, and the high level of aggregation. 

 

2.3 Land Module for Biofuel Modeling 

2.3.1 Biofuels, feedstock, and major biofuel producers 

Ethanol and biodiesel are the two major commercial biofuel considered in our model. The major 

feedstocks used for ethanol are grains, sugar beet, sugarcane, and molasses. For biodiesel, the 

major feedstocks are vegetable oil from rapeseed, soybean, and palm oil. The major feedstock 

for ethanol in warmer countries is sugarcane, whereas grains are used in more temperate climates 

(corn, but also wheat, and barley), and to a much lesser extent sugar from sugar beet (Koizumi 

and Ohga (2007); Elobeid and Tokgoz (2006), FAPRI (2009)). Other feedstock types are not yet 

used in commercial operations and are not expected to be for the foreseeable future. The latter 

include switch grass and other forms of cellulosic feedstock, which are far from being profitable 

(See Carriquiry and Du (2009)). Biodiesel relies on vegetable oil and not on oilseeds directly as 

sometimes modeled. Vegetable oil comes from crushing oilseed crops, with oilseed meal or cake 

as a by-product feed to livestock. The major oilseed crops are soybean, rapeseed, and palm oil. 

Biodiesel production exists because of policy mandates and subsidies but it is not currently 



 12

profitable without subsidies. All countries growing grains, oilseeds, or sugar crops are potentially 

affected by the biofuel expansion through the transmission of higher world prices for these 

commodities as well as the changes in their relative magnitude, even though they may not 

produce biofuel.  

Next, we briefly list countries, which are major biofuel producers along with the biofuel 

type and feedstock used. Argentina produces biodiesel from soybean oil. In Argentina, corn and 

oilseeds (soybean, and others) compete for land with pasture/forest. Argentina is a large corn 

producer and accordingly is modeled as a separate country. Brazil produces ethanol from 

sugarcane and biodiesel from soybean oil. Depending on the region, sugar cane competes with 

soybean and corn as a second crop or with pasture/forest or savannah land. Canada produces 

ethanol from corn and wheat. These crops compete for land with other coarse grains (oats, 

barley) and oilseeds (soybeans and rapeseeds). All Canadian crops compete with pasture land. 

China produces ethanol from corn. Corn is in competition for land with several oilseeds and 

grains depending on the region. 

 The EU produces ethanol from corn, wheat, barley, and sugar beet, and also produces 

biodiesel based on soybean, rapeseed, and imported oils. Most grains, oilseeds, and sugar crops 

compete for the same land. India produces ethanol using molasses a by-product of sugarcane 

processing which has no direct crop effect. Indonesia produces biodiesel using palm oil. The US 

produces ethanol from corn and biodiesel from soybean oil. Corn-based ethanol produces dried 

distillers grains with solubles (DDGS), which are a good substitute for feed grains in livestock 

production. The quality of DDGS is evolving rapidly and its price has closely tracked corn prices 

in recent times. It is perishable and its price is sensitive to short-term excess supply conditions.  

2.3.2 Modeling approach 

The overall structure of the CGE model is briefly presented in Appendix A. Here we direct our 

discussions on the land-use component of the model as the paper mainly deals with impacts on 

land-use change and food supply. We refer the interested reader to van der Mensbrugghe (2008) 

for the detailed description of the model as well as to Appendix B for a description of the 

modifications associated with the biofuel module. The following sections describe the approach 

to land allocation adopted in the analysis. 
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Our analysis uses an acreage response model paralleling Birur et al. (2008), Keeney and 

Hertel (2009) and Lubowski et al. (2006), but with significant departures regarding the CET 

assumptions impacting land allocation decisions. For the latter we follow a nested approach to 

land allocation reminiscent of Huang et al. (2004) and as applied by Banse et al. (2008a). 

 Huang et al. (2004) and Banse et al. (2008a) provide a more realistic land allocation tree 

and nesting than Keeney and Hertel do. The nested structure allows for different CET elasticities 

for subsets of agricultural activities and crops. For each country, a specific CET tree is designed 

to capture various and distinct subsets of crops competing for the same agricultural land with a 

higher elasticity of transformation within nests and lower ones between crop nests. As noted by 

Huang et al., land devoted to rice in most countries does not directly compete with other crops. 

Similarly, we note that sugarcane production competes with a limited number of crops. By 

contrast, oilseeds and grain productions are in direct and strong competition with each other in 

most countries where they are produced. Hence, consistent with this fact, we lump them within 

the same nest and to allow for greater land mobility between them.  

As in Birur et al., we assume that on the top nest, forest, pasture, and crops compete for 

the same land. Then, we depart from the simple nesting of crops of Birur et al. We assume that 

crops are divided into land going to four crop categories (rice, sugar-crops, an aggregate grains 

and oilseeds, and an aggregate other crops). These four crop categories form a second nest. 

Finally, grains and oilseeds constitute a last nest with wheat, corn, other coarse grains, and 

oilseeds as competing for the use of the same land. This structure accounts for the relative 

isolation of rice and sugar cane areas, and the geographical proximity and competition between 

coarse grains and food grains, and oilseeds for the same land. Figure 6 illustrates the nesting.  

Next, we derive the price responses of land to unit revenue for the nested land allocation 

explained previously. We first introduce a simple land allocation within a single nest, and then 

extend the intuitive structure to the 3-nest actual structure. The simple structure mimics what 

happens within each nest holding constant the land allocated to the nest. The simple structure 

also describes what happens in the top nest, for which the land constraint is fixed. For the two 

subsequent nests, the total land allocated to the respective nest is price dependent and will 

respond to price changes. This additional price response is then explained for the two nests. 
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2.3.3 Derivation of the land supply specification  

We start by assuming first a single nest with a total land constraint A. Under such setup, equation 

(1) shows the first optimality condition for land allocation to activity i, Li, that maximizes land 

revenues under an aggregate land constraint A. The land constraint is shown in equation (2). The 

land constraint accounts for land quality differences. The CET transformation elasticity given by 

CET is negative. The composite price PP reflects the composite revenue per unit of land in 

aggregate land A. 
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derived from the log-differentiation of equation (1) holding the land constraint A constant. The 

responses are shown in equation (3): 

(3) ( ),  CET
ij ij j       

where δij indicates the kronecker delta, and αj indicates the share of revenue from activity j in 

total land revenues. 

Next, we derive the land supply price elasticities for the 3-nest structure. The 

optimization problem assumes a sequence of separable decisions given prices for the respective 

choice within the nest and following a set of constraints for each respective nest (A, An2, and An3). 

We start from the top nest allocating land A between forest, pasture and aggregate crops (An2) 

given returns Ri (i = f, p, n2). The second nest allocates land An2 between rice, sugar crops, an 

aggregate other crops, and grains and oilseeds (An3) given prices Ri (i = r, s, oc, n3) . Last in the 

third nest, the aggregate land devoted to grains and oilseeds An3 gets allocated between wheat, 

corn, other coarse grains, and oilseeds according to returns Ri (i = w, c, ocg, os). For each nest a 

structure similar to equations (1) and (2) can be derived by substituting the respective crop 

choice and returns and aggregate land constraint for the corresponding nest. 

In the top nest, land responses to any price j are given by  

 (4) 
  


ij
 CET1(

ij


j
),i  f , p,n2, and  j  f , p,r,s,oc,w,c,ocg,os,  

where   
CET 1 is the CET elasticity for the top nest and 

ij
and 

j
are defined as previously. The 

land allocation responses in the lower nests have two components. A first component derived as 

in equation (3), or as in the top nest, shows the price effect with the land allocated to the nest 

assumed fixed, and a second component shows the price response on the land allocated to the 

nest. It is best to separate the price response by nest. We first derive the price response for land 

allocated in the second nest to prices in the middle level, lower level, and then in the top level, 

respectively. This is shown in equations (5): 
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where   
CET 2 is the CET elasticity for the second nest.  

 Finally, the response for land use in the bottom nest is derived in equation (6) following a 

similar decomposition of the price response and noting that the land adjustment goes through the 

three nests for returns of activities in the bottom nest, two nests for prices of activities in the 

middle nest, and one nest for prices of activities located in the top nest:  
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where 3 CET is the CET elasticity for the third nest. 

 The calibration of the three CET elasticities is typically over-identified as many own- and 

cross-price responses are available for various land uses, but only three of them are required to 

exactly identify the three CET elasticities. Land revenue shares are directly observed from the 

land data. We use the rice, sugar, and corn elasticities to identify the CET elasticities. Denoting 

these own-price responses estimates as ˆ ˆ ˆ,rr ss cc   , the identification of the CET elasticities iˆ̂ CET is 

given by solving equations (7) for   
CET1, CET 2 ,and  CET 3 : 

7a) 1 2 3
2

2 2
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(7b) 1 2 33
2

2 3 2 3

ˆ (1 ) (1 ) (1 ).CET CET CETc c n c
cc n

n n n n

       
   

        

2.3.4 Yield elasticity specification 

We follow the derivation of Mullen, Wohlgenant and Farris (1988) as recently applied by 

Keeney and Hertel to estimate yield responses to prices. The approach derives the comparative 

statics of changes in input prices on market equilibrium in a competitive agricultural output 

sector characterized by perfect competition. Variable Xi is input i (i=1,…,k) used in a given crop 

production Q characterized by constant return to scale. In log-differential form, the supply of the 

input is expressed as 

(8)    d ln X
i
s  

i
d lnW

i
,  

Where μi denotes the price elasticity of supply and Wi denote the input price. 

Under cost minimization in the crop sector, the derived demand for Xi is given by equation (9) in 

log-differential form: 

(9) 
  
d ln X

i
D  

ij
j
 s

j
d lnW

j
 d lnQ,  

where σij denotes the Allen-Uzawa elasticity of substitution between inputs i and j in the 

production of the agricultural output Q; cost shares are denoted by sj. 

 The zero profit equilibrium condition in the output market equates the cost per unit and 

the price of the agricultural good P. This condition is expressed in log-differential form in 

equation (10): 

(10) 
  
d ln P  s

j
j
 d lnW

j
. 

Market equilibrium in input markets implies that X
i
S  X

i
D . 

 Combining equations (8) and (9) and the input market equilibrium conditions leads to 

equation (11): 

(11)  ln ( / ) ln , 1,... ,i j j j ij j j
j

d Q s s d W i k      

with δij defined again as the kronecker delta. The system of k equations (11) can be solved for the 

share-weighted changes in input prices (sjdlnWj) as a function of output change dlnQ. The latter 
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result can then be substituted back in equation (10) to eliminate variable W. This transformation 

yields equation (12) which expresses the total response of output Q to changes in output price P 

induced by changes in input markets: 

 (12) 

  

d ln P   '[  ]1 d ln Q, or

d ln Q / d ln P   '[  ]1 
1

,
 

where N indicates a diagonal matrix with diagonal elements (μj/sj), Ω is the matrix of Allen 

Uzawa elasticities σij, and ι indicates a unitary column vector. Assuming that the land supply 

response is zero (μland= 0), then the response dlnQ/dlnP provides the yield response to the change 

in P. different time horizons can be considered for the yield response by varying the supply 

response of all inputs. Large supply responses μj indicate a longer run. At the limit an infinite 

supply of these inputs other than land indicate a very long run and provide an upper bound on the 

yield response. Keeney and Hertel assume that the yield response elasticity is 0.25 for coarse 

grains, although they recognize that higher values could be used and have been estimated in 

older literature. 

2.3.5 Trade assumptions impacting land allocation decisions 

The Armington structure of differentiating products is preserved but it assumes higher 

substitution elasticities than those chosen in the Keeney and Hertel approach, since corn, 

sugarcane, and soybean products are largely homogenous commodities. Although the grain and 

oilseed aggregates in GTAP are composite commodities, the shocks emanating from the biofuel 

expansion really involves a small subset of the commodities in these aggregates. Trade response 

in the real world will be large. Corn from Argentina and Brazil will easily substitute for U.S. 

corn, and Brazilian soybean products will substitute perfectly for U.S. soybeans. Similarly, 

ethanol trade substitution should reflect nearly perfect substitution between Brazilian ethanol, 

and domestic ethanol in the demand structure of any importing country, including the U.S. 

 A second pivotal trade policy assumption is to correctly model U.S. biofuel trade policy. 

In particular, the U.S. biofuel trade policy includes an ethanol ad valorem tariff of 2.5 percent 

and a specific tariff or 54 cents/gallon. As long as the U.S. equilibrium ethanol price is within the 

band of prices established by the Brazilian ethanol price and the same Brazilian price inclusive 

of the two U.S. tariffs, the U.S. price is endogenously determined by the U.S. market equilibrium 
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and no imports from Brazil will take place. U.S. ethanol is essentially a nontradable good within 

the price band. If demand expansion pushes the U.S. price to the Brazilian price inclusive of the 

tariffs, then Brazilian imports take place and the U.S. price moves in tandem with the Brazilian 

ethanol price. Note that small ethanol imports also occur under a tariff rate quota (TRQ) allowed 

by the Caribbean Initiative. These imports are quite limited and the TRQ mostly goes under 

filled. In sum, a key policy element to correctly model the land allocation under a U.S. biofuel 

surge, is the U.S. tariff regime blocking Brazilian ethanol imports over a large price band 

(Elobeid and Tokgoz (2008)). This key policy element is incorporated in our analysis. 

 

3. Definitions of Baseline and Scenarios 

The baseline3 represents continuation of business as usual for economic development, population 

growth and biofuel development. Existing biofuel policies (e.g. already implemented mandates, 

subsidies and import duties) are part of the baseline4. Future mandates for increased biofuel use 

compared to existing mandates are included in the scenarios. Like in most dynamic CGE models, 

three variables -- population growth, savings and investment and productivity -- are the key 

drivers to generate a baseline. Population growth, depreciation rate of capital stock and 

productivity growth are exogenous to the model. Growth in aggregate labor supply tracks the 

working age population (defined as those between 15 and 65 years). Savings and investment 

determines the overall level of the capital stock along with the rate of depreciation. Sectoral 

productivity growths are consistent with recent trends (World Bank, 2009). Another exogenous 

variable in the model baseline is the growth of energy prices, which are calibrated with 

projections made by the Energy Information Administration of the U.S. Department of Energy5.  

For the purpose of the study we define two scenarios. The first scenario considers the 

implementation of biofuel use targets consistent with what countries already have announced 

(hereafter “AT” scenario).  Please see Column 3 in Table 1 for shares of biofuels under the AT 

scenario in 2020. The second scenario generally considers a doubling of the announced targets 
                                                 
3 The base year for calibrating the model is 2004, the year for which the social accounting matrices, the main 
database for the model, were constructed. Although our base year is 2004, the model is calibrated to replicate major 
historical statistics until year 2009. 
4 Impacts of removal of subsidies and import duties have been analyzed in detailed in a separate paper. 
5 A module that can represent both conventional and un-conventional oil and gas reserves and production would be 
ideal; however, the model used here does not have that capacity. Hence, we used energy price forecasts from other 
sources instead of generating them endogenously in the baseline.  
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keeping the timing of the implementation of the targets unchanged. We refer to this scenario as 

the enhanced scenario (hereafter the ‘ET’ scenario). In India, however, we retain the AT target 

level, because it is already extremely high (25% in 2020).  Column 4 of Table 1 shows the shares 

of biofuel use in 2020 under the ET scenario. The shares of biofuels are calculated in terms of 

energy content.  

To implement the mandates, we follow standard practice with CGE modeling by 

calculating the level of per-unit domestic consumption subsidies needed to achieve the desired 

biofuel demands.  The subsidies required to implement these targets for biofuels use in 2020 are 

shown in the columns 5 and 6 of Table 1 for AT and ET scenarios, respectively.  The model then 

computes where biofuels supply would grow to most efficiently meet the increased global 

demand – that is, increased domestic demand if there is a mandate relative to baseline, plus 

increased demand for biofuels imports by other countries.  

Since not all announced targets will be met in the same year, we assume that all target to 

be met in 2020 or later are implemented linearly from 2009 (the last year for which we have 

actual data) out to 2020. Countries that have target dates prior to 2020 are assumed to meet those 

targets and then maintain them.  Once percentage targets are reached, the shares remain constant 

but the physical volumes change as total transportation energy consumption changes over time. 

Some countries, such as U.S., Brazil, Malaysia and South Africa, meet their announced 

targets before 2020 due to existing policies (current mandates and subsidies).  For these countries 

we assumed that the AT scenario follows the baseline starting from the year they first become 

binding. For example, Brazil meets the announced targets before 2009; therefore we do not 

impose an additional policy requirement prior to 2020 in Brazil. In the United States, the 

baseline would be equal to AT scenario by 2015 and we assumed that they be the same thereafter 

until 2020.  

We also assume government revenue neutrality, in other word, governments need to find 

additional revenue to finance the subsidies required to realize the targets. Taxation of gasoline 

and diesel would be the best source as it not only provides needed revenue, but also helps lower 

the level of subsidies on biofuels because it induces lower total demand for fuels. The revenue 

neutral tax rates turn out to be very small due to the large tax base.  The rates of taxes on 
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gasoline and diesel to finance the subsidies to maintain government revenue neutrality are 

presented in Columns 7 and 8 in Table 1. 

Table 1. Share of biofuels in the total liquid fuel demand for transportation (biofuel 
penetration or target); subsidies equivalent to the targets and corresponding taxes 
on gasoline and diesel required to finance the subsidies in year 2020 

Country/Regions  Biofuel Share (%)a  Subsidy Rate (%)  Tax Rate (%) 

Baseline  AT  ET  AT  ET  AT  ET 

Australia and New Zealand  0.56  1.23  2.46  36.71  57.92  0.16  0.34 

Japan  0.48  0.60  1.20  14.85  45.76  0.05  0.19 

Canada  1.47  4.10  8.20  50.07  68.86  0.56  1.08 

United Statesb  3.91  4.07  8.14  0.96  29.78  0.04  0.84 

France  4.54  10.00  20.00  58.36  74.57  1.11  2.65 

Germany  5.86  10.00  20.00  43.35  65.08  1.03  2.78 

Italy  2.54  10.00  20.00  65.32  78.40  1.21  2.45 

Spain  2.31  10.00  20.00  61.01  75.13  1.12  2.21 

UK  0.98  10.00  20.00  74.00  83.08  1.00  1.75 

Rest of EU & EFTA  1.45  10.00  20.00  75.62  84.83  1.09  1.99 

China  2.36  3.65  7.30  22.57  50.01  0.45  1.40 

Indonesia  3.34  5.00  10.00  22.10  50.91  3.39  3.47 

Malaysia  1.75  1.81  3.62  1.79  39.41  0.02  0.60 

Thailand  1.86  5.20  10.40  51.92  73.95  0.92  1.92 

Rest of East Asia & Pacific  0.60  1.49  2.98  42.45  58.10  0.22  0.39 

India  4.86  16.70  16.70  53.26  53.26  3.35  3.35 

Rest of South Asia     ‐  ‐  ‐  ‐  ‐  ‐ 

Argentina  1.61  5.00  10.00  52.27  70.43  0.87  1.61 

Brazilc  18.77  18.77  19.00  ‐  2.48  ‐  0.83 

Rest of LAC  1.32  1.48  2.96  16.74  47.97  0.10  0.41 

Russia     ‐  ‐  ‐  ‐  ‐  ‐ 

Rest of ECA     ‐  ‐  ‐  ‐  ‐  ‐ 

MENA     ‐  ‐  ‐  ‐  ‐  ‐ 

South Africa  1.91  2.00  4.00  0.88  10.73  0.03  0.68 

Rest of Sub‐Saharan Africa     ‐  ‐  ‐  ‐  ‐  ‐ 
EFTA stands for European Free Trade Association; LAC, EAC and MENA refer to respectively, Latin America and 
Caribbean, Eastern Europe and Central Asia and Middle East and North Africa.  
a Refers to ratio of consumption of ethanol and biodiesel to consumption of  ethanol, biodiesel, gasoline and diesel 
in road transportation (the consumption are expressed in energy unit).  
b Mandates for cellulosic ethanol are not included. 
c Since the biofuels penetration in the baseline is same as that in AT scenario, no additional subsidy would be 
required to meet this scenario.  

 

4. Simulation Results  

In this section, we present key results, particularly impacts on production and prices of biofuels 
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and agricultural commodities, land use mix and food supply. There are a number of recent 

studies analyzing impacts of biofuels (e.g., Hertel et al. 2010; Al-Riffai et al. 2010; Kretschmer 

et al. 2009). We tried to compare our results to that from existing studies. However, the 

comparability is limited for several reasons. First, the scenarios developed for this study and 

other studies are significantly different. Second, some studies such as Hertel et al. 2010, Banse et 

al. 2008 measure the impacts in a given year as percentage change from a base year (e.g., 2001, 

2006), i.e. they are comparative static exercises. Our study measures impacts as percentage 

change from the baseline instead of a base year. Third, the structures of the land-use and biofuel 

modules developed for this study are different from that of existing studies. Fourth, many model 

parameters used in our study are different from the existing studies. Fifth, the time horizon 

considered in this study (2009-2020) is different from other studies.  

4.1 Biofuel Penetration and Level of Economic Instruments 

As mentioned earlier, we implement two biofuel scenarios in deviation from the model baseline, 

which are implemented from 2009 to 2020.  Table 1 presents penetration of biofuels in the 

baseline and the AT and ET scenarios6. While the baseline penetration is assumed to be realized 

due to already existing policy instruments, the incremental penetration (i.e., penetrations in the 

scenarios minus those in the baseline) would require additional incentives (i.e., subsidies). For 

example, in the case of United States, biofuel penetration in the baseline would reach 3.9% in 

2020 if existing policies are continued; about 30% of new subsidy in biofuel consumption would 

be required to increase this penetration to 8.14% (see Column 6 in Table 1).  

At the global level, the announced targets, in aggregate, represent around 9% of the total 

liquid fuel consumption for road transportation in 2020. Note that the share was already 5.4% in 

the baseline (or in the absence of these targets). The penetration is significant without being 

extreme as these targets being put in place have been partially or sometime fully implemented as 

of 2008 as reflected in the baseline path. A significant penetration of biofuels occurs in the 

baseline itself, and it has significant price effects. Several factors explain the increase in some 

food commodity prices in the baseline. The biofuel penetration and the relatively large increase 

in food demand explained by population and income growth together outpace productivity 

                                                 
6 Year by year results for baseline and the scenarios are available upon the request to authors. 
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growth in agriculture, with resulting large increases in land prices. In addition oil prices increase 

by 160% in the baseline. This combination of large increase in land prices and fossil energy 

leads sugar prices to increase by 46% in the baseline, corn prices by 31%, other grains prices by 

21%, and oilseeds prices by 42%.  Forestry and livestock prices also increase in the baseline 

because of the significant land price increases. Processed food prices change by little as 

productivity gains offset the higher price of primary products in the cost of production. Farm 

inputs represent a small share of the retail cost of processed food. In some countries, such as 

Brazil, the penetration of biofuels in the baseline would actually exceed their announced targets.  

The ET scenario is more radical as it roughly considers a doubling of the announced 

targets. At the global level, the ET scenario leads to a 13.1 % share of biofuels in the total 

consumption of liquid fuels in the transport sector. Table 1 also presents the subsidy level or 

shadow price required if the mandates or targets are to be met through an economic instrument7.  

The subsidy rate varies across countries depending upon the biofuels penetration gaps between 

the scenarios and the baseline. Most European countries exhibit a higher subsidy level because 

their 10% target by 2020 is much higher than their biofuel penetration levels in the baseline. On 

the other hand, the level of subsidy in the United States is small as its biofuels target is small and 

would nearly be met by 2020 due to the existing subsidy.  

4.2 The Impacts on Biofuels and Agriculture  

We present results in deviation from the baseline trajectory both in percent deviation from the 

model baseline, and in billions of dollars in 2004 prices when relevant8. We focus the discussion 

on the ET scenario which represents a larger shock on the world economy than the AT scenario 

does. We begin by explaining what each shock represents in biofuel expansion in deviation from 

the baseline followed by discussions on land-use and food supply impacts as well as food price 

consequences. We present key results in this section; detailed results from the main as well as 

sensitivity analysis are available from the authors upon request. 

                                                 
7 There could be other economic instruments, such as taxes on gasoline and diesel, taxes on ethanol –gasoline and 
biodiesel-diesel blends. However, we considered subsidy as it would be the most direct economic instrument to meet 
the targets. Several existing studies have also adopted the same approach. It would be interesting to compare 
different economic instruments to meet the biofuel targets. However, this is beyond the scope of this study.  
8 The change in absolute values (i.e., billion dollars here) is relevant in cases where the percentage change numbers, 
appear to be extremely high due to small base. 
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4.2.1 Impacts on biofuels production and trade 

The AT scenario induces significant changes in biofuel production although some of these are 

moderate in several countries with sizeable biofuel programs. The latter countries have been 

implementing their biofuel targets for several years. Global biofuel production increases by 

64.5% in 2020 compared to what it would have been in the baseline with the largest changes in 

the EU, China, Thailand, and India. By contrast, the ET scenario has much larger effects in most 

countries, than the AT scenario does, except India. This is by design since the penetration targets 

are doubled or more. The targets in the ET scenarios translate into a vast increase in world 

biofuel production and use (+153.2% or $92.1 billion at 2004 prices) with the largest increases in 

the EU and EFTA countries ($65.8 billion), Brazil ($7.9 billion), and China ($8.7 billion) as 

shown in Table 2.  

Countries like Brazil, China, France, and India would realize relatively higher production 

of biofuels. While the production increase in Brazil is mainly driven by international trade, the 

increases in other countries are driven by domestic targets. Some countries which do not have 

biofuel targets could experience decrease in production (of biofuels) due to increased export 

demand for their biofuel feedstock, but the reductions are negligible. Table 3 presents scenario 

impacts on international trade of biofuels. The expansion of biofuels would induce an expansion 

of biofuel trade of 259% under the AT scenario. The expansion of biofuel trade volume under 

the ET scenario is twice that of the AT scenario.  Countries that would experience the highest 

level of imports of biofuels include India and some EU countries. Countries that would 

experience the highest level of exports of biofuel include Brazil and some EU countries, namely 

France and Germany. These countries can expand their biofuel feedstock production.  
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Table 2. Increase in Biofuel Production in 2020 in AT and ET Scenarios as Compared to 
the Baseline 

Country/Regions AT ET 

 US$ Billion % US$ Billion % 

World total 38.8 64.5 92.1 153.2 

High-income 25.4 89.6 67.7 238.8 

Australia and New Zealand 0.0 20.9 0.2 145.2 

Japan 0.0 3.8 0.1 28.3 

Canada 0.2 45.0 0.8 167.3 

United States 0.2 1.1 0.8 4.2 

France 7.7 268.0 19.8 691.2 

Germany 3.3 112.0 11.1 371.2 

Italy 2.7 321.0 7.0 842.2 

Spain 2.8 367.5 7.3 959.3 

UK 2.7 500.1 6.1 1,135.9 

Rest of EU & EFTA 5.7 538.8 14.5 1,355.9 

Middle & Low-income 13.4 42.1 24.4 76.8 

China 2.2 55.4 8.7 217.9 

Indonesia 0.3 49.2 1.4 210.1 

Malaysia 0.0 0.5 0.0 1.3 

Thailand 0.4 88.1 1.3 294.7 

Rest of East Asia & Pacific 0.1 53.7 0.4 155.1 

India 3.9 205.8 3.9 207.4 

Rest of South Asia 0.0 58.1 0.2 213.5 

Argentina 0.1 45.9 0.6 189.9 

Brazil 6.3 31.1 7.9 39.2 

Rest of LAC 0.0 4.2 0.2 51.4 

Russia 0.0 -1.3 -0.1 -3.0 

Rest of ECA 0.0 -0.9 0.0 -2.5 

MENA 0.0 -1.2 0.0 -2.8 

South Africa 0.0 0.5 0.0 0.7 

Rest of Sub-Saharan Africa 0.0 0.1 0.0 -1.8 
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Table 3. Change in Biofuel Trade (%) relative to the baseline in 2020 – by region 

Country/Regions Imports Exports 

 AT ET AT ET 

World total 258.7 520.7 258.7 520.7 

High-income 310.9 794.2 370.6 934.7 

Australia and New Zealand 0.0 0.0 0.0 0.0 

Japan -1.6 19.1 0.0 0.0 

Canada 65.5 249.1 0.3 0.5 

United States 0.6 2.3 38.3 163.4 

France 153.8 564.8 486.1 1,204.7 

Germany 78.9 303.2 873.5 2,220.7 

Italy 319.7 820.0 0.0 0.0 

Spain 362.1 909.6 375.9 1,017.4 

UK 1,042.4 2,556.6 472.7 1,096.3 

Rest of EU & EFTA 637.2 1,527.9 82.7 332.3 

Middle & Low-income 203.6 232.6 181.1 234.1 

China 0.0 0.0 25.9 79.5 

Indonesia 0.0 0.0 1.3 3.6 

Malaysia 0.0 0.0 1.7 4.9 

Thailand 0.0 0.0 -39.0 -77.4 

Rest of East Asia & Pacific 54.5 170.1 0.0 0.0 

India 420.3 425.8 0.0 0.0 

Rest of South Asia 0.0 0.0 306.1 1,134.2 

Argentina 0.0 0.0 1.5 26.5 

Brazil 0.0 0.0 198.5 250.6 

Rest of LAC 0.0 46.2 0.0 0.0 

Russia 0.0 0.0 0.0 0.0 

Rest of ECA -5.8 -8.1 0.0 0.0 

MENA -2.2 -4.9 0.0 0.0 

South Africa 0.0 0.0 0.0 0.0 

Rest of Sub-Saharan Africa -3.6 -6.0 0.0 0.0 

Note: The large percentage changes in many countries are due to the small base in the baseline. 
 
 

4.2.2 Impacts on agricultural production and trade 

The effects on agricultural output are shown in Table 4. Every country or region considered 

experience an agricultural expansion. Even the countries which experience decrease in biofuel 

production would see an increase in agricultural production due to increased export demand for 

biofuel feedstock.  EU countries exhibit the highest percentage increase in agricultural outputs. 

Agricultural output reaches a global expansion of 1.1 percent ($38.3 billion) in 2020 in 
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the ET scenario. All crops, except rice9, increase in the ET scenario, and notably so for sugar 

crops (13.5%), other coarse grains (11.2%), oilseed (7.6%), corn (4.1%), and wheat (3.7%). Rice 

production falls notably in Brazil and Thailand because competing crops such as sugar are more 

profitable. The strong expansion of biofuel in the ET scenario explains this agricultural 

expansion of feedstock crops. The sugar expansion takes place principally in the EU, Thailand, 

Brazil, and India. The global increase in grains takes place in the EU with wheat in France, other 

coarse grains in Spain, and corn in the United States. Very limited expansion takes place in 

grains in Middle and Low-Income countries except for corn production in China. This limited 

expansion in grains occurs because other crops such as sugar cane are more profitable in many of 

these countries. The Armington structure is also partially responsible for these localized 

expansions. Oilseed expansion is strong in EU countries (France, Germany and Italy) and Brazil. 

Oilseed production expands because vegetable oil is the feedstock for biodiesel. Malaysia would 

have expansion of palm oil production as reflected in the increase in oilseed production and food 

processing related to oilseeds. Finally, livestock production contracts in most countries as the 

cost of feed goes up. Protein meal is slightly cheaper than in the baseline but it does not offset 

the more expensive feed grains.  

Our results on agricultural impact are close to those of Bouët et al. (2008). They obtain 

large increases in EU sugar crops and relatively moderate increases in grains. They also show a 

vast expansion of oilseeds as we do, but with a stronger expansion in Brazil, reflecting the high 

global integration of oilseeds markets across countries and oil types. Gohin (2009) also obtains 

sizeable expansion of oilseed production in the EU induced by EU biodiesel targets and an 

expansion of livestock production from the cheaper protein in feed. Our results on agriculture 

output are also close to that of Kretschmer et al. (2009).

                                                 
9 Rice production decreases as land is reallocated towards oilseeds, sugar, and grains. This will be discussed in detail 
later.  
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Table 4. Change in agricultural output (%) relative to the baseline in 2020 
Country/Regions Agriculture Paddy rice Sugar crops Other crops Wheat Corn Other grains Oilseeds Livestock 

AT ET AT ET AT ET AT ET AT ET AT ET AT ET AT ET AT ET 

World total 0.4 1.1 -0.2 -0.3 8.1 13.5 -0.1 -0.1 1.3 3.7 1.0 4.1 4.5 11.2 2.4 7.6 0.0 -0.1 

High-income 0.8 2.0 0.1 0.2 10.1 24.0 0.0 -0.1 2.6 6.9 0.7 2.5 11.1 27.3 6.3 18.3 0.0 0.1 

Australia and New Zealand 0.3 0.8 0.1 0.3 0.4 1.8 0.3 0.6 1.0 3.5 1.2 4.8 0.9 2.7 1.9 5.3 0.2 0.5 

Japan 0.3 0.9 0.1 0.2 0.5 3.2 0.4 1.1 0.9 3.1 0.4 2.2 1.1 3.2 0.9 2.7 0.3 0.8 

Canada 0.3 0.8 0.0 0.0 0.2 0.6 0.0 -0.4 0.7 2.3 4.0 15.1 1.0 2.7 1.1 3.0 0.0 0.1 

United States 0.2 0.7 0.1 0.3 0.1 0.1 0.1 0.1 1.0 3.4 0.7 2.7 0.7 1.8 0.9 2.6 0.1 0.3 

France 2.6 6.3 -2.0 -6.0 68.8 157.5 -1.4 -4.3 5.2 12.7 0.2 0.5 8.2 20.0 28.3 83.0 -0.5 -1.6 

Germany 1.3 3.6 0.0 0.0 0.7 2.9 0.0 -0.5 7.1 18.1 1.8 6.8 7.7 19.7 17.5 56.9 0.1 0.2 

Italy 1.1 2.9 0.6 1.4 0.4 1.0 0.4 1.1 2.2 6.4 0.8 2.4 2.1 5.9 14.1 36.4 0.4 1.0 

Spain 1.5 3.9 -0.1 -0.3 0.5 1.8 0.2 0.5 2.6 7.6 1.3 4.8 36.8 94.8 3.2 8.7 0.2 0.4 

UK 1.1 2.3 0.0 0.0 19.9 49.6 -0.7 -1.8 -1.4 -2.4 0.0 0.0 62.1 134.9 11.2 30.4 -0.5 -1.3 

Rest of EU & EFTA 0.7 1.7 0.4 1.1 3.0 7.7 0.2 0.4 2.1 5.7 -0.5 -0.8 9.3 23.5 7.9 21.5 0.0 0.1 

Middle & Low-income 0.2 0.5 -0.2 -0.4 7.4 10.0 -0.1 -0.2 0.4 1.4 1.3 5.4 0.3 0.9 0.3 1.8 -0.1 -0.3 

China 0.2 0.5 -0.1 -0.2 0.2 0.3 -0.1 -0.4 1.1 3.2 4.7 17.9 -0.2 -1.9 -0.2 -1.0 -0.1 -0.3 

Indonesia 0.1 0.1 -0.1 -0.6 8.1 29.7 -0.2 -0.8 0.0 0.0 0.0 -0.2 0.0 0.0 0.1 0.5 -0.1 -0.5 

Malaysia 0.1 0.2 0.2 0.4 0.2 0.4 0.1 0.2 0.0 0.0 0.0 0.0 1.4 3.4 0.4 1.2 0.0 -0.1 

Thailand 0.4 0.7 -0.9 -3.3 28.0 92.3 -0.7 -3.0 0.0 0.0 0.4 1.7 -0.3 -2.1 -0.5 -2.8 -0.5 -2.2 

Rest of East Asia & Pacific 0.1 0.2 0.0 -0.1 3.2 8.3 0.1 0.2 0.4 1.5 0.9 3.7 0.6 1.6 0.3 1.0 0.0 -0.1 

India 0.2 0.3 -0.7 -0.6 13.3 13.5 -1.0 -0.9 -0.4 -0.3 -0.4 -0.3 -0.4 -0.4 -0.6 -0.5 -0.6 -0.5 

Rest of South Asia 0.1 0.2 0.0 -0.1 0.9 3.2 0.0 0.1 0.3 0.8 0.2 0.8 0.3 0.5 1.0 2.9 0.0 -0.1 

Argentina 0.4 0.9 0.6 0.7 -0.1 -0.7 0.1 0.0 0.5 1.1 1.5 5.6 0.3 0.7 0.5 1.2 -0.2 -0.7 

Brazil 0.3 1.1 -1.2 -2.0 17.9 22.3 -1.4 -2.1 -1.2 -0.2 -1.4 -1.3 -0.9 -0.6 1.0 5.4 -1.0 -1.6 

Rest of LAC 0.1 0.4 0.0 -0.2 0.2 1.1 0.2 0.3 0.5 1.6 0.1 0.6 0.1 0.2 1.7 5.2 0.0 -0.2 

Russia 0.2 0.5 0.1 0.3 0.3 0.7 0.4 1.1 0.3 1.0 0.4 1.1 0.6 1.4 1.7 4.6 0.0 -0.1 

Rest of ECA 0.3 0.8 0.1 0.4 0.5 1.3 0.3 0.7 0.7 2.0 0.7 2.2 0.8 2.2 1.9 4.6 0.1 0.2 

MENA 0.3 0.8 -0.1 -0.2 0.6 1.5 0.3 0.6 1.1 3.3 1.4 4.9 0.9 2.5 1.4 3.6 -0.1 -0.3 

South Africa 0.4 1.1 0.0 0.0 0.6 1.4 0.5 1.4 1.8 5.3 0.4 1.3 1.4 3.4 0.7 2.1 0.1 0.3 

Rest of Sub-Saharan Africa 0.1 0.2 0.0 0.1 0.3 0.6 0.2 0.4 1.0 3.2 0.0 0.2 0.0 -0.1 0.2 0.7 -0.2 -0.4 
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 Existing general equilibrium studies, such as Al-Riffai et al. (2010) also find similar 

impacts on agricultural output. For example, expansion of biofuels to meet EU mandates, Al-

Riffai et al. (2010) finds, at the EU level, approximately a 9% increase in sugar crops; less than 

2% increase of oil seeds and less than 0.5% increase of corn and wheat. Like our study, they also 

find reduction in rice and vegetables and fruits (represented by other crops in our study).  Fischer 

et al. (2009) finds that expansion of biofuels to meet the existing targets could increase 

production of cereals from 2.7% to 5.4% depending on their scenarios in 2020. 

Changes in agricultural trade are notable and illustrate the important role of global trade 

to mitigate domestic shocks in biofuel and feedstock markets. These are shown in Tables 5 and 

6. All countries with biofuel targets would experience increases in total trade of agricultural 

commodities, mostly commodities used for biofuel feedstock and which experience the largest 

price changes. The increase in agriculture imports would be relatively higher in EU countries and 

India. The percentage increase in sugar and oilseeds imports would be relatively higher as 

compared to imports of other agriculture commodities. The expansion of biofuels would cause 

substantial decrease in exports of agriculture commodities in countries such as India, Thailand 

and the United Kingdom. On the other hand, export of agriculture commodities, mainly biofuel 

feedstock would increase in countries like Brazil, Argentina, Russia and many regions, such as 

Sub-Saharan Africa, MENA, and South Asia (except India). These significant two-way trade 

effects can be attributed to various factors. For example, the heterogeneity of the basket of 

commodities, such as oilseeds and grains of different quality, distance, and location of 

production and net surpluses and deficits areas prevailing in many countries contribute to the 

trade patterns. Within a large country, surplus and deficits areas can export and import more 

cheaply than they can access the domestic market. In the EU, intra-EU trade in oilseed is quite 

large with EFTA countries and Germany importing from other EU countries like France. Brazil 

and the U.S. extend their exports of oilseeds as they are the world’s largest soybean producers 

and exporters.
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Table 5. Change in Agricultural Imports (%) relative to the baseline in 2020 – by region 
Country/Regions Agriculture Paddy rice Sugar crops Other crops Wheat Corn Other grains Oilseeds Livestock 

AT ET AT ET AT ET AT ET AT ET AT ET AT ET AT ET AT ET 

World total 1.0 3.0 0.3 0.7 1.6 4.2 0.7 1.8 0.9 3.0 1.8 6.9 4.3 12.1 4.2 13.2 0.4 1.1 

High-income 2.3 7.0 0.4 1.2 14.0 62.3 0.8 2.1 3.0 7.7 1.6 4.9 14.0 37.7 13.3 43.5 0.5 1.3 

Australia and New Zealand 0.8 2.3 0.8 1.9 -0.6 1.6 0.8 2.2 2.8 16.3 1.1 3.8 -0.3 1.0 1.5 4.4 0.5 1.2 

Japan 0.5 1.5 0.2 0.6 -0.9 1.4 -0.2 -0.3 0.5 1.4 0.8 2.5 0.4 1.1 0.8 2.4 -0.1 -0.2 

Canada 1.3 4.1 0.5 1.4 0.5 1.8 0.8 2.0 9.3 36.3 9.1 34.8 1.7 6.3 1.4 4.1 0.6 1.8 

United States 0.6 1.6 0.3 1.3 -3.1 -5.2 0.7 1.8 0.6 2.1 0.2 0.8 0.0 -0.2 1.0 3.0 0.1 0.3 

France 4.5 13.7 1.1 3.1 211.2 983.4 2.1 6.2 34.2 97.1 1.4 4.3 -1.3 0.1 84.6 274.4 1.2 3.6 

Germany 5.0 19.1 0.5 1.5 0.0 2.8 0.7 2.1 14.6 41.8 1.4 4.8 7.9 23.2 32.3 126.4 0.4 1.3 

Italy 1.7 4.4 0.1 0.3 -2.0 -3.9 0.6 1.6 0.2 0.1 0.3 0.0 0.6 1.2 18.4 50.6 0.8 1.9 

Spain 2.8 7.5 0.9 2.4 -0.2 0.1 0.5 1.2 -0.7 -2.1 0.6 1.4 43.5 120.6 1.2 2.5 0.2 0.4 

UK 2.8 7.5 0.4 1.1 19.1 64.5 1.2 3.0 4.5 10.7 1.2 3.5 133.6 377.8 20.5 52.8 1.2 3.0 

Rest of EU & EFTA 2.7 6.9 0.3 0.8 4.5 14.0 0.6 1.6 4.5 10.9 2.3 5.9 15.5 39.5 13.2 34.6 0.4 1.1 

Middle & Low-income 0.7 1.8 0.3 0.6 1.4 3.3 0.7 1.7 0.5 2.0 1.8 7.9 -0.3 -0.2 1.2 3.2 0.4 1.1 

China 0.6 2.1 0.2 1.1 -0.1 0.2 0.5 1.7 1.7 7.0 14.2 65.4 1.7 6.3 1.1 3.4 0.4 1.1 

Indonesia 1.1 3.7 1.5 4.0 67.5 511.0 0.9 3.0 0.8 2.0 0.6 1.4 0.7 2.1 2.0 7.4 0.8 2.5 

Malaysia 0.9 2.3 1.7 2.7 1.1 1.5 0.6 1.2 1.1 3.1 1.0 3.1 0.9 2.6 1.4 3.5 0.3 0.4 

Thailand 1.0 3.3 1.9 4.7 159.3 1,324.4 1.1 3.4 0.2 -0.1 2.5 9.5 -0.5 -1.0 1.0 2.4 0.6 1.4 

Rest of East Asia & Pacific 0.7 1.8 0.4 0.6 15.4 45.8 0.7 1.6 0.8 2.3 0.9 2.9 0.2 0.5 0.9 2.6 0.3 0.7 

India 3.9 4.6 6.8 7.8 173.6 171.1 4.3 5.0 6.2 2.3 6.4 2.8 5.1 0.7 6.1 4.8 2.1 3.2 

Rest of South Asia 0.4 0.7 0.3 -0.5 4.4 16.7 0.5 0.9 0.0 -0.6 0.4 0.8 0.0 -0.4 0.6 1.1 0.2 -0.1 

Argentina 0.7 2.3 -1.8 -3.5 0.3 0.7 0.4 1.6 0.0 0.8 9.6 40.9 0.1 1.5 0.8 2.1 0.5 0.6 

Brazil 1.2 2.7 1.9 3.5 0.0 0.0 1.8 3.4 0.3 1.6 1.9 3.5 1.3 2.1 3.8 10.0 1.2 1.9 

Rest of LAC 0.6 1.6 0.5 1.2 0.5 3.4 0.6 1.7 0.4 1.0 0.3 0.4 0.3 0.8 1.3 3.8 0.3 0.8 

Russia -0.6 -1.4 -0.5 -1.5 -2.1 -5.7 -0.1 -0.3 -1.4 -3.4 -0.9 -2.6 -3.6 -9.4 -1.5 -4.4 -1.1 -2.6 

Rest of ECA 0.0 -0.2 0.1 0.1 -1.9 -5.2 0.4 0.8 -1.5 -4.0 -0.5 -1.6 -3.8 -8.7 0.6 1.0 0.2 0.4 

MENA -0.3 -0.9 0.2 0.3 -1.7 -2.9 0.1 0.3 -1.3 -3.8 0.1 0.6 -0.9 -2.4 0.0 -0.1 -0.2 -0.5 

South Africa 0.0 -0.1 0.7 1.7 -0.7 -2.6 0.3 0.9 -0.5 -1.5 -0.8 -3.6 -0.9 -3.2 0.4 1.2 0.2 0.5 

Rest of Sub-Saharan Africa -0.1 -0.4 -0.2 -0.7 -0.5 -1.6 -0.2 -0.6 0.6 1.7 -0.7 -2.2 -2.8 -6.3 -1.2 -3.4 -0.5 -1.1 
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Table 6. Change in Agricultural Exports (%) relative to the baseline in 2020 – by region 
Country/Regions Agriculture Paddy rice Sugar crops Other crops Wheat Corn Other grains Oilseeds Livestock 

AT ET AT ET AT ET AT ET AT ET AT ET AT ET AT ET AT ET 

World total 1.0 3.0 0.3 0.7 1.6 4.2 0.7 1.8 0.9 3.0 1.8 6.9 4.3 12.1 4.2 13.2 0.4 1.1 

High-income 0.9 2.5 0.7 1.7 -2.6 -5.6 0.6 1.4 0.7 2.2 2.0 7.2 4.2 11.7 4.3 12.8 0.4 1.0 

Australia and New Zealand 1.0 2.6 0.6 1.4 2.9 4.5 1.0 2.5 1.6 4.5 7.1 30.4 2.0 6.1 3.2 8.9 0.6 1.6 

Japan 2.0 5.5 2.5 7.1 4.7 9.3 2.4 6.4 3.4 10.8 1.0 4.1 2.9 5.8 5.6 16.3 1.4 4.0 

Canada 1.0 2.6 0.0 0.0 2.0 4.3 0.8 1.1 1.4 4.3 4.0 17.5 2.1 5.9 2.5 7.1 0.3 0.8 

United States 1.1 3.2 0.6 1.7 6.9 20.8 0.7 1.8 2.0 6.7 2.1 7.6 1.4 3.8 2.5 7.5 0.8 2.2 

France 0.5 0.8 -1.6 -4.9 -44.1 -67.4 -1.9 -6.7 -1.3 -4.5 1.4 4.2 13.9 35.5 13.0 40.1 -0.9 -3.1 

Germany 1.1 1.9 0.0 0.0 6.1 13.3 0.5 0.4 0.3 -1.1 4.3 16.4 10.9 27.2 4.1 1.8 0.5 1.0 

Italy 1.0 2.6 1.1 2.7 4.6 12.6 1.2 2.9 4.1 12.3 2.7 10.0 5.6 14.7 9.7 28.5 0.2 0.3 

Spain 1.2 3.2 0.3 0.8 39.7 184.9 0.9 2.4 6.0 18.7 5.8 23.9 7.2 18.2 13.8 43.5 0.8 1.7 

UK -1.1 -2.0 0.0 0.0 -28.8 -58.6 -0.9 -2.6 -1.3 -0.3 0.0 0.0 -25.1 -44.0 11.6 41.5 -1.0 -2.6 

Rest of EU & EFTA 0.6 1.8 1.0 2.7 -1.3 -3.7 0.8 2.1 -1.4 -2.4 -1.5 -1.1 1.3 4.9 6.2 21.0 0.2 0.7 

Middle & Low-income 1.4 4.2 -0.2 -1.1 4.4 10.7 0.9 2.5 2.4 8.4 1.2 6.1 5.5 15.5 4.1 13.7 0.7 2.0 

China 1.0 1.0 0.6 0.5 8.2 17.9 1.3 1.8 0.6 -1.3 -12.0 -40.5 0.0 -4.8 3.1 5.7 0.6 0.6 

Indonesia 0.3 -0.9 0.3 -0.7 -52.0 -92.9 0.4 -0.9 0.0 0.0 9.2 41.6 0.0 0.0 2.7 0.8 -0.3 -1.5 

Malaysia 1.0 3.0 -0.6 -1.1 1.2 5.3 1.2 3.3 0.0 0.0 0.0 0.0 2.1 5.4 3.0 8.2 0.6 2.0 

Thailand -0.1 -1.4 -1.9 -6.4 -69.8 -96.7 -0.1 -1.6 0.0 0.0 3.0 11.8 -0.1 -1.6 0.5 -0.1 -0.2 -1.5 

Rest of East Asia & Pacific 1.4 3.8 1.1 3.3 -16.4 -37.7 1.3 3.1 2.0 6.6 9.9 44.1 4.2 12.2 3.1 9.1 0.7 2.3 

India -6.0 -1.7 -5.7 -4.7 -79.7 -78.4 -6.3 -4.6 -5.9 3.6 -6.9 11.1 -8.8 -0.8 -2.4 3.4 -2.8 -2.6 

Rest of South Asia 2.7 5.1 1.5 5.0 11.9 -0.9 2.7 5.0 3.8 10.6 6.3 28.0 8.9 14.0 3.6 7.0 1.4 3.6 

Argentina 1.5 4.0 4.2 8.0 0.8 2.9 1.0 2.5 1.4 3.9 -0.1 -1.7 3.9 10.0 2.5 7.3 0.1 0.9 

Brazil 0.5 4.8 -2.0 -1.6 -50.0 -57.6 -1.9 -2.0 1.1 6.5 -1.1 1.5 2.8 13.2 4.1 15.1 -2.0 -1.8 

Rest of LAC 1.4 3.8 0.8 1.9 2.8 3.7 1.1 2.7 3.4 10.5 5.3 21.7 5.6 16.4 5.9 18.4 0.6 1.8 

Russia 3.7 10.1 2.3 6.0 0.0 0.0 2.9 7.6 7.5 22.3 8.5 31.3 8.4 23.7 13.0 35.5 2.9 7.6 

Rest of ECA 1.7 4.5 1.2 3.3 5.4 14.5 1.3 3.6 2.7 8.3 2.8 10.5 5.6 16.0 7.4 17.3 0.8 2.4 

MENA 2.2 5.4 1.2 3.3 4.7 12.4 1.9 4.3 5.2 16.7 7.5 30.8 7.3 20.4 9.0 24.5 1.7 4.0 

South Africa 1.4 3.9 0.0 0.0 4.6 13.2 1.4 3.9 3.1 9.7 0.9 3.4 3.1 6.7 4.2 13.1 0.7 2.0 

Rest of Sub-Saharan Africa 2.2 5.4 1.7 4.9 6.1 16.8 2.1 4.8 3.5 10.9 5.8 25.1 7.3 20.2 4.9 13.5 1.7 4.5 
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4.2.3 Impacts on prices of agriculture and other commodities   

Changes in prices are summarized in Figure 7 and detailed in Table 7. The changes in world 

prices (weighted average across countries) of commodities vary from -1.7% (crude oil) to 9.7% 

(sugar cane) under the ET scenario. These large increases for sugar cane prices are followed by 

higher prices for ethanol (4.1%), corn (3.6%), biodiesel (3.5%), oilseeds (2.9%), wheat (2.3%), 

and other coarse grains (2.2%). Processed food prices change moderately (0.5%) in the ET 

scenario.  

The prices of gasoline and diesel products fall by 1.4%. These lower energy prices 

mitigate the higher cost of farm ingredients in processed food. We also compute price multipliers 

(percent change in price/percent change in world biofuel production), to gauge the price impact 

of the two scenarios. The sugar price multipliers are the largest at 22.3% (AT scenario) and 

12.3% (ET scenario). The value of 22.3% could be interpreted as the percent increase in price if 

world biofuel doubled. The next multiplier is for the ethanol price with a multiplier of 6.9% for 

the AT scenario. The multipliers for the aggregate agricultural price index are 5.5% and 4%, 

respectively for the AT and ET scenarios. The price multipliers for other commodities are 

relatively moderate. For example, the processed food price multiplier is 0.5%, again clearly 

showing the moderate impact biofuels have on processed food prices. These small changes do 

not preclude some higher localized price changes, but the typical effect is clearly illustrated by 

Figure 10. Land prices (not shown in the figure) do change a lot in the EU (France especially, 

and also the UK and Spain) where land devoted to sugar crops and oilseeds sometimes more than 

double in value.  

A number of existing general equilibrium studies reports impacts on commodity prices of 

the expansion of biofuels. Kretschmer et al. (2009) finds that a policy to meet EU’s 10% biofuel 

target by 2020 would cause world prices of corn, sugar crops, wheat and other grains by 0.2% to 

1.7% higher relative to the reference scenario in 2020. Note that these impacts are much smaller 

as compared to our price impacts because they simulate only EU targets, whereas we simulate 

existing targets of all countries.  Another general equilibrium study, Al-Riffai et al. (2010), finds 

very small effects on food prices of EU biofuel policies. 

 
 



 33

Figure 7. Change in world prices (%) relative to the baseline in 2020 
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Table 7. Change in world prices and multipliers (100*%price change/% world biofuel 
output change) 

  
AT % price 
change 

ET  % price 
change 

AT 
multiplier 

ET 
Multiplier 

Sugar (cane & beet) 9.2 11.6 22.3% 12.3% 

Ethanol 2.8 4.6 6.9% 4.9% 

Biofuels 2.7 4.5 6.5% 4.8% 

Agriculture 2.2 3.8 5.5% 4.0% 

Corn 1.1 3.7 2.7% 3.9% 

Biodiesel 1.1 3.3 2.7% 3.5% 

Oilseeds 1.5 3.1 3.7% 3.3% 

Wheat 1.1 2.4 2.8% 2.6% 

Other cereal grains 1.0 2.3 2.5% 2.5% 

Paddy rice 0.8 1.6 2.0% 1.7% 

Vegetables, fruit 0.7 1.5 1.6% 1.6% 

Livestock 0.4 1.1 1.0% 1.1% 

Forestry 0.3 0.9 0.8% 0.9% 

All goods and services 0.5 0.8 1.3% 0.8% 

Processed food 0.2 0.5 0.5% 0.5% 

Other services 0.0 0.0 0.0% 0.0% 

Other manufacturing 0.0 0.0 0.0% 0.0% 

Construction 0.0 0.0 0.0% 0.0% 

Other mining 0.0 -0.1 0.0% -0.1% 

Coal 0.0 -0.1 -0.1% -0.1% 

Gas distribution -0.1 -0.1 -0.2% -0.1% 

Chemicals -0.1 -0.1 -0.1% -0.1% 

Electricity -0.1 -0.2 -0.2% -0.2% 

Total Industry and services -0.2 -0.4 -0.4% -0.4% 

Natural gas -0.2 -0.4 -0.5% -0.4% 

Transport services -0.2 -0.6 -0.6% -0.6% 

Other industrial sectors and services -0.3 -0.6 -0.7% -0.7% 

Diesel -0.6 -1.4 -1.5% -1.4% 

Gasoline -0.6 -1.4 -1.5% -1.5% 

Refined oil -0.6 -1.4 -1.5% -1.5% 

Crude oil -0.8 -1.7 -1.9% -1.8% 
 

4. 3 Impacts on Land Use Mix  

Changes in aggregate land allocations between forest, pasture, and crops under the ET Scenario 

are summarized in Figure 8 for 2020. Results for the AT scenario show similar patterns but 

muted by the smaller biofuel targets. Aggregate effects in the 3 major land uses are small in 
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terms of percentage change from the baseline, less than 1 percent in absolute value in most 

countries, except in Brazil, Thailand and the EU (Germany, France, Spain, and the UK). For the 

latter, effects are relatively larger, between 1.1 and 5.1 percent in absolute value for changes in 

forest and pasture. Some countries show significant change in land-use mix. For example, France 

exhibits 5.1% and 4.1% decreases in forest and pasture lands. There is a move away from pasture 

and forest toward a higher allocation of land to cropland in virtually all countries. 

Figure 8. Change in land supply (%) relative to the baseline in 2020 – ET 

 

In the ET scenario, the targets ramp up land allocation for the crops serving as feedstock 

in biofuels away from pasture and forest and non-feedstock crops. This is notable in the EU (The 

UK and France), Thailand, South Africa, India, and Brazil. The loss of forest and pasture is 
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significant in these countries.  

Figure 9 shows the change in the distribution of forest land by country for both scenarios. 

The ET scenario leads to nearly 18.4 million hectares of forest loss as compared to the baseline 

in 2020 with the largest losses taking place in Brazil and Canada. In Brazil, the loss of forest 

relative to the baseline amounted to 6.1 million hectares in 2020, which is the largest change 

generated in physical terms; it represents 1.2% of Brazil’s total forest area in 202010.  

Figure 9. Change in forest land (Million hectares) relative to the baseline in 2020  

 

The evolution of agricultural land among crops is shown in figure 10 for the world 

aggregate and Table 8 for all countries and regions. Within the crop allocations, large changes 

take place within many countries, with massive land reallocation away from rice and other crops 
                                                 
10 A general equilibrium study by Fischer et al. (2009) finds that expansion of biofuels could cause up to 20 million 
hectares of deforestation by 2020. 
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to sugar crops, coarse grains and corn. The implementation of the enhanced targets to 2020 

increases land use in crops globally. In the longer run, technical progress would take place and 

productivity gains would reduce the ramping up of land use. Under the ET scenario, worldwide 

land devoted to sugar and other coarse grains increases by 9.4% and 6.9% respectively. 

Figure 10. Change in land supply for crops (%) relative to the baseline in 2020 

 

The impacts on land–use reported by existing general equilibrium studies, such as Al-

Riffai el al. (2010) and Fischer et al. (2009) are not significantly different from those we find in 

this study. For example, Al-Riffai et al. (2010) find, at the global level, that crops land would 

increase by 0.07%, while forest land would be unchanged and pasture land would decrease by 

0.01%. Within croplands, like in our study, land for sugar crops would increase the most 

followed by land for rapeseed. Like in our study, they also find that land for rice and vegetable 

and fruit would decline due to the expansion of biofuels to meet the existing targets. Fischer et 

al. (2009) find that expansion of biofuels to meet the targets could increase total arable land by 1 

to 3%, depending upon the scenarios, in 2020. 
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Table 8. Changes in land supply (%) relative to the baseline in 2020 
Country/Regions Total Forest Pasture Rice Sugar crops Other crops Wheat Corn Other grains Oilseeds 

AT ET AT ET AT ET AT ET AT ET AT ET AT ET AT ET AT ET AT ET 

World total 0.0 0.0 -0.2 -0.6 -0.2 -0.5 -0.3 -0.6 6.4 9.4 -0.5 -1.2 0.0 0.4 0.3 1.7 3.1 6.9 0.6 2.2 

High-income 0.0 0.0 -0.4 -1.1 -0.3 -0.8 -0.2 -0.6 6.3 12.8 -0.7 -2.1 0.4 1.0 -0.2 -0.1 7.8 17.0 3.0 8.0 

Australia and New Zealand 0.0 0.0 -0.1 -0.2 0.0 -0.1 -0.1 -0.4 0.0 0.6 0.0 -0.2 0.5 1.7 0.6 2.7 0.4 1.1 1.2 3.2 

Japan 0.0 0.0 -0.1 -0.3 0.0 -0.1 -0.2 -0.6 0.1 1.3 0.0 0.0 0.4 1.3 0.0 0.7 0.5 1.5 0.3 1.1 

Canada 0.0 0.0 -0.2 -0.5 -0.2 -0.6 0.0 0.0 -0.2 -0.6 -0.3 -1.3 0.0 0.3 2.7 10.2 0.2 0.5 0.4 0.9 

United States 0.0 0.0 -0.1 -0.3 -0.1 -0.2 -0.1 -0.4 -0.1 -0.4 -0.1 -0.4 0.5 1.7 0.3 1.4 0.3 0.5 0.5 1.3 

France 0.0 0.0 -1.8 -5.1 -1.4 -4.1 -3.2 -8.9 37.0 73.0 -2.8 -7.9 0.8 0.7 -2.8 -7.5 3.1 5.8 17.3 46.0 

Germany 0.0 0.0 -0.7 -2.2 -0.5 -1.5 0.0 0.0 -0.4 -0.8 -0.9 -3.0 3.3 7.3 -0.8 -1.0 3.9 8.7 11.0 33.6 

Italy 0.0 0.0 -0.7 -1.9 -0.5 -1.3 -0.7 -2.0 -0.8 -2.0 -0.8 -2.1 -0.4 -0.6 -1.4 -3.3 -0.4 -0.8 8.6 20.7 

Spain 0.0 0.0 -0.7 -1.8 -0.5 -1.3 -1.0 -2.7 -0.6 -1.3 -0.8 -2.2 -0.1 0.2 -1.1 -1.9 25.4 58.9 0.5 1.3 

UK 0.0 0.0 -1.2 -3.1 -1.2 -3.0 0.0 0.0 10.8 24.6 -2.1 -5.3 -4.3 -9.3 0.0 0.0 40.0 76.8 4.9 13.1 

Rest of EU & EFTA 0.0 0.0 -0.3 -0.8 -0.3 -0.8 -0.3 -0.8 1.4 3.5 -0.5 -1.3 0.7 1.8 -1.4 -3.1 6.2 14.9 5.0 13.1 

Middle & Low-income 0.0 0.0 -0.1 -0.2 -0.2 -0.4 -0.3 -0.6 6.5 8.3 -0.3 -0.6 -0.3 -0.1 0.7 3.0 -0.1 -0.1 -0.3 -0.1 

China 0.0 0.0 -0.1 -0.2 -0.1 -0.3 -0.1 -0.5 0.0 -0.1 -0.2 -0.8 0.4 0.7 3.3 12.1 -0.7 -3.6 -0.6 -2.6 

Indonesia 0.0 0.0 -0.1 -0.4 -0.1 -0.4 -0.1 -0.7 6.3 22.8 -0.2 -0.9 0.0 0.0 -0.1 -0.4 0.0 0.0 0.0 0.1 

Malaysia 0.0 0.0 0.0 0.0 0.0 -0.1 0.1 0.2 0.1 0.2 0.0 0.0 0.0 0.0 0.0 0.0 1.1 2.8 0.2 0.8 

Thailand 0.0 0.0 -0.3 -1.1 -0.3 -1.2 -0.7 -2.6 15.2 44.8 -0.6 -2.5 0.0 0.0 0.2 0.8 -0.3 -2.1 -0.6 -2.8 

Rest of East Asia & Pacific 0.0 0.0 0.0 -0.1 -0.1 -0.1 -0.1 -0.2 2.2 5.9 0.0 0.0 0.2 0.9 0.7 2.7 0.3 0.9 0.2 0.5 

India 0.0 0.0 -0.5 -0.6 -0.5 -0.5 -0.9 -0.9 10.0 10.0 -1.1 -1.1 -0.7 -0.8 -0.7 -0.6 -0.6 -0.7 -0.8 -0.8 

Rest of South Asia 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 -0.2 0.6 2.3 0.0 -0.1 0.1 0.4 0.1 0.4 0.1 0.1 0.8 2.2 

Argentina 0.0 0.0 -0.2 -0.5 -0.2 -0.6 0.0 -0.6 -0.4 -1.2 -0.2 -0.6 0.0 -0.1 0.8 3.4 -0.2 -0.5 0.0 -0.1 

Brazil 0.0 0.0 -0.7 -1.2 -0.7 -1.4 -1.1 -2.2 10.7 12.8 -1.3 -2.3 -1.3 -1.6 -1.5 -2.4 -1.1 -1.9 0.4 2.7 

Rest of LAC 0.0 0.0 -0.1 -0.2 -0.1 -0.3 -0.1 -0.4 0.0 0.5 0.0 -0.1 0.2 0.8 0.0 0.0 -0.1 -0.3 1.2 3.6 

Russia 0.0 0.0 0.0 0.0 -0.1 -0.3 -0.1 -0.3 0.0 -0.1 0.1 0.2 0.0 0.0 0.1 0.2 0.2 0.5 1.1 3.0 

Rest of ECA 0.0 0.0 -0.1 -0.3 -0.1 -0.2 -0.1 -0.3 0.1 0.2 0.0 -0.1 0.2 0.6 0.2 0.9 0.3 0.8 1.1 2.7 

MENA 0.0 0.0 -0.2 -0.4 -0.1 -0.4 -0.2 -0.6 0.2 0.4 0.0 -0.2 0.5 1.5 0.7 2.6 0.3 0.8 0.7 1.7 

South Africa 0.0 0.0 -0.1 -0.2 -0.1 -0.2 0.0 0.0 0.2 0.3 0.1 0.2 1.0 2.9 0.0 0.1 0.7 1.7 0.2 0.7 

Rest of Sub-Saharan Africa 0.0 0.0 0.0 0.0 -0.1 -0.2 0.0 0.0 0.1 0.2 0.1 0.1 0.7 2.3 -0.1 0.0 -0.1 -0.2 0.1 0.4 
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4.4 Impacts on Food Supply  

Food supply includes direct consumption of crops, fruits and vegetables, and livestock, and 

processed food. The composition of the food supply changes however, since the shares of 

livestock products, sugar, and some grains decrease the most. This global effect does not exclude 

stronger localized effects when feedstock and food use directly compete locally and with costly 

transportation. Nevertheless regional trade within a country should help dampen these potential 

effects. If biofuels are produced locally, trade costs must have been reduced for all commodities 

and arbitrage in food markets would take place if local commodity prices rise significantly. 

Figure 11. Change in world food supply (US$ Billion) relative to the baseline in 2020 

 
 

In 2020, under the ET scenario, world food supply decreases by $14.1 billion or 0.2% 

from the corresponding food supply in the baseline. Under the AT scenario, the reduction in food 

supply is about half as large (see figure 11). Note that the percentage reduction in food supply is 

estimated to be negligible, particularly in a dynamic context. This is due to a large base as we 

include the entire food sector, including cereals, processed food and livestock. Considering only 

cereals, Fischer et al. (2009) show that expansion of biofuels to meet the existing targets would 

‐16.0

‐14.0

‐12.0

‐10.0

‐8.0

‐6.0

‐4.0

‐2.0

0.0

AT ET

High‐income Middle & Low‐income



 40

cause a reduction in a range of 8-29 million tons of reduction in food supply in 2020 relative to 

their reference case. In the reference case, they projected that the total consumption of cereals in 

year 2020 to be 2,775 million tons. This implies that the reduction of food supply would be 

0.29% to 1.05% relative to the base case. There are several reasons for the different results. The 

most important among them is that Fischer et al. fixed the penetration biofuels in year 2020 at 

the level of 2008 in the reference case, whereas our model allows the penetration of biofuels to 

increase in reference case due to existing fiscal incentives.   

Table 9. Change in food supply relative to the baseline in 2020 – by region 
Country/Regions AT ET 

US$ Billion % US$ Billion % 

World total -6.5 -0.1 -14.1 -0.2 

High-income -2.2 -0.1 -5.8 -0.2 

Australia and New Zealand 0.0 0.0 -0.1 -0.1 

Japan -0.1 0.0 -0.2 -0.1 

Canada 0.0 -0.1 -0.1 -0.2 

United States -0.9 -0.1 -2.5 -0.3 

France -0.1 0.0 -0.3 -0.1 

Germany -0.2 -0.1 -0.6 -0.2 

Italy -0.1 -0.1 -0.3 -0.2 

Spain -0.1 0.0 -0.2 -0.1 

UK -0.2 -0.1 -0.4 -0.1 

Rest of EU & EFTA -0.5 -0.1 -1.1 -0.2 

Middle & Low-income -4.3 -0.2 -8.3 -0.3 

China -0.5 -0.1 -1.3 -0.2 

Indonesia -0.1 -0.1 -0.1 -0.1 

Malaysia 0.0 -0.1 0.0 -0.3 

Thailand 0.0 0.1 0.0 0.1 

Rest of East Asia & Pacific 0.0 0.0 -0.2 -0.1 

India -1.4 -0.4 -1.2 -0.3 

Rest of South Asia 0.0 0.0 -0.1 -0.1 

Argentina 0.0 0.0 0.0 -0.1 

Brazil 0.0 0.0 0.0 0.0 

Rest of LAC -0.2 -0.1 -0.6 -0.3 

Russia -0.3 -0.2 -0.7 -0.6 

Rest of ECA 0.0 0.0 0.0 0.0 

MENA -1.3 -0.4 -3.0 -1.0 

South Africa 0.0 0.0 0.0 0.0 

Rest of Sub-Saharan Africa -0.5 -0.2 -1.2 -0.5 

 

Although the effects seem marginal at the global level, especially in percent terms, it is 

important to note that low and middle-income countries are more negatively affected than high-
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income countries. About two-third of the world food supply decrease is imputable to developing 

countries. Lower income economies generally rely largely on agriculture and therefore are 

significantly dependent on food products. China, Rest of Sub-Saharan Africa, MENA, and India 

would suffer the most if biofuel targets are actually implemented. Food availability would be 

reduced by $1.4 billion in India alone under AT scenario. The United States would carry most of 

the burden among developed economies (see Table 9). 

 

4.5 Aggregate Economic Impacts  

Finally beyond, effects on land, food production and prices, it is also interesting to gauge the 

overall effect of a large biofuel expansion on the overall economy of various countries/regions. 

Figure 12 presents the impacts of biofuel expansion on countries’ GDP for both scenarios. At the 

global level, the expansion of biofuels is found to decrease GDP (0.02% and 0.06% reductions 

under AT and ET scenarios, respectively in year 2020 as compared to the baseline). However, at 

the country/regional level, results are mixed. Brazil, Argentina, Thailand, and Indonesia 

experience increases in GDP, whereas countries like the United States, China, and India 

experience reductions in their GDP.  The reasons can be attributed to several factors. Countries, 

which have very small penetration in the baseline but have set ambitious targets, would face 

GDP decreases because the targets significant alter the allocation of resources in production and 

change trade patterns, resulting in a worsening of the terms of trade. India is a good example, 

where the government has set a target of 20% (or 17% in terms of energy content) for biofuels by 

2020, but its current level of biofuels use is very small. Achieving this target would cause India’s 

imports of agricultural commodities, to increase, in aggregate, by 3.9 to 4.6% depending on the 

scenarios (see Table 5). 11 Its export would drop by 1.7 to 6%. The terms of trade deteriorates 

thereby causing significant GDP loss (0.13% to 0.23%). Countries like Brazil, Argentina and 

Indonesia would experience increases in their GDP due to increased exports of biofuels or 

feedstock required for biofuels. These countries experience improvements of their terms of trade. 

Energy exporting countries/regions, such as MENA and Russia will face reductions in GDP due 

to decreases in their oil exports thereby causing negative terms of trade effects.  

                                                 
11 Note that India has different impacts on different scenarios although the targets are the same for both. This is 
because the effects of international trade would be different between these two scenarios. 
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Figure 12. Change in GDP (%) relative to the baseline in 2020 – by region 

 
 
 
5. Conclusions 

In this study we analyze the impacts of a large scale expansion of biofuels –reflected in the 

announced targets of numerous countries, both developed and developing- on agriculture, land-

use and food supply. The first core finding is the moderate long-term impact on commodity 

prices induced by a large expansion of biofuels under both scenarios (Announced Targets, and 

Enhanced Targets more or less doubling the former). This finding is conditioned on yield gains 

taking place as a response to increases in commodity and land prices. In addition, and for both 
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scenarios we also compute food price effects as found in recent CGE and PE analyzes which 

fully modeled biofuel and feedstock markets. Note that PE analyses do not account for all 

sources of productivity gains and yield effects and tend to generate somewhat higher land and 

food price effects.  

Our results suggest that planned biofuel targets would not cause large impacts on food 

supply at the global level although the impacts would be significant in developing countries like 

India and Sub-Saharan Africa. Agricultural commodities such as sugar, corn and oil seeds (as 

oil), that serve as the main biofuel feedstocks, would experience 1% to 8% price increases in 

2020 as compared to that in the baseline due to the expansion of biofuels to meet the existing 

targets.  

Our study shows that land use allocation between forest, pasture and crops, would be 

significantly altered, and leads to considerable forest and pasture destruction in several countries, 

especially under enhanced targets. Vast expansion of biofuel does lead to global forest losses of 

about 26.3 million hectares in 2020 under enhanced targets. Once targets are reached, technical 

progress eventually would reduce the reliance on land to expand agricultural output and forest 

land could be regained in the longer run. Within the expanded crop land uses, we obtain large 

effects in several countries implementing large biofuel targets. The general tendency is to expand 

land devoted to feedstock crops (sugar crops, coarse grains and, low quality grains for ethanol; 

oilseeds for vegetable oil for biodiesel). Again, these effects are large in 2020, because they 

correspond with the expansion phase of the targets. In the longer run, one would expect that the 

land expansion would recede and productivity gains would reduce the long term use of land 

induced in the medium term and the short term constraint on food supply would be reduced. 

Sugar crops and oilseeds expand the most.  

We have conducted extensive sensitivity analysis. Various configurations of key 

parameters have been tried (elasticities of transformation in land, elasticities of substitution in 

production and fuel use, productivity assumptions, and trade elasticities). The qualitative results 

for the two scenarios are invariant to major changes in these parameters. The robustness of the 

results has to do first with the relative small share of farm values in food processing, hence the 

moderate food price effects. Second, the increase in demand for feedstock can be accommodated 

given the various mechanisms at play via trade in agricultural commodities, land allocation, and 
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biofuels production, even under limited land substitution across uses. Small relative land changes 

in absolute value can accommodate a lot of new feedstock demand. Putting land into production 

takes resources and time; hence these results imply that adjustments can take place over time. 

Again the long-term nature of our analysis cannot be over stated. In addition, we have considered 

dry distiller grains (DDGS) as a feed crop substitute. DDGS are a byproduct of ethanol and 

provide revenues and reduce feed grain demand. DDGS are good substitutes for coarse grains, 

especially corn, almost on a one for one basis. Accordingly the implied indirect land use effects 

linked to feed grains are dampened once DDGS are accounted for and food price effects from 

biofuel expansion are even more moderate.  

Considering the size and complexity of the model, we could not exactly incorporate all 

policy parameters which might affect the quantitative results, particularly in the enhanced 

scenario. For example, the United States will not subsidize ethanol production after 2015 

although several bills have been introduced to extend these subsidies. The current policy in 

South Africa is to discourage ethanol from corn. In our model the subsidies are provided to 

biofuels and are not differentiated across feedstocks. Incorporating this policy would reduce the 

use of corn for ethanol and therefore could lower corn production and land-use for corn. 

Moreover, we have not accounted for existing distortions in sugar and energy markets. For 

example, the removal of current subsidies to fossil fuels might provide a level playing to 

biofuels. Even if we were able to precisely reflect these realities, the key message of the study 

would not have changed. There are many other similar issues which are beyond the scope of this 

study but could be interesting topic for further research.  
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Appendix A 
 

A Brief Description of the CGE Model 
 

Like in a standard CGE model, we have modeled behavior of various economic agents: 

production, household, government, international trade. This section provides a brief overview of 

the structure of the model. We start with production sector followed by households, government 

and foreign sectors. Finally, we also indicate the dynamic behavior of the model.  

 
1. Production Sector 

The basic structure 

The production side of the economy is represented by a set of nested constant elasticity of 

substitution (CES) functions, and, for the case of land, constant elasticity of transformation 

(CET) functions (see Figures A1-A3 below).  

On the top level of the production tree, output is produced according to the following CES 

specification 
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A1. 

where X is gross output, VAE is the value added and energy bundle, ND is the non-energy 

bundle. VAE and ND correspond to the share parameters for VAE and ND, respectively, and 

VAEND is the elasticity of substitution between VAE and ND. VAE and ND are the productivity 

parameters that represent the state of the technology. The indices i, r and t correspond to sector, 

country/region and time, respectively. 

The endogenous driver of dynamics in the model is the vintage capital structure. This means that 

old and new capital jointly make up the capital stock. Each time period, new capital investments 

are added to the existing stock, which depreciates at a given rate. Hence, the structure of the 

capital stock is endogenous and dynamic. Total output can be written as the sum of outputs by 

vintage  
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௜ܺ,௥,௧ ൌ ∑ ௜,௥,௧,௩௩ݒܺ   A2. 

 

 

where the index v stands for vintage, and  
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A3. 

 

 

Figure A1: Structure of production sectors   
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Figure A2: Structure of land use sector   

 

 

 

Figure A3: Structure of energy sector   

 

Deriving input demand and unit cost functions 

Producers on in the output sectors minimize costs, i.e. maximize profits, by solving the following 

optimization problem 

min
௏஺ா೔,ೝ,೟,ೡ, ே஽೔,ೝ,೟ 

 ௜,௥,௧ܦ௜,௥,௧ܰܦܰܲ+௜,௥,௧,௩ܧܣ௜,௥,௧,௩ܸܣܸܲ
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where PVA and PND are the prices of VAE and ND, respectively. 

The Lagrangian of the above program can be written as 
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where ߛ is the Lagrange coefficient on the output constraint. 

Partially differentiating ࣦ with respect to the input factors and γ yields the following first order 

conditions 
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Note that, at the optimum, the coefficient γ corresponds to the shadow price of relaxing the 

output constraint marginally. This shadow price has to equal the output price as, at the cost-

minimizing input combination, the cost of producing the marginal unit equals the revenue from 

selling this unit on the market, i.e. the output price. Hence, setting γ ൌ  ୧,୰,୲,୴ and simplifyingݒܺܲ

yields the following conditional input demand functions 
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 A5. 

 

From the conditional factor demands we can compute the unit cost function for the output by 

vintage. The easiest way to do this is to substitute the solution to the firms’ cost-minimization 

problem, i.e. the conditional factor demands (4) and (5), into the cost function, and set the 

required output equal to 1. This yields 
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where we have set ܺݒ௜,௥,௧,௩ ൌ 1, and c corresponds to the cost of producing one unit of output. 
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Noting that the CES production function is linearly homogenous so that the unit cost is 

independent of the produced quantity, and that, in a competitive market, price equals marginal 

cost, ܿ௜,௥,௧,௩ ൌ   ୧,୰,୲,୴ . Hence, we get the priceݒܺܲ

୧,୰,୲,୴ݒܺܲ ൌ ቎ߙ௜,௥,௩
௏஺ா ቆ

௜,௥,௧,௩ܣܸܲ
௜,௥,௧,௩ߣ
௏஺ா ቇ

ଵିఙ೔,ೝ,ೡ
ೇಲಶಿವ

൅ ௜,௥,௩ߙ
ே஽ ቆ

௜,௥,௧,௩ܦܰܲ
௜,௥,௧,௩ߣ
ே஽ ቇ

ଵିఙ೔,ೝ,ೡ
ೇಲಶಿವ

቏

ଵ
ଵି ఙ೔,ೝ,ೡ

ೇಲಶಿವ

 A7. 

Finally, to calculate the unit cost (price) function for the aggregate output, we sum over all 

vintages and multiply by their share in total production 

ܲ ௜ܺ,௥,௧ ൌ ෍ܲܺݒ௜,௥,௧,௩
௩
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 A8. 

The input demand and unit cost functions of all the other sectors in the production tree (Figure 

A1 and A3) are derived analogously. 

 

In the case of land-use module (Figure A2), total land area is divided into 18 agri-ecological 

zones (AEZ) according to climate types and humidity levels, and the demand for land from the 

various AEZs is dictated by a CES function with high elasticity of substitution. Within each 

AEZ, land use changes are incorporated via a nested CET representation following Huang et al. 

(2004) and Banse et al. (2008). In line with Birur et al. (2008), on the top level of this module, 

total available land area is allocated to forest land, pasture and plantation of crops. On the second 

level, crops are further divided into the four different categories rice, sugar-crops, fruits and 

vegetables, and an aggregate of grains and oilseeds. Finally, the grains and oilseeds category is 

partitioned into wheat, corn, other coarse grains, and oilseeds. This nested structure seems 

reasonable as in reality not all crops stand in direct competition. For instance, rice typically does 

not directly compete with other crops for available land. 

 

In similar manner for Equations A4 and A5, all demand and price variables related to land-use 

module (Figure A2) are derived.  
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Taxes  

If the government imposes taxes on the output of a product, a wedge is driven between producer 

price and consumer price 

ܲ ௜ܲ,௥,௧ ൌ ሺ1 ൅ ߬௜,௥,௧
௉ ሻܲ ௜ܺ,௥,௧ ൅ ߬௜,௥,௧

௑  A9. 

 

where PP is the price paid by the consumer on the market and ߬௉ and ߬௑ are the (ad valorem) 

production tax and (specific) excise tax rates, respectively. For subsidies, ߬ takes on negative 

values.  

Imperfect competition 

For goods that are traded on imperfectly competitive markets, a markup is added to the unit cost 
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 A10

where m corresponds to the markup. 

2. Households 

Households derive utility from the consumption of goods and services according to a constant 

difference of elasticities (CDE) function, which takes the following implicit form 
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ؠ 1 A11

where U corresponds to utility, PHX stands for price, UYC is per capita expenditure, and e and b 

are the expansion and substitution parameters, respectively.12  The indices k, r and h denote to 

goods/services, region/country and household type, respectively. 

From (11) we can compute the per household demand (HX) using Roy’s Identity  
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Households save a share of their disposable income 
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12 For details on the CDE form and on the interpretation of its parameters see Surry, Y. (1993). The ‘constant 
difference of elasticities’ function with applications to the EC animal feed sector, Journal of Agricultural Economics 
44(1), pp. 110-125.  
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where s is the savings rate and YD corresponds to the disposable income. Finally, the savings 

rate is determined by the following equation 
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where ݃௥
௣௖ is the exogenously determines per capita growth, RAGE15 and RAGE65 are the 

shares of the population below 15 years and above 65 years of age.  

3. Government 

The government derives revenues from a number of indirect taxes, tariffs and a direct tax on 

households. These are  

(i) output and excise taxes: ߬௉and ߬௑, respectively 

(ii) sales taxes on domestic sales of Armington goods: ߬஺ 

(iii) import tariffs on CIF price: ߬௠ 

(iv) export taxes (or subsidies) on producer price: ߬௘ 

(v) taxes on input factors: ߬௩ 

(vi) emission taxes: ߬ாெூ 

(vii) tax on household income: ߬ூே 

Hence, aggregate government revenue corresponds to  
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where PA, PM, PE and PF are the prices of Armington goods, imports, exports and factors, 

respectively,  BTF stands for bilateral trade flow,  and  ߟ is the emission coefficient per value 

unit. The indices rr, r, f and em denote the exporter country, importer country, factor of 

production and emission type, respectively. YH is net household income consisting of factor 

income and firm profits minus depreciation. 
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Government expenditures are an exogenously determined share of nominal GDP. Government 

revenues equal the sum of government expenditures and government savings so that the public 

sector always has a balanced budget. The direct tax on household income (߬ூே) is adjusted each 

period to ensure a balanced public budget. 

4. Trade 

The Armington demand for good XA is a CES function of domestic and imported components. 
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where XD and XM correspond to the domestic and foreign components of total demand, 

respectively, ߙ௑஽ and ߙ௑ெ are the share parameters, and ߪ஺ is the elasticity of substitution 

between the two demand components. 

 

Going through the same computational steps as in the cost minimization outlined in section 1, we 

arrive at the conditional demand functions and the price functions. The analogous derivation here 

corresponds to choosing the expenditure-minimizing combination of XD and XM subject to the 

constraint of reaching a given level of XA. 
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The import demand by country/region of origin corresponds to 
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where rr denotes the source of import supply, WPM is the effective export price including 

transport costs and any trade duties imposed by the exporter country, and ߬௠ is an import tariff.  

Aggregating the bilateral import prices over all sources yields the import price. 
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Export demand corresponds to 
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Finally, consistency requires that global net trade of homogeneous goods equals zero, i.e. global 

imports equal global exports for each product.   
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5. General equilibrium 

 
To ensure general equilibrium, a set of conditions has to be met on the global and regional levels. 

First, all the markets for goods and services clear, which implies that, for each country/region 

and commodity, the total production has to equal the sum of domestic consumption of 

domestically produced goods and exports.  

Second, all the factor markets clear, which implies an economy-wide (for mobile factors) or 

sector-wide (for sector-specific factors) rate of return. Due to its vintage structure, equilibrium 

on the capital market means that there is a common rental rate for new capital (which is perfectly 

mobile across sectors), old capital in expanding sectors and old capital that is released from 

declining industries (and also assumed to be perfectly mobile), while old capital in declining 

sectors earns a return that depends on its productivity in the specific sector.  

Third, total investment equals total savings. 

 

6. Dynamics 
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There are three different forces that drive the dynamics of the model. The two exogenous drivers 

are population and labor growth, and productivity increases, while the vintage capital structure is 

an endogenous driver. 

To reflect population and labor force growth, the estimates of the United Nations Population 

Division13  are incorporated into the model. Hereby, the working force is defined as the 

population between age 15 and 65.   

Also productivity increases are built-in exogenously. Technological progress is assumed to be 

factor neutral in the agricultural sector, and labor-augmenting in the other sectors. 

Finally, the vintage capital structure (see Section 1 above) drives the model’s dynamics. This is 

inherently an endogenous process as new capital investments and thus the existing capital 

structure at any given point in time are resulting from decisions taken by optimizing agents.    

 

References to Appendix A 
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13 For details and documentation on these estimates see http://www.un.org/esa/population/. 
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Appendix B 
 

Developing Database to Accommodate Land-use and Biofuels Modules in to the Global 
CGE model 

 

Background 

The model uses GTAP database developed at Purdue University (Indiana, USA) under 

the Global Trade Analysis Project (GTAP). The  latest version (Version 7) of GTAP database, 

provides data for year 2004 on international trade (bilateral flows as well as trade barriers), 

production, final consumption and consumption of goods and services, for 112 countries/regions 

and 57 sectors. The GTAP database, however, does not have information on biofuel sectors. For 

introducing the new sectors into the GTAP database we use the software Splitcom (Horridge, 

2008). 

In 2004, the major feedstock crops used for producing biofuels were corn and sugar 

(together representing almost 85% of the total biofuel production in value), while wheat, 

rapeseed oil, soybeans and palm oil were also used. 

In GTAP, sugar is mapped to the “Sugar cane, sugar beet” sector, corn belongs to the 

“Cereal grains” sector, wheat is by itself in the “wheat” sector, rapeseed oil and soybean are part 

of the “Oil seeds” sector, and palm oil is included into the “Vegetable oils and fats” sector. We 

split ‘cereal grain’ sector and commodity to generate corn sector and commodity. The remaining 

“Cereal Grains” sector includes other cereals such as barley, rye, oats, buckwheat, canary seeds, 

millet and others. Although rapeseed oil, soybean and palm oil are mixed with other oils unused 

for producing biodiesel, we did not split them out from their original GTAP sectors. This is 

because, rapeseed oil and soybean are the main components of the “Oil seeds” sector, and they 

can easily be distinguished from each other as they are specific to certain regions: rapeseed oil 

being used to produce biodiesel in Europe while soybean is used mainly for producing biodiesel 

in the US. Moreover, in 2004, palm oil remained a marginal feedstock to produce biodiesel. 

Similarly, ethanol can be produced from either sugar cane or sugar beet, but it is not paramount 

to separate “Sugar cane” from “Sugar beet” as it can be easily differentiated between ethanol 

production systems. “Sugar cane” is the main sugar crops used for producing ethanol and it is 

mainly used in Brazil and a few other Latin American countries as well as some African and 
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Asian countries, whereas “Sugar beet” is relatively marginal and transformed into ethanol only in 

Europe.  

Biofuels replace part of the conventional transport fuels with which they are directly in 

competition. Ethanol and biodiesel competes with gasoline and biodiesel, respectively. In the 

GTAP database the “Petroleum and coal products” sector is the sole sector for transport fuels. 

Detailing further the production side of the CGE model (see Figure A3 in Appendix A) 

separating gasoline and biodiesel from the other petroleum products is required. We split the 

“Petroleum and coal products” sector into gasoline, diesel and other oils.   

We created four biofuel sectors: three bioethanol sector and one biodiesel sector. The 

three ethanol sectors introduced are corn-based ethanol, ethanol based on cereals other than corn 

(including wheat and other cereal grains), and sugar-based ethanol. The fourth biofuel sector is 

for biodiesel produced from oilseeds, soybeans or palm oil. We consider the possibility of 

multiple feedstocks for a biofuel to capture the reality.  For example, in 2004, Canada produced 

ethanol from corn as well as from grains (wheat and other cereal grains), Germany produced 

ethanol from grains and sugar beet but also made biodiesel from rapeseed oils.  

 

Methodology 

The biggest challenge when modifying data of a SAM is to maintain it balanced. For each 

account of the SAM, the sum of the columns should strictly equal to the sum of the rows. The 

Splitcom software is designed to split existing sectors of the GTAP database ensuring that the 

balance of the SAM is maintained. Using Splitcom, a new sector can only be introduced into the 

GTAP database from an existing one. Moreover, only one existing sector can be split at a time. 

As mentioned earlier, we generated corn, gasoline and diesel from the existing GTAP sectors.  

Following Taheripour et al. (2008) we split the “Food products” sector to create sectors 

of ethanol from grains (corn and other grains). We also generate the biodiesel sector from the 

“Food products” sector. While Taheripour et al. (2008) split the “Chemical, rubber, plastic 

products” sector to add the sugar-based ethanol sector, Valin et al. (2009) also split the 

“Chemical, rubber, plastic products” sector but only in the case of Brazil. As compared to 

Taheripour et al. (2008), Valin et al. (2009) do not only consider production of sugar-based 

ethanol in Brazil but also in countries such as India, Pakistan and from the Central America 

region. For these countries, they split the “Sugar” sector, leading to the creation of a total of two 
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ethanol sectors from sugar crops. After carefully reviewing GTAP data of “Chemical, rubber, 

plastic products” and “Sugar” sectors as well as ethanol data for the different GTAP 

countries/regions we also opt for the creation of two sugar-based ethanol sectors as suggested by 

Valin et al. (2009). Production costs of ethanol from sugar are different for Brazil and the other 

producers (especially European countries producing ethanol from sugar beet whereas Brazil is 

producing ethanol from sugar cane) and while the large “Chemical, rubber, plastic products” 

sector can comfortably be utilized for creation of sugar-based ethanol for Brazil, the GTAP 

input-output tables of other producers suggest the use of another sector to limit distortions within 

the “Chemical, rubber, plastic products” sector. On the other hand, the “Sugar” sector of 

moderate size could not accommodate the creation of sugar-based ethanol sector for Brazil as 

Brazilian’s production in 2004 is already quite significant. Finally, we split the “Chemical, 

rubber, plastic products” sector for the creation of sugar ethanol for Brazil and we split the 

“Sugar” sector to introduce the sugar ethanol sectors for other GTAP countries/regions. The two 

sugar ethanol sectors are then aggregated to a single sugar-based ethanol sector. 

 

Data 

Corn sector 

Production block: For splitting corn from other cereal grains we collect 2004 production 

data14 in tons from FAO for 229 countries and eight commodities: corn, barley, rye, oats, 

buckwheat, canary seeds, millet and other cereals not elsewhere specified. Data being expressed 

in tons, we convert these volumes into USD values using the 2004 producer prices15 obtained 

from FAO. When necessary, we use an official exchange16 rate from the World Bank. We 

compute percent shares of the total production of cereal grains for corn and for other cereal 

grains. Although corn is the dominant type of cereal grains produced by more than half of the 

GTAP regions it is not the case for many European, Middle East and North Africa, and some 

Sub-Saharan African countries17. 

 

                                                 
14 FAO ProdSTAT available at: http://faostat.fao.org/site/567/default.aspx#ancor. 
15 FAO PriceSTAT available at: http://faostat.fao.org/site/570/default.aspx#ancor. 
16 World Development Indicators (WDI - Sept. 2008). Data can be found on the Development Data 
Platform (DDP)) of the World Bank. 
17 Barley is the dominant cereal grain produced by Middle East, North Africa and developed Asia whereas 
millet and sorghum are paramount in some African economies. 
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Trade: The bilateral trade data18 are taken from the United Nations Commodity Trade 

Statistics Database (COMTRADE) to split the other cereal grain sector. We the 4-digit codes of 

the Harmonized System to identify the different components of the cereal grain sectors. After 

the split, the data which were available for 229 countries, aggregated over the 112 GTAP 

countries/regions and their respective shares in the total cereal grains computed. 

Consumption: The consumption data for corn is obtained through the commodity 

balance equation (i.e., production plus imports minus exports). Total consumption corresponds 

to the sum of the intermediate, household, and government consumptions and stock change. We 

further divided the total consumption between consumption of domestic production (or 

production minus exports) and consumption of imports. For getting the total imports and total 

exports of a country we simply sum up bilateral trade over exporters and importers, 

respectively.  

 

Gasoline and diesel sectors 

We split the “Petroleum and coal products” into gasoline, diesel and other oils sectors using the 

information on production, trade and consumption of gasoline, diesel and other oils taken from 

the 2009 World Energy Statistics and Balances prepared by the International Energy Agency19. 

Production: IEA data are aggregated for the GTAP regions and shares of gasoline, diesel 

and other oils in the total petroleum are computed for each GTAP region.  

Trade data: We use total exports and imports of gasoline, diesel and other oils by country 

can be sufficient for our purpose. To create bilateral trade of these commodities we used the 

same proportions as it is for the “Petroleum and coal products” in the original GTAP database. 

This would however, does not provide precise bilateral trade information for gasoline, diesel and 

other oils, but we did not have any better alternative.  

Consumption: The IEA database provides information on consumption of gasoline, 

diesel and other oils by major industrial sectors as well as households.  All gasoline in the road 

                                                 
18 Data can be downloaded from the World Integrated Trade Solution (WITS) of the World Bank. 
19 Data can be found at:  
http://puck.sourceoecd.org.libproxy-wb.imf.org/vl=3417019/cl=13/nw=1/rpsv/statistic/s35_about.htm?jnlissn=16834240 
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transport sector of IEA is allocated to household sector of GTAP20.  Part of diesel used for road 

transportation is, in fact, used by cars and small trucks owned by households, but we did not 

have any technique to estimate by how much. So the implicit assumption here is that all diesel 

used for road transportation is used for public transport. However, this is does not influence the 

results as most of diesel is used for public transportation in most countries.  

 

Biofuel sectors 

Ethanol production: As opposed to corn, gasoline and diesel sectors, biofuel sectors do 

not have any clear correspondences in the GTAP sectors. Production data for ethanol sectors 

come from F.O. Litch, cited by the Renewable Fuels Association (2005)21.  We use the US 

average price for the year 2004, to convert data into millions USD22. Ethanol can be produced 

from different feedstocks in several countries; feedstock shares are obtained from Biofuel 

CropLife23,24 European Bioethnaol Fuel Associations (eBio)25 and Ogha and Koizumi (2007). 

Production cost structures are derived based on information from Smeets et al. (2005) for corn, 

wheat sugar beet for all countries and sugarcane in Brazil. For sugarcane produced elsewhere we 

use Yoosin and Sorapipatana (2007). 

Biodiesel production: Biodiesel production data come from various sources: the 

European Biodiesel Board (EBB)26 for the European economies, The National Biodiesel Board 

(NBB)27 for the United States. For Malaysia and Indonesia, we got crude Palm Oil production 

data for year 2004 from the Oil World (2008). Following Ogha and Koizumi (2007), we 

estimated the production of palm oil biodiesel in both countries28. For biodiesel production cost 

                                                 
20 IEA transport sector includes all energy used for transportation no matter the vehicles are owned by households or 
industries. Therefore, special care should taken while mapping the IEA sectors with that of GTAP sectors. 
21 Data available at the following Internet address: http://www.ethanolrfa.org/pages/statistics. 
22 1 gallon is equal to 1.69 USD; Nebraska government website: http://www.neo.ne.gov/statshtml/66.html. 
23 A few countries in Asia as well as in Africa use in fact molasses instead of sugar cane to product ethanol from 
sugar. Yet, since molasses as feedstock cannot be easily identified into the GTAP database, and that molasses is 
obtained from sugar cane, we decided to assign a production of sugar cane to the countries producer of molasses. 
24 Information can be found at: http://biofuels.croplife.org/index.php?page=regions. 
25 All the details are given by the Ensus Group (2008) and are available at: 
http://www.biofuelwatch.org.uk/files/ensus_factsheet.pdf. 
26 Data can be accessed from the following link: http://www.ebb-eu.org/stats.php. 
27 More details can be found at: http://www.biodiesel.org/. 
28 In 2004, Malaysia and Indonesia do not yet officially produce biodiesel, although they already have capacities 
and equipments. Nevertheless, in the next years their biodiesel production took off drastically and therefore we 
consider a small production for both economies from 2004, based on 2006 assumptions. 
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structure, we used information from Smeets et al. (2005) for biodiesel from rapeseed oil and 

soybeans. In the case of biodiesel from palm oil, we used Japan Petroleum Energy Center (2004) 

cited in Ohga and Koizumi (2007).  

Ethanol trade: For ethanol trade, we use data classified under the Harmonized System 

nomenclature at the four-digit level (HS4). The corresponding product is “Undenatured ethyl 

alcohol of an alcoholic strength by volume 10 of 80% vol or higher; ethyl alcohol and other 

spirits, denatured, of any strength” which has for HS4 code 220729. As we are creating several 

ethanol sectors depending on the feedstocks used to produce ethanol we need to distribute total 

bilateral trade of ethanol within the different feedstock-based ethanol. Therefore, we apply the 

previously computed shares of production by feedstock to split the trade data.  

Biodiesel trade: Regarding biodiesel produced from rapeseed oil, we get the total imports 

and exports data by country from the International Energy Agency (IEA). For bilateral trade of 

biodiesel, we utilize the structure of bilateral trade given by COMTRADE data for the HS6 code 

382490. Moreover, bilateral trade data for biodiesel made of palm oil are directly available from 

the Malaysian Palm Oil Board (MPOB)30.  

Consumption data 

It is important to note that for countries/regions not producing biofuels in 2004, very tiny 

non-zero numbers are added in the split process of all biofuel data. This avoids eliminating 

biofuel sectors for initially non-producer countries in the CGE model and allows for future 

biofuel production in those countries. More details about data treatment (especially treatment of 

missing data) and sector splits (details of each step using Splitcom) can be found in Mevel 

(2009). 

 

Data on Key Elasticity Parameters 

Most of the elasticity parameters are taken from the literature. Since the results are 

sensitive to some elasticities, special attention was paid while choosing their values. These are: 

substitution elasticities between biofuels and competing fossil fuels, land use elasticities, and 

other substitution elasticities of the production structure of the model. 

                                                 
29 Data available for download from the World Integrated Trade Solution (WITS) of the World Bank. 

 
30 Data available from: http://econ.mpob.gov.my/economy/EID_web.htm. 
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Elasticities between biofuels and fossil fuels: Biofuels compete directly with fossil fuels in 

transportation. The results are highly sensitive to elasticity of substitution between biofuels and 

fossil fuels. Birur et al. (2007) collect historical data allowing them to determine a default value 

of 2.0 for this elasticity parameter. Yet, they point out the lack of data availability for conducting 

econometric analysis and they acknowledge that the value could vary significantly across 

countries (especially if a country is already equipped with flex-fuel vehicles or not). After 

several sensitivity analyses varying this parameter, we decided to nearly triple its value overtime, 

between 2004 and 2020, from 1.2 to 3.0 for all countries. We think it is realistic with future 

expansion of flex-fuel vehicles and we prefer not to consider higher values as they would tend to 

accelerate biofuel penetration too rapidly. 

 

Land elasticities: In our CGE model, we split total land into 18 Agro-Ecological Zones (AEZs) 

depending on climate type and humidity levels of the land (Hertel et al. 2009). We use a CES 

functional form with a high value of 20 for substitution elasticity between AEZs. For a given 

AEZ, the land supply is constrained across the different land-specific uses with nested constant 

elasticity of transformation (CET) functional forms. As explained in Appendix A1 above we 

opted for three nested CET functions with increasingly negative substitution within the levels. 

An econometric analysis from Choi (2004) suggests transformation elasticities at each level, for 

the United States, being equal to respectively: -0.25, -0.5 and -1.0 for a relatively similar nest 

structure31. Lubowski et al. (2005) indicate a value of -0.11 for the first level of the nest whereas 

Ahmed et al. (2008) suggest a value of -0.22. Following Hertel et al. (2008) we select an 

intermediate value of -0.2 for the first level of the structure but consider the same values as Choi 

(2004) with respectively -0.5 and -1 for the next second levels. We apply the same elasticities for 

all countries. 

 

Other Elasticities: As shown in Figures A1-A3 in Appendix A, all functional forms used in the 

nested structure are CES. At the top (i.e., aggregation of intermediate demand and value added), 

the elasticity of substitution is zero thereby assuming Leontief production function. The rest of 

                                                 
31 In the work undertaken by Choi (2004): -0.25 is the elasticity of transformation between agriculture and forest lands,   
-0.5 is the elasticity of transformation between crops and livestock, and -1.0 is the elasticity of transformation between 
crops. 
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the production structure is represented by CES functions32 with increasing substitution 

elasticities between the different levels. Values for substitution elasticities are taken from 

Burniaux and Chateau, OECD (2010); van der Werf (2008); Timilsina and Shrestha (2006); Ma 

et al (2010); Jarrett and Torres (1987) and Narayanan and Walmsley (2008). The elasticities 

differ across the capital vintage, lower for old vintage and higher for the new.   
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