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Abstract:

This paper assesses the global and sectoral irtiphsaof the EU biofuels directive in
a multi-region computable general equilibrium fravoek. Our results show that
without mandatory blending or subsidies to stinmuldite use of biofuel crops in the
petroleum sector the targets of the EU Biofuel aive will not the reached in 2010.
With mandatory blending the enhanced demand fdubliarops has a strong impact
on agriculture at the global and European levele Baditional demand from the
energy sector might slow down or reverse the loagnt process of declining
agricultural prices.
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1 Introduction

World-wide production of biofuels is rapidly grovgnWorld wide production of

ethanol tripled from 20 billion liters to 50 billiolitres (see, Figure 1) and world
biodiesel production has grown from 200 million Igats to almost 1000 million

gallons in the period 2001-2005. In the Europeaiot/in 2004, about 0.4% of the
EU cereal and 0.8% of the EU sugar beet produatias used for bioethanol, and
more than 20% of oilseed production was processedhiodiesel. The growth rate
over the previous two years (2002-2004) was 27% &b for bioethanol and

biodiesel, respectively.

The production of biofuels started after the highpdces in the seventies which were
due to supply restrictions by the OPEC cartel (Begyre 1). High oil prices induced
innovations that saved oil or replaced oil by clegayg more reliable substitutes, such
as biofuels. World bioethanol production grew towath4 billion gallons in 1985. In
the early eighties the oil prices collapsed torteiginal level and stayed there until
the beginning of the new millennium. The level adfbel production, however, did
not collapse but remained almost constant and asea only marginally after 1985.
The recent rice in the oil price in combinationw@&nvironmental concerns lead to the
recent biofuel boom.

The only integrated biofuel market in practice im8l's cane-based ethanol market.
In their ethanol/electricity co-generation systenga cane becomes a competitive
energy provider at petrol prices about US$ 35/Blshfnidhuber 2005). The driver for
biofuel production in the EU, the USA and Canade&nly political, including tax
exemptions, investment subsidies and obligatorynditey of biofuels with fuels



derived from mineral oil, while high energy pricdarther enhance biofuels

production and consumption in other countries aglons. Arguments for biofuel

promoting policies are reduction of greenhouseeagasssions in the light of climate

change, diversification of sources of energy, improent of energy security and an
decreased dependency on unstable oil suppliersfiteeto agriculture and rural areas,
etc.

Figure 1 here

Until now biofuels have been produced by processaggicultural crops using

available technologies. These so called first-getiear biofuels can be used in low %
blends with conventional fuels in most vehicles arah be distributes through
existing infrastructure. Advanced conversion tedhgies are needed for a second
generation of biofuels. The second generation usk a wider range of biomass
resources-agriculture, forestry and waste materahsl promise to achieve higher
reductions in greenhouse gas emissions and the abftel production (Smeets et al.,
2006 and Hoogwijk et al., 2005).

Given the current policy developments and the abdity of jus first generation
biofuels an increased biofuel production either dmeépure’ market forces and/or
‘policy’ might has significant impacts on agricuil markets, including world prices,
production, trade flow, and land use. Linkages letwfood and energy production
include the competition for land, but also for atpeoduction inputs. The effect of an
increasing supply of by-products of biofuel prodmetsuch as oil cake and gluten
feed also affect animal production for instancethermore, the biofuel boom raised
concerns such as whether biofuels would hurt peopje by increasing food prices
or whether it would lead to loss in biodiversityedio increased land use. All these
implications are not well understood and this sturdys to address these issues.

More specifically, the purpose of this paper isassess the global and sectoral
implications of theEU biofuels directive, European Commission (2003), in a multi-
region computable general equilibrium frameworkisTtirective states that the EU
Member States should ensure that biofuels and otbeewable fuels attain a
minimum share of their total consumption of transgoel, which is responsible for
almost 25% of all greenhouse gas emissions in tbe His share should lie,
measured in terms of energy content, at 5,75% étid of 2010. These goals are not
yet mandatory, but this might be changed and audgon about higher shares in the
future is ongoing. With this focus on the impacttod EU Biofuel Directive (BFD) on
production, land use and trade this paper conggud the current discussion on
growing competition between agricultural producted for food, feed and fuel
purposes.

The economic literature on the impacts of biofumisagricultural markets is scarce,
as the biofuel boom appeared only recently. A abheiguilibrium approach with
exogenous shifters for biofuel demand, is used BZD (2006), Elobeid and Tokgoz
(2006) and Nowicki et al. (2007). In this paper uge a general equilibrium approach
as energy demand and energy or climate changeigmlimight become crucial
determinants of agricultural markets. FurthermdfePonald et al. (2006) point out
that substituting biomass for crude oil will havieedt effects on the crude oil market



and may have indirect effects on the global agcal markets through exchange
rate linkages.

This paper describes the methodological approackxtend a computable general
equilibrium model to first generation biofuel pration. For this extension the
approach separates energy from non-energy inteatgediputs and presents energy
inputs in a capital-energy composite(Burniaux amdohg, 2002). It extends this
methodology by explicitly depicting the use of @dse vegetable oils and sugar-beet
or —cane as inputs in the production of biofuelsainmulti-level structure in the
petroleum activity. This extension enables to aralthe impact of targeted policies
such as tax exemptions and obligatory blendingHempetroleum sector for individual
regions and countries

Next to the extensions directly related to modelimgfuels we included some key

characteristics of related markets. Particularky tiinctioning of the land market is

crucial. Therefore we included a new demand stracta reflect that the degree of

substitutability of types of land differs betweamd types (Huang, et al. 2004) and we
included a land supply curve to include the procels$and conversion and land

abandonment (Meijl et al. 2006). Furthermore we ehed that agricultural labor and

capital markets are segmented from the non-agui@ilfactor markets.

The general structure of the paper is the followiSgction 2 describes the recent
developments on the EU biofuel market and relatditips and it gives an overview
of the literature on biofuels and agricultural etk The methodological
improvements are described in section 3 and sedtishows the scenario results of
implementing the EU biofuel directive and some g&aity analyses with regard to
two key uncertainties: the oil price and elasti@fysubstitution between biofuels and
fossil fuels. The final section summarizes the onte and results of this paper.

2 EU biofuel markets and policies

The following graphs illustrate the dynamic devetgmt in the market of biodiesel
and ethanol in the EU. In Europe the biodiesel rewgng stronger compared to
ethanol with a current level of more than 6.0 mi@ftbiodiesel while ethanol
production in Europe is about 3.0 mio t. Almostflwdlthe EU biodiesel is produced
in Germany were it was stimulated by tax exemptions

Figure 2 here
Figure 3 here

Biofuels are just one element in the complex Eldteyy to meet the future energy
demand. The EU Biofuels Directive presented byEbeCommission in 2003, set out
indicative targets for Member States. To help ntleet2010 target — a 5.75% market
share for biofuels in the overall transport fuepply — the EU Commission has
adopted an EU Strategy for Biofuels. ThEuropean Union Biofuel Strategy’,
(European Commission, 2006a) and tRenewable Energy Road Map’, (European
Commission, 2006b) propose an overall binding taoc§e20% renewable energy by
2020 and a 10% biofuels-target by 2020.

Table 1 here



According to theEU biofuels directive, the EU Member States should ensure that
biofuels and other renewable fuels attain a mininsinare of their total consumption
of transport fuel. This share should lie, measumedrms of energy content, at 5,75%
by the end of 2010. These goals are not yet mangddiot this might be changed and
a discussion about higher shares in the futuregoing. Apart from initiative which
focus on biofuels other directives try to promolectricity produced from renewable
energy sources specifying a target for the shdrggeen electricity’ in 2010 (12,5%
without hydroelectric energy). These measures wecempanied by measures giving
additional leeway to member states for tax exempgtion favour of bioenergy.
Germany, for example, subsequently made use ofulhéax exemption which has
been a key determinant for the remarkable growthiafuel use in this country (see,
Figure 1)* Other national legislation also triggered a lagtimom in the production
of biogas from energy crops, in particular maizec8 agricultural land is limited, a
substantial expansion of energy maize acreage deswwéth other objectives, e.g.
those of the biofuels Directive.

Apart from these initiative most of the EU membiates are far away from reaching
the target of 5.75% in 2010. Table 1 illustrates thirrent situation and the average
use of biofuels in transport at EU-25 level is eatly (2005) at 1.0 percent. However,
in many EU member states the biofuel shares farspartation purposes increased
during the last years. This development can be agxgdl by above mentioned
introduction of tax exemptions for renewable enesdbut also by an increase in olil
prices which changes the relative prices in fadriofuels. This endogenous growth
can be expected to continue under a continuouslseasing price for fossil fuels.
However, it is the question whether the objectiae be reached in 20107

As in the EU the main drivers for increased biofdemand in the USA are high
energy prices and incentives provided by the Endpglicy Act of 2005. The

EPACTOS5 requires a minimum of 7.5 billion gallorapprox. 28.7 billion litres) of

renewable fuels (ethanol and biodiesel) to be usédde nation’s motor fuel by 2012.
Apart from the EU and the USA other countries l&anada, Brazil, Australia, India
and China also implemented targets for biofuelsma@s and market shares.

3 Biofuels and agricultural markets: results from the
literature

Modeling of biofuel is a challenge in terms of dateailability. Given the current
dynamics in the markets for biofuels it is diffitcdub build a consistent data base
which may serve for medium-term projections. Withire last two years many
existing model — partial and general equilibriumdals — focusing on agriculture and
food processing have been extended to represemirdigeiction and consumption of
biofuels. Most quantitative model results have béased on partial equilibrium
models, such as AGLINK, FAPRI, ESIM or AGMEMOD. @iv the medium term

! In Germany this tax exemption will be phased oitihiw the next years.



horizon of the most modeling applications, the ®oifithese models has been put on
first generation energy crops and biofuels areodiced with an exogenous shift in
the demand for commodities used in the productiohiafuels. With this focus the
model results show the impact of an enhanced derwartdofuel crops on agri-food
markets at national and/or global scale. Most model not consider"2 generation
biofuels and or implemented®yeneration biofuels on a more ad hoc approach.

The Scenar2020 project (Nowicki et al. 2007) idesgi the tightness of oil/energy
markets as a major uncertainty with regard to @llatusions concerning the future of
agricultural markets and rural areas. Thereforeirtipact of biofuels may be under-
estimated. They find, by using exogenous shiftera partial equilibrium EU model
called ESIM, that meeting 10% of EU energy requeata for transport in 2010
could take up 43% of current land use for ceraalseeds, set aside and sugar beet.
The 5.75% objective for 2010 in itself will requit&.03 mio tonnes of biofuels. If the
feedstocks are all grown domestically, this woudddnguivalent to 12.02 mio ha, or
9.4% of EU-25 agricultural land demand. It is pobgel, however, that in 2010 there
will be only 6.98 mio ha of agricultural land ustm produce biofuels feedstocks,
which is equivalent to 8.74 mio tonnes of biofudl8% of total biofuels used and
5.5% of total agricultural land demand. A corollasy the increased demand for
biofuels is the increased resort to biobased nase(partially motivated to replace
plastics, a petroleum derivative); the conjunctietween the demand for biofuels and
the demand for biobased materials is likely to remmpetition with other demands
for agricultural commodities.

According to estimates published by the Europeamm@ission (2006), which are
based on the same partial equilibrium model, odlsaeea would be 0.75 mio ha
higher than without biofuel policies and reach & ra as compared to 7.25 mio ha
without the expected increase biodiesel demandfl@uer seed area would expand
by 0.2 mio ha to 1.7 mio ha as compared to unclhbgeuel policies. Rapeseed area
would increase by 0.55 mio ha. Also cereal areddcexpand by 2.5 mio ha to 52.5
mio ha as compared to the baseline. Driven by highiees cereal production would
expand by 6% or 16.2 mio t from 266 mio t in thesddane to 272 mio t under the
biofuel scenario in 2010.

The FAPRI biofuel model has been used for simuigtite impact of trade policies in
the area of biofuel trade, especially the removdl &. import tariffs on ethanol as
well as the removal of the federal tax credit ffirrers blending ethanol (Elobeid and
Tokgoz, 2006). The removal of trade distortionsuices a 23.2 percent increase in the
price of world ethanol relative to the baseline.eTl.S. domestic ethanol price
decreases by 14.1 percent, which results in a &r&ept decline in production and a
3.2 percent increase in consumption. The lower dgtimerice leads to a 2.5 percent
rise in the share of fuel ethanol in gasoline comsion. There is a strong increase in
U.S. net ethanol imports increase by 192.8 perderrazil production increases due
to the increase in ethanol world prices by 8.8 @etron average with a corresponding
decline in Brazil ethanol consumption. The remowéltrade distortions and the
removal of domestic subsidies in the U.S. to refifdending ethanol induces a 22.5
percent increase in the world ethanol price.



The OECD AGLINK model has been applied to analyre impact of biofuel
production on land use in Europe and other regioriee world (OECD, 2006). The
main findings indicate that the three OECD regidhg, US, Canada and EU (15)
would require between 30% and 70% of their respeaturrent crop area if they are
to replace 10% of their transport fuel consumptignbiofuels, assuming unchanged
production technologies, feedstock shares and grells, and in the absence of
international trade in biofuels or use of margioalfallow land. However, only 3%
would be required in Brazil. The additional demdod agricultural commodities
resulting from increased biofuel production is k& substantially affect the world
agri-food markets. The major producers of biofuel8razil, the US, the EU and
Canada — are expected to significantly reduce theorts of the respective feedstock
commodities or to increase their imports. Compacea situation with unchanged
biofuel quantities at their 2004 levels, crop psice 2014 could increase by between
2% in the case of oilseeds and almost 60% in the ohsugar.

All these studies show that a shift in demand fgricaltural products leads to

substantially increased agricultural market prieesl increased land use. From a
methodological point of view this paper contributiesthe existing literature by

endogenises energy markets, including energy psliavere biofuels compete with
fossil fuels. Furthermore, like the OECD study icludes the crucial global

dimension but we endogenice international trade alwv for the use of marginal

lands.

4 Modeling of biofuels

Biofuels are modeled as a ‘blend’ of bio-based potsl and fossil resources used in
the production of fuel. We assume that agricultralducts, such as vegetable oils,
sugar-beet-cane, grains and/or wheat are direstiy @as intermediate inputs next to
crude oil in the fuel production. The relative inn@amce of these two kinds of inputs
(corrected for their energy contents) determines #hare of biofuels in the
production of fuel. We assume that biobased andilfagputs are substitutes and
therefore the biofuel share is dependent on r&agitices between bio-based and
fossil inputs and on policies. An increasing demandio-based products creates the
additional demand for land and land flows from faethted products to industrial
products. To model this process properly we intoeduthe new land market model
taking care of limited substitution of differenhthtypes and limited land availability.
Since the 2001 GTAP data base does not fully adcimurbiofuel use and its rapid
developments in the last years, we adjust theraiglata.

In this sections we describe the methodologicalrawgments which are crucial for
modeling biofuels in a global general equilibriunodel. First, the standard general
equilibrium model (including the data) that is usexla starting point, secondly the
contributions to the energy markets to model bibfdemand and thirdly
improvements to the modeling of crucial factor nedsk Finally, we describe the
adjustments to the data.



Standard GTAP modd features

This biofuel implementation uses a modified versabthe GTAP multi-sector multi-
region AGE model, Hertel (1997). This multi-regiomodel allows us to capture
inter-country effects, since the biofuels and thd Biofuel directive influences
demand and supply on the world market and thereforéd market prices, and hence
will affect trade flows and GDP. The multi-sectaménsion makes it possible to
study the link between energy, transport and afjual markets.

In the standard GTAP model each single region idetied along relatively standard
lines of multi-sector AGE models. All sectors arequcing under constant returns to
scale, and perfect competition on factor markets@ariput markets is assumed. Firms
combine intermediate inputs and primary factorsndjalabour and capital).
Intermediate inputs are used in fixed proportidng,are themselves CES composites
of domestic and foreign components. In additione ttoreign component is
differentiated by region of origin (Armington assption), which permits the
modelling of bilateral (intra-industry) trade flowslepending on the ease of
substitution between products from different regioRrimary factors are combined
according to a CES function. Regional endowmenttaond, labour and capital are
fixed. Labour and capital are perfectly mobile asrdomestic sectors. Land, on the
other hand, is imperfectly mobile across altermatigricultural uses, hence sustaining
rent differentials. Each region is equipped witheoregional household which
distributes income across savings and consumptiperalitures according to fixed
budget shares. Consumption expenditures are ald@aross commodities according
to a non-homothetic CDE expenditure function.

GTAP data used

Version 6 of the GTAP data for simulation experitsemvas used. The GTAP
database contains detailed bilateral trade, trahgmal protection data characterizing
economic linkages among regions, linked togetheh widividual country input-
output databases which account for intersectanhties. All monetary values of the
data are in $US millions and the base year forioeré is 2001. This version of the
database divides the world into 88 regions. An tamlthl interesting feature of version
6 is the distinction of the 25 individual EU Meml&ates. The database distinguishes
57 sectors in each of the regions. That is, fohesHche 65 regions there are input-
output tables with 57 sectors that depict the backvand forward linkages amongst
activities. The database provides quite a greatildet agriculture, with 14 primary
agricultural sectors and seven agricultural prdogssectors (such as dairy, meat
products and further processing sectors).

The social accounting data were aggregated to gidns and 13 sectors (see Annex
Tables A2.1 and A2.2, respectively). The sectorggregation distinguishes
agricultural sectors that can be used for produdingfuels (e.g. grains, wheat,
oilseeds, sugar cane/beet) and that use land,rardyesectors that demand biofuels
(crude oil, petroleum, gas, coal and electricifyje regional aggregation includes all
EU-15 countries (with Belgium and Luxembourg as oegion) and all EU-12
countries (with Baltic regions aggregated to ongia®, with Malta and Cyprus
included in one region and Bulgaria and Romaniaegaied to one region) and the



most important countries and regions outside Elhfem agricultural production and
demand point of view.

Energy markets

The model is extended by introducing energy suligiit in production by allowing
energy and capital to be either substitutes or ¢ements (GTAP-E, Burniaux and
Truong 2002) . Compared to the standard presentafigroduction technology the
GTAP-E model aggregates all energy-related inpatstlie petrol sector, such as
crude oil, gas, electricity, coal, petrol produaisder the nested structure under the
value added side. At the highest level the eneetpted inputs and the capital inputs
are modeled as an aggregated ‘capital-energy’ ceitg(See, Figure 4)

Figure 4 here

To introduce the demand for biofuels the nested €ia8tion of the so-called GTAP-
E has been adjusted and extended to model theitatibat between different
categories of oil (oil from bio-crops and crudeyodthanol and petroleum products
and in the value added nest of the petroleum sdet®, Figure 5). The model
presents the fuel production at Non-coal leveledéhtly compared to the approach
applied under the GTAP-E model. The non-coal aggeegs modeled the following
way: 1) The non-coal aggregate consists of twoaygregates, fuel and gas. 2) fuel
combines vegetable oil, oil, petroleum products etiénol. 3) Ethanol is made out of
sugar-beet-cane, grains and/or wheat.

This approach is able to present an energy sectmrenvindustry’s demand of
intermediates strongly depends on cross-priceioelaif fossil energy and bio-fuel-
based energy. Therefore, the output prices of #teokindustry will be amongst
others a function of fossil energy and bio energggs. The nested CES structure
implies that crucial variables for the demand faoflels are the relative price
developments of crude oil versus the developmenthefagricultural prices. Also
important is the initial share of biofuels in pration of fuel. A higher share implies a
lower elasticity and larger impact on the oil maskd-inally, the value of the various
substitution elasticity’sdruel and Tethanol ) @re crucial. These represent the degree of
substitutability between crude oil and biofuelsr #os paper both values are 4, which
are based on our focus on the medium term (2000)2@hd the value of the
elasticities in the lowest level applied in Burniaand Truong (2002).

Figure 5 here

In addition, prices for outputs of the petroleundustry will depend on any
subsidies/tax exemptions in the respective EU Mensltates which affect the price
ratio between fossil energy and bio energy. Finallyd most importantly for current
EU policy, the level of demand for biofuels will beeavily determined by any
enforcement of national targets through, e.g. miamgainclusion rates. Possible
mandatory inclusion rates of bio-fuels will be implented as exogenous shifters at
the level of the intermediate demand of the petroléndustries which will then lead
to an increase in domestic production and/or ingoftio-fuels.



Mandatory blending, such as the EU biofuel dirextie modeled by a subsidy given
to the petro-industry to reduce the input prices bmfuel inputs. This subsidy is

modeled as an endogenous variable which varieseleetvitU Member States. To
implement this incentive instrument as a ‘budgettrad’ instrument it is counter-

financed by an end user tax on petrol consumption.

Factor markets;

To analyze the impact of biofuels we change thadeted GTAP model to included
some key characteristics of related markets. Reatiy the functioning of the land
market is crucial. Therefore we included a new dainstructure to reflect that the
degree of substitutability of types of land diffdretween land types (Huang, et al.
2004). The land use allocation structure was exénoly taking into account the
degree of substitutability of types of land différstween types (Huang et al., 2004).
Therefore, OECD’s more detailed Policy Evaluationddl (OECD, 2003) structure
was used. Moreover, we included a land supply cumech specifies the relation
between land supply and a rental rate, to inclii@eptrocess of land conversion and
land abandonment (Meijl et al. 2006). Through thisd supply curve an increase in
demand for agricultural purposes will lead to laedversion to agricultural land and
a modest increase in rental rates when enoughisazahilable, whereas if almost all
agricultural land is in use increases in demandleald to increases in rental rates. In
comparison to the Meijl et al. (2006) paper we ioyad the empirical
implementation of the land supply cunl®y including estimated elasticities for
individual EU15 countries (see Cixous, 2006) andedter measurement of the
position of the asymptote

Next to these changes to the land market we intediuhe stylized fact of factor
market segmentation for labor and capital betwegrcatural and non-agricultural
markets. If labor were perfectly mobile across dstigesectors, we would observe
equalized wages throughout the economy for workaits comparable endowments.
This is clearly not supported by evidence. Wag&dbhtials between agriculture and
non-agriculture can be sustained in many coun{aepecially developing countries)
through limited off-farm labor migration (De Janvey al., 1991). Returns to assets
invested in agriculture also tend to diverge froeturns of investment in other
activities. Factor market segmentation is introdiulog specifying a constant elasticity
of transformation (CET) structure that transforrgsi@iltural labor (and capital) into
non-agricultural labor (and capital) (Hertel andeKkig, 2003). The elasticities of
transformation can be calibrated to fit estimatiethe elasticity of labor supply from
Policy Evaluation Model (OECD, 2003).

Agricultural policies are crucial for the developmef biofuels. As we focus on the
EU biofuel directive, we include some key featumdsthe Common Agricultural
Policy such as the introduction of endogenous caftral quota as a
complementarity problem (Meijl and Tongeren 2002).

Adjustment of the GTAP 6 database towards biofuels

Developments in the biofuel sector are extremest. faherefore, we updated the
GTAP database to include the latest developmeims.calibration of the biofuels in



LEITAP is based mainly on sources published in A.@ht's World Ethanol and
Biofuel Reports as well as the F.O. Licht IntenaetiDatabase for Ethanol and
Biofuels (F.O. Licht 2007). Current use of biofugls EU member state level are
derived from Eurostat and publication of the Eump€ommission (see table 1). For
implementing I generation biofuels the GTAP data base has bejaistad for the
input demand for grain, sugar and oilseeds in tegofeum industry. Under the
adjustment process the total intermediate use esdettthree agricultural products at
national level has been kept constant while thetimige in non-petroleum sectors has
been adjusted in an endogenous procedure to repgd2l04 biofuels shares in the
petroleum sector (corrected for their energy casden

5 Scenario results

5.1 Scenario description

To assess the impact of biofuels and related iz use the Global Economy of the
EURURALIS project as a reference scenario, (WaggmnUR and Netherlands
Environmental Assessment Agency, 2007). This seensran elaboration of one of
the four emission scenarios of the IPCC, as pubtisim its Special Report on
Emission Scenarios (SRES; Nakicenovic et al., 2@0@) the Dutch Central Planning
Bureau (CPB) detailed focus on Europe with moreioma and sectoral
disaggregation (CPB, 2003).

Table 2 here

We use the Global Econonfgquivalent of A1 of SRES) scenario which assuthes

WTO negotiations are successful, global trade fulyeralized and a further
eastwards enlargement of the EU including Turkese(sTable 2). Technological
change is high. This scenario shows the highesiniecgrowth for almost all regions
(CPB, 2003). In this paper we focus on the medieinmtof 2001-2010.

In the reference scenario there is a strong iness® in GDP per capita across all
regions covered in this analysis. However, groveies differ between regions from
1.6% p.a. in Japan Korea to 4.4.% p.a. in Asia, (Bable A-3 in the annex).

In the policy scenarios we take the implementatibthe EU bio-fuel directive as an
example for a mandatory blending obligation andsiilate the consequences of this
biofuel policy on the national and international rkedas for agri-food products. In
these scenarios we apply two different rates ofdatory blending in the individual
EU member states: a) a 5.75% obligatory blending Bh a 11.5% obligatory
blending rate which have to be fulfilled in eacHiindual member state.

As the biofuel market is surrounded with unceriagtwe perform sensitivity
scenarios with regard to two of the main key faxterthe development of the world
price of crude oil and the elasticity of substiatibetween different inputs in biofuel
production in the petroleum industry.

The following section will present the results tbe reference scenario which does
not assume any enforced mandatory blending tarfet. impact of EU biofuel
policies are presented first at global level arehtht national level for some selected



countries within and outside the EU. Note, thatamihe policy scenarios only the
mandatory blending obligation within the EU are mipad. All other policy
instruments remain unchanged compared to the refergcenario

5.2 Scenarioresults

With an enhanced biofuel consumption as a conseguehthe EU biofuel directive
prices of agricultural products tends to incredses is especially the case for those
products which are directly used as biofuel crapsder the reference scenario real
world prices for agricultural products tends telde conform their long term trend,
see Figure 6. This is caused by an inelastic denf@ntbod in combination with a
high level of productivity growth. Under the BFD#5% scenario world prices rise
relative to the reference scenario. The real poeoilseeds shows a positive
development in contrast to their long term trendmPared to the US and Brazil
where ethanol consumption dominates the biofudbsethe EU biofuel is based on
bio-diesel, which is reflected by the increasernogs of these products. Under a more
enhanced scenario (BFD-11.5%) prices of sugar arghts also start to increase. The
crude oil price declines a little bit due to théraaluction of the biofuel directive as
demand for crude oil diminishes.

Figure 6 here
Figure 7 here

Even without a enforced use of biofuel crops thfoagnandatory blending the share
of biofuels in fuel consumption for transportatipmrposes increase. This endogenous
increase in biofuel production is due to the fheit tthe ratio between crude oil price
and prices for biofuel crops changes in favor affuel crops (see, Figure 6). Under
the reference scenario biofuel shares increase higiest increase is in the already
integrated market of Brazil where the initial 208Hare of more than 29% expands to
more than 33% in 2010. In Germany and France tldeganous growth of biofuel
share leads to biofuel consumption for transpanain 2010 of 3.3% in Germany and
1.3% in France. These results reveal that withootaamdatory blending the 5.75%
biofuel share will not be reached in the membetestaf the EU. Even under a
scenario with a strong increase in crude oil p(Reference-high oil pricencrease in
oil price is 20% higher than in reference scenatl® shares in biofuel use in
transportation will remain below 5.75%. Higher qitices affect Brazil biofuel
consumption significantly. Here biofuel shares @ase above 48%

With a mandatory blending the EU member statedlftiie required targets of 5.75%
under BFD-5.75%and BFD-11.5% However at the expense of non-European
countries. Under the BED-5.75%¢enario the share of biofuel use declines iniBraz
by 7% and under the BFD-11.5%¢enario by almost 15%. This decline in biofuel
production non-European countries is due to theess®e in relative prices between
biofuel crops and crude oil. The enhanced demanditduel crops in the EU under
the BFD scenario leads to an increase in worldeprior these products and hence to
a decline in the profitability in fuel productiommpared to crude oil. However, the
increase in biofuel crop demand in the EU over-cemsates the decline in non EU
countries and at global level the use of biofu@perfor fuel production increases




under the BFD scenarios. A good indicator for ttheelopment is the decline in
crude oil price under the BFD scenarios compardl veference scenario, see figure
6. Given the assumption that biofuels lead to @82 emissions than fossil fuel the
decline in the world oil price also indicates thia EU biofuel directive leads to less
CO2 emission on the global level.

Figure 8 shows that the EU — both EU12 and EU15IHb@come net-importers of

agricultural commodities used for the production mbfuels under the biofuel

scenarios. South and Central America as well asrdtigh income countries expand
their net-exports in agricultural products for lief production.

Figure 8 here

Compared to world income growth the annual growtles of agricultural production
are quite moderate in the reference scenario. énBb and in the region of high
income countries agricultural production is alsogatevely affected by the
liberalization which is implemented in the Globaldeomyor reference scenario. At
aggregated level total agricultural production @ages in the reference and both
policy scenarios. In all regions mandatory blendatgp leads to an increase in total
agricultural output, see Table 3. Comparing the BFIb5% scenario with the
reference the strongest relative increase in agwi@l output takes place in the EU15
and South and Central America .

Table 3 here

Table 3 presents the results for changes in oilpeeduction which strongly expands
under the policy scenarios. Oilseed productiorhan EU27 increases from 5% in the
Reference to 29% in the BF-5.75% and to 49% irBiRel 1.5%.

This production developments lead to a similar grattof land use developments
(Figure 9). Land use increases in all regions cosgavith reference and therefore
also at the global level if the biofuel target amplemented by a mandatory blending
commitment. In the EU15 the decline in agricultdeasdd use, as a consequence of the
liberalization in the reference scenario, almosterses under the BFD-11.5%
scenario. This expansion of agricultural land useaaglobal scale and especially in
Southern America might indicate a decline in biedsity in these countries as land
use is an important driver for biodiversity, seeDZR006.

Figure 9 here

Apart from the direct impact of an increase in be&f demand on prices and
production, the changes in agricultural income fragricultural are significant
(Figure 10). The EU farm income increases relatovéhe reference scenario where
farm income declined after reduction of income amite support. The positive
development in incomes is mainly due to higher adfural prices. Agricultural
income outside the EU increase; in South and CleAtrerica by almost 5% under
BFD-11.5% relative to reference scenario.

Figure 10 here



As outlined above the targets set in the two biokee=narios are (endogenously)
enforced through a subsidy on biofuel crops usen@smediates in the petroleum
sector. To obtain budget neutrality this subsi@iesfinanced by a user tax on petrol
consumption. Overall the petrol prices increasenvaibout 2% to meet the 5.75%
mandatory blending obligations and with about 8%nteet the 11.5% BFD as
feedstocks are more expensive than crude oil tdym® fuels. Figure 11 illustrates
the internal subsidies on biofuel crops in the gdletrm sector which are required to
fulfill the given targets by making feedstocks catitive with crude oil. The
subsidies are high and rank from 20% in Swedealtlost 50% in the UK. The level
of the subsidies is determined by the initial b&fgshare and the availability of
feedstock to make biofuels. If the 11.5% biofuekdiive is mandatory in 2010 than
the subsidies increase to the range of 45% to @%8b.required subsidies to meet the
targets are very high indicating that fulfillingethargets is a challenge for the EU
countries.

Figure 11 here

These subsidies indicate the difficulties most E€mber states will face to meat the
targets given in the EU biofuel directive. The idiilties might be surpassed by
making biofuels more competitive due to higher Is\a## technical change to produce
biofuels. Higher yields and especially more efinticonversion technologies are
needed to make biofuels competitive (Dale, 2003).

The importance of changes in oil prices on the ltesaf this analysis is given in
Figure 11. Under high oil prices the subsidies meglito implement the biofuel target
will drop significantly. In Sweden — the currenvfit-runner in terms of biofuel use in
the EU — the subsidy is almost zero.

Figure 12 here

Figure 12 shows that the macroeconomic costs msaf a lower GDP per capita
growth are limited in the EU countries.

5.3 Sensitivity analyses

As the biofuel market is surrounded with unceriagtwe perform sensitivity

scenarios with regard to two of the main key fagt@ection 4 pointed out that for the
biofuel development the development of the worldgof crude oil and the elasticity
of substitution between fossil fuels and feedstockghe petroleum industry are
crucial and surrounded with uncertainty. In sect®@ we already included some
sensitivity analyses with regard to a higher oit@r Table 4 confirms that a higher oll
price of 20% induces substitution away from fodails to biofuels, as biofuels
become relatively cheaper. The higher share ofublefin fuel production increase
demand for agricultural products world wide whielad to higher world price, biofuel
production and land use.

Table 4 here

The substitution elasticity between fossil and bet$ indicates how easy fossil fuels
can be replaced by biofuels. In the paper we assunwedue of 4 conform the value
used in Burniaux and Truong (2002) at that levedisTvalue is surrounded with
uncertainty but not unrealistic given the short wmil 2010 as production process



have to be adjusted and capacity has to be buitimFa pure technological point
fossil and biofuels are close substitutes indigaéirhigher substitution elasticity in the
long run. Table 4 shows the results with highsttéty of substitution of 20. The

relatively price increase of fossil fuels to bidfuén the reference run now induces
more replacement of fossil fuels by biofuels, inipdy higher biofuel shares, world

prices, biofuel production and land use.

6 Summary and conclusions

This analysis shows that enhanced demand for Bieieps under the EU biofuel
directive has a strong impact on agriculture abglaand European level. The long
term trend of declining real world prices of agtiatal products slows down or might
even be reversed for the feedstocks used for H&fukhe incentive to increase
production in the EU will tend to increase landcps and farm income in the EU and
other regions. The EU will not be able to prodube feeding stocks needed to
produce the biofuels according to the BFD domelyiand will run into a higher
agricultural trade deficit. Biofuel crop productioexpands in other highly
industrialized countries and especially in Soutk &entral America (Brazil). The
results heavily depends on the development of caoildprice. The higher the crude
oil price the more competitive biofuel crops becampetroleum production.

Without mandatory blending or subsidies to stinilite use of biofuel crops in the
petroleum sector the targets of the EU Biofuel aive will not the reached in 2010.
A mandatory blending leads to higher petrol priaedeedstocks are not profitable to
use in fuel production given the current technasgiThe increased demand for
feedstocks raises their price relative to the ndgpand adds therefore to the challenge
of making biofuels competitive. Therefore, if hiefs have to be competitive in the
long run investments in R&D are needed to obtaghér yields or better conversion
technologies. However, in this paper the analyseases only on®igeneration bio-
fuels as we focus on the period until 2010. Deasion R&D investments should
take into account the"? generation biofuels as these promise to be mog¢ co
effective and more effective in reducing greenhayseemissions.
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Fig 1. World fuel ethanol production and crude oilprices: 1970 — 2005
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Fig 2: Biodiesel production in the EU, 2005 (1000 t
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Fig 3: Bioethanol production in the EU, 2005 (1006
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Fig 4. Capital-energy composite in GTAP-E
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Fig 5: Input structure in the petroleum sector

Non-coal
ONcoL
uel
Veget. Oil Petroleum  Ethanol
oil products Ottrerol
Suoga-bee Whea Grair Forestn

Fig 6: Changes in real world prices, in %, 2010 reitive to 2001
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Fig 7: Development of share of biofuels in fuel c@umption for
transportation for selected regions, in %, 2001 ah2010
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Fig 8: Changes in net biofuel crop trade, in billUS$, 2010 versus 2001 (in %)

10

_.rrl-f-{ _u,qL -I}

al

Africa Asia C&SAmer EU12 EU15 Highlnc

B Referencelll Reference, high oil pric BFD-5.75% OBFD-11.5%




Fig 9: Changes in agricultural land use, in %, 2010elative to 2001
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Fig 10: Development in agricultural income, in billUSD, 2001 and 2010
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Fig 11: Subsidy rates on biofuel crops required toneet the BFD target, in%,
2010
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Fig 12: Annual growth in GDP per capita, in %, 20012010
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Table 1: Progress in the use of biofuels in the Melper States, 2003-2005

2003 2004 2005

Member State Biofuel National

share Indicative

Target

Austria 0.06 0.06 2.50
Belgium 0.00 0.00 2.00
Cyprus 0.00 0.00 1.00
Czech Republic 1.09 1.00 3770
Denmark 0.00 0.00 0.10
Estonia 0.00 0.00 2.00
Finland 0.11 0.11 0.10
France 0.67 0.67 2.00
Germany 1.21 1.72 2.00
Greece 0.00 0.00 0.70
Hungary 0.00 0.00 0.60
Ireland 0.00 0.00 0.06
Italy 0.50 0.50 1.00
Latvia 0.22 0.07 2.00
Lithuania 0.00 0.02 2.00
Luxembourg 0.00 0.02 0.00
Malta 0.02 0.10 0.30
The Netherlands | 0.03 0.01 290
Poland 0.49 0.30 0.50
Portugal 0.00 0.00 2.00
Slovakia 0.14 0.15 2.00
Slovenia 0.00 0.06 0.65
Spain 0.35 0.38 2.00
Sweden 1.32 2.28 3.00
UK 0.03 0.04 0.19
EU25 0.50 0.70 1.40

12006;? Estimate.

Source: European Commission (2007). Biofuels PasgyReport




Table 2: Scenario assumptions

Trade policies

Stepwise elimination of all traderiess.
e 2010: 25% reduction compared with 2001
e 2020: 50% reduction compared with 2010
» 2030: abolished for all sectors

Domestic support if
agriculture

1 CAP reform 2003: full decoupling

e 2010: 25% reduction of domestic support, new
member states domestic agricultural support agoge
EU minus 25% reduction

e 2020: 50% reduction compared with 2010

» 2030: abolished for all sectors

Production quotas

2020: abolished

Bio-Fuels

No blending obligations

Set aside

Abolished in EU15 until 2010, never idtroed in New

Member States

Table 3: Changes in agricultural production, in %, 2010 relative to 2001

EU

d

Africa Asia C&SAmer EU12 EU15 EU27 Highinc World
Arable Crops
Reference 284 221 218 10.0 8.6 8.7 11.3 17
BFD-5.75% 28.7 222 238 11.2 10.8 10.7 11.8 17
BFD-11.5% 29.2 224  26.3 12.1 124 122 1238 18
Reference, high olil
price 28.8 226 244 10.2 9.3 9.3 13.3 18.2
Biofuel Crops
Reference 40.9 27.2 30.6 12.4 -70 45 124 17
BFD-5.75% 440 284 353 19.2 5.9 7.6 13.5 21.
BFD-11.5% 506 305 427 26.5 16.0 17.3 157 25
Reference, high oil
price 43.4  31.2 417 14.1 -23 -0.2 1738 22.
Oilseeds
Reference 35.8 248 274 3.0 54 5.0 255 23
BFD-5.75% 416 26.3 35.8 17.0 31.1 287 288 29
BFD-11.5% 51.0 28.2 46.3 28.8 488 454 35.2 35
Reference, high ol
price 43.9 30.5 38.2 104 152 144 40.2 32.




Table 4: Sensitivity analyses with regard to crudeil prices and the elasticity of
substitution between fossil and biofuels, in %2010 relative to 2001

standard high oil price high elasticity of
substitution

World price change
Cereals -54 -3.2 -3.7
Oilseed -1.7 3.7 -0.1
Share of Biofuels in Fuel Consumption for Transportéion
Germany 3.3 4.8 3.6
France 1.3 2.5 2.1
Brazil 33.9 47.9 41.1
Nafta 21 3.6 2.7
Oilseed production
Africa 35.8 43.9 37.9
Asia 24.8 30.5 24.3
C&S America 27.4 38.2 32.8
EU12 3.0 10.4 5.3
EU15 5.4 15.2 6.7
High income countries 25.5 40.3 31.5
Agricultural land use
Africa 12.7 12.9 12.8
Asia 4.7 4.9 4.7
C&S America 151 16.4 15.8
EU12 3.0 35 3.2
EU15 -7.2 -6.4 -6.9
High income countries 2.0 3.3 2.6




Table Al. Region aggregation

Regions Original GTAP v 6 regions

Belu Belgium; Luxembourg.

Dnk Denmark.

Deu Germany.

Gre Greece.

Esp Spain.

Fra France.

Irl Ireland.

Ita Italy.

NId Netherlands.

Aut Austria.

Prt Portugal.

Fin Finland.

Swe Sweden.

Gbr United Kingdom.

Euba Estonia; Latvia; Lithuania.

Euis Cyprus; Malta.

Cze Czech Republic.

Hun Hungary.

Pol Poland.

Svn Slovenia.

Svk Slovakia.

Apeu Bulgaria; Romania.

Reur Switzerland; Rest of EFTA; Rest of Europe;ahlia; Croatia.

Fsu Russian Federation; Rest of Former Soviet Union

Tur Turkey.

Meast Rest of Middle East.

NAFTA United States, Canada, Mexico

Ram Rest of North America; Colombia; Peru; VeneauRlest of Andean Pact;
Argentina; Chile; Uruguay; Rest of South Americen@al America; Rest
of FTAA; Rest of the Caribbean.

Bra Brazil

Oce Australia; New Zealand; Rest of Oceania.

Jp_ko Japan; Korea.

Chi China; Hong Kong; Taiwan; Rest of East Asia.

Ras Indonesia; Malaysia; Philippines; Singaporeiland; Vietnam; Rest of
Southeast Asia; Bangladesh; India; Sri Lanka; BESbuth Asia; Canada.

Naf Morocco; Rest of North Africa

Ssaf Botswana; Rest of South African CU; Malawi;2dmbique; Tanzania;

Saf

Zambia; Zimbabwe; Rest of SADC; Madagascar; UgaRdast of Sub-
Saharan Africa.
South Africa




Table A2. Sector aggregation

Sectors

in GTAP Original GTAP v 6 sectors

pdr |Paddy and processed rice
Wht [Wheat

Grain |Cereal grains nec
Oils |Oil seeds
Sug [Sugar cane, sugar beet
Hort [Vegetables, fruit, nuts

Crops [Plant-based fibers; Crops nec.

Cattle |Cattle,sheep,goats,horses; Wool, silk-worm cocoons; Meat: cattle,sheep,goats,horse
Oap [Animal products nec; Meat products nec.
Milk  |Raw milk
Dairy |Dairy products

Sugar [Sugar
vol |Vegetable oils and fats
Ofd [|Food products nec.

Agro Fishing; Beverages and tobacco products

Frs  IForestry
C_oil |oj|
Petro  |petroleum, coal products
Gas |Gas; Gas manufacture, distribution
Coa |coal

Ely  |Electricity

Minerals nec; Textiles; Wearing apparel; Leather products; Wood products; Paper
products, publishing; Chemical,rubber,plastic prods; Mineral products nec; Ferrous
metals; Metals nec; Metal products; Motor vehicles and parts; Transport equipment
nec; Electronic equipment; Machinery and equipment nec; Manufactures nec.

Water; Construction; Trade; Transport nec; Sea transport; Air transport;

Ser |Communication; Financial services nec; Insurance; Business services nec; Recreation
and other services; PubAdmin/Defence/Health/Educat; Dwellings

Ind




Table A3. Annual Change in Total GDP, in %, 200120

Reference BFD- BFD- Reference,
5.75% 11.5% high oil

Regions price
apeu 6.53 6.53 6.53 6.54
aut 2.18 2.18 2.14 2.16
belu 2.10 2.10 2.07 2.08
bra 1.52 1.52 1.52 1.49
chi 5.29 5.29 5.28 5.27
cze 3.63 3.63 3.58 3.62
deu 1.77 1.77 1.75 1.74
dnk 2.37 2.37 2.34 2.32
esp 2.87 2.87 2.84 2.85
euba 4.50 4.50 4.39 4.48
euis 2.82 2.82 2.75 2.82
fin 2.32 2.32 2.27 2.30
fra 2.31 2.31 2.29 2.27
fsu 5.15 5.15 5.15 4.95
gbr 2.06 2.06 2.05 2.03
grc 2.40 2.40 2.36 2.36
hun 3.48 3.48 3.43 3.46
irl 2.96 2.96 291 2.94
ita 1.73 1.73 1.69 1.69
jp_ko 1.44 1.44 1.44 1.43
me 0.35 0.35 0.35 -0.04
naf 1.84 1.84 1.83 1.71
nafta 1.77 1.77 1.77 1.76
nid 2.36 2.36 2.33 2.33
oce 1.01 1.01 1.01 0.98
pol 4.02 4.02 3.97 4.02
prt 2.31 2.31 2.28 2.28
ram 1.62 1.62 1.62 1.55
ras 2.39 2.39 2.39 2.36
reu 2.27 2.27 2.27 2.17
saf 0.81 0.81 0.81 0.81
ssaf 1.20 1.20 1.19 0.96
svk 4.39 4.39 4.31 4.38
svn 2.93 2.93 2.86 2.94
swe 2.30 2.30 2.28 2.27
tur 3.19 3.19 3.15 3.13

-29-



