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Abstract. The paper investigates the impact of the EU Bisflarective (BFD) on the EU agri-food supply chain
using the computable general equilibrium modelt® world economy named LEITAP. LEITAP is an extahde
version of the Global Trade Analysis Project (GTARpdel including an improved land market modeling,
substitution possibilities between capital and gners well as between different energy sourcesidtiey biofuels,
feed byproducts of the biofuel production procesd aubstitution between different feed componemis feed
byproducts. The simulation results shows that thglementation of the EU BFD has a pronounced impacthe
markets of cereals, oilseeds and sugar and sholwsdimited impact on production and consumptidrother agri-
food commodities which are not directly affecteddigfuel production. The harvested area and praolucif biofuel
crops (grains, oilseeds) is expected to increaskErBy and 25% respectively and sugar production28% &s a direct
result the BFD. The EU-imports of these commoditiess expected to rise more than twice. The inangademand
for biofuel crops and sugar will lift domestic & of these commodities by 25% and 19% respectiuatyoverall
agri-food price inflation will be limited to 3% ithe EU and to less than 1% at world market level.

Keywords: EU Biofuels Directive, food supply chain, indirdeind use changes, computable general equilibrium
model.

1. Introduction

Rapid development of biofuels production is expgcte have a profound impact on agricultural
production and land use in EU. Already in the 2Q0®8 crop year, harvested oilseeds area and
production in the EU increased by 4% and 13% resmdy’, and it is expected that oilseeds production
increases further by 40% until 2018 [10]. This papins to evaluate the impact of the EU Biofuels
Directive (BFD) on the EU supply chain of biofuebps (grains and oilseeds) production and procgssin
for food, feed and fuel purposes.

In order to project the impact of the EU BFD on Ebod supply chain, we run simulation experiments
based on an extended version of the Global Tradalyais Project (GTAP) model. This extension
includes an improved land market modeling, sultitupossibilities between capital and energy a we
as between different energy sources including kisfueed byproducts of the biofuel production s
and substitution between different feed componantsfeed byproducts.

This paper is organized as follows. Section 2 bhtces the model’s database and gives a short ewfin
the model. In Section 3, the scenario set-up isriteed. The following section presents simulatiesults
concerning the impact of the BFD on the EU agridf@ector development. We close with a summary in
the final section.

2. Model and data

To run simulation experiments, we have used the BdAta based and an extended version of the GTAP
model: the so-called LEITAP model [9]. This versiohthe model incorporates some specific features
concerning the agricultural sector.

2 This paper is base on the preliminary resulthiefangoing EURURALIS project. For an EURURALIS
project seehttp://www.eururalis.eu/
® COCERAL crop forecastsittp://www.coceral.com/cms/beitrag/10010342/227949




2.1. Data

The analysis is based on a version 6 of the GTARbdae [5]. This database contains consistentatata

a worldwide basis for 2001. The GTAP database domtdetailed bilateral trade, transport and pradeact
data characterizing economic linkages among regiand consistent individual country input-output
databases which account for intersectoral linkadé® social accounting data were aggregated to 36
regions and 25 sectors. The sectoral aggregats&tingliishes all agricultural sectors (e.g. riceimg,
wheat, oilseed, sugar, horticulture, other cropsle; pork and poultry, and milk). An apart fronetagri-
food sectors LEITAP also describes the energy sgctg. the petrol and the electricity sectorsigisi
fossil (crude oil, gas and coal) as well as biogpénputs in their intermediate demand.

The regional disaggregation includes most of EU bwmstates as individual countries and all impdrtan
countries and regions outside EU from an agricaltproduction and demand point of view.

For modeling biofuel policy options and implemeniiingt generation of biofuels, the GTAP data base
has been adjusted for the intermediate input ofngsugar and oilseeds in the petroleum industry to
reproduce 2004 biofuels shares in the petroleurtosec

Besides of (bio)fuels, the biofuel production prsgeyields feed byproducts such as Dried Distillers
Grains with Solubles (DDGS) and oilsseed meals (BPEDn the supply side, we assume a constant
conversion ratio between grains and oilseeds dissitised to produce biofuels and resulting pradoct

of their byproducts On the demand-side, the GTAR dmse was adjusted for intermediate inputs of
byproducts as inputs in the feed production forlitrestock sectors.

2.2. LEITAP model

The LEITAP model is a multi-regional, multi-secthrstatic, applied general equilibrium model basad

a neo-classical microeconomic theory [7]. It isextended version of the standard GTAP model [1]1],[9
using, a multilevel nested CES production functionthe primary value added nest, the multilevelSCE
production function describes the substitution iffedent primary production factors (land, laboapéal

and natural resources) and intermediate produdtiotors (e.g. energy, and animal feed components).
The CES nest is also introduced to allow for st$tin between different energy sources including
biofuels [1]. The model uses fixed input-outputficeents for the remaining intermediate inputs.

On the consumption side, the regional households®imed to distribute income across savings and
(government and private) consumption expenditumring to fixed budget shares. Consumption

expenditures are allocated across commaodities ditgpto a non-homothetic dynamic CDE expenditure

function which allows for changes in income elasds when purchasing power parity (PPP)-corrected
real GDP per capita changes. Government expenditare allocated across commaodities according to
fixed shares. The commodities consumed by firmgegament and households are CES composites of
domestic and imported commodities. In addition, an@d commodities are differentiated by region of

origin using Armington elasticities.

Regional endowments of labor, capital and natueaburces are fixed and fully employed and land
supply is modeled by land supply curves [6], whigecify the relationship between land supply and a
land rental rate. Labor is divided into two categer skilled and unskilled. These categories are
considered imperfect substitutes in the produqpiaitess.

Land and natural resources are heterogeneous pirmudiactors, and this heterogeneity is introdubgd
using a CET transformation function which alloctitese factors among the agricultural sectors. @apit
and labor markets are segmented between agricatutenon-agriculture. Labor and capital are assumed
to be fully mobile within each of these two groufpsectors, but imperfectly mobile across them. This
leads to differences in prices of capital and labetween agriculture and non-agriculture. This is
implemented by using a dynamic CET function whdranges in capital and labor supply in agricultural
and non-agricultural sectors depend on relativecaljural to non-agricultural remuneration of these
factors and total factor supply. With the same adtiural to non-agricultural remuneration, laboidan
capital grow with the same rate in both sectorsithaqual to the total factor supply growth rate.

To introduce the demand of petroleum sector fofugis, a nested CES function is implemented to
enable for substitution between different categooiefossil energy and biobased inputs. The swibistit
elasticities were calibrated base on elasticitigdiad in GTAP-E model [2].



In order to model substitution between differer@dfecomponents and byproducts of biofuel production,
we extended the nest describing the substitutidwden different inputs in the animal feed mixture
production with an extra level: high energy feedmposed of grain, wheat and sugar beets, and high
protein feed, composed of compound feed, oil caickefaed byproducts (DDGS and BDBP). For other
feed components the nesting structure remains uigelth The elasticities in the two sub-nests are
typically very high, for example 100, while the was of substitution elasticity between the différen
categories are relatively small.

In LEITAP, most policy instruments are represerdedad valorem tax equivalents. These create wedges
between the undistorted prices and the policy siekiprices. For the dairy and the sugar quotaerBuU
LEITAP has been extended for quota regulation dional level [12]. All quotas are formulated as
complementarity problems allowing for an endogenaggme switch from a state when the output quota
is binding to a state where the quota becomes imatiry.

The EU biofuels directive (BFD) fixes the sharebidfuels in fuel used in transport. To achieve this
policy target, a subsidy on bioenergy inputs inghroleum sector is necessary to make bioenemtsn
competitive with fossil inputs. Since this poligystrument is assumed to be ‘budget-neutral’, tirgsat
subsidies are financed by a user tax on petrolwopson.

2. Scenario set-up

To analyse the impact of the EU BFD on EU food $ymhain, we run two scenarios: the Reference
(Ref) scenario which does not includes the EU BRD @ second scenario including the BFD.

The reference scenario depicts the EU and globmiaray development without the Biofuel Directive.
Because the impact of the BFD depends on the maamnoenic development of the global economy, the
reference scenario includes a set of assumptionsecoing the most important macroeconomic drivers
influencing the world economy in general and thd-gapd sector in particular. These assumptions are
related to the rates of technical progress, chaimgkdor and capita availability and the assodia@®P
growth as well as the population growth. These di@ctmainly determine consumer demand and
production factors supply.

The Biofuel Directive scenario differs from the Befnce scenario only for the implementation offhk
Biofuels Directive. The BFD foresees a minimum netody target for the use of bio-energy in the use o
fuel for transportation. The target is set to 5.7&36 10% by the end of 2010 and 2020 respectivady a
is assumed to be implemented in all individual Eehtber states.

For our simulation experiment, we have taken thé®GIbd population growth projections provided by
the USDA’s Economic Research Service (ERS). Wemssihat the capital stock will grow with the
same rate as the GDP and employment with the samteeas the population. For the projection of
productivity growth in agriculture, additional infoation on yields is derived from FAO forecasts. [2]
The sector-specific growth of sectoral total fagtooductivity (TFP) is implemented as so-called Ksic
neutral technical change with constant factor sajg.

Table 1. Main macro-economic scenarios assumpteresage yearly growth rates in 2001 — 2030

EU World
GDP 1.89 3.00
Population -0.012 1.097
Technological progress 0.46 0.61
Land productivity 0.91 2.09

The scenarios are build as a recursive updatitigeoflatabase in five consecutive uneven time steps
2001 to 2020. The two first periods update datapolity variables to the 2007 situation by takingpi
account the European Union enlargement, the Age008a reform and the introduction of Single Farm
Payments of the 2003 CAP reform and the macro-enandevelopment of the world economy. The
following three periods after 2007 analyze the egpgnces of the EU Biofuels Directive.



3. Simulation results

As expected, the simulation results show that thefuBls Directive stimulates the demand for biofuel
crops (i.e. grains and oilseeds) and sugar uspdottuce biofuels in the EU (Figure 1). The demaord f
other agri-food products remains similar to theelasbserved in the Reference scenario. The masorea
for these relative small cross-effects of the EUBBIN other agri-food products is due to the lowoime
and price elasticities for agri-food products imgel. Moreover, general price effects of the EWDBIfe
rather small. However, the EU Biofuels Directiveuls in a 0.23 percentage points lower GDP growth
in EU countries in 2007 - 2020 compared with thienence scenario, which is equivalent to almost 24
billion EUR in 2001 prices. The inflationary effaotduced by extra demand for biofuel crops is ratibgl

by the production increase encouraged by highduéiarops prices (Figure 2). A strong price inaea
can be projected for biofuel crops and sugar markdie EU biofuel crops and sugar prices incregse b
25% and 19% respectively in 2007-2020 in the BFBnacio compared with the Reference scenario.
World prices of these commodities increase by 4aBith1.1% for biofuel crops and sugar respectively.
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Figure 1. EU Demand for agri-food products: grovete in 2007 - 2020 (%).

30

‘I:ILand use B Real output price ‘

25

20

15 +—

10

Z —,_‘:. | l

BIO-Crops NoBio-Crops Livestock Sugar Other food Total agri  Total food Total agri-
food

Figure 2. Land use and output prices in EU in 20R020: difference between the BFD and Reference
scenarios (%)

Due to the EU BFD, demand for biofuel crops andasugcreases by 45% and 23% respectively. This
results in extra demand for agricultural land whieads to an upward pressure on land prices. Aeerag
EU land prices increase by 19% as the result BisfD@ective and the average world land prices %y 4



This leads to higher costs in agricultural produttivith consequently higher agri-food prices atbglo
level. The associated overall agri-food price iaseis about 3.1% and 0.8% for the EU and world
respectively.

As a consequence of the Biofuel Directive, the aggted increase in harvested area is rather modest.
However, indirect land use changes are strong sughificant changes amongst the composition of land
use. The EU and world harvested area is projecténttease by 2.2% and 0.8% respectively, but lelofu
crops area in the EU expands by 27.3% at the égststure, which decrease by about 3.8%.

The consequence of high demand resulting from floéuBl Directive implementation is an increase of
biofuel crops and sugar production by 27% and 12%pectively in EU. At global level cereal and
oilseed production increase by 7%, while sugar Buimgrease by 4% (Figure 3). Despite of a dectinin
pasture area in the EU, total livestock productienrease only little (-1.2%) and animal productiothe
EU becomes more intensive. Due to slightly increggroduction costs, production of other agri-food
products is only slightly lower in the BFD scenacmmpared with the Reference scenario.
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Figure 3. EU agri-food output growth in 2007 - 202@he Reference and BFD scenarios (%)
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Figure 4. The composition of average animal featksio the EU in 2020 in the Reference and BFD
scenarios

The EU BFD has two effects; a) a direct effect vaithincrease in biofuel crops production directed
in the petroleum sector and b) an indirect effelsere the use of biofuel crops is redirected froedfase
to fuel use. The high biofuel production in the BEDenario results in significant changes in the



composition of animal feed. Grains and oilseeds (tiofuel crops) are replaced by compound feed and
especially by feed byproducts. Figure 4 shows that share of the compound feed (that includes
byproducts and other processed feed) in the anfemdstock increases from 69% in the Reference
scenario to 75% in the BFD scenario in 2020. Atshme time, the byproducts share increases fro#h 1.5

to 9.5% and biofuel crops share decreases fromsilits to 7%. Also the use of other crops in animal
feed increases slightly in the BFD scenario congbari¢h the Reference scenario.
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Figure 5. EU agri-food exports growth in 2007 - @02 Reference and BFD scenarios (%)
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Figure 6. EU agri-food import growth by a destinatin 2007 - 2020: difference between the BFD and
Reference scenarios (%)

The higher domestic output prices in the BFD sdenhave a negative impact on agri-food exports
(Figure 5). The deterioration of the EU trade bedam agri-food products is due to additional intpor
demand and declining exports of biofuel crops. $thengest changes in exports are projected foublof
crops and for animal feed. Biofuel crops exportsrelases by almost 30% in the BFD scenario while it
increases by 20% in the Reference scenario. Ald®r @rops and sugar exports are significantly lowe
(by 13% and 15% respectively) in the BFD scenasimgared with the Reference scenario.

The Biofuels Directive implementation influencesinfaimports of those commodities used for biofuels
biofuel crops (Figure 6). The imports of these cardities in the BFD scenario are more than two times
higher than under the Reference scenario. Howetber,impact of the Biofuel Directive on total



agricultural and food exports is rather modest: 129d 4% increase respectively to compare with the
Reference scenario.
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Figure 7. EU agri-food exports and import valuel @301 USD) per group of counties in 2020:
difference between the BFD and Reference scen@iy's

The additional biofuel crops imports are mainlydiss an intermediate input in the petrol sectothin
sugar case, about 25% the additional exports id aseéntermediate inputs for food and feed prodycin
industry, 5% goes to consumers and the remainipgréare used to produce biofuels.

The regional agri-food trade development shows Iiafuel crops and sugar are imported from the all
over the world. However, other High Income courstid@d Central and South America contribute most to
additional EU biofuel crops imports (about 90% 02Q) while African countries contribute almost 45%

of the total sugar imports. In total, the EU trdiddance in agri-food products deceases by 22 billSD

as the result of the Biofuel Directive implementati

4. Conclusions

The simulation results shows the Biofuel Directiiglementation has a pronounced impact on grains,
oilseeds and sugar supply and use but an limitggh@inon production and consumption of other agri-
food products.

The harvested area of biofuel crops (grains andeeds) is projected to increase by 17%, while
production increases by around 25% as a resultnofeasing intensification of EU biofuel crops
production. Sugar production is expected to inadas12% as a result the EU Biofuels Directive. The
imports of these commodities are expected teeame by more than two times and exports are expecte
to fall by about 50% for biofuel crops and 15% $oigar. The increasing demand for biofuels crops and
sugar will raise domestic prices of these commeslitiy 25% and 19% respectively.

Due to the EU BFD, the use of biofuel crops in Bt petrol sector increases by almost 10 times.has t
result, less biofuel crops are available to feetnals but additional feed byproducts are produced.
Therefore, the share of byproducts used in compdeed increases from 1.5% to 9.5% while the share
of biofuel crops decreases from almost 14% to 7%nimal feed.

The Biofuels Directive leads to an increase of land agri-food products prices at global level. d.an
prices increase by 19% in the EU and 4% globalhe @ssociated increase in aggregated agri-foodgric
is projected to be 3.1% for the EU and 0.8% at avdelvel relative to the Reference scenario. The

* HighInc (high income countries) includes: NAFTApan, Korea, New Zeeland and Australia; Rest of
World includes: Former Soviet Union, Rest of Eurape Turkey.



additional demand for biofuel crops leads to lo®é&t agri-food exports and a deterioration of EU agri
food trade balance.

The analysis shows that apart from direct effe€snoenhanced demand for bioenergy on production an
land use, the indirect effects of the EU BFD dort@saAdditional production of biofuel crops withamd
outside the EU leads to strong indirect land usangbs which are partly compensated for a higher
availability of feed byproducts of biofuel produii Increasing supply of byproducts such as DDGS an
BDBP with a high content of protein, enables tossilite for feed cereals in compound feed which are
now used as inputs in the biofuel production.
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