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Abstract: Recent reforms in the Common Agricultural Policy #mel sugar regime caused serious concerns forutuzef
of the European sugar industry. At the same tiine,BEuropean Commission considers transportationfiéds as a key
factor for reducing reliance on imported fuels, ssibn levels of greenhouse gases and to meet deralopment goals.
Matching the sugar sector with bio-ethanol productioay create opportunities for sustainable managerogthe existing
sugar industry infrastructure and also serve bieHpolicy targets.

A partial equilibrium economic model is used in@rtb evaluate the shift from sugar to bio-ethgm@duction in Thessaly,
Greece. In the agricultural feedstock supply andustrial processing sub-models are articulated @ading optimal crop
mix for farmers and the best technology configaradi for industry. The joint ethanol-biogas optioppears to be
preferable using sugar beet and wheat, whereas égpselected amounts at 120 kt of ethanol.

Keywords. Sugar beet, grain, ethanol, mathematical programgntGreece

1. Introduction

Bioenergy refers to the energy produced from biglalgsources or biomass. Biomass may either beeourn
directly or converted into liquid or gaseous fugio-energy production in the sugar industry inclaideainly
production of bioethanol for automotive fuel puress Ethanol is the most common biofuel worldwide,
accounting for more than 85% of the total biofusé$l .Ethanol is typically blended with gasoline in erdo
expand supply, increase the octane rating of gassadind make it a less polluting, cleaner burnugd. finternal
combustion engines optimized for operation on adtdhels are 20 per cent more energy-efficient thdren
operated on gasolife and an engine designed specifically to run orareth can be 30 per cent more
efficient®.

Recent changes in European policies concerningubar and the bio-fuel sector, that complete 200@1@on
Agricultural Policy (CAP) decoupling reform, creadefavourable environment for ethanol productionelxy
sugar factories in Europe. This paper undertakegamomic evaluation of alternative ethanol proidunct
schemes in Central Greece (Thessaly) using suger dred wheat. Ethanol production is simulated in a
mathematical programming model that is coupledn@i@ble sector agricultural supply model. Agrodisity
surplus is maximised subject to linear and nonaineonstraints in order to determine optimal indust
configuration and size as well as energy crop dtiestand opportunity costs.

The paper is organised as follows: section 2 oearsithe institutional environment and relevant ges. In
section 3 technical options and information on sugaethanol transformation are detailed. Modeling
methodology and the case study are presented tibisec4d and 5 respectively. Optimisation resultsl an
discussion are given in section 6, and section mpeizes some concluding remarks and ideas for durth
research.

2. Institutional framework: CAP Reform and the European Sugar Industry



The creation of a common agricultural policy waspgmsed by the European Commission. It followed the
signing of the Treaty of Rome in 1957, which estl@dd the Common Market. The Common Agricultural
Policy (CAP) was agreed to at the Stresa conferémchuly 1958. The CAP established a common pricing
system for all farmers in the member countries, fixeld agricultural prices above world market leveb
protect farmers in member countries who generadg higher production costs than other world market
producers.

The main purpose of the Common Market Organizai@vO) in the sugar sector when it was created 6819
was to guarantee sugar producers a fair incomeodde self-sufficiency in sugar throughout the Goumity.
High prices paid by the consumers encouraged sugaluction in Community and import levies were used
deter imports from non-EU countries. The esserfeatures of the sugar regime were a support prce (
guaranteed minimum prices to sugar growers anduseyd to support the market); production quotalamit
production and distribute it across the Europeanmanity; tariffs and quotas on sugar imports froom+tU
countries; and, subsidies to export the surpluigér production out of the European Uffion

Strong support and protection given to the EU sisgator had many different results. First, the Eldadme a
net exporter of sugar as the supply expanded vesibid the demand. By driving a wedge between world
market prices and prices prevailing inside the HEw Sugar CMO originates a transfer of wealth from
consumers to producers and refiners. Also, sineeetkcess production was exported with refunds, rsuga
producers received the same revenues as they wellidg the sugar inside the EU market. Such sid=id
exports depressed world market prices, making giheiucers worse off. Since its creation in 1968, MO

for sugar has changed only marginally. The firgtrade was in 1975 following the United Kingdom’s egsion,
when the CMO incorporated that country’s previoosnmitments to certain African, Caribbean, and Racif
(ACP) countries to import raw cane sugar for refijnand subsequent sale on the UK market. The seugnd
modification came in 1995 following the Uruguay Rdy with a restriction on export refunds. The CM@sw
adjusted by making provision to reduce quotas édhent that the limit on refunds meant that thailable
surplus on the Community market could no longeekgorted with refund. Since then, in practicerrirfrbrts
increased the market equilibrium was re-establidgtyeeducing Community quotas (reduction mechanisin)

However, CMOs success in making sugar one of th& profitable crops in many EU countries has sutede
in delaying reform proposals until recently. Thénpipal causes for reforming the sugar program(ft52are
threefold: (1) the CAP reforms of 2003/04 movingnfr commodity support to direct area payments (fat
sugar as the only major commodity unreformed) ;tk2) “Everything But Arms” (EBA) agreement, allowing
the 48 least developed countries duty-free acaesbe EU sugar market by 2009; and (3) a World &rad
Organization (WTO) Panel ruling that found the BEigjar regime in violation of WTO export commitments.
Additionally, the EU offer to eliminate export sidligs in the Doha Round of WTO negotiations plageale

in shaping the reform propo&&lThese events led to the European Commissionisosal to drastically reform
sugar in 2005.

The reform proposals were designed to continue itgthecent reforms of the CAP and to meet itsrirgéonal
obligations. The stated aims of the reform aretg¢lgncourage reductions in domestic sugar outputicolarly
in regions with high production costs or lower sulgeet yields; (2) to bring export subsidies irelinith WTO
commitments; (3) to dampen incentives for EU suggorts from the EBA countries; and (4) to redulee t
price gap between sugar and competing sweetendosestall the substitution of sugar. The basidues of
the proposal afé:

! Traditionally, it has been admitted that the group of least developed countries (LDCs) should receive more favourable treatment
than other developing countries. Gradually, market access for products from these countries has been fully liberalised. In
February 2001, the Council adopted Regulation (EC) 416/2001, the so-called "EBA Regulation" ("Everything But Arms"),
granting duty-free access to imports of all products from LDC's, except arms and munitions, without any quantitative
restrictions (with the exception of bananas, sugar and rice for a limited period).



Q  Sugar price is reduced by 36 percent over a 4fykase-in period beginning from 2006/07 (to ensure
sustainable market balance, -20 percent in year-@3epercent in year two, -30 percent in yearghre
and -36 percent in year four).

O Minimum sugar beet price is reduced by 39.5 pert®efP6.3/metric ton over the phase-in period.

O Sugar production quotas are not reduced excepudhr@ voluntary 4-year restructuring program
where quota can be sold and retired. Payments dotagare €730/mt for 2006/07 and 2007/08;
€625/mt for 2008/09 and €520/mt for 2009/10.

O Restructuring is financed by quota levies on predsiand processors who do not sell quota. Total
value of the restructuring fund is projected a7€8. billion.

O Compensation is available to farmers at an avesd@d.2 percent of the price cut. The aid is ineldid
in the Single Farm Payment and is linked to paysméot compliance with environmental and land
management standards.

Q Establishment of a prohibitive super levy to belegabto over-quota production.

Q Non-food sugar (sugar for the chemical and pharotéza industries and for the production of
bioethanol) will be excluded from production quotas

The new Common Market Organization in the sugatoseevhich began in effect from July 2006, includes
progressive reduction of prices of sugar and sbegats as well as the reduction of quotas of sugyaedch of

EU country. These developments affected beet ptamuaramatically, due to the sugar beet cultiviatio
becoming economically disadvantageous and the sugasstries decreasing their production. According
estimates by the European Commission, total EUrspgaduction should fall to 12.2 million tons pesay,
which is equal to a decline of 43 per cent from2065 base yet. To achieve the target, based on estimates
of the combined profitability of the industry (greve & manufacturers) the commission classified Bls@gar
producing Member States into three groups, depgmatirtheir level of costs.

O Member States where sugar production is likelygadtastically reduced or even phased out: Greece,
Ireland, Italy, Portugal,

O Member States in the border zone: Czech Repubpejn$ Denmark, Latvia, Lithuania, Hungary,
Slovakia, Slovenia and Finland. In these MS, prd¢iduds likely to be maintained but at a signifitgn
lower level,

Q Member States where the decrease in sugar produgilbbe limited. It is even likely that overall
production would not decrease in some MS: AusBBalgium, France, Germany, the Netherlands,
Poland, Sweden and the UK.

The main achievements of the first three years §2@il 2009/10 (provisional status on January 3P09the
restructuring is 5.77 million tones of quota rencesh and out of 184 sugar factories, 79 have cldséd
Though the price for the consumer remained the s#meprice for the producer reduced. AccordindgeBA
initiative there has been a reduction of importiekibn sugar by 20% on 1 July 2006, by 50% on ¥ 2007,
and by 80% on 1 July 2008 until their entire eliation on 1 July 2008. In this situation the reference price
has been dramatically reduced from €631.9 to €5g&rZon from 1 of October 2008. Considering quota and
duty free entrance of LDCs country to the EU markie¢ reference price fronlof October 2009 will be
€404.4 per tof!,

3. Transformation from Sugar to Ethanol Production

Bio-ethanol can be produced from any feedstock timttains significant amounts of sugars or glucose
polymers such as starch and cellulose that carobeected into glucose via hydrolysis. Sugar obtifrem
feedstock such as sugar beets, sugar cane andssaelaa by-product from sugar production, cancoeénted
directly. Starch from feed-stocks such as cornatoais, wheat, rye, barley and sorghum is a gluposaner
that must be hydrolyzed using enzymes to glucoseomers prior to fermentation.

With changes in the EU sugar regime, and with WTlihg, the Common Market Organization in the EU has
excluded sugar and sugar beet for non-food usea(diog the chemical and pharmaceutical industries far
energy purposes) from production quota restricti®imultaneously, the European Commission substhntia
promotes bio-fuels for environmental reasons amardter to ensure a minimal level of energy indejeice of

EU. The States reduced their requirement for tag @pecial tax in the petroleum products is bagiocce of
income in all developed countries) when the fudtasn non-fossil origin, which renders competitivi®-fuels

that usually cost twice as conventional fossil sudlhe EU sugar regime set compensation, by theegUlation
(EC) 320/ 2006 both for growers and industries. @ensation for producers and beet growers was set at



amounts of €145.5M for restructuring, €43.6M fovadsification and €123M for growers. In particuldr,
outlines that 100% of the restructuring compensatidll be made available if full dismantling of mhaction
facilities occurs, while 75% of compensation wil Imade available if the option of partial dismangliof
facilities is taken (i.e., a reduction of €36.4Mséfme facilities are retainétf). So, both the partial and complete
transformation of production facility for bio-eth@nin the sugar industry is supported by the retjpaand
according to the requirement and commodity prioe, price ratio of sugar to ethanol, one can chaose
optimal ratio between sugar and ethanol production.

Under the new CAP, the Greek sugar quota has rddu®0.2 percent and the Hellenic Sugar Indudtis)
has benefited by the amount of €118 million frdra £U. In order for the HSI to accept the reductbmhe
guota by 50.2 percent, the EU has offered finarsuiglport to the Greek Industry to be spent forruesiiring
and investment. For Greece, the initial amountditiand agreed was at €118 million, of which tae d&t
million have already been paid to HSI and the raingi 31 million will not be paid unless H.S.Co.dlly
implements its bio-ethanol progrérh.

The option of the H.S.Co. to convert altogether sugar plants to ethanol production was annount&D06,
however despite consecutive calls to investorgtieess is still open and the sugar factories ceaperation
without starting ethanol production. In this exseciwe will evaluate the conversion of the sugatofgcin
Thessaly to ethanol, following two different configtions:

The first configuration comprises the raw biomasxpssing units that outflow their product aftestfi
transformation phase towards the Bio-ethanol prodiainit. The sugar-beet processing unit also pced
pulp top shoots. Besides ethanol stillage fromrgaaid sugar-beet being produced, the former is tsed
produce DDGS, the main by-product of the activity.

The second configuration includes a “biogas pradanainit” generating “green” electricity and heait of pulp
top shoots and stillage from sugar-beet. In thi®team and electricity previously bought are gefferated
within the plant, whereas pulp is not sold anynginee it is used in the biogas unit.

4. Methodology and model specification

Models for optimisation of bio-energy conversiorelseto determine plant size and technology. Detailed
information is included on capital and administraticosts (which decrease with plant size), on béeia
conversion costs (proportional to the output), &dl &@s on transport costs (increasing with plane)siRaw
material costs are often assumed proportional éootitput and biomass price is perfectly elastis thonstant

no matter the quantity demanded by the plant. erotvords, agriculture is not given special at@mtssuming
that production is undertaken in homogeneous lamtifarm structures. A typical example of this eegiring
approach is a model by Nguyen and PH&eon bio-ethanol from sugarcane and sweet sorghuAustralia.
Analysis is sufficiently complicated concerning gersion using single or mixed crops and variousspart
costs, resulting in optimal ranges of size of theversion plant. With regard to biomass raw maltecene and
sweet sorghum prices and yields used are consissuming a simplified view of the agricultural slypp

Partial equilibrium micro-economic models are usedmprove representation of the farm sector inoagr
industry models and the introduction of energy srspthe crop mix. For example, Treguer and S&dtieave
estimated the agricultural surplus generated byptbeuction of energy crops including sugar beesttwanol,
and assessed how these new crops can help to mafateers’ income and farms’ structure. Rozakisl an
Sourid™ built a partial equilibrium economic model in orde assist in the micro-economic analyses of the
multi-chain system of the biofuel chain in France.

On this track, the present study aims at evaluatiegconversion of a sugar factory to an ethanotipction
plant. It pays special attention to the fact thiahiass cost increases with higher demand and ladgocapital
costs per unit of output fall in bigger plants. tRarequilibrium agricultural sector modeling andgaeering
approaches, applied to the industrial model, aiatljo exploited to determine the appropriate techhi
configuration and size of bio-ethanol plant, anthatsame time raw material supply. The most &fficfarmers
will provide beet and grain at the lowest possihiees.

More specifically agriculture and industrial protioo are coupled in the frame of an integrated rhadtially
containing two sub-models, namely the agricultstagdply model and the ethanol production unit mobhethe
agricultural model, a large number of individuatnfe are articulated so that to adequately represgidnal
arable agriculture. Each farm selects a set o¥idie8 (cropping plan) in order to maximize grosargin. The
farm planning is governed by resource availabiligchnical and policy constraints. Main constraiats:



available land (both total land area and area hg tgpe such as irrigated, non irrigated etc.jgation water
availability constraints, crop rotational consttajrenvironmental constraints, and so forth.

The demand curve for most crops is assumed to tfecply elastic, i.e., the price of the crop assdne be
fixed and determined exogenously. This is a stroygothesis that does not hold in the case of alfalhe
demand curve of alfalfa has a negative slope, lsecaéhis commodity is bulky and long-distance tramsp
becomes complicated, so that its price is detemhinehe domestic market. There is a limit of gitgrthat can
be sold in the domestic market, and demand depantize quantity of ruminant livestock that consutm&hus
the agricultural supply model contains one quadrtatim in the objective function.

Profit maximization of the industrial unit deterramthe optimal size and technical configuratiorthef plant,
giving maximum income from sales of product andpbgeucts and minimal cost of production. The main
relationships shaping the feasible area of thestrfgumodel deal with capacity, sugar-beet to wiratib to
ensure maximal duration of operation during the ¥880 days), and capital cost linked to size (agercapital
cost is decreasing for increasing ethanol capagitldsually size determination is modeled by bimarynteger
variables, as in a bio-energy applicatidnthat also mentions a number of studies of the skime In this
study, since a continuous relationship is avaiffbleve preferred to introduce exponential terms (scale
coefficients) in the objective function renderirige tindustrial module non-linear also. Furthermdeedstock
supply i.e., wheat and sugar beet produced in fanmge to satisfy industry needs (raw material deirghould

be greater than supply). A number of balance caimf concerning by-products, material inputs and
environmental indices (such as water for irrigatioomplete the constraint structure.

The integrated model combines both agriculturaliaddstry objectives as its objective function esants
total surplus that is equal to the sum of induatrgl agricultural sector surpluses. It is writteiGiAMS code
and uses non-linear solvers. Algebraic notatiomoflel constraints and objective function along with
associated indices, parameters and decision vasiaoé detailed in the appendix.

5. Casestudy

5.1. Agricultural Sector

It is assumed that farms holding sugar-beet quath @ossessing considerable experience on its atitiiv
(since they had multi-year contracts with the sugdustry) will be the first and presumably mosticéént
suppliers of the ethanol plant with beet. The raafew choosing cotton cultivating farms beside stuget is
that an enormous number of farms cultivate thiplstarop in the region. In order to ensure profligbfor the
ethanol plant it is important to spread capital adthinistrative charges over a longer period. ihsoout to the
attractiveness of using mixed crops, in this caset land grains, to extend the processing seasbrahahus
count 330 days per year. The cultivation of irrgghtvheat is considered to supply ethanol plantriajng, first
because output is much higher than that of nogaited wheat, soft or hard, and secondly becausedns
extensive cotton cultivation replacing monocultwith cotton-wheat rotatidt?..

In the present study we use data on farm structwss and yields from 2001-2002, i.e., under tdeGAP is
considered (scenario 1) then changes of CAP, mew CAP element like decoupling of aid and cross
compliance are introduced then in the model (s¢er®: Farms which cultivated at least one strenfore
tenth of a hectare) of cotton or at least one witbar beet for the farming period 2001-2002 welecsed for
the study. A group of 344 arable farms out of alinfis monitored by the Farm Accountant Data Network
(FADN) satisfy the above constraint, representmtptal 22,845 farms of the region.

The main crops cultivated by those farms are: ®b#at, Hard wheat, Irrigated wheat, Maize, TobaGziton,
Dry cotton, Sugar beet, Tomato, Potato, Alfalfaadgtock maize and intercropped vetch to confornh Wit
cross compliance term of the new CAP. Data usedhfmiparticular crop and for each agricultural fasample
were: output (kg/acre), prices (€), subsidy (€/kd &/acre depending on the type of crop) and thiable costs
(Elacre). Variable cost includes: Seeds and segllpurchased, fertilizers and soil ameliorativastgztion
chemicals, fuels and lubricants, electrical enesggter, running maintenance of equipment, mainte@aof
buildings and landed improvements, salaries anibk@xes, and wages of hired labour.

In figure 1, one can observe surfaces cultivateati@tegional level by main crops in the base 882 as well
as the optimal cropping plan for scenario 1 (CAB®0Model optimal results approach closely to ob=e
surfaces forming a validation test proving the cielé model specification can be used to perforrdiptiens of



the farmers’ behavior under different parametees.sA national model of similar structiffépassed
successfully the validation test that increasedidence on non-linear sector models of Greek aratipping
systems. As a matter of fact, in the optimal solutivhen the model runs under the CAP 2003 regicenggio
2) cotton cultivation is significantly decreaseeplaced by maize, alfalfa and soft wheat. Also sbgat almost
disappears due to drastic price reductions.

model results vs. observed crop mix
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Figure 1. Observed and optimal crop surfaces at the regieral
5.2. Industry

Technical and economic data for the production @ssaf ethanol and determination of various castshe
industry model are drilled by Soldatos and Kallivssi$'® adapted to the conditions of ex-sugar factory in
Thessaly by Mak!. Data include a transformation ratio from whead angar beet to ethanol, corresponding
prices and required quantities (per produced quamti ethanol) of additional and auxiliary mattezsy.
chemical substances, the requirements in electeicafgy and steam and the corresponding costsugtiod
rate of by-products and the sale prices of prodetkednol and by-products.

The base capacity of the unit (35000 t EtOH) deiees the cost of investment, the cost of equipmi,
requirements for the workforce and a line from sdslirect and indirect) that concerned the econamalysis
as well as a pattern of the final cost of the finstl auxiliary matters, the cost of electrical ggeand steam, the
cost of maintenance and other costs of operattmatsconcern the production and the administratipert of
the unit. A scale coefficient of 0.61 is used inexponential function linking capital costs to glaapacity.
Allowable range of capacities vary from 10000 t®Q@0 t. Capital costs are shown in Figure 2 illatstg a
decreasing rate of increase of capital costs witheiasing scale. This means decreasing averagelcagsts are
associated with larger ethanol plants.
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6. Results and discussion

Parametric optimization of the integrated agro-stdal model determined the optimal crop mix fomfiers as
well as the best technology configuration for thdustry and size of the plant. As expected, biontasss
increase and transformation costs decrease withcigpn any case. Biomass costs are endogenousiy @y
the model (dual prices) resulting from changeshia ¢rop mix to satisfy the increasing biomass dehfeam

the industry. In figure 3 the evolution of optingbp mix at the regional level for increasing ettigslant sizes
is presented, starting from the CAP 2003 optimaltsm (for zero ethanol production presented infoam in

figure 2). Figures 4 and 5 illustrate results fapacities from 30 to 120 thousand tons of ethaAdl.
magnitudes are reported in average values perftethanol.

cultivated cropsin Thessaly including
biomass_to_ethanol

A
- . .

100

o 20000 40000 60000 80000 100000 12000

—m— sfw drw
ethanol capacity (t EtOH) eth_irrig_wh —kx—mze
—e— cot —+—sbt
alf

Figure 3. Evolution of cultivated surfaces by main food amergy crops.

Outflows (costs) consist of raw material costs gugeet and wheat), other variable input and lalbogt as
well as capital costs. Raw material cost is deteechiby the dual values of biomass demand satisfacti
constraints for both energy crops, multiplied bgpective quantities. The model maximizes total ifgpothus it
proposes the highest possible capacity. If we miadraverage profit (profit per ton of ethanol) thewer than
120000 ton capacities are preferred although aeepeafit is almost stable.

Key results of the model concerning the originahfaguration are presented in figure 4. One can olesthat
average costs always exceed average inflows. Betlage cost is minimized in capacity range of 6kb
ethanol. Explicitly, average capital costs begi@4t euro/t for small plants (30000 t) and decreaget4 euro/t
for maximal capacity (120000 t). Other variabletsdsomprising labour and administrative expensksmical
inputs and steam and electrical energy) start feosimilar level for the small plant (249 euro/tyt tunlike
average capital costs they remain almost at the $avel per unit for higher capacities (240 euro/t20000 t).
Sugar-beet and wheat amount at almost 50% of ¢ottlfor small plants but this element increases7t for
120000 t plant.



ethanol production inflows and outflows
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Figure 4. Inflows and outflows per unit of ethanol (configtion 1)
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Figure5. Inflows and outflows per unit of ethanol (configtion 2)

Concerning the configuration of ethanol plant withown biogas facility results are considerablytdre and
they are presented in figure 5. Average cost cotdérsects average inflows for plants up to 70068pacity.

Capital costs are higher, as they incorporate invest cost of biogas unit beginning from 446 eufortsmall

plants (30000 t) although rapidly decreasing to @6/t for maximal capacity (120000 t). Other ahté costs
(which now only comprise labour and administrates@enses and chemical inputs as heat and elegtaicit
produced by the biogas unit) start from a much lolereel of 51 euro/t for the small plant and thesciease to
41 euro/t for higher capacities (120000 t). Sugsettand wheat amount at 46% of total cost for loardgjties

(small plant) but their part increases to 63% fe¥ tmaximal capacity 120000 t plant. Maximum average

total profit is observed at the level of 120 000stcthus determining the optimal size of the plant.

7. Conclusions



This paper attempts an economic evaluation of thasel production in the context of the ex-sugalustry in
Thessaly taking into consideration recent changgisd Common Market Organization for sugar in tHd.End
options considered by the Hellenic Sugar Industries

It is assumed that industry uses both beet anchgra produce ethanol thus spreading fixed chaoyes
greater production volume. An alternative scheme &igo been evaluated where a biogas production uni
consuming fermentation by-product satisfies thegnaeeds of the plant.

An integrated model articulating agricultural suppf biomass with its processing to ethanol maxingzotal
surplus determines the optimal production levelplant configuration including abiogas facility pes/to be
more successful from an economic point of view.lanp of 120 kt ethanol represents optimal plantacity,
and is the highest one in the examined range.

Further research should be conducted to take woumt uncertainflf!. Uncertainty issues concerning not only
demand side (ethanol and by-products price vdigtibbut also supply side (changing policy conteatw
competitive crop price volatility) need to be adséed in order to determine ethanol profitabilityhfidence
levels. Also additional technical configurationglirding recent research findings on promising crepsh as
sorghun?¥ could increase farmers’ gains.
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9. Appendix
Mathematical specification of the Model
Indices: Crops: {sfw: Soft Wheat, drw: Hard Wheat, wir: gated Wheat, mze: Maize,

mzf: Maize for fodder, tob: Tobacco, cot: Cottontd: Dry Cotton, sbht: Sugar
Beet, tom: Tomato, pot: Potato, alf: Alfalfa, viktercropped vetch }

K Crop(s) having demand curve with negative slope
r Irrigated crops: {tob, cot, mzf, wir, pot, sbtnipmze, alf, cot}
rot Rotational crops: {mze, mzf, tob, sbt, cot, tom}

eth, ddgs, pl Ethanol, DDGS: Dried Distillers Grains with SolupbRulp

Model parameters:

o} Price of crop |

Yi Yield of crop j

S Subsidy on output of crop |

suh Subsidy on area cultivated by the crop j

\ Variable cost of crop j

Preth, ddgs, pir Price of ethanol, Distilled Dry Grain Solubles (DB} pulp
X Total cultivable land surface of the farm

X Available irrigated land area of the farm

W Weight of farm

rot_coeff Rotational coefficient

dec_surf Decoupling surface

wi; Water requirement for crop |

Wi Water capacity of farm

wi; Total water quantity of the region

treth wii Transformation rate from wheat to ethanol
treth_sbt Transformation rate from sugar beet to ethanol
Oeth_base Reference capacity of 35000 tonnes

Decision variables:

X Area cultivated by crop

Qisbt, wirt Demand for sugar beet or wheat

Ofeth wir, eth sbi Quantity of ethanol produced from wheat or sugatbe
Ofeth, ddgs, pir Total quantity of ethanol, DDGS or pulp producedipear
tCing Annual total cost of the industry

Objective: Maximization of Total Profit
The objective function of the integrated model is:

n t
Maxz (p+s)yi+suh—v)x + z ((a — P2WyiX«) Yk = Vi) Xk + Peth® Ceth+ Padgs® Cadgs+ Prip * Clplp — tCind

j=1 k=1
1)
Subject to resource constraints:
Land constraint: Cultivated area may not exceeddta cultivable land area of the farm.
n
X — Xk £ X )
=1
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Irrigated land area constraints: Irrigated cropsaanay not exceed 10% more as of the total irmibkted area
of the farm in 2002.

> % <11% X% @)

Irrigation constrained: Water demand of the farmymat exceed to the water capacity (actual qugntifythe
farm.

ZWtj*XjSWtf (4)

Regional water constraint: Water demand for alinfarof the region equal to the total water quarditythe
region.

DED whr x = wh ©)

Subject to guota constraints:

Constraint on cotton, sugar-beet and tobacco &g area may not exceed areas cultivated cott@a02.

Xerop < cOeff* Xerop2002 (6)

Subject to flexibility constraints:

Maize for fodder area constraint: Fodder maizeivatibn area may not exceed by three times of maize
cultivated area for fodder in 2002.

Xmzf £ 3* Xmzf2002 ?)

Potato cultivation area constraints: Potato culiivaarea may not exceed 10% more as of the taitdtp
cultivated area of the farm in 2002.

Xpot £ 1.1* Xpot2002 ®)
Tomato cultivation area constraints: Tomato cuttova area may not exceed 10% more as of the totahto
cultivated area of the farm in 2002.

Xtom < 1.1* Xtom2002 9)

Subject to environmental and policy constraints:

Constraints on alfalfa rotation area: Alfalfa amay not exceed rotational coefficient times totatiational
cropped area.

Xait < ot _coeff* > X (10)
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Environmental constraints: Rotational vetch culiima may not less then decoupling surface dedugealfhlfa
and multiplied by obligatory percentage.

Xvik = obligatorypercentagé (dec_surf — Xar) (11)

Subject to biomass demand and supply constraints:

Wheat (sugar-beet) supply constraint: Wheat (sbget) demand by the industry may not exceed tha tot
supply of wheat (sugar-beet).

Quir < Z f ZW* Yoir * Xwir (12)

GeorS Y F ) W* Yoo Xent (13)

Balance constraints:

Total quantity of ethanol will be equal to the safrquantity ethanol produced from wheat and quamtihanol
produced from sugar beet.

Oeth = Cleth_ wir + Qeth_sbt = treth wir* Qwir + treth_sbt® Osbt (14)

Total quantity of DDGS will be equal to the demafdvheat multiplied by transformation rate from \ah¢o
DDGS.

Clddgs = tradgs_ wir * Qwir (15)

Total quantity of pulp will be equal to the demaofdsugar beet multiplied by transformation raterfreugar
beet to pulp.

Cpip = trpp _sot* Osbt (16)

Industry technical constraints:

Total capital cost is derived from expected capativided by reference capacity (35 000 t) expormnscale
factor (0.61) and multiplied by reference investimast (12.4 M Euro) and accumulated other investroest
factor (3.41).

TotalCapitalCost 3.41[@ o/ gy basgo'ﬁlEEZ.é (17)

Plant capacity constraint: Annual capacity of etgroduction of the plant (size of the plant) assd to be
between 10000 and 120000 ton.

10000z Qetn<120000 (18)
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