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1. Intr oduction Abstract of cereal farm production

Ene crops are cuki Rising trends and volatility of fossil fuel prices and an E.U. directive that pqp n_Ot reach th_e afore
gy P motes bio-engy on the 2010 horizon as well as a CO2 reduction policy ientioned quantityCur
vated in Europe to a lge crease momentum for biomass in Europe as a renewabtyy exoerrce. Raw rent CAPreform decided
extent as a consequence (material cost is an important part of bio-egyeproducts, thus a valuable itemjy 2003 (Council Reguta
the revised CommoAgri- of information for entrepreneurs. For this reason there is a need for studieg 45 (EC) 1782/2003) de
cultural Policy in 1992, sessing biomass costs in Southern Europe, especially after the lastfarAP | bsidi f
known as MacSharry ye (from the 2005-06 cultivation period) that represents a fundamental shift@HPIeS subsidies from
- y policy. In this paperdedicated biomass cost for conversion in power plantsioduction thus restoring
form. 'Under this reform the farm gate is estimated in Central Greece, taking into account agricultcmhpetition (EU, 2003
set-aside was part of &policy changesA harvesting service provided by a cost-minimizing compa ¥1]). First estimates of
compensation mechanisnis incorporated into an arable agricultural programming model. Using an % Pimpact show that de
for price reductions agreeclytical technique which attempts to simulate the crop enterprise pIann(E%I i Its in high
for subsequent periog<Process at the farm level we present estimates of the regional supply of pling results in higher
q P “mass to engly under the current and the new Qf3ed on spatial and experOpportunity costs of ener
(199_3'94' etc.). In order tOjnformation. Results confirm up to a 50% biomass cost decrease if the ggwcrops previously cuki
qualify for the compensa caPpis fully applied to perennial ergr crops. vated in set-aside land

tory payments, farmers Résumé (Tréguer et al.,, 2005).

ShOkL)JIId fsetdaSIde a ?OnSIE La hausse des prix, la volatilité des carburants fossiles ainsi quedatdie However for Greek con
erable fixed proportion of ye 1y E. sur les bio-éngies a 'horizon 2010 et la politique de réduction deditions ~ the decoupled
their land (decided annual ¢missions de CO2 contribuent au développement de la biomasgétiéuer payments may result in
ly by the Council of Minis en Euope. Le colt de la mat@premiee, étant une paie considérable du lower opportunity cost for
ters of Agriculture, varied co(t de evient des mduits bio-énagétiques, constitue une information val | pp y h .
within the ran e’ 5-15% able pour les engpreneurs. Des études spécialisées sont nécessair par atemat'_v_e Crops as heavi
duri he d gd foll ticulier aprés la réforme de laA qui constitue un tournant imgant en ly subsidized crops such
during the decade Tollow matige de politique agricole en Eape. Ce travail estime le codt de la bioas cotton, tobacco etc. are
ing the reform)The provi masse issue des culsr péennes en Gréce Centrale sous linfluence Hereafter only partially
sion that non-food cropschangement de IaAZ. Le codt de la récolte (séce fourni par des erdr- supported or not suppert
were allowed to be culti Preneurs prives) est incorporé au modéle degprmmation mathématique dqulpar.)t all PP
i I'agriculture régionale. La technique d'optimisation permet de simuler : .
Vated.bon tge IaTd S(:“J:‘laSId'processus de décision au niveau des exploitations et captedtéité ré  The European Commis
contributed to launch Ra gionale par des avis d'exgtest de linformation spatiale. Les estimations desion'sWhite Paper on En
tional bio-enegy develop courbes d'off régionale de biomasse égeétique sont présentées selondife,gy strategy suggests the
ment programmes base(férents scénarios de politique. L'application du nouveau régime deGadt - increase of renewable €n
i io- met de réduie de moitié le colt de la biomasse gégque. —
on tax credits for bio-fuels. gaeq eIgy sources Contnbu‘“on

Thus, farmers introduced to 12% of the EU gross

enegy crops in _the land use pattern by taking prices lowg{jang primary enely consumption by the year 2010 (EU,
than those applied to respective food crops, therefore-assifg7y. Biomass contribution accounted for about 3%-of to
ing the_ V|ab|I|ty of_ bl'o-enegy industry For instance, in {5/ inland enegy consumption (EU15) in 1997, which e
1998 bio-diesel units in France could buy rapeseed raw MRals to 44.8 Mtoe (Million tons of oil equivalenfjhe

terial at 130 €/t when rapeseed for food was 160 €/t.-HoYhite paper bioengy objective on the 2010 horizon is set
ever, due to the fact that 'small producers' (i.e. those Wr,;'\%fn

to 90 Mtoe (equal to 8.5% of projected total gnpeon
produce less than 92 tons of cereals a year) have been (eq o 01 proj =

, - , ption), of which engy crops account for 45 Mtoe. In
empt from the set-aside obligation, emecrop production his respect, engy from biomass is regarded as a signifi

has not been undertaken in Greece where the quasi-totglify, potential contributor towards the reduction of fossil fu
el usage.

On the other hand, environmental global issues have be
come of such prime importance that the European Union
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strives to comply with its international commitments-proer, has failed to restrain Greek cotton production. In recent

moting alternative engy sources to that of fossil fuels.years, Greek cotton production has overwhelmed the Com

Thus, the European Commission published the Green Papem Agricultural Policy maximum guaranteed quantities

on the European strategy of egeisupply security (Green and triggered co-responsibility penalties, resulting in lower

Paper 26.6.2002 COM (2002) 321 final) that is later deprice subsidies for cotton farmers.

tailed in several directives and policy measures such as: This fact - combined with an increased exposure to risk
- directive 2003/30 on promotion of liquid bio-fuels forbecause of the expansion of cotton mono-culture - has

transport (EU, 2003 [2]) raised farmers' discontent and pushed them into seeking al
- directive 2001/77 on promotion of electricity generategbrnative crops. Specifying the new CAdgime, the Greek
by renewable engy sources (EU, 2001). government applied total decoupling to durum wheat and

The European Union Directive 2001/77/EC on the pr®5% decoupling to cotton. In this context, first estimates
motion of electricity produced from renewable ager show a 10-20 % decrease in grossgimarfor arable farms
sources (EU, 2001) demands, for every member state, 1R#@ hessaly that can only indirectly return to the farmers
of the national engry consumption and 22.1% of the electhrough the second Pillathat is in development initiative
tricity consumption to be produced from renewable gyer funding. Among other alternatives, such as support to the

sources by 2010. livestock industry and the cultivation of feed crops, the
- directive 2003/87 on trading system of greenhouse ggsanting of enagy crops in support of bio-emgr regional
es rights (EU, 2003 [3]) projects to generate electricity merits further study

Within the context of greenhouse emission, trade rights td-or this purpose the analytical framework of linear- pro
emit have been fixed for Greece and specified for each nggamming models is used in this paper in order to simulate
jor polluter For instance the Greek Public Power Corpordhe crop-planning process at the farm level focusing on sub
tion (DEH) has been allocated the right to emit about 33itutions of wheat and cotton by four perennial gper
million tonnes of CQ quivper yearA penalty payment of crops cultivated in experimental scale in Central Greece:
40 €/t is fixed for the excess quantity from the 2005 periodrundo donax L. (Giant Reed), Miscanthus x giganteus,
Given that DEH actually emits about 40 million tonnes dPanicum vigatum L. (Switchgrass) and Cynara carduncu
CO; equiv(including all productive units generating electriclus L. (Cardoon)The fact that no real market for multi-an
ity) one can calculate the price of interest of the Utility taual enegy crop cultivation exists creates no available pa
buy electricity from Independent Producers. Recent estameters representing rents paid by the farmers for harvest
mates report that the utility would buy lignite at 38"ht  ing and baling. In order to overcome thididiflty an inte

stead of 9 €%ttoday (Koutsouvelis, 2005). ger programming component is incorporated into the agri
- special subsidy of 45 €/ha for eggrcrops (Council cultural sector model that simulates the private company
Regulation (EC) 1782/2003) cost-minimising behaviour and determines the optimal

The above provision has been added in the decouplagmber of machinery for harvesting and baliFigjs allows
payment scheme of the new CAd% an exception to sup the estimation of engy supply from arable agriculture at
port enegy dedicated crops. the farm gate, consequently an assessment of the impact of

All the above raise interest in electricity generation frorthe recently revised CA® the opportunity cost of ergr
solid biomass. In this paper biomass for electricity- prarops and the suggestion offieient policy instruments
duced by perennial ergyr crops is studied, in order to-de specifically designed to encourage @yecrop develop
termine the opportunity cost, in other words to estimate tigent.
bioelectricity raw material supply curvéhe analysis is-s
patially dependent, assisted by Geographical Informatit% Methodology
Systems (G.1.S.) focusing oFhessalysituated in Central Past experience shows that the raw material cost, defined
GreeceThessaly plain is undoubtedly the most dynamic &t the farm level, forms a significant part of the bio-fuel
gricultural region of the country in terms of investments ifost. Due to an important spatial dispersion of bio-fuel raw
agricultural equipment undertaken the last twenty yeaf®aterial in many productive units (farms) and competition
The most important crops are cotton and durum whe&getween agricultural activities for the use of production fac
Both cotton - which has practically been cultivated d®rs (land in particular), strongly dependent on the GAd>
mono-culture in irrigated land - and durum wheat are sugost estimates of these raw materials raise specific prob
ject to co-responsibility payments in the context of the El@ms.Although it is important that this cost be estimated
CommonAgricultural Policy (CAP) Indeed, a member-S correctly three principal difculties are faced (Sourie,
tate exceeding its aggregate production quota foregoes a2@02).
duction in the intervention pric&his mechanism, howev  Firstly, the scattering of the resourdes mentioned, ac

* Since 1987 the EU has replaced this policy regime with an intervention mechanism consisting of: (i) an intervention price, (ii) an aggregate production quota, ca
led maximum quantity guaranteed (MQG) which is set at the country-level, and (iii) a reduction in the intervention price, called the co-responsibility levy, which
is applied to all cotton farmers when the actual cotton production of the country exceeds the pre-determined maximum quantity guaranteed. As a result of tt
initial favorable CAP measures, cotton cultivation gradually became the primary farm activity (and source of income).
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cording to the EUWhite Paper on RES (COM(97)599 fi
nal) tagets 8.5% of the EU15 inland fuel consumption in maxzzgu‘xaf +ZZ[5E_CMJIJ,J‘ (1)
2010 to be produced by biomags&cording to the engy feFeeC JeFdel
balance of Greece, 2003 (Ministry of development), the to At the optimum of (1) under constraints, surfaces <ulti
tal fuel consumption was 30.7 Mtoe (MiIIi(Tm)nnes of Oil vated by engy crops will be zero. Now consider a pro
Equivalent). In order Greece to reach such geafusing duction of a minimal quantity q of a cropyXy setting
crop residues and ergrcrops), it means that in 2010 abougiown the constraing x4 >q, where y represents the yield
1.3 Mtoe enegy should be produced by eggrcrops. of the enagy cropd. The objective function will decrease
Knowing that 1 toe equals to 10,000 kcal and the averaged the model will automatically calculate a result which is
enegy content of biomass is about 3,600 kcal per tonmgterpreted as the cost of the last unit produced to reach the
DM we conclude that about 325 thousand hectares cultivihposed quantity. It is the opportunity cost estimafehis
ed with enegy crops are needed (assuming that the avera@gult is an output of any optimization model under-con
yield is about 1 tonnes DM per hectard)he average farm straints, known as its shadow price equal to the constraint
size being about 5 ha, more than 130,000 producers shogilél valueThe opportunity cost will vary according to the
be involved in the activity assuming that no farmer Wi”-CUlproduced quantities q, within each farm but also across
tivate more that 50% of land with eggrecrops. In this het farms when the constraint app“es to all far@& mon_neg
erogeneous context, average cost is not a suitable concegfye quantities of non-food resources):
Secondly the competition existing between agricultural ' _
activities and non-food crops at the farm level. In order to 2, F«.; Tu; 2 24 vdeD 2]
satisfy agronomic constraints when introducing non-food 7**
crops, food rotation may be alteréithis competition im Thus, the engy crop supply takes into account competi
poses a minimum level of profitability for non-food cropstion with other non-food as well as food crops in @éar
We cannot consider the food activities and the non-foed afumber of farmsThese results underline the interdepend
tivities as independent so this Implles that the full cost vadnce between arable crops as well as Cross_price dependen
uation method results, which do not take into account efjes.The national model is a set of individual farm models,
dogenous dependences between crops, may be a misleadifighbly weighted to obtain a representative image of the
indicator to predict farmers’ decisions regarding gyer farms able to produce non-food culturEse dual values of
crop cultivation. the binding constraint (2) give the minimal pridggthat
Finally, the dependence of raw material costs on agriche industry must pay the producers in order to obtain the
tural policy measuresThe changes in agricultural policy demanded quantit@, Non-food crop production is dis
for example, a modification of the obligatory set-aside langibuted in an optimal way among the various farms f, so
rate or of the levels of direct subsidies to cropfcafthe that reduction in the objective function value, i.e. the total
opportunity costs. cost of production, becomes minimum. By increasing the
The microeconomic concepts of supply curve and epp@juantityQy, one obtains the correspondiRg The relation
tunity cost make possible a solution to theséatilties. P4=J4(0y is a (inverse) supply curve of the resoutice
These concepts could be elaborated in a satisfactory way Oy the optimal distribution of production is not satisfacto
using mathematical programming models, called supply when taking into consideration the equity criterion or
models, based on a representation of farming systerggher political criteria, the model could be modified by im
Thanks to supply models, it is possible to correctly estima$@sing rules of sharing out non-food crop productien a
these costs by taking into account heterogeneity and finaliyobng farms. Consequentlyhe opportunity cost will be
to aggregate them in order to obtain raw material supply fRigher as the solution of the modified model shows.- Dif
industry. ferent values of the parameters in the model (for example,
This approach also leads to an estimate of the agrieulttife rate of obligatory set-aside or of the quantity of bio-fu
al producers’ surplus, which is an item of the cost-benedifto be produced) give rise to a new supply cufhes, for

balance of bio fuels. Itis postulated that the farmers choasgch non-food crom, there exists a family of supply
among food crops Xand non-food crops &so as to max curves.

imize the agricultural income of their farm. . .

Thus, each producer f maximizes grossgima(g). Vari- 2.1. The Model specification
ables X take their values in a limited feasible area definedrhe general formulation of the model maximising total
by a system of institutional, technical and agronomic- cogross magin under cultivation, harvesting and baling €on
straints. The opportunity cost is obtained in the followingstraints is as follows:
way: Firstly transforming the coB€ients of the non-food Indices

cultures in the objective function, by removing the salesi crop  {Wheat, Cotton,Arundo, Miscanthus,
component, (thus there remain variable expenges€lib  Switchgrass, Cardoon}
sidies §): g enegy crop {Arundo, Miscanthus, Switchgrass,
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Cardoon}
j farm (land units in the map) {landunitl, .., tan MH, =ZHE¢,¢
dunit416} E is the total of harvesting monthghe

m machinery for harvesting and baling eyecrops parameteAV,, is the amount of available hours per month
where {Sillage, Lorry1l0Tractor65,Tractor90,Tractor1l00, for cultivation activities, based on regional climatic cendi
Cutter Windrower DrumMower Baler} tions.

t tractors' subset of machinery that require an eperaThe objective function of the model (eq. 3) represents the
tor {Sillage, Lorry10,Tractor65,Tractor90,Tractor100} total profit of the “arable farming activity” at the regional

I categories of the techno-economic data of machitevel as the total revenue minus the total cost of production.
ery {PURCHCOST ECONLIFE, MAINTENANCE, IN The total revenue includes sales and subsidies while-the to
SURANCE ANNDEPR,ANNDEPRINTER,ANNINTER- tal cost consists of the production cost, machinery cost for
EST, ANNCSC} harvesting and baling, fuel cost for harvesting and baling,

n months {Jan, Feb, MaApr, May, Jun, JulAug, and labour cost for harvesting and baling.

Sep, Oct, NoyDec}

r categories of labour {Operatddnskilled} Tl (B, sigs - 2C) 4y
Common Agricultural Policy (CAP) scenario -2, csc,)- (0P 4, (45, HC,, +25,, 2C,.). ¥ p @)
{CAP 2002, Reformed CARL* scenario), Reformed CAP -S(r 4, [HE,,+2E,,)
(2™ scenario)} h

Where the decision variablg ¢ is the cultivated area in  Subject to constraints:
hectares of crop ¢ and land unit f anjg is the respective  The first constraint (eq. 4) is a resource restriction of the
yield vector in tonnes HaThe parameteIP is the price of cultivated area of each land unit-farm to be lower than the
each crop in €t (assumed zero for emgr crops), while useful arable surface. Next equation (eq. 5) is a constraint
PStp and Scfp represent the subsidisation over pricéor the minimum produced quantity of biomass (correspon
(prlce subsidy’ onIy applies for “cotton” and for “CAPding to the equation 2 in the methodology sectidme
2002” scenario) and over area respectively based on theskhadow price of this constraint is considered as thgimar
gricultural policy context p. PG is the crop's cost of pro al cost or the opportunity price of biomass as explained in
duction parameter in € Bawhere land rent, overheads andhe previous section.
harvesting and baling cost of eggrcrops are not included.

The integer variablMN,is the number of every machine 2.4, =48, , ¥ fandp 4)
m while theCSG, parameter is the annual capital service
cost of every machine, in €, that includes annual deprecia 24wy Yur 2. ¥ p (5)

tion, interest, maintenance and insurance, while diesel pric(®¥
DP was considered as constafie annuaCSG;,, calculat Balance equations follovthat calculate the monthly -op

ed as erating hours of every machine based on the cultivated area
of each crop (eg. 6) and estimate the number of machinery
: ] required based on the monthly operation of each one and
C = 1- (1+d) ™= FVy + MNT, + INS,, the available hours per month (eq. 7).
where d is the discount rateV,, is the purchase value of Vs = ML (7, - Ay B+ BB ) Y o, mm, fand p ®)
the machineEL,,is its economic life anMINT,, andINS,, AV, M, >ZMO,W, ¥ m, nand p )

are the annual maintenance and insurance

HE, candBEy, . is the parameter of harvesting and-bal Finally, we have the nonnegative condition for the-vari
ing eff|C|ency of 'each machine for every crop in hrs,haables, while the variable of machinery number is integer (e
while HC,, candBC,, ..is the fuel consumption, in | 'hof  gs. 8-9).
machines for harvesting and baling respectivEhe con
stantR is the wage rate, while the index tr represents the 4, .30, , =0, ¥ c.f, 1, mand p (8)
subset of machines that need human operator

ASfis the parameter of the useful agricultural surface of MY, €N,V mandp ®)
each land unit, in hectares, while the constant D is the de
mand of biomass in tonneEhe index ec covers the subseB- 1he Case study
of enegy crops that produce biomas40O, , i, fis the var The main idea of this work was to identify how the re
able of monthly operation (in hours) of each machine féorm of the Commorgricultural Policy (CAP) for the pe
harvesting or baling, wherdP, . is the harvesting period riod of 2006 to 2013 will déct enegy crop production in
of each engy crop ,in months, that is the available perioGreece. For this reason, two main scenarios were analysed
for harvesting based on crops characteristics, with the modelThe first scenario was based on 2002 data

of prices and subsidisation of cotton and wheat and is called
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the “CAP 2002" scenarioThe second scenario was baseduantity of the specific regiokivhen the total production of
on the Council Regulation (EC) 1782/2003 (EU, 2003) arttle region was higher than its upper limit of the supported
is called the “Reformed CAP” scenarisccording to the quantity then the deduction cdefient resulted to be low
adoption of the above regulation by the Greek [aig not er that 1 (100%). So the subsidy of durum wheat for 2002
defined yet whether perennial eggicrops will receive the for Larissa region was calculated as follows: 155.6 + (344.5
decoupled subsidy or they will only receive the eger x 0.8874) = 461 € ha
crops subsidy of 45 € RaFor this reason, in the context of. . : y
the reformed CAPscenario, two sub-scenarios wereg'z' The Refomed CAP scenario - subsidies
analysedThe first was based on the assumption that perenAccording to the reformed CARvery farmer will re
nial enegy crops receive the decoupled subsidy in additioteive a decoupled subsijdyr the period 2006-2013, which
to the enagy crops subsidy of 45 € haFor the second it Will be independent of what the farmer produces and will be
was assumed that those crops receive only thggceops 2 percentage of the average subsidisation that they were re
subsidy We should note that besides subsidies, all the ogiving during the period 2000-2002. Egyecrops produc
er data such as prices, production cost, yield, etc. are cdifin will be subsidised by an extra amount of 45 euro per
mon for all the scenarios. hectare. For this analysis we have made the assumption that
The analysis focuses dtessaly region, Central Greece€ach land unit had a specific history of what the farmers
The total agricultural area dfhessaly is about 497 thou were cultivating in the pastVe have assumed that all 4rri
sand hectares, and 80% of this area (400 thousand hecta@@tgd land units were producing cotton; while non-irrigated
is occupied by arable cropBvo important crops in this re Units were producing durum wheat.
gion are cotton and durum wheat. Based on 2000 dat&ubsidisation of cotton farmm this case there will be a
(NSSG, 2000), the total harvested area of cotton was-16@€coupled subsidy which is 65% of the total subsidy and is
housand hectares and about 125 thousand hectares of 2§ € ha. The non-decoupled subsidy will be the balance
rum wheat. For this analysis, 416 land unitgarms - in a 0f 35% (546.5 € ha) and the farmers will receive this part
sub-region inThessaly were studiédrhere were two basic Of the subsidy only if they produce cotton agaimere is no
types of land units, irrigated and non-irrigated. In order t§uality deduction” or co-responsibility levyhose figures
estimate the subsidy that each land unit was receiving iy¢ere based on OPEKEPE data (M.Korasidis, pers. comm.
fore and also after the reformulation of GAR have made 2005).

the assumption that irrigated land units were cultivated withSubsidisation of dum wheat farmsBased on thAgen
cotton during the period 2000-2002, while non-irrigatefla 2000 subsidisation, the main subsidy for cereals for 2000

land units were cultivated with durum wheat. \_II_Vr?S 1(;1d318 €I h“aba_r(ljd 1?3.61 € H?]for fZOO%] and 2002. .
. . e additional subsidy of durum wheat for the same perio
3.1. CAP 2002 scenario - subsidies was 285 € ha per yearThere was a deduction cdiefent

According toAgenda 2000 the deficiency payments foon the additional subsigdjor every yearas described pre
cotton were coupled to production of every farm, while th@ously The quality deduction of 10%fatts the addition
subsidization of cereals was on the cultivated area. al payment, after its reduction by the deductionfcoent.

The subsidy of cotton for the year 2002 was about 55A% have assumed that the quality deduction will be re
T+ (data source: Ministry oAgriculture Development and turned to the farmers who cultivate durum wheat. Finally
Food of Greece, and OPEKEfEThis value was muli the deduction because of the max guaranteed excess quan
plied by the cotton yield of every land unit (primary dataljty, also afiects the additional payment after the deduction
in order to estimate the subsidy per hectare of each landofithe first codicient. This reduction is due to the excess of
nit for this period. our country of the maximum guaranteed value for the spe

Based also on data from the MinistryAgriculture De  cific period and it ranges from 5% to 10%. For our analysis
velopment and Food of Greece, the main subsidy of cereais have assumed that this percentage will be 10%.
for 2002 was 155.6 € hawhile the additional subsidy of According to the above data and assumptions, the farmer
durum wheat was 344.5 €-hdhe deduction coétient of will receive as decoupled subsidy the amount of 387.48 €
the co-responsibility payment for Larissa region was for thet. if he/she cultivates d. wheat or 361.23 €. iahe/she
same period 1%. This coeficient has been calculatedcultivates any other crop.
every year for each region according to the total producedased on the above information and assumptions we have

2 Elementary units are land-units as defined by the GIS (Geographical Information System). These land units aggregate homogeneous land pieces- (pixels) that
long to the same class. Adjacent pixels of the same class form a land unit (LU, in total 12,395 land units). Through the databases created, information regardi
agricultural land was processed to distinguish land classes: land units with similar soil type, slope, and current land use were gathered in the same class. 1,090 ¢
ses are considered in this case study (416 classes with arable crops). After obtaining this information, expert knowledge was used to estimate yields of all conve

tional and energy crops examined for each class (Varela et al., 2001).

® The region of study is a flat and hilly area, a part of the Thessaly plain, located in central Greece with an average farm size larger than that for the entire pla
The Spot XS image used focuses on an area about 45,000 ha in size extended around Farsala. Based on the satellite image, additional maps (road infrastruc

electrical network, population concentration, district boundaries) were geo-referenced and digitized (Rozakis et al., 2001).
4 O.P.E.K.E.P.E.: Payment and Control Agency for Guidance And Guarantee Community Aid - Greece
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the following analytical cases: 3.4. Yelds
- Durum wheat cultivated onrigated land The land u

nit will receive just the decoupled subsidy of the cottox?

(966 € ha.).

Specific data for the land units in Central Greece, on the
hessaly plain, were taken from the Bliener project
: " “MULTISEES -A Multiple Criteria DecisiornTlool for the
Si(‘jg\lfvriﬁrgewggﬁzgug“@tessogegggg%%g%g;d The sub Integration of Enagy Crops into the Southern Europe-En
i L : . elgy System” (\rela et al., 2001 he data that were used
cei\f:eoman tggﬁ“;?;%duI?Po“;g?;?tgliasngbz?dei}sgzgnner(i,v()lg‘);oe) thf r this analysis were the available surface and the yields of
is 1512.50 € ha & tton, wheat, cardoon and Miscanthus of each land unit.
' o " . Yields data for each land unit of cotton and wheat were es
- Cotton cultivated on non4iigated land This is a case timated using expert knowledge, combined with growth
unlikely to happen according to our assumptions. Nevg odel information assisted by GIS. In Central Greece, cot
ghGelIezsg,#:lfhg farmer decides to do so, the subsidy wil n is only cultivated on irrigated lanthus for modelling
i Enelgy cbps cultivated on figated land according to purposes, cotton yield on non irrigated land is considered as
: , ; ro. On the other hand, durum wheat can be cultivated un
our basic assumptions, all four perennial crops could %% - o " o
. " e r irrigated or non irrigated conditions but its yield under
cultivated under irrigated conditions. In that case, thI tigation is higher (able 1).

farmer will receive the amount of 1DE hd., which con ; . .
sists of the decoupled subsidy of cotton (966 €)halus Enegy crops _yleld data were based on estimations for
the subsidy of engy crops (45 € ha) crops productivity under real conditions. For this analysis,
- Enegy gops cglst/ivaté)d on non-ri'rg.ated land This case Cardoon and Miscanthus yield data of the Multisees project
. ar. theThessaly region were used as primary datese
could stand only for Cardoon, since we have assumed t .
the other threeycrops have negligible productivity und {a Eave begn_calc]lcjlated ulsm(gj] ex_pelrt kngwledge based on
o e, . e characteristics of every land unit. In order to use up-to-
non-irrigated conditions. In that case, although the yie C .
will be zero, the farmer may receive the subsidisation of d gpe estimations r?f al g% cropsdylelds, we have g‘ad%
rum wheat (361.23 € A3 plus the subsidy of erggr crops justments on those datehose adjustments were base
on estimated average yields data of “Bioggechains”

(45 € ha.), 406.23 € hain total. groject From the four engy crops under consideration,

ofvgﬁbss?giggﬁgﬁtgr;[hatctrge se strl(r)ndzﬁ::(?[ir;r(l) fvxtlgfeabbe?s\l: dagmlﬁ Srdoon is the only one that can be cultivated under Hrigat
- gy crops p : d and dry conditions, having higher yields with irrigation.
assumption that perennial eggrgrasses could receive notT

only the amount of 45 € habut also the decoupled subsidytj
Nevertheless, it has not been confirmed yet that perenni
enegy grasses will also receive the decoupled sub$idy 3.5. Cost of poduction

Lhis [jeasotﬂ, W? havg é\naklsed the second gub-scenaq’_{br this work, we have made the assumption that the cost
%Se t?” € reforme bA\ZI ere engy crtopfs unl eL{Si%nh of production of all crops remains constant between similar
Slderation receive as subsidy an amount ot only dand units (e.g. irrigated)otal cost of production of all

This analysis will give us the opportunity to record basi ; nventional an incl h f all cul
guidelines on the actions that Greece should take on {hisﬁé;%;(]cgcgsitigz a\l,\,ﬁicﬂ ?3 %Zle gﬁﬂeift Igbfpomsr‘lta%h?necr;

Sue. and raw materials cost, but not the cost of land and over
3.3. Prices headsThe variable costs for each crop are derived from an

According to the Ministry ofAgriculture Development accounting model (BEIEthat enables the breakdown of the

and Food of Greece, and OPEKEPE data,

for 2002, the price of cotton (subsidies n¢Tab.1.Yield distributionin the study area

inCIUded) was about 275 €, twhile the re wheat cdton cardoon mis@nthus arndo swtchgass
spective price of durum wheat for the san
period was 150 €t Those figures are the
most recent available data in Greece a ™Men 341 367 333 1085 1546 9.16 11.38 9.86
they were used for both scenarios. gDev 0.71 071 0.40 2.33 3.00 0.63 0.79 0.69

he productivity of the rest is considered as zero when cul
gﬁted on dry land.

Landtype nonirrig irrigated irrigated nomndrrig irrigaed irrigated irrigaked irrigaed

* Technical data of energy crops cultivation activities and crop yields in Greece were taken from the EU research project entitled “Bioenergy chairs from perel
nial crops in South Europe” (Project No: NNE5-2001-00081). More specifically, Arundo and Miscanthus technical data were taken from AUA data and from per
sonal communication with the Centre for Renewable Energy Sources (CRES) in Greece. Technical data of Switchgrass cultivation were taken from the data th
were recorded for the Bioenergy Chains project by the University of Bologna (UNIBO), while the respective data for cardoon cultivation were taken from per
sonal communication with the Polytechnic University of Madrid (UPM). Those data were analysed to calculate the production cost of the energy crops. For thi:
purpose, only primary technical data for perennial crops production were used from “Bioenergy Chains” project. This information was combined with techni
cal and economic data from previous experience of the Laboratory of Agribusiness management of the AUA and ongoing research (Psarou, 2005)-in order to pi
vide cost estimation for Thessaly.

Bee software available by the Agribusiness Lab, Dept. of Agricultural Economics and Rural Development, Agricultural University of Athens, URL:
http://www.bee.aua.gr

o
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costs of multi-annual crops in order to make them cempand the cost of irrigation was included in the total preduc
rable to those of annual cropping systems (Soldatos, 200&)n cost. Irrigated and non-irrigated cardoon cultivations

Land rent and overheads were not included because lia&e similar production activities, while the former is
model considers all crops as competitive for the same farahaged with the cost of establishment and annual irrigation
In the Thessaly region, the cost of water for irrigated farmectivities.Tables 2 and 3 present the cost of production of
is a flat fee. For this reason we have assumed that the aiktrops.
of water (not the cost of irrigation as an operation) is i . .
cluded in(the land rent and V\?e have excludgd this cz)st itrc;na Ha_rv_estlng and baling of enegy crops:
from the cost of production. activity analysis

All irrigated crops, either engy or conventional, can en  For this analysis we have made the assumption that al
ly be cultivated on irrigated land. In non irrigated lard uhough the production of crops is performed by individual
nits, those crops have zero cost and yi€hds prevents the farmers who maximize their profit using crop rotation
model from choosing an irrigated crop to be cultivated on(eombination of crops), harvesting and baling of gper
non-irrigated land unit. On the other hand, non-irrigatectops is performed by an individual enterpriSéis as
crops, such as Cardoon andWheat, can be cultivated-ei sumption was made based on the fact that harvesting and
ther on irrigated or non-irrigated lanflhe cost of produc baling mechanical equipment is specialized and expensive.
tion and the yields under non-irrigated conditions are low he enterprise owns a fleet of equipment and provides har
er. vesting services for the whole area.

Cost of Cotton and Durutwheat:The cost of conven  Arundo is harvested in chips, using a silage harvester and
tional crops production was calculated with the BEE Modh lorry, while the other three crops are harvested in bales.
el, using technical and economic data for Tiiessaly re  The mechanical equipment for harvesting and baling con
gion (Psarou M., 2005). Irrigated durum wheat is ghdr sists in various types of tractors, cut@indrower and a
with the additional cost of irrigation as an operation. baler

Cost of enagy crop productionThe production cost per All economic and technical data of those operations were
hectare of engly crops was calculated using the BEE Modbased on the “Bioengy Chains” project data. Using ma
el. This cost includes the cost of all agricultural operatiothinery purchase cost, economic life, annual maintenance
but not the cost of land, overheads and harvesting and kmid insurance, the annual Capital Service Cost (CSC) of
ing. It is the annual equivalent cost of production (cost elvery machine was calculatetihe annual CSC includes
establishment is included) and represents an estimationtted cost of depreciation and interest plus the cost of-main
the average production cost in Central Greédleenergy tenance and insurance. Harvesting and balifigiexicy in
crops except Cardoon were considered as irrigated crdpmirs per hectare and fuel consumption of every machine in

each crop were considered.
The total cost of harvesting and baling was calculated as

Tab. 2. Cost of conventional cro pspro duction in Thessaly region the annual CSC of machinery needed plus fuel cost. Fuel
euro hd cost was calculated as the cost of diesel € fitultiplied
Caton D. Wheat D. Wheat by the eficiency of the operation (hrs Hathe fuel con
(Irrigated (Non Irrigated (Irrigateg sumption (lit ht) and the total cultivated area of the crop
Labour 133.20 82.64 146.64 for every land unit.
Equipment 322.21 147.99 246.21 3.7. Number of machines
Raw Matrials 415.75 265.30 265.30 The private company needs to determine the optimal
Total 871.16 495.93 658.15 number of machines required for harvesting and baling

minimizing costs. Each crop has a specific period, in
Tab. 3. Annual equivalent cost of perennial energy aops productionin months’ when it can be ha}r\_/es_ted. In ord_er to maximize
Thessly region machinery usage and to minimize harvesting cost, we as
sume that the whole available period for each crop is
used.According to the needs (machine hours) of every
month and the availability (based on climatic and social
regional conditions), the model estimates the maximum
integer number of machines required according to the

euro hd

Arundo Miscathus Switchgass Cardoon Cardoon
(Irricated  (Irrigated  (Irrigated)  (Non Irrigaed  (Irrigaed

Labaur 92.99 141.96 85.37 4358 81.89 soptimal” crop mix.
Equipmet

s 88.00 122.63 90.87 37.68 80.39 3.8. Enemy Content

Maizials | 293.15  215.03 73.88 162.25 162.25 To estimate the total ergr from biomass, we have
Total used the average Gross Calorifiglue of the crops that
€/ha) 47414  479.62 250.12 243,51 324.53 resulted from Bioengy Chains project experimental
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fields in Central Greecéccording to those data the aver

age engy content of the four engy crops is as follows:

- Arundo: 18.55 GJ%DM,

- Miscanthus 18.93 G3 DM,

- Switchgrass 18.52 G3DM and
- Cardoon 16.94 GF DM.

This analysis gives us the opportunity not only to estima 100

the supply curve of biomass but also the supply curve-of e <>~ S Seaeeeettiteentasate
ergy. We can also determine the minimum demand eith

for biomass or engy units.

3.9. Other data

There are also other constant data that are important

the analysisThose data are: the amountMbnthly avail -
able hourdor agricultural operations dthessaly region es

timated based on the climatic conditions and social para...

eters of the region.

Fig. 2.Marginal biomass costs for perennial crops
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Cultivated land is usually less than occupied land (i-e. t Fig. 3.Marginal Biomass Cost (including harvesting) in € t-1 DM

tal land), because part of the land may not be able to
planted because of the existence of buildings and constr

tions, roads, paths, rocks, irrigation canals, lakes,Téike.

plied cultivation coefficiente.g. 90% to 95%), which ad

percentage of cultivated land to occupied land is a user s /n.—r‘-f‘

2000). In our analysis the cultivation cbeient afects on

justs occupied land size to cultivated land (Eidman et &
ly the cost of land so we have set it to zero, as mention 00 /

fect our results, we have set it to 95% for future tGive

before. Nevertheless, although this percentage does-not ﬁg/»—v“"—'
A AR

discount ratewas determined as 10%hediesel pricefor
agricultural use that was used in this analysis is 0.6 €

based on 2004 data.
4. Results

50

—a—Feformed CAP (decoupling applies to energy crops)
—m Reformed C AP (no decoupling to energy crops)

—&— CAP 2002
200 =1

T T T T T T
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TotalBiomass (Mg DM)

The regional model was run under the quantity constratate to ofer their total available area for eggrcrops culti
to produce biomass demanded by the conversion plant. Bi@tion.The maximum percentage of each land unit dedicat
mass production and harvesting cost curves are generaigdo biomass production was set at up to 50%.
separately for each ergr crop considered (graphs in-fig When all four perennial crops are allowed to be cultivat

ures 1 and 2)As there is no experience of eggicrop cul

ed, the least cost crop combination is revealed at the opti

tivation in the area, it is assumed that farmers would-heghal regional crop mix for a fixed biomass quantity de

Fig. 1.Harvesting and baling costs
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manded. Parametric solution of the constrained model
gives, after a number of iterations, supply curves generated
for different sets of assumptions.

Figure 3 presents the total myaral cost of biomass pro
duction for the three scenaridhe cost of harvesting is-in
cluded According to the “CAR002” scenario, the mgin-
al price of biomass ranges between 70 and 10 D&/t for
the supply of 10 to 95 kt (cardoon is supplied cultivated in
dry land) and raises to over 200*€D0M for higher pre
duction.This increase is due to the use of “expensive’ cot
ton land for engy crop cultivation (switchgrass) over 95
kt.

In the “Reformed CAR1s scenario)”, where it was as
sumed that perennial eggrcrops do receive the decoupled
subsidy the maginal value of biomass is dramatically-de
creasedThe maginal value ranges between 36 and 45 € t
DM for the production of 10 to 95 kt. If there is higher de
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mand, the mayjinal price raises to about 90 €0M. Acknowledgments
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