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1. INTRODUCTION

Biomass isthe first and the oldest source of energy used by humamsayl it is a renewable
source of energy with large exploitation potential. Thus, it could contrifougavironmental
protection, jobcreation and overall economaevelopment ofa country. Biomass consists of
various products from flora and fauna anctan be divided into wood biomass (forestry and
wood industry residuesshort rotation crops, waste wood from other activities and-rdjuct

wood from the agriculture), newood biomass (residues, dpyoducts and waste from plant
production and a biomass obtained growing oil seeds and algae) and biomass of animal origin
(waste and residues from animal husbandry). There are various methods to obtain energy from
biomassHeat energy could beroduceddirectly by combustion of bioma$s order to produce

steam forindustrial useor domestic hot water fohouseholds oelectrcal energy could be
produced in the steatnrbine process of small thermal power plaftants witha combined
production of electrical and heat energy are called cogeneration plants (or combined heat and
power, CHP) which ara suitable mean for explortg the biomass. Son@omassprovides oil

that could be used in diesel engin&thanol as a fuel ithe transportationsector couldbe
producedby the fermentation processBy the process of destructivéistillation methanol,

acetone or charcoal catsobe produced.

Croatian energy policy is focused toward increasing a share of renewable sources of energy in
direct energy consumption. Théghest increase expected in usage of biomass as an energy
source. These expectations are confirmetthémew action plan for renewable sources of energy
from 2013. Croatia has relatively highomasspotential whichcomprises forestry and wood
industry residues, firewood, residues from agriculture and biomass obtaineth&ooad and
infrastructure maintemee. In the next decade, it is expected to double the usage of biomass as an
energy source due to incentives and development of domestic wood processing industry. Building
new CHP plants will increagbe share and usage of renewable sources of energywilhiead

to meetingthe requirements ofhe Croatian energy policirror! Reference source not found.

and[2]. Usage of biomass as an energy sowitiecreate the need for deliberate cultivatioh
fastgrowing wood or Short Rotation Coppice for which bptior forestareas and agricultural

land aresuitable
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1.1 Application of biomass from SRC as an energy source

Primary produd miscanthus, poplar, willow and Reed Canary Grass (RCG) are transformed into
a solid biomass in a form of briquette or chips, pellets and bales using compact technology. Solid

biomass then can be used in the power and heat plants or CHP plants.
There are three types of crops which are suitable for the production obisoficel

Annual cropd planted and harvested every yéauch as grains, hemp or kenaf
Perennial crop$ once planted, growing 1P 25 years and harvested annudllguch as
miscanthusr RCG

1 Short rotation crops planted once every 2030 years and harvested every  yearsi

such as poplar, willow, acacia paulownias

High and constant amount of dry reat durability and low production cost afrees key features

of the best energy crops. Perennial growth, low agrochemical requirements, efficient solar energy
conversion and simplicity of conversion back to useful energy are guaranties that the energy
efficiency of this process will be high with a minimum impacttba environment. Pruning
flammable crops is better if done whémey're dry. Therefore, transportation, storage and
combustionare easier and heatg valueis higher.For manufacturing biogas, aps should be
pruned when they have optimum efficiency for manufacturing the gas. It is especially useful if
energy crops are suitable fosein existing power plants and combustion with currently used
fuel. Hence, the investmerdosts arelower because rdy pulverizing and conveyor belt are
needed. Ash content should lbgv, melting point of the asshould be high and combustion must

be without emissionfdharmful elements, e.g. chlogror heavy metal€hips from energy crops

are suitable for combustion with wood chips, peat coal and coal. Hemp, straw and RCG have
higher content of chlorinand lower melting point of ash from wood biomaskich should be
considered when mixing these and existing fietferences in heatg values are lower ifthe

amount of drymatteris considereagas shown in Table 1. Amount of water in bio fuel affects its
heatvalue In practice, variationin heaing valuecan be highLow input offertilizers and other
chemicalsin the cultivation process othese crops, hedpreduce negative impact on the
environment and increaséseir energy efficiency. It is important th#te crops can efficiently
convert solar energy during the process of photosynthesis. During this process, trees absorb
carbon dioxidewhich is then embedded intbe cell membrane, bole, leaves, branches and roots.

2 S2Biom Project Gra
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Hence, carbon dioxide accumulation in forest ecosysteaasnajor importance, mostly in terms

of greenhousgas emissionand potential warming dhe atmosphere.

Tablel. Fuel property3]

Unit Willow Hemp RCG Poplar | Soft wood
r'\]";'\fge content at % 50 1015 1015 50-55 50
zr;’t?é’r‘:“o” ofdy | Jhalyear| 610 5-10 4-10 10-20 35
Ash content % 29 15 1-8 0.5-1.9 1-2
Higher heating value| MJ/kg 19.97 18.79 19.20 1943 20.3
Lower heating value MJ/kg 18.62 17.48 17.28-18.72 18.10 18.97
Carbon(C) %DM 49.8 47.3 48.6 39.7 50.6
Hydrogen(H) %DM 6.26 6 6.1 7.7 6.24
Sulphur(S) %DM 0.03 0.04 0.04-0.17 0.2 0.03
Nitrogen(N) %DM 0.39 0.7 0.32 0.9 0.1
Chlorine(Cl) %DM 0.03 0.01 0.01-0.09 0.04 0.01
Aluminium (Al) 9/KQ ash 2.2 2.1 2.8 16.7 16
Calcium(Ca) 9/Kg ash 243 240 66.5 1893 2388
Potassiun(K) g/kgash | 1233 44.7 1295 286 80.7
Magnesium(Mg) 9/KQ ash 234 24 21.7 429 314
Sodium(Na) 0/KQ ash 25 35 7.0 3.6 4.6
PhosphorugP) 0/KQ ash 36.9 493 323 17.9 124
Silica(Si) 9/KQ ash 93.3 160 2183 178 739
gﬂsﬂ“”g point of the °C 1490 1610 1400 1160 1200

Two major photosynthesigpathwayg are C3 and C4 pathways. Generally, C3 assimilation
pathway is adapted to operate at low temperaturesZ16 A C) the Cdvihdtabotic pathway

is efficient at high leva of light andin tropical climats. Tropical grass, such as sugar cane,
corn, miscanthus and sweet sorghuare C4 crops. Theoretically, C4 crops can yield 55 t/ha of

3 S2Biom Project Gra Agr ec
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dry matter annuallycompared to 33 t/ha of dry matter for C3 crops. Howeheat,amount of dry
matter forC4 crops camnly beachievel in hot climate. Therefoe, C3 crgs are more suitable

for usein moderateclimate Most of the short rotation crofer energy production are C3 type,

e.g. willow, poplar etc. Generally, C4 crops are convenient for agricultural land, while C3 crops
can be cultivated on the lower qualitgnd. To make cultivation environmentally friendly,
transport distance should be as small as possible, preferably within 40 kmfrawtiube plant

In order to determine suitability of cultivation of energy crops icertain areathe following

factors &sould be considered:

1 agronomic factors, such as yield, soil and climate
1 the adequacy of existing machinery
1 energy balance per hectare

1 efficient use of althecomponents of crop being processed

Heating value, ash content of selected crops and ash prepgrte as melting point of ash and
moisture content in the harvest are of crucial importance for energy production. The yield of dry
matter and heating value of crops are the most important factors in determining the energy
potential of solid fuels. Therefe, it should be noted th#te yield of dry matter is largely
dependent on the soil quality and climate conditions, whiemoisture content depends on the

time oftheharvestPropertiedor different energy cropare shown in Table.2

In addition tothe current available forest biomass, further increase can be achieved by
establishing short rotation crops or by growing crops and plantations of fast growing tree species
on 18Q000 ha of bare forest land. Soil map and hydropedological midye Bepubic of Croatia

are made based on soil processing of agricultural land. Thesesmaps$he landpotentialfor
growing crops[4]. There are also opportunities for the production of renewable energy through
the production obio fuelsin theuncultivatedpartof thearea (947,000 ha), while theart ofthe

areas withtemporarily unsuitable soils (6,824 ha) andhe areas with permandly unsuitable

soils (806648 ha) could be used for tlaltivation of the short rotation crops the period of

maximum 15 yearfb] and[6].
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Table2. Properties of different energy crops
Production | Lower heating| Energy potential Moisture Ash

Crop of dry matter value per ha content content

[tom/halyear] [MJI/kgom] [GJ/ha] % Omass
Straw 2-4 17 3570 145 5
Miscanthus 8-32 175 140560 15 3.7
Hemp 10-18 16.8 170300 n/a n/a
Willow 8-15 185 280-315 53 2.0
Poplar 9-16 18.7 170300 49 15
Reed 15-35 16.3 245570 50 5
RCG 6-12 16.3 100130 13 4
High grass 9-18 17 n/a 15 6
Acacia 5-10 195 100200 35 n/a
Tree 35 18.7 74.8 50 1-15

2. ENERGY CROPS IN CROATIA AND THE EU

2.1 Short rotation crops - species used for production of biomass

The biomass of forest trespeciescan be producelly intensive cultivation of fasgrowing tree
species such as willow, plap, alder, birch, acacia, et8hort rotationcropsare energy crops,
mosty willow and poplar which are used asfuel in local heating plants f@roduction ofheat
energyor in a cogeneratiopower plantfor productionof both heat and electrical energy. These
crops are used as a coppice in very short cycles and they are harvested every two to five years.
This results ina high density plantingfrom 1,000 to 30000 plants/ha. Aér the harvestnew
shoots occyrwhich will againbe harvested every two to five years. Thus, after six or eight
harvests the land needs to be cleared and replaced with new planting regiesigthe vitality of
young trees, as well dse production ofbiomass, then drops considerathort rotation crops

are defined & intensive plantations of fagirowing tree species on soils that have been
abandoned, where agricultural production is not profitable or are unsuitable for growing more

valuableforestspecies. Such plantations of fast growing trees are also known as energy crops or

5 S2Biom Project Gra
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energy plantations.rBduction of biomass as a renewable and environmentally friendly energy
source is themain function ofthesetypes of crops,but in addition they can ban alternative
agricultural cropon the bad quality agricultural lapdnd have the function of diwafication of
agricultural land. This also offers the possibility of environmentally advanced ways of
wastewater treatnm¢ and soil (phyta@mediation andalso serveto bind increasing amounts of
atmospheric carbon (carbon sinkg], [8] and[9]. The data waprovidedby the research of
enegy crops in Croatia for willow and poplar and for the possibility of biomass prodytojn

The goal of current studies was to determihe potential for the biomass production from
selected clones of poplar and willow on land that is unsuitable for production of more valuable
forest species. Today, inr@atia therearearound 30 ha of land covered with fasbwing forest
species, mainly in the Pannonian afEmure 2.1) [11] and[12]. Clones of arborescent willow
have shown the highest potential for biomass production in shortorotgpi to five year$l3].
There are still no commercial energy crops but from the conducted research, espeuidlonon

and poplarclones, as these are spediest already grow in Croatian forests, it can be seen that it

is expected that these fagbwing species shédibe preferred for energy use.

Willow hybrid Poplar hybrid

Lowland forrest along Drava and Danube rivers
Lowland forests along river of Sava and Kupa
Istra

Figure2.1 Forest areas under willow apdplar[14]
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Hereinafter are presentdige characteristis of major energy crops. Data related to growing and
harvestingof the selected crops, transportation and storing biomass obt&imedthese crops
along withthe potential to use is showithe focuss on the type of harvesting asdil treatment

as it affects the later neede@atment of exhaust gases. This is important to take into account
because it is necessary to adequatebt fiteels derived from biomass to make biomass renewable

and environmentally friendly energy source.

2.2 Willow

Willow includes several species of trees and shrubs, some of which are fast growing and
cultivated for energyroductionin theso calledenergyforestsin Sweden since the first oil crisis

in the 1970s. Such plantatishownin Figure2.2.

Figure2.2 Willow plantations (crops4energy.co.uk)

Willow has almost the same net heating value as wood fuel, approximat&lyMUIBKgw.
Willow is not only a source of bioenergy, but also helps solve specific soiér@viconmental
problems.Willow cultivation can becombned with the purification of urban and industrial
water, it can help reducthe useof pesticids, it can also help avoid soil erosion, protect
underground water and increase biological diversity. SRC plantations act as a biological filter

and removenutrients, as well as some heavy metals when irrigated with waste®attrbio
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filtration can replace conventional tertiary treatment, while increasing SRC bigmeékdue to
irrigation and fertilization The system has many advantages, such as recycling nutrients,
reducing health risks, good energy balamreyiding less expensive water treatment system for
businesses, greater profitability due to lower fertilizer prices inotkased yieldsThe main
disadvantages are lowewater treatmentpotential during the winter andelatively large
cultivation areas.Thesetypes of irrigation systems for cropare used in Sweden, France and
Ireland. Reducing the use of pesticides is another important advantagéowf plantations.
Compared witlthetraditionalgrain production, about 60% less pestig@deeusedfor the willow

plantations.

Willow is mainly cultivatedn southern Sweden, where aboi#5D farmers worlon commercial
plantationscoveringan area of ggroximately 13500 ha. The period of establishment and harvest
intervals are & years and the yield can reach aboui0O8tons of dry material per hectare per
year,with significantvariationsdepenthg on the region and the year. Currently around 20% of
total energy consumption in Swedsrfrom thebiomassBiofuelsfrom direct cultivation make a
very small contribution (<1 TWh in 2008, not including crdps producingbiogas), compared
with those from the remains wfoodindustry. There is a large unfagd potential and bioenergy
can contribute to 220 TWh, 10% of which comes from yearulbfvating biomass. To date, the

willow chips for direct combustion atiee most commonly used prodsigt the market.

Willow plantations are establishedth seedlingsin the springWillow usually has2-3 meters

long branches that are cut between December and March, when the buds are completely inactive.
It can be planted immediately or carefully stored in cold conditicheo(4 AC) whi l e not
It is necessary to protethe seedlings from moisture loss durisgprage.Special designand
techniques for the establishment of willgphantationshave been developetwVillow branches

that are 23 m in length areutinto 1520 cm long pieces just before ptang. Twin-row design

allows a gap of 0.75 m between rows and 1.5 m betweentihe fines', which resultsin

planting density of about ]300 seedlings per hectare. Weed control during the first year is very
important.The willow root system is estabhied in the first year during which is na$resistant

as weedsBroad spectrunmerbicide, such as glyphosatepften used to control perennial weeds
before any cultivation, even two to three weaksrthe cultivation has started. Mechanical weed

contol is an alternativeéwillow plantations need a lot of water and nutriethgy usually require

8 S2Biom Project Gra Agr ec




A\ S2Biom

T9.3.2

3-5 mm of water per day during the growing seasdumrient cemandvaries depending on the
ageand the stage of developmenttioé crop. Fertilization is notecommendeduring the year of
establishmentut45 kg N per hectarshould be applied in the secdnd. the first harvest) year,

and 100 to 150 kg N during the third and fourth y&amndies have shown that #eesystems have
economic and environmental benefits from the use of wastewater for irrigation and sludge,
together with the ash from the combustiorbaifuels as fertilizer The studes also found that

the willow can remediate soil contaminated by organic pollutants leeavy metals. Planting a
mixture of different varieties or species is always recommended. The research led to the
development of powerful nespecies of willowwith increased resistante diseases such as rust

and damage frondifferentinsects.Willow harvestis shownin Figure2.3. Willow is harvested

after 3- 5 years otultivation, during the winter when the soil is frozen and moisture content is at

the lowest lgel, around 50%.

Figure2.3 Willow harvest
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Willow biomass is usualiarvested bylirectly cuttingit and choppingt in thefield. Chips are
then transported to trdistrict heatingor cogeneration plantsheretheyare stored and used. The
same equipmentised for the production of conventional wood chgas also be used for
manufactuing and suppling willow chips for CHP plants. There is no big differencetlie
storage conditions fowvillow andconventional wood chip8Villow can be stored in bundles over
a longertime period without a significant reduction in qualifjhe productiorprocess of biomass
from willow is displayed irFigure2.4.

HARVESTING STORING TRANSPORT DELIVERING
0 O 1

V‘Y“ |
= O - P90

o s Wy

Figure2.4 Production of biomass from willoybisyplan.bioenarea.eu)

| S se———

Willow chips arecommonly used as a solid fuel for direct combustion in boiterkeatingor in
CHP. Howeverat the moment willowcontributes to 20%n the fuel mixture becausecontains
elevated levels othe problematic element®r combustion (such as K, CI, Na, N, Mg, etc.)
compared tawther wood fuels, leading to an incredisesk of corrosion, slag, et@illow chips
areused in tle same way as wood chips amavea similarheatingvalue. Studie®f burning
willow powder and pellets or briquettdsave beenconducted.It is expected that the €o
incineration of willow and othetypes of fuelill be studiedn the future.

2.3 Poplar

Poplar s a tree that belongs to the famdf the Salicace&, and is widely used in traditional
arboriculture and forestryt tolerates a wide range of soil conditions, peherally grows in deep
fertile soils and is best suited to the Mediterranean climate, because it is very sensitwerto

temperatures and froRoplar plantation is shown Figure2.5.
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Figure2.5 Poplar plantation

Under optimal conditionsf SRF (short rotation foresfryoplar plantations can reach a level of
productivity of about 2Gpw/hayear. Pplar is the most important typef SRF in ltaly. All
existing commercial cropare based orpoplar clonescultivatedin the northern parts of Italy
(Lombardy, Piedmont, Veneto, Friuli, Emilia Romagna) and to a lesser extent in central Italy
(Marche, Umbria, Lazio and Tuscany) with a total estadasrea under plantations of about
5,700 ha. The first commercial experiences with SRE&te back tahe beginning of 2000 in
Lombardydueto the availability of funds from the rural development program and additional
regional aid. At first the Swedish mel (planting density, harvest every yehgas been adopted

and the resultsvere encouraging, but there was a lack of knowletgehe farmers, whooften

used only marginal land for SRF and have not invested enough effort in maintenance and
fertilization d plantations The presence of large entities willing to invest in biomass power
plants will lead to a strong potential market for wood fuel in the near future. However, the
interest of farmerdor the SRF haslecreasedn the last two years due to changes in dhain
profitability. SRF is still profitable, but is not considered competitive with traditior@ibpsat

the momentPoplar harvest is shown Figure2.6.
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Figure2.6 Poplarharvest(bisyplan.bioenarea.eu)

Limiting factors for the poplar plantations atre high cost of the madhery, which led to need
for bigger plantatios to increasé¢he annual number of work hosiof the machinery and to
reduce the unit cosandthe difficulty of the machinerywith harvesing trees with more than 6

cm in diameterwhich are common in plantations that areyears old.

Energy crops are mainly distributed by local businesses near the plant émetigy conversion

or canalsobe used in existing systerfte biomasgprocessg (herbaceous and woody varieties).
Plantations are often ithe areas near power plants to redulce costs of road transport. The
maximum capacity of the truck is 90 Poplarcultivated as an energy créga seasonatropin
terms of production and harvestinghile a power plantis operationalthroughout the year.
Therefore, it is necessary tmst the biomass to ensure a reliable supply of wood. Long periods
of storage affect the cost, qualitiie@tingvalue, moisturemould, ash) and reduction of dry
matter.Storage can be in different places (near the production area, close to thi fieteen

the two location3. The moisture content of fresh pop&ithe time of theharvest is about 55%.

As a result external storage in heaps of loose chips can lead to fermentation and subsequent loss
of dry matter up to 5% per month. To overcome thisbfam, resear@s arebeing actively

conducted to identify the bestioragesolutions.Current trends are:

12 S2Biom Project Gra“Agree



S2Biom

T9.3.2

Storage under the cover (only possible for a small amount of chips)
Identification of the optimalog dimensions. Log dimensigraffect the balanceetween
evaporation and absorption capacity for moisture

1 The useof canvagqplastic mesh) or special fabric (Top Tex) that let moisture out, but are
impermeable to rainwater (gnds to ba very effective solution at the moment).

1 For longer storage formof logs is more convenient than chips because it reduces the

biological activity and degradation associated with green woody biomass.

2.4 Energy crops inthe EU

While in Croatia there are only experimental fields of willow and poplar the production of
biomassrom SRC as well as other energy crops has commercial uke k. In Scandinavian
countries the SR@ave beemised since the oil crisis in the 1970s. Biogas is used in cogeneration
plants which are popular in Germany, Austria, Italy and Denmark. dstisnated that around
600000 ha of cultivated land is used for energy crops cultivation for biogas production. In
Europe, forest types of energy crops cover arourtD000- 60,000 ha of land in 200[A5] and

[16], while the area for trational energy crops, such as grains and beet caveusnd 25 million

ha.In Figure2.7 some types of energy crops in particular countries are shown.

20000
18000
16000
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12000
10000
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Sweeden Finland Italy Austria HESpain

Figure2.7 Energy crops in countries tfe EU [16]
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In Table3 area under three types of SR€e shown
Table3. Energy crops in EU
Willow Poplar Miscanthus
[ha] [ha] [ha]
220-1,100 | 8801,100 800
60 120
5,697 2,807 64
2,300 2,000-3,000
4,000 5,000 2,000
930 2,200
670 5490 50-100
550
5,000
300
9,000
11,000 550 450
1,500
2300 10,000-11,000
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3. METHODOLOGY FOR THE CALCULATION OF THE
POTENTIAL FOR ENERGY PRODUCTION FROM BIOMASS
OBTAINED FROM SRC

3.1 Unused agricultural land in Croatia

Today, agricultural land cover@n area of 355728 ha Of these 074,159 haare suitable,
1,074510 haare limited and 806328 haare permanently unsuitable areas for agricultural
production. Potential arable land amounts,&50000 habut only abou60% is processed, about
1,092000 ha. Today it ipossible taobtain around73530 tongyear ofbiofuelsfrom biomass in
agriculture (organic waste and scrawjthout jeopardizing permanent natural regeneration of
organic matter in the sdiB]. Areasthat arelimited or unsuitable for agricultural producticare

in fact suitable (and are encouraged) for the cultivation of energy dkogasthat are suitable,
but for various reasonsot usedfor a long time, are also discussed in this papesraasthat
could be used focultivating energy cropsln the National Action Plan for renewable energy by
2020 from 2013[2], it was sated that the remaining area africultural landwas around
53,866.87 haaccording to the conductgaiblic tenders. This figure could be even higher when
all the land suitable fgprecisely this kind of usis taken into accoungespeciallyin regardto the
cultivation of energy crops for which the land described as permanently inconvémient

agricultural production would also be suitable

Until several years ago (200Q5tatistics on marginal land in Croatsere managed and sorted
accordingo the Statistical Yearbookssued by th&ationalBureau of StaticsSuch land (fallow)
wassortedby counties, and was possible teasilyacquirethe data orthe land that hasot been
cultivated and is owned by the state.Tlable 4 fallow aress by counties are presenteéifter
2005, due to the harmonization of statistical methods in thedBtdwereexpressed only ithe
total utilized agricultural area. Therefore, in the last 8 yaamwas harderto obtain accurate
information on unused agricultural land, marginal land and private @odsidering that later
this datawasnot recordedn this way, in thigpaperareasof state land from the latest datare
taken into accounsuch as agricultural land owned by the state, which in the meamiamnen't

leased or sold through public tendearsd private fallow aredsom 2004.
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Table4. Fallow area in 200417]

County Public[ha] Private[ha]

KrapinaZagorje 166.00 1,78300
City of Zagreb 70.00 1,866.00
+ NI} ORAY 44200 1,469.00
aSSAYdNES 1,306.00 2,91000
KopivnicaY NA OS @O 3,841.00 987.00
OsijekBaranja 20,155.00 5,316.00
VukovarSyrmia 3,324.00 2,66200
ViroviticaPodravina 9,908.00 5,22100
Zagreb 7,75000 8,890.00
BjelovarBilogora 10,881.00 15,476.00
DubrovnikNeretva 1,976.00 3,44800
t 2 OSMEvonia 1060900 | 1287500
PrimorjeGorski Kotar 47.00 25,541.00
Brod-Posavina 13,262.00 7,326.00
Istria 14,185.00 27,617.00
Karlovac 15.00 82,259.00
SisakMoslavina 10,899.00 57,41200
SplitDalmatia 1,17100 39,885.00
~ A 0 Kyirh | 61800| 18807.00
Zadar 1,874.00 10,374.00
LikaSenj 6,123.00 27,476.00
Total 11862200 | 35960000
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Public fallow area is shown on the blank map of Croatigigure3.1, while private fallow area
is shownin Figure3.2.

20
1306 ha

42ha
2 3841 ha
166 ha 6
10
. ;
14
10881ha / 9908 ha

' 20155 ha
8 3 . 11
18 7 10 609 ha
10 899 ha
14 185 ha . . y
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N

Figure3.1 Public fallow area in Croatia
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Figure3.2 Private fallow area in Croatia
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According to the agricultural censtrem 2003data on unused agricultural land can be foind

Table5.

19

Other land, of which uncultivated

County agricultural landha
Zagreb 6,97282
KrapinaZagorje 3,48839
SisakMoslavina 14,707.12
Karlovac 13,845.16
+ N} ORAY 2,517.19
KopivnicaY NA OS @O A 1,17855
BjelovarBilogora 2,86833
PrimorjeGorski Kotar 2,51285
LikaSen; 7,094.46
ViroviticaPodravina 1,255.85
t 2 OSlAvonia 2,35272
Brod-Posavina 2,81833
Zadar 4,10901
OsijekBaranja 2,376.64
~ A 0 &yirh | 4,49834
VukovarSyrmia 1,65202
SplitDalmatia 6,714.37
Istria 8,707.02
DubrovnikNeretva 3,79280
aSSAYdNNES 967.01
City of Zagreb 1,502.99
Total 95,93197
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Data fromTable5 is also shown on the blank map of Croati&igure3.3.

14

g 2376.64 ha

14 707.12 ha

Figure3.3 Uncultivated agricultural land according to the agricultural census
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Most recent data on available unused agricultural land 2@i4 is showiin Table6.

21

Table6. Data on available uncultivated agricultural land fr2@14

County Uncultivated
KrapinaZagorje 11527
City of Zagreb 58978
+| N} ORAY 1,009.79
aSSAYdNES 1,702.89
Kopivnica¥Y NA OS @0 2,563.36
OsijekBaranja 3,826.71
VukovarSyrmia 4,44569
ViroviticaPodravina 7,01916
Zagreb 7,98994
BjelovarBilogora 9,97494
DubrovnikNeretva 11,179.28
t 2 OSlAvonia 1539135
PrimorjeGorski Kotar 15,811.90
Brod-Posavina 19,689.77
Istria 30,877.30
Karlovac 32,767.84
SisakMoslavina 33,73316
SplitDalmatia 38,634.64
~ A 0 Knirk | 57,43202
Zadar 62,31514
LikaSen; 104,93203
Unsorted land 14.85
Total 46201681
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Data fromTable6 is shown on the blank map of CroatiaFigure3.4.

20
702.891ms
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Figure3.4 Data on available uncultivated agricultural land frobi2
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Total area of uncultivated agricultural land by counties is the sum of uncultivated agricultural
owned bythe state shown imTable6 and uncultivated private agricultural lanthe results the

total area of uncultivated land sorted by counties. Data is showatble 7.

Table7. Total uncultivated agricultural land

County Uncultivated(ha)
KrapinaZagorje 1,89827
City of Zagreb 2,455.78
+ N} ORAY 2,47879
aSSAYdNES 4,612.89
Kopivnica¥Y NA OS @O 3,550.36
OsijekBaranja 9,14271
VukovarSyrmia 7,107.69
ViroviticaPodravina 12,240.16
Zagreb 16,879.94
BjelovarBilogora 25,450.94
DubrovnikNeretva 14,627.28
t 2 O-SMEvonia 28,266.35
Primorje-Gorski Kotar 41,35290
Brod-Posavina 27,015.77
Istria 58,494.30
Karlovac 115,026.84
SisakMoslavina 91,145.16
SplitDalmatia 7851964
~ A 0 Kyirk | 76,239.02
Zadar 72,689.14
LikaSen] 13240803
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Data fromTable7 is shown on the blank map of CroatiaFigure3.5.

14

9142.71 ha

8
58 404 30 ha 41 352.90 ha

Figure3.5 Total uncultivated agricultural land
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3.2 Technical and energy potential of cultivating short rotation crops on unused
agricultural land for biomass production

To determinetechnical and energy potential of produced biomass, areas of unused land and
features of short rotation crops that are used in Europe are taken into the account. Three scenarios
are being discussed, each with differ area used for cultivation of short rotation crops.
Cultivation of willow and poplar will be discussed due to conducted research in Croatia and
favourable climate conditiondn Croatia, thisspecies reach 1®y/hal/yearaverage, which is
slightly lower than the maximum yield that could be expected {d@ha/year) due to the
different quality of landthat are taken into account in thémlculation.At the same time, each
hectare of land available should be include#ting into account the sustainability of production
through the lifetime bthe plantation (120 years)Given that the biomassan beobtained from

a specific landevery 3 year@and seeing how it is necessary to have a required amount of fuel
every yeg, due to continuous operation of the plant, each hectare will be divided iatogarts
eachpartwith cropsof different agesThe technicapotential of short rotation crops calculated

in the followingequation:

Brenm = A(n) * Py(n)* 1/3 N

whereA(n) is the area of uncultivated land ia specific county in [ha] andyfh) is the annual

yield of short rotation crops ind#/ha/year].

Energy potential follows from theeatingvalue of the biomasst will be calculatedassuming

that the area available is used for the cultivation of willow and poplar iratizs that would be
suitable for the conservation of biodiversity and environmental protection from diseases and pests
in the area that is cultated.Since theheatingvalue of willow and poplais equal,the analysis of

the ratio of the area under one or another kiitinot be discussedut a lowetheatingvalue of

18.5 MJkgpwm for the willow and poplar on the drynatter basiswhich is perkgpm with 0%
moisture will be used Of course, given that the moistuwebiomass itselat harvest is around
50-55%. Throughthe further processing thbiomass is mechanically processed, most often in the

form of chip and storedt will be assumedhatthe biomassarrives to thegpower plantin a form
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of chips with a moisture content of about 30% &edtingvalue of 12.22 MJ/kg or.8 kWh/kg
[18]. Taking all that into the account, energy potenfi}q for the specific countyn, is
calculated irthe followingequation:

Bep) = Brengy * Hae) (2)

whereBieny) is thetechnical potential foa specific county anéHqg) is the lower heating value of
the biomass.

3.3 Scenario approach

3.3.1 Scenario 1 75% of the utilized land

In this scenario, 75% of available an@asused for cultivating energy crops atit rest ofthe
arearemainedfor maintaining biodiversity anwasavailable for cultivating food crops. In this
scenariojt wasassumedhat onethird of the areawasavailable for harvesting each year. In this
way, according to the expression (thle data inTable7 wasrecalculated anthe new available

areawasdetermined

3.3.2 Scenario 2 50% of the utilized land

In this scenario, 50% of available angasused for cultivating energy qoe and 50% othe area
wasused for cultivating food crops and for other use. Through different scenarios it could be seen

how much ottheavailable areavasdesirable to use for cultivation of short rotation crops.

3.3.3 Scenario 3 25% of the utilized land

In the last scenari@5% of available areaasused forthe cultivationof short rotation crops and
therest oftheareawasused for food crops and for other u$his scenario prowkto bethe most
important to distinguish between the potential of puéhd private uncultivated land becawude

their unevendistribution by counties.
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3.4 Methodology for slection of macro location for the construction of power plants

fueled by biomass fromSRC

Location ofthe power plant that is fubdd by biomass producedfn SRC should meet certain
conditions such g4.9]:

source of biomass should be as close as possible to the power plant

sufficient quantities of biomass must beideled

secured access for vehicles with existing roads

grid connectiorshould besimple and inexpensive

thereshould be gossibility of connection to the water supply and sewerage system

thereshould be gossibility to store solid fuel

= =/ 4 A4 -4 A -

heat consumershaild not be far away from the power platd ensurdower distribution

costs of heat energy

The existence of transport infrastructure is imporbetause of the possibility of quiekd low
costdelivery of biomass to reduce costs and increase econonbdityiaThe cost of the biomass
greatly depersion the distance betwedhe power plant andhe source of biomass. Price of
biomass icalculated irthe followingequation20]:

He i %

where
Cg ethe averageost of raw material at power plant locatjoru / t ]
Cgthecosof bi omass prodcgwlced from SRC [u/t
Tpthespecificc ost of transporting raw material s

U; the average distance between power plant location and biomass source from area
[km]

Kpgi thetotal amount of biomass transported from the aftms]
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Ps the totalannual consumption of raw materialtive power plant [tons]

In order b obtain the average distance between the location of bidroasa particulararea and
power plant that exploits the biomadke centresof gravity of the areas under energy crops in
particular countieswere taken into @ount in the calculatigpamong whichwas the required
optimum locaibn for certain macrdocation. lllustration of this principle is showm Figure3.6.

v (km)
A

conscsccccccscblcccccaa

A 4

x (km)

x
x

Figure3.6 Distance between SRC famand thepower plan{20]

In order to optimize the locatisof power plants, with the defaygarametersas the number and

area ofSRC farms latitude and longitude of cities or regions where the plamild meet the

needs foheatenergy maintenancand operating costsbiomass and transparbstsand tle cost

of investment,codesthat providesolutionswere developed. These codes asesult give he
locationof the plant with the minimum cost of biomass, with kalde supply[21]. Models that

can determine the optimal location of the plant at a given macadion, along withthe
knowledge ofthe routes of supply of bioraa can be made using these codése nodel
developsthe network of quadrantsvhereeach quachnt represents an area of 1%mAverage

price per ton of biomass §g) in each quadrant is calculatéthe most favourabldocationis

then selected calculating the distance from the source of the biomass, that is the centre of gravity

of a county,after positioning ina particular quadrant, andorted bydistance The bomass
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sourceghat arecloser hae the advantage over more didtaource until the last sourceof the
biomass fromwhich biomass needs to be takemreachedFor the most favarable location the

exact order of sourced biomassthe amount ofbiomass fromvarious sources and other data is
printed. Due tdhe simplidity of setting the input parameters, section of the code that selects the
waste biomass from wood industry can be easily modified if there is another potential source of

biomass, such as agricultural land where SRC are cultivated.

3.5 Technical and economi@nalysis of power plants fuded by biomass

In this paper the cogeneration plants up to 15 MW of installed capaeitgiscussedCurrently,
the wellresearched and commercially mature technology for such cogeneratiors flzattone

based on steatturbine Rankine Cycle.

The ombustion technologies applied in the direct bastion of biomass ardivided into
combustionon the grate (stationary onoving) and fluidzed bed combustionlThe choice of
combustion technologgiepends on thplant size biomass characteristics, permissible levels of
emissions, the amount and scope of maintentdratéheinvestor is willing to accept. The choice
of combustion technologgoes not have tomuch influence on thspecific heat consumption of
the power plantMore effect on the specific heat consumption has the cordigom of steam
turbine process. Bdern combustion plantwith combustionon the grate are most often less
expensive tharthe plants with combustioron the fluidized bed. Fluidizatiorof the layer
increases combustion efficiendyut it also requires additional energy to power dirdan, which
increaseghe electricity consumption of theogeneration plartL9]. Therefore, newer and more
sophisticated technologiese commonly used for larger plants (> 50 MWToday,in orderto
increasethe efficiency of smaller plants from 15 MWe methods such as raising fresh steam
parameters, the reheating of the steam, regeneffeidewatertheating and drying of fuel with

waste heat frorthe flue gases are used.

In the last 20 years in the field of cogeationplantsfuelled by biomass larger than 2 MW of

installed capacitymainly used technologiese[22]:
9 steam boiler with a steam turbine and with the comdusin the grate
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i steam boiler with a steam turbine and fluidized bed combustion

1 biomass gasification in a fluidized bed with a gas turbine

The investment cost of the cogeneratglant fuelled by biomass comprisethe boiler with
appropriate technology, fioine and auxiliary equipment, connection to the network, staff
training system for purifying exhaust gases, fuel storagé transport systenf23]. Specific
investment costof cogeneration plant used for district heatamg shown irFigure3.7. It can be
seen thatheinvestment cost for plant up to 15 MWvhich will be dscussed in this paper, varies
from 180Wp ut/k W 9 Thds raage lof\ihvestment cost dependstlom selected
combustion technology and configuration of the system.
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Installed electric capacity mwe

Figure3.7 Specific investment cost of cogeneration plant for district heating

Below, for each macrdocation size of the plant in accordance with technically and economically
available omass and heat energy needs Wwél chosenThe operatingcostof the pantin the
range ofinstalled power of interest for thigaperis between 2 and 3% dfie total investment
[19].
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To determine if the project isconomically feasiblethere are different methods that can be
divided into [32]:

1 Payback period method

U simple payback period method
1 Discounted casfiow after tavation method

U net present value method

U internal rate of return method

Internal rate of returflRR) method will be used in this paper amalysethe feasibility of the

project cogeneration power plant figel by biomass. The IRR method is a method that takes into
account the time value of money and the size of the cash flow. Internal rate ofisethen
discount rate that equates the present value of expectedmibstie present value of expected
revenues. If it is greater than the applicable discount rate, the investment is profitable, if it is less,
the investment is not profitable in the gareters that are givemhe profitof the plant, of which

theinvestment igeturned is derived from the difference between revenues and expenditures.
Profits of cogeneration plant fuelled by biomass compti8eand[23]:

1 income fromthesale of electric energy

1 income fromthesale of heat energy
Expenses coprise

investment costin mechanical and electrical equipment
investment costin design, permits, etc.
construction work costs

costs of taxes and other

= =4 4 4 -

maintenance and operating costs

Attention should bgivento the operation and maintenance costs siheg include the cost of
fuel. The pice of fuel, in this caséiomassproduced from SRCconsists of the cost of biomass

itself and of the cost of transport to thewer plant.
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Price of the biomassCg, which refers tahe biomass harvested at the sitetloe SRC farm, is

calculatedas:

where

Cg=Ts+ Tz+ Toam

Tsthe cost of seedlings of the selected typé / h a ]

Tz the cost of land and its treatmég¢ntl / h a ]

Toem themaintenance cost of SRC farmdmdi r v e s t of

(4)

Omas s

[ G/ ha

Biomass obtained froranergy cropss transported and stored in the same way as other types of

forest biomass, so the storage and transpstswill be the same afor chip forest biomass and

forestry residues.

In Europe,area of land underSRC are already in operation in several locatiofilse costs of
establishing and maintaining ti®CR farmand priceof obtairing biomassis shown inTable 8.

Northern countries havea slightly higher price, mainlydue to lower productivity (810

tom/halyear).

Table8. Establishment and maintenance costs of SRC farms opE[24]

32

Country Crop Establishment | Maintenance cos“t Sale prjce
species coste K K | e KKI Keé € Kl
Sweden Nynas Gard Willow 1222 330 65
Sweden Puckgarden Willow 1110 265 52
Latvia Willow 1450 - -
Latvia- SALIXENERGI  Willow 1630 480 -
France- Bretagne Willow 2545 355 -
Germany- Gottingen Poplar 2750 250 65
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Italy - Rinnova Poplar 2320 875 55

Croatia- estimation Willow 3916 196 43.47

In Eastern Europe, some studiesve shown that the cost of establishifgRC plantationss
bet ween 1500  d4h dPrevibis Oréseardh/ hasa pointdtat the current cost of
establishing a heata of energy crops in Croatia aout3916 (/ha, with the maintenance costs
of 2 350 thioudghaut the life of the plantation of willow (12 year$hat gives a total of
626G1/ha. The average production of biomasss 12tpyu/hal/year,which is 144 py/ha in the
lifetime of the plantationThe price of this biomass, amounts to 43147atthe middle exchange
rate against the euro of 7.66 HRKL U [5].

In the structure of total costs the depreciation takepecial place aan accounting cost. This
cost can be defined as a mean of calculativeginvestment through the lifime of the power
plant and it does not affette ncome of the plant, but the amount of the tax which needs to

be

paid. This cost lowershe accounting income of the power plant in the particular accounting

period, thehigher thedepreciation the loweheincome taxthatneeds to be paidror the write

off of fixed assets and construction work a linear method using the average annual depreciation

ratesis used25]. The arerage annual depreciatioste for each asset that is depreciated is shown

in Table9.

Table9. Depreciatiorrates[20] and[23]

The average
Accounting life annual
Asset .
(years) depreciation rate
(%)
BU|Id|ng§ and 20 5
operation
ST 15 6.67
and devices
Intangible 5 20
assets

33 S2Biom Project Gra

Agr e



S2Biom

T9.3.2

The main income of the cogeneration plant will be the price of electricity produced by the plant
submittedto the electric network From the October 31st 2013 the new tariff system for
electricity production from renewable energy sources and cogeneisiiomplace according to
which the incentive price (C) for theower plantfuelled by biomasswith an installed capacity

more tharb MW, is calculated fom thefollowing expression:
6Q 60Q (5)

where k is the correction factéwr the incentive price. lis estimated aroun@.9 forthe plans
with total annual efficiency <45%s equal tal for the plant with an efficiency between 45% and
50% (inclusive), and fothe plants with a total annual efficiency 850%it is 1.2.Incentive price
(C) of biomass power plants under the new tariff system is expressed as a reference price of
electricity (RQ, which is equal to thprice ofapplicable tariff for active energy per single daily
tariff for electricity supply within the universal service, tariff mo8éle. Currently, that price is
0.78 HRK/kWhe. It is important to note that the reference pri¢eslectricity is determined for
each accounting period of payment of incentigesthatthis amountis variable. As expected,
however, that electricity prices witlot dropand therefore neithawill the incentive fee, but it is
realistic to expect that ihamount couldncreaseover the yeardn this paperthe equal incentive
price over 14 years which is the duration of the contract guaranteed purchase pwiede
assumedThis will be laterdiscussed in the section on sensitivity analy&iso, the plant will be
calculatedwith the total efficiency of>50% in order to achieve a correction factor of 1.2.

Guaranteed incentive pricésenamount to:

6 Q T Yopg T O H— (6)

With exchange rate of.66 HRK = 1 tldis price amonts to 012219( G / K &4, [26]. To
ensurehis incentive tariff, it is necessary that the plant achieves production accordinghexthe

expression:

OAi o (7)

T8 b——
OsEoAi

wherePg [KWh] is the produced electricanergy, R [kWh] is the produced heat energy aRgle
[kKWh] is theenergy of fuel burned.
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Heat energy prices in Croatia for district heating syst@mtS) aredeterminé with the tariffsof
companyHEP HeatinglLtd., for larger cities. Price of heanergy without distribution for
households and industry in major cities, where DHS exists arenshowable 10. For the
purposeof calculatingthe incomeof power plants fromthe heat energy salehe average price
specified inTable 10 will be taken.With the middle exchange rate against the euro of HRK
= 1 U this price amounts t0.Q247( G / B fthhouseholds,.0368( U / K thindusty while
theaverage prie betweernthese twdariffsis 0.0307( U / K.Wh

Table10. Heat energy price for DHS in Croafi2v]

Households

City [kn/kWh] Industry[kn/kWh]
Osijek 0.1492 0.2891
Zagreb 0.1525 0.305
Sisak 0.1089 0.2058
Samobor 0.2605 0.2952
Velika

Gorica 0.276 0.3128
Average 0.18942 0.28158
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4. CASE STUDY CROATIA

4.1 Technicaland energypotential of biomass produced from SRC

So far discussed, biomass was expressed based on dry matterpihsgygar]. Biomass that

will be stored at the location of the power plant and then used in the powemnplahg in the

form of a chips with 30% moisture content. This is converted into dry biomass with 30%
moisture content on a dry basis given thatglZhal/year is equab 15.6 t/ha/year of the biomass
after it is stored with a heating value of22 MJ/Ig [28], [29]. The technicapotential for allthe
scenarios defined ghown inFigure4.1.
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& 1,000,000.00
z
H
S 800,000.00
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Figure4.1 Technical potential of biomass by counties and scenarios

The technicalpotential ofprivate and land owned by the statan be observed separately as
shown inTable4. The technicapotentialof biomass is expressed in [tons/yedrhe technical
potential of biomass from the land owned by the state is showigume4.2 while the technical
potential of biomass from the private land is showRigure4.3. Due toa significant difference

in the available land area in counties othlg counties with high technical potentale shown in
these figuresBelow in tabular formtechnical potential for all counties is shown.
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tons/year
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Figure4.2 Technical potential of biomass from the land owned by the state

It can be noted that in the continental part of Croatia theagrégatively small area of unused

private land compared tile land area owned by the state. In tarlovac county and Sisak

Moslavinacountythere is still a lot of unused land, both private and that owned by the state. As

mentioned above, this biomass will tenverted into wood chips with 30% moisture content.
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Figure4.3 Technical potential of biomass from the private land

The technicapotential of that biomass is shovm Figure 4.4. The technicapotential on that

figure is expressed in [ftyear] and for the land owned by the state.
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Figure4.4 Technical potential of bioass in a form of wood chips

For the private lanthetechnical potential is shown Figure4.5.
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Figure4.5 Technical potential of biomass in a form of wood chips

The technicapotentia) according tathe counties, scenarios and ownership of the land is shown
in Tablell
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Tablell Technical potential of biomass
Scenario

County Slpriate Sistate S2priate Sktate S3priate S3tate
[tons/yeail | [tong/yead | [tong/year | [tons/yeal | [tons/yeal | [tong/yeal
KrapinaZagorje 6,95370 44955 4,635.80 299.70 2,317.90 14985
+| N} ORAY 5,72910 3,93818 3,81940 2,62545 1,909.70 1,31273
aSSAYdNNES 11,34900 | 6,64127| 7,56600| 4,42751| 3,78300| 2,21376
KopivnicaY NA O S @ 3,849.30 9,997.10 2,566.20 6,664.74 1,28310 3,33237
OsijekBaranja 20,73240 | 1492417 | 1382160 9,94945 6,910.80 497472
VukovarSyrmia 10,38180| 17,33819 6,92120| 11,55879 3,460.60 5,77940
ViroviticaPodravina 2036190 | 2737472 | 1357460| 1824982 6,787.30 9,12491
Zagreb 3467100 | 3116077 | 2311400| 20,77384| 1155700| 10,38692
BjelovarBilogora 60,35640 | 3890227 | 40,237.60| 2593484 | 2011880| 1296742
t 2 OSAvonia 50,21250 | 60,02627| 3347500| 4001751 16,737.50| 20,00876
Brod-Posavina 2857140 | 76,79010| 1904760 | 51,19340 9,52380| 25596.70
Karlovac 32081010 | 12779458 | 21387340 | 85,196.38| 10693670 | 4259819
SisakMoslavina 22390680 | 131,55932 | 14927120 | 87,70622| 74,63560| 4385311

The overalltechnical potentialaccording to the ownership and scenaisashownin Figure4.6.
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Figure4.6 Overall technical potential

Conversion fronthe technical potential to energy potential is done by using the expression (2).
The energyotential is shown ifrigure4.7.
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Figure4.7 Energy potential according the counties and scenarios

Tabular representation ttie energy potentialaccording tathe counties and scenarios is shown
in Table12.
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From the perspective of energy planning, the adoption of measuratrategjies for sustainable
energy development and for linking the energy sector and rural $sieitanteresting to discuss

the energy potential acecding to ownership of the land.he energypotential of biomass from

Tablel12 Overall energy potential

Scenario T J?/Za y | (T J?yzea) S3(TJfean)
KrapinaZagorje 90.47 60.31 30.16
+| NI} ORAY 11813 78.76 39.38
aSSAYdZNES 219.84 146,56 73.28
Kopivnica¥Y NA OS @| 16920 11280 56.40
OsijekBaranja 43572 29048 14524
VukovarSyrmia 33874 225.83 11291
ViroviticaPodravina 58334 38889 19445
Zagreb 804.46 53631 26815
BjelovarBilogora 1,21294 80863 404.31
t 2 O-SlAvionia 1,34712 898.08 44904
Brod-Posavina 1,28752 85835 42917
Karlovac 548195 | 3,65463 | 1,827.32
SisakMoslavina 4,34380 | 2,89586 | 1,447.93
Total 2470363 | 1646908 | 8,23454

SRC on the land owned by the state is showFignre4.8.
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Figure4.8 Energy potential from the land owned by the state

The energy potential of biomass from SRC from the private land is showigure 4.9 Again

the significant difference can be noted for tkarlovac county and SisakMoslavina county
regarding othercountes. Aswell as for the technical potential, counties with higher energy
potential are showim these figures while below in tabultorm the energy potential for other

counties is shown.
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Figure4.9 Energypotential from the private land

The energypotential on the private land and the land owned by the state, according to the

counties and scenarios is showT able13.
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Table13. Energy potential according to the counties, ownership and scenarios

Scenaio
County Slpriate | Sistate | S2priate | Sktate | S3priate | S3tate
[TIhead | [TIyean | [TINead | [TIhead | [TIhead | [TIhead
KrapinaZagorje 84.97 5.49 56.65 3.66 2832 183
£+ NI ORAY 70.01 4812 46.67 32.08 2334 16.04
aSSAYdNNES 13868 | 8116 92.46 54.10 46.23 27.05
KopivnicaY NA OS G OA 4704 | 12216 | 31.36 8144 15.68 40.72
OsijekBaranja 25335 18237 168.90 12158 84.45 60.79
VukovarSyrmia 126.87 21187 84.58 14125 42.29 70.62
ViroviticaPodravina 24882 334.52 165.88 22301 8294 11151
Zagreb 42368 380.78 28245 25386 14123 126.93
BjelovarBilogora 73756 47539 49170 31692 24585 15846
t 2 O-SlAvionia 61360 73352 409.06 48901 204.53 24451
Brod-Posavina 34914 93838 23276 62558 116.38 31279
Karlovac 392030 | 1,56165 | 2,61353 | 1,04110 | 1,30677 | 52055
SisakMoslavina 2,73614 | 1,607.65 | 1,82409 | 1,07177 | 91205 53588

The overallenergy potential according to the ownership and scenarios is shé&iguie4.10.
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4.2 Economicanalysis

In this chapterdiscussed scenarios will kenalysed Depending on the heat demandtire

selected macrwpcation and available quantities of biomass for each locatien size of the

power plant is obtained and for that power plant costs and revenues are shown. Cash flow and the
IRR are shown. If the IRR is greater than the discounttihat@roject is considered as profitable
otherwise the project is considered as unprofitable. Furthermore, the change of significant
parameters such as the cost of the biomass from BREost of the transport tilve power plant

and electricity priceasthese factoraffect power plants revenuaad IRRof investment.
According to sectiol3.4thenext macrelocationwerechosen:

Macrolocation 1- VelikaGorica
Macro location 2- Sisak
Macrolocation 3- Koprivnica

Macrolocation 4- Slavanski Brod

= =2 =4 A4 -

Macrolocation 5- Osijek

These macro locations are showrFigure4.11.
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Figure4.11 Selected macro locations

For these locations the cogbenefit analysisvasdone using the IRR method and the sensitivity
analyss wascarried out. Price of the biomass on the threshold of the powervpdestdbtained
from the expression (3) using the model Matlab [21] and [25] in accordance with the

methodologyBiomass price fothechosen macro location is shownTiable14.
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Tablel14. Biomass price fothechosen macrtocations

15 MW, + 30 MW

_ S1 S2 S3
Location : _ _
Biomass pricé € k U 0
State Private Total
VelikaGorica 4352 43.56 46.42 46.36 45.83
Sisak 43.82 43.82 43.87 43.82 43.82
Koprivnica 45.88 46.70 49.01 48.37 47.12
SlavonskiBrod 44.05 44.05 45.45 4753 4478
Osijek 45.00 45.98 49.44 49.78 47.78

It can be noted thahe biomass price is lower for the locat®that are close tthe Karlovac
countyandSisakMoslavinacountysincethere is a lot of unused land g obtained biomass is
sufficient to cover the needs of much greater power plantsthigaonesliscussedAlso, for the

scenarios 1 and 2he analyss gives similar prices of biomadsr private land and state

ownership The Scenario 3 is considered as a critical case which will be discussed. In this

scenario the case with the highest biomass price is discussed. For every other case the profit of

the poject is greater due thelower biomass price.

Graphical representation tiie used model is showim Figure4.12. It is a map with the size of
19x19 where each field has an area of ¥ kon a selected mackocation. The powerplant is

marked with the black square while the centre of theigityarkedwith the white square
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Figure4.12 Locationof the powerplant regarding the biomass price

12 14 16 18

496

149

48 8

46.6

48.4

General parameterthat are same for power plants at all selected locagoashown iTable

15.

The absolute valwsof investment costs are also the same and are sholiabial6.
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Table15. Investment costs

Investments Amount

Specific investment cosb € Kc]| 2 2500
Installed capacity of the generat@iviw] 15
The overall efficiencgf the plant 0,6
The share of loan in the investmeb] 100
Loan repayment time [yegr 14
The interest rate of loaf?o] 7
Discount ratg%] 12
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Table16. Absolutevalues of investment costs

Construction costs Amount
The overall investment cost 37,500,000.1 n
Construction works 3,750000.1 n

Mechanical equipment and

; 33,375000.1 n
devices

Intangible costs 3750001 n

Maintenance and operating costs are also the same for all power plants. Maintenance costs are
shown inTablel7.

Tablel7. Maintenance and operating costs

Variable cost . Of the total Amount
investment[%]
The cost of
operation and 3 1,125000.0 n
maintenance

Depreciation costs @l components are the same for all locatiand are shown ifable18.

Table18. Depreciation

Component Accounting Depreciation Annual

P lifetime rate [%0] depreciation
Construction works 20 5 187,500.1 n
Mechanical
equipment and 15 6.66667 2,225000.n n
devices
The project, permits, 5 20 750001 1
etc...
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Loan details are shown ifable19.

Tablel9. Loan rate

Loan amount

37,500,000.1 n

Interest 7.00%
Repayment 14
Loan rate 4,287935H n

Power pants generate revenuesrin the sale of electricity and heatergy. The prices at which

electrical and heat energy are sa@dhount, as mentioned in the previous section, 0.12219
(M&Wh), or f ofkWhthermal). The adrdid Salegrevenue is shovrabie20.

Table20. Revenues

Revenue fronsalesof
electrical energyo €

Revenues from
sales of heat
energyw € 6

14,662,800.0 n

4,789200.0 n

As mentioned abovior the assessment of investment profitabilibhe IRR method will be used.

If the IRR is greater or equal to the discount rate the project is considered profitable and if the

IRR is lower than the discount rate the project is unprdétab

Below areanalysedfor each macrdocation, the optimal location of the plant, the annual cost of

fuel, accordingto the scenarigsnd IRR for each of the scenariascording to categories of land
ownership. Then for each location sensitivity analissarried outto determine how changes in

significant parameters affect the IRR for each cé&dso, the critical scenariothe ®enario 3,

will be discussed.
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4.3 Macro location 1- Velika Gorica

In Figure4.13 the power plant location and city location are shoWme powerplant is marked

with ablack square antthe city is markedwith awhite square.

ol 148.2
4t 148
6l 47.8
sk 47.6
ol 47.4
128 47.2
14} -
68 46.8
1k 46.6
2
Figure4.13 Velika Gorica- power plant location
With the calculated fuel price, whichis.462 [ u/ t on], the anTahlel ff uel

This cost is constant over the duration of the contract. Changes in the fuel price and electricity

price are affecting IRRwhichwill be analyed later.

Table21. Velika Gorica- Annual fuel cost

Annual fuel cost

State ownership Private ownership

7205476+ n €| 7,196162y H
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The IRR with above mentioned expenses and revesuds®wn inTable22. As it can be seen

the slightly lower IRR is fothe stat ownership.

Table22. Velika Gorica- IRR

‘oanership RR
State 11.39%
Private 11.41%
Overall 11.65%

4.4 Sensitivity analysis

Important factors that could affect the viability of the prophating its worklifetime in this case
arethe price of biomass frorBRC specific investmentost the selling price of electricity and
the price of transporChanges of these factors will be discussedtfa stae ownership of the

land.

25%
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Figure4.14 Velika Gorica- IRR dependencenthe fuel and transport cost

IRR dependencen fuel and transport cost is shown kigure 4.14. It can be noted that the
highest impact on IRRas thefuel price. Nextjn Figure4.15IRR dependencen the investment

cost andhe purchase price of electricigyshown
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Figure4.15 Velika Gorica- IRR dependencenthe investment cost and tparchase price of

electricity

As it can be seen, these factors haéarger impact onthe IRR value to the previously
mentioned If the investment cost is 10% lower or the purchase price of the electricity is 10%
higher tle projectwould beprofitable.Also, 10% lower fuel price would also make this project
profitable.
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45 Macro location 2 - Sisak

Forthesecond selected location, power plant location and city location are shévwgure4.16.
As for the previous locatiohe power plant is marked witablack square antthe city is marked

with awhite square.

45.5

Figure4.16 Sisak- power plant location

The fuelprice fa this locationis43 7 [ u/ ton] . With this fuel pri
in Table23.

Table23. Sisak- Annual fuel cost

6,809656H n €| 6,801,895n ¢
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Then the IRR can be calculated and it is showhable24. It can be noted that this project in the
case of currently discussed scenario, whiclthes Senario 3, is already profitable with the
discount rate of 12%. Again, slightly lower IRR is the state ownership.

Table24. Sisak- IRR

Category of

ownership IRR
State 12.50%
Private 12.52%
Overall 12.52%

4.6 Sensitivity analysis

Important factors that could affect the viability of the prophating its worklifetime in this case
arethe price of biomass froiBRC specific investmentost the selling price of electricity and
the price of transportChanges of these factors will be discussedHerstate ownership of the

land.

25%

20% —~

. \
o \
5%

0%

T
/

-50.00% -30.00% -10.00% 0.00% 10.00% 30.00% 50.00%
Costchangein %

Discount rate —+—Fuel cost change —&— Transport cost change

Figure4.17 Sisak- IRR dependencenthe fuel and transport cost

IRR dependencen thefuel and transport cost is showm Figure 4.17. As for the previous

location larger impact on the IRRas thefuel price.In Figure4.18 IRR dependencen the
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investment cost and the purchase price of electnsishown In this casgethese factors hava

larger impact on the IRR. If the purchase price of the electricity is 10% lower or the investment

cost is 10% higher this projestuld beconsidered unprofitable

14
14

50.00%
40.00%
30.00%
20.00%
10.00%
0.00%
-10.00%
-20.00%

T~

S~

/

W’I

—

/

\-o\

|/./ T T T T T “"-—-—_’
—50.:]9"3/& -30.00% -10.00% 0.00% 10.00% 30.00% 50.00%

—e—|nvestment cost change

Cost changein %

—=—Purchase price of electricity change Discount rate

Figure4.18 Sisak- IRR dependencenthe investment cost and the purchase price of electricity
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4.7 Macro location 3- Koprivnica

Power plant and city location are shoinrfFigure4.19.

Figure4.19 Koprivnica- power plant location

The fuelprice for this location is 401 [ U / ttreanhual dual dost is shown rable25.

Table25. Koprivnica- Annual fuel cost

Annual fuel cost

State ownership

Private ownershig

7,607505my €

7,508162M H

Next the IRR is calculated and it is shownTiable 26. It can be seen that for this location the
project is not profitable (discount rate is 12%) doi@ higher fuel costThe sensitivity analysis

will show when the project would become profitable.
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Table26. Koprivnica- IRR
Category_of IRR
ownership
State 10.23%
Private 10.52%
Overall 11.08%
4.8 Sensitivity analysis
First, the IRR dependenoa thefuel and transport price is shownFigure4.20.
25%
2% \
15%
0, —._
g o | \4§-\J‘\+ .
5 \
0% . ‘ . : . ;
s -50.00% -30.00% -10.00% 0.00% 10.00% 30.00% 50.00%
-5%
Cost change in %
Discount rate —+— Fuel cost change —=— Transport cost change

Figure4.20 Koprivnica- IRR dependencenthe fuel and transport cost

As it can be seen from thabovefigure, a 10% lower fuel pricewould make this project
profitable Also, for this locatiorthe IRR sensitivity was discussed for the state ownership. Next,
in Figure4.21 the RR dependencen the investment cost and the purchase price of electrgity
shown. It can be seen thal0% lower investment cost amdl0% higher purchase pricé ihe
electricity would make this project profitablBransport cost has a little influence on the IRR and

a50% lower transport cost would make this projatthe verge of profitability
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Figure4.21 Koprivnica- IRR dependencenthe investment cost and the purchase price of
electricity
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4.9 Macro location 471 SlavonskiBrod

Power plant and city location for Slavongkiod are showin Figure4.22.

¥ 47.5

47

46.5

46

45.5

45

18

Figure4.22 SlavonskiBrod - power plant location

For this macro locatiothe fuel price from the state land is455 [ U/ t thaptice ef the | e
biomass from therivate landis 463 [ U4/t on] . I n previous macro

lower on the private land. With thikeannual fuel cost is shown rable27.

Table27. SlavonskiBrod - Annual fuel cost

Annual fuel cost

State ownership | Private ownershig

7,054909n m €| 7,3777740 p
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IRR is then calculated and shownTiable28.

Table28. SlavonskiBrod - IRR

oanership IRR
State 11.81%
Private 10.89%
Overall 12.10%

It can be seen that the project is combined withthe state and private land iwould be

consideregrofitable.

4.10 Sensitivity analysis

As beforethe dependence ofhe IRR on thefuel price, transport cost, investment cost and
purchase price of the electricity will @malysedThe differencerom the previous ases is that
the critical case is fahe private ownershipunlike the other cases whetbe sensitivity analysis
was done fothe stateownership ThelRR dependencenthe fuel and transport coist shownin

Figure4.23.

25%
20% \
15%

._
10% = h‘%\k —

o \

0% T T T 2
-50.00% -30.00% -10.00% 0.00% 10.00% 30.00% 50.00%

IRR

-5%

Costchange in %

Discount rate —+—Fuelcost change —#— Transpor cost change

Figure4.23 SlavonskiBrod - IRR dependencenthe fuel and transport cost
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Next, in Figure 4.24 the IRR dependencen the investment cost and the purchase price of

electricityis shown.

50.00%

40.00% .

30.00%

\
20.00% \\
/

10.00% M\\\

0.00% |/?U‘ﬁ/ T T T T —'—t-—..________.
-10.00% -50.00% .00% -10.00% 0.00% 10.00% 30.00% 50.00%

-20.00%

IRR

Costchangein %

—¢—|nvestment cost change —— Purchase price of electricity change Discountrate

Figure4.24 Slavonsk Brod - IRR dependencen theinvestment cost and the purchase price of

electricity

From this it can be seen thefl0% lower fuel price wdd make this project profitable, hile a
50% lower transport cost would only make this progatthe verge of profitabilityAs beforea
higherimpact on the IRR havihe investment cost and purchase price of the electrigit$0%
lower investment cost a 10% higher purchase price of the electricity would make this project

profitable.
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4.11 Macro location 5- Osijek

The lastselected location is @sk. Power plant location and city centre are showifrigure
4.25.

452
51.5
51
50.5
50
Figure4.25 Osijek- power plant location
For this macro location the fuel price from the statelandig49 [ 4/ t on] whi |l e t he

the privatelandis498 [ U/ ton]. With this Tabe2. annual fuel

Table29. Osijek- Annual fuel cost

Annual fuel cost

State Private

7674251H ¢ €| 7,727027H ¢
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The IRR is then calculated and showT able30.

Table30. Osijek- IRR

‘oamership IRR
State 10.03%
Private 9.88%
Overall 10.78%

4.12 Sensitivity analysis

As for the macro location 4 the critical case is fibre private ownership and thus it will be

analysedThe IRR dependenan the fuel and transport price is shomrFigure4.26.

25%

20%

15%, \

o —_—
X 10% Ly == — -
. \
0% ; ; ; ; ;
-50.00% -30.00% -10.00% 0.00% 10.00% 30.00% 50.00%

-5%

Costchangein %

Discountrate —+—Fuel cost change

—&— Transport cost change

Figure4.26 Osijek- IRR dependencenthe fuel and transport cost

It can be noted that the project is profitable if the fuel price is lower at leastvtlfé the 50%
lower transport cost would still make this project unprofitable. Next|RIRedependencen the
investment cost and the purchase price of electrisitthownin Figure 4.27. Thereit can be

noted that 10% lower investment cost aadL0% higher purchase price of the electricity would

make this project on the verge of profitability.
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Figure4.27 Osijek- IRR dependencen the investment cost and the purchase price of electricity
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5. CONCLUSION

The goalof this studywas to assess the potential for energy production from biomass produced
from SRC in Croatia. As a part tiie EU, Croatiastrivesto increase th share of renewables in
overall energy production by using and developing technologiesxfdoiting various renewable
energy sources such dke Sun wind or biomass. Cultivating energy crops has multiple
advantages such as: gotbmassyield, increasag biodiversity, temporary animal habitat,
regeneration of contaminated soil and filtration of wastewater which was discussed in previous
chapters. At the same time, Croatia has large areas of agricultural land that are not being
cultivated at the momenivhichis considered asnunused potential. Alsdhe current economic
situation in Croatia is not very godenceevery option that could help create jobs and improve

theeconomic situatioshould be considered

Recent data show that there is a laegergy potential of unused agricultural lafithe energy
potential was determined based the category of ownership for different counties in Croatia.
With adeveloped modethe price of biomass from SRC ati location ofthe power plant were
determind. Methodology to determine energy and technical potential for energy production from
biomass from SRC was discussed in Chaptd&text, the case study for Croatias done with 5
selected macro locations. Powglants up to 15 MW of installed capacity wetaken into
account.The IRR method was chosen to regmet the technical and econonaipalysis of the
selected locatiagifor powerplants ast wasshownin Figure5.1. This figurerepresentethe IRR

for the Scenario 3 which was consideredths critical scenario because only 25%tbé unused

land was used fahe cultivation of SRC for biomass productioRrojects with IRR higher than
12% wereconsidered profitabldt could be noted that only macro location Sisalisprofitable

with default parameters such the investment cost, heat energy price, electricity préte. For

each macro locatiothe sensitivity analysis was done discussing how the change of important
factors likethe electricity price, transport cost, investment cost and fuel wacdd change the

IRR. Generally, for all macro locations increaseéhafpurchase price of electricity or decrease of
the investment cost or fuel price onlyy 10% would make almost alhe projects profitable.
Transport coshad a very low influence on the IRR and it was simotkat only 50% lower

transport cost for some locaits could helpmakeprojecs profitable.
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Sisak SlavonskiBrod Kopriivnica Osijek
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I Private

= Discount rate

Figure5.1 IRR for the selected macrtmcations

To be sure that SRC will be used for biomass production to generate electricity or heat energy

more research shoule lconducted within the framework of local energy planning. Also, it is of

great importance to arrange a legal frameweastikich would define whatSRC in Croatia arand

on what land itouldbe cultivated and whatould be stimulated in the next 130 yeas.

Solvingthese administrative issue®uld open the doors for the development of the marked for

new type offuel currentlystill unknownin Croatia and whicthas thepotential to increasthe

employmentjmprove theeconomic situation and help presetkie environmentwith the help of

anew greerenergy
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In this paper, the energy potential of biomass from growing short rotation coppice on unused agricultural
land in the Republic of Croatia is used to investigate the feasibility of Combined Heat and Power (CHP)
facilities fueled by such biomass. Large areas of agricultural land that remain unused for food crops, rep-
resent significant potential for growing biomass that could be used for energy. This biomass could be
used to supply power plants of up to 15 MW, in accordance with heat demands of the chosen locations.
The methodology for regional energy potential assessment was elaborated in previous work and is now
used to investigate the conditions in which such energy facilities could be feasible. The overall potential
of biomass from short rotation coppice cultivated on unused agricultural land in the scenarios with 30% of
the area is up to 10 P)/year. The added value of [ruit trees pruning biomass represents an incentive for the
development of fruit production on such agricultural land. Sensitivity analysis was conducted for several
parameters: cost of biomass, investment costs in CHP systems and combined change in biomass and

Unused agricultural land
Renewable energy sources

technology cost.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

In the European Union's (EU) struggle to achieve the energy
package goals in 2020, in particular increasing the share of the
EU energy consumption produced from renewable resources to
20%, biomass has a very significant position with 68% share of total
gross inland consumption of renewable energy in 2011 and 8.4% of
total final energy consumption in Europe in 2011. At the same time
biomass is almost exclusive renewable fuel for heat with 95.5%
share [1]. In Croatia, besides being widely used for domestic heat-
ing in rural areas, biomass is a dominant renewable resource in the
most recent National Renewable Energy Action Plan, with a
planned contribution of 26 PJ and 85 MW of capacity in 2020 [2].
These ambitious goals rest on biomass due to its socio-economic
potential in Croatia, which is higher compared to the other renew-
able resources because of Croatia’s forest and land potential. Croa-
tia has problems with unemployment, similarly to some other
countries in the EU, and at the same time large areas of unused
agricultural land, both in public and private sectors. Extensive

# Corresponding author at: Ivana Luci¢a 5, 10 000 Zagreb, Croatia.
E-mail addresses: antun@sdewes.org (A. Pfeifer), dodo@dtu.dk (D.F. Dominkovi¢),
Boris.Cosic@fsb.hr (B. Cosi€¢), Neven.Duic@fsb.hr (N. Dui¢).

http://dx.doi.org/10.1016/j.enconman.2016.04.090
0196-8904/© 2016 Elsevier Ltd. All rights reserved.

research has been conducted so far on the marginal land use for
growing crops for biomass and biofuels |3]. Today, overall agricul-
tural land in Croatia amounts to 2,955,728 ha. Out of that,
1,074,159 ha is considered suitable, 1,074,510 ha is considered to
be of limited suitability and 806,328 ha is listed as unsuitable for
agricultural production [4]. In order to fulfil its goals regarding
renewable energy sources integration, while making a change
and progress in other mentioned fields, Croatia might resort to
Short Rotation Coppice (SRC), a form of cellulose biomass that
has already been developed for energy use in some other countries
of the EU. Previous research in this field in EU countries focused on
annual yields [5] and most favorable species |6}, and impact on soil
| 7] and biodiversity [8]. These energy crops are eligible for cultiva-
tion on a wide range of soils that are of limited suitability or
unsuitable for agricultural production. Initial studies have already
been carried out in the field of choosing the optimal clones of wil-
low and poplar. These species are common in Croatia and thus
most relevant candidates for use on larger scale, as shown for
white willow [9], with respect to the issue of marginal land [10]
and to the way appropriate clones of willow are chosen [11]. More-
over, initial research has been carried out to frame the overall
potential of marginal land on the whole territory of Croatia [12].
Although there are some experimental fields of willow being
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studied, there is no commercial SRC farm currently in Croatia.
Recent study discussed the uptake of the SRC by the farmers in
Europe [13], which demonstrated that the potential profitability
of SRC is not yet recognized, while the study of economics of SRC
in continental Europe gives the roadmap toward the increase in
feasibility compared to other types of crops [14].

The usage of SRC, as well as other energy crops started in Scan-
dinavian countries right after the oil crisis in the 1970s. Production
chains with energy crops are well developed in Sweden, Finland,
the UK and Denmark and are making progress in countries of Cen-
tral and South Europe. Recent data on areas under various energy
crops is given in Table 1.

Important part of energy transition toward systems based on
renewable energy sources is district heating with combined heat
and power (CHP) plants using biomass as the energy source.
Because of their importance, a lot of research has been conducted
recently to investigate the application of these types of solutions.
In [15] results for three variants of combined heat and power
(CHP) biomass plants were calculated. Kilkis [16] developed a
model for the net-zero exergy district development for a city in
Sweden, which among other units includes a CHP plant with dis-
trict heating and cooling system. Krajaci¢ et al. [17] provided an
overview of potential feed-in tariffs for different energy storage
technologies. Wang et al. [18] published a paper dealing with
multi-objective optimization of a combined cooling, heating and
power system driven by solar energy. Raine et al. [19] optimized
combined heat and power production for buildings using heat stor-
age. Mikulandric et al. [20] examined the possibilities of a hybrid
District Heating (DH) systems in small towns, with advantages in
lower cost when the system is powered by renewable energy.
Recently, the study of biomass CHP and DH applications in the
urban areas being competitive with natural gas was conducted in
Pantaleo et al. [21], with detailed sensitivity analysis conducted
in a separate paper [22]. In Rudra et al. [23], the research goes fur-
ther to propose more complex novel polygeneration systems based
on biomass utilization, which increases the efficiency of resource
utilization, minimizes the impact on the environment due to dis-
tributed generation and, through flexible operation, supports the
integration of renewable energy [23]. Research in the use of bio-
mass for CHP systems is well connected to the overall goal to
achieve energy systems with 100% energy produced from the
renewable sources. In the recent research regarding the possibility
of 100% renewable energy system in the whole SEE, biomass is
viewed more conservatively than before, with the energy potential
of 726 P]/year for the entire region. The use of SRC could increase
this potential further [24].

In this paper, the research builds upon the current state-of-the-
art scientific work by showing how unused agriculture land in
Croatia could be used to cultivate SRC, which later could be used
as fuel in the CHP plants. This is considered firstly for a novel sys-
tem that combines cooling, heating and power and is supplied by
storage. Further elaboration is conducted regarding feasibility of
such system and the sensitivity analysis of the most important
factors.

2. Metodology

Short rotation coppice species are perennial species which have
a lifetime of 15-20 years, depending on the species, and are usually
harvested every 2-8 years. In order to have continuous output of
biomass for energy plants each hectare of agricultural land deemed
to be at the disposal is divided into three fields, with the assump-
tion that in every rotation only one field would be harvested, so
that one hectare supplies biomass continuously during the lifetime
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Table 1
Cellulosic energy crops in EU in 2011 [1].

Willow (ha) Poplar (ha) Miscanthus (ha)
AT 220-1100 880-1100 800
BE 60 120
DK 5697 2807 64
FR 2300 2000-3000
DE 4000 5000 2000
IE 930 2200
IT 670 5490 50-100
LT 550
PL 5000-5000 300
SE 11,000 550 450
UK 1500-2300 10,000-11,000

of the species [25]. Therefore, the technical potential of the respec-
tive county or region is calculated in Eq. (1):

3 Ben@) = 3O(AD *Py(D) + k+ Ar() x Prd) M
i=1

i=1

where Bg(i) is the technical potential of the county (i) (t), A(i) is the
area of unused agricultural land at the disposal (ha), Py(i) is the
yearly production of biomass from the species used on the area A
in (t/year) and k is the factor of rotation which determines the pace
of harvesting. For every species or clones, factor k can be arbitrated
according to the location in question. Furthermore, A{i) is the area
of the county (i) under fruit trees (ha) and P{i) is the yearly produc-
tion of biomass from pruning of the fruit trees (t/year).

The energy potential of the respective county or region is calcu-
lated with the assumption that the obtained biomass is stored after
harvesting and finally reaches the gate of energy plant with mois-
ture value of 30% and lower heating value of 3.5 kW h/kg respec-
tively [26]. The energy potential is calculated in Eq. (2):

Bepiiy = Brengisre) * Hedsre + Brengigrui) * Helpui (2)

where Bep(y) is the energy potential (G]/year) of the county (i) and
Hdsgc is the lower heating value of the biomass from SRC at the gate
of energy plant (GJ/t), while Bien( ) is the technical potential of
biomass from fruit trees pruning (t/year), Bren(isre is the technical
potential of biomass from SRC (t/year) and Hdp; is the average
lower heating value of biomass from fruit trees pruning (GJ/t).

For the calculation of the price of biomass at the gate of power
plant, the method from [27] was used in Eq. (3). The price of bio-
mass as a function of the SRC farm distance from the power plant
is calculated:

Corm Z [Cs+ (T, ;BUi)] x K 3

i=1

where Gy is the price of biomass at the gate of power plant (€/t), Cg
is the price of biomass harvested from the SRC farm (€/t), T, is the
specific cost of transport (€/t/km), U; is the average distance
between the farm and power plant (km), Kp; is the amount of bio-
mass from the location (i) (t), Pp is the total yearly amount of bio-
mass used by the power plant (t).

For the purpose of gaining a better insight into regional differ-
ences in potential, which is crucial for economic viable choice of
location for both SRC farms and biomass power plants, the scenario
approach has been adopted. Various percentages of unused agri-
cultural areas have been taken into account and the difference
between public and private agricultural land has been considered
in order to benefit the future research of different operational
and maintenance costs of SRC farms. The farms can be run by hired
workforce and mechanisation compared to private landowners
that can use their own, slightly modified mechanisation and labor,
which might lower the costs significantly.
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