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INPUMEHA I'NC-A Y IIPOHEHHU IOTEHIIUJAJIA COJTAPHE EHEPI'UJE Y
OIIIITUHHA KYPITYMJIMJA

Hajana Temmh®

"Vuusepauter y HoBom Cany, [lpuponno-maremarnuku daxynret, Hopu Cazn, Cpouja

Caskerak: 3araljerbe JKHBOTHE CPEIMHE U INIOOATHO 3arpeBamke akTyellHe Cy TeMe MOCIEIbUX HEKOIUKO aeteHnja. ConapHa
SHepruja je HajpaclpoCcTpameHUji 0OHOBJEMBH M3BOP €HEpPIHje M HUje OTPaHIYeH Y BpeMeHy u mpoctopy. Ctora, TIoCTojH Be-
JIFKa MoTpeda 3a HHCTATMPARkeM MPOM3BOIHUX MOTOHA KOjU KOPHCTE 0OHOBJBHBE U3BOPE CHEPTH]E, & HAPOIUTO CONIAPHY CHEp-
rujy. Omabup HajIIoroHMje JIOKAIIK]e 32 HHCTAJIAIN]Y COJIAPHUX MOCTPOjeHba je OCHOBHH IPEIYCIIOB 3a CKOHOMCKH OIPaBIaHy
nnBectuijy. Y CpOuju je HajBehu moTeHnmjan conapHe eHepruje y HICTOYHOM, jY>)KHOM U JyTOMCTOYHOM JIEITy 3eMJbe, T€ je 3
HCTpa)KMBaHO ToApy4je n3abpana ommurrHa Kypurymnmja. Y oBoM pay NpUMEHOM reorpa)ckiux HHGOPMAIMOHUX CHCTEMa
(TUC), n3BpiieHa je npeHTH(UKALM]A TOTOIHNX JIOKALH]ja 33 TIPUMEHY coylapHe eHepruje y onmrinu Kypurymnmja. 3a aHa-
TI3y TIOTEHIjaia CoJlapHe eHepruje y onmruan Kyprrymmija n3zadpaso je 5 ¢gakrtopa: conapHa paamjanyja, Harnd TepeHa,
Ha4YMH KopuInherma 3eMJBHINTA, eKCIO3HINja TepeHa U YAaJbeHOCT Of MyTeBa. Y aHamms3| ¢aktopa je xopumrheHa Analytic
Hiearchy Process (AHP) meTona kako 61 ce ofpeania BayKHOCT CBakor (pakropa. HakoH Tora je u3BpIieHo mpeKiamname ciioje-
Ba omohy anara Weighted Overlay Method (WOM) y ArcGIS Pro codytepy. Pe3ynraru oBe aHami3e ykasyjy Ha TO Ja je YKy-
mHO 19 % mcTpaXkKHBaHOT MOZIpyYja U3y3€THO ITOTOIHO 33 M3rPaJiiby COJIAPHUX elieKTpaHa, 46 % MOBpIIMHE Criajia y yMEpeHo
TIOTOJTHA TIOZIpYYja 3a U3rpamy, 10K je 20.4 % nonpydja Maprunanso noroaHo. Ipeocramnx 14.6 % noapyyja cy 3amruhena
noJpyvja Koja cy UCKJby4eHa U3 aHanm3e. PesysraTi oBor pajja MOry KOPUCTHTH CONTApHIM KOMYHAJIHHM Ipey3ehnma, eHep-
TeTCKUM KOMITaHMjaMa ¥ KpeaTopuMa ITOIUTHKE Ja ogabepy MOTeHIMjajlHa MeCTa 3a U3IPajiiby CONApHUX EJICKTPaHa.
Ksbyune peun: comapua enepruja, [ UC, o6HOBIEMBHY m3BOpH eHepruje, AHP ananmsza, Kypurymmmja.
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Abstract: Environmental pollution and global warming have been ongoing topics for the last few decades. Solar energy is
the most widespread renewable energy source and is not limited in time and space. Therefore, there is a great need to install
generating plants that use renewable energy sources, especially solar energy. Choosing the most suitable location for the
installation of solar plants is a basic precondition for an economically justified investment. In Serbia, the greatest potential of
solar energy is in the eastern, southern and southeastern part of the country, therefore the municipality of KurSumlija was chosen
for the study area. In this paper, the identification of suitable locations for the application of solar energy in the municipality of
KurSumlija was performed using geographic information systems (GIS). For the analysis of the potential of solar energy in the
municipality of Kursumlija, 5 factors were selected: solar radiation, terrain slope, land use, aspect and distance from roads. The
Analytic Hierarchy Process (AHP) method was used to determine the importance of each factor. The layers were then overlaid
using the Weighted Overlay Method (WOM) tool in the ArcGIS Pro software. The results of this analysis indicate that a total
of 19 % of the investigated area is extremely suitable for the construction of solar power plants, 46 % of the area belongs to
moderately suitable areas for construction, while 20.4 % of the area is marginally suitable. The remaining 14.6 % of the areas
are protected areas that were excluded from the analysis. The results of this work can be used by solar utility companies, energy
companies and policy makers to select potential sites for the construction of solar power plants.
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YBOA

OOGHOBJBHBY U3BOPH CHEPIHje Ka0 HEUCLIPITHU
M3BOPU CHEpruje CBe BHUILE J00M]jajy Ha 3HAYAjy y
CBETY, C 0031poM Ha cBe Behe miobanHe norpede
3a eHeprujoM. CyHueBa eHepruja npeacTaBiba je-
JIaH OJ1 KOPUIITNEHUjUX BUI0BA OOHOBJEUBUX M3BO-
pa eHepruje. MehyHaponHa areHuuja 3a eHeprujy
(International Energy Agency —IEA) npornosupana
je a 6u conapHa eHepruja Moria ga Oyne u3Bop
YETBPTUHE EHEPIHj€ Y CBETCKO] €IEKTPO MPEKH JI0
2050. romune (International Energy Agency, 2020).
Ipema u3Berurajy SolarPower Europe (2020), cBer
je Ha noOpom myTy. EHepruja cyHiia npeacraBiba
JeIaH of EHEepreTCKUX MoTeHuujana Pemyomuke
Cpbuje, Koju ce MOXKE KOPHCTHUTH 3a MIPOU3BOALY
TOIJIOTHE WJIM EJIEKTPUYHE eHepruje. IHTeH3urer
cynuese panujaipje y Cpouju je mel)y Hajpehuma
y EBporn 1 u3nocu usmehy 1500 u 2200 yacoBa
roguise. [locMarpano Ha roUIIE-EM HUBOY, TIPO-
Ce4yaH MHTEH3UTET CYHUEBOT 3payerba U3HOCH OKO
1200 kWh/m?/romuiiise, y HEHTPATHOM JeITy U3HO-
cu oko 1400 kWh/m?/roquiise y ceBepo3amnaaHom
neny CpOuje, TOK je Ta BPEAHOCT Y JyTOUCTOYHO]
Cp6uju oxo 1550 kWh/m?/ronuime (Ctpareruja
pa3Boja eneprerrke Penmyomuke Cpouje o 2025.
roguHe ca npojekiujama 10 2030. romune, 2015).
Bynyhu na nmoros 3a mpou3Bozmy (OTOHAIIOHCKE
EJIEKTPUYHE SHEPrHje pay TOKOM YETUPH TOAUILIEHA
n00a, ozIpyyje UCTpaKUBamba oJadpaHo je Ha oc-
HOBY TOMIIIIHET KyMYJIaTHBHOT CyHYEBOT 3padyetha
(Choi et al., 2013). Hajoosp1 yciioBU 3a KOPUILITEHE
COJIapHE EHEprHje Cy y JY’KHOM JIeTy 3eMJbe, Hapo-
YUTO y TpazioBUMa Kao 1Ito cy Bpame, Kyprrymmmja
u Hum. Ha Ca1. 1 je npuka3zaHo mpoceyHo COapHO
3paueme y pa3muuTuM aenosuma Cpouje.

INTRODUCTION

Renewable energy sources as inexhaust-
ible energy sources are becoming increasingly
important in the world, given the growing
global energy needs. Solar energy is one of the
most used types of renewable energy sourc-
es. The International Energy Agency (IEA)
has predicted that solar energy could be the
source of a quarter of the world’s electricity
grid by 2050 (International Energy Agency,
2020). According to a report by SolarPower
Europe (2020), the world is on the right track.
Solar energy is one of the energy potentials
of the Republic of Serbia, which can be used
for the production of heat or electricity. The
intensity of solar radiation in Serbia is among
the highest in Europe and amounts to be-
tween 1500 and 2200 hours a year. Observed
annually, the average intensity of solar ra-
diation is about 1200 kWh/m?/year, in the
central part it is about 1400 kWh/m?/ year
in the northwestern part of Serbia, while in
Southeast Serbia it is about 1550 kWh/m?/year
(Crpareruja pa3Boja eHepreruke PemyOnuke
Cpbuje no 2025. rogune ca mpojeKiujama o
2030. rogune, 2015). Since the plant for the
production of photovoltaic electricity operates
during four seasons, the research area was
selected on the basis of annual cumulative
solar radiation (Choi et al., 2013). The best
conditions for the use of solar energy are in
the southern part of the country, especially in
cities such as Vranje, KurSumlija and Ni$. In
Fig. 1 is shown the average solar radiation in
different parts of Serbia.
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Ca. 1. IIpoceuno conapHo 3pauewme y Penyonunu Cpouju
Fig. 1. Average solar radiation in the Republic of Serbia

I'NC anatu cy n3y3eTHO NOTOJIHH 32 ITPOLIEHY
MOTEHIIMjajla COJapHUX CHUCTEMa 3a MPOU3BOIBY
enexkrpuuHe eHepruje (Choi et al., 2013). Carrion
et al. (2008) mpemIoKUIU Cy CUCTEM 3a JOHO-
iemhe OIyKa 3a opehuBame onTUManHoOr Mo-
JI0Kaja coJjlapHe eeKTpaHe ¢ 003MpOM Ha YTHIIA]
Ha XUBOTHY cpenuny npuMmenoMm ['MC-a u AHP
metozie. Charabi u Gastli (2010) ananuzupanu cy
MoryhHoctu conapse enepruje kpo3 I'IC nporre-
HY MOTEHIMjaJ1a U3rPabe COIAPHOT EHEPreTCKOr
cucrema y Omany. Janke (2010) je unentuduxoBao
MecTa ca BEIMKUM MOTEHIINM]JaIoM 3a KopHuIlllheme
00OHOBJHHMBHX U3BOpa eHepruje y Komopaay kopuc-
tehu Buiekputepujymcko moaenupame y ['C-y.
Takohe, y MHOrUM pazioBUMa Cy KOpHUIIheHU re-
OMH(OPMAIIMOHN CUCTEMHU 32 KOMOMHOBAHE CO-
JIAPHOT MOTEHIMjajla ca HIIP. pacloioKUBoIIhy
3eMJBUIIITA YTBP)EHUM Ha OCHOBY YCJIOBa Haruoa,
HauMHOM KopuIThema 3eMJBUIITA U YIaJbeHOIINY

GIS tools are extremely suitable for as-
sessing the potential of solar systems for elec-
tricity generation (Choi et al., 2013). Carrion
et al. (2008) proposed a decision-making
system for determining the optimal position
of a solar power plant with respect to envi-
ronmental impact using GIS and AHP meth-
ods. Charabi and Gastli (2010) analyzed the
possibilities of solar energy through a GIS
assessment of the potential of building a solar
energy system in Oman. Janke (2010) iden-
tified sites with great potential for the use of
renewable energy sources in Colorado using
multicriteria modeling in GIS. Also, in many
works, geoinformation systems were used
to combine the solar potential with e.g. the
availability of land determined on the basis of
slope conditions, the manner of land use and
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the distance from roads. Curi¢ and Durlevié
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ox cao6pahajunia. Curié u Durlevi¢ (2019) y cBom
uctpaxusamwy cy xkopuctunu ['MIC texnonoruje
3a M3padyHaBame MOTEHIMjajla COJIapHE EHepruje
y oniutiHU Bpame kopuctehu Temarcke ciojese
Haruba TepeHa, eKCIo3MIMje pesbeda, HaUMHA
kopuirhema 3eMJbUIITA, 3alITHNEHA TOAPYY)a,
O6mmu3uHy caoOpahajauia u 6mu3uHy Hacesba. Ko-
pumheme 'MIC-a 3a BpegHOBame MOTEHLIU]aI-
HUX JIOKAaIMja COJIApHHUX MOCTPOjerba, OJ] BEJINKE
j€ B&KHOCTH NIPH JOHOLICHY OIIyKa Ha PErHo-
HAJHOM M JIOKQJTHOM HHBOY, a IOpPE]] CyHUYEBOT
3pauema Off BEJIMKOT 3Hauaja je y3eTH y 003up
€KOHOMCKE, EKOJIOIIKE, TEXHUYKE, COLMjalTHE U
¢axrope uzrpanme (Choi et al., 2019).

VY Peny6nuuum CpOuju je cuTyaruja ca UCKo-
pHIITaBA-EM COJIApHE EHEPTHje Marbe MOBOJbHA. C
003MpPOM Ha HEIOBOJHHO PA3BHjEHO TPXKHUILITE U yC-
JIOBE 32 pa3B0j OOHOBJBHBUX U3BOpa eHepruje y Cp-
OWjH OJ1 BENHKE j& BAYKHOCTH UCTPAXKHUTH OIILIH]E 32
KopuItheme 00HOBJBUBHX H3BOPA EHEpruje. Y OBOM
pamy he OuTH HCTpaKEHH MOTEHLIMjAITN KopUIthersa
comapHe enepruje y ormutuay Kyprrymnmja. [taBan
LIJb OBOT pajia je 1a ce, momohy reorpa)ckux MH-
(opMalMOHKX CHCTEMA M IOCAIAIIEbUX UCKYCTaBa
koputthema 00HOBJBUBUX U3BOpA EHEPTH]E, OIPEIIH
TIOTEHLIMjaJT COJIApHE EHEPIHje Ha MOPYYjy OIIITH-
He Kypurymnyja, Te Aa ce mojcrakHe mpumnpema
KOHKPETHHX TIJIAHOBA KOPHIITEHA PACTIONOKHBUX
SHEPreTCKUX MOTEHIINjala, KaKo y OIIITHHH, TAKO
1 Ha nipocTopy unrtase Pemyomuke Cpouje.

NCTPAKMBAHO TIOAPYYJE

Ommruna Kyprrymnuja ce Hanasu y jy)KHOM
nemy Cpouje u npunana Torummakom okpyry (Co.
2). IMoBpimHa omntiHE u3HOCH 952 km?, ot yera
uryme 3ay3umajy 57.1 % teputopuje. Cmernrena je
Ha 06omy Kypurymijcke KOTarHe, Ha jyrOMCcTod-
HUM naguHaMa KomaoHuka u ceBepHO3anaHIM
naauHama Panan nnanune. Teputopuja onmru-
He Kypurymnuja cmemtena je y UeHTpajaHOM H
TOpHEM TOKy peke Tormie, kKao Uy CIIMBOBUMA
weHux nputoka Kocanune n bamcke. ['pannun
ce ca onmruHama brnane, bpyc, Menseha, Jle-
nocasuh u [lomyjeBo, rie ce Hanase aBa MpeBoja
— Ipenonar u Mepnape. Ha Teputopuju unrase
OILITHHE, IpeMa nojanuma nonuca us 2011. ro-
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(2019) in their research used GIS technologies
to calculate the potential of solar energy in the
municipality of Vranje using thematic layers
of terrain slope, aspect, land use, protected
areas, proximity to roads and proximity to set-
tlements. The use of GIS to evaluate potential
locations of solar plants is of great importance
in decision-making at the regional and local
level, and in addition to solar radiation it
is important to take into account economic,
environmental, technical, social and construc-
tion factors (Choi et al., 2019).

In the Republic of Serbia, the situation
with the use of solar energy is less favorable.
Given the underdeveloped market and condi-
tions for the development of renewable energy
sources in Serbia, it is of great importance
to explore options for the use of renewable
energy sources. This paper will explore the
potentials of using solar energy in the munic-
ipality of KurSumlija. The main goal of this
paper is to determine the potential of solar
energy in the municipality of KurSumlija,
using geographic information systems and
previous experiences of using renewable en-
ergy sources, and to encourage the preparation
of specific plans for the use of available en-
ergy potentials, both in the municipality and
throughout Republic of Serbia.

STUDY AREA

The municipality of KurSumlija is located
in the southern part of Serbia and belongs to the
Toplica district (Fig. 2). The area of the munic-
ipality is 952 km?, of which forests occupy 57.1
% of the territory. It is located on the edge of the
KurSumlija valley, on the southeastern slopes of
Kopaonik and the northwestern slopes of Radan
mountain. The territory of the municipality of
KurSumlija is located in the central and upper
course of the river Toplica, as well as in the
basins of its tributaries Kosanica and Banjs-
ka. It borders the municipalities of Blace, Brus,
Medveda, Leposavi¢ and Podujevo, where there
are two passes — Prepolac and Merdare. On the
territory of the entire municipality, according to
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nuHe, )kuBu 19213 cTaHOBHUKA, CMEIITEHUX Y
jemHoM TpajckoM U 89 ceockux Hacesba. UuTaBa
TEPUTOPHja OMNIITHHE MMa jaKO TIOBOJHHE YCIIOBE
3a MPOU3BObY COJIApHE €HEpruje, jep je mpo-
CEYHO TOJUIILE CONApPHO 3padyewe Behe Hero y
octanuM aenoBuma Cpbuje. [lo usrpanme mnpse
conapue enekrpane 2012. ronuHe, oBaj orpoMaH
noteHuyjan onmtrHe Kypirymnuja yomnre Huje
01O UCKOPHILTEH.

the data from the 2011 census, there are 19213
inhabitants, located in one urban and 89 rural set-
tlements. The entire territory of the municipality
has very favorable conditions for the production
of solar energy, because the average annual solar
radiation is higher than in other parts of Serbia.
Until the construction of the first solar power
plant in 2012, this huge potential of the munici-
pality of KurSumlija was not used at all.

Cu. 2. ITonoxaj uCTpakuBaHOT TOAPYYja
Fig. 2. Location of the study area
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TTIOJIALIY Y METOJIE

VY 0BOM pajy Cy 3a aHalIM3y NOTEHIHjaTHUX
JIOKaIMja 3a U3rpajiiby COJAPHUX eNIeKTpaHa Ko-
puithenn reonHdopmanmonu cuctemu. Kako 6u ce
n3abpalie HajIoroJHUjE JIOKALMje 3a KOpUIIheme
coJlapHe eHepruje, MOTpeOHO je yTBPAUTH (hakTope
KOJU YyTHYY Ha OAP>KUBOCT COJIAPHUX EJIEKTpaHa
Ha UCTpaKuBaHOM noApy4jy. Tpenytao y CpOuju
HE MOCTOje MPOIUCH KOjU PEIU3UPajy YCIIOBE Te-
PEHa 3a U3rpajiby COJApHUX EJIEKTpaHa, CTora cy
onabpanu (pakTOpu OBOT HCTPAKHUBAHA H3a0paHH
Ha OCHOBY MHIIUBbEHA CTPYUHAaKa U MPETXOIHUX
UCTPAKUBAYKUX CTyAHja. Y OBOM HMCTPAXKUBAY,
3a Kpeupame KapTe IMOroJHOCTH 33 MHCTAJalujy
COJIApHMX eNieKTpaHa y ommtuHu Kypurymiuja,
nzabpanu cy cinenehu npenucnonupajyhu gax-
TOpHU: Haruo, eKCIOo3UIINja, HAaYuH KopHIIhema
3eMJBHINITA, YAaJbEHOCT O] mocrojehe mHppa-
CTPYKTYpE, Ka0 U TOUIIHA KOJTMYMHA CyHYEBOT
3paver-a UCTpaXuBaHOT nozpydja. Mako je cBako
MoJpydje Pa3InYUTO MO KapaKTepUCTUKaMa, 3a
yrpaamwy GoronanoHckux (PV) mocrpojema mory
ce a”Haimm3uparu HaBezeHu (akropu (Merouni et
al., 2018).

[Toganm o0 WHCONAIM]H MOAPYYja UCTPAKH-
Bama cy m3Bezenn 3 ASTER rmoGanHor qururai-
Hor mozena enesanuje (DEM, pesomymumja 30 m)
kopuirhemeM anara Area Solar Radiation. Haru6
TepeHa MPeACTaB/ba BEOMa BaykaH (haKkTop KaJja ce
aHaJIM3Upa IMOroIHA JIOKALM]a 32 MHCTATMPAHE CO-
JapHUX eNeKTpana. HajnpukinaaHuju cy TepeHu ca
M3y3eTHO O1aruM HaruOoM, pajay JaKIie MPUCTY-
MAYHOCTH TOKOM U3TPAJIEHE €IEKTPaHa ¥ CMAHEHOT
pusuka o1 Mmoryhux Hecpeha umje mance pacty ca
naru6om tepena (Curi¢ & Durlevi¢, 2019). Kap-
Ta EKCIO3UIIMje TepeHa MpHUKa3yje OpHjeHTaLn]y
TepeHa y oHocy Ha cyHie. Penmybnuka CpOuja ce
HaJla3¥ Ha CEeBEPHO] XxeMucdepu, rae je Ha jy>KHUM
€KCIO3UIMjaMa M3JI0KEHOCT TepeHa CYHYEBOM
MHTEH3UTETY HajBeha, ma je jy)KHU TpaBall eKc-
MO3MIIMj€ HAJIIOTOAHU]U 32 U3TPaby CONAPHUX
enexrpana (Curi¢ & Durlevi¢, 2019). Baza mo-
naraka Corine Land Cover kopumihena je 3a mo-
Tpebe nobujama KapTe KopUInhemba 3eMIBHILTA.
[oapyyja momyT mryma, 3amTuheHux moapyyja,
MoOYBapa, peKka u je3epa Cy HeNpHUKIagHa 33 U3-
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DATA AND METHODS

In this paper, geoinformation systems
were used for the analysis of potential lo-
cations for the construction of solar power
plants. In order to select the most suitable
locations for the use of solar energy, it is
necessary to determine the factors that affect
the sustainability of solar power plants in the
study area. Currently in Serbia there are no
regulations that specify the terrain conditions
for the construction of solar power plants,
so the selected factors of this research were
chosen based on the opinion of experts and
previous research studies. In this study, the
following predisposing factors were selected
to create a map of suitability for the installa-
tion of solar power plants in the municipality
of KurSumlija: slope, aspect, land use, dis-
tance from existing infrastructure, and annual
amount of solar radiation in the study area.
Although each area is different in character-
istics, the above factors can be analyzed for
the installation of Photovoltaic (PV) plants
(Merouni et al., 2018).

The insolation data of the study area were
derived from the ASTER global digital elevation
model (DEM, 30 m resolution) using the Area
Solar Radiation tool. The slope of the terrain is a
very important factor when analyzing a suitable
location for the installation of solar power plants.
The most suitable terrains are with an extremely
slight slope, for easier accessibility during the
construction of power plants and reduced risk
of possible accidents whose chances increase
with the slope of the terrain (Curi¢ & Durlevi¢,
2019). The aspect map shows the orientation of
the terrain in relation to the sun. The Republic
of Serbia is located in the northern hemisphere,
where the exposure of the terrain to solar intensity
is greatest at the southern exposures, so the south-
ern direction of the aspect is the most suitable for
the construction of solar power plants (Curi¢ &
Durlevi¢, 2019). The Corine Land Cover database
was used to obtain a land use map. Areas such
as forests, protected areas, wetlands, rivers and
lakes are unsuitable for the construction of solar
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rpamy conapHux enekrpana (Yousefi et al., 2018).
Taxole, BpJio je BaKHO Ja coJlapHe eNeKTpaHe Oyry
JOCTYIHE 32 U3TPaiby, Ta j€ HEOMXOIHO Y3ETH Yy
003up ynasseHnoct 1o mytHe mpexe (Choi et al.,
2019). HeorexxaH mpuCTyN TPaHCIIOPTHO] MPEXKH
CMambyje OllepaTuBHE TPOIIKOBE U3rpamhe (Zoghi
et al., 2017). ITomohy anara Euclidean Distance y
coptBepy ArcGIS Pro je uspauynara ynaseHOCT
OJ1 MyTHE MPEXe Y UCTPaKUBaHOM nozipyyjy. [To-
Jlaly O 3aTHhEeHNM MOJpyYjuMa Ha TEPUTOPHjH
ommruHe Kyprrymnuja cy npeyseru u3 CBercke
6a3e noxaraka o 3amruheHumM noapyyjuma. Pazmu-
YUTUM KJIacama TEMaTCKHX CJI0jeBa J0JeJbEHE Cy
BPEIHOCTH OLICHUBAMha KOje 0/IroBapajy lHUXOBOM
pEIaTUBHOM JOIPHHOCY JIAKIIEM MOCTaBJbaby
COJIapHUX eJIeKTpaHa. ¥ OBOM HCTPAKUBAWY,
3HAYajHOCT KPUTEpHjyMa je 3aCHOBaHA Ha MHIL-
JbEEbY CTPYUHbaKa, JINTEPATypH U JOKalujama Ko-
pumhema conapue enepruje y Cpouju. Bpenmnoctu
olieHa cy nu3sezieHe kpo3 AHP npucrym.

AHP npuctyn koju je ycranouo Saaty (1980),
je Hajuenthe xopunrheHa MeTosa 3a KBaHTH(UKO-
Bamh€ TEXKUHE IIPEMA MUIIJbEIbY CTPyUHhaka. YKy-
ITHE TeXHMHE M BA)KHOCT CBAKOT YJIa3HOT IapaMeTpa
nobujajy ce momohy marpure ynopehusama y
napy (Choi et al., 2019). Ha mouetky AHP mpo-
reca aeuHuIIe ce 1usb U Oupajy anTepHaTHBE U
kpurepujymu. Ilocne Tora ce remepuiie Marpuma
ynopehuBama y napy (A). PenatuBHa BaXXHOCT /1Ba
KpPUTEpHjyMa MEPH ce IpeMa HyMEPUIKOj CKaJIX OJ1
1 1o 9 (Saaty, 1980).

1 a b
A=1/a 1 ¢
1/b 1/c 1

(D

[TorpebHO je HOpManm3oBaTH Marpuily (A)
JIeJbehEeM eJIeMeHaTa CBaKe KOJIOHE 30MpoM erre-
MEHaTa UCTEe KOJIOHE KaKko OM ce m3padyHajia 3Ha-
YajHOCT CBAaKOT Kputepujyma. [Ipocek perosa HOBe
MaTpHIIe /1aje TPaKEHE peJlaTHBHE TEKUHE KpUTe-
pujyma (Merrouni et al., 2018). [Ipukymbenu no-
naiy cy 3atum oopahenu y codprepy ArcGISPro
npexo anara WOM.

power plants (Yousefi et al., 2018). Also, it is very
important that solar power plants are available
for construction, so it is necessary to take into
account the distance to the road network (Choi et
al., 2019). Easy access to the transport network
reduces the operating costs of construction (Zoghi
et al., 2017). Using the Euclidean Distance tool
in the ArcGIS Pro software, the distance from the
road network in the study area was calculated.
Data on protected areas in the municipality of
KurSumlija were obtained from the World Da-
tabase on Protected Areas. Different classes of
thematic layers have been assigned evaluation
values that correspond to their relative contribu-
tion to easier installation of solar power plants. In
this study, the weight of the criteria is based on
the expert’s opinion, literature and solar utiliza-
tion sites in Serbia. Rating values were derived
through the AHP approach.

The AHP approach established by Saaty
(1980) is the most commonly used method for
quantifying weight according to experts. The
total weights and importance of each input pa-
rameter are obtained using a pairwise compari-
son matrix (Choi et al., 2019). At the beginning
of the AHP process, the goal is defined and al-
ternatives and criteria are chosen. After that, a
pairwise comparison matrix (A) is generated.
The relative importance of the two criteria is
measured according to a numerical scale from 1
to 9 (Saaty, 1980).

1 a b
A=1/a 1 c
1/b 1/c 1

)

It is necessary to normalize the matrix (A)
by dividing the elements of each column by the
sum of the elements of the same column in order
to calculate the significance of each criterion. The
average rows of the new matrix give the required
relative weights of the criteria (Merrouni et al.,
2018). The collected data were then processed
in ArcGIS Pro software through the WOM tool.
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PE3VIITATU
Conapna paaujanmja

Conapna paaujaiyja ce MOXXe U3padyyHaTu
nomohy anara Area Solar Radiation y codTBepy
ArcGIS Pro. Pesynraru cy uckazanu y kWh/m? y
OMJI0 KOjOj TAUYKU WM TTOAPYY]jy 3a oxpeheHo Bpe-
Mme. OBaj anat kopuctu DEM kao ocHOBY 3a u3pa-
YyHaBa-€ COJIAPHE PaIHjallije Ha UCTPAKUBAHOM
noapy4jy. Ha uctpaxusanom noapyuyjy Hajsehu
HHUBO conapHe paaujanuje (1275-1465 kWh/m?)
MMajy 3amaJHu ¥ JyTOMCTOYHH JIEJIOBU OIIITHHE
Kypurymnmja (Ca. 3).

RESULTS
Solar Radiation

Solar radiation can be calculated using
the Area Solar Radiation tool in ArcGIS Pro
software. Results are expressed in kWh/m? at
any point or area for a given time. This tool
uses a DEM as a basis for calculating solar
radiation in the study area. In the investigated
area, the western and southeastern parts of the
municipality of Kur§umlija have the highest
level of solar radiation (1275-1465 kWh/m?)

(Fig. 3).

Ca. 3. ConapHa paaujanuja
Fig. 3. Solar radiation map

Haru6 tepena

Aly et al. (2017) uctudy aa y Iareparypu He
MOCTOjH KOHCEH3YC y Be3H ca IpuxBaheHuM mpo-
nienToM Haruba 3a PV nmocrpojema. Harub y oBom
HCTpaXuBamwy je reHepucan momohy DEM u anara
Slope y codprBepy ArcGIS Pro. 36or Henpuctymay-
HOCTU TOKOM M3TPaJhe U OTEKAHOT OJlp>KaBarbha
eJleKTpaHa, Tpeda n3oerapary BUCOKe Haruoe. Cto-
raje JoJIrHama U CTPMOM 3€MJBHILTY ca Haruoom
BehuM of1 5 mpolieHara A0/1e/beHa HajMamba OlleHa.
Ha tepuropuju ommrune Kypurymnuja, morogan
Haru6 TepeHa ce Hajla3u y 1ojarHaMa peka. Hajro-
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Slope

Aly et al. (2017) point out that there is no
consensus in the literature regarding the accepted
percentage of slope for PV plants. The slope in this
study was generated using DEM and Slope tools in
ArcGIS Pro software. Due to inaccessibility during
construction and difficult maintenance of power
plants, high slopes should be avoided. Therefore,
valleys and steep land with a slope greater than 5
percent were given the lowest grade. On the terri-
tory of the municipality of KurSumlija, a suitable
slope of the terrain is located in the river valleys.
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BOJbHU]U Harub tepena je 0.5-3°, koju je HajOoIbE
OlLIeH-EH 300T CTAOMITHOCTH COJIAPHUX €JIeKTpaHa,
a KOjU ce Haias3u y ceBepHoM ey onmtuHe (Co.
4). Ha paBHuM TepeHuma ca Haruoom ucron 0.5°,
BOJIa CE€ YECTO 3aJprKaBa HAKOH 3HAYajHUX Iaja-
BHHA, Kako 300T Haruba, Tako u 300T creruduaHe
reonouke nomiore (Curi¢ & Durlevi¢, 2019). ¥V
MHOTHM HCTpaXXHBambUMa Cce Mpernopyyyje Aa 3a
U3TPaJIiby CONapHE eNieKTpaHe Haruo TepeHa Tpeda
na oyne 10° umm mame (Choi et al., 2019; Al Garni
& Awasthi, 2017; Yousefi et al., 2018).

The most favorable slope of the terrain is 0.5-3°,
which are best rated due to the stability of solar
power plants located in the northern part of the
municipality (Fig. 4). On flat terrains with a slope
below 0.5°, water is often retained after significant
precipitation, both due to the slope and due to the
specific geological base (Curi¢ & Durlevié, 2019).
Many studies recommend that for the construction
of a solar power plant, the slope of the terrain
should be 10° or less (Choi et al., 2019; Al Garni
& Awasthi, 2017; Yousefi et al., 2018).

Cn. 4. Haru6 tepena
Fig. 4. Slope map

Hauun kopuirhemwa 3emspuiiTa

Haunn kopumrhema 3eMibuIITa 3aBUCH O]
Mel)ycoOHMX yTHIIaja TPUPOAHUX U AHTPOTIOTEHUX
(haxTopa. Y 0BOM HCTpaskuBamy HH(GOPMAIIH]E O KO-
puithewy 3emspuinta goodujene cy u3 Corine Land
Cover 6aze nmogaraka. Hajnpuknaaauja nogapydja 3a
W3TPaJIEby COJIAPHUX eJIEKTPaHa Cy HeHABO/EhaBaHA
00pa/iMBa 3eMJBHILITA KOja Cy YIJIABHOM 3aCTyTIJbeHa
y ceBepHoM jeny ommutuae (Ci. 5). OBoj Kiacw,
Kao U MOJIpy4juMa ca OCKYIHOM BEreTalljoM Cy
JIo7IeJheHE HajBUIIIE O1leHe. Benmvku 1eo onmTuHe je
TIO/1 IUCTOMAHUM 1iryMama (65 %), Te je HEOIXOaHO
3aIITHTUTH EKOCUCTEME Ol aHTPOTIOTEHOT yTHUIIAja
(Curi¢ & Durlevi¢, 2019). U3 HaBenenux pasmnora
MOZIpyYjUMa ca IIIyMCKOM BETETALI]OM j€ I0/IeJbeHa
HHCKa OIIEHA 3HAYaJHOCTH.

Land use

The way of land use depends on the mu-
tual influences of natural and anthropogenic
factors. In this study, land use information
was obtained from the Corine Land Cover
database. The most suitable areas for the con-
struction of solar power plants are non-irrigat-
ed arable land, which is mainly present in the
northern part of the municipality (Fig. 5). This
class, as well as areas with sparse vegetation,
were awarded the highest marks. A large part
of the municipality is under deciduous forests
(65 %), so it is necessary to protect ecosys-
tems from anthropogenic impact (Curié¢ &
Durlevi¢, 2019). For these reasons, areas with
forest vegetation were assigned a low weight.
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Cn. 5. Haunn xopunihema 3eMIbHIITA
Fig. 5. Land use map

Excriozuimja TepeHa

Excno3unuja Tepena je rakohe Outan ¢ak-
TOp MPH TUIAHUPAY U3TPATHE CONAPHUX EIIeK-
TpaHa. Ha jy>)xHuM excnosuigjama paj conap-
HUX TaHela je MHOTO eukacHUju y opehemy
ca ocTajnuM mpaBuuma. Paznor Tome jecte TO
IITO jy)KHE IMaJMHE Ha CEBEPHOj XeMHCchepH
MMajy BHILE CYHYaHUX CaTH Y OJHOCY Ha JIpyre
npasie. Ctora cy majguHe y jy>KHUM IpaBIMa
OIIeHCHE BHCOKOM OIIeHOM 5. JyXHH, jyrosa-
MAJHH U JYTOUCTOYHH MIPABIH 3aCTYIJBEHH CY Y
Behum nenopuma onmrune (Co. 6).

Aspect

The aspect is also an important factor in plan-
ning the construction of solar power plants. Solar
panels are much more efficient at the southern
exposures compared to other directions. The rea-
son for that is that the southern slopes in the
northern hemisphere have more hours of sun-
shine compared to other directions. Therefore, the
slopes in the southern directions were rated high
5. The southern, southwestern and southeastern
directions are represented in larger parts of the
municipality (Fig. 6).

Cn. 6. Kapra ekcrio3uiije TepeHa
Fig. 6. Aspect map
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VYnasmseHoCT o7 ImyTeBa

[TyTeBu urpajy jeaHy on MpecynHux ynora y
01abupy TOTOAHUX MOAPYYja 3a U3rpaamy PV mo-
CTpojema. brm3uHa myTeBa je moke/baH eKOHOM-
cKH (haKTop jep ce n3berapajy TOJaTHH TPOIITKOBH,
Kao ITO je HIP. U3rpajiiha HOBE HHPPACTPYKTYPE
(Khemiri et al., 2018). Takohe, moxxespHO je 1a ce
PV nocrpojema Hanaze y OMU3UHM ITyTeBa BUIIIET
paHra pajau Behe MpUCcTyna4HOCTH. Y UCTPaKUBa-
HOM TOZIPYyY]jy, HallpaBJbEHE CY 30HE YaJbeHOCTH
oKo myTeBa Ha cBakux, 300, 600, 1200 u 1500 m
ynasbenoct (Cn. 7). Ha teputopuju ommTHHe
Kypirymimuja nporiemyje ce aa je Behuna moapydja
W3y3€THO MOBOJHHO, Tj. HA YAaJbHOCTH Mamb0j OJT
600 m. MehyTum, oBe 30He TpeOa KOMOMHOBATH
ca JIOKaIfjama OICHCHUM Ca BHCOKHM OlLleHama
U3 Ipyrux Kapara Kako OM ce cBeoOyXBaTHH]eE
MIOCMaTpao MpoCTop 3a NPHUMEHY CyHUEBE EHEpIHje
(Curi¢ & Durlevié, 2019).

Distance from roads

Roads play one of the crucial roles in se-
lecting suitable areas for the construction of PV
plants. Proximity to roads is a desirable eco-
nomic factor because additional costs are avoid-
ed, such as e.g. construction of new infrastruc-
ture (Khemiri et al., 2018). Also, it is desirable
that PV plants are located near higher-ranking
roads for greater accessibility. In the study area,
distance zones were created around the roads
at each, 300, 600, 1200 and 1500 m distances
(Fig. 7). On the territory of the municipality of
KurSumlija, it is estimated that most of the areas
are extremely favorable, ie. at a distance of less
than 600 m. However, these zones should be
combined with locations rated with high scores
from other maps in order to observe the space
for the application of solar energy more compre-
hensively (Curi¢ & Durlevié, 2019).

Ca. 7. YaameHocT of] myTeBa
Fig. 7. Road distance map

3amrtuhena nozgpydja

Ha 3amrruhena moapydja Mory Jiome yTu-
[aTH JbYJICKE aKTUBHOCTH, IOIYT U3TPaibe MO-
CTpOjema 3a MPOU3BOIbY cosapHe eHepruje. Opa
nojipyyja je moTpedHO MoceOHO pa3MOTPUTH TIPe
MOCTaBJbar-a HOBHUX MPOjeKaTa y lbMX0BOj OMM3UHU
U CBE JIOK onpeheHa ynaeHOCT OKo BHX He Oyrie
HCKJbYYEHA Ca Mara MOroJHOCTH. 300T CBOjUX

Protected areas

Protected areas can be adversely affected
by human activities, such as the construction
of solar power plants. These areas need to be
considered separately before setting up new
projects in their vicinity and until a certain
distance around them is excluded from the
benefit map. Due to their ecological values,
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EKOJIOIIKUX BPEIHOCTH, 3amTiheHa moapyyja ce
CMaTpajy HETPUKIIAIHUM 32 U3rPaliby COTAPHUX
enektpana (Zoghi et al., 2017). 3amrruhena nox-
pydja y OBOM UCTpaxkuBamy he ce cmarparu He-
TIOTOJTHUM 3a U3TrPaJiiby CONApHUX elekrpana. Ha
TepuTopuju onmTHHe Kyprrymimja moctoje nsa
THIIA 3alITHhEeHNX NofIpyYja: IiaHuHa Payan xkoja
je 3amruheHa Kao MPUPOIHO JOOPO O U3Yy3ETHOT
3Ha4yaja 1 ‘DBasosba Bapomr koja je crenujaiHu
pesepaar npupoze (Ci. 8).

protected areas are considered unsuitable for
the construction of solar power plants (Zo-
ghi et al., 2017). The protected areas in this
study will be considered unsuitable for the
construction of solar power plants. There are
two types of protected areas on the territory of
the municipality of Kur§umlija: Mount Radan,
which is protected as a natural asset of excep-
tional importance, and Davolja Varos§, which
is a special nature reserve (Fig. 8).

Cn. 8. 3amrruhena noapyyja
Fig. 8. Protected areas

Cunte3Ha kapTa

Kopumthewem ['MC TexHonoruje, HaBeaeHe
TEMaTCKe KapTe cy MCcKopuurheHe 3a u3pany
KapTe MOTOJHOCTH 3a MpuMeHy PV enekrpana
y onutuHu Kyprmrymunuja. [lperxonne cryauje
Cy mpyxuie BaxkHe uHpopmaiuje 3a ynopehu-
Bambe¢ 3HAYajHOCTU U OLCHUBAIE TMapaMeTrapa
Of1 CTpaHe cTpyumaka. Pesynraru ynopehusama
yKa3yjy Ha TO Ja KpUTEPHUJyM COJIapHEe pajiuja-
uuje noduja Hajsehy 3nauajuoct ox 0.39, a cie-
1 KpUTEPHUjyM Haruba ca TEKUHOM jeTHAKOM
0.28 (Tab. 1). 30up cBUX 3HAYAJHOCTHU U3HOCH 1
(Khemiri et al., 2018).
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Synthesis map

Using GIS technology, the thematic maps
were used to create a map of suitability for
the application of PV power plants in the
municipality of KurSumlija. Previous studies
provided important information for weighting
and rating the parameters by experts. The
results of the comparison indicate that the
criterion of solar radiation gained the highest
significance of 0.39, followed by the criterion
of slope with a weight equal to 0.28 (Tab. 1).
The sum of all significance is 1 (Khemiri et
al., 2018).
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Tab. 1. 3nauajHoct pakTopa
Tab. 1. Significance of factors

dakropu / Factors 3nauajaoct / Weight
Conapna panujanuja / Area Solar Radiation (C1) 0.39
Haru6 / Slope (C2) 0.28
Haunn xopumhema 3emsbninTa / Land use (C3) 0.21
Excmiosummja / Aspect (C4) 0.07
VYmamenoct ox myteBa / Distance to roads (C5) 0.06

JloOujeHe BpeHOCTH Cy TpyNHUCaHE y HeT
KJ1aca: HEeroro/IHe, MaprUHAIHO TIOTO/THE, YMEPEHO
MIOTO/THE, jaKO MOroiHe U u3y3eTHO norojaHe (Ci.
9).

The obtained values are grouped into five
classes: unsuitable, marginally suitable, mod-
erately suitable, very suitable and extremely
suitable (Fig. 9).

Cn. 9. CunresHa kapra
Fig. 9. Synthesis map

JloOujeHa cuHTE3HA KapTa yKasyje Ha TO Jia ce
HAjTIOTO/IHH]a TIOAPYYja HaJla3e y CEBEPHUM U CEBe-
po3amnaJHuM JIeJIOBUMA UCTPaKUBAHOT MOJpyYja,
Kao M JIeJIOBUMa OMINTHHE y3 JoiuHe peka. Ha
OCHOBY ToBpItiHa n100ujennx u3 ' MC-a yrBpheHo
je ma je 181.1 km? uicTpaxkuBaHOT TOApPYYja jaKo
MOTO/THO U M3Y3€THO MOTOAHO 32 U3TPaJliby eleK-
TpaHa. [loapydja BUCOKe MOTOJHOCTH 33 U3TPA/IHY
enexTpana yuHe 19 % monpyyja, 10K ymepeHo
MOTO/IHA Toapy4Yja 3ay3umMajy 436.2 km? (46 %)
HCTPaXHWBAHOT TMoapyyYja. 3amrTuheHa moapydja
Cy O3Ha4eHa Kao HEMoroaHa u 3ay3umajy 139 km?
(14.6 %) ommutune Kypurymmmja.

The obtained synthesis map indicates that the
most suitable areas are located in the northern and
northwestern parts of study area, as well as parts
of the municipality along the river valleys. Based
on the areas obtained from GIS, it was determined
that 181.1 km? of the investigated area is very
suitable and extremely suitable for the construc-
tion of power plants. Areas of high suitability for
the construction of power plants make up 19 % of
the area, while moderately suitable areas occupy
436.2 km? (46 %) of the study area. Protected
areas are marked as unsuitable and occupy 139
km? (14.6 %) of the municipality of KurSumlija.
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JIMCKYCHJA

Hajseha HecurypHoOCT npH MpoOIEHN MHCTa-
Jalyje coapHOr CUCTeMa J0J1a3u U3 MO/aTaka o
CyHUEeBOM 3pademy. [lobosbliaBameM moaaTaka o
CYHUEBOM 3payeiby U CTAaBJbakbeM HCTHX Ha YBUJL
JaBHOCTH MOXKe ce MoMohu MHBECTHTOpHUMA J1a
noHecy edukacHe U curypHe omryke. CTBapame
CHHTE3HE KapTe COJIApPHOT MOTEHIIN]jajia OIIIITHHE
Kyprrymiija Moske TOpHUHETH pa3Bojy CTpaTeruja
3a uckopuihaBame COJapHOT MOTEHIMjana U Ha
Taj HAYMH MoMohu pa3Bojy OOHOBJBMBHX H3BOpA
enepruje. Y CpOuju cy ce y mporexnux 40 rogauna
M3y3€THO PEeTKO (pMHaHCHpasia UCTPAKHUBAKHA Y
o0nacTu NpoLeHe MPUPOIHUX Pecypca coJapHOT
3pauemsa (['Oypuuk et al., 2004). Harmonamau mieH-
Tap 3a CyHUEBO 3pauewme YKUHYT je 1988. roqune,
a 1991. cy npecrana u cBa Mepema CyHYEBOI 3pa-
yema. [logaiu cy Temko T0CTYIHY jep He MOCTOoje
6a3e nmonaraka (I'0ypuuk et al., 2004).

[pouemeno cyH4eBo 3padere y Cpouju u3Ho-
cu oko 1500-2200 kWh/m? mrro je oxo 30 % Buie
Hero y Cpeamwoj EBponu. Konnuuna nobujene
€Hepruje CyHla y TOKY BEreTalMoHOr MepHojaa
kpehe ce on 4.9 kWh/m? na 3anany, no 5.7 kWh/
m’ Ha jyrouctoky Cpouje. HajHrnke BpeqHOCTH y
CpOuju noxynapajy ce ca Hajehum BpeaHOCTUMA
y Ayctpuju u Hemaukoj, koje mpenmade y Ko-
pumhewy cynuese enepruje (Gburcik et al., 2006).
Hema TauHux moparaka KOJMKO C€ €Hepruje y
CpOuju 1o6uja U3 OOHOBJLUBUX M3BOPA EHEPIH]E.
Ha nomunanTHO Kopuiihewme KOHBEHIIMOHATHUX
M3BOpa CHEPrHje MMajy yTHIlaj 3HaUajHE pe3epBe
aurHuTa 1 Mpkor yriba (Petrovié et al., 2014).
3HauajaH HampeakK je OCTBAPEH Y MOy XHIPO
U BETPONOTEHIHjana, 0K Cy Apyrd oOnuiu o0-
HOBJBUBHX U3BOPA EHEPTHj€ jOIII YBEK HEOBOJHHO
uckopunthenn. Jlo cana y CpOuju je usrpaheno
oko 21 MW conapuux enekrpana. HaBenene co-
JapHE eJeKTpaHe Cy KamaluTeTH MaJuX CHara.
3a uHBECTUTOpE U IIaHEepe je HajBehn u3a30B 1a
ofipe/ie orojiHa reorpad)cka moapydvja 3a cojJapHe
eJIEKTpaHe U WHCTAJIMpajy UX Ha ofrosapajyhem
MecTy. MIHOBalyje y Manupamy COIapHOT 3paderha
MOTY JIOTIPUHETH OP30M PACTy TPXKHIITA COJIapHE
enepruje. [Ipenu3ne kapTe MOrOAHUX MOAPYYja
3a MHCTAJIMPambe CONIApHUX elieKTpaHa Ouhe cBe
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DISCUSSION

The greatest uncertainty in estimating the
installation of a solar system comes from solar
radiation data. Improving solar radiation data
and making it available to the public can help
investors make efficient and secure decisions.
Creating a synthesis map of the solar potential
of the municipality of Kur§umlija can con-
tribute to the development of strategies for
the use of solar potential and thus help the
development of renewable energy sources. In
the past 40 years, research in the field of as-
sessment of natural solar radiation resources
has been extremely rarely funded in Serbia
(C6ypumnk et al., 2004). The National Solar
Radiation Center was abolished in 1988 and
in 1991, all measurements of solar radiation
stopped. Data are difficult to access because
there are no databases (I'Oypuuxk et al., 2004).

The estimated solar radiation in Serbia is
about 1500-2200 kWh/m?, which is about 30
% more than in Central Europe. The amount
of solar energy obtained during the vegetation
period ranges from 4.9 kWh/m? in the west to
5.7 kWh/m? in southeastern Serbia. The lowest
values in Serbia coincide with the highest values
in Austria and Germany, which lead in the use
of solar energy (Gburcik et al., 2006). There is
no exact data on how much energy is obtained
in Serbia from renewable energy sources. The
dominant use of conventional energy sources is
influenced by significant reserves of lignite and
brown coal (Petrovi¢ et al., 2014). Significant
progress has been made in terms of hydro and
wind potential, while other forms of renewable
energy are still underutilized. About 21 MW of
solar power plants have been built in Serbia so
far. These solar power plants are low power ca-
pacities. The biggest challenge for investors and
planners is to determine suitable geographical
areas for solar power plants and install them
in the appropriate place. Innovations in solar
radiation mapping can contribute to the rapid
growth of the solar energy market. Accurate
maps of suitable areas for installing solar power
plants will be increasingly important as investors
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Ba)XHU]€ jep MHBECTUTOPH Tpake yBepeme aa he
MocJIoBU OuTH 3aucta npoduraduiau. 360r Tora
j€ MpoHaJIaXKehe MPAaBOT MECTA 32 MHCTAINPAHE
crcTeMa cosiapHe eHepruje Beoma BaykHo (Charabi
& Gastli, 2010). Pa3Boj 00HOBJBMBHX U3BOPA EHEP-
ruje 6u Tpebasio na JorpuHece OpKeM pas3Bojy
nocTtojehux mMpUBpPEIHUX T'paHa U JEIaTHOCTH.
3HauajHa MHBECTUIIMOHA cpecTBa he mocayXuTu
Ka0 OCHOBA 32 EKOHOMCKH IIPOTPEC YUTABE 3eMJbE,
a 'MC texnonoruje he omoryhuTu 3Hauajuo epu-
KaCHMJU TPOLIEC OTyUHMBarba U IJIAaHUPAha KOjH
Ha JTy>KH pok 00e30elyje ycnose 3a Behy 3anocie-
HOCT, [OpacT cTaHaap/a U 00Jbe YKyITHE yCIoBe
xuBoTa (Crpareruja pasBoja enepreruke Permy-
omuke CpOuje o 2025. ronuHe ca mpojexuyjama
1o 2030. ronune, 2015).

JlobujeHn mopany ykasyjy Aa Cy CEBEpPHHU H
CeBEpO3aIaHU JIEIOBU UCTPAXKUBAHOT MOAPYYja
HajITOTOTHH]Y 33 MHCTAJIAIN]Y COJIApHUX €JIEKTpPa-
Ha. 3armaiHu IeJIOBH HUCY ITOTOIHU, HajBHIIIE 300T
CTPMHX Harn6a TepeHa 1 IMIyMCKOT 3eMJBHIIITA KOje
ce cMarpa HeMOTOIHUM 3a MHCTAJIAlNjy COTapHUX
enekrpana. Pesynraru mokasyjy aa je 19 % mnosp-
IIMHE OMIITUHE jaKO M U3Y3ETHO MOTOJHO, a YaK
46 % NOBPILIMHE YMEPEHO MOTOAHO 33 U3rPalthy
COJIApHUX eJIeKTpaHa. 300T BeoMa BUCOKOT IPO-
LIeHTa ToroiHe Tepuropuje (65 %), Ha TepeHy ou
Tpebaso u3MepuTH JoAaTHe (pakTope Kako Ou ce
nonatHo nosehana moy3maHocT pesynTara. HMako
ce ynora ['IC-a y nocneameM neproy CBE BUILIE
KOPHCTH 32 TIPOLIEHY COJIApHE €HEpruje, U Iajbe
MOCTOjU ja3 u3Mel)y Kapara MoBe3aHHX ca coJap-
HOM €HEPrHjOM KOj€ Cy TeHepUCaTl HCTPAKUBAYH
U BUXOBE MPAKTUYHE YIOTpeOe y MPOjeKTOBAbY
U ynpaBJbalby CUCTEMHMA COJIapHE €HEPrHje O
CTpaHe MHKEHEepa, IUaHepa U au3ajuepa. CxomHo
TOME, IOTpeOHM cy Behn Haropu Kako Ou ce 0Baj
ja3 cmamuo nosehameM NPUMEHIBUBOCTH U TIPaK-
tuuHocTH Oynyhux pesynrara (Choi et al., 2019).
OBO HCTpaXXUBaKkE MOXKE TIOCITY>KUTH Ka0 OCHOBA
3a najbe yHampelheme metomomnoruje. Y upean-
HOM Cly4ajy, GUHAHCHjepH BEIUKUX EHEPreTCKUX
IpojeKara Ha MoJApyYjy ONIITHHE, Y3UMaIU O Yy
003up 30HE MOTOHOCTH 3a U3rPaJby COJAPHUX
eJIEKTpaHa Kao BaykaH M3BOD 3a Oyxayhe mpojexte
y PETHOHAJIHOM IUIAaHUPARbY U Pa3BOjy.

seek reassurance that the business will be truly
profitable. That is why finding the right place to
install a solar energy system is very important
(Charabi & Gastli, 2010). The development of
renewable energy sources should contribute to
the faster development of existing industries
and activities. Significant investment funds will
serve as the basis for economic progress of the
entire country, and GIS technologies will enable
a significantly more efficient decision-making
and planning process that provides conditions
for higher employment, higher standards and
better overall living conditions (Ctpateruja
pa3Boja enepretuke PenyOnuke Cpbuje mo
2025. roqune ca npojekiujama 10 2030. rogune,
2015).

The obtained data indicate that the northern
and northwestern parts of the investigated area
are the most suitable for the installation of solar
power plants. The western parts are not suitable,
mostly due to the steep slopes of the terrain and
forest land, which is considered unsuitable for
the installation of solar power plants. The results
show that 19 % of the area of the municipality
is very and extremely suitable, and as much as
46 % of the area is moderately suitable for the
construction of solar power plants. Due to the
very high percentage of suitable territory (65
%), additional factors should be measured in
the field to further increase the reliability of
the results. Although the role of GIS has been
increasingly used to estimate solar energy, there
is still a gap between solar-generated maps gen-
erated by researchers and their practical uses
in the design and management of solar energy
systems by engineers, planners and designers.
Consequently, greater efforts are needed to re-
duce this gap by increasing the applicability
and practicality of future results (Choi et al.,
2019). This research can provide as a basis for
further improvement of the methodology. Ide-
ally, financiers of large energy projects in the
municipality would consider convenience zones
for the construction of solar power plants as an
important source for future projects in regional
planning and development.
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3AKJBYYHAK

Conapna enepruja je enepruja OyayhHocTH.
OcuMm mTo je oBaj OOJNMK €HEepruje MpPUCyTaH y
HEOrpaHUYEHUM KOJIMYMHAMA, BEJIHKA j€ MPETHOCT
TO IITO €HEepruja CyHIa He 3araljyje okonuHy. Y
TIoTIIe Ty PUMarka CyHUEBOT 3pauerma, Cpouja nma
JAKO BEJTMKH ITOTEHIIMjall 32 MHCTAJIAIN]y BETUKUX
COJIAPHUX €JIEKTpaHa, HApOYUTO UCTOYHU U JyTO-
WCTOYHH JICJIOBH 3€MJbE.

VY 0oBOM pajny je aHalIM3UpaH COJAPHU MO-
teHnujan onmruHe Kypmrymnuja. [Tomohy reo-
rpadckux UHPOPMAIIMOHUX CHCTEMA J00MjeHe
Cy TIOTOJIHE JIOKaluje 3a u3rpaamwy PV comapunx
enexTpana. JlobujeHe BpeJHOCTH JaKo U U3y3€THO
noroziHor 3emsbuITa (19 %) cy n0oBoJbHE 1a IMpa
IIpUMEHa coJapHe eHepruje y omutuHu Kyprrym-
nuja Oyle eKOJIOIIKU OIpaBAaHa U €eKOHOMCKH
npuxBatibuBa. Takole, MOTpeOHO je U3BPLINTH
MPOIIEHY YTHIIaja HA KUBOTHY CPEAMHY Kako OH
CE MCITyHUJIM CBU €KOJOMIKU Kpurepujymu. C 00-
3UpoM Ha pactyhu 3Hauaj OOHOBJBUBUX H3BOpA
€HEepruje, MPUMEHEHE METOJIE HCTPAKUBAHA MOTY
noMoh# y uJby MCKOpPHILTaBamka COJIAPHOT T10-
TEeHLUjaJia, Kako y omutuHu Kypirymnuja, Tako u
Ha 1enoj reputopuju Penyonuke Cpouje. [Tocre-
TIeH Tpelia3ak ca HeOOHOBJBMBHUX Ha OOHOBJHUBE
u3Bope eHeruje y onmtuHu Kypmymnnja uma
BUIIECTPYKE MPEIHOCTH, Ka0 IITO Cy JOMPUHOC
€KOHOMCKOM PAaCTY, CMamhCHe EMHUCH]€ YTIHEH JTU-
OKCH/[Ia, TOOOJBIIAE 3/[paBiba rpaljana u 3amrTuTa
KMBOTHE CpeJIHE. Y MUTAY Cy YACTH U EeKOHOM-
CKU OTIPaBJaHU M3BOPH €HEPrHje KOju JOHOCE
€HEePreTCcKy HE3aBUCHOCT U MOOOJBIIAKE KBAJIH-
TeTa Ba3ayXa.

CONCLUSION

Solar energy is the energy of the future. Apart
from the fact that this form of energy is present in
unlimited quantities, the great advantage is that
the energy of the sun does not pollute the environ-
ment. In terms of receiving solar radiation, Serbia
has a very large potential for the installation of
large solar power plants, especially the eastern
and southeastern parts of the country.

In this paper, the solar potential of the mu-
nicipality of KurSumlija is analyzed. With the
help of geographic information systems, suitable
locations for the construction of PV solar power
plants have been obtained. The obtained values
of highly and extremely suitable land (19 %) are
sufficient for the wider use of solar energy in the
municipality of KurSumlija to be environmentally
justified and economically acceptable. Also, it is
necessary to perform an environmental impact
assessment in order to meet all environmental
criteria. Given the growing importance of re-
newable energy sources, the applied research
methods can help in order to exploit the solar
potential, both in the municipality of Kur§um-
lija and in the entire territory of the Republic
of Serbia. The gradual transition from non-re-
newable to renewable energy sources in the
municipality of KurSumlija has multiple ad-
vantages, such as contributing to economic
growth, reducing carbon dioxide emissions,
improving the health of citizens and protecting
the environment. These are clean and econom-
ically justified energy sources that bring energy
independence and improved air quality.
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