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Abstract: The study analyzes the specific aspects of photovoltaic electricity production in
Bulgaria. Monthly solar power output data for photovoltaic systems with different installed
capacity and geographic location has been summarized and processed. Regression models
have been developed for forecasting the solar power output and their adequacy has been
assessed. The models can serve as a basis for calculation of the projected sales revenue
from the generated electricity.
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Pe3rome: B paboTtata ca aHannnpaHu cneynpunyHnTe ocobeHoCcT1 Ha rpomn3Bo4CTBOTO Ha
eHeprnsi oT ¢poToBOATanYHU cuctemm B boarapus. O6obueHn ca n ca o0bpaboTeHn gaHHU
3a Mece4yHOTO MPOM3BOACTBO Ha €HEeprusi Ha pas3inyHu o MOLYHOCT M MECTOMOJIOKEHNE
¢goToBonTanyHn wuHCTanaumm. [losydeHn ca perpecuoHHM MoAes M 3a [pPOrHo3npaHe
rpon3BOACTBOTO Ha €HEPrusi U € OLEeHEHa TsSXHaTa aAeKBaTHOCT. M3BejgeHnTe moaesn ca
6a3a 3a NporHo3upaHe rnpuxoamTe OT NMPon3BeAeHaTa e/1eKTPOEHEPIHS.

KnroyoBu gymm: Bb306HOBSIEMU €HEPIrUKiHN U3TOYHULM, MPOMU3BOACTBO Ha €/1EKTPUYECKA
eHeprusi oT (OTOBONATaUYHU CUCTEMM, MOAEJNT 3a [POrHO3MPaHE Ha MpPOU3BOACTBOTO,
ynpaBJ/ieHne Ha rpoeKkTy 3a Mpom3BOACTBO Ha €/IeKTPUYeCcKa eHeprusi oT ¢hoToBOTanyHu
N3TOYHULN.

JEL Classification: Q40, Q42, Q47
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I. Introduction

Photovoltaic systems /PVS/ for power
production are a considerable and very
promising part of the renewable energy
sources /RES/. The abundance of solar
energy and the free use of this environ-
mentally-friendly resource are among the
reasons why PVS are gradually becoming
one of the world’s fastest-growing power
generation technologies contributing to
mitigation of environmental problems and
reducing dependence on imported sources
of energy (EPIA, 2011). The geographic
location of Bulgaria is a prerequisite for
development of solar power technologies
and an increase in electricity production
from PVS. Photovoltaic /PV/ projects cur-
rently provide a stable guaranteed income
for the Bulgarian entrepreneur for at least
20 years but involve a considerably high
initial investment which accounts for the
relatively long payback period (Ilieva,
2010).

The factors determining the technical and
economic feasibility of PVS are a lot but
the sales revenue from the generated
electricity is certainly amongst the most
significant ones. Its value is affected by
the system parameters (type of solar pan-
els, installed capacity, mounting structure,
geographic location, etc.), the feed-in tar-
iff, the grid-connection date, etc. (Ilieva,
2012). The main factor determining the
amount of the sales revenue is the total
electricity production of the solar installa-
tion.

The purpose of this paper is to propose a
model for calculation of photovoltaic elec-
tricity output which can serve as a tool for
evaluating the economic feasibility of in-
vestment.

II. Specific Aspects of Photovoltaic
Electricity Production in Bulgaria

In the current global economic crisis the
rational decision to invest in PVS in Bul-
garia is mostly determined by the value of

I. BbBegeHue

®oToBONTanYHUTE cuctemu /®C/ 3a npo-
M3BOACTBO Ha E€NIeKTpPOeHeprna ca Cb-
LWeCTBEH W CUJIHO NEpCreKTUBEH AN OT
Bb30OHOBSEMUTE €HEPIrUNHU U3TOYHULN [/
BEW/. Tlopaan npakTuyeckata Heusuep-
NaeMoCT Ha C/bH4YeBaTa €Heprus U Bb3-
MOXHOCTTa 3a 6e3nnaTHO M3MoJsi3BaHe Ha
TO3M NpupoaocbobpaseH pecypc, ynoTpe-
6ata Ha ®C nocreneHHO ce npespblua B
€HO OT Hal-AMHAMW4YHO pa3BMBaALLUTE Ce
HanpaBfleHWs B eJieKTpoeHepreTMkaTta B
cBeTOoBEH Mawab, KaTo cb3gaBa YC/10BUSA
3a peAyumpaHe Ha €eKOJIOrMYyHuUTe npo-
6nemMm n HamansiBaHe 3aBUMCMMOCTTa OT
BHOCHWM eHeprousTouHuum (EPIA, 2011).
FeorpadckoTOo NonoxeHuve Ha bBbarapus
e obekTMBHa npeanocTaBka 3a pasBuTHE
Ha CnbHYEBaA eHepreTuUkKa W yBenuyaBaHe
NpoOU3BOACTBOTO Ha €efleKTpOoeHeprna oT
@®C. Ha To31 eTan npoeKTuUTe 3a NpPouU3BOA-
CTBO Ha eHeprmus OT COSlapHU MHCTanauum
rapaHTMpaT curypeH u crtabuneH npuxopj
3@ MHBECTUTOpA B NPOAB/IKEHNE HA MUHU-
MyM 20 rOANHW, HO U3UCKBAT CPaBHUTESNTHO
BMCOKM MbpBOHA4Ya/iHW KanuTanoBaoxe-
HUS, KOEeTO 06ycnaBs No-NPOABbIKUTENHUS
CPOK Ha Bb3BpPbLAEMOCT Ha MHBECTULMUTE
(Wnwnesa, 2010).

TexHUKo-nkoHoMmyeckata  edeKTUBHOCT
Ha ®C e dyHKUMS OT MHOro akTtopu, HO
HECbMHEHO eAWH OT HaW-3HauYnmuTe e
npuxoAabT OT NpoAaxba Ha enekTpuyecka
eHeprusi. Ton 3aBUCM OT NapaMeTpuTe Ha
cucrteMarta (BMA Ha naHenuTe, MOLHOCT Ha
WHCTanaumsaTa, KOHCTPYKUMS Ha CbOpb-
XeHusTa, reorpadCcko MOSIOXEeHMEe U T.H),
OT LueHaTa Ha npousBegeHaTa eHeprus, oT
MOMEHTa Ha NpUCbeanHsIBaHe Ha CbOTBET-
HaTa UeHTpana KbM pasnpegenurenHarta
Mpexa u ap. (Mnuesa, 2012). OCHOBHUAT
dakTop, onpeaensu pasMepa Ha NpMxoam-
Te 3a MHBecTMTopa, obaye, e KONMYeCcTBOTO
efleKTpoeHeprus, npousseaeHo OT conap-
HaTa MHCTanaums.

Llen Ha HacToswaTa paboTa e ga ce npea-
NI0XXM MOAeN 3a OLeHKa Ha npou3BoACTBO-
TO Ha eHeprusa oT ®C, KOUTO Aa ce U3nons-
Ba KaTO WMHCTPYMEHT 3a MNpOrHo3upaHe Ha
WKOHOMMYecKaTa edPeKTUBHOCT Ha WHBEC-
TUuumTe.

II. OcobeHOCTM Ha nNpPOU3BOACTBOTO
Ha eJiIeKTpu4Yecka eHepruss ot ¢o-
TOBOJITAUYHU cucTemu B bbarapusa

B ycnoBudaTa Ha rnobasHa MKOHOMWYECKa
Kpu“3a paunoOHa/IHOTO peELleEHNE 3a WUHBE-
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costs and the expected positive cash flows
during the project life cycle. As operation
and maintenance costs for photovoltaic
installations are very low, the major cost
component of photovoltaic projects is the
value of capital expenditures which repre-
sents approximately 80-90% of the total
investment (EPIA, 2011). Capital costs in-
clude the photovoltaic modules price, the
expenses for inverters, structural compo-
nents and balance of system elements,
project planning, design, supply and con-
struction, grid connection, engineering,
project management and administration
costs (Ilieva, 2012). The module price ac-
counted for 45-60% of the total invest-
ment in 2010 depending on the technol-
ogy type (crystalline silicon or thin film)
(EPIA, 2011). The photovoltaic market has
experienced unprecedented growth world-
wide over the last years whilst the severe
competition in the production industries
for solar cells, modules and components,
the optimization in the manufacturing pro-
cesses and the economies of scale have
driven the steady decline in module prices
and the reduction in investment costs per
unit of capacity. The average price of a
PV module in the world markets reached
1-1,2 $/W in the beginning of 2012 which
is nearly 50% down on a year earlier and
some 76% below the average price level in
2008, the first year of the world financial
crisis (UNEP, 2012).

The average range of investment costs for
photovoltaic projects in Bulgaria is much
higher than the one in the European and
world markets. The differences in the capi-
tal expenditures values are mainly due to
the differences in the prices of the PVS
components, the installation costs which
range significantly depending on the
unique characteristics of the terrain and
the type of installation, the different fi-
nancial climate and lending conditions, as
well as the differences in the duration and
costs for execution of the required legal-
administrative procedures (EPTP, 2011;
BPVA, 2011). Nevertheless, the global in-
vestment cost reduction course has also

ctupaHe BbB ®C B bbarapus 3aBucu B Han-
rofisiMa CTeneH OT pa3Mepa Ha pa3xoanTe u
O4YaKBaHMTE MONOXUTENHN NAapUYHU NOTO-
uM no npoekta. MNMpeasma dakrta, vye one-
paTMBHUTE pa3xoau M pasxoauTe 3a MNoa-
ApbXKa Ha HOTOBOATAUYHUTE MHCTanaunm
Ca MHOrM0 HWUCKW, OCHOBHMUSAT KOMMOHEHT
Ha pas3xoAHaTa 4acT Ha (HOTOBONTANYHMU-
Te NpoeKkTu, cbCTtaBnseaw, okono 80-90%
OT BCWUYKM PpasHOCKW 3a npeanpuvemada,
ce onpegens oT MHBECTULUMOHHUTE pa3xo-
an (EPIA, 2011). Te BkawO4BaT LeHaTa Ha
®B ™Moaynu, WHBEPTOPUTE, MOHTaXXHUTe
KOHCTPYKUWM N OCTaHaauTe crioMaraTenHu
e/leMeHTM, LeHaTa Ha TepeHa (npu Ha3eM-
HM ®B npoekTn), pasxoauTe 3a MNaHupa-
He, npoeKkTuMpaHe, AOCTaBkKa W cTpouTen-
CTBO, 3@ CBbpP3BaHE KbM MpexaTa, KakTo n
pa3xoauTe 3a ynpasJsieHuMe U agMUHUCTpa-
uma (Unueea, 2012). Mo gaHHM 3a 2010
r. ueHata Ha ®B moaynu dopmMmmnpa mexay
45-60% OT WMHBECTUUMOHHUTE pasxoan W
3aBUCKU OT BMAa Ha n3bpaHaTta TexHoN0rns
(KpucTaneH CUInUUMA WAN TbHKOCIOWHMU
moaynu) (EPIA, 2011). lMpe3 nocnegHute
roavHu mnsnonssaHeto Ha OC 6enexun 6e3-
npeueneHTeH pbCT B CBETOBEH Mawab, a
N30CTpeHaTa KOHKYpeHUMs B CeKTopa 3a
NpoOn3BOACTBO Ha (DOTOBONTANYHWN KIIETKN,
MOAY/IN U KOMNOHEHTU 3ae4HO C ONTUMmM3a-
uMnTEe B OpraH1saumsTa Ha NpoM3BOACTBO-
TO U MKOHOMMWTE OT Mawaba obycnasar
YCTOMYMBOTO HaMansBaHe Ha LEeHUTe Ha
MOAY/INTE N HA MHBECTULMOHHUTE pasxoam
3a eauHuua mowHoct. CpeaHaTa LeHa Ha
®B mMoaynu B cBeTa B HaydanoTo Ha 2012
r goctura 1-1,2 $/W, KoeTto npeacrasns-
Ba cnag oT 6am3o 50% B cpaBHeHMe CbC
cpenHuTe LeHoBM paBHULwa npe3 2011 rwm
MOHWXeHWe € okono 76% cnpsaMo cpeaHa-
Ta ueHa npe3 2008 r., nbpBaTa roagMHa Ha
CBeTOBHaTa MKOHOMMYecka kpusa (UNEP,
2012).

CpeaHunaT pa3Mep Ha KanuTanoBuTe pasxo-
A 3a GoTOBOATaUYHM NpoeKkTM B bbnrapus
€ 3HauMTesNIHO N0-BUCOK OT Cblms B EBpoO-
na u ceeta. Pa3nnkute B CTOMHOCTUTE Ha
nHeectmumnTe BbB ®C ce AbKAT OCHOBHO
Ha pa3/INYHUTE LEHN Ha HOTOBOMITAUYHUTE
KOMMOHEHTN, Ha pa3HOPOAHUTE pasxoau
3@ MOHTaX Ha CUCTEMUTE, KOUTO A0 rosasma
CTeneH ce onpenenaTt oT 0cobeHoCTUTE Ha
TepeHa M Tuna WHCTanauus, Ha pasvKu-
Te BbB (PMHAHCOBUSA KIMMAT U yCoBMATA
Ha KpeauTupaHe, KakTo W Ha HeeaHaKBa-
Ta NpoAb/IKMTENHOCT 3@ M3BbpLUBAHE Ha
HeobxoAMMUTE NpaBHO-aAMUHUCTPATUBHMU
npoueaypu n Ha pasfiMyHUTE pas3xoaun 3a
Tax (EPTP, 2011; B®A, 2011). NobanHa-
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been recorded for the PVS in Bulgaria. Ta-
ble 1 below illustrates a comparison be-
tween capital expenditure values (CAPEX)
for 2011 and 2012 for different types of
photovoltaic plants as per the assessment
of the State Energy and Water Regulatory
Commission (SEWRC, 2011, 2012)

Ta TeHAeHUMS 3a MOHMXKaBaHe Ha WHBecC-
TULUMOHHMTE pa3xoau 3a (OTOBONTAUYHMU
npoektn, obave, e Hanuue 1M B bbara-
pusi. Tabnuua 1 wncTpupa cpaBHeHKue-
TO Ha pa3Mepa Ha KanuTasoBUTe pa3xoau
(CAPEX) 3a paznuuyHute TMnoBe OTOBOJI-
TanuyHu enekTtpoueHTpanu (PEL) 3a 2011
m 2012 r. cbrnacHo oueHkute Ha OKEBP
(AKEBP, 2011, 2012).

Table 1. Capital Expenditure for PVS 2011/2012
Ta6bnuua 1. NHBeCcTMUMOHHK pa3xoam 3a ®C 2011/2012

Type of PVP CAPEX - 2011 | CAPEX - 2012 | % Change
Bua ®EL (Iv./kWp) (Iv./kWp) % lMpomMsiHa
Roof and Building Integrated PVS below 30 kWp

6177 4567 -26.06%
MokpuBHM n cbacagHu ®EL no 30 kWp
Roof and Building Integrated PVS 30 - 200 kWp

6083 4176 -31.35%
MokpuBHM n bacagHu PEL, 30 -200 kWp
Roof and Building Integrated PVS above 200 kWp

5946 3520 -40.80%
MokpuBHn n cbacagHun ®EL, 200 -1000 kWp
PVS below 30 kWp

5867 2934 -49.99%
®EL po 30 kWp
PVS 30-200 kWp

5770 2836 -50.85%
®EL, 30-200 kWp
PVS above 200 kWp

4890 2543 -48.00%
®EL Haa 200 kWp

The fairly serious investment, the difficult
global economic situation and the restrict-
ed bank financing explain why the major-
ity of PV projects implemented in various
regions of Bulgaria are small-scale.

Basically, the installed capacity of most
PVS is currently below 1MWp or the solar
power installations were designed with a
bigger capacity but have only been par-
tially completed or grid-connected at pre-
sent. Such small-scale decentralized PVS
can be used locally thus reducing trans-
mission/distribution losses, contributing to
integration of the domestic energy mar-
ket, increasing energy system flexibility
and stability, allowing for more effective
energy management, etc. (Albright, 2008;
Luque, 2003).

The value of the positive cash flows as-
sociated with the photovoltaic projects is
determined by the amount of electricity
generated by the system and by the rel-
evant feed-in tariff. In accordance with the
Law on Energy from Renewable Sources
(LERS) passed in 2011, the State Energy

MpeaBua CpaBHUTETHO CEpMo3HaTa UHBEC-
TUUKUS, BROWEHaTa MKOHOMM4Yecka obcTa-
HOBKa B cBeToBeH Mawab m TpyaHocTuTe
3a ocurypsisaHe Ha duMHaHCKMpaHe, noHac-
Tosiwem B bbnarapus ce peanusmpaT cpas-
HUTENHO Manku no MowHoct ®C B pas-
JINYHW palrioHM Ha cTpaHaTa. lMpakTnyecku
noBe4YeTo CUCTEMMU Ca C MHCTaNIMpaHa Mol -
HocT noa 1 MWp, nnu ca npoekTupaHu C
no-ronsiM KanauuTeT, HO Ha TO3M eTan ca
CaMO 4aCTU4YHO 3aBbpLUEHM U NpUCbeau-
HEHW KbM eneKTpopasnpegenuMrenHarta
Mpexa. MNoaobHm Manku no MOLWHOCT Aae-
ueHTpanuanpaHn O©C reHepupaT enekTpo-
eHeprus B 6;iM30CT 4O NoTpebuTens, KaTto
Taka AONpuHacAT 3a HaMansBaHe 3arybure
OT MNpeHOC B eneKkTpopasnpegenutenHa-
Ta cucTema, cnocobcTBaT 3a MHTerpupaHe
Ha BbTPELHNSA eHeprueH nasap, ocuryps-
BaT MO-rofiiMa rM-BKaABOCT M CUIYPHOCT Ha
efleKTpoeHeprumHata cucrteMa, no-edek-
TUBHO ynpasneHue mn ap. (Albright, 2008;
Luque, 2003).

MonoxutenHute napuyHn notoum npu do-
TOBOMITaUYHUTE MPOEKTU 3aBUCAT OT Mpo-
N3BEeAEeHOTO KOJIMYEeCTBO €eHeprus wu oT
HeMHaTa u3KynHa ueHa. CbriacHo 3akoHa
3a eHeprusaTa OT Bb30OHOBAEMU U3TOUYHU-
um B bbvnrapusa (3EBW), npuet npes 2011
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and Water Regulatory Commission (SE-
WRC) sets on annual basis, by June, 30
of each year, preferential prices for pur-
chase of electricity produced from renewa-
ble energy sources (RES). Electricity from
renewable sources is purchased by the
public provider/the end suppliers at the
preferential price set by the Commission,
effective as of the date of preparation of
a statement of findings on the completion
of the energy project. Electricity from re-
newable resources is purchased based on
long-term purchase contracts which for
the power produced from solar energy
are signed for a term of twenty years. The
term of the contract commences on the
date of putting the system into operation;
for installations launched after 31.12.2015
the contract duration is reduced with the
time interval from 31.12.2015 to the date
of putting the system into operation. The
applicable preferential feed-in tariff re-
mains unchanged for the entire duration of
the long-term contract; when the contract
expires, no more preferences are granted
in terms of the prices (LERS, 2011).

In response to the growing investors’ in-
terest in photovoltaic projects and to a
great extent as a logic consequence from
the crisis in the world economy and the
turbulence in the global finance industry,
over the last years European governments
started significantly reducing the support
mechanisms for photovoltaic electricity
production (JRC, 2011). There is obviously
an effort for adjusting feed-in tariff subsi-
dies for solar power to the rapid decrease
in the cost of photovoltaic technology,
thus restraining the growing returns of
entrepreneurs. Consequently throughout
Europe, including Bulgaria, feed-in tariffs
programmes for photovoltaic electricity
have been significantly reduced (RENI,
2012; UNEP, 2012).

Table 2 below illustrates a comparison be-
tween preferential prices for purchasing
solar power in Bulgaria for 2011 and 2012
for different types of photovoltaic plants
as per the assessment of the SEWRC (SE-
WRC, 2011, 2012)

r., npedepeHuUnanHUTE LEHU 3a M3Kyny-
BaHe Ha efneKkTpoeHeprusaTa, npousseaeHa
OT Bb30OHOBAEMU EHEeprumHM M3TOUYHULMN
(BEWN) ce onpepenat exerogHo Ao 30 toHM
ot AKEBP. EnekTpuueckata eHeprus, npo-
n3BegeHa ot BEW, ce nskynysa oT obuiecT-
BEHUS [AO0CTaBYMK/KpalHuUTe cHabaunTenm
no onpegeneHata ot AKEBP ueHa, gencr-
Ballla KbM AaTaTa Ha CbCTaBsHE Ha KOHCTa-
TUBEH aKT 3a 3aBbplUBaHE M3rpa)kaaHeTo
Ha eHeprumHusa obekT. EnekTpuyeckaTta
eHeprus, nponsseneHa ot BEW, ce nskyny-
Ba Bb3 OCHOBA Ha CKJ/IOYEHU ABbATOCPOYUHMU
[OroBOpM 3a W3KynyBaHe 3a CpOK, perna-
MeHTupaH B 3EBW, KONTO 3a enekTpoeHep-
rmaTa, npousseneHa ot ®C, e 20 roauHu.
CpokoBeTe TekaT OT gaTaTa Ha BbBexAaHe
B eKCrnjoaTtaums Ha eHepruimHmsa obekT, a
3a eHeprumHmnTe 06eKkTn, BbBEeAEHN B €KC-
nnoataumsa cnen 31.12.2015 r., cpokoseTe
Ce HamanseaT C BpeMeTo OT Ta3u AaTta Ao
JaTaTa Ha BbBeXJaHe B ekcnsoataums Ha
obekTa. LleHaTa Ha enekTpoeHeprusita oT
BEW He ce m3MeHs 3a cpoka Ha Aorosopa
3a@ M3KynyBaHe, KaTo cnej U3TuyaHeTo My
npedepeHUnn 3a LeHUTe He ce npeaocTa-
BAT (3EBU, 2011).

B oTroBop Ha pacTaWMa WMHBECTUTOPCKMU
MHTepec KbM (OTOBOATANYHUTE MPOEKTU U
[0 rosisiMa CTeneH KaTo NIorM4yHa nocneam-
La OT CBETOBHaTa MKOHOMMYECKa Kpu3a u
TypbyneHunnte B rnobanHaTa guHaHcoBa
WHAYCTPUS, Npe3 nocneaHnTe rognHn npa-
BUTeNncTBaTa B EBpona 3anoysaTt Aa peany-
LMpaT MeXaHU3MUTe, CTUMyNmpaLim Nnpoms-
BOACTBOTO Ha eniekTpoeHeprus oT ®C (JRC,
2011). Hanunue e cTtpeMex npedepeHum-
aNHUTE LEHM 3a U3KynyBaHe Ha enekTpo-
eHeprusita OT COMlapHM WHCTanauum paa
OTroBapsIT Ha 6bP30TO CHUXEHWE Ha WH-
BECTULMOHHUTE pa3xoan 3a hoToBOSTANY-
HUTE TEXHOMIOMMKN, KaTo Taka ce orpaHumyaTt
pacTawuTe Map)xoBe Ha nedyanba Ha npea-
npuemaumTte. B pesynTaT B usina Eepona, B
T.4. 1 B bbnrapus, ce Habnogasa 3Ha4u-
TenHo peayumpaHe Ha npedepeHumnanHun-
Te UEeHW 3a U3KYNyBaHE Ha efleKTpoeHep-
rmaTa, npomssegeHa ot ®C (RENI, 2012;
UNEP, 2012).

Tabnunua 2 wncTpypa CpaBHEHWETO Ha
npedepeHumanHnuTe LEeHM 3a U3KynyBaHe
Ha eneKkTpuyeckaTa eHeprms 3a pasnyHu-
Te TunoBe ®EL, B Bvnrapusa 3a 2011 n 2012
r. cbrnacHo oueHkute Ha OKEBP (OKEBP,
2011, 2012).
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Table 2. Preferential Prices for Photovoltaic Power 2011/2012
Tabnuua 2. MNpedepeHumnanHu LeHn 3a n3KynyBaHe enekTpoeHeprusaTa ot ®C 2011/2012

Type of PVP Pref. Price - 2011 Pref. Price - 2011
% Change
Bua ®EL Mped. uena - 2011 | Nped. ueHa - 2011
% MpomMsHa
(lv./MWh) (lv./MWh)

Roof and Building Integrated PVS
below 30 kWp 605.23 400.70 -33.79%
MokpueHKu n cbhacagHun ®EL no 30 kWp
Roof and Building Integrated PVS
30 - 200 kWp 596.50 369.08 -38.13%
MokpueHn n chacagHun ®EL 30 -200 kWp
Roof and Building Integrated PVS
above 200 kWp 583.77 316.11 -45.85%
MokpuBHu n dpacagum G®EL, 200 - 1000 kWp
PVS below 30 kWp

576.50 268.68 -53.39%
®EL, no 30 kWp
PVS 30-200 kWp

567.41 260.77 -54.04%
®EL 30-200 kWp
PVS above 200 kWp

485.60 237.05 -51.18%
®EL Hap 200 kWp

The current paper analyses the produced
electricity data for the period 2009-2012
for eight Bulgarian solar power installa-
tions. The data analysis indicates that the
electric power output of the PVS has a sea-
sonal and random pattern. Moreover, the
amount of generated electricity depends
on a number of both external factors (en-
vironmental conditions) and internal pa-
rameters of the PVS (technology type, sys-
tem layout). The main factors determining
the electricity production of a PVS are the
power of the installation, the orientation
and the tilt angle (inclination) of the pan-
els towards the sun, the geographic loca-
tion of the site, the climate zone and the
irradiance value (EPTP, 2012). The inten-
sity of the generated power depends also
on the season, the hour of the day, the
ambient temperature and the tempera-
ture of the panels, the air circulation /wind
speed/, the shadows on the modules, etc.
(Martev, 2010; Mladencheva, 2007). The
readings of the produced electricity are re-
corded by the utility companies and paid
on a monthly basis and it is logical to simi-
larly plan all project activities.

Table 3 shows the monthly power out-
put data of PVS in Bulgaria for the period
2010-2012.

3a uenuTe Ha TeKyWwoTO u3caeaBaHe ca
aHanusupaHu [daHHW 3a MNpoU3BOACTBO-
TO Ha efieKTpuyecka eHeprms 3a nepuoja
2009-2012 r ot ocem ®C y Hac. AHaANN3bLT
nokasea, 4e rMpou3BOACTBOTO Ha enek-
TPOEHeprus OT COMlapHM MHCTanaumuM mMa
Ce30HeH M cnyyaeH xapakTtep. lNpu TOBa,
KONMYEeCTBOTO Ha reHepupaHaTa efiekTpu-
yecka eHeprms 3aBMCW KakKTO OT peauua
BbHLWHK dakTopu (dhakTopn Ha okKonHaTta
cpena), Taka M OT BbTpPELIHUTE napaMeTpu
Ha OC (TexHonorusa u npoekTtupaHe). Oc-
HOBHWTE (paKTopu, KOUTO onpenensTt npo-
M3BOACTBOTO HAa e/leKTpUYecKa eHeprus ot
O®C ca MOLWHOCTTa Ha WHCTanauusTa, opu-
€HTauuaTa U HaK/I0Ha Ha NaHenuTe CNpsMo
CNBbHLUETO, reorpadCckoTo MNOJSIOXKEHME Ha
TepeHa, KnMMaTnyHaTa 30Ha U CibHYeBaTa
paanaumsa (EPTP, 2012). VIHTEH3MBHOCTTa
Ha reHepupaHaTa efneKkTpOeHeprus 3aBu-
CK OLLe OT Ce30Ha, Yaca OT AEHOHOLLMNETO,
OKOJfIHaTa TeMnepaTypa M TemnepaTtypaTa
Ha naHenuTe, UMpKyauusaTa Ha Bb3ayxa
/CKOpOCTTa Ha BATbpa/, 3aCeHYBAHETO Ha
naHenute n ap. (Maptes, 2010; MnageH-
yeBa, 2007). MNpounsBexagaHata eHeprus ce
oTUMTa M U3MNJawa MeceyHo U e NOrMvyHo
BCMYKM MPOEKTHN AENHOCTU Aa ce niaHu-
paT Mo aHasorM4yeH Ha4vmH.

B Tabnuua 3 ca npeactaBeHW AaHHM 3a Me-
CeYyHOTO MpPOM3BOACTBO Ha eneKkTpuyecka
eHeprmsa 3a ®C y Hac 3a nepuoga 2010-
2012 .
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Fig. 1 indicates the yearly power output of
three of the PVS for 2011. Data smooth-
ing was made to illustrate the generated
electricity pattern across the months. The
analysis of the PV power curves unam-
biguously suggests that the season affects
the monthly output. Therefore, when ad-
ditional research is done the months will
be divided in series and specific models
for forecasting the power output will be
sought for each series. Hence the forecast
is expected to be more accurate and the

Ha dwur. 1. ca Bu3yanusnpaHm KpuBuTe 3a
roAVLWHOTO MPOM3BOACTBO Ha enekTpudye-
CKa eHeprus 3a 2011 r. 3a Tpu OT cuUcTe-
MUTE, KaTo AaHHWUTE ca M3rnageHu, 3a aa
Ce oyepTae XxapaKTepbT Ha pasnpeneseHu-
€TO No Meceun. AHaNM3bT Ha KpueuTe OT
¢dur. 1 KaTeropuyHo nokasea, 4Ye Meceu-
HOTO NPOM3BOACTBO € pas3/IMYHO MNpe3 pas-
JINYHUTE Ce30HW. ToBa M3WCKBa Ha eauH
cnepsal etan MeceumTe ga ce knacubu-
uMpaT no rpynu n aa ce TbpCAT pasnnyHu
MoAEenn 3a NPorHo3npaHe Npon3BOACTBOTO
Ha eHeprus 3a pasnuMuyHuTe rpynm mMeceum.

MporHo3mpaHeTo No To3M HauymH 6u 6uno
no-npeumMsHo n 6m [oBesio A0 MO-Majku
rpewkn. Mo-gobpa nporHo3sa 6u ce nony-
ymna, ako ce MoAenupa Npou3BOACTBOTO
Ha 6a3a AaHHKW NO MeceLM 3a HSAKOJIKO Mo-
cnepoBaTesiHU rOANHM.

error minimized. Moreover, the predicted
estimates will be more precise if the mod-
el is based on the monthly power output
data series for several consecutive years.

Table 3. Monthly Solar Power Output
Ta6nuua 3. MeceuyHo NpoM3BOACTBO Ha enekTpoeHeprms ot ®C

PVS Installed | Period Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
@C Capacity | Nepun- | Any- | ®esp. Mapt Anp. Mai OHn Onn AB- Cenrt. OKT. Ho- Aek.
MowHocT on apwm rycr eM.
/KWp/
ZITA, 2010 2782 6 871 10544 | 15903 | 16225 | 16416 | 15794 | 17598 | 14408 | 8 557 | 7963 | 5042
Ruse
1 iVITA, 117.24 2011 4016 7 925 12127 | 13219 | 16406 | 17077 | 18665 | 18 074 | 15734 7;3 7185 | 5128
yce
2012 5591 5 800 15 818
Bryagovo, 2010 2679 4 335 7 128 8425 | 10 228 8 674 9813 | 10926 9066 | 5721 | 5723 | 4214
Plovdiv
2 BpsroBo, 66.30 2011 4 949 5123 6 692 8723 9920 | 10420 | 10672 | 10 753 9519 | 6277 | 5572 | 3698
Mnosans 2012 | 4318 4050| 8332
Intercom 2010 654 933 1 805 2271 2976 2 562 2978 3 020 2202|1297 | 1189 807
Complect,
PIovc?iv 2011 962 1048 1713 2 488 2730 3026 3063 3 050 2409|1637 | 1236 892
3 | UHTepkom 19.44
Kom-
nneKT, 2012 787 592 2129
Mnosauns
Begovo, 2010 508 | 3707
Karlovo
4 Beroso, 59.40 2011 4 311 4 583 6613 8 342 8 989 9979 | 10 165 | 10 349 8832|6117 | 4999 | 3771
Kapnoso 2012 | 3999 | 3682 7952
Stara 2010 903 1410 2002|1576 | 1283 970
Zagora
5 CTgpa 24.40 2011 1 080 1376 1626 1361 3277 3980 4 292 3823 3177 | 1906 | 1245 413
3aropa 2012 | 1232] 1500 2665
Yalovo, V. 2010 360 186 423 243 253 112
Tarnovo
6 Snoso, B. 3.84 2011 116 181 268 383 490 560 597 580 504 274 236 164
TepHOBO 2012 o8 % 380
Nova 2010
cherna,
Silistra 2011 6642 | 13041 | 12 024 8825|5721 | 3701 | 2664
7 77.58
Hosa
yepHa, 2012 3881 3252 9936
Cunuctpa
Malenovo, 2010
Straldzha
8 | Mane- 74.25 2011 6491 | 12107 | 11538 | 6879 | 6 219 | 3 330
HOBO,
Crpanaxa 2012 4 584 5 369 10 182
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Fig. 1. Solar Power Output Curves for 2011
®wur. 1. KpuBn Ha Npon3BOACTBOTO Ha eniekTpuyecka eHeprug ot ®C 3a 2011 r.

III. Research Methodology

The current research is based on the
monthly power output data for the pe-riod
2009 - 2012 for eight Bulgarian station-
ary solar power installations which were
not connected to the distribution grid at
the same time - Zita, Ruse - 117,24 KWp;
Bryagovo, Plovdiv /the PV array connected
to the grid in 2009/ -66,30 KWp; Inter-
com Complect, Plovdiv- 19,44 KWp; Be-
govo, Karlovo - 59,4 KWp; Stara Zagora
- 28,4 KWp; Yalovo, Veliko Tarnovo - 3,84
KWp; Nova Cherna, Silistra - 77,58 KWp;
Malenovo, Yambol - 74,24 KWp. Fig. 2
indicates the geographic location of the
above-mentioned PVS on the map of Bul-
garia. Not much data is available for some
of the PVS due to their later connection
to the distribution grid. Nevertheless, the
curve pattern of the monthly power output
data is similar in all studied solar installa-
tions.

The statistical package Statgraphics Cen-
turion XV is used to obtain models for so-
lar power output forecasting for the first
three PVS (Zita, Ruse; Bryagovo, Plovdiv;
Intercom Complect, Plovdiv) for which the
longest data sets are available. Statgraph-
ics Centurion XV is a widely used software

III. MeToanka Ha u3cnegBaHeToO

N3cneasaHeTo B paboTtata ce 6asmpa Ha
JAaHHM 3@ MeCeyHOTO MNpOM3BOACTBO Ha
efiekTpuyecka eHeprus 3a nepuoga 2009
- 2012 r. oT 8 ctaumoHapHu ®C y Hac, npu-
CbeMHEHM NO pa3/IM4YHO BpeMEe KbM efnek-
TpopasnpegenutenHata wpexa: 3UTA,
Pyce - 117,24 KWp; bpsaroso, lNnosauns /
6710KbT, npucbegmHeH npes 2009 r./ -
66,30 KWp; WHTepkoMm KomnnekT, lnoB-
ave - 19,44 KWp; beroso, Kapnoso - 59,4
KWp; Crapa 3aropa - 28,4 KWp; £noso,
Bennko TbpHOBO - 3,84 KWp; HoBa Yep-
Ha, Cunuctpa - 77,58 KWp; ManeHoBo,
Ambon - 74,24 KWp. Ha dwur. 2 BbpXYy
KapTaTa Ha bbnrapusa e rnokasaHo reo-
rpaCcKoTO pa3nosioXKEHUE Ha BbMPOCHUTE
®C, 3a KOUTO Ca aHanM3MpaHu gaHHuUTE. 3a
HAKOW OT 0BEeKTUTe AaHHUTE Ca orpaHuye-
HW, Nopagn MO-KbCHOTO MNpUCbEAUHSIBaHe
Ha POTOBOATANYHUTE MOLLHOCTU KbM efnek-
TpopasnpegenutenHara Mpexa, HO Xapak-
TEPBLT Ha KpUBUTE, NOKa3BalUM MeCeyHOTOo
NpOU3BOACTBO Ha efleKTpuyecka eHeprus
3a bbarapus, e aHanornyeH.

Ype3s cratuctuyeckms naket Statgraphics
Centurion XV ca nosnyyeHn Mmozenu 3a npo-
rHoO3MpaHe Npou3BOACTBOTO Ha eneKkTpoe-
Heprus Ha nbpeute 3 OC /3uTa, bpsaroso,
MHTepkoM KomnnekT, MNnosams/, 3a KOUTO
ca cbbpaHM AaHHM 3a HaW-npoab/IKUTE-
neH nepuog. Statgraphics Centurion XV e
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tool for statistical data analysis which in-
cludes over 160 statistical procedures for
basic statistical analyses of empirical data,
regression analysis, analysis of variance,
distribution patterns, statistical estima-
tion and hypothesis testing, statistical
forecasting, implementing nonparametric
methods, etc.

MacOBO pa3npoCTpaHeH CTaTUCTUYECKN COo-
dTyepeH nakeT, 4Ype3 KOWTO MoraT ga ce
peanu3upaTt Hag 160 ctaTucTtmyeckm npo-
ueaypwn B obnactu kato mbpBuYyHa obpa-
60TKa Ha eMNUPUYHM AaHHWN, perpecnoHeH
W AWUCMEPCMOHEH aHanus, XapakTepusn-
paHe Ha pasnpegeneHusi, CTaTUCTUYECKO
OoUeHsIBaHe M NpoBepKa Ha XmMnoTtesu, cTa-
TUCTUYECKO-MNPOrHOCTUYHM  M3CneaBaHus,
HenapamMeTpuyHuU TEXHUKU U ApPYTn.

Fig. 2. Geographic Location of the PVS Examined in the Study
dur. 2. MectononoxeHme Ha ®C, npegMeT Ha U3CeaBaHeTo

IV. Simulation Modeling Results

The electricity production models of the
three PVS listed above, following exclusion
of the variables with insignificant coef-
ficients, are graphically presented below.
The sequence number of the year is de-
noted as x1 in regression equations (1),
(2) and (3), the sequence number of the
month as x2 and the predicted estimate
for the PV electricity production as Y. The
values of the coefficient of determination
R2 indicate that the models are adequate.

IV. Pe3syntatuy OT CUMYJIAaLlMUOHHOTO
MopaenupaHe

Mogenute Ha eneKTpornpousBOACTBOTO Ha
TpuTe noco4veHun no-rope ®C cnen U3KIKOY-
BaHE Ha 4/IeHOBETe C He3Hauumm koedwu-
LMEeHTM ca npeacrtaBeHn rpaduyHo no-a0-
ny. C x1 B perpecmoHHn ypaBHeHus (1),
(2) n (3) e 03HauyeH NopegHUSaT HOMEp Ha
rogMHaTa, C¢ X2 — MnopegHusaT HoMep Ha
Meceua, a C Y - MPOrHO3HOTO KOSIMYECTBO
nponsseneHa enektpoeHeprus. CTOMHO-
CTUTE Ha CbOTBETHUTE KOE(UUMEHTU Ha
onpegeneHocT R2 nokassaTt, ye Moaenute
Ca ajeKBaTHMU.
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Fig. 3. Statistical Graphics of Zita, Rousse Model

®dwur. 3. Npadn4HO NpeacTaBsHE HA PErPECUOHHUSA MoAes Ha (OTOBONTAUYHOTO
€NeKTponpoun3BoACTBO Ha 3uTa, Pyce

The regression equation of the Zita, Rousse PerpecnoHHo ypaBHEHME Ha MoAena Ha efnek-
PVS model is as follows: TponpouseoacTBoTo Ha ®C 3uTa, Pyce e:
Y = -2507,4.x1 + 6185,79.x2 + 99,1142.x1.x2 + 497,934.x12 - 495,032.x22 (1)

R2 = 98,7697 %

Function

— 0,0
—— 1200,0
(X 1000,0) —— 2400,0
b = 48000
o : ﬁﬁn f —— 4800,0
_ 7 AN — ‘ — 6000,0
S ARV — o
—— 8400,0
Kwh 6 s .....l' ] 9600,0
A —— 10800,0
2: — 12000.0
— 13200,0
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Fig. 4. Statistical Graphics of Bryagovo, Plovdiv PVS

®ur. 4. padmyHO NpeacTaBsHe Ha perpecMoHHMa Moaen Ha GOTOBONTaNYHOTO
eneKTponpom3BoAcTBO Ha bpsaroso, Nnosanse

The regression equation of the Bryagovo, PerpecnMoHHo ypaBHeHMe Ha MoJesia Ha

Plovdiv PVS model is as follows: enekTponponssoacTBoTo Ha ®C bpsaroso,
Mnosaue e:

Y = 257,752.x1 + 2892,39.x2 - 221,92.x22 (2)

R2 = 98,6809 %
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Fig. 5. Statistical Graphics of Intercom Complect, Plovdiv PVS

®ur. 5. N'padpnyHO NpeacTaBsiHE Ha perpecnoHHus Mogen Ha oToOBOATAUYHOTO
eneKTponpon3BoAcTBO Ha MHTepkoMm KomnnekT, nosanse

The regression equation of Intercom Com-
plect, Plovdiv PVS model is as follows:

PerpecnmoHHO ypaBHeHMWe Ha MoAena Ha
e1eKTponpoun3BoAcTBOTO Ha ®C NHTEpKOM
KomnnekrT, lNnosaus e:

Y = -128,534.x1 + 926,041.x2 + 22,9876.x1.x2 - 75,679.x22 (3)

R2 = 98,1875 %

It can be concluded that the developed
multiple regression models provide a fairly
accurate description of the monthly solar
power output of the particular PVS with
their specific technical parameters and
location. The models allow for simulating
the expected monthly and yearly PV power
production in the relevant climatic areas
of Bulgaria and provide a basis for calcula-
tion of the projected cash inflows in solar
power ventures. The models are undoubt-
edly adequate for the observed data. The
total error of the yearly solar power output
is within the allowable limit although for
some of the months it can be statistically
significant.

The predicted estimates for the PV elec-
tricity production are to be considered
for normal operating conditions without
emergency breakdowns. Assessment of
the risks of power generation stoppages
due to technical failures, natural disasters,
etc. should be made, as such risks have
not been evaluated in the current study.

Cnep narpaxgaHeTto Ha MHOroakTopHuUTe
perpecnMoHHN MOoAeNnn MoXxe Aa ce Hanpa-
BW 3aK/1IOYEHUETO, Ye nosiyyeHuTe Mmoaenm
[OCTaTbYHO TOYHO ONMCBaT NPOU3BOACTBO-
TO Ha enekTpuyecka eHeprud no meceum
3a KOHKpeTHUTe ®C B 3aBUCUMOCT OT Tex-
HUTE TEeXHWYECKM napamMeTpum u MecTorno-
noxeHue. Mopgenute no3BossiBaT Aa ce
CUMyMpa 04akBaHOTO MECEeYHO U roAuLl-
HO efIeKTpPOornpon3BOACTBO 3@ CbOTBETHUTE
KMMaTUYHN parioHW Ha CTpaHaTa v gasaTt
OCHOBa 3a KaJlkynmpaHe Ha MNpPOrHo3HuTe
MOJIOXXUTENTHN MNApPUYHM MOTOUM B CbOT-
BETHUTE (POTOBOMTAUYHU NpPOeKTU. ALEK-
BaTHOCTT@ Ha MoAeNnuTe e KaTeropuyHa.
MonyyeHaTa cyMapHa rpelka 3a roguLlHo
NMPOW3BOACTBO € B FPaHMLUTE Ha A0NYyCTun-
MaTa, HE3aBMUCUMO 4e 3a HSAKOW Meceuu T4
MOXe Aa e no-3Haymma.

Pe3ynTtaTuTe OT NPOrHO3MpaHeTo ca Aobpu
npu ycnosusta Ha 6e3aBapuitHa paboTa
Ha ®C. Heobxoanmmo e ga ce Hampasu u
OLleHKa 3a pucKa OT CpWMB Ha MpPOM3BOA-
CTBOTO B pe3y/iTaT Ha aBapuu, NPUPOAHU
6encTBmns U Ap., KOUTO He ca 3as/I0XKEHN B
Nosly4YEHUTE MOAENMN.
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V. Conclusions

The study analyzes the specific aspects of
photovoltaic electricity production in Bul-
garia. Monthly solar power output data for
8 PVS with different installed capacity and
geographic location has been summarized
and processed. Ade-quate regression
models have been developed for forecast-
ing the solar power output. The analysis
of the relevant models indicates that de-
veloping generalized models for forecast-
ing the solar power output, valid for any
situation and every PVS, is impracticable.
Each specific simulation model reflects
the particular characteristics of the solar
power system and its siting. Each model
is unique subject to the geographic loca-
tion and technical specification of the re-
spective PV installation. Nevertheless, the
models developed in the current study can
serve as a basis for predicting the solar
power output and the sales revenue from
the generated electricity for PVS in the
same geographic location and having simi-
lar installed capacity and technical charac-
teristics

V. 3aknroueHue

B pabotata ca aHanuaupaHu cneumdunu-
HUTe 0CcoH6EeHOCTM Ha MPOU3BOACTBOTO Ha
eHeprus oT GOTOBONTAUYHM CUCTEMU B
Bbnrapus. O606weHmn ca n ca o6paboTeHun
OaHHM 3@ MEeCe4YHOTO €eJIeKTpPOrnpom3BO/-
CTBO Ha 8 conapHu eneKTpoUHCTanauum,
pasnunyaBally ce Nno MOLWHOCT U MecTono-
noxeHwue. MNMonyyeHn ca agekBaTHU perpe-
CUOHHM MOAENM 3a NpOrHo3MpaHe npo-
M3BOACTBOTO Ha eHeprus. AHanmM3bT Ha
mogenute Ha otaenHute ®C nokassa, 4e
He MoraT Aa ce m3roTeaT 06o6LieHn moae-
11 3a NPOrHO3MpaHe Ha efleKTPOornpon3Bo/-
CTBOTO, KOMUTO Aa Ca BalMAHW 3@ BCUYUKM
cny4daun u BcsikakBu OC. Bcekn KOHKpeTeH
CUMYyNauMoHEH MoJen oTpassiBa Creuu-
dukata Ha ®C M MeCTOMNOSIOXKEHUETO MU.
B pasnunuyHute reorpadcku parioHn 1 npwu
Pa3fINYHMN TEXHUUYECKM XapaKTEPUCTUKN Ha
OC mogenuTe ce pasnuyasaT YyBCTBUTEN-
Ho. NMony4yeHnte Mmoagenu, obade, morat Aa
ce n3non3BaTt kaTo 6asza 3a NMporHosnpaHe
Konu4yecTtBaTa Npou3BeAEHA e/IEKTPOEHED-
rms M NOCTbMNEHUATa OT npoaaxbaTa 1 B
CbOTBETHMUSA reorpadCckm pavioH U To Mpu
COMlapHM eNneKkTpouHCTanaumMm c noaobHu
MOLLIHOCTM N TEXHMYECKM crieumndurkaunm.
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