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Abstract

The paper presents the performance analysis of three different photovoltaic systems — monoSi, CdTe and CIGS
installed in May 2020 as a part of a project “Competence center — Intelligent Mechatronic, Eco and Energy Saving
Systems and Technologies. The analysis covers the results obtained for system monitoring for the 2021 year. The results
for electricity production and specific yield by months and single sunny days are presented tabularly and graphically.
Photovoltaic modules from monoSi obtain the highest values for electricity production and a specific yield of 1,08
kW/kWp, while for the CIGS modules the value is 1kW/kWp, and for the CdTe modules 0,9 kW/kWp.

Keywords: photovoltaic module, monoSi, CdTe, CIGS, specific yield.

BBBEJIEHUE

B nocnennute ronuHu HapacTBa moTpediie-
HUETO Ha eJIeKTpUYecKa EHEeprusi, KOsTo oc-
HOBHO C€ MPOU3BEXKAA OT €JIEKTPUUECKHU LIECH-
Tpayiu, paboTemu ¢ u3kornaemu ropusa. Hemo-
CTaThK Ha U3KOMAeMUTE TOpPHUBA €, Ue TAXHATa
[[eHA TOCTOSIHHO BapHpa, U34YepraeMu ca, a
MPOU3BE/ICHATA OT TIX E€JIEKTPUUYECKA EHEPIus
€ CBbp3aHa C OTIENISHETO Ha TOJIEMU KOJIU-
yecTBa BbriepoaHu emucuu [1]. ToBa moBu-
11aBa ThPCEHETO Ha aJITEPHATHBHHU, Hail-4yecTo
BB300HOBSIEMH CHEPTUiHH M3TOUYHUIU. CIbH-
4yeBUTEe (HOTOBOJITAUYHU CHUCTEMHU CE€ OyepTa-
BaT KaTo e)eKTUBHA AITEPHATHBA 32 U3TOUYHUK
Ha elekTpuyecka eHeprusi. OCHOBHHUTE UM
NpeAuMCTBAa ca: TMpoOU3BeAeHaTa OT TAX
EIEKTPUYECKa CHEeprus € ,,9ucta’ (IUPEKTHO
npeoOpa3yBaHe Ha MajaiaTa cIbHYEBA pajnua-
1S B €JIEKTPUUECKa EHEPTHs); HUCKH Pa3XoJu
3a MOAJPBHIKKA; BH3MOKHOCT J1a OBJAT WU3IOJ-
3BaHM 3a Pa3IMYHU MpuiiokeHus. [Ipoussoau-
TETHOCTTa Ha ()OTOBONTAUYHHUTE CHUCTEMH 3a-
BHCH TEXHOJIOTUSATA HAa (POTOBOJTAUYHUTE MO-

IyTi, Teorpad)CKOTO Pa3IMOJIOKEHUE U OPHUEH-
TalusATa UM CHPSAMO CI'BHIETO U OT Iapame-
TPUTE HA OKOJIHATA Cpe/a, KaTo TeMIlepaTypa,
CITbHYEBA paJallfs U CKOPOCT Ha BATHpa [2].

Cropen [3] obmiaTa nHCTaTHMpaHa MOIITHOCT
OT BB30OHOBSIEMH H3TOYHUIM Ha E€HEpPrus B
bearapus e 4211 MW, xaro uHCTanupaHara
MOIIHOCT OT ()OTOBOJITANYHH €JIEKTPOLIEHTpPA-
i e 1033 MW. NHcTanupaHuTe MOLTHOCTH 32
(OTOBONTAUYHUTE E€JIEKTPOLEHTPATU C MOII-
HocT 10 1 MW e 121 MW, a Ha Te3u ¢ MoII-
HocT Hag 1 MW 911MW. TloBeueto ¢hoToBOII-
TaW4YHU €JIEKTPOLIEHTPAIHN Ca U3TPAJCHH C MO-
IyJIU OT KPHUCTajJeH CHJIMLUN, MOpaau KOETO
MPEACTaBIsIBA UHTEPEC BB3MOXKHOCTTA 3a M3-
clle[BaHE HA MPOU3BOJUTEIIHOCTTa Ha JPYTH
TEXHOJIOTUHU (DOTOBOITAUYHHU MOJIYJIH 32 yCIIO-
BUsiTa B bbarapus.

N30 KEHHUE

Ot mecen mai 2020 r., Ha TMOKpHUBA Ha
crpajgara Ha TexHoylorn4HMs napk Ha TexHu-

4yecku yHuBepcuteT — ['abpoBo, Karo 4act or
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MPOEKT LEHTHP 3a KOMIIETEHTHOCT ,,VIHTenu-
TEeHTHH MEXaTPOHHU, €KO- M €HEProCIrecTsBa-
II1 CUCTEMU U TEXHOJIOTHM € B €KCILTOaTaIus
¢ (oToBONTaMYHA EJIEKTPOLEHTpasla ¢ 00Ia
momrHocT 30kWp dortoBonranynara cucrema
€ W3rpajJieHa OT TPU Pa3IUYHHU TUIA TEXHOJO-
rusi Ha (POTOBOJATAMYHU MOJYJIH:

o Kamvmuer Ttenypux (CdTe) — nBa
CTpuHTa, Bceku ¢ momHocT 4,8 kWp.
Bceku cTpuHr ce cberou ot 48 Moayna
¢ enuanyHa MotHOCT 100Wp. O6miara
WHCTaJIMpaHa MOIIHOCT € 9,6kWp;

e MonokpucraneH cuiuuuii (mSi) — aBa
CTpHWHTa, BCeKHu ¢ MomrHocT 4,5 kWp.
Bceku ctpunr ce cherom ot 18 Moayna
¢ enuHUYHA MoItrHOCT 250Wp. Obmiara
MHCTaJMpaHa MomHocT € 9 kWp ;

e MeaHO WHAWEBO — TallUEB CEJICHU]
(CIGS) — enun cTpuHT ¢ MOMIHOCT 3,3
kWp u emuH CTpUHT ¢ MOIIHOCT 6,6
kWp. IIbpBHUAT CTPUHT CE€ CHCTOM OT
30 moayna, a BTOpUST CTpUHT OT 60
Monayna. EauHuuyHaTa MOIIHOCT Ha
Bceku monyn ot CIGS e 110Wp. O6-
1[aTa “HCTaIMpana MourHoct € 9,9 kWp;

PWpower plants

Due. 1. Opuenmayus na pomogormauyHume
MOOyau

@DOTOBOATAMYHUTE MOAYJIH Ca MOHTHpPAHU
BBPXYy METalHU pPaMKH, KaTO HAaKIOHA WM
crpsiMo xopu3oHTa € 33°. B pe3ynTaTr Ha KOH-
CTPYKTUBHU CHOOpaKCHHUs, OpPHEHTAIUsATa Ha
(GOTOBONITAMYHUTE MOIYJIW € OTKIOHEHa C
18,4° na ustok [4] (Pwur. 1).

Tputre ¢QoToBONTAMYHM MOACHUCTEMH ca
CBBp3aHH KBM MpEKaTa MOCPEACTBOM TPH
Tpudazau  umHBepTOopa, ™Moaen SUN2000-

10KTL-MO (Huawei), kouto mpeoOpa3yBar
MOCTOSIHHATA MOIIHOCT OT TpuUTe (HOTOBONITA-
WYHH TOJICUCTEMHU C pa3iuyeH Tui (OTOBOJI-
TaudHa TEXHOJIOTUS B MPOMEHJIMBA MOIIHOCT,
KOSITO C€ OT/IaBa B €JIEKTpUUYECKATa MpexKa.

B 1abn. 1 ca mpeacraBeHH CTOMHOCTHUTE 3a
MPOM3BEICHATa elNeKTpuiecka eHeprus B KWh
OT TpuTe BHJA (POTOBONTAMYHU MOIYIU IO
mecerni 3a 2021 r. Haii-Bucoku CcTOMHOCTH 3a
MPOM3BE/ICHATA EHEPrusi ca MOJMydYeHHU IIpe3
JIETHUTE MECEUH IOJU M aBryCT, ChOTBETHO 3a
Mecer roau oT mSi — 1818, 26kWh, u CIGS —
1863,25 kWh, a 3a mMecen aBryct or mSi —
1716,18 kWh, u CIGS —1751 kWh. Ot 15 mait
710 Ha4ajo0TO Ha MEecell IeKeMBpHU, MOpaau Mo-
Bpena Ha (otoBontanunute Moxyiu ot CdTe
HE ca HAJIUYHU JAaHHU 3a [POU3BE/CHA
EIIEKTpUYECKa CHEPTHSL.

Tabnuya 1. Cmotinocmu 3a npouszgedeHama
enekmpuyuecka enepeus 6 kWh om mpu euoa
domosormauunu moodyau 3a meceyu om 2021 2.

Mecen ot | Bun Ha ¢poToBONTAMYHUS MOTYJT
2021 r. CdTe mSi CIGS
SIHyapu 244,72 324,10 380,92

deBpyapu 699,46 855,23 768,93

MapT 916,86 850,10] 1011,58
anpui 1129,73] 1312,34| 1308,49
Maii 574,74 1519,87| 1525,97
IOHH 0| 1143,71| 1431,37
10JTU 0| 1818,26| 1863,25
aBryCT 0] 1716,18] 1751,66

CEeNTEMBpHU 0] 1365,12] 1315,44

OKTOMBPH 0 825,65 831,78

HOEMBpH 0 403,21 660,14

JEKEMBpHU 153,39 401,02 370,10
ObIIO 3718,90| 12 534,79] 13 219,63

Haii-Hucku cTOMHOCTH 3a TMpOU3BEIEHATA
EIIEKTpUYECKa SHEPrHUs Ca OTUETEHH TIPe3 3UM-
HUTE MECEIU — SIHyapH U JIEKeMBpH. 3a Mecel]
SHyapu NaHHUTE TPOU3BEIEHATa EJIEKTpUYe-
CKa GHeprus OT TPUTE BUIa (HOTOBOITAUNYHU
texgonoruu ca ciaenuure: CdTe — 244,72
kWh; mSi-324,1kWh; CIGS — 380,92 kWh.
OtyereHuTe JaHHM 32  [POU3BEJCHATA
SIIEKTPUYECKa SHEPTHs 32 Mecell ICKEMBpPH ca:
CdTe — 153,39kWh; mSi —401,02kWh; CIGS
—370,1kWh.

Ha ¢wur. 2. e nmokazano rpaguuHo cpaBHe-
HUE Ha MPOM3BECHATA CICKTPUICCKa SHEPTHs
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OT TpuTe BUAA (OTOBOJITAMYHHN TEXHOJOTHH 32
mecerure ot 2021r.

2021

mCdTe ®mmSi = CIGS
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Due. 2. Ilpouseedena erekmpuuecka enepeusi om
pasauuHume 8uU006e GomoGoNIMAUYHU MEXHOIOSUU
no meceyu 3a 2021 2.

[Tpe3 mecen nexemBpu 2021 r. HE ca pado-
TUJIM BCUYKU (DOTOBOJATAMYHU MOAYJIH OT Kai-
mueB tenypun CdTe. Bucoku croitHOCTH 32
MIPOM3BE/ICHATa €JIEKTpUYecka eHeprus ca mo-
Jy4YeHU 3a MEeceld Mail M CenTeMBpHU. 3a Me-
cell I0HH, ca TMOJY4YeHHU MO- HUCKU CTOMHOCTH
3a MpoU3Be/IeHAaTa eNEeKTpUYecKa eHEepTus, Mo-
paau rojemus Opoii oomaunu qau. Ha dwur. 3 e
MOKa3aHO MPOU3BOJICTBOTO HA EJEKTPUYECKa
eneprus Ha moxyiute ot CdTe, mSi u CIGS
1o 1oy 3a Mecen anpui 2021 r.

HCdTe mmSi mCIGS
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Due. 3. Ilpouszsedena erekmpuuecka enepeus om
mooynu om CdTe, mSi u CIGS 3a onume om mecey
anpun 2021 a.

3a MO-KOpPEKTHA CpaBHUTENHA OILICHKA Ha
MIPOU3BOIUTEITHOCTTA HA PA3IIMYHUATE 110 THIT U
MOIITHOCT q)OTOBO.HTaI/I‘-IHI/I CUCTCMU € H3BbBP-
IIICHO M3YMCIICHUE Ha MapaMeTbpa ,,crienupud-
HO enekTpornpou3BoacTBo  (SpecificYield)”,
KOHTO MpEICTaBsiBa OTHOIICHUE Ha OTHAJe-
HaTa OT ()OTOBOJTAMYHATA CHCTEMA CJICKTPH-
YecKka CHEprusi KbM €JICKTPONPEHOCHATa Mpe-
ka (Eou) 1 HOMuHaHATA U MOIIHOCT (Ppyrated)

[5].
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B Tabm. 2. ca mageHu CTOMHOCTHUTE 34 ,,CIIe-
U(UYIHOTO EJIEKTPOIIPOU3BOICTBO” 3a Mece-
mute ot 2021 1.

Tabnuya 2. Cmotinocmu na cneyuguyHomo
enekmponpouszsoocmeo ¢ kWh/kW, 3a mpume euoa
domosormauunu modyau no meceyu 3a 2021 e.

Mecen ot | Bua Ha dpoTroBONTAMUHMS MOTY T
2021 r. CdTe mSi CIGS
sIHyapHu 25,492 36,011 38,477
dheBpyapu 72,860 95,026 77,670
MapT 95,506 94,456 | 102,180
anpuI 117,680 | 145,816 | 132,171
Mai 59,869 | 168,874 | 154,138
FOHH 0.000 | 127,079 | 144,583
FOIU 0.000 | 202,029 | 188,207
aBrycT 0.000 | 190,687 | 176,935
CENTEMBPH 0.000 151,68 | 132,873
OKTOMBpH 0.000 91,739 84,018
HOEMBPH 0.000 44,801 66,681
JEKEeMBPH 15,978 44,558 37,384
OBIIO 387,385 | 1392,756 | 1335,317

Haii-Bucoku croifHOCTH 3a cnenu(uyHOTO
€JIEKTPONPOU3BOCTBO Cca MOJy4YeHU 3a (poTo-
BOJITANYHUTE MOJAYJIM OT MOHOKPHUCTAJIEH CH-
nunuid (mSi) 3a Meceny oM, aBTYCT, Maw,
CENTEMBPH U alpuil.

3a MeceluTe 3a KOWTO CpeIHOMECEYHaTa
TEeMIIepaTypa € ¢ MO-HUCKU CTOMHOCTH (sHya-
pH, MapT, HOEMBpH, AEKEMBPH) ca MOJIYYECHU
MO-BUCOKM CTOMHOCTH 3a CHEUU(PUUYHOTO
€JIEKTPONPOU3BOACTBO 32 MOAYJIMTE MEIHO
WH/MEBO-TAJIUEB CEJICHU].

Ha ¢ur. 4 e moka3zaHo W3MEHEHHETO Ha
cnenu(UIHOTO ENeKTPONPOn3BOACTBO 3a 2021
roauHa.

Hamnpasenu ca u uzcneaBanus Ha JHEBHOTO
W3MEHEHUE 3a BCEKU 10-MUHYTEH nepuoj Ha
CHEIM(PUIHOTO  EIEKTPONPOU3BOJACTBO  HaA
pa3nu4HUTE BUIOBE (POTOBOJIITANYHH TEXHOJIO-
TUU 3a JIBa U3LSUIO CbHUEBH JAHU Tpe3 2021 1.
Ha ¢ur. 5 e mokazaHo u3mMeHEHHUETO Ha CITEIIN-
(¢uyHaTa MOIITHOCT 32 TpUTE BUAA (HOTOBONITA-
WYHHU TE€XHOJIOTMH IIPU U3MEHEHUE Ha CI'bHYe-
Bara paguanus 3a 10.04.2021 r.
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Due. 5. Uzmenenue na cneyu@uunama MowHoCm
3a mpume 8u0a GoMoBOIMAUYHU MEXHOIOSUU U
enobanrnama cavuuesa paouayusi 3a 10.04.2021 e.

Haii-Bucoku cToMHOCTH 3a crnenuduaHaTa
MOIITHOCT Ca TMOJIYYeHH 3a MOYJIUTE OT MOHO-
KPUCTAJIEH CWJIMIUKA, KATO MAKCHUMaJHa CTOW-
Hoct (1,08kW/kW,) e nmonyuena B 12:45h npu
CTOMHOCT Ha cibHYeBaTa pazauauus 1000
W/m?. 3a MOJYJIUTE OT KaJMHUEB TEIypHUl €
OTYETCHA MaKCHUMAajaHa CTOHHOCT 3a MOIIHOCT
0,9 kW/kW, B 13:00h npu croifHOCT Ha TJO-
GanHaTa capHUeBa paguanus 989,7 W/m?. Or-
yeTeHaTa MaKCUMaJlHa CTOMHOCT 3a CICHH-
(u9YHATAa MOIIHOCT 32 MOAYJIUTE OT MEIHO UH-
nueBo-ranueB cenenun € 1kW/kW, B 12:25h
IpU CTOMHOCT Ha Tio0anHaTa CIIbHYEBA pa-
namamus 993.4 W/m?.

Ha ¢ur. 6 e mokazaHo M3MEHEHHETO Ha
cneruduanara MomntHocT 3a 19.08.2021 1. 3a
IBa BUAA (POTOBOJITAUYHHM TEXHOJOTHH TIPU
M3MEHEHNE Ha CbHUYeBara pamuanus. [lomy-
YCHUTE CTOWHOCTH 3a crHenuuyHaTa MOII-
HOCT ca TIO-HHCKH B CPAaBHEHHE C pa3riie/laHu-
te 3a 10.04.2021 r. CroiiHocTUTE 3a CICLH-
(ruHaTa MOIIHOCT 32 MOJIYJUTE OT MOHOKPH-
CTaJICH CUJIMIIUM Ca IO-BUCOKH OT TE€3U Ha MO-
TyJIATE OT MEIHO WHINUEBO-TATHEB CEICHUI.

19.08.2021 .
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Due. 6. H3mernenue Ha cneyu@uuHama MowHOCM
3a 08a 8UO0a hOMOBOIMAUUHY MEXHOLOUU U
enobannama crvhyesa paouayusi 3a 19.08.2021 2.

OTtyereHara MaKCHUMajJlHaTa CTOMHOCT 3a
crerupuIHaATa MOIIHOCT 32 MOIYJIUTE OT MO-
HokpucrtaneH cumnuit e 0,97 kW/kWy, B nua-
nazoHa mexnay 12:15 h u 13:10 h, karo croii-
HOCTHTE 3a IJI00alTHaTa CI'bHYEBA paiuaIis ce
mMersaT or 911,7W/m? mo 921,3W/m’. Bbs
BpeMeBHs nuana3od Mexay 12:15 h u 13:10 h
¢ OTYeTeHa MaKCHMallHa CTOMHOCT 3a CIICIU-
¢uynara mouHoct 0,93 kW/kW,, karo cToii-
HOCTHTE 3a rj100ajlHaTa OTHOBO CE M3MEHST OT
911,7W/m? mo 921,3w/m?. 3a To3u mepuos ot
roguHaTa MOAYJIUTE OT KaJMHUEB TEIypHUI HE
ca pabOTHIIH, TTOPAJIH MOBPE/Ia U 3a TAX HE ca
OTYETCHU JAHHH.

3AK/IIOYEHUE

W3Bbpiiena e o0paboTKa ¥ aHAW3 HA JaH-
HUTE 32 MPOU3BOJICTBO HA €JIEKTpUYECKa €Hep-
rusi OT CHUCTeMara 3a MOHUTOPUHT Ha (HOTO-
BOJITANYHA EJICKTPOIeHTpaia B TexHomormd-
HHS Mapk Ha TexHuyecku yHuBepcuter — [a-
OpoBo ¢ obma nHCTamupana MomHocT 30 kW,
BKJIIOYBAIA TPH BUAA (POTOBOITAUYHU TEXHO-
norun — kaamueB tenypua (CdTe), moHOKpH-
CTaJICH CHJIMIHK (MSi) ¥ METHO WHUEBO — Ta-
nueB cenenupa (CIGS), 3a mbppBaTa 1s1a Ka-
neHgapHa roguHa — 2021 or paborara Ha
enektporeHTpanara. OT4eTeHH ca CTOWHOCTHU-
T€ 3a IPOU3BE/IeHaTa eIeKTPUYECKa EHEPrus U
CHEM(PUIHOTO ENEKTPOIIPOU3BOJICTBO 33 Me-
cerute ot 2021 1.

AHanmm3bT NoKa3Ba, Y€ Ha-BHCOKU CTOMHO-
CTH 3a CIenu(UIHOTO ENEKTPOIPOU3BOICTBO
ca MOJIy4eHHU 32 (OTOBOJITAUYHUTE MOIYIU OT
MOHOKPHUCTAJIEH CHJIMIMI. 3a Mecell oJn
CTOMHOCTTA 3a CHEUUPUUYHOTO EIEKTPOIPOU3-
BOJCTBO 32 MOAYJIH OT mSi MpEeBUIIABA ChC
7,3% Ta3u 3a moxynu ot CIGS, a 3a Meceng
aBryct cbc 7,7%. OT4ETEHO € U3MEHEHUETO Ha
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cnenu@uYHaTa MOIIHOCT Ha Pa3IMYHHUTE BU-
7noBe (OTOBOJNTAUYHH TEXHOJOTHUU 3a [IBa
cirbHYeBU aHU OT 2021 r., KaTO MaKCUMAaJTHUTE
CTOMHOCTH 3a TpuTe TexHoioruu ca 1,08
kW/kW, 3a mSi moaynu, 1kW/kW), 3a CIGS u
0,9 kW/kW;, 3a CdTe. 3a BcHUYKHTE BHIIOBE
(hOTOBOJITANYHU TEXHOJIOTHH, HaW-BHCOKHUTE
CTOMHOCTH 3a crienuduIHaTa MOIIHOCT Ca OT-
YeTeHU B OOCTHHUTE YacoBe MPHU CIIbHYEBA pa-
muanus Mesxay 900 u 1000 W/m?. Haii-Buco-
KM CTOMHOCTH 3a crenu@uyHaTa MOUTHOCT ca
OTUETEHHU 32 MOJYJIUTE OT MOHOKPHUCTAJIEH CHU-
i, kato 3a 10.04.2021 r., Te ca mo—BucO-
ku ¢ 0,8% crpsmMo Te3u Ha MOZYJIUTE OT MEJ-
HO WHIWEBO-TAJIUEB celieHuA U ¢ 2% CrpsMo
TE3H OT KaJIMHEB TEIIYPU.

3aKIIfoYeHUATa OT aHaJIM3a Ha TOIUIIHATA
MIPOU3BOIUTEIIHOCT HA (POTOBOJITAMYHUTE CHC-
temu ¢ Moy oT MonoSi, CdTe u CIGS no-
Ka3BaT MIMPOKUTE BH3MOXKHOCTU HA H3rpajie-
HaTa CHCTeMa 3a MOHUTOPHUHT Ha (DOTOBOJITA-
WYHHUTE ENEKTPOLEHTPaTu B TeXHONIOTHYHUS
napk Ha TexHuuecku yHUBEpCcUTET — ['abpoBo,

KOHUTO MoOTar Aa ObJaT pa3lIMpEeHH 3a ClieBa-
I BPEMEBU MEPUOU U C OTUUTAHE HA U3MEP-
BAaHHUTE METCOPOJIOTHYHH ITapaMeTPH.
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