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Change of Photovoltaic Module Conversion Efficiency
with the Environmental Factors in different site

( Comparison of the conversion efficiency in Kagurazaka Tokyo
with the one in Hamamatu Sizuoka)
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Abstract

For optimum design of photovoltaic power systems, it is very important to estimate their annual
maximum output precisely. It has already become clear that the conversion efficiencies of
photovoltaic modules are mainly effected by the environmental factors such as solar irradiance, cell
temperature and spectral solar radiation. In this paper, it was discussed how the output of
photovoltaic modules for polycrystalline silicon and amorphous silicon are effected by the
environmental factors in Tokyo and Sizuoka. The environmental factors that have been measured at
two sites from Janualy,1993 toSeptember, 1995 were compared quantitatively and discussed. The
different of solar radiation that have integrated the annual amount of two areas are 379kWh/ nf.
year, the output of photovoltaic system with rating capacities of 3kW were calculated by using the
different environmental factors of two sites. As a result, the annual generated power of the
polycrystalline silicon photovoltaic power system was 3588kWh in Tokyo and 4367kWh in Sizuoka.
For optimization of photovoltaic power systems, it is necessary to consider the environmental
factors in each area.

Key Words : optimum design, photovoltaic power system, environmental factors, annual
generated power, rating capacities
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Wavelength Band [nm)]
Channels SUT JQA
1 305 ~ 395 305 ~ 395
2 395 ~ 495 395 ~ 495
3 495 ~ 590 495 ~ 695
4 590 ~ 695 695 ~ 850
5 695 ~ 850 850 ~1,200
6 850 ~2,800 1,200 ~2,800

£2. XABEBEY 2 -IVOER

Poly-Si | Amo-Si
Maximum Power [W] 59.3 249
Open-circuit Voltage [V] 25.8 38.7
Shotr-circuit Current [A] 3.1 1.1
Optimum Voltage I\ 20.3 28.7
Optimum Current [A] 2.9 0.9

(Zf - AM 15, OHE 1kW/m?, £)LEE 25°C)
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% 3. RO EEX BN E

Solar Radiation [kWh/m2-year]
Year SUT JQA
1993 1205 1562
1994 1340 1719
1995* 986 1231

1995*X 1 AN 5 9 HOMEETH 5.
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PV Module Spectral Response[nm]
Poly-Si 305~1,212 4 -4 BERFOFBRFE
Amo-Si 305~ 819 5 It SAOBRERTD 1994 F 1~12 HD 1 4
BOEETRLESDTHS. SUT OINEFL O5HE
a1.0 & JQA DZNITEER 0.06kW/m2 /h& . F/=, SUT
3 DINETHLIVRER JQA DZIIC H~ 3CIE. —
2309 fi, HHIZRY PV OV TSRS Si, 7TV
E . . ‘ Y 7R Si &8I SUT DEZRAY MVEEDR JQADZEN
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% & JQA DEZHRAAY MVEED SUT DZNIZHART
RELEMLLTWBRZ bR 3. £/, EMEELT
HABEME S 21—V d JQADER R Y MU L
H SUT DEZNANRY MVEEDADKE L, ZOHRKD
7213 1993 F 4 HO%#EE Si T 0.082, 7ENT 7 R
Si T 0.066 TH 5.

1—)VDOHEHEFHET ZDICLEL 2 D%HER Si, 7
TIVT7 7 R Si DEAFEE KD

51 EILBUERKT
ABEMEY 2 - VOERGETLIVREN LR T
ZIZONETFT 3. £ 6 BHET—% L kDS54
& Si, 7ENVT 7R Si OFRSELREREER L.
FRHUEAET—212 19941 H 1 H»53H31H
D37 A/, SUT THELELIDTHS. bbb
@HﬁF‘E}@ 850W/m2 A _t D HERE THR AT MLt
%455 Si Tl 0.835~0.840, 7EN T 7 X Si Tl
0.607~0.613 DBRERFEBELEF—4T, ThE
B L LTRWE.

5. FROME (1994 F 1~12 A)

Environmental
Area Irradiance Cell Temperature Available Spectral Ratio
E [kW/m] T.[°C Poly-Si Amo-Si
SUT 0.56 36 0.854 0.642
JQA 0.62 39 0.817 0.617
Vol.23,No.4 —95~ N EE e
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PV Module Poly-Si | Amo-Si
Fill Factor FF 0.74 0.59
Square S[ni] 0.54 0.49
Efficiency  70[%] 10.05 3.94
Coefficient of —0.37 —0.05
Temperature a[%/°C]

(Bt - 12, B5T5RE 850W/nibl k)

5-2 Bkt
7(a), (b)IZASBREICHT 2SS Si & 7TV

7 7 R Si DA EHEIROBRERLTNS. KO
MiE,1994 1B 1 H&L D 3 H31 HETSUT THF
L F—48 T, BT MUHEHSHESR STl 0.835
~0.840, 7EIN T 7 X Si TlE 0.607~0.613 DRET
—&%70v bLEBDTHE. MEV21—IEEHE
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0.2kWm2 LI FCAMICIE T L TR D, BRI HS
BEIKELTCWBZ BN, —H, TENVT 7R
Si ICDWTH, HHBENTE L 2BIH, HReIiH
NEGHEMET T AEACHZLHbDB. TN
SOEMAFID LA ITKRE o=, LREGRSLIE

B(E)=1-0.38-exp(-8.8-E) -evee-- (7a)
FELVZ 7RSI &

B(E)=1.04-[1-0.20-exp(-1.59- E)] *-++* (Th)
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KEF BT A HREREEZ, ROLDIZKDE.
ISR ERDERIEL, EENR T MV LMD
FREE R DR ERS LEICE LW, 22T, EKE
BOERKEE Isc(1.0), ERAMNRERFEE S(A),
HMEFZANRY MATE E (), N AR 2
S (A)eBRY, RDLDREFRADHD LD

ISC(lO):SS(/l)-EO(/l)j/\ ....... ®
S()=CS () e ©)
727U, S(A)DBALIZ[AK Wm?], E ,(A)DEALZ
[kW/m2mm], CEEBTHS.
IhEbhEH CiF, A THRSIN3.

C=Isc(1.0)/1 S8 (A E (AN A] =or=o (10)
&b CREEL, MNP NRERRET 5. FREX,
&t 1.0kW/m? OERKREROEZHWT, HEXa
HRERRELEDDOERT, 8177,

# 7. HowaRE (SUT)

Ch Poly-Si Amo-Si
1 0.576 0.654
2 2.068 1.723
3 3.511 2.509
4 4535 2.173
5 5.056 0.370
6 1.423 0

8. MUTANRE (JQA)

Ch Poly-Si Amo-Si
1 0.576 0.654
2 2.068 1.723
3 4.049 2.333
4 5.056 0.370
5 2.536 0
6 0 0
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kT)=1+a(T-25) ... (13b)
Psreo = [E-n(E,T,S)dt
= nofE'¢(E)‘k(T)'V(S)dt ..... (142)
ReAyE(a)dr
(S) = _I____—
v [RGyEu2 )ALl (14b)
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KD REREREaZAWEE VBEOREEZEEL
R, (9 KBHANRY NVAHRIZ L BHEEE
LR, RA): BRI T BNRIERE, Exd)
SIBEH R T MV, E(A)IEKEHER AT MV
i, Ps, Pro, Preo, Porso® HA1IE#& A TkWh/m?-
month], /M TkWh/m?-year]TdH 5.
BIERATAICHALERZTRT. FTHHBREICLS
2V, Ay, 12RX&D
Vi = PEo/ Po

TRkDONDB. F7z, LIVEBEOADEE VAL, (12),
(13a)L b

Vr = Preo/ Peo

TkoHo6NS. VidEIVEEDAZZERLTVWEDT,
PR L DTN SN TN D WL I L B AL
EThHd. iz, KFEIAXRT MV GHDHDEE Vs
&, (13a), (14a)XL D
Vs = Psteo/ Preo

TRkOohB. HEBRE, YINRE, KEHEIT MU
DTN TOREI L BEM Verdd (18) T, WATHE
Th3.

Vers = Psteo/ Po = VE' V' Vs
Vers BERBERFEER UL “IRT MUE 1283
HALETHB.

6 -2 FRERTICNT ZHALEROEL

X 8(a), (b), ®9(a), (b)EZHERSL, 7ENLT 7
2 §i oMtz B 2R AORERT (H5EE, ©
IVRE, KBEHR AR MVaH) OHFILEEROELE TR
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LEHDTHD. TN SDRDHITtLEDEERIEZ
HERRE, CVBE, KBt~ bvafbEheh,
1kW/m?, 25°C, f2KTH 5. Mmitm e bICHRERT
DOEFICHT BEMFRUERZRLTNWS. FHc®
FEER S ICBWT, HEBEEIC X2 HAEADREZ
CIVIRE, KEBEHANT MIVARIZ & B HAtEERAD
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2E% JQA DEIZKT 3 SUT DiEZFH:=. HEH
BIC L BHE V-1, ©INEEICLZHE Vr-1 1 EEXK
BEMEY 21—V BT I%UTOETHS. Ak
2T PV X BRE Vs-1 (X SH5E S1 T +4.4%,
FENT 7RSI TH13% &, OBEERTFOLEDE
ITHARTREN. ZhE, 4-4 BiClRERBHER T
MV FORISZEICRE LT\ 5.

#9. FBERTFICNT AL (S S
PV
Module | Ve-1[%] Vr-1[%] Vs-1[%] Vers
SUT —2.1 —4.5 3.5 0.968
JQA —1.6 —5.5 —0.9 0.921

% 10. FEEBRFICHT B HALE (PEVT 7R S1)

PV

Module | Ve-1(%] Vr-1[%] Vs-11[%] Vers
SUT -84 —0.6 7.6 0.980
JQA -79 —0.7 0.3 0.952

7. FRIDOEEE

CCTRABAREEY R T LOFREREIRERFO
ERBECOREFER5Z 2rEMETILE. 3kW DX
AR EY ZF LABEEL, fEREL AR MK
I3 EBMOREEE R F N2 PlkWhiyear],
PerkWhiyear]| £ 35 &, ThSIIRATROLNS.

PT=§ IW'Vrm'Uo'S ------- (19)

Pm=‘22 [oVom'S o (20)

BB, I.,:&A0HEASE(kWh/m? month] Tl
HADER DT, Vim: FHOTEREIC X B HEIIHEE,
Visa : FRDAARY MV X BHIIE, 7 &K
BENMOHEIE, S:3kW OXBAREES AT LE
MELEABRELY LA EETHSD. COEHKISH
&SI 27.5m2, PEILT 7 X SiH595m2E Uik,
(2) #11, £ 12 ZREREL I MVKIC XL BEH
DREEZRLEDIDTHS. ZhIZLD, AT MV
HECHATMT 2 L EHEE Si BTk SUT »#
3588kWh, JQA » 4367kWh &% b, 7E)VT7 7R Si
2B\ TlE, SUT A5 3112kWh, JQA 1 3742kWh &
Rofk. COEFXAFEDENPRELZEL, BRER
FTRABHARY PVAFHOBNDBHEL TN S.

F 7, fERBE AN MVETTHE L =RERIL, %
#& Si T 46~116kWh, 7E)7 72X Si T 35~
298kWh DEZELEUE. Zhix, MHUSTABEI~

7 VAR DBEBRTNERZZHTHS. FH, 7E
V7 7 X St BHER SLIT LR ARB AR T ML FD
HEHNRENED, VREOHZFE L EEREL
DAKBBHR AT MR EOHEEER LAY

MVETOHIFHEPLETH 5.
#11. FRIDOKEEOLE ($455 Si)
PV | Conventional | Spectral | Difference
Module | Method Pr | Method Pers| Pr-Pers
SUT 3542 3588 46
JQA 4483 4367 116

Pr, Pers: [kWh/year]

% 12. HROFEBOLE (7E)VT 7 X Si)

PV | Conventional | Spectral | Difference
Module | Method Pr | Method Pers| Pr-Pers
SUT 3157 3112 35
JQA 4040 3742 298
Pr, Pars: [kWh/year]
8. &

AT, SUT & JQA R4 2 Hiflc BT
EERTFMES L RMALRE. ZUT, ZOREICL
2 KBEEE Y 2 — )V DFERHEDE N DWW T
Uz, ZOREEUTICRT.

(1) FRIMEMENTLXAFEICDOVWT, SUT & JQA
12 HEX 1993 4ET 29.6%, 1994 5T 28.3%/hEWn2 &
Mo, THIE SUT Tk EIViREDBEIc X b HE
PESNBILE, MHHAOKERSDPRRZEZHT
H5.

(2) BBEERFICOVWTHELELZA, 1994 £T
& SUT oinEFHESNBREE, JQA DENITHAN
0.06kW/m2/h &\, /=, SUT OMEFLIVEER
JQA DZFNITHA 3CEW. —7, BHARY MLk
IZDoWTIREHRE S, 7ENVZ7 7R S &I SUTD
BHMA AT MVEED JQA DZFNITHAR 4~5%KE <
f;of' CNORBERFNIRREIELDHAICE

LEENRRDILYPGDS.

(3) REHERFICHNT 2 HAOLEOMIFIC L 2%
JQA DfEIZHT B SUT DIETHR-. HNEBEIC LS
FELCVEEICLIEEPSABEREY 21—V E
HICHIYUTDOETHS. —FH, Vsld%BiEE Si ¢+
4.4%, PENVTZ 7R Si TH13% L, OBRERTOD
ZITHARTKREW.

(4) 3kW DABHKFEEL AT LEEEL]E PV 7L
4 DEBORERE AT NVETHAFHE L. %
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& Si BV T SUT A 3588kWh, JQA
4367kWh &% bh, 7ENLT7 7 X Si BT, SUT
78 3112kWh, JQA »' 3742kWh &>/, ZD=EE
HHEEDEWHFAESEEL, BRERTTEAREX
N7 MVATEDEVWDFZEL TN 5.

(5) REHRFE AT MIVETIHE L= RERIX, &5
581 T 46~116kWh, 7EJL 7 7 2 Si T 35~298kWh
DERE L. IhiE, M TAELR T MVAE
DEERFPERLZEHDTHD. FZ, PENVI 7R
SilZ%AEER SLICHAKB AR R M VAT DFEDK
EVWEDHEIVBEDAZEE LEIEREL D ABEER
R MVAFIREDHEREER LIZANRY MNUETD
HAFEDPLETH .

(6) KBMFEEY X7 LADRBERE 21T, #E
HATOEMNEERASNEZX O L L0, EHEMRITE
Bh5Z DEERNT (H5EE, ©WEE, KB~
D NVAHRE) BERTAILEDRH D LDVFD o
7=,

A
AMETHWE JQA () HARERILHENE Wiy

— SR DBIET —4 & NEDO (- R)V¥— - jE
YRR BIRMEE) KBEMBEIREOHEFEICL D
HDTHB. TTIBSBOEERT .
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