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Abstract

Degradation analysis methods of PV modules using many outdoor Current-Voltage (I-V) curve data are

proposed in this paper. The I-V curve data measured under various outdoor conditions are translated to the Standard

Test Conditions (STC) by two kinds of translation procedures. Procedure.1 directly translates to the STC by linear

interpolation method (LIM) with many reference I-V curves, which are created by I-V curve fittings. Procedure.2 is a

combination of procedurel and translation formula. Characteristic values such as maximum power, short circuit current,

open circuit voltage, fill factor, series resistance and shunt resistance are quantitatively evaluated with both methods.

Degradation rates of mono crystalline Si and polycrystalline Si modules were analyzed and accuracies were verified

by comparing with indoor measurement results. Although open circuit voltage between the two proposed methods were

different, the almost same annual degradation rates were obtained.
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Fig. 1 Overview of the linear interpolation method in the

case of extrapolation
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Fig. 2 Example of I-V curve fitting results
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Table 3 List of measured data
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Table. 4 Datasheet values of three kinds of PV modules
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FEME LA OO NHET 5 proc.2 DI, EEE STC 12
SMFT D proc.d LD /NEWEHOE RS TVD.
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Fig. 8 Voc-T scatter of reference I-V curves and analysis

results in January and September
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ROBFOAREEND T END.
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ZEDEY 2 — L TY 2.5[%/year | FEFEH NI 5 — 5 T,
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Mono.1 & Poly.l TIX FF X 0.2%FLE, Ra BAHIML T3
Poly.2 CiX FF 1T 0.1%FREDELLR L Ipo 7=,

BBICHIRRTIEOELIEROEWVIZIER T 5 &, B
Bl SR D T IC B W THIREFIEOFELLRITE S 2
SRR THD Z ERnbhrot.

5.5 ENAIERHER L DR

FEEERRGED 72 D12, BNIERS F & RIRE O fght A 0%
{LARATHRE R D A & DFEIRIFRZE % “Brror” & L TH(12)
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proc.l IXENHPEREFITH L THEDHEEB A TH Y,
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Table. 5 Annual degradation rates of three kinds of PV modules
F 5 fiRHT L7z 3D PV £ Y 2 — L OELHE

Pn Isc Voc FF Ipm Vem Rs Rsh
Mono. 1 proc.1 -0.27 -0.17 0.08 -0.19 -0.24 -0.03 2.72 -1.84
proc.2 -0.38 -0.16 0.01 -0.23 -0.24 -0.15 3.34 -1.58
Poly.1 proc.1 -0.32 -0.12 -0.03 -0.18 -0.18 -0.16 2.38 -3.82
proc.2 -0.39 -0.13 -0.06 -0.19 -0.22 -0.17 2.30 -3.74
Poly.2 proc.1 -0.48 -0.31 -0.09 -0.11 -0.30 -0.21 2.65 2.16
proc.2 -0.49 -0.32 -0.06 -0.12 -0.32 -0.18 2.92 2.61
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Table. 6 Accuracies of both method in the case of Mono.1

# 6 Mono.l O ENHIE & MHE R TIEOM L[ %)]

P Isc Voc FF

2010/12 -1.76 -0.08 -0.95 -0.44

proc.l | 2015/12 -0.10 0.75 -0.54 0.21
2019/01 -2.64 -1.62 -0.45 -1.55

2010/12 1.03 0.16 0.39 0.68
proc.2 | 2015/12 2.36 0.51 0.30 1.66
2019/01 -0.23 -0.31 0.40 -0.26

Table. 7 Accuracies of both method in the case of Poly.1
% 7 Poly.1 DEWHRIE & W # R TIE DR %)

Pm ISC VOC FF

2010/12 -4.07 -0.44 -1.44 -2.16

proc.l | 2015/12 -1.98 0.46 -0.83 -1.61
2019/01 -5.11 -1.89 -0.98 -2.56
2010/12 -0.19 0.61 -0.22 -0.66

proc.2 | 2015/12 0.98 1.34 -0.04 -0.20
2019/01 -3.53 -1.54 -0.40 -1.69

Table. 8 Accuracies of both method in the case of Poly.2
# 8 Poly.2 BNIIE & M5 FE DX FEE[%]

Pn Isc Voc FF

2010/12 -3.09 -0.73 -1.54 -0.69

proc.l | 2015/12 -0.88 1.03 -1.22 -0.58
2019/01 -4.18 -0.73 -1.37 -2.06

2010/12 0.99 0.07 -0.31 1.16

proc.2 | 2015/12 2.09 1.58 -0.07 0.57
2019/01 -1.66 -0.54 -0.38 -0.79
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TR, B & DIV =T 550 CTRIT 21T 124
R FF PMET L, P OWEADHEEIZORN o722 & BREK

EEZLND.
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B EZRN 2019FED IV I—TT—FThbH. K9 LV,
2013 FERFATIHEA X ITISIERWVAS, 2016 Fickd &
R2[VIFHET/hE BT E N A 6N 5. £ L T2019FiTid
BIVIFHETE Y RERBEME L RTINS Z ENATHR
N5, ZRHOMEAMNS, 1V I—T OBIIRETREL
o TNDZ ENbND.

Poly.1 1% 2019 FE D EANRIERHZ I T b Beft & 118
INTVDHR, ERNBERIIThN TS 728, Bifft&
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729, FRET PV Y 2 — /VREICHR L72ENDFIA T,
PV £V 2 — VO NN TR I25ER, BIMEN SO
DIEDHEE L, SlLERESSBEHLTWDREEERH S.
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Fig. 9 Measured I-V curve data with stepping
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