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Output evaluation of PV modules using observed
solar spectrum
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Abstract

Solar spectrum varies with seasons, time and weather depending on solar altitude and atmospheric condition.
Because the solar cell efficiency is influenced by its spectral sensitivity, solar spectrum data is important to accurately
estimate the output from photovoltaic systems. To this end, we observed spectral irradiance on horizontal and inclined
surfaces for more than seven years at five stations in Japan with different solar radiation conditions. The observed data
were compiled into a dataset. Using this dataset, we studied the influence of solar spectrum on the output from different

photovoltaic modules.
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Fig.2 Relative spectral responses of PV modules.
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Fig.3 Solar spectral observation stations.

Table 1 Location and slope angle of five stations.

Zone Station Latitude Longitude Slope angle
I Naganuma | 43° 03’ 141° 45’ 36°

11 Tosu 33° 22/ 130° 30 26°
11 Tsukuba 36° 03 140° 08’ 32°
v Gifu 35° 28/ 136 44 320
\Y% Okinoerabu | 27° 21 128° 32/ 22°

Table 2 Observation elements and instruments.

Elements Instruments Type Remarks
MS-710
MS-712 Horizontal & inclined surfaces
Global irradiance | pyranometer MS-802
MS-54

CHP-1

Solar spectrum | spectroradiometer

Direct normal imadiance | pyrheliometer
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Table 3 Outline of solar radiation spectrum dataset used in this

paper.

Station Naganuma, Tosu, Tsukuba, Gifu,
Okinoerabu
Observation wavelength 350nm ~ 1700nm
R 10min.
Dat interval For example, 10:00, 10:10, 10:20, ...
Data period January 1, 2012 - December 31, 2018
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Fig.4 Solar irradiance at five stations in order of intensity.
(Analysis with data from 2012-2018)
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Fig.6 Spectral irradiance when solar irradiance is around
1000W/m? on a fine day in June 2012.

Table 4 Solar irradiance and air mass at each station at the times

shown in Figure 6.

. Date . . So} ar .
Station (Year 2021) Time 11‘?3;?;;():6 Air mass
Naganuma June 7 11:40 1000 1.06
Tosu June 3 11:10 1000 1.05
Tsukuba June 20 13:10 1001 1.08
Gifu June 24 12:10 1001 1.02
Okinoerabu June 24 13:10 1000 1.01
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Fig.7 Example of spectral irradiance for different air masses when
solar irradiance is 1000 W/m? at Okinoerabu in 2012.

Table 5 Solar irradiance and air mass at the times shown in Figure
7.

Date Solar
Station Time irradiance Air mass
(Year 2012) (W)
Okinoerabu June 24 13:10 1000 1.01
Okinoerabu Sep.14 10:30 1000 1.23

Vol51, No.l, 2025
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Fig.8 Example of spectral irradiance on sunny and cloudy days
at Gifu in 2018.

Table 6 Solar irradiance, etc. at the times shown in Figure 8.

Solar
Date . .o . Clearness
(Year 2018) Time irradiance Air mass inde
(W/nd) x
June 1 12:00 1022 1.02 0.79
June 18 12:00 338 1.02 0.26
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Fig.9 Example of conversion factor on sunny and cloudy days at

Gifu in 2018.
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Fig.13 Monthly mean SF' of [a-Si:H/uc-Si:H (Top)] at three
stations (Horizontal surface in 2015).
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Fig.14 Comparison of monthly mean normalized spectrum at

three stations (Horizontal surface in 2015).
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AT M vk WG & OFEE BN RS
K&EL2>TNEDIE, la-Si:H/uc-Si:H (Top)] TH Y, 7K
PN SW T, ii’ﬂ,ﬁf WD 5% EDFTE
EBHRELE oo TD. Fiz, HildzE b K&, WHAKEES

Journal of Japan Solar Energy Society - 62 —

DRV OFE BB SR 10%LL L& 72> TS, kR
OS2~ 7 PV, EREE L TEREZY freo
ENREL o TND EEDbS.

Ip-type me-Si| [FFEEE RN 112 <, HillZESL MR
LW, 52 TR K 9IS, FEENIFHFET DB R
MIRNT=h & o s.

[CdTe) 13FEEHE IR 1 L0 LT, K&, ra—
Si:H/uc-Si:H (Bottom) | 138 B /&2y 1 L0 & T,
SVMEMA RGN D, Fiz, HARIICER TS &, Mﬂm

TIHLOM S LV EEEREEDRKEVDIZH L, Ta-
Si:H/pc-Si:H (Bottom) | T, fthooHlisi L 0 3EEE IRt
INEL RO TN D, FEREBICHET D BRHIIAA [CdTe) T
1% 300~920nm, la-Si:H/pc-Si:H (Bottom) | Tl 500~1200nm
ERBRSTNDLTER, ZOLI BRI TS EH

z5.

a-Si:H/pe-Si:H (Top)
115

L e —
R .
0.95 . . n s .
2012 2013 2014 2015 2016 2017 2018
Year

neration ratio

2
S

Ge

=e==Naganuma =e=Tosu =e=Tsukuba Gifu =e=Okinoerabu

p-type me-Si

2012 2013 2014 2015 2016 2017 2018
Year

—a—Naganuma ==Tosu =s=Tsukuba Gifu =s=0Okinoerabu

CdTe

115
8
110
o
% 105 a1
g " —— —
g 100
Q

095 . L . . .

2012 2013 2014 2015 2016 20017 2018
Year

== Naganuma =s=Tosu ==Tsukuba Gifu =e=Okinoerabu

a-8i:H/ue-8i:H (Bottom)
L1s

1.10
1.05
0.95
2012 2013 2014 2015 2016 2017 2018
Year

=
s

Generation ratio

—a—Naganuma —s=Tosu —s=Tsukuba Gifu == 0Okinoerabu

Fig.17 Annual average generation ratio at five stations (Inclined

surface).

Fig2 \Z7R L= 11 FHD PV £ 2 —/LIZHOWNWT, 74
il (2012~2018 %) DM FEEE /) B OB A R D 25
& Table7 DX D725, fEfHRD PV EY 2 —/LTHHT A
NI MVDEBENNSNR, TEALT 7 AT a0

Vol51, No.l, 2025
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CdTe [IEHER Y F L& W5
DE%%< 725,

ALV FERFEEENR

Table 7 Seven-year average of generation ratios for 11 types of

solar cells.

(a) Horizontal surface

Naganuma Tosu Tsukuba Gifu Okinoerabu
(n-type) SHJ 1.00 1.00 1.00 1.00 1.00
(n-type) IBC 1.01 1.01 1.01 1.01 1.01
n-type sc-Si 1.01 1.00 1.00 1.00 1.00
p-type PERC sc-Si 1.01 1.01 1.01 1.01 1.01
p-type sc-Si 1.01 1.01 1.01 1.01 1.01
p-type me-Si 1.01 1.01 1.01 1.01 1.01
a-Si:H/pc-Si:H (Top) 1.08 1.07 1.07 1.07 1.11
a-Si:H/pc-Si:H (Bottom) 0.99 0.99 0.99 0.99 0.98
a-Si:H 1.07 1.06 1.06 1.06 1.10
CIGS 1.02 1.01 1.01 1.01 1.02
CdTe 1.04 1.04 1.03 1.03 1.05

(b) Inclined surface

Naganuma Tosu Tsukuba Gifu Okinoerabu
(n-type) SHI 1.01 1.00 1.00 1.00 1.00
(n-type) IBC 1.01 1.01 1.01 1.01 1.00
n-type sc-Si 1.01 1.00 1.01 1.01 1.00
p-type PERC sc-Si 1.01 1.01 1.01 1.01 1.00
p-type sc-Si 1.01 1.01 1.01 1.01 1.01
p-type me-Si 1.01 1.01 1.01 1.01 1.01
a-Si:H/pc-Si:H (Top) 1.03 1.04 1.03 1.04 1.09
a-Si:H/pe-Si:H (Bottom) 1.01 1.00 1.00 1.00 0.98
a-Si:H 1.03 1.04 1.03 1.04 1.08
CIGS 1.02 1.01 1.01 1.01 1.01
CdTe 1.02 1.02 1.02 1.02 1.04
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Fig.18 Ratio of annual average generation ratio on inclined to

horizontal surfaces at five stations.
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Fig.19 Annual average of ratio on inclined irradiance to horizontal

irradiance at five stations.
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