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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. 

Keywords: Solar spectrum, PV systems Spectral response Generated electric power 

 

NEDO
2021 4

MONSOLA-20 
METPV-20 NEDO 1)

 
 1000W/  
 1.5
 25  

Fig.1

*1 Formerly, Japan Weather Association Hokkaido Regional Office,
Kita 4-jo Nishi 23-cyoume, Chuo-ku, Sappro-shi, Hokkaido 064-
8555, Japan  e-mail:itasan0123@outlook.jp 

*2 Japan Weather Association Environment and Energy Dept. 
Received: August 30 2024, Accepted: October 30 2024

Fig.1 Reference spectra
(Drawing from NREL Website) 2) 

Fig.2 PV

PV
1

NEDO P15003
 

*1 064-8555 

23   e-mail:itasan0123@outlook.jp 
*2  

2024 8 30 2024 10 30

－ 55 －

Journal of Japan Solar Energy Society, 51（1）, 55-64（2025）

••••••••••••••••••••••••••••••••••••••••••••Research Paper 研究論文

日射スペクトルの観測値を用いた太陽電池モジュールの出力評価

Output evaluation of PV modules using observed 
solar spectrum

板垣 昭彦 *1 ‡ 佐々木 潤 *2 宇都宮 健志 *2

Akihiko ITAGAKI*1‡ Jun SASAKI*2 Kenji UTSUNOMIYA*2

https://doi.org/10.24632/jses.51.1_55



2 

Fig.2 Relative spectral responses of PV modules.  
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5 Fig.3

Table 1

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°
Ⅱ Tosu 33 22 130 30 26°
Ⅲ Tsukuba 36 03 140 08 32°
Ⅳ Gifu 35 28 136 44 32°
Ⅴ Okinoerabu 27 21 128 32 22°

Table 2 Observation elements and instruments. 
Elements Instruments Type Remarks

Solar spectrum spectroradiometer MS-710
MS-712 Horizontal & inclined surfaces

Global irradiance pyranometer MS-802

Direct normal irradiance pyrheliometer MS-54
CHP-1

Table 3 12

Gueymard SMARTS215)

Fig.1

16)

Table 3 Outline of solar radiation spectrum dataset used in this 
paper. 

Station Naganuma Tosu Tsukuba Gifu
Okinoerabu

Observation wavelength 350nm 1700nm

Data interval 10min.
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.5  sorted by decreasing order at five stations in June. 

(Analysis with data from 2012-2018) 
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Fig.6 Spectral irradiance when solar irradiance is around 
1000W/m2 on a fine day in June 2012. 

  
Table 4 Solar irradiance and air mass at each station at the times 
shown in Figure 6. 

Station Date 
(Year 2021) Time 

Solar 
irradiance 

(W/ )
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 
  
Fig.7 1000W/

 
Table 5

450nm
 

 

Fig.7 Example of spectral irradiance for different air masses when 
solar irradiance is 1000 W/m2 at Okinoerabu in 2012.

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

Station Date 
(Year 2012) Time 

Solar 
irradiance 

(W/ )
Air mass 

Okinoerabu June 24 13:10 1000 1.01 
Okinoerabu Sep.14 10:30 1000 1.23 
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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.

Date
(Year 2018) Time

Solar 
irradiance

(W/ )
Air mass Clearness

index

June 1 12:00 1022 1.02 0.79
June 18 12:00 338 1.02 0.26

Fig.9 Fig.8

Fig.9 Example of conversion factor on sunny and cloudy days at
Gifu in 2018.
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Fig.10 Example of the monthly mean SF (Horizontal surface in
2015).
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Fig.11 Relationship between integrated solar irradiance and SF
(Horizontal surface in 2015 at Tsukuba).

Fig.12 Example of normalized spectrum on sunny and cloudy 
days (Horizontal surface in 2015 at Tsukuba).
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Fig.14 Fig.13 3 10
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Fig.13 Monthly mean SF of [a-Si:H/μc-Si:H (Top)] at three
stations (Horizontal surface in 2015).

Fig.14 Comparison of monthly mean normalized spectrum at 
three stations (Horizontal surface in 2015).
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Fig.15 Example of the monthly mean generation ratio at three 
stations (Horizontal surface in 2015).
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Fig.16 Annual average generation ratio at five stations
(Horizontal surface).
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Fig.17 Annual average generation ratio at five stations (Inclined
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CdTe 

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