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Study of Solar Radiation on an Inclined Surface in Japan - 5th Report. Monthly Mean
Solar Radiation on Inclined Surfaces at 225 Sites in Japan

5 | OfF s

Sakumatsu Yoshida

N T

Hidekazu Kikuchihara

Abstract

In this paper the monthly mean daily solar radiation on inclined surfaces with azimuth every

15° from 0 ° (south) to 90 ° (east or west) and with inclination every 10° from 0 ° (horizon -

tal) to 90° (vertical) is estimated for 225 sites in Japan. Mean distance between these sites is

40 km. The estimation models, which were selected and developed by the authors, are as

follows:(1) model for estimation of monthly mean daily global solar radiation, (2) model

for separation of global solar radiation into direct and diffuse parts, (3) model for estimation

of monthly mean hourly global and diffuse sky radiation from their monthly mean daily -

values, respectively, and (4) model for estimation of solar radiation on an inclined surface.

The error is examined of the estimated 30 - year average of monthly mean daily solar radia -

tion on an inclined surface:it is found that the error is ~1% for the south - faced surfaces and

larger for the surfaces with the other orientation.
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80 | 3.84 [3.57 | 3.50 |3.03|3.01|2.46|2.49|2.81[2.45|2.67|3.22]|3.43|3.04|3.61|3.18|2.59]|2.78
90 | 3.564 | 3.21 |3.09 |2.63 | 2.58|2.12 | 2.14 [2.42 | 2.14 | 2.39 | 2.93 | 3.15[2.69|3.30 |2.77|2.23 | 2.49
3,07 | 3.57 | 4.22 | 4.47 | 4.94 | 4.14 | 4.15 | 4.41 | 3.39 | 3.07 | 2.86 | 2.72 | 3.75 | 3.12 | 4.54 [ 4.23 | 3.11
20 | 2.33 [3.73 | 4.31 [ 4.45 | 4.87 | 4.05 | 4.06 | 4.35|3.39 (3,15 [3.04|2.94|3.81|3.33|4.54|4.15]3.20
30 | 3.53|3.82|4.32|4.35|4.71|3.90|3.92|4.22[3.34|3.17 |3.17 [ 3.11 | 3.80 | 3.49 | 4.46 | 4.01 | 3.22
40 | 2.63|3.83 | 4.25 | 4.19 | 4.49 | 3.69 |3.72 | 4.04 | 3.23 |3.13|3.23|3.20|3.72|3.55|4.31|3.823.20
60" | 50 [3.67 |3.78 | 4.11 |3.96 | 4.20 | 3.44 [3.46 |3.78|3.07 |3.03|3.22|3.21|3.58(3.55|4.09|3.56(3.11
60 | 3.62 | 3.64 |3.90|3.69|3.87|3.16|3.19 |3.50|2.87|2.89 |3.14|3.17 |3.39|3.48|3.82|3.28]2.97
70 | 3.48 | 3,42 | 3.62 | 3.35|3.50|2.85|2.88 |3.17[2.63|2.70[3.01|3.05|3.14 (3.323.49|2.96|2.78
80 | 3.28 [3.17 | 3.30 [ 3.01 |3.11|2.52 | 2.55|2.82|2.37 | 2.45[2.81|2.86|2.85|3.10|3.142.63 |2.54
90 | 3.01 | 2.84 | 2.93 | 2.64 | 2.72 | 2.21 | 2.23 | 2.47 | 2.08 | 2.20 | 2.55 | 2.61 | 2.54 | 2.82 | 2.76 | 2.30 | 2.28
10| 2.91 [ 3.44 | 4.13 | 4.43 | 4.93 | 4.14 | 4.14 | 4.38 | 3.35 | 3.00 | 2.74 | 2.57 | 3.68 | 2.97 [ 4.49 | 4.22 [ 3.03
20 | 3.04 |3.49 | 4.14 | 4.37 | 4.83 | 4.04 | 4.05 | 4.29 [ 3.32 | 3.01 | 2.82 | 2.67 | 3.67 |3.07 | 4.45 | 4.13 | 3,05
30 | 3.11 | 3.48 | 4.09 | 4.24 | 4.67 | 3.89 | 3.90 | 4.14 | 3.23 | 2.98 | 2.86 | 2.71 | 3.61 | 3.10 | 4.33 |3.98 | 3.02
40| 3.14 | 3,44 |3.98 | 4.06 [ 4.45|3.68|3.70 |3.95|3.10|2.89 |2.85|2.73 |3.50|3.10 | 4.16 |3.78|2.95
75" | so|3.10|3.32|3.82|3.83|4.17 |3.44|3.45)3.70|2.93|2.78|2.80 |2.69 |3.34|3.04|3.943.53]2.84
60 | 3.02 [3.18 | 3.60 | 3.55|3.86 |3.16|3.18|3.41|2.73|2.62|2.69|2.59|3.13|2.93|3.67|3.25|2.68
70 | 2.88 | 2.97 | 3.34 | 3.25 [3.52 |[2.87 [ 2.89 [3.11|2.50 | 2.43 | 2.56 | 2.47 [ 2.90 | 2.77 [ 3.37 | 2.95 | 2.50
80 | 2,69 | 2.73 | 3.04 | 2.92 | 3.14 | 2.56 | 2.58 | 2.78 | 2.25 | 2.21 | 2.37 | 2.29 | 2.63 | 2.57 | 3.03 | 2.64 | 2.28
90 | 2.47 | 2.46 | 2,72 | 2.58 | 2,78 | 2.25 | 2.26 | 2.45 | 2.00 [ 1.98 | 2.15 | 2.08 | 2.35 | 2.33 | 2.69 | 2.32 | 2.04
10°[ 2.75 [ 3.30 [ 4.03 | 4.38 | 4.91 | 4.13 | 4.13 [ 4.34 | 3,31 | 2.92 [ 2.61 | 2.41 [ 3.60 [ 2.82 | 4.44 | 4.20 | 2.95
20| 2.72 | 3.24 | 3.95 | 4.27 | 4.79 | 4.03 | 4.03 | 4.23 | 3.23 | 2.86 | 2.58 | 2.37 | 3.52 | 2.77 | 4.34 | 4.09 | 2.89
30| 2.68|3.14 | 3.83 | 4.11 | 4.61 [3.87[3.87 [4.05|3.11|2.77 |2.52|2.32|3.41|2.71|4.183.93 |2.80
40 | 2.61|3.00 | 3.67 |3.89 | 4.38[3.66|3.66[3.84]|2.95|2.65|2.46|2.23|3.25]|2.62|3.98(3.72]2.68
90" | 50| 2.53|2.87 |3.47 | 3.65|4.10 |3.41 |3.42 |3.58|2.77 | 2.49 | 2.36 [ 2.15 [ 3.07 [ 2.52 | 3.74 | 3.47 | 2.54
60 | 2.41 | 2.68|3.25|3.38 |3.78(3.13 | 3.14 | 3.30|2.57 | 2.34 | 2.24 | 2.02 | 2.85 | 2.37 | 3.47 [ 3.19 | 2.38
70 [ 2.28 | 2.50 | 3.00 | 3.07 | 3.46 | 2.85 | 2.85 | 2.99 | 2.34 | 2.14 | 2,09 | 1.90 | 2.62 | 2.23 | 3.18 | 2.90 | 2.19
80 | 2.10 [ 2.26 | 2.73 | 2.78 | 3.11 | 2.55 | 2.56 [ 2.69 | 2.12 | 1.96 | 1.94 | 1.75 | 2.38 | 2.04 | 2.87 | 2.60 | 2.00
90 | 1.94 | 2.06 | 2.46 | 2.47 | 2.76 | 2.26 | 2,27 [2.38|1.88 | 1.74 |1.75|1.57 |2.13 |1.86 |2.56]|2.30]1.79

61.3°|150.8 | 36.6 | 19.6 7.9 3.0 4.5 | 13.4 | 25.0 141.9 | 57.1 | 62.4 | 35.3 | 58.4 | 21.9 7.4 | 43.6

5.06 |4.80 | 4.79 [ 4.60 | 4.98 | 4.17 | 4.17 | 4.47 | 3.56 | 3.64 | 4.24 | 4.65 | 4.43 | 4.82 | 4.72 | 4.26 | 3.74

4.61 | 4,66 |4.79 | 4.48 | 4.60 [3.78|3.82 |4.26|3.52|3.62|3.98|4.19 |4.19 | 4.49 [4.62|3.95|3.71

1.101.03{1.00}1.03}1.08[1.10[1.09|1.05(1.01|1.00}|1.06}1.11 |1.06]1.07 | 1.02|1.08]1.01

/C) 1.6811.40[1.18|1.02]0.93]|0.91]/0.92|0.97({1.061.23[{1.53)1.72|1.16]|1.581.03]0.93]1.25
E *FHIROTAREA **EAOBHNROEH
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Origin of errors of estimated solar radiation on an inclined surface

Magnitude of errors

@~®

@~®

Model for estimation of monthly mean daily solar radiation

(BREHBHEEET V)

Nodel for separation of global solar radiation into direct
and diffuse parts (EHSHETIL)

Model for estimation of monthly mean hourly global and
diffuse sky radiation from their monthly mean daily values,
respectively, under the assumption of the symmetrical daily
variation of monthly mean solar radiation (B§RIES}EF L)

Nodel for estimation of solar radiation on an inclined

4.5%

~1% from Apr. to Aug., ~3% in Mar. and Sept.
and ~4% from Oct. to Feb, ¢'"’

~2% for a south-faced surface with some inclin-
ation angle and ~5% for a east- or west-faced
surface with inclination angle larger than 45
for 40% of 225 sites in Japan. For the rest
of the sites the error is neglegible '

~1. 4% for a surface with smaller inclination

surface (FlEBHEHEEETIV)

than 45 ° and with azimuth within *+45° from due
south and ~5% for a surface with larger incli-
nation than 60° ' ‘22

inclined surface (% @ BFEEDEE)

Total error of estimated monthly mean solar radiation on an

~6% for a surface with azimuth from southeast
to southwest and with smaller inclination than
45° and ~9% for the surface with the other
orientation
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