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Verification of Calculating Accuracy of Tilted Surface Irradiation and
Error Analysis for PV Systems Performance Evaluation
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Abstract
This paper describes the calculating accuracy of tilted surface irradiation using one minute average
of secondly measured irradiance data. Calculation model for hourly irradiation is applied for minutely
data. Accuracy of annual calculated irradiation and the range of variation are quantitatively summarized
for three azimuths. As a result, accuracy of minutely calculated data and the range of the variations are
slightly better than that of the hourly data’s. Calculating error due to the error of tilt angle, azimuth,
albedo, and effect of distance are also analyzed. The effect of each factors for the annual irradiation and

the range of error are quantitatively summarized.
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Fig.2 Picture of meteorological station.
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Table 1 Azimuth of pyranometers for tilted surface.
Station # 1 2 3 4 5 6
Azimuth [deg] -13 | -52 | 97 3 37 | 86

Table 2 Model numbers of measurement equipments.
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Table 3 Annual irradiations on the global and tilted

o

surfaces.

Station # 1 1 2 3
Tilt angle [deg] 0 30 30 30
Azimuth [deg] NA | -13 -52 97
Irradiation 1388 1639 1519 1261
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Fig.3 Monthly irradiation on each surface.
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Fig.4 Percentage of time for each irradiance level.
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Fig.5 Percentage of energy for each irradiance level.
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Fig.6 Percentage of time for each clearness index.
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Fig.7 Percentage of energy for each clearness index.
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Fig.8 Percentage of time for each diffused light ratio.
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Fig.9 Percentage of energy for each diffused light ratio.
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Table 4 Verification results of calculation accuracy of tilted
surface irradiance.

Table 5 Verification results of calculation accuracy of hourly
tilted surface irradiance using half-hour time stamp.

Station#{ Azimuth| MBE [ 1Sigma | RMSE @ | Number Station#{ Azimuth| MBE | 1Sigma | RMSE o | Number
[deg] | [kW/m’]] [kW/m?]| [kW/m?] of data ”1 [deg] | [kW/m?1| [kW/m?]| [kW/m?] of data
All (1m) All (1h)
1 -13 -0.005 | 0.012 0.013 |1.013 | 258913 1 -13 -0.004 | 0.010 0.011 1.012 | 4282
2 =52 -0.001 0.012 0.012 |1.002 | 261848 2 ~52 -0.001 0.010 0.010 |1.001 4335
3 =97 0.001 0.012 0.012 10.996 | 258729 3 -97 0.001 0.010 0.010 10.996 | 4288
Clear (Clearness Index > 0.7) (1m) Clear (Clearness Index > 0.7) (1h)
1 -13 -0.008 | 0.014 0.016 | 1.009 | 39061 1 -13 -0.006 | 0.01t1 0.012 |1.007 500
2 =52 | 0004 | 0013 | 0.014 |0.996 | 40436 2 ~-52 | 0005 | 0010 | 0.011 |0995 | 525
3 -97 0.004 0.012 0.013 1 0.991 | 41857 3 -97 0.003 0.010 0.010 |0.992 550
Cloudy (Ratio of Diffused Light > 0.95) (1m) Cloudy (Ratio of Diffused Light > 0.95) (1h)
1 =13 0.000 0.009 0.009 |1.004 | 108115 1 -13 0.001 0.005 0.005 | 0.989 1534
2 -52 -0.001 0.009 0.009 |1.004 | 115258 2 -52 0.000 0.004 0.004 |0995 | 1623
3 =97 0.001 0.009 0.009 |1 0.991 | 112069 3 -97 0.001 0.005 0.005 |0.992 1593
Other (Conditions except clear and cloudy) (1m) Other {(Conditions except clear and cloudy) (1h)
1 -13 —0.008 | 0.013 0.015 | 1,017 | 112772 1 -13 -0.007 | 0.011 0.013 | 1.015 2282
2 ~52 -0.004 ; 0.014 0.015 11.007 | 107474 2 ~592 -0.003 | 0012 0.012 | 1.005 | 2225
3 -97 0.000 0.015 0.015 |1.001 | 105697 3 -97 0.001 0.012 0.012 {0998 2178
All (1h)
1 -13 | -0002 | 0015 | 0.016 |1.002 | 4237 53~9 I 69 Ly DEHAHEA S BB 1 Bl % 9 B 30 &
2 | -52 | 0015 | 0023 | 0028 |0956 | 4320 DF— 5 & F B)IKIBORE & Bt L1 3& OERIE A 5
- 3 = =97 : d°‘°-’->‘0 > ?ﬁ? 0031 10929 | 4221 BHHEES Table 5 10E L. #EREY, 450 30 5
T s Taora Toome Toom Trooe T om I3 B KB OB & AV CRE BB HH L has
2 -59 0.023 0.033 0.040 | 0.959 961 BHEENRRBRY, 1 SEICBITAEHEE L IZITEE
3 -97 | 0041 | 0032 | 0052 0928 | 959 DREENFONIERS o1 SERAWZT =213 1 41E,
Cloudy (Ratio of Diffused Light > 0.95) (1h) 1ERMEL b, 1BV T U ZIC L BETHY, 2FE,
! ~13 | 0000 | 0010 | 0010 10892 | 1452 EHMAIZBVTIRR 3) & RS EOBENE L L.
T e oo Toon Tooms Toste 108 DLEORRLY, 3HICR Ui RE R E B HEOE
Other (Conditions except clear and cloudy) (1h) HFER, 1 AEOL 57, LY ERMOBRHI2 B 55
1 -13 | 0002 | 0014 | 0014 |0.998 | 1872 ErzBHT2BICbADTHAZ LBRENTLZEEZLS.
2 =52 0.021 0.021 0.030 | 0.951 1814
S_L_97 | 0024 0076 | 0035 0927 | 17% 6. IERIEBARARSHICHS T B REDE
Reference (Hourly irradiation)
Ref. | 0 | 0021 | 0.042 | | 4461
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Fig.11 Box chart of azimuth error effect.
Table 6 Verification results of azimuth error.
Delta| Azimuth| MBE 1Sigma | RMSE o
[deg]| [deg] |[kW/m’1|[kW/m’]| [kW/m’]
~-20 -33 -0.013 | 0.047 0.049 1.028
-15 -28 ~0.010 | 0.037 0.038 1.023
-10 ~23 -0.008 | 0.026 0.027 1.019
-5 -18 -0.006 | 0.017 0.018 1.015
o -13 | -0.005 | 0.0i2 0.013 1.013
5 -9 -0.004 | 0.017 0.018 1.011
10 -3 -0.004 | 0.027 0.027 1.010
15 2 -0.004 | 0.038 0.038 1.009
20 7 -0.005 | 0.049 0.050 1.010
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Fig.12 Box chart of ilt angle error effect.
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Table 7 Verification results of tilt error and azimuth error.

Tilt |Azimuth] MBE | 1Sigma | RMSE a
[deg]| [degl |[kW/m®1| [kW/m?]| [KW/m?]
20 —13 | -0.014 | 0038 | 0040 | 1.044
25 —13 | -0.008 | 0.023 | 0024 | 1.026
30 | -13 | -0005 | 0012 | 0013 | 71.073
35 -13 | -0.003 | 0.016 | 0016 | 1.005
40 -13_ [ -0.003 | 0.027 | 0027 | 1.001
25 -18_| -0.010 | 0.024 | 0026 | 1.028
25 -8 | -0.008 | 0.026 | 0.027 | 1.024
35 -18_ | -0.004 | 0022 | 0022 | 1.007
35 -8 | -0002 | 0019 | 0019 | 1.003
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Fig.13 Annual irradiations of all tilt angle and azimuth.
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Fig.14 Box chart of albedo effect and distance effect.

Table 8 Verification results of albedo effect.

Albedo MBE | 1Sigma | RMSE o
[kW/m?1 | [kW/m?1| [kW/m?]

02 -0.005 | 0012 | 0013 | 1.013

0.5 0.002 | 0012 | 0012 | 0.996

0.8 0.008 | 0.014 | 0016 | 0.980

Table 9 Verification results of distance effect.

Distance MBE 1Sigma | RMSE (04
[m] [kW/m]| [kW/m?1| [kW/m?]
0 ~-0.005 | 0012 | 0013 | 1013
130 -0.002 | 0.030 0.030 1.006
360 -0.002 | 0.050 0.050 1.000
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