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An Estimation Method of Irradiation Data for Evaluating PV Systems.
Takashi OOZEKI", Student member, Toshiyasu IZAWA®, Non-member,
Kenji OTANIZE, member, and Kosuke KUROKAWA, member

Photovoltaic (PV) systems have been introduced around Japan, and expected to diffuse more and more. As well as alot of PV
systems are installed; al of them have not been taken care after established. In fact, there are some troubles about PV operations
behind owners of PV systems even if they are very few cases. It seems to be difficult to identify characteristics of PV systems
such as the ideal output energy. Therefore, it is very important to evaluate the characteristics of them. For evaluating them,
equipments of measuring are required, and they, especially pyrheliometer, are expensive as much as owners of the PV system
cannot equip with main systems as usual. Conseguently, an evaluation method which can reveal the performance of operation
such as the performance ratio with a very few kinds of data is necessary. As for evauation, irradiation data are absolutely
imperative item. An estimation method of irradiation by using external data is one of the essential studies. Therefore, developing
the estimation method of irradiation is intended in this study.

In Japan, there are the weather observation stations which are Automated Meteorological Data Acquisition System (AMeDAYS)
and surface weather observation administered by Japan Meteorological Agency (JMA). In this method, it is essence that the
irradiation data is alternated by estimated data from AMeDAS and actual measuring data from JMA. The data of them are
appropriately each weather condition. Irradiation is estimated by AMeDAS data on fine days, and JMA data are alternated on the

cloudy days. As aresult, the proposed method can estimate irradiation less than 10% of error.
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Fig. 1. Hourly estimation results using AMeDAS data.
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Table 1 Hourly estimation results on every irradiation

conditions
Range of Low Middle High
nm£;mn ©102) | ©0.2006) | (06010) |Tota
kwhm2] | [kwhm2] | [kwh/m2]

Akasaka 0.867 0.884 0876 |0.987
Ninomiya

Itagaki 0.915 0.89 0863 |0.988

Number of datyl oo e 1782 736 | 8784

[hours]
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Fig 2. Hourly estimation results under weather conditions.
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Table 2. Daily estimation results under weather

conditions.

" . " RMSE MBE relaive eror

Weether| date |sunshineduration|rete of sunshine| [KWh/m2] [KWhn2] 1%
Clear | 2000/1/1 87 091 0.0289[0.0364|-0.081-0.246] -2.74 | -8.32
Fine |2000/8/10| 88 0.65 0.0308]0.0362| 0.221 | 0232 356 | 3.75
osvlgr;g; 2000/7/5 8 0.56 0.0408(0.0307| 0.113 | 0.146| 1.9 | 245
Cloudy [2000/6/10] 0 0 0.0698[0.0745[ 0.418 | 0469 | 22.52 | 25 35|
Rain_| 2000/4/5 0 0 00517]0.0547|-0433 -0.441| -3043| -31
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Fig 3. Daily estimation results on every daily shine
duration ratio.
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Fia 4. Dailv estimation results depended on air mass.
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Fig 5. Monthly estimation results by using different models.
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Table3. The accordance ratio of the weather conditions between Tateno and AMeDAS sites
under the condition of less than 0.4 of shine dilation ratio.

Number of date Number of date
under theless than RMSE of Rate of under the less than RMSE of Rate of
A 0.40f Raeof |Accordance sunshine Distance from 0.4 of Rate of | Accordance| sunshine
AMeDAS | Distancefrom Tateno [km] sunshine ratio [o4] AMeDAS Tateno [k sunshine ratio [%]
AMeDAS| Tateno accordance | discordance AMeDAS| Tateno accordance | discordance
Nagamine 0 162 162 100 0 0 Toriyama 658 136 125 919 01 032
Tsuchiura 85 hvad 159 898 007 027 Kumagayal 67.9 142 132 a3 00¢ o
Tsukubasan 189 195 154 79 01 0.52 Ushiku 734 19 154 786 01 041
Simozuma 204 172 154 895 0.09 0.28 Hitachi 76.4 172 144 837 011 035
Kasama 377 159 146 918 0.08 0.3 Kisarazu 77.9 171 144 842 011 048
Funabashi 292 177 154 87 0.09 031 |Yokohama 8l 154 134 87 009 0.49
Furukawa 401 179 148 827 01 0.38 Isezaki 913 146 122 836 011 0.42
Koyama 41 173 147 85 01 0.3 Chixhibu % 155 131 845 01 034
Mito 472 151 139 921 0.08 0.26 Ebina %3 193 148 767 012 043
Maoka 483 160 143 894 0.09 0.33 Tsujido 1023 180 144 80 011 047
Chiba 506 164 146 89 0.08 0.37 Maebashi 1031 136 120 882 011 041
Tokyo 25 169 149 882 0.08 0.31 Katono 119 170 140 824 012 0.41
Urawa 526 174 151 86.8 01 0.32 Onahama 1201 145 125 862 012 036
Tatebayashi 56.8 160 140 875 01 0.31 Odawara 1255 167 133 796 012 0.49
Utsunomiya 593 164 142 86.6 01 03
51-7



Pk 16 FERFEES - T L E

— MR =

OAMeDAS O O0OO0OOO0OOOOOO 0400000000
godb o40000000O0OOUOD RMEODODODOO
gbOOorRMSE OOOOOODOODDODOOOOOOOOOO
goboboboboooobooobooooboobobooobooo

5. DO0O0o0ogo

gsfioobooooooobogoog goboboobooo
gobobboooobooboboobobooosgogono2zg
gbobobooooboobooboboboboooboooboon
AM 4000000000000O00O00O00OO0OOOO
UoodbAM 4000000000000 OOOODODOO
gbobbobobobobobooobobooboooooob
gboboooooobobooo4b0bO0ObObODbOODO
goobobobooooogo es0bog MMAODOODOO
gbobbobobobobobooobobooboooooob
gboboboboobobobobobooboboboboooooon
goooooogoo
gboboboobooooooobo sooboooobooo
gboboboboobobobobobooboboboboooooon
gooboobbobobobobooboboboboooooon
gobooo20000oo0oOoooo0oobooooooo

Obtain meteorologica data ]

[ Cdculaterateof sunshine ]

Rateof sunshineisover 0.4
Y

es
Calculate AirMass

AirMass islessthan 0.4

Select I tagaki model

Selet IMA site

Obta n measured
irradiation data

/Ninomiya model ]

[ selea Al
Estimae irradiation

Cal culate monthly data

g5 doddodoooo
Fig 5. Flow chart of proposed model

04 0000000000
Table 4. Estimation results of proposed model
compared with the other models.

Range of Low Middle High
o adig e ©002) | (02006) | ©06010) | Totd
[kwWhim2] | [kwhm2] | [kwWhm2]
AkaskaNinomiya]  0.867 0.884 0876 | 0987
Itageki 0915 0.896 0863 | 0988
Proposed 0.98L 0.964 0911 | 099%
Proposed without
A dota 0894 089 0.88 0988
Number of data | g0 1782 736 8784
[hourg

51-

gbooooooooooooooooooooboooogn
gbooooooooooooooooooooooogoon
gbooooooooooooboooooobooooan
gbooboooooooboobo oobooboobOobobo
goooow™mA ODOODOODOODOOOOOOOooOooDOooD
gbooooooooooooboooooobooooan
gboobooooooonb AMeDASOODOODOOOOODOO
gboobooooobooboboobooogo
gsizogboobooooooon gboooooogn
gboob0oooobooooooooooooooooogon
gbogobgz2000 10120 00000000000O00OO
gboobooooobooeboboooobOObDObOMAO

1 T [ S B B R S Ao
09— 4 — == —lm =k — =l
go.a
.7
go
Zos
gos

g 04
£03 -
o2 =
o1 f;
0

0 01 02 03 04 05 06 07,08 09 1
Measured data a Tateno [KWh/m]

(@ 00000

100

090
< 080
< 070
X 060

050
B 040

v "
£ |- ol S

i 020 [ g "+ 1| 2000/1-200012

’ o . | |Correlation coefficient: 0.98¢
010 HANEE

0.00

000 010 020 0.3 0.40 050 060 070 ,080 090 100
Measured data a Tateno [kWhim?]

() OOOOOO-00000000

06 ODOOOOOOOOOOO
Fig 6. Hourly Estimation results by using proposed
model.
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Fig .7 Monthly estimation results by using each model.
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Table 6. The accordance ratio of the weather conditions between Tateno and AMeDAS sites
under the condition of less than 0.4 of shine dilation ratio.

Akasaka/Ninomiya model Proposed model without JMA data Proposed model
. ) RMSE | Reative Standard RMSE Relative Standard RMSE Relative Standard
Observation stations L L .
[KWh/m?2] | error [%] | deviation [%] | [KWHm2] | error [%] | deviation [%] | [KWHh/m?2] error [%)] | deviaion [%]
Utsunomiya 4.03 2.78 1.72 3.66 2.53 1.85 271 212 1.35
Maebashi 3.45 2.38 1.70 3.14 2.09 1.62 1.83 114 0.95
Tateno 2.33 1.66 1.47 2.04 1.56 112 2.69 1.64 115
Choshi 8.07 5.95 2.86 6.79 4.45 2.27 1.83 1.27 0.95
Tokyo 6.24 441 2.48 6.09 4.74 21 4.62 3.66 1.10
Kofu 1.95 133 1.35 1.89 1.49 1.68 1.29 1.08 1.00
Shimizu 7.69 5.37 3.79 6.97 4.56 3.33 3.59 2.67 1.85
Shizuoka 3.28 2.40 1.46 2.16 1.25 0.93 1.10 0.62 0.58
Nagoya 2.82 2.37 1.34 2.78 1.90 1.52 2.40 1.50 1.00
Nara 441 3.36 4.38 4.18 3.20 3.1 3.38 1.86 1.58
Osaka 7.63 4.38 3.48 7.04 4.01 3.80 4.90 3.20 2.80
Hiroshima 4.3 3.27 2.24 3.66 2.34 1.85 3.12 1.82 1.37
Takamatsu 2.90 2.14 1.05 2.29 141 1.00 1.89 1.38 1.01
Kochi 4.46 3.13 2.03 3.49 2.20 1.63 2.26 1.44 0.73
Matsuyama 5.19 3.29 1.73 4.43 231 2.06 319 1.56 1.64
Fukuoka 4.50 3.70 2.46 3.34 2.51 1.76 1.75 1.07 0.84
Oita 5.28 2.69 2.83 5.21 2.56 2.86 4.05 2.22 172
Saga 7.31 4.26 4.10 7.75 4.76 4,12 4.79 2.85 2.14
Nagaseki 4.17 2.87 1.87 3.91 2.61 1.63 2.59 1.45 1.28
Kumamoto 5.28 3.57 2.40 4.02 2.54 2.20 2.15 1.10 1.20
Miyazaki 4.44 2.94 2.29 3.49 2.16 1.66 1.35 0.75 0.76
Kagoshima 5.78 4.45 3.20 4.28 3.36 2.40 1.91 1.49 0.88
Naha 11.1 8.52 2.06 9.44 7.15 1.64 4.16 2.67 144
Average 5.07 3.53 2.36 4.44 2.94 2.09 2.76 1.76 127
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