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Abstract

Although many small-scale photovoltaic power plants employ remote sensing systems, these data are merely

utilised to operation and maintenance because detail analysis is often needed to recognise plant conditions including

weather and other environment information from these csv data. This paper reports a development of a simplified low-

cost monitoring service especially for small-scale photovoltaic power plants to estimate damage and trouble factors

from fewer monitoring data of generation and public weather information. The authors also propose “Simplified System

Performance Ratio (sPR)” that can grab degradation of annual generation of photovoltaic using simple generation

monitoring systems and data from neighbouring weather stations. This paper introduces the result of investigation of

totally 272 power plants in Japan and relationship between various parameters and sPR’s degradation using regression

analyses. The result clarifies that there is a statistically significant correlation between sPR and FIT (Feed-in Tariff)

buying price as well as so-called “low-voltage divisions”, which means a group of plants that are intentionally divided

into small plants less than 50 kW.
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Table 1 Example of correlation coefficients of monthly solar

radiations among neighboring weather stations

# 1 PRGBS O ¥ B 5 8o RBIRE 5]

Sendai [Morioka| Akita [YamagataFukushima)
Sendai 1
Morioka 0.9420 | 1
Akita 0.8800 | 0.9693 | 1
Yamagata | 0.9497 | 0.9791 | 0.9667 | 1
Fukushima | 0.9846 | 0.9448 | 0.8970 | 0.9671 | 1

Tsukuba [Fukushima|UtsunomiyaMaebashi| Choshi

Tsukuba 1

Fukushima | 0.9584 | 1

Utsunomiya | 0.9721 | 0.9649 | 1

Maebashi 0.9793 | 0.9684 | 0.9853 | 1
Choshi 0.9814 | 0.9342 | 0.9297 | 0.9479 | 1
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Lowest latest
change ratio number number
level of ratio of ratio
per year plants plants
1 >-1% 12 4.4% 73 26.8%
11 —1~-2% 62 22.8% 96 35.3%
III —2~—4% 93 34.2% 73 26.8%
v <-4% 105 38.6% 30 11.0%
sum 272 100.0% 272 100.0%
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Fig. 8 Histograms of change ratios of the lowest sPR
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Table 3 Cross Analysis on sPR change ratio and level
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Table 4 Result of multiple regression analysis in case of change

ratio of lowest sSPR CRy, as the explained variable

# 4 sPRIKIKIEDZE(LER CRo B HAER L LT

B DO EBIF ST ORGSR

variables CE SE t P 95% CI
FIT price: P 0.067| 0.074| 0.91| 0.365| —0.079| 0.213
capacity: log(Caray) | —0.962| 0.454|-2.12| 0.035]| —1.856| —0.068
latitude: L 0.113| 0.380| 0.30] 0.766| —0.635| 0.862
longitude: Liongi 0.212| 0.150| 1.41| 0.160| —0.084| 0.508
period: Pes —0.481| 0.326(-1.48| 0.141| —1.124| 0.161
division: Dy —1.130| 0.733|-1.54| 0.125| -2.575| 0.315
(constant) —33.118| 14.424|-2.30| 0.023|-61.534| —4.702

CE: coefficient, SE: standard error, CI: confidential interval

Table 5 Result of multiple regression analysis in case of change

ratio of latest SPR CR. as the explained variable

#5 SPR EUTEDZEALHR CR. WAL L L=

50 O EERSH DR
variables CE SE t B 95% CI
FIT price: Py —0.107| 0.032(-3.35| 0.001| —0.171| —0.044
capacity: 10g(Carray) 0.002| 0.197] 0.01| 0.991| —0.385| 0.390
latitude: Liai —0.080| 0.165[-0.49| 0.626| —0.405| 0.244
longitude: Liongi 0.072| 0.065| 1.11| 0.267| -0.056| 0.201
period: Pes 0.472| 0.141] 3.34| 0.001 0.194| 0.751
division: Daiv —0.299| 0.318(-0.94| 0.347| -0.926| 0.327
(constant) —7.819| 6.254|-1.25| 0.212]-20.140| 4.501
Vol49. No.6

_7’7_

BORERER S IRT. IREREIT 0.1184, B TR
TR ERRELIT 0.0958, VIF [£2.09 TH o2, ZDOEND
FIT B EUTiAS P35 K ORI AFELL Poes (2T 2 PAEZS 0.001
ERoTEY, Z0 2 SOFAZER & WRAZE CR @
FICHFICE B 2GRN & 5 2 & 03 s Sz,

FI2FE S 05, FIT BIRUIAS Pu lZK T 2 WEIRRER (3
HEE251) 13-0.107 £ 720, ADEEZRLTNDZ ENRA
THEND. ZOREIRFRED 95%EHE XL E PH 6~7
FNREND EBV-0.171~-0.044 L 725, ZDIZ &5,
FIT BB EVME S sPR EITEO LR NA EICK
T4 (TRbBENT D) ZENDNE. 2D b,
FIT BEUIRE 23 s W R EFTETA & - EAT I EREE &
DR T % B E N TWARWEm AR B 5 L IFIRT 5
ZLENTES.

FICFE 5 61, BRFIL Poes (X T 2 WEVFREE
0472 TH Y, 95%EMAXMIL 0.194~0.751 L IEDOEZ R
LTWDZ ERNbNnh. ZOZ b, sPRIETEILREE
FHEBEWVIZEBCERGET 2EMICH D Z L s
5.

72383, —f%IZ FIT & HUIFE A3 mu A3 38R
HEHAHIFNREWEBZ 5NN LTH DL, EEEIZIE FIT
BEEZIT THLIERE TITHMDO» 1D 75— 26 %<,
T, EHPICAP—E RO ETHE TR NS T —
B ORI — A b 8 D AR TR - 7 242 FEERT

TR LT FIT Bl & fGEFE (=8I o
BRI 11 IR 3@Y 'ry FARAES L TEY,
BAfRE 0.66 LIRVVHBI L X Z 272\ . LEzd» T, # 4
DO EAFONT OFERH S [FIT BB EVIE E sPR E
IEDEERPR K E L, 730, FOBEBAEVIE L sPRIE
IEOZCEN/NS ] &S, — BT ET DA A
FICERIZEOND Z EDREFETX 5.

6.3 EEREIRET D94

RESEIDORBZONTHHTT 5 &, sPR RO

e BT DB 73

WX 12 OFOTFRIZR D X272 b D L7 b. sPR &l

10
T 8 5
E 6 &8 g@
4] Pols Y8 &
a o5 | ¥ &
e 4 %“.32&
£ 2.8 :
$ . _g%y 3
= g 2P

b
0

10 20 30 40 50
FIT price [JPY/KWh]

Fig. 11 Correlation between FIT price and

measuring period
11 FIT & Hufits & BLRAHAR o A B

N EX SE



Yoh YASUDA, Yasuyuki OKUYAMA and Toshio DAIMON

Wm4mmmu<wvmi“%&Lﬂﬂﬂmﬁﬁ43w%,%
H Y OFEIED3-5.040%, sPR EITEDO (LR CRuIZD
wfﬁ“%ﬁb@ﬁﬁﬁﬁ17ﬁ%,%%%D@ﬁﬁﬁﬁ
2584%L 720, W EaEIH Y OFBELROFEIE
MMET () LTWnWaZ ENnbnsd. HL, 12 IZH,
B0 HH D BS%EEXMIZER > T, HMICHE
RAENDD EITFZ R, HIZ, K4 BLOKS OFER)
5, BESEORE (#—2%) B LTHERBR
T RHERN- T
LU, 242 OFEF» RESEIO 7 V—7

(133 37T ZHiH L, sPR ELAMEDOZE LRICKT L THE
BRDHIEAT T2 25, £ 6 DX RFERNELN.
#6705, FIT BB I3 5 P EAS 0.002 & HEFAA
BAUEE T TRY, HHMICAERMAENS 5 Z &M
DD El, ZOREIRFEERIF-0.208 TH Y, 95%(E1HH
X [#13-0.334~-0.081 TH D L ELNT-.

ek, RTITRT LI, RESFNEIT/R o TR

AR LT, W OB ZEE b #EHIcH B
BRd D LITEARVER L R oT2. 2D Enb, Hif
THE ST [FIT BEUIAS A EVIE E sPR EUTE O 2 LR
BREV] LW AL, FRICEESENC BV TR
AEICAONDE Z N5,

IR BNEASKRE H S5 % EOR 2 Bk 5+
EMRAENRE SN TN 19, KRS OHNTHRE A
B, FRARE S EI DR BT O ¢ FIT B BUlikE 23 @\ JEE
FTEE sPR OZELENPRKEL 25 LWV ERBE L,
Z OBEEDFEHCEMN T DN DRER L 2oz,

1. #&&R

AFHILTIL, IHERBCHEFT 255 L LT, B
R %Tmﬁtéh'é%aﬁWJ%@T Z DB, RO RS

o I i T
'O\T T
o ]
2 -101 ' ° 3
=
=
2 . S
2 s
2 ol
- 20
E
ie]
‘é [ ]
°
[}
2 -301
g .
I lowest
° I Iatest
-40 without division with divisiton

Fig. 12 Box-and-whisker plots of sPR change ratios
with/without low-voltage division
M 12 KESERZVGEL D560
sPR ZALE o0 (RO FH)

Journal of Japan Solar Energy Society

_’78_

Table 6 Result of multiple regression analysis for a plant group
with low-voltage division in case of change ratio of lowest
sPR CRy, as the explained variable
% 6 sPRFLIMED LR CRi WIS L Lz

B OIRESEID YV OFEFEHTHED ERIF /34T Ok A

variables CE SE t P 95% CI

FIT price: P | —0.208] 0.064]-3.23] 0.002] —0.334] —0.081
capacity: log(Can) | —0.364] 0.380]-0.96] 0.340] —1.117] 0.388
latitude: Ligs 0.505] 0.505] 1.00] 0.319] —0.493] 1.504
longitude: Ly | —0.017] 0.123]-0.13] 0.893] —0.260] 0.227
period: Pres 0.605] 0.317] 1.91] 0.059] —0.022] 1.233
(constant) “12.242] 13.175]-0.93 | 0.355| 38.312] 13.828

Table 7 Result of multiple regression analysis for a plant group
without low-voltage division in case of change ratio of lowest
sPR CRy, as the explained variable
%7 SPR ELTAEDZALSR CRia Z WA & LT

B OIRESE 2 U OFEFEHTHE D ERIF /34T Ok R

variables CE SE t P 95% CI

FIT price: Py —0.019| 0.028|-0.66| 0.510| —0.075| 0.038
capacity: log(Carray) 0.066| 0.176| 0.37| 0.711] —0.284| 0.415
latitude: Liai —0.061| 0.133]-0.46| 0.646| —0.325| 0.203
longitude: Liongi 0.003| 0.063]| 0.05] 0.958| —0.122] 0.129
period: Pes 0.187| 0.127] 1.47] 0.146| —0.066| 0.440
(constant) —0.620| 6.204[-0.10] 0.921|-12.926| 11.686
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