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Reliability analysis of photovoltaic system based on output prediction

ZHAI Feilong, ZHAO Xingyong, HAO Lilong, ZHANG Zhiyi, YAN Qiang, WEN Xing

(School of Electric Power, Civil Engineering and Architecture, Shanxi University, Taiyuan 030013, China)

Abstract: To study the reliability of photovoltaic (PV) power generation in the context of “double high” (i.e., high
penetration of renewable energy plus high penetration of power electronics equipment) of PV systems, this paper
proposes a method of analyzing the reliability of PV output based on the combination of output prediction and an
improved Monte Carlo method. Firstly, output characteristic analysis and output prediction are performed on the PV
historical data to obtain the probability distribution of PV output under different meteorological conditions. After that, a
probabilistic model of PV system reliability is established by taking into account the failure rate of PV modules. Then, a
Monte Carlo method is established by introducing adaptive sampling to assess the output reliability of the PV system
under different meteorological conditions. The data are summarized to obtain the annual PV output reliability. Finally,
the rationality and validity of the analysis method are verified by the data from actual PV stations. The results
demonstrate that the proposed model and reliability evaluation system can correctly and comprehensively reflect the
output reliability of PV power stations.
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Figure 1 PV output curves for different weather types
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Table 1 Proportions of different weather types
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Figure 3 PV module failure rate curve
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Figure 4 Structure of PV power generation system
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Table 3 PV output probability table
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Table 4 Reliability calculation results of PV modules

MR/ B R/

21 B 1 i A R
H A 3 (Ve dE ) i) RS
43 L 7.9258 0.034 4 0.272 4
SE A 0.0817 0.0126 0.0010

FH 28 4RI, S AR A 1 58 4 I 1 0 i 2 T
P HUE 23 347 36 /)N 50 4 I R Y S R 23 R B ARE % O
R AEAL T 1IE 5 IR S 3R 07266
4.3 RRHATEHESH

HR A 6 AR Hh 70 0 25 AT 0 00 0 A S
G5B AR AR S AR R T S R R ST A i
7 SR B B 52 0 R I O 1R 6 AR R G X A T R
HEAT A B b E B8, 0 106 R A AR R G s g T
HEAT PPN o B[] 46 AR 25 51 55 0 1 ) 6 46 A 45 1 o
HILE 5.6,

B2 5.6 0 1, AN [l R AR /Y i oy vl &
PEFE bR A BR 25 5 o Horp I (0] 45 b 3 2R BLTE
BB AT B ] T B 77 T B W80 32 47 B 8] T, A1
A W Rk 8 AT IR ) Tep dX =3 B s B I R 4R
s 32 B AR B AE 4 B8 A7 40t TR Py 41 80 % U8
B As AT 4 TR P RIS A7 7 2 5t D) R PraX =
L

7 I 8] 8 b b, B 2 ORS00 4 R B
H, Tog A Top B WU/ 5 55 MAH A SR, Tiop BT T W)
B A 0 25 R B O A . Hob
T B RS ZERLN AR AL B B 5, B R AR 25 K1 T
O3 S HE KA T M 73.42% F97.47% . HIEAR



FALER 2

A A S R VRN PR N L T R Y

197

F=5 AP IBAFER
Table 5 Results of temporal indicators
N 48 b5 Ter/h Tre/h Tep/h Trep/h T\/h Ty/h Ty/h To/h
i K 4.783 3.087 8 1.793 5 1.157 9 0.024 7 13.166 7 10.822 2 13.1914
ESR 4.238 1 3.390 5 1.589 2 1.2714 0.024 7 13.500 0 10.489 2 13.524 7
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Table 6 Output power index results
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Table 7 Comparison of reliability indicators of the two methods
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Table 8 Comparison of overall indicators of system operation
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