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Operation Risk Assessment of Power System with Photovoltaic Power Stations

Xu Qianchen,Wang Qi,Zhang Wengqi, Jiang Ninggiu,Chen Lianger,Lu Bin
(School of Electrical and Automation Engineering, Nanjing Normal University , Nanjing 210042, China)

Abstract; With the randomness and instability of the supply of photovoltaic power station,power grid is likely to have the
problem of operational risk when connected to it, and different operations and configurations of the photovoltaic power
station also have different influences on the power system. Therefore the paper presents a risk assessment method based on
non-sequential Monte Carlo method to perform accurate assessment and analyze the operation risk of the photovoltaic power
station on the power system. Firstly,non-sequential Monte Carlo method is used to simulate the solar irradiance distribution
and establish the stochastic output model of photovoltaic power station. Then random sampling of the operating states of the
whole system and output of the photovoltaic power station are carried out and the AC/DC power flow calculation is carried
out and the risk index of power system with photovoltaic power stations is calculated on the basis of the risk theory. Finally,
the IEEE-RTS24 system is simulated to verify the reliability and feasibility of the method.
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Fig. 1 Operational risk calculation flow chart of power

system with photovoltaic stations
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Table 1 Solar irradiance distribution
Giri RRIREEIXIE)/ (W/m?) BR P, F(x)
1 (0,50) 0.050 1 0.050 1
2 (50,150) 0.103 5 0.153 6
3 (150,250) 0.103 6 0.257 2
4 (250,500) 0.242 8 0.500 0
5 (500,750) 0.242 8 0.742 8
6 (750,850) 0.103 6 0.846 4
7 (850,950) 0.103 5 0.949 9
8 (950,1 000) 0.050 1 1.000 0
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Table 2 Expected risk index of power shortage for each irradiance interval

AR (W/m?) 0~50 50~150 150~250 250~500 500~750 750~ 850 850~950 950~ 1000
WA 0.003 7 0.007 5 0.008 1 0.0150 0.022 3 0.008 2 0.007 8 0.003 8
A2 0.003 6 0.007 3 0.008 0 0.0150 0.022 3 0.008 1 0.007 7 0.003 8
T3 0.005 1 0.010 1 0.010 9 0.020 1 0.030 0 0.029 1 0.010 9 0.006 0
R4 0.004 0 0.008 1 0.008 7 0.017 1 0.024 3 0.008 9 0.008 6 0.004 2
TS 0.004 4 0.008 6 0.008 9 0.019 6 0.024 9 0.101 7 0.008 6 0.004 2
TH6 0.000 6 0.010 7 0.010 9 0.022 4 0.031 8 0.011 6 0.010 7 0.005 4
A7 0.000 6 0.001 9 0.000 8 0.003 4 0.003 4 0.001 4 0.000 7 0.000 2
A8 0.005 0 0.011 2 0.010 4 0.021 3 0.0312 0.011 5 0.010 0 0.005 0
59 0.004 8 0.010 5 0.0112 0.021 9 0.0315 0.011 2 0.010 4 0.005 1
94510 0.005 0 0.011 2 0.0112 0.021 9 0.035 6 0.012 4 0.010 5 0.005 5
PR3 0.005 0 0.011 6 0.010 9 0.021 8 0.0321 0.0110 0.011 3 0.005 7
5 14 0.004 4 0.009 3 0.010 7 0.019 1 0.027 5 0.009 6 0.009 5 0.004 9
15 0.003 3 0.006 9 0.006 9 0.014 5 0.021 0 0.007 2 0.007 2 0.003 7
16 0.004 1 0.008 3 0.008 5 0.017 8 0.025 3 0.008 8 0.008 9 0.004 5
o518 0.005 6 0.011 9 0.011 6 0.024 4 0.035 1 0.012 9 0.012 9 0.006 2
9519 0.004 7 0.009 8 0.009 6 0.020 2 0.029 1 0.010 2 0.010 1 0.005 2
94520 0.005 0 0.0111 0.010 5 0.021 4 0.032 8 0.010 6 0.010 7 0.006 0
M2 AT LA 40 SR B R 2 EDNS 0.030 -
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Fig.3 Expected risk index of power shortage of each node
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Fig.4 Risk index of voltage violation
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