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Risk assessment of a power system with a high penetration of distributed photovoltaic
based on self-adaptive Gaussian mixture model
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(1. China Electric Power Research Institute, Nanjing 210003, China; 2. State Grid Shandong Electric
Power Company, Jinan 250001, China)

Abstract: The connection of a high penetration of distributed photovoltaic (DPV) increases power system risk. Given the
characteristics of complicated forms of power distribution, first a self-adaptive Gaussian mixture model based on the
improved affinity propagation clustering is proposed to optimize the probability fitting iteration process of DPV joint
output. Then a Nataf transformation method is given based on an improved third-order polynomial normal estimation
process, and combined with a cumulant method and a Cornish-Fisher series, the probabilistic power flow calculation in
conditions of correlation variables of DPV is realized. Finally, indicators of voltage limit and line overload are adopted to
calculate the operational risk of the power system. Scenarios of different levels of DPV penetration are simulated using a
modified IEEE 14-node power system. Compared with the Monte Carlo simulation, the results show that the method
proposed has a higher accuracy on the probability distribution calculation of the status variables of the power grid. It is
shown that the evaluation results can effectively reflect the effects of different penetration levels of DPV on the level of
power system risk.
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Fig. 6 Probability density distribution of node voltage amplitude
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Fig. 7 Cumulative probability distribution of line

active power flow
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Table 2 MAPE of voltage amplitude and line active power

eu-mar/% esmar/%
GMM SA-GMM  GMM SA-GMM
GENERUE 0.0260 0.0169 3.9064 1.4104
LA 0.1450 0.0760 1.6312 0.6628
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Table 3 Connection scenarios under different DPV penetration

Y ik E PN BN E/MW DP {8/%
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Fig. 8 Risk of PQ node voltage under different scenarios
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Fig. 9 Risk of line active power flow under different scenarios
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Table 4 Operation risk indicators of system voltage and
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power flow under different scenarios

[ RIS AT AU/ % B AT R/ %
YRS
MCS SA-GMM MCS SA-GMM
1 0.1051 0.1078 10.2131 10.2641
2 0.3946 0.3991 16.8667 16.8487
3 0.2530 0.2577 22.1691 22.1767
4 1.0930 1.1050 35.2138 34.8952

MRAE LR RS A S5 R, A — BT Tt
FL X 2 AR A A B 5 SR I TC D AMEE 16 Tt 0 a8 id
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(static var generator, SVG), HAEEF T HRAEER
10%. 20%F01 30%, N7 ERHEETEIAME, SVG K
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TSR 5 Pos. R 5 AL, 5L 203
TIAMEDSEAE U, T 5 4 FERIHMER
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Table 5 Operation risk indicators of system voltage after

adopting reactive power compensation

By E A EIE AT R/ %
HARAE 10%  HRFE 20%  JGIREE 30%
1 0.1030 0.0980 0.0934
2 0.3748 0.3507 0.3268
3 0.2360 0.2162 0.1986
4 1.0366 0.9750 0.9166
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RBFEUE. Bk, MRS 7 et S 25E,
TR AR A 1 X R 4 23 A 2O AR AR 5 BTGB
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Table 6 Operation risk indicators of system power flow

after improving line transmission capacity

o TS AT KR/ Y%
lﬁ%ﬁﬁ > > > D o
BTl R % B IR FRE1.2 £5
1 3.9284 2.0267
2 8.5327 5.2320
3 12.7202 8.6563
4 22.0431 16.4799
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Table A1 Calculation results of mean and variance for

probability distribution of node voltage

2N
&

% PQ GMM SA-GMM MCS
HOWA WME J72/x10° WM J5E/x10° M J5/x107°
4 1.0472 33679 1.0472 33892 1.0471 3.3791

5 1.0449 2.0850  1.0448  2.1579 1.0448 2.1936
7 1.0600 70.892 1.0599 72577 1.0597  73.640
A9 1.0411 21651 1.0408  221.63 1.0407 224.71
M/ 10 1.0500 131.66  1.0498 134.27 1.0496  135.73
pu. 11 1.0938 32596  1.0937 31305 1.0936 30.053
12 1.0565 8.5138 1.0564  8.7380 1.0564 8.7721
13 1.0681 59159  1.0680  6.2703 1.0679 6.3532
14 1.1277 36.226  1.1272  36.095 1.1271 35.762
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Table A2 Calculation results of mean and variance for

probability distribution of line active power flow

IR ik Ry GMM SA-GMM MCS
BE S ORTE WA AE BE mE BE O hE
1 12 -0.7258 0.0681 -0.7243 0.0685 ~0.7234 0.0691
215 -0.5202 0.0226 -0.5197 0.0229 ~0.5192 0.0231
323 02528 0.0030 0.2529 0.0030 0.2531 0.0031
4 24 -04269 00135 -0.4265 0.0137 -0.4262 0.0139
5 25 -0.3831 0.0094 -0.3829 0.0096 -0.3826 0.0097
6 34 -0.6928 0.0029 -0.6927 0.0029 ~0.6925 0.0029
7 45 02109 0.0085 02106 0.0086 0.2104 0.0087
8 47 -0.5981 0.0186 -0.5976 0.0187 —0.5972 0.0188
9 49  -0.3421 0.0059 -0.3418 0.0059 -0.3416 0.0060
;:/ 10 56  —0.7951 0.0302 -0.7948 0.0305 ~0.7942 0.0308
11 611 -0.5217 0.0065 -0.5216 0.0065 ~0.5215 0.0066
P 612 00461 0.0005 ~0.0461 0.0005 ~0.0460 0.0005
13 613 -0.3393 0.0102 -0.3391 0.0101 -0.3388 0.0101
14 7-8  0.0001 0.000 0.000 0.0000 0.0000 0.0000
15 79 -0.5981 0.0186 -0.5976 0.0187 ~0.5972 0.0188
16 910 -0.3183 0.0037 -0.3183 0.0037 ~0.3183 0.0037
17 914 -0.9171 0.0367 -0.9161 0.0361 ~0.9153 0.0360
18 10-11 -0.4114 0.0039 -0.4115 0.0038 -0.4114 0.0038
19 12-13 -0.1081 0.0005 -0.1081 0.0005 -0.1079 0.0005
20 13-14 —0.5954 0.0170 -0.5951 0.0169 ~0.5949 0.0169
|
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