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Risk assessment of a power system containing wind power and photovoltaic
based on improved Monte Carlo mixed sampling

MA Yanfeng', LUO Zerong', ZHAO Shugiang', WANG Zijian', XIE Jiarong', ZENG Siming’
(1. Key Laboratory of Distributed Energy Storage and Microgrid of Hebei Province, North China Electric Power University,
Baoding 071003, China; 2. State Grid Hebei Electric Power Co., Ltd. Research Institute, Shijiazhuang 050021, China)

Abstract: The access of wind power and photovoltaic with strong randomness and uncertainty makes the operation of a
power system more complicated, and in particular it is necessary to comprehensively and efficiently evaluate the
operational risk of a power system containing wind power and photovoltaic. First, there is low computational efficiency of
the traditional Monte Carlo method in power system risk assessment. Thus a version based on improved Monte Carlo
mixed sampling is proposed, one which is combined with the ideas of full probability, equal dispersion and adaptive
importance sampling to offer a risk assessment method. Secondly, the system's load loss, voltage over-limit, branch
over-limit, and steady-state frequency over-limit risks are calculated, and a three-tier evaluation index system is used to
evaluate the operational risk of the system. Finally, the improved IEEE-RTS79 system and the actual system in a
northwestern province are used as examples to verify the effectiveness and accuracy of the proposed method. And the
system risks of wind power and photovoltaic in different access locations, access capacities and access ratios are analyzed.
The results can provide reference information for power system operation and planning.
This work is supported by the National Key Research & Development Program of China (No. 2017YFB0902200).
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Table 1 Comparison results of different methods of
IEEE-RTS79 system

Be T Rc/MW delt_ Rci/% k, I A)/s
1 7.609 0 0 12 691 474
2 727117 443 1634 264
0.05 3 7.446 8 2.13 6036 431
4 7.6783 0.91 5276 218
5 7.5710 0.50 449 153
1 7.5183 0 35556 1363
2 7.705 2 249 5594 911
0.03 3 74150 1.37 17677 1276
4 7.723 6 2.73 12414 552
5 7.5329 0.19 1160 440
1 7.5380 0 79918 2985
2 74819 0.75 11379 1843
0.02 3 7.569 5 042 38534 2836
4 7.865 6 435 21485 947
5 7.6738 1.80 1968 754
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Fig. 1 Time series output of wind power, photovoltaic and load
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Table 2 System risk of accessing wind power and
photovoltaic at different nodes
2N ARG
R Ry

Vv

RS R, R, R

1 3.27x107  1.82x107° 4.59x10° 1.92x10* 3.26x10™*
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15 3.14x107  1.88x107° 4.46x10° 2.00x10* 3.34x10™*
16 320x107 1.87x10° 541x10~° 1.95x10* 3.44x10™*
18 3.29x107 1.86x10° 6.37x10° 1.90x10* 3.56x10™*
21 3.18x10°  1.87x10° 4.57x10° 1.97x10* 3.38x10*
22 3.28x107 1.86x107° 5.11x10° 1.91x10* 3.49x10™

TRGE 138kV LA, AR A YN LR B A 4R
b, RN T R AR . 1 AL 15, 164
18, 21, 22 AT F%: 230 kV & EA, i H 4L o
T RGNS G Aar R PREEN L, PR L v s 0 ) 2 %
TRRE S, RMFIREAER N, Mgk
WIS, 2R 75 5 LD R R G L, RANIS M
7 PR PRI 388 K, 17 PR e PR XU 52 S 8 Th R 5 |
HE (PR o> A AR A L 2 A I . 54k, MK
FEEENT AU 15, 21 B, FLAE PR IR fung KU /N T 42
NI AU, 3 B AR T AL A A, 1 A 15,
21 T 5B R EHE A E, HEG A,
MBI T P15 RS o (H RO NI A 15, 21
I 1) R G0 SRR S AR PR S B . X Eeakrp
RABLA RS ER TR, KOG NGB 125
B AU INFEEN 5 A B (R 276 AU

B 22 ) R B A AR PR T B XU 2
LIRS i 25 A4k PR IXUS: 20 ) P 2 T s o

HRAF RO BN LL B — 52 ) RS %0 A
AN B RIE I R G R B, ASCLLTT £ 154 164
21 AARE, il N B ZENL 2004 300, 400, 500
600 MW (1R, KOGLLBIER 1:1, V545 Rk 3.




® ) ERGEY SR

SRR AU /(< 107%)

SRR RS /(<107) SR /(107

ZEty MR /(x 107

ol R XU /(< 107°)

12 16 20 24

N [i7)/h
(@) Re

4 8 12 16 20 24
I i/
(b) Ry

AR RUS/(< 107

3.0
250
200 =,
1.5/
1.0f
0.5

4 8§ 12 16 20 24
IR [ /h
(©) Rs

Rz}
e

00778 12 16 20 24
IR} [#)/h
(d) Ry

B 2 RARET ARG & R BE AT | 2L 150

Fig. 2 Changes in system risk over time at different nodes
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Fig. 3 System risk of accessing different capacity wind
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Table 3 Comparison results of different methods

in the actual system

Be Ty Rc/MW delt Rci/% k, 5 a)/s
1 17.326 5 0 13 732 513
2 17.8913 326 1753 281
0.05 3 17.052 7 1.58 6 549 467
4 18.0317 4.07 5993 247
5 17.822 0 2.86 516 172
1 17.679 1 0 38507 1476
2 17.509 4 0.96 5733 930
0.03 3 17.300 8 2.14 19162 1383
4 17.960 2 1.59 14 087 626
5 17.4712 1.18 1329 495
1 17.5857 0 86711 3239
2 173342 143 12198 1976
0.02 3 17.729 6 0.82 41655 3065
4 17.9814 225 24428 1076
5 17.394 0 1.09 2213 841
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Table 4 System risk of connecting different proportions of wind
power and photovoltaic in the actual system
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1:1 2.425x107 1.156x10* 8.620x10* 4.616x10™* 6.271x10™*
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