537 B 3 BHARZEEERER Vol. 37 No. 3
2022 4 5 A JOURNAL OF EIECTRIC POWER SCIENCE AND TECHNOLOGY May 2022

ETZHAGSXENMMNATEETE T E

wHr e BULRAE.E KL 2ESL B K

CL. T A 52t AR o 0 A BRAS Wl 2 B BOR BT FE Bt - I 52 RN 45 01001152, At L I3 R 24 T 5 e 7 TR 2 B, AL 3T 102206)

WA R R G AR DX T2 R B I R e 0 TR R PR A R A TR . R T 4R T T
L MR 3 SR RE B S R AT SE PR O . B JE R k-means BESEET ik 0 L 0 52 AT R B HE 0 A 4 8 3 BB B B A
IR ] OGP 1t g — 97 A A O R ORI S R AT AL 3 LR, B T 35 s ME R 40 A R B TOBE ST T Rl R T kL Al
15 RN 5 5 L IR — B0 AR 5 L AR S & 1 5t & oo 10 (9 RS B 8] ) 3 A7 3l A O 3 58 4% 3 S i ) A k4
i, A AR A A S5 1 B0 U255 T SE PR AR . 00 SR FH B Tl v T 3R S R A5 000 4010 0 T, 45 2R 3 B ol 2 5 L Oy 0k
FIE A% R 0 b 0 A7 v 0 T S M A

X8R R KB s AT SRR OE BT R T U7 SR A s MBI S A A R A i

DOI1:10. 19781/j. issn. 1673-9140. 2022. 03. 005 FESES :TM73 XEHS:1673-9140(2022)03-0041-09

Reliability calculation method of microgrid based on multi typical scene sampling
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(1. Economic and Technological Research Institute,State Grid Inner Mongolia Eastern Electric Power Co. , Ltd. , Hohhot 010011, China;

2. School of Electrical and Electronic Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: With the wide application of microgrids in island area, the reliability evaluation of microgrid system becomes
more complex and difficult. Firstly, £-means clustering algorithm is utilized for collecting typical scenes of microgrid

operation with big data, and the "supply-load" characteristic which reflects the time correlation is used as the key fea-
ture. Secondly, a scenario probability distribution based Latin hypercube sampling method is proposed to ensure that
the sampling frequency is identical to the scenario occurrence probability. Finally, according to the random sampling
from the state time series of each component under different scenarios, the synthesis reliability index of each scenario
can be computed by using the full probability formula. A microgrid benchmark is used to validate the effectiveness
and accuracy of the proposed method. The results show that the proposed method proposed can quickly and correctly
evaluate the reliability of the microgrid.
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Figure 1 Latin hypercube sampling flow chart
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Figure 2 Principle of state duration sampling
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Table 1 Reliability index
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Figure 3 Reliability calculation process based

on multiple typical scenarios
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Table 2 Component mid reliability parameter

Sl L e 4/ B/ 16 53 1 ] /
R/ (FHkm) « ) K/(Bkm) »a)  (h/%K)
Rl 0.015 0. 005 200. 0
I 2k 0. 050 0. 220 4.5
W7 s % 0.006 0. 250 4.0
AL IR 0. 005 0.010 100. 0
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Table 3 Load point load ratio and number of users
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Table 4 Typical scenario

S b B/ 53 3 LIRiB7B= LIRiB75=

MW /MW N5/ h S

1 0.67 3.89 234 0.027

2 0.49 3.00 631 0.072

3 0. 35 1. 18 1192 0.136

4 0. 87 0.41 538 0.061

5 0.82 1.49 868 0.099

6 0. 87 2.04 777 0. 089

7 0. 86 0.97 785 0. 090

8 0. 36 0. 56 1 080 0.123

9 0.41 2.36 1026 0.117

10 0. 35 1.75 1193 0.136

11 1. 06 2.68 436 0. 050
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Table 5 Annual outage of each node
251 AR B A5 5 UL
Y5

1 2 3 4 5 6 7 8
1 0.4 0.4 0.4 0.3 0.2 0.1 0.2 0.2
2 0.5 0.5 0.5 0.4 0.5 0.4 0.4 0.4
3 0.2 0.3 0.3 0.1 0.1 0.2 0.2 0.2
4 0.8 12.0 4.7 1.1 7.6 1.1 10.0 2.8
5 0.4 2.2 0.8 0.4 2.3 0.3 2.2 0.4
6 0.3 0.3 0.3 0.2 0.1 0.1 0.2 0.2
7 0.4 2.8 2.3 0.3 2.6 0.3 2.6 0.4
8 0.3 0.2 0.4 0.2 0.2 0.2 0.2 0.3
9 0.3 0.4 0.2 0.1 0.2 0.2 0.2 0.1
10 0.2 0.6 0.3 0.3 0.4 0.3 0.4 0.4
11 0.3 0.4 0.3 0.4 0.3 0.4 0.2 0.4
LA 0.3 1.5 0.8 0.3 1.1 0.3 1.3 0.4
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Table 6 Average annual outage time

for each node h

- 25T AR 24552 1 1]
1 2 3 4 5 6 7 8
1 3.7 2.0 1.8 4.7 1.8 0.1 2.5 2.4
2 1.3 2.0 2.5 2.4 3.2 2.3 2.1 4.1
3 0.3 0.6 2.2 0.5 0.5 1.4 4.7 1.2
4 4.3 12.0 5.0 1.8 9.6 3.8 10.0 4.3
5 3.4 3.7 4.8 2.0 3.3 0.6 2.9 2.3
6 1.6 1.7 2.7 1.2 0.1 0.1 0.8 0.7
7 1.8 5.7 2.4 2.2 3.3 1.7 2.9 4.3
8 3.8 0.3 3.4 3.3 2.1 2.0 0.9 5.7
9 1.6 3.1 0.4 0.1 0.8 1.2 0.9 0.1
10 0.3 7.9 2.2 0.7 3.9 0.7 2.3 2.2
11 0.8 3.6 2.5 1.9 2.7 4.5 0.5 3.2
A 1.9 3.7 2.7 1.6 2.6 1.5 2.7 2.6
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Table 7 Average outage time of each node h
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8 12.0 1.5 85 16.0 10.0 10.00 4.50 19.00

9 5.3 7.8 2.0 1.0 4.0 6.00 4.50 1.00

10 1.5 13.0 7.3 2.3 9.8 2.30 5.80

(521

.50

11 2.7 9.0 8.3 4.8 9.0 11.00 2.50 8.00

FLEA 5.2 4.9 5.7 6.0
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5.20 6.50 7.40
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Table 8 Results of system reliability index of each scene

WA RGO RGoREE R R R R/

Y SR B /b EPEES (MW « h)
1 0.33 2.04 0.999 8 1.729
2 0. 47 2.54 0.999 7 1.142
3 0.26 2.16 0.999 8 0.515
4 6.87 7.4 0.999 2 4.674
5 1.35 3.91 0.999 6 2.559
6 0.26 1. 80 0.999 8 1.285
7 2.24 3.24 0.999 6 2.285
8 0.31 2.57 0.999 7 1.057
9 0.22 0.93 0.999 9 0.352

10 0.38 3.23 0.999 6 0.706

11 0.31 2.39 0.999 7 2.435

ELEG 0.99 2. 80 0.999 7 1. 447
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Table 9 Reliability index results of traditional

sample extraction method
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Figure 6 Comparison of the results of the two methods
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