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Identification of vulnerable branches in RIES considering
operating states and topological structure

Zhao Luhao Cui Shuangxi Zheng Dingyuan
(College of Electric Engineering, Xinjiang University, Urumqi 830017, China)

Abstract: Failures in vulnerable branches can lead to a decline in the stability of regional integrated energy systems and
even trigger large-scale system instability. Therefore, identifying the vulnerable branches of the system becomes a
crucial step in ensuring safe and stable operation as well as prevention. To address this, a method for identifying
vulnerable branches in electric-gas-thermal regional integrated energy systems is proposed. First, based on the unified
energy route theory, unified energy flow modeling and calculations are performed for the electric-gas-thermal network
to obtain the initial operating state of the network. At the same time, a set of hypothetical accidents for the regional
integrated energy system is established, considering the impact of N-1 contingencies in the thermal and electric
networks on the internal network. The post-fault operational state of the branches is then determined through N-1
analysis. Next, vulnerability analysis is conducted based on the operational characteristics of energy flow entropy
changes and the structural characteristics of local concentration, and a comprehensive vulnerability index for the
branches is proposed. Particle swarm optimization (PSO) is used to determine the weights of operational and structural
vulnerabilities, ensuring the objectivity and accuracy of the evaluation process. The branches are then ranked according
to the vulnerability index, allowing the identification of the system’s vulnerable branches. Finally, the method is
applied to an IEEE 14-bus electric system, a 14-node gas network, and a 14-node thermal network to identify the
vulnerable branches of the system. The experimental results show that the proposed method can reasonably reflect the
actual conditions of the system, and the weights determined by the PSO algorithm can more effectively identify the
vulnerable branches, improving the accuracy and reliability of the identification process.

Keywords: unified energy circuit;regional integrated energy system;operating state; topological structure; hypothetical

fault set;particle swarm optimization algorithm
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Table 1  Grid branch number
RPN TE WA
MW MW
1 1 2 96. 45 11 6 11 11. 65
2 1 5 53.6 12 6 12 8.31
3 2 3 42.69 13 6 13 19.95
4 2 4 45.79 14 7 8 5.56
5 2 5 34. 67 15 7 9 31.4
6 3 4 2. 34 16 9 10 1.02
7 4 5 47.22 17 9 14 6.77
8 4 7 25. 84 18 10 11 7.99
9 4 9 15. 89 19 12 13 2.13
10 5 6 31.12 20 13 14 8.32
i &Ik i iR Ak i
G REWR/ |5 HETL/
W W W WA
m’h m’h
21 1 2 31.03 29 12 13 218.41
22 1 3 30. 27 30 12 14 193.25
23 3 2 6.81 31 14 13 291.63
24 2 4 18.55 32 11 12 482.17
25 4 5 511.12 | 33 10 11 527.29
26 5 8 313.50 || 34 7 10 510.32
27 8 9 665.78 | 35 6 7 588. 32
28 9 13 722.86 | 36 3 6 23. 46
w’is 2k i iR Ak i
% REW/ |5 REIR/
THEOWH TE WA
(kges ") (kges ")
37 1 2 512.54 | 46 9 10 61. 39
38 2 3 219.14 || 47 11 10 183.22
39 3 4 295.51 || 48 12 2 247.85
40 3 5 244.38 || 49 13 5 386. 51
41 5 11 494.94 || 50 14 7 347.17
42 2 6 219.21 || 51 4 13 48. 43
43 6 7 219.03 || 52 1 4 472. 64
44 7 8 380.19 || 53 1 12 448.62
45 8 9 376.75 | 54 12 14 192.17
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Table 2 Vulnerable branch identification results

F5 X s o5 M 55 R AR
1 1 0.549 6
2 41 0.549 1
3 10 0.506 9
4 7 0.501 0
5 3 0.471 4
6 5 0. 466 6
7 8 0.461 1
8 15 0.426 5
9 12 0.397 7
10 25 0.362 0
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Table 3 Branch comparision results

5 AT i BUE 2 A B0k
1 1€0.549 6) 10€0. 718 6)
2 41(0.549 1) 24(0.637 1
3 10€0. 506 9) 41(0. 615 0)
4 7(0.501 0) 1€0.576 3)
5 30.471 4) 7(0.559 4)
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