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Resilient-oriented expansion planning method for distribution

networks considering typhoon impacts under uncertainties

FAN Anjie', GAO Zhengping', ZHANG Wenjia', HUANG He’, GAO Song’
(1. State Grid Jiangsu Electric Power Co., Ltd., Economic Research Institute, Nanjing 210000, China;2. State
Grid Jiangsu Electric Power Co., Ltd., Nanjing 210000, China)

Abstract: To address the challenges posed by the frequent occurrence of typhoons, which threaten the reliability and stability of distribu-
tion networks, a resilient-oriented expansion planning method for distribution networks considering typhoon impacts under uncertainties is
proposed. First, considering the vulnerability of the distribution network during typhoon events, a fault scenario set for power lines is con-
structed. Second, for regular scenarios, a scenario clustering method is employed to generate typical scenarios that capture the fluctuations
in power generation and load demand. Subsequently, with the objective of minimizing total planning costs and outage losses caused by ty-
phoons during the planning period, constraints such as investment budget, power flow, load shedding at nodes, and operational variable lim-
its are integrated into the model. Based on stochastic optimization, a distribution network expansion planning model is developed, incorpo-
rating resilience requirements under uncertainty. The model is formulated as a mixed-integer linear programming (MILP) problem, which
can be effectively solved using commercial solvers. Simulation results demonstrate that the method significantly enhances the load supply
capacity and disaster resistance of the distribution system during the planning period, providing technical support for planning resilient dis-
tribution networks.

Key words: distribution network planning;resilience enhancement; source and load uncertainty ; mixed-integer linear programming
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Fig. 1 Resilience planning framework
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Fig.2 Components of the distribution network
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Fig.3 Typical load fluctuation scenario set
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Table 1 Power line number

S - S - S -

. R x=) : B : G
i J 1 J v J

1 1 4 12 7 23 23
1 2 4 15 13 8 22 24
1 14 3 4 16 14 10 16 25
1 21 4 5 6 15 10 23 26
2 3 5 5 24 16 11 23 27
2 12 6 6 13 17 14 18 28
2 21 7 6 17 18 15 17 29
3 10 8 7 8 19 15 19 30
3 16 9 7 11 20 17 22 31
3 23 10 7 19 21 18 24 32
4 7 11 6 22 22 20 24 33
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Table 2 Load parameter

el BBl BRBr2 WA BBl BB
1 70.9 164.8 11 0 49.2
2 76.6 231.2 12 0 162.6
3 45.1 69.6 13 0 233.6
4 75.6 141.6 14 0 125.3
5 39.9 71.2 15 0 238.3
6 90.5 221.2 16 0 161.3
7 70.7 216.3 17 0 182.0
8 47.6 142.4 18 0 36.7
9 19.9 171.0 19 0 171.7
10 27.3 42.1 20 0 66.3
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Fig. 5 Typical source-load fluctuation scenarios
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Table 3 Comparison of planning costs in three cases
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