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Abstract

Extreme disasters impose multiple uncertainties upon distribution networks. This paper proposes
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a two-stage collaborative restoration approach. Firstly, a multi-uncertainty model is constructed,
encompassing equipment failures, load fluctuations, and distributed generation output. Probability
models for critical equipment failures—such as lines and transformers—under disaster conditions
are established, alongside dynamic response models for industrial, commercial, and residential loads.
Secondly, the multi-modal operational characteristics and resilience bottlenecks of distribution
networks under extreme scenarios are analysed, identifying critical issues during faults, supply-
demand imbalances, and islanded operation states. Building upon this, a two-stage collaborative
optimisation model is proposed, encompassing pre-disaster prevention, in-disaster emergency re-
sponse, and post-disaster recovery. The model’s objectives are to minimise load loss costs, maxim-
ise the number of restored supply nodes, and minimise system restoration time, whilst accounting
for constraints including resource deployment, power balancing, and repair scheduling. Finally, a
solution method based on mixed-integer linear programming was designed. Its effectiveness in
power restoration was demonstrated through simulation validation on a 39-node distribution net-
work.
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Figure 1. Flowchart for problem solving
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Table 1. The parameters of energy storages
1. iEEESK
fili RES 5 wE I EERIIES FEIL R
ESS1 400 kWh 180 kW 0.9
Table 2. Load type
2. AR
B g R UG TR B
TakX 4,9,15, 19,25, 35,38 100
BRI 1,3,7,11,17,22,34,39 10
JERKX 2,5,6,8, 10,12, 13, 14, 16, 18, 20, 21, 23, 24, 26, 27, 28, 29, 30, 31, 32, 33, 36, 37 1
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Figure 3. Process diagram of typhoon invading
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Figure 4. Probability of line failure during a disaster
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Table 3. Fault line situation during the disaster
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Figure 5. Total power shortage during the disaster
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Figure 6. Loss costs at each load node (9:00~12:00)
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Table 4. Deployment status of combined photovoltaic-storage and wind-storage system
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Figure 7. Road topology diagram
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Table 5. Repair time for each fault point
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Figure 10. Island division results at 13:00~14:00
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Figure 11. Island division results at 15:00~17:00
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Figure 12. Load restoration rates for each level
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