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Abstract

Extreme disasters pose severe threats to the secure operation of distribution networks, and their
uncertainties—including disaster intensity, load fluctuations, and distributed generation output—
significantly increase the difficulty of disaster prevention resource planning. This paper proposes
a planning method that accounts for multiple uncertainties. First, equipment failure probability
models (covering insulator flashover, pole/tower collapse, and transformer flooding), a dynamic
load correction model, and time-varying output models for distributed generators (photovoltaic
and wind power) are established to quantify the source-load uncertainties throughout the disaster
process. Second, a two-stage optimization model is constructed to minimize the load loss cost: the
pre-disaster stage optimizes the siting of wind-storage and PV-storage combined systems as well as
repair routing, while the in-disaster/post-disaster stage coordinates storage discharge and distrib-
uted generation output, subject to constraints on load-class restoration, power balance, and re-
source availability. The model is solved via mixed-integer linear programming. Multi-scenario sim-
ulations on a 39-node system demonstrate that the proposed method can dynamically adjust re-
source strategies according to disaster intensity, achieving a reduction in load loss cost of 51.8%~83.2%
after deploying the combined systems, thereby verifying its effectiveness and robustness in enhanc-
ing the economic resilience and adaptability of distribution networks against disasters.
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Figure 1. Distribution network with 39-nodes
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Table 1. The parameters of energy storages
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Table 2. The parameters of insulators
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Figure 2. Characteristic diagram of output power of photovoltaic system
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Figure 3. Characteristic diagram of output power of wind driven generators

B 3. KEHLB ML TR AH T E

014 AN XA L BE I ] 22 44

—Oo— fRHEX i,
- - X
A B

0121

01f

™ 0.08 |

L

X 0.06
0.04

0.02

olesssssad | |11 NUVIUR SOUD
1234567 8 9101112131415161718192021222324
T IE] (ZNED)
Figure 4. Water accumulation in different regions
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Figure 5. Load power variation in different regions
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Table 5. Multi-scenario parameter comparison
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Table 6. Deployment of the integrated system across different scenarios
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Figure 6. Discharge characteristics of joint systems in different scenarios
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Table 7. Load loss costs in various disaster scenarios at 9:00~12:00

% 7.9:00~12:00 RN [EiH= T A friik sl

Yyt RSB BEA RGP R AR ERE RS RA AT R AR
75 u| 241106.31 7G 138912.72 7G
W2 241106.31 70 176363.43 70
7] 241106.31 G 116241.46 7T
5. &

(1) $RHAIBER - T - RV 2 BN o 1A 20 0 T A 2 0 A0 0 T T R R B L AAAT I AR Ky
AT LR R B RAE, DB R B SR (1t 1 S I3 S 1 K S At

(2) PR B R0 AL SRS CR AT & R G0 B SR B B AR R, RSl RE - 7oAl X IR P R R ) T A2
AR E T G IR, SEOR - M - AU S, A RTINS SRR SRR .

(3) ZIEA G RE], BT A ME DA MEREN T 5, PRI AE R RCH % T ) B2
BEEARR A7 4 R RS (PR 50%), L REARHE BHIAICEE 15 o 5 iR 2 1 3 I ) 8 o 2 3, LA LA I e 1k

AT FRS
EE U H
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