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Distributed Vehicle-grid Collaborative Emergency Power Supply Strategy for Distribution
Network Resilience Enhancement Under Vehicle-operator-grid Framework

ZHOU Zheng', YANG Qiming?, BIAN Yiheng!, LI Minghao!, LI Gengfeng!, BIE Zhaohong'
(1. School of Electrical Engineering, Xi’an Jiaotong University, Xi’an 710049, China;
2. State Grid Shanghai Pudong Electric Power Supply Company, Shanghai 200122, China)

Abstract: Extreme natural disasters such as typhoons can cause severe damages to distribution networks, posing signifi-
cant challenges to power supply. With the development of the electric vehicle (EV) industry and the increasingly close
connection between charging/discharging network operators and EV users, operators can guide EVs that would not be
able to directly interact with the grid to participate in emergency power supply, thereby addressing power shortages. This
paper proposes a distributed vehicle-grid collaborative emergency power supply strategy under the “Vehi-
cle-operator-grid” framework. First, by considering the interaction mechanisms among EV users, operators, and the grid, a
three-layer “Vehicle-operator-grid” framework is established. Second, in this framework, a pre-disaster EV deployment
model for operators is constructed considering EV travel patterns. And an emergency power supply response model for
EVs is constructed based on the emergency power supply mode and the psychological characteristics of different EV user
groups. After disasters, the operational constraints of the distribution network, topological constraints, and constraints on
EV participation in emergency power supply are taken into consideration, and a vehicle-grid collaborative emergency
power supply model is constructed. Then, considering the independence and data privacy between the grid and operators,
we use the alternating direction method of multipliers (ADMM) algorithm to decouple the vehicle-grid collaborative
emergency power supply model and construct a distributed optimization model for the grid and operators. An improved
ADMM algorithm is also proposed to address convergence difficulties caused by binary variables. Finally, case studies
demonstrate that the proposed method enables multiple operators to guide EVs in coordinated emergency power supply
with the distribution network while preserving the autonomy of all parties, thereby enhancing the resilience of the distri-
bution network.
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Fig.B2 Response of Private EV users to emergency power supply
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Table B1  Trip chain simulation results of EVs in basic emer-

gency power supply mode
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Fig.B3 Simplified topology diagram of the transportation

network
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Table C1 Comparison of total V2G station output power by time period
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Table C2 Comparison of total distributed generation output power by time period
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Table C3 Comparison of weighted total load recovery by time period
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Table D1  Coupling relationship between power grid and road
network
RG-S EEM%S | BRGNS BEM%S | BRSBTS
1 3 24 14 47 4
2 3 25 13 48 25
3 1 26 13 49 25
4 1 27 13 50 8
5 5 28 4 51 24
6 5 29 25 52 7
7 24 30 25 53 8
8 6 31 25 54 9
9 6 32 8 55 9
10 10 33 8 56 9
11 10 34 9 57 9
12 10 35 9 58 11
13 19 36 1 59 20
14 21 37 1 60 20
15 21 38 2 61 29
16 18 39 2 62 16
17 18 40 24 63 16
18 22 41 24 64 17
19 28 42 24 65 12
20 15 43 7 66 23
21 27 44 7 67 23
22 14 45 10 68 10
23 30 46 10 69 10
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Fig.D3 Residual convergence of the proposed improved

ADMM algorithm
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Table D2 Detailed parameter of the improved 69-node distri-

bution network
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1 5825.50 7 378.00 0 0
2 6204.66 7 987.80 0 2240.00
3 6203.70 7978.00 1057.33 896.00
4 6197.38 7 984.80 1166.67 896.00
5 6223.50 8005.00 1117.34 896.00
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Table D3  Load weight table
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Table D4 PV power output parameter
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Fig.D4 Comparison of load recovery under each scheme
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