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Abstract: This paper proposes a distribution network resilience enhancement strategy based on the coordination of multiple types of
VPPs and the optimization of transaction settlement.First, a full-process management framework for the participation of multiple types of
VPPs in grid dispatch and electricity trading is constructed.Second, a transaction settlement mechanism for VPPs participating in power
supply restoration is designed, where the incentive unit price is determined by both the declared response quantity and the actual
response quantity. Furthermore, a two—layer power supply restoration model with pre—disaster and post—disaster coordination is
established: in the pre—disaster stage, the model aims to minimize load shedding, optimizes the VPPs’ response quantities, and reports
them to the dispatch center; in the post—disaster stage , the response plan, network reconfiguration, and real-time dispatch of emergency
resources are adjusted based on the deviation between actual and predicted values.Finally, incentive payments for the disaster phase are
settled.Simulation results based on a modified IEEE 33—node system show that the proposed strategy can effectively enhance the post—
disaster power supply restoration resilience of the distribution network and promote the active participation of VPPs in the restoration
process through reasonable incentives.
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Fig.7 Comparison of VPP1 recovery response under

three strategies
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Table 6 Incentive income for power supply restoration
and load shedding quantity of each VPP under three
strategies
- W ot Y

VPPI  VPP2  VPP3 ik MW
Mg 1 3490.6 40527 26774 10 220.7 10.02
Mg 2 2606.8 4458.8 1930.2 8995.8 11.75
HmE 3 1379.6 1554.7 1105.9 4040.2 9.95

4.3 Z LB VPP IRk S B8 7137 BC B W38 14 15

5 B 22 Ml 43 AT

Z AR BRI, AR TR X (G VPP # A7 AE 2
HESE S BN, X LRI AR VPP F EV
Y VPP by = 1 DU S5 K R S R Bl DX DL AT R AR R
JE7 VPP 5 R . A E SR A R 2R R VPP
2 5 {1 f Yk 52 X T R P A AR T A B e, R
VPP1 iy Al A GE YR Y VPP, VPP2 b i ol 78 4% Y
VPP,VPP3 i EV # VPP, £ 7 245 T AJR] VPP &
55 mg  Te HE R Y1) g i K VPP S BRI N A, 55 8
25t TR VPP 2 53R EE T % VPP 1SRN &5

PRI AL o

®R7 AEVPPEERBETHBIREMEER VRS
Table 7 Power restoration response volume and load
shedding under different VPP participation strategies

5iH VPP1 VPP2 VPP3 gg/ S [ M [0 /MW
MW VPPl  VPP2 VPP3
K1 A2H A2 AZYH 1828 - - -
Kuk2 24 AN K25 1726 0 1.95 - -
K3 AZzH 25 O AZYH 1319 - 2.69 -
KM 4 A2 A2 2451525 - - 1.99
KEE S AzH 24 24 1204 / 249 1.93
¥mke 25 A2H 245 1332 197 - 1.61
Kk 245 25 AZH 1285 209 2.20 -
kegs =4 24 &4 1142 1.92 206 1.30

FH 2 7 AT, SR 8 BB B A /)y SR 1
K WS 7 MU fer IS TR 2 F 3, R 6 {I%
TORWE 2 F0 4, 5 0E 5 I TR0 3 4, XK £
VPP P3[R 2= 54 B T BEALY) 1 i i, 32 T R G
PEo Emg 3 A4 [ ) far /N TR S 2, Ui L
AT FABEJE N 09 VPP AR S 3 TR g T
HAh A VPP,

% 8 AL, TR 2 10 X 3k 2R M B A1, OR
W 5 i o X — E 4k SR E R L e [R) S B
IO 5 22 () 1 et 25 2 DA O < T P RE R H 0 18 B 4K
K, B bR S R 25 5 B R DU
A1 VPP S RN A

LR AR T MR 8 Al R I, g 8 Th 4% VPP M
IO 15 R WA 25 A T L 3 rh B — VPP (R
NAH . X RIREE S 5PKE R VPP i, fE ke
FL ) S I 2 R 2 T R R R R U A R T
A1, B T B VPP A B 55 0] 525 K

®8 A[EVPPZERMTHIER AN

Table 8 Incentive income and average incentive unit price across different VPP participation strategies
5 H VPP1 VPP2 VPP3 e Yy 4
VPP1 VPP2 VPP3 psViE G- (kWh)™]

el 1 ~zhH ~&hH ~&hH - - - - -

g 2 e ~zhH &5 3981.1 - - 3981.1 1.102
g 3 ] e ~zhH - 5178.3 - 5178.3 1.293
g 4 ] &5 e - - 4373.7 43737 1.289
HMg 5 ] e e - 4861.3 3586.9 8 448.2 1.309
HME 6 e 25 S 4106.8 - 4247.6 8354.4 1.174
HME 7 e e 25 4434.5 4315.8 - 8730.3 1.207
w8 e e %5 4034.8 3858.0 24940 10 386.9 1.115
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