Vol.45,No.02 iz p 4 45 B4 2 1)
Feb.25.2026 Zhejiang Electric Power 2026 4F-2 H

K HRA MR & 2y WA R IRAkist g
% R,k M, R, MER, B0, BB

(1. Bl R WA TR, F#E 200090,
2. HEFET R WARSEE TR, %80 WER 232001)

T OE: ARG SRR LU e ) T 2 R IR 5 vh o€ 5 IR AN PRI, PR — R T L )
I E R - P IHE IR 2 FAR I ZUORHESE . B0, ML TR Stackelberg—Nash 1R 5 AR A = 2
WG R YCR LA L iz 5 R U e e KA 200 b, R RS | el e llsdas ifk, T
JE L P A R R PRI R A . R, S AGAAHRFIBE R =03 6] 0B A PR AR A P B B AR
Il , T2 RH A A RPE 5 R ARRCR IR A IR LA, SR)5, BT KKT 2545 McCormick f1 2% 7%
R A g SRR A BB MR, 145 4 Kriging BRI S0 BB ACR . B0, D45
R, PRI ER T ARG TR | A R BA RO B bt SRS B RE T3 T A 0 5 8 mg s
KGR FOHREERT )T PN RGN Rk e,
DOI: 10.19585/j.zjd1.202602006 FFlE (FiERS )RR (OSID) : EexA

A hybrid game-based optimal operation strategy for virtual power plants with multi-
prosumer participation
ZHANG Hao', MI Yang', CHEN Yaowei', YING Yichen', SHI Shuai', ZHENG Xiaoliang®
(1. School of Electrical Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. College of Electrical and Information Engineering, Anhui University of Science and Technology,

Huainan, Anhui 232001, China)

Abstract: Traditional single-game models face challenges in resolving multi-agent interest conflicts and addressing
source-load uncertainties in electricity markets. To overcome these limitations, this paper proposes a multi-agent hi-
erarchical decision-making framework involving distribution system operators (DSOs) , virtual power plants
(VPPs), and prosumers coalitions. First, a three-level energy trading architecture based on a Stackelberg-Nash hy-
brid game is developed: The upper-level decision-making layer focuses on maximizing DSO’ s operational revenue,
the middle-level game layer guides the VPPs to achieve economic efficiency optimization, and the lower-level coop-
eration layer enables prosumer coalitions to collaboratively reduce electricity consumption costs. By introduc-
ing Nash bargaining theory, the cooperative game among prosumers is decoupled into a two-stage optimization prob-
lem, thereby establishing a hybrid game optimization model that simultaneously considers individual rationality and
collective efficiency. Through the KKT conditions and McCormick envelope methods, the model is transformed into
a bilevel mixed-integer linear programming (MILP) problem, which is then efficiently solved using a Kriging meta-
model optimization algorithm. Simulation results demonstrate that the proposed strategy exhibits significant advan-
tages in enhancing the economic benefits of all participating entities, reducing dependence on electricity consump-
tion costs, and strengthening the system s risk resilience capability.
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Fig.1 Multi—agent transaction relationships
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Fig.2 Two-stage optimization framework for hybrid games
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Table 2 Comparison of different strategies
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Table 3 Operational results under dlfferent strategies
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Fig.8 Electricity transactions between DSO and VPP
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Fig.11 Electric power balance state
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Table 4 Comparison of optimization results using different
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Fig.13 Comparison of iteration counts and DSO revenue
across different algorithms
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