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Operation Optimization Strategy for Multi-Microgrid and Shared Energy

Storage Systems Considering Multiple Uncertainties and Gaming Fraud
SONG Yiyu, DOU Zhenhai, LI Rubin, XU Hao, YAN Yi, CHEN Jiajia

(College of Electrical and Electronic Engineering, Shandong University of Technology ,
Zibo 255000, Shandong Province, China)
ABSTRACT: [Objective] The coordinated operation of multiple integrated energy microgrids with a shared energy storage
facility represents a key direction for future energy development. However, uncertainties in renewable energy generation and
electricity prices, coupled with potential fraudulent trading behavior between microgrids and the shared energy storage
system, pose challenges to system operation. To address this, this study proposes an operational optimization strategy for
multi-microgrid-shared energy storage systems that accounts for multiple uncertainties and gaming fraud. [Methods]
Considering the coordinated operation between microgrids and shared energy storage, a Nash bargaining optimization model is
established for the multi-microgrid-shared energy storage system. The original problem is decomposed into two subproblems:
system energy exchange and cooperative benefit allocation. The energy exchange subproblem employs a Wasserstein
distributionally robust approach to address the uncertainties in renewable energy generation and electricity prices while
maximizing system benefits. The benefit allocation subproblem establishes an intermediary trading mechanism that accounts
for fraudulent behavior between shared energy storage and microgrids to achieve a system fraud equilibrium. The model is
solved using the adaptive alternating direction method of multipliers (ADMM ). [Results] Simulation results demonstrate that,
compared to independent operation, the proposed cooperative system model increases revenue by 8. 05% and reduces carbon
emissions by 27.49%, thereby validating its effectiveness in enhancing the benefits for all participants. [Conclusions] The
Wasserstein distributionally robust approach and the fraud-mitigating transaction mechanism ensure system robustness and
cooperative stability in the presence of uncertainty and fraud risks.
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Fig. 1 IEMMG-SESS framework
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Fig. 3 Iterative convergence results for the system power interaction subproblem
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