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Abstract: This paper presents a solution to address the limitations of single mode of operation, high cost, and low utili-
zation of user-side distributed energy storage. A joint operation mode, called multi-microgrid-shared energy storage, is
proposed, which combines electric energy self-management and energy storage sharing modes. The energy trading prob-
lem under this approach is tackled using a two-tier energy trading strategy based on hybrid game theory. The strategy
considers the conflicting interests and information asymmetry among the microgrids. A master-slave game-two-tier ener-
gy trading model is constructed to maximize the revenue of the upper-level shared energy storage operator and the
benefits of the lower-level integrated energy micro-grid aggregator. Additionally, a cooperative game is introduced among
the members of the integrated energy microgrid aggregator to facilitate peer-to-peer transactions. A hybrid game optimi-
zation model between the shared energy storage operator and the integrated energy microgrid aggregator is established.
Based on the Nash bargaining theory, the cooperation game is transformed into two sub-problems, namely, maximizing
the benefits of the aggregates and distributing the cooperation benefits. The constructed multi-objective optimization
problem is solved using a combination of the dichotomous method and the interactive multiplier method. Simulation re-
sults demonstrate that the proposed trading strategy improves the overall efficiency of the integrated energy microgrid
aggregate, reduces dependence on shared energy storage operators, and validates the feasibility and effectiveness of the
Strategy.
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Table 1 Operation results under two schemes
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1 —50 663.7 —3846
1 2 —37369.2 5094 —132221.3 15093.2
3 —44188.3 —1246
1 —52096.7 0
2 2 —38802.3 0 —136 520.5 18 350.3
3 —45621.4 0

®2 GEETEIBAT G

Table 2 Results of operational benefits before and after coop-

eration
IEM  &fEmiiies/ e S1ERIGE/ T W& MaoT 1RTHEs o
1 —52096.72 —46 817.72 =50 663.72 1433.00
2 —38 802.34 —32463.48 —37 369.24 1433.10
3 —45621.42 —42 942 .41 —44 188.32 1433.10
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Fig.6 Electricity price fluctuation sensitivity analysis
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Fig.7 State of charge-discharge power and electric quantity of

shared energy storage
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Fig.8 Shared storage sets the price of electricity
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Table 3 Comparison of optimization results of different

algorithms

PRAbEE AR BRI/ ESO WiZ/ ot 1IEM AR/ 70

Zorik 20 18.4 15093.2 -132221.3
ARF 336 316.8 14 651.6 -136 4272
T B 1544 1232.5 13897.3 —141 429.3

B ARSRIEARCR T T

Fig.11 Different algorithm iteration effect comparison
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