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1 20.60 7.91 4.50 11.03 23.44 44.04

2 2161 3.55 4.04 9.47 17.05 38.66

3 17.03 2.57 1.86 9.42 13.69 30.73

4 17.03 2.57 1.86 9.42 13.69 30.73
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Table 3 Comparison of system operating costs in

different scenarios

BATIA/ T T

Y
DSO MG1 MG2 MG3  MMG  MMDS
1 1.6936 2.0076 1.5404 0.6366 4.1847 5.8783
2 1.2665 2.1775 1.6391 0.7833 4.5999 5.8664
3 1.7373 1.6616 1.2812 1.0307 4.0006 5.7378
4 1.7373 19420 1.5027 0.5285 4.0006 5.7378
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HYBRID-GAME BASED LOW-CARBON STRATEGY FOR MULTI-
MICROGRID DISTRIBUTION SYSTEM CONSIDERING CARBON
EMISSION RESPONSIBILITIES

Lyu Chaoxian', Yan Xiangyuan', Zhang Yang', Zhang Heng’, Xing Runfa'”’, Liang Rui'
(1. School of Electrical Engineering, China University of Mining and Technology , Xuzhou 221116, China;
2. Linyi Power Supply Company , State Grid Shandong Electric Power Company , Linyi 276000, China;
3. Smart Distribution Network Center, State Grid Jibei Electrical Power Company Limited , Qinhuangdao 066100, China)

Abstract: To address the issue of low-carbon operation in multi-microgrid distribution systems under conflicting interests, this paper
proposes a hybrid-game based low-carbon strategy for multi-microgrid distribution system considering carbon emission responsibilities.
Firstly, a carbon accounting mechanism based on carbon flow theory is employed to allocate source-side carbon emissions to the load
side, thereby clarifying the carbon emission responsibilities of all parties. Simultaneously, considering the game relationships among
multiple stakeholders, a hybrid game-based low-carbon operation framework for multi-microgrid distribution systems is developed. This
framework incorporates both master-slave and cooperative game models to enable effective multi-stakeholder participation. In this
framework , the master-slave game takes the distribution network as the leader and the multi-microgrids as followers. The distribution
network aims to minimize its operation costs while accounting for carbon emissions by optimizing electricity pricing. This pricing strategy
guides the demand response and operational behaviors of the multi-microgrids, leveraging their collaborative carbon reduction potential
under carbon flow theory to enhance the low-carbon operational performance of the system. Moreover, using the power interaction data
among microgrids obtained from the master-slave game, a cooperative game model based on Nash negotiations theory is established. This
model aims to achieve balanced benefit distribution among the microgrids, promoting fairness and enhancing collaborative efficiency
within the system. Finally, the proposed hybrid game model is solved using a combined of the dichotomy and the analytical target
cascading approach, ensuring efficient and accurate optimization of the system. The case study analysis demonstrates the effectiveness of
the hybrid game model proposed in this paper in addressing the conflicts of interest between the distribution grid and multi-microgrids,
and in improving the low-carbon operation level.

Keywords: game theory; electric load dispatching; microgrids; carbon emission responsibility ; Nash negotiations



