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Fig.1 Trading framework of electric energy and frequency regulation markets
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Trading strategy of energy storage in electric energy and frequency regulation
markets based on multi-agent reinforcement learning
ZHANG Xingi',LIU Zhihai*, CHEN Xiaochen’,ZHAN Shuang’, CHENG Yongzhuo*,
HE Zhilong’, YANG Qiang’
(1. Datang Hainan Wenchang New Energy Co.,Ltd.,Wenchang 571332, China;2. College of Electrical Engineering,
Zhejiang University , Hangzhou 310027, China;3. Datang(Wenchang) Energy Storage Technology Co.,Ltd.,
Wenchang 571300, China;4. China Datang Corporation Overseas Investment Co.,Ltd.,Beijing 100052, China;
5. East China Electric Power Test & Research Institute,China Datang Corporation Science and
Technology General Research Institute Co.,Ltd.,Hefei 230061, China)

Abstract:To enhance the market competitiveness of independent energy storage in the new power system,a
joint trading strategy for participating in electric energy and frequency regulation ancillary service markets
based on multi-agent reinforcement learning is proposed. According to the rules of the Southern Regional
Electricity Market,a joint clearing model including thermal power,new energy and independent energy storage
is constructed. Under a Markov game framework, each power generation entity is modeled as an agent,and
a multi-agent reinforcement learning algorithm is adopted to achieve strategic bidding optimization under
conditions of incomplete information. To depict the cross-period coupling characteristics between energy sto-
rage and system operation, a modeling method of multi-dimensional state and action space is designed to
achieve multi-period collaborative optimization. The simulative results of IEEE 30-bus system show that the
proposed algorithm can increase the total revenue of the agents by 18.8 % compared with the single-agent
algorithm. Further analysis results indicate that as the number of units engaging in strategic bidding increa-
ses,the overall revenue of each market entity exhibits an upward trend. The research results verify the effec-
tiveness of the proposed multi-agent reinforcement learning framework in enhancing the revenue of energy
storage in the markets and optimizing the overall operational efficiency of the system.

Key words:independent energy storage;electric energy market;frequency regulation auxiliary service market;

joint trading strategy ; multi-agent ; reinforcement learning



