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Game bidding strategy for electric thermal gas coupled virtual power plants
participating in main and auxiliary joint markets

ZHANG Chunyan', DOU Zhenlan', ZHANG Jihang”, WANG Lingling®, JIANG Chuanwen”
(1. State Grid Shanghai Municipal Electric Power Company, Shanghai 200023, China; 2. School of Electrical Engineering,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: As integrated energy systems develop, multi-energy coupled virtual power plants have become an effective
way to manage integrated energy systems. However, due to their numerous internal energy types, complex coupling
relationships, and inability to obtain competitor information when participating in the market, it is difficult to solve their
bidding strategies by adopting traditional mathematical methods. A game bidding strategy for electric thermal gas
coupled virtual power plants participating in main and auxiliary joint markets based on constraint-aware multi-agent
reinforcement learning is proposed. Firstly, a mathematical model of a multi-energy coupled virtual power plant is built
and the energy flow relationship of its internal electric thermal gas multi-energy coupling is described. Secondly, a game
model of multi-energy coupled virtual power plants is built, in which price setters participate in the incomplete
information main and auxiliary joint market, and virtual power plants are allowed to trade electricity and auxiliary
services. Finally, constraint-aware reinforcement learning is improved, and the constraint-aware multi-agent
reinforcement learning algorithm is proposed for solving the model. By setting a watchdog module in the algorithm, the
virtual power plant strategy is effectively ensured to comply with power grid safety constraints, and compared with the
theoretical optimal solution to verify the effectiveness of the proposed method.
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Table 5 Comparison of scenarios in different calculation examples
155 e/ AEECER/ MBS G/, BB AT A/ FERURIRAR S/ SRR/ TR/

b $ $ $ $ $ s MW

1 16 843.24 10 254.69 6 588.55 3682.45 349.21 10.3 0

I 16 984.21 10 363.78 6 620.43 3676.38 340.24 15.2 0

Il 16 736.14 10 156.87 5963.75 4 258.31 553.64 9.6 10.26
I\ 16 796.64 10 246.84 6 549.80 3702.42 386.14 11.2 19.31
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