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Low-carbon bidding strategies for power generators in electricity
markets based on safe reinforcement learning

ZHU Xiao-qing, LIU Zhi-wei', LEI Hao, ZHOU Chang-yuan

(School of Artificial Intelligence and Automation, Huazhong University of Science and Technology, Wuhan
430074, China)

Abstract: With the accelerating implementation of China’s dual-carbon targets, power market generators are required
to pursue economic benefits while complying with increasingly stringent carbon emission quota constraints. To address
the difficulty that existing deep reinforcement learning (DRL) methods face in effectively handling hard physical or
environmental constraints, this paper proposes a generator bidding strategy optimization method based on a
Lagrangian-relaxed Soft Actor—Critic algorithm (SACLag). First, a market clearing model incorporating DC power
flow constraints is constructed, upon which a constrained Markov decision process (CMDP) for each generator is
formulated. The objective is to maximize long-term cumulative revenue while satisfying instantaneous carbon emission
quota limits. Second, a primal-dual update mechanism is introduced to adaptively adjust the Lagrangian multipliers,
transforming the carbon emission constraint into a dynamic penalty term. This mechanism guides the agent to
autonomously explore environmentally compliant optimal bidding strategies. Finally, simulation results on the IEEE 3-
bus and IEEE 30-bus systems demonstrate that the proposed method not only approximates the Nash equilibrium
effectively but also achieves the trade-off between economic returns and environmental compliance by strategic
bidding.

Keywords: clectricity market; soft actor-critic; Lagrangian relaxation; carbon emission allowances; nash
equilibrium; safe reinforcement learning
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