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Abstract

In a context where major players in the power industry are placing increased emphasis on green development, participants within
the power supply chain are presented with a broader array of technological options and channels for curbing carbon emissions in
their operational decision-making processes. Navigating this intricate landscape demands a deeper well of knowledge to guide
optimal decision-making. This study examines the decision-making challenges faced by a power supply chain comprising a thermal
power producer, a power distributor, and a significant power consumer. First, we establish a Stackelberg game model to analyze the
equilibrium of this scenario, taking into account the combined influences of the carbon trading market and the power trading market.
Second, we enhance our game model by introducing a generation rights trading process into the power trading market, integrating
it with a three-stage bargaining process to uncover the supply chain's optimal decisions. Subsequently, a numerical analysis is
conducted to provide valuable managerial insights. Our findings highlight that an increase in the low-carbon preference of large
power consumers encourages thermal power producers to invest in low-carbon technologies, thereby augmenting the rate of carbon
reduction. Simultaneously, a rise in carbon prices facilitates the low-carbon transformation and development of the power supply
chain, although increased investment costs in low-carbon technologies exert a negative influence. Furthermore, our analysis
demonstrates that while generation rights trading may not always yield direct benefits for supply chain participants, it plays a crucial
role in reducing carbon emissions across the entire supply chain, thereby promoting the sustainable development of the power
industry.
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