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Abstract : Promoting the deep decarbonization of industrial parks is crucial for achieving the carbon peaking
and carbon neutrality goals. In order to solve the problems of low incentive efficiency of carbon
emission reduction policies, insufficient cooperation among the main bodies, and the fragmentation
of the electricity-carbon market, this paper constructs a tripartite dynamic evolutionary game model
including government, virtual power plant (VPP) and park enterprises. In this model, the
government exerts pressure through a carbon tax ladder and provides incentives via dynamic
subsidies; VPPs design revenue sharing contracts to connect the government and enterprises; and
enterprises in the park can optimize their reduction behaviors under cost-benefit constraints.
Additionally, this study introduces the seasonal dynamic weight mechanism and solves the high-
dimensional nonconvex strategy space of the model by genetic algorithm, deriving equilibrium
solutions for the carbon tax rate, subsidy intensity, share ratio, service fee, and enterprise emission
reduction. Furthermore, this study uses an industrial park in Jiangsu as an example to discuss. The
results show that the model can significantly improve the effect of coordinated emission reduction
while maintaining economic vitality, which verifies the effectiveness of the tripartite game and
contract design. It provides support for the differentiation at the park level, the formulation of time-
varying emission reduction policies, and the coordinated governance of the electricity-carbon
market.

Key Words : virtual power plant; policy incentives; industrial emission reduction; three-way dynamic game;
genetic algorithm; carbon-efficient code
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