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Fig.2 The evolutionary game decision simulation results
of government, grid enterprises, and users participating in
the power market demand response driven by new energy
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Fig.3 The structure of trading models in the
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Optimal scheduling of HIES considering green certificate-carbon trading and
flexible output of heat and power

FAN Shuaizhi', ZHANG Jing', YAN Rujing', HE Yu', LIU Ying’>, YE Yongchun’
(1. College of Electrical Engineering, Guizhou University, Guiyang 550025, China; 2. Power Grid Planning Research Center,
Guizhou Power Grid Co., Ltd., Guiyang 550002, China; 3. POWERCHINA Guizhou Electric Power
Engineering Co., Ltd., Guiyang 550002, China)

Abstract: To improve the low-carbon efficiency and economy of the integrated energy system, while fully utilizing demand-
side flexibility, a hydrogen-containing integrated energy system (HIES) based on green certificate-carbon trading and flexible
output of heat and power is proposed. Firstly, the traditional combined heat and power (CHP) is coupled with organic Rankine
cycle (ORC) and electric boiler (EB) to allow flexible operation, enabling the power generated by gas turbine (GT) to be
supplied simultaneously to the power grid and EB. The heat energy released is simultaneously used for ORC and EB, allevia-
ting the constraints of thermoelectric coupling. Secondly, a green certificate-carbon trading model is constructed by integrating
green certificate trading with tiered carbon emission trading, which reduces the system's carbon emissions and improves the
consumption of renewable energy. The influence of the green certificate unit price and the renewable energy quota coefficient
on the system's optimal scheduling is analyzed. Additionally, the model includes electrolyzers and hydrogen fuel cells, fully
considering the diversified utilization of hydrogen energy, thereby improving the system's low-carbon efficiency. Lastly, a day-
ahead optimal scheduling model is constructed with the goal of minimizing the total cost of the system. The results demonstrate
that this strategy can enhance renewable energy consumption while reducing carbon emissions and total system costs.

Keywords: green certificate trading; carbon emission trading; thermoelectric flexible response; hydrogen energy utilization;

low-carbon economic dispatch; renewable energy consumption
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A review on the strategy equilibrium stability analysis of demand-side participation in the
electricity market from an evolutionary game perspective

CHENG Lefeng', ZOU Tao', NI Manqi', CHEN Aoli', DONG Jian', ZHU Jizhong’

(1. School of Mechanical and Electrical Engineering, Guangzhou University, Guangzhou 510006, China;
2. School of Electric Power, South China University of Technology, Guangzhou 510641, China)
Abstract: With the increasing penetration of renewable energy sources, there has been a profound structural transformation in
electricity markets, particularly in the operational paradigm where demand-side resources participate in market mechanisms.
This evolution underscores the critical role of demand-side flexibility in enhancing grid resilience and accelerating low-carbon
transition pathways. The traditional supply-side regulation is gradually shifting towards a multi-agent decision-making model
dominated by demand-side management, involving complex interactions among government, electricity suppliers, grid
operators, and consumers. Evolutionary game theory (EGT), as an important tool for studying multi-agent dynamic games and
strategy evolution, demonstrates unique advantages in analyzing demand-side participation in the electricity market. Unlike
traditional game theory, EGT accounts for bounded rationality, incomplete information, and dynamic strategy adaptation,
enabling effective analysis of market equilibrium and stability under different incentives and policy frameworks. A
comprehensive review of the applications of EGT in the electricity market is provided in this paper, focusing on the strategy
evolution and equilibrium mechanisms of demand-side participation. It explores how EGT helps to understand and predict
strategy adjustments and the impact of policy incentives on market stability in multi-agent games. The paper also looks forward
to future research directions. By organizing and analyzing the existing literature, this review offers a theoretical framework and
practical reference for policymakers, market regulators, and researchers to facilitate the collaborative evolution and sustainable
development of the electricity market under the context of renewable energy.

Keywords: evolutionary game theory (EGT); demand side; power market; strategy evolution; market equilibrium; policy incentives
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