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[ Abstract] This paper investigates the optimization scheduling strategy of Virtual Power Plant in a multi-
market environment, integrating Conditional Value-at-Risk (CVaR) and carbon cost considerations. The VPP
comprises distributed gas turbines, energy storage devices, wind power, photovoltaic generation, and non-flexible
loads. The core objective of this research is to analyze the internal optimization scheduling results of VPPs that
maximize profits through participation in electricity futures markets, day-ahead markets, real-time markets, and
carbon markets under a multi-scenario approach. In practical operations, when wind and photovoltaic generation in
the day-ahead market cannot meet non-flexible load demands, the VPP prioritizes satisfying load demands in the
futures market. Through strategic interactions with the real-time market, the VPP determines whether to purchase
electricity or activate gas turbines for power generation to balance supply and demand. This paper presents a detailed
analysis of optimization scheduling results under various wind power, photovoltaic output, and load scenarios, aiming

to provide scientific decision support for decision-makers under extreme weather conditions. Furthermore, to address
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the uncertainties caused by fluctuations in wind and photovoltaic outputs, this study employs Monte Carlo simulation
combined with the CVaR method to quantify output volatility, which is considered as a relevant cost factor. By
analyzing optimization results under different deviation tolerance levels, the research demonstrates that setting
reasonable deviation tolerance not only achieves higher returns in multi-market environments but also effectively
reduces operational risks, thereby promoting the development of a more low-carbon and efficient energy system.

[ Keywords] Virtual Power Plant; Carbon Cost; Multi-Market Environment; Uncertainty; Conditional Value

at Risk (CVaR); Deviation Tolerance; Multi-Scenario; Monte Carlo Simulation
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