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ABSTRACT: In the context of global energy transition towards
low carbon, virtual power plants (VPP), as an innovative
technology for aggregating distributed energy resources,
have become a key approach to enhancing grid flexibility
and promoting the consumption of renewable energy. This
paper systematically examines the operational framework,
policy system, and electricity-carbon synergy mechanism of
VPP, delving into their significant role in driving the low-
carbon transformation of the energy system. First, it provides
a theoretical analysis of VPP from both conceptual and
operational perspectives, and through comparative studies
with traditional power plants and microgrids, clarifies its
technical characteristics and functional positioning. Second,

using policy text analysis methods, it outlines the policy
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support system for VPP development in China, focusing on
the evolution of national policies and their impact on the
marketization of VPP. In terms of operational mechanisms,
it explores the collaborative model of VPP in the electricity-
carbon joint market, examining how the coupling of carbon
trading mechanisms with the electricity-carbon market affects
the low-carbon benefits of VPP. Finally, through case studies, it
summarizes the technological innovation paths and commercial
operation models of VPP in China as they transition from an
invitation-based to a transaction-based model. This research
provides theoretical support and practical references for the
large-scale development of VPP, and is crucial for achieving the

‘dual carbon’ goals and building a new type of power system.
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Fig.1 Virtual power plant operation framework
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Fig.3 VPP participates in the operation mode of the
combined electricity and carbon market
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