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Abstract: The development of distributed energy, controllable
load, and electric vehicles with high randomness and

uncertainty poses significant challenges with regard to power-
system flexibility. However, it also offers opportunities to
the power grid as flexible resources (FRs). As the main form
of FR aggregation, virtual power plants (VPPs) can facilitate
the aggregation, storage, supply, and consumption of energy
at the idle FR terminal. This study focuses on the internal
resource management of VPPs. The technical challenges
encountered during the implementation of resource aggregation
and collaborative VPP regulation are first highlighted based
on energy, space, and time considerations. Subsequently,
the hierarchical structure and basic functions of VPP under
the cloud-tube-side-end architecture are described. This is
followed by summarizing the key technologies and relevant
communication methods involved in resources modeling,
aggregation, and collaborative regulation. Finally, the directions
for future VPP-related research are identified.
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