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Urban Embedding of Virtual Power Plants: The Formation of Energy—
Dispatchable Spaces and Their Translation into Planning Practice

R
FENG Xin
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Abstract: Virtual power plants (VPPs) aggregate distributed energy resources through
digital platforms, metering and control interfaces, and authorization and settlement
mechanisms. They enable parking spaces, rooftops, energy storage systems, and build-
ing loads to perform time-dependent energy functions within existing urban fabrics,
challenging planning systems traditionally built around fixed boundaries, stable land
uses, and static development control. This paper conceptualizes the VPP as a form
of algorithmic infrastructure and introduces energy-dispatchable space as a planning
concept. Algorithmic infrastructure explains how dispersed and temporally variable re-
sources are continuously organized while energy-dispatchable space describes the con-
ditional operational state generated in specific spatial contexts. Such a state emerges
only when five conditions are simultaneously satisfied: physical capacity, technical
controllability, temporal availability, dispatch authorization, and traceable benefits and
responsibilities. The framework distinguishes among potential resources, access-ready
resources, and energy-dispatchable spaces. It identifies key mismatches in regulatory
planning representation, renewal-unit implementation, public-benefit governance, and
cross-scale coordination. To address these challenges, it proposes a set of planning
and governance instruments, including operating-attribute schedules, dispatchable-
resource inventories, dynamic operational records, benefit reinvestment mechanisms,
and cross-scale governance interfaces. The paper extends the scope of planning inter-
vention from construction and allocation of physical facilities to the operational
states, temporal dynamics, and governance relationships of distributed energy re-

sources.
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Fig.1 Hierarchical structure of algorithmic infrastructure
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Tab.2 Types, identification dimensions, and planning implications of energy—dispatchable spaces
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Tab.3 Mismatches in the current planning system and possible translation pathways
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Tab.4 Criteria and dynamic management elements of energy—dispatchable spaces
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Fig.3 Cross—scale governance interfaces: From community resources to electricity system governance
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