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Two-Stage Coordinated Optimal Scheduling of Urban Building Clusters Considering Dif-
ferences in Thermo-Controlled Load Responsiveness

WANG Nan', HU Hongpeng'!, CHEN Zerui', ZHANG Zhenwei?, HUI Hongxun?
(1. Guizhou Power Grid Co., Ltd., Guiyang 550005, China; 2. State Key Laboratory of Internet of Things for Smart City,
University of Macau, Macau 999078, China)

Abstract: Building thermal loads can effectively enhance the integration capacity of renewable energy and re-
duce operating costs; however, differences in the structural and load characteristics of individual buildings
make it difficult to directly apply existing response capacity allocation mechanisms to large-scale building
clusters. To fully tap into the response potential of urban building clusters while balancing user comfort re-
quirements, a two-stage coordinated optimization framework has been developed that accounts for variations in
the response capabilities of building thermal loads. First, a virtual energy storage model for individual buildings
is developed based on an equivalent thermal model, which incorporates the building envelope, internal thermal
characteristics, and user comfort needs. Second, a two-stage coordinated optimization scheduling framework is
introduced, considering both the geographical location of the building and the role of its operator. In the first
stage, a non-cooperative game is formulated among multiple operators serving the building cluster to maximize
individual benefits, while ensuring that the total response demand of the grid is met. In the second stage, the
operators allocate the first-stage capacity to all buildings and seek to minimize the payment cost by taking into
account the differences in responsiveness and temperature sensitivity among individual buildings. Finally, the
effectiveness of the proposed method is demonstrated through numerical cases.

Key words: Demand response; urban building clusters; thermo-controlled loads; two-stage optimization; game
theory
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