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Bi—level Joint Optimization Based Multi—energy Demand Response
Model for Integrated Electricity and Gas System
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Abstract: this paper proposes a demand response (DR) model based on bi—level joint optimization framework in integrated electricity
and gas system (IEGS), concerning both centralized energy dispatch and nodal energy redistribution. First, multi—energy flexible load
model for nodal customer sectors and the corresponding economic model for DR participation is established, and the power flow model
of IEGS in steady state with bidirectional energy exchange is built. Afterwards, a bi-level optimization based DR model in IEGS is pro-
posed. The system level optimization aims on centralized energy optimal dispatch in transmission system, given the bidding price of DR
service in ancillary market given by aggregators. The nodal level optimization focuses on optimal energy purchasing and distribution of
load curtailment among individual customers. Then the lower level optimization formulations are converted into the KKT conditions of
upper level optimization, and the problem is solved using interior point method. Finally, the coupled system of IEEE 24-node reliabili-
ty test system and Belgium 20-node natural gas system shows the effectiveness of multi—energy DR model in IEGS and its superiority to
traditional DR model.
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Fig. 1 Structure of integrated electricity and gas system
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Fig. 2 Flow chart for bi-level optimal dispatch
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