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Based on Distributionally Robust Optimization
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ABSTRACT: [Objective] To enhance energy utilization efficiency and develop demand-side resources, a shared energy
storage (SES) planning framework is constructed for integrated energy system (IES) clusters by taking advantage of the cost-
and energy-sharing features of shared energy storage. [Methods] First, considering multiple demands, a joint operation mode
of 1ES clusters with shared energy storage is proposed and a planning model is established. Second, to address the uncertainty
of the source load within the IES, a two-stage data-driven distributionally robust optimization model is proposed. The primary
goal of the first stage is to minimize the upfront investment required for shared energy storage systems, whereas the second
stage, under the scenario of user demand response, aims to minimize the costs of demand response, environment, and
operations. The uncertainty is characterized by a comprehensive norm constraint, and the column-and-constraint generation
(C&CG) algorithm was employed to solve the model. [Results] A typical load-, energy-, and balanced-type IES was used for
the case study. The experimental results show that compared to the scenario that does consider the electricity demand
response, the investment capacity and rated power of the SES were reduced by 54. 00%, carbon emissions by 11. 13%, and
the investment and operation costs by 54. 00% and 41. 16%, respectively. [Conclusions] The demand response mechanism
not only significantly improves the flexibility of the system and effectively reduces the investment cost of SES but also further
reduces the operation cost by optimizing the grid interaction strategy, which can reduce system carbon emissions, achieving a
win-win situation of economic and environmental benefits. The proposed method considers the energy storage demands of

each IES within the system and significantly reduces the system investment cost, establishing a distributionally robust
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economical model with excellent planning and operation.
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Table 6 Comparison of results at different confidence levels
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