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A Collaborative Optimization Strategy for Plateau Data Centers
with Hybrid Compressed Air Energy Storage Considering
Demand Response and Carbon Trading

ZHANG Xingye, CHEN Xiaotao, LI Xiaokang, ZHU Yuhao, HAI xin, MEI Shengwei
(School of Energy and Electrical Engineering, Qinghai University, Xining 810016, Qinghai, China)

Abstract: To address the high standby costs of diesel generators, substantial carbon
emissions, and increasing pressure on renewable energy accommodation in data centers
located in plateau regions, a collaborative optimal scheduling strategy is proposed for an
integrated energy system with hybrid compressed air energy storage, considering integrated
demand response and stepped carbon trading. First, an integrated energy system with
compressed air energy storage serving as the energy hub is developed to meet the multi-
energy supply requirements of the data center, thereby enabling compression heat recovery
and the coordinated utilization of multiple energy carriers. Subsequently, three types of load
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response, namely shiftable, substitutable, and curtailable loads, are incorporated, together
with a stepped carbon trading model. A mixed-integer linear programming model is then
formulated to minimize the total cost, including energy purchasing, operation and
maintenance, demand response compensation, and carbon trading costs. Finally, a data
center industrial park in a plateau region is selected as a case study, and four comparative
scenarios are established. The results demonstrate that the joint implementation of demand
response and stepped carbon trading enables the system to optimize equipment dispatch
according to time-of-use electricity prices, renewable energy output, and carbon costs,
thereby facilitating peak shaving and valley filling of multi-energy loads. Compared with the
scenario in which neither mechanism is implemented, the total operating cost and carbon
emissions are reduced by CNY 3,840 and 3.651 t, corresponding to reductions of 6.72% and
8.09%, respectively. The proposed strategy effectively improves the economic performance,
low-carbon operation, and operational flexibility of the system, providing a theoretical

reference for the optimal operation of data center industrial parks in plateau regions.
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