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Abstract; To address the challenges of efficient heat-pressure conversion and full utilization of
limited gas storage capacity in compressed air energy storage (CAES) systems for high-efficiency
and economical operation, this study focuses on a 350 MW advanced adiabatic compressed air energy
storage (AA-CAES) system. A sliding-pressure gas replenishment operation strategy was introduced to
reduce throttling losses during the energy release process, thereby enhancing the overall energy storage

density of the system. By dividing the system into three levels—the energy storage segment, the energy
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release segment, and the overall system—full-load thermodynamic calculation models for each
component within the system were established. The dynamic operational characteristics of key
parameters such as pressure ratio, expansion ratio, and power under different modes and operation
strategies across the entire operating range were investigated. The results show that when
compressor units and turbine units operate away from their design points, the variations in
thermodynamic parameters in the later stages of both compressor and turbine units are more
significant than those in the corresponding earlier stages. As the pressure at the sliding-pressure
gas replenishment point increases, both the system’ s operating time and energy efficiency
gradually improve, indicating that the sliding-pressure gas replenishment strategy can fully utilize
the limited gas storage capacity and effectively enhance the system’s energy storage density. A
comparison of the dynamic operational characteristics of thermodynamic parameters under
different strategies for achieving full power generation indicates that the throttling-sliding-
pressure gas replenishment strategy can improve the system’s energy efficiency by up to 1.43%
over the full-throttling strategy. The findings provide theoretical support for the full-load operational
regulation of 350 MW advanced AA-CAES systems in engineering applications.
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Fig. 1 Schematic of advanced adiabatic compressed air

energy storage system
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Table 1 Basic input design parameters of the proposed system
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process
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system during discharging process
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