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Abstract: Compressed air energy storage (CAES) technology is a key supporting technology for
reducing wind and solar curtailment and achieving large-capacity and scalable electrical energy storage.
However, inherent shortcomings such as low thermal management efficiency and mismatched thermo-

compressive coordination have significantly constrained the overall operational performance and economic
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viability of the system. To address this, the Advanced Energy Storage Team at Xi’an Jiaotong
University has proposed a new hybrid compressed energy storage architecture based on a liquid-
gas two-phase working fluid, which integrates the high energy-conversion efficiency of pumped
storage with the low-cost advantages of CAES. In this technology, the liquid-gas two-phase fluid
serves as the working medium, where hydraulic equipment is employed as the electric-to-potential
energy conversion device. Simultaneously, heat and mass transfer is intensified at the liquid-gas
interface to achieve near-isothermal compression/expansion of the storage medium (air), thereby
effectively suppressing the available energy loss caused by thermodynamic irreversibility and
enabling highly efficient energy storage and release during system operation. Experimental results
demonstrate that the proposed liquid-gas hybrid compressed energy storage system exhibits
advantages including high energy storage density, high compression efficiency, and low geographical
dependence. Its energy storage density exceeds three times that of pumped storage, and the
system round-trip efficiency is improved by more than 20% compared with conventional CAES
technology. To date, significant progress has been made in the optimization of system topology,
the design of key liquid-gas coupled storage/release equipment, and the manufacturing of high-
pressure energy storage devices. Engineering demonstration projects have been successively
launched in locations such as Tai’an, Shandong and Jiujiang, Jiangxi. The large-scale application
of this technology is expected to provide important technical support for alleviating wind and solar
curtailment, smoothing grid load fluctuations. Future research will focus on system integration
and coordinated control, enhancement of key equipment performance, and breakthroughs in low-
cost manufacturing processes, to facilitate its further maturation and engineering application,
thereby providing a feasible systemic solution for improving the penetration and overall utilization
efficiency of renewable energy.

Keywords: liquid-gas hybrid compressed energy storage; compressed air; topological configurations;

energy storage devices
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Fig. 1 Typical underwater liquid-gas compressed air energy

storage system
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