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In the global pursuit of energy transition, energy storage technologies play a pivotal role in integrating renew-
able energy into the grid, maintaining grid stability, and ensuring energy security. Liquid air energy storage
(LAES) technology offers a scalable, cost-effective, and geographically unconstrained solution for large-scale,
long-duration energy storage, making it a promising solution for the future energy storage market. The liq-
uefaction unit serves as the core part of the LAES system, which includes components such as the large-scale
cold energy storage equipment and heat exchanges, responsible for recovering, storing, and utilizing the cold
energy of liquid air. However, existing research on the LAES system predominantly focuses on system-level
analysis, with limited attention given to the mechanisms of cold energy transfer within the liquefaction unit.
To address this, the study investigates the cold energy transfer characteristics within the liquefaction unit of
the LAES system, with a specific emphasis on the exergy destruction during the cold energy transfer process.
The thermodynamic model and heat exchanger model for the liquefaction unit are established and validated.
Subsequently, the cold energy transfer characteristics are analyzed, and sensitivity analyses are conducted on
the key design parameter.The results reveal the asymmetric characteristics of the cold energy transfer process
and identify the primary components contributing to cold exergy destruction, providing a unique perspective
on the design of the liquefaction unit. The research provides a fundamental understanding of cold energy
transfer in the LAES system, paving the way for the further optimization and broader application of the LAES
technology.
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