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Abstract: Compressed Air Energy Storage ( CAES), as a large-scale physical energy storage technology, operates
through the conversion mechanism of electrical energy — high-pressure air internal energy — electrical energy, and holds
significant strategic importance in renewable energy integration and power grid peak shaving. Artificial cavern gas stor-
age has become a core equipment of CAES systems due to its advantages such as flexible site selection and adaptability
to hard rock geology, with research focusing on key issues including site and type selection of gas storage, surrounding
rock stability, thermodynamic response, and structural airtightness. China has achieved leapfrog development in CAES
technology , marking the nation’s spanning from " following" to "leading" in the energy storage field, with both in-

stalled capacity and efficiency leading the world. However, artificial caverns still face challenges such as difficult site
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selection under complex geological conditions, relatively simplified multi-field coupling models, and insufficient dura-
bility of sealing materials. In the future, key efforts should be focused on the research and development of technical
systems for artificial cavern site selection under complex geological conditions, sealing technologies in high-pressure,
high-oxygen, dry-wet alternating environments, and intelligent sensing technologies for the operational status of gas
storage facilities. This will promote the large-scale application of CAES in " desert, Gobi, and barren land" new ener-
gy bases and new power systems. This work systematically summarizes the technical progress of artificial cavern gas
storage, provides theoretical references for CAES engineering design and standard formulation, and contributes to the
transformation of energy structure under the " dual carbon" goals.

Keywords: compressed air energy storage; artificial rock cavern; gas storage reservoir; research status; engi-

neering applications
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