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Abstract

Significance Against the backdrop of global carbon peaking and carbon neutrality goals, the building sector faces an urgent demand for
low-carbon transformation. Heating, ventilation, and air-conditioning (HVAC) systems account for more than 60% of the building
energy consumption, accompanied by a prominent temporal-spatial mismatch between energy supply and demand. Thermal energy
storage (TES) technologies, which allow for the storage and release of thermal energy on demand, represent a pivotal solution to mitigate
this mismatch and enhance the energy flexibility of buildings. However, the existing literature mainly focuses on the basic classification
and conventional applications of TES while lacking a systematic summary of advanced-performance optimization systems and
interdisciplinary innovative application schemes in building scenarios. To fill this research gap, the present study conducted a
comprehensive review of the development status, application challenges, and optimization pathways of TES technologies in building

applications, thereby providing valuable theoretical references for related research and engineering practices.

Progress This paper elaborates on the classification and working mechanisms of three mainstream TES technologies: sensible heat
storage, latent heat storage, and thermochemical storage. Water-based sensible heat storage is widely deployed owing to its technological
maturity and low cost; however, it is constrained by its low energy density and considerable space occupation. Latent heat storage
utilizing phase-change materials (PCM) features high energy density and a nearly isothermal charging-discharging process, thus
emerging as a research hotspot in building energy storage. Thermochemical storage boasts of ultrahigh energy density and negligible heat

loss during long-term storage, although most relevant technologies are still in the laboratory research stage.
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Conclusion and Prospect TES technologies have demonstrated remarkable application value in building energy conservation and power

grid demand response, serving as core enablers for the low-carbon transformation of the building sector. Nevertheless, the large-scale

engineering deployment of TES is still hindered by multiple bottlenecks: the intrinsically low thermal conductivity of PCMs restricts the

heat charge—discharge rate; the integration adaptability between TES systems and existing building energy systems remains inadequate ;

and there is a lack of comprehensive evaluation covering full life-cycle economic and environmental benefits.
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Fig.1 Categorization of thermal energy storage technologies
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Fig.2 Applications of thermal energy storage materials in

building envelopes
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Fig.3 Coupled applications of thermal energy storage

technologies in building systems
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technologies through material and structural improvements
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