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Abstract: [Objective] This paper aims to systematically review the evolution of fire protection technologies for

electrochemical energy storage in China and the current status of relevant fire protection standards, analyze the construction

models of international energy storage fire protection standards systems, and explore pathways for optimizing China’s
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electrochemical energy storage fire protection standards system. [Methods] Through literature and standard documentation
analysis, research is conducted from three dimensions: the cell level, the system level, and the spatial level. At the cell level,
the approach has evolved from merely delaying the initiation of thermal runaway to effectively limiting its propagation.
At the system level, the protection logic has shifted from passive response to comprehensive closed-loop process control.
At the spatial level, governance methods have progressed from reliance on empirical values to complex risk quantification
approaches. [Results] Based on technological evolution and a review of domestic standard development, it is found that
domestic standards have a certain degree of alignment with current technologies, but overall they still lag behind the pace
of technological innovation. Notable gaps and delays exist particularly in areas such as ultra-early warning, system-level
propagation evaluation, and novel suppression technologies. Compared with the structural characteristics of international
standards systems, China’s standard development remains primarily focused on compliance control and fixed-value
management, with risk quantification and test-driven mechanisms requiring further improvement. [Conclusion] China’s
energy storage fire safety standards system is at a critical stage of transitioning from “hierarchical compliance management”
to “closed-loop risk governance”. To effectively address the severe safety challenges posed by large-scale energy storage
deployment, it is imperative to establish proactive risk governance mechanisms through forward-looking top-level design.

Keywords: electrochemical energy storage; fire safety; technological evolution; standard construction; international

benchmarking; path research
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