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6H,0/EG composite PCM was simulated under the SSP5-8.5 future climate scenario. A

multidimensional framework,

including Indoor Overheating Degree (IOD),

Overheating

Exceedance Factor (OEF), and "equivalent virtual energy storage capacity," was established
to evaluate performance. Results indicate that the PCM wall reduced peak indoor temperature
by 1.31°C and delayed the peak by 5 hours. It significantly enhanced environmental resilience
by lowering IOD and OEF by 66.33% and 65.57%, respectively. Functioning as a "distributed
thermal-side virtual battery," the PCM layer provided 0.09 kWh/m?* of passive cooling during
outages. This study validates the potential of phase-change technology for ensuring thermal
safety and bridging energy gaps in climate-adaptive building design.

Keywords: phase-change energy storage; building envelope; building thermal resilience;

extreme heatwaves; passive thermal regulation
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Table 1 Building design parameters
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