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Abstract: As global climate governance grows increasingly urgent, the building sector—a
strategic pillar of energy transition—faces an imperative need for zero-carbon transformation,
while traditional cooling models struggle with dual bottlenecks in energy efficiency and
economic viability. To address this, a hybrid active-passive cooperative cooling system
integrating photovoltaic phase-change (PV-PCM) walls with ice-storage heat pumps is
proposed, overcoming the limitations of conventional technologies through dual innovations in
system modeling and operational control. By harnessing the multi-energy complementarity of
photovoltaic power generation, phase-change thermal storage, and ice-storage technology,
the system achieves coordinated operation characterized by "photovoltaic cooling, phase-
change peak shaving, and heat pump supplementary cooling." Using typical summer climate
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data from Guangzhou and the local time-of-use electricity pricing policy, a building energy
consumption prediction model was developed in TRNSYS, validated experimentally, and
applied to investigate the effects of phase-change parameters (temperature/thickness), ice-
storage tank volume, and demand response strategies on the system's thermal performance
and economic efficiency. Results indicate that the optimal configuration, a phase-change
temperature of 28°C, a phase-change material thickness of 0.2 m, and an ice-storage tank
volume of 0.4 m’ indoor temperature fluctuations and reduces energy
consumption, increasing the off-peak electricity utilization rate by 75.31%. Under time-of-use
pricing, the daily net electricity purchase cost is 61.33% lower than that of conventional air-
conditioning systems. Furthermore, incorporating the Global Temperature Adjustment strategy
reduces electricity costs by an additional 6.37%, achieving a cooling cost coefficient as low as
0.182 CNY/kWh. With a static payback period of 5—7 years, the system demonstrates both
technical feasibility and commercial potential, offering valuable insights for zero-carbon
building design and energy optimization management in subtropical regions.
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Fig.1 Schematic diagram of the active-passive hybrid cooling system structure
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Fig. 2 The characteristics of TMY climate data in
Guangzhou
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Fig. 3 The electricity price in Guangzhou
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Table 1 Guangzhou electricity price details
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Fig. 5 Comparison of system performance with
different phase change temperatures
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