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Abstract We creatively proposed a heat pump system (PT/RC-HP) supported by photothermal and radiative cooling to increase the
utilization rate of solar equipment and improve the energy efficiency of heat pumps. Using TRNSYS-MATLAB, we jointly simulated the
system to assess its heating performance and created mathematical models of photothermal and radiative cooling. The effects of PT-RC
area and thermal storage tank volume on system heating performance were systematically investigated, and typical meteorological year
data for Changzhou, Jiangsu Province, China, were used to evaluate its long-term heating-season performance. The simulation results
indicate that the optimal system configuration comprises a photothermal and radiative cooling collector with an area of 30 m* coupled with
a 2 m® thermal storage tank. Under this configuration, the system cumulatively collected 3 256. 89 kW +h of heat, achieving an average
COP of 3.43 for the heat pump. This represents a 10% COP improvement relative to that of conventional air-source heat pumps,
corresponding to an energy saving of 160. 45 kW +h. The proposed system effectively improves the operational conditions of heat pumps
during the heating season, demonstrating both significant energy-saving potential and robust operational stability. Thus, it offers a

promising technical pathway for the integration and application of clean energy in building heating systems.
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