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Research on the Performance of Air-Source Heat Pump and
Solar Photovoltaic Composite System in Residential Buildings in Hot Summer and Cold Winter Areas
He Yan Wang Liang
( Southwest University of Science and Technology, Mianyang, 621010 )

[ Abstract]  To address the carbon reduction challenges in the construction sector, this study proposes a combined heating and
cooling system of air-source heat pumps and solar photovoltaic panels for the hot summer and cold winter regions, aiming to reduce
the reliance of traditional air-source heat pumps on the municipal power grid and enhance system efficiency. Taking a typical
residential building in Chengdu as an example, the dynamic building load and system operation characteristics were simulated
using the Dest and TRNSYS software, and a model of the combined air-source heat pump and solar photovoltaic system was
constructed to analyze its energy consumption, efficiency, and carbon footprint. The results show that solar photovoltaic power
generation can provide 14.87% of the annual electricity consumption for air-source heat pumps, and the average annual energy
efficiency ratio of the system increases to 3.11 (a 23.15% improvement over the pure air-source heat pump system). Over a 50-year
building life cycle, the solar photovoltaic system contributes to a reduction of 1,614 tons of COxe, and the total carbon emissions of
the combined system are reduced by 28.73% compared to the traditional system. The study verifies the applicability of the
complementary technology of solar photovoltaic and air-source heat pumps in hot summer and cold winter regions, providing a
solution that is both energy-efficient and comfortable for the low-carbon transformation of buildings.

[Keywords]  Air source heat pump; Solar photovoltaic; Carbon footprint; EER; Hot-summer and cold-winter zone; Combined

system
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Fig.2 Hourly building load throughout the year
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the year in the Chengdu area
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