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Abstract: In extremely cold regions, there are characteristics such as extreme low temperatures, long heating cycles, and lack of
winter light. Traditional air source heat pumps have a sharp drop in heating efficiency, an increase in ineffective energy consumption,
and poor operational stability in this environment, which are the difficulties in improving the quality and efficiency of clean heating in
the north. Focusing on improving heating energy efficiency in cold regions, analyzing the low-temperature efficiency improvement
logic of photovoltaic heat pump coupling systems, as well as the energy efficiency losses caused by source load mismatch and unit
performance degradation in extremely cold environments. By comparing the operational performance of a single system and a coupled
system, a graded optimization strategy is proposed for capacity ratio, energy storage peak shaving, time-sharing control, and unit
antifreeze protection. The research results indicate that the optimized coupling system can effectively solve the energy efficiency
degradation problem under extreme cold conditions of -20 °C, with a comprehensive heating efficiency improvement of 21% to 23%, a
heating energy consumption reduction of more than 26%, and a defrosting ineffective energy consumption reduction of 30%.

Keywords: severe cold regions; photovoltaic power generation; air source heat pump; coupled heating; energy efficiency

improvement; low temperature adaptation; source load matching; intelligent regulation
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