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Abstract: The significant reduction in electric vehicle driving range at low temperatures has limited their
widespread adoption in extremely cold regions. To address this industry challenge, this paper proposes an
indirect heat pump system for light commercial electric vehicles operating in severe cold climates. The five-
way valve design used in the system enables a high level of system integration, and satisfies the thermal
demands of various vehicle subsystems under low-temperature conditions. A 1-D simulation model of the
vehicle thermal management system was established and validated through bench testing. The low-
temperature performance of the system was assessed using climate chamber experiments on the actual
vehicle. The heating performance and energy consumption of the proposed system were compared with those

of the traditional Positive Temperature Coetficient (PTC) heating mode. The results show that the proposed
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thermal management system can meet the heating demands at low temperatures, with the average foot outlet

temperature reaching 32.3 °C at an ambient temperature of -5 °C. Compared with the traditional PTC

heating, the heat pump system proves superior energy-saving performance, reducing system energy

consumption by more than 50% and extending the driving range by approximately 15%.

Keywords: heat pump air conditioning; vehicle thermal management; system performance; control strategy
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