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Performance simulation of household solar-air source
heat pump coupling energy supply system

ZHANG Chunzhi, WANG Ke, LI Tao, ZHOU Sitong , MAO Qianjun
(School of Urban Construction, Wuhan University of Science and Technology, Wuhan 430065, China)

Abstract; In order to meet the needs of household cooling, heating and domestic hot water in hot summer and cold
winter areas, a solar-air source heat pump coupling energy supply system for household is established. The
residential energy consumption model in hot summer and cold winter ares is formed through investigation, and the
residential building model is constructed. The system simulation model is further built by means of TRNSYS
software to simulate the annual operation of the system and obtain the corresponding data. The simulation results
show that the annual solar collector efficiency of the system is about 40% , the energy efficiency ratio of the system
is 4.45, and the non-guarantee rate of the system is 0.9% , which proves the feasibility of the system. By
classifying and analyzing the annual energy consumption of the system and comparing it with the traditional system,
it is found that the dynamic payback period of cost difference of the constructed system is 11.0 a, the annual
operating cost is saved by 621. 8 yuan, and the annual carbon emission is reduced by 621. 2 kg, which verifies the
economy and environmental friendliness of the system. The optimal matching range of system parameters is
established by adjusting and simulating the area of the solar collector and the volume of the hot water storage tank.
And then, taking the two-bedroom apartment in hot summer and cold winter area as an exampl, after the selection
of air source heat pump according to the cooling and heating load, the recommended range of the matching solar
collector area is 2.7 = 0.3 m”, and the recommended range of hot water storage tank volume is 0. 20 £ 0. 05 m’,
which can provide theoretical basis for the popularization and application of the system.
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Fig. 2 Household solar energy - air source heat pump

coupling energy supply system
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Fig. 3 Simulation model diagram of household solar energy - air source heat pump coupling energy supply system
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Fig. 4 Flow chart of domestic hot water heating control
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Tab. 2 Price list of residential electricity and water in Wuhan

eyl G — A =AY
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J6/kW « h 0.558 0. 608 0. 858
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76/m’ 2.32 3.08 3.84
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Tab.3 Economic comparison of energy supply system
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Tab. 4 Energy consumption and energy carbon emission factors in building operation stage
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