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[ Abstract] Combined photovoltaic-thermal (PVT) and air-source heat pump (ASHP) technologies have shown great potential

for efficient heating in cold climates. However, few studies have systematically compared the optimization performance of

PVT-ASHP systems under different cold region climates and varying solar resource levels. This study addresses this gap by

conducting a multi-objective optimization of PVT-ASHP systems in severe cold and cold regions of China using a coupled

TRNSYS-MATLAB simulation platform. TRNSYS calculates building heating and cooling loads and simulates the PVT system,

while MATLAB applies a genetic algorithm for optimization. Four typical locations with distinct solar radiation and temperature

conditions were selected for analysis. Results reveal that severe cold regions require substantially higher investment than cold

regions to achieve similar building load satisfaction rates. Solar radiation improvements significantly enhance load satisfaction in

cold regions but have limited impact in severe cold areas. Larger PVT arrays reduce the required heat pump capacity to maintain
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high performance. This study provides practical insights for optimizing PVT-ASHP systems in cold climates, balancing economic

cost and energy reliability.
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Fig.1 The level 1 floor plan of the typical building used in this study
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Fig.2 The level 2 floor plan of the typical building used in this study
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Fig.3 The 3D view of the typical building used in this study
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Fig.5 Solar radiation and ambient temperature conditions at the selected study locations
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Table 2 Correspondence of simulation model modules
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Table 3 Parameters of the air-source heat pump DOE-2
Model used in this study

Cooling condition Heating condition

CAPFT EIPFT CAPFT EIPFT
av/az  0.93240000 0.6186000  0.8353000 0.8017
bi/by  0.04395000 -0.001271  0.0018220  -0.0108900
ci/c2 0.00017430 0.0001487  0.0000458  0.0002993
dvd, 0.00186700 0.0007494  0.0322100  -0.003692
e/ez  -0.0001508 0.0002094  0.0002426  0.0000401
fi/a -0.0005243  0.0004087 -0.0001935  0.0003367
R? 0.9999 0.9999 0.9994 0.9994
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Table 4 Cost calculation methods for each component

used in this study
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Fig.6 The heating and cooling load of the typical building in different regions
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Fig.7 The Pareto frontiers of multi-objective optimization
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Fig.8 The main system configurations along the Pareto fronts of the optimization results for the four studied locations
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