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Abstract. In this study, the design and performance test of the air to water heat pump capable of producing hot water
for greenhouse heating by using the surplus solar heat inside the greenhouse and the air heat outside greenhouse as
the selective heat source were conducted. The heat storage operations using the surplus solar heat and the outside air
heat were designed to be switched according to the setting temperature of the greenhouse in consideration of the
optimum temperature range of the crop. In the developed system, it was possible to automatically control the switch-
ing of heat storage operation, heating and ventilation by setting 12 reference temperatures on the control panel. In the
selective heat storage operation with the surplus solar heat and outside air heat, the temperature of thermal storage
tank was controlled variably from 35°C to 52°C according to the heat storage rate and heating load. The heat storage
operation times using the surplus solar heat and outside air heat were 23.1% and 30.7% of the experimental time
respectively and the heat pump pause time was 46.2%. COP(coefficient of performance) of the heat pump of the heat
storage operation using the surplus solar heat and outside air heat were 3.83 and 2.77 respectively and was 3.24 for
whole selective heat storage operation. For the comparative experiment, the heat storage operation using the outside
air heat only was performed under the condition that the temperature of the thermal storage tank was controlled con-
stantly from 50 to 52°C, and COP was analyzed to be 2.33. As a result, it was confirmed that the COP of the heat
storage operation using the surplus solar heat and outside air heat as selective heat source and the variable tempera-
ture control of the thermal storage tank was 39% higher than that of the general heat storage operation using the out-
side air heat only and the constant temperature control of the thermal storage tank.

Additional key words : coefficient of performance, electric power consumption, greenhouse climate, surplus solar
heat, ventilation
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Fig. 1. Experimental greenhouse in Naju.
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Table 1. Temperature setup for component operation.

Operational component Setup value(°C)
Thermal storage tank upper limit
09:00~17:00/17:00~22:00/22:00~09:00 52/50/48
Thermal storage tank lower limit
09:00~17:00/17:00~22:00/22:00~09:00 S0/48/35
Inside intake/exhaust damper open 27
Outside intake/exhaust damper open 23
FCU and heat radiation pump ON 19.5
FCU and heat radiation pump OFF 20.5
Ventilation fan ON, Damper open 32
Ventilation fan OFF, Damper close 29
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