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Abstract

We have developed a new system, for environmental control in greenhouses that combines a water-source heat
pump that uses heat exchangers buried in the shallow ground with a small air-source heat pump. The heating
system coefficient of performance, COP, was around 3.0, which means that total energy consumption and running
cost could be reduced by 60 percent and 40 percent, respectively, when compared to the type of air heater
commonly used in greenhouses. In the summer, air-conditioning using the water-source heat pump had the ability
to lower the temperature 5 degrees Celsius at night compared to the outside temperature, and it could slow the
temperature rise during the day when used in conjunction with mist cooling. These cooling effects improve the
quality of sunflowers and cyclamen by promoting flowering, enlarging the flowers, and so on. In gerbera, the
introduction of the heat pump increased annual yields regardless of the cultivar, and the air-conditioning had an
even greater effect on improving the gerbera yield. The cost of air cooling was at most from 5 to 10 percent of the

sales amount, and thus the profit and practicality with this cooling system were very high.
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