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Estimation of the practicality of a greenhouse installed with a low-cost
geothermal heat pump system

Masashi Komine'*, Koh Yahagi', Shin-ichi Nakamura'’, Rie Takagi'”, Kojiro Hara'
Kouji Noge', Chiharu Sone"*, Kyouko Toyofuku'*, Takahiro Kamada"*, Ken Kimura"*
Hiroko Mizuno', Youko Ishikawa', Atsushi Ogawa"*

! Department of Bioresource Sciences, Faculty of Biological Production, Akita Prefectural University
2 Department of Bioscience, Faculty of Life Design, Tohoku Institute of Technology
? Department of Life Design for Safety and Amenity, Faculty of Life Sciences, Tokyo University of Agriculture
* JST Crest

The year-round cultivation of crops in greenhouses would be an effective means of establishing a new agricultural production system in Akita
prefecture. In order to economically operate greenhouse cultivation, it is necessary to reduce heating costs. The shallow geothermal heat pump
(GHP) system is an appropriate equipment for this purpose. This study evaluated the practicality of using GHP in greenhouses. Compared to
estimations, the coefficient of performance (COP) of the installed GHP showed lower values than the designed one. The importance of the
optimization of the control parameters and of introducing a dynamic operation of the GHP was suggested. The effects of cooling the nutrient
solution were not observed on the growth of plants as a result of the cultivation experiments effected in summer. Moreover, the warming of the
nutrient solution during the winter experiments resulted in the suppression of plant growth and caused root injuries. It was supposed that the
remarkable difference between leaf and root temperatures and the dynamic fluctuation of air temperatures caused the repression and damage. It
was thus posited that the GHP system required an active controlling ability that would enable it to modulate the solution temperature according to

the fluctuation of air temperature in order to avoid excessive disparity between the temperatures of the leaf and the root.

Keywords: heat pump, shallow geothermal, protected culture, year-round culture, hydroponics, temperature control
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