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Development of a Cooling and Heating System
for Greenhouse using Geothermal Energy
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Abstract : Importance of substitute energy has been increasing due to environmental issues and
fack of fossil fuels. In addition, heating cost that occupies from 30 to 40% of the total
production cost in Korean protected cultivation needs to be reduced for profitability and global
competition. But, studying on substitute energy to solve these problems has not been activated
for Korean protected cultivation. Therefore, this study was conducted to develop a geothermal
heat pump system for cooling and heating of greenhouses at a lower cost than conventional hot air
heater and air conditioner. Fundamental test of heat transfer characteristics in soil was
conducted by computer simulation and controlled tests for its verification.

Based on the results of the theoretical and empirical investigations, an optimum heat pump
system was developed and the performance was evaluated for practical use in a greenhouse at the
Pusan Horticultural Experiment Station. The system was compared with a conventional hot air
heating system through a cucumber growing test and economic feasibility analysis.

Results of the application test of the geothermal heat pump showed that with an initial setting
of 15°C the inside temperature of the greenhouse could be maintained between 15 and 17°TC.
Results of the cucumber growing test showed that there were no significant differences in average
height, leaf length, leaf width, number of nods, leaf area, dry weight and yield between the
plots with the geothermal heat pump system and a conventional hot air heater. Economic
feasibility analysis indicated that the variable cost of the hot air heater could be saved 81.2%
using the geothermal heat pump system. It was concluded that the geothermal heat pump system
might be a pertinent heating and cooling system for greenhouses because of the low operating cost
and the use of environment-friendly geothermal energy.

Nomenclature 1. A B

Ay : surface area of greenhouse, m’ A& EARokiA AL} AF 9T
A, : floor area of greenhouse, m' gAY AQ02 Hrgm Q. = ol= B

h, : heat transfer coefficient of greenhouse film, kcal/ Y “ o I A = AL o
eat st Zo] Q= AE Tolyo] &4 5 $US 49
h, : ventilation heat transfer coefficient, kcal/m* - hr C

T, : Temperature .in outside, C 1) SE23SH sg@steins

Ti : Temperature in greenhouse, C E-mail : beom@rda.go.kr

fw : Wind velocity correction factor Tel : (031)290-1898 Fax : (031)290-1930
fi: : Energy saving rate by thermal curtain, % 2) MEden sPyYRtoy st

E-mail : sichoi@snu.ac.kr
Tel : (02)880-4616 Fax : (02)873-2285
3) oATL AYGHAAEE

Gsoit : Heat transfer quantity into soil,kcal/m’ - hr

) subscript - E-mail : lejank@rda.go.kr.
DMRT : duncan's multiple range test ) Tel(%§051)602—2132 Fax : (02)971-2024
4) TEN

E-mail : pwkim@ten-i.com
Tel : (032)260-1261 Fax : (032)260-1260
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Table 1 State of the tested soil

I'tem Depth 1m 2m 3m
Composition | sand 79% | sand 37% | sand 10%
slit 18% slit 54% | slit 72%
clay 3% | clay 9% | clay 18%
Moisture(%) 38 51 63
2.2 NE24
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Fig. 1 Schematic of a geothermal heat pump
system for cooling and heating of greenhouse
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Table 2 Total specification of geothermal heat

3.2 S|IEHZ FWIojMof AET

putp_oysten 2E o cdEsAS
I tem Specification -
Type Slinky ¥ spiral 2 32 U704y JET 2EE JEY
Heat  |Material HOPE (high density PE) Rolgt. 3719 AEFTFLEEL 97 we
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Fig.3 Temperature difference of between inlet
and outlet of evaporator
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Fig.2 Temperature difference of between
inlet and outlet pipe in soil

soil temperature

Table 3 Yield per ptant (* DMRT 0.05)

. unmarketable yield per
Lten e;r:ir;cie marketable yield per plant p|any total yield [marketable
(g) number (ea) | weight(g) | number(ea) | weight(g) (o/plant) | rate(%)
Geothermal heat pump| 198a 8.1a 1,607a 1.4b 2870 1,894a 85.9
Hot air heater 194a 7.9a 1,525a 1.8a 363a 1,888a 80.7
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Table 4 Comparison of variable cost in heating

energy consuming
| tem .qgantlty cost (won)
electricity fuel (2)
(kwh)
Hot air heater 327 08 390,493
Geothermal 2,001 - 73,429
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Fig.5 Cost comparison in geothermal
heat pump and hot air heater
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