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Evaluation on Cooling Effects of Geothermal Heat Pump

System in Farrowing House
Choi, H. C, Song, J. I, Na, J. C., Kim, M. J., Bang, H. T., Kang, H. G,, Park, S. B,
Chae, H. S, Suh, O. S,, Yoo, Y. S.*, Kim, T. W.** and Park, J. H.
National Institute of Animal Science

Summary

The principal objective of this study was to investigate the cooling effects of geothermal heat
pump system (GHPS) in farrowing house. A total of 96 sows were allocated to 2 pig housings
(GHPS and conventional housing) with 48 for four weeks in summer season. During the
experimental period of four weeks, the highest outside temperature observed was approximately
34.1C, GHPS decrease indoor temperature of pig housing up to 30.9°C, but conventional pig
housing was similar to outside temperature. Dust concentrations (maximum 61.4%) of particulate
matter less than 10m (PM 10) in GHPS-housing were lower than the conventional housing. GHPS
showed no signigicant difference in carbon dioxide emission, whereas the ammonia gas
concentration was significantly decreased in GHPS-housing compared to that of conventional
housing. Sows in GHPS-housing showed significantly lower respiratory rate than those of the
control group. GHPS did not affect hormone level, litter size and birth weight, but weaning
weight of piglets was influenced by GHPS. Feed consumption of sows was significantly increased
in GHPS-housing compared to the conventional hosing. These results suggest that GHPS decrease
dust concentration, ammonia gas emission and indoor temperature of pig housing and may affect
performance in sows and weaned piglets.

(Key words : Farrowing House, Geothermal Heat, Cooling System, Noxious Gas, Performance)

N o E Aopolch. AAFE 1A% Yepuh wA,

LAE FE GRE 2483, A% s

AL B AsHAd AR @ AALAE A8 AL AgeIAA A -
Iiﬂ SAGIAY 1, FARE FAY  2EE BEE A% FF FAANL 3

52 skl BE 2o duAdes pgE  AAFE 13 Lds 4E Fbigal

* 535 <] 7 8-g(National Academy of Agricultural Science)

** (F)Elo]I(T.EN Co.)

Corresponding author : Jac Hong Park, National Institute of Animal Science. Tel: 041-580-6730, E-mail:
atom1965@hanmail.net

20101d 54€ 119 F1, 2010 5¥ 209 AR, 2010d 59 229 AAEA



SAX28AHREA] A 162 &

2008%-€] 2012\d7}A] 1990d ov] HF 5.2%
ZE5F-E AR e, olF Sl3ld 24
7s i ETFo] AL Al - AR Fof »
FAAE s gl eint F9, nlo) e
Yzl 59 Al - AR AAARLS 9%
T+ 20~30% FAAsL Qew] OECD =7}
2 Al - AAANIA 8]FE 1993 3.9%A]
20108 4.9% $F27 F71E Aot}
FAE 2008 FEA A T
A5 F/pAE ANz, AF FEE
Al - AR AT L o]& - FAE Z
A wlel2 YA Jlespts A3 9
th 20029 129 o R|o) &gty Alax
of A8t Al 23 F7} A 7] EA Fo]
FA= o] AldE e, F71 F oA
F 201199l 5% Al - AR TF
3 2L A% FAA 2R AL 5
A3tz gt AlA oyA] AwjE 202517}
A ¢ 54%7F 71 Aoz A%sa Qi
E3] AEIFTL F 91%, ARFLE < 33%,
TR 743 F AA AT oF 42%
2 Az &H] F7) A AR E
GqAE 5 P A2 duAdy Aol
A AAolc}

A Go| fFHIA 2L AAAH dAZ 5
2o] FAHE ALEE o83ty I
ke AlaHlog o mgh] ALg-E A3l
< A Atz 59157 dFd A3}
9 17 glo] A%A R olfo] 53
ot Adolg dPZALYLE 27]) FAAE
2 AY g e f3te AgEgeH,
3 4§ 77 48 ClYA] Aot} 1
2} ofA7}A] EAbel] o438 <7} @A &
o, EAM 37 A =] A =
2 FAgAoln, AAHQ Ar =¥ vju|
Aot wetq B QAFoAE ol A
A A 971 A Al - ARl A
& o)&3te] EA Yt AARE Agst
Rom, o] N2®lE FAl] AHLsld EAL

AR W PREAZAL AR Foks olsk
BAHE B BA L 94 pE
9 A2 A5 nAR] Astel AP
.

ME L g
1. ANEAA U Y
23 MAY RE 5005 FEA FEE}
o] FA3 FarEAbeA 20079 8¥ 144-¢

8 299471 A¥EE £33k AR
Z& Z 11v]¥, o] 30v]E, WAL 330m’
ojich. Al dlele £ukEo] 487 A=
o] 3, ¥iE BFE 83 AA 2%
< Zgste] AP AEE AN Y
T} #el EARl dlx27he B EA RS &
Haldcl EARE FAYHZE Zeplde &
E2F 50mms} FHEE 30mmE AHE-5HR
ov, A A 49F AA3e Lo weg
o] 7HEE=F 3kqr)

2. XY s|EHZ 4X

Ag s|EmE] 35 A3 H3kH
FaFe AR Z3, WAd-E 886 kealh,
AEE 1,384kcalh, BLEH AL 16,908
kcal/h, Z<9-2 11,331 kcalh® & 30,509 kcal’/h
9] R3lgpo] LAt o] WA
$3t4 10.1RTS) 3|ERZ §3Fo] A3}
2, 100RTS $AAYY IEFZE A3
FPThE 1), dI4WAL A3z Pol:
200" E]Q] @A AAFLE AH3le 3 E
H2o FF39ct ¢5d 4L ¢3YZE
E3le] Wzl FUESZ B F ALE
e A3} 2007 E]E FYste] AR
T J=E 3qh INEHZ SHVE F
3l 13- 53 4L £IPEE F3H

o
s

DED)

— 100 —



A 5 AR YA B A7

Table 1. Amount of loaded calorie of geothermal heat pump system for cooling

Loaded calorie for cooling

Radiation (kcal/h) 886

Heat transfer (kcal/h) 1,384
Amount of .

.| Sensible heat of fan and body temperature (kcal/h) 16,908

loaded calorie

Latent heat (kcal/h) 11,331

Total (kcal/h) 30,509
Capacity of earth heat exchanger (RT) 10.1
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. 1. Correlation analysis between outside
temperature and ground water circul-
ation of geothermal heat pump system
(GHPS).
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Table 2. Effects of geothermal heat pump system (GHPS) on temperature and humidity
of pig housing

Control GHPS GHPS Outside
{Im height) (Im height) (in duct)
Max. 317 312 32.1 327
T(‘i‘g?' Min. 237 25.1 17.6 219
Ist Avg. 27.1 275 26.1 26.0
week . Max. 100 96.1 99.8 99.9
H‘(‘j;:;d' Min. 72 73.9 68.8 67.1
Avg. 90.2 87.9 89.1 91.3
Max. 33.9 30.9 283 34.1
T(efé‘;" Min. 26.4 26.3 15.2 2.1
20d Avg. 283 283 226 27.1
week | Max. 97.9 92.4 98.8 99.9
H‘(‘;:;d' Min. 63.3 69.7 79.1 59.8
Avg. 86.9 82.1 93.0 87.2
Max. 32.6 30.7 28.1 328
T;,’é‘;" Min. 23.9 26.7 14.9 18.3
3rd Avg. 279 28.5 217 264
week . Max. 99.7 89.7 99.9 99.9
H?:/I:;d‘ Min. 53.6 62.0 652 53.6
Avg. 84.6 79.1 95.0 85.2
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Fig. 2. Effects of geothermal heat pump system (GHPS) on temperature of pig housing
during the 2nd week.
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Fig. 3. Effects of geothermal heat pump system (GHPS) on humidity of pig housing
during the 2nd week.

Table 3. Effects of geothermal heat pump system (GHPS) on dust concentration of pig

housing
Control l GHPS
.................................... (ﬂg/mz) sesseressecanrraranserererrrrarerann
Max. 111.1 429
PM 10 Min. 16.3 251
Avg. 52.5 33.8
Max. 15.3 27.6
PM 2.5 Min, 7.0 11.9
Avg. 10.2 217
Max. 9.9 24.5
PM 1.0 Min. 3.6 10.3
Avg. 5.6 18.8
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Table 4. Effects of geothermal heat pump system (GHPS) on CO, and NHz concentration

of pig housing

Control | GHPS
................................. (I) +ereresees e
CO, 1,2414421 1,079:161
NH; 6.2+4.42° 2.7+0.96"
H:S 0.0 0.0

** Means in the same row with different superscripts differ significantly (p<0.05).
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Table 5. Effects of geothermal heat pump system (GHPS) on respiratory rate of sows

Control | GHPS
........................ (Breathing rate/mimute) «-++++++ssseeseree
Ist week 119.2430.4° 77.2£11.7°
2nd week 143.6+25.5° 105.6+11.9°
3rd week 150.4£15.7° 110.8+22.8°

** Means in the same row with different superscripts differ significantly (p<0.05).
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Table 6. Effects of geothermal heat pump system (GHPS) on stress hormone of sows

Control GHPS
................................. (DE/ml) «eeeeeeemerenesns e
Epinephrine 2.60+1.64 0.66+0.28
Norepinephrine 0.88+0.32 0.61+0.18

Table 7. Effects of geothermal heat pump system (GHPS) on performance of sows and

piglets

Control GHPS
Litter size (piglets/litter) 124 + 3.5 113 + 1.7
Birth weight (kg) 137+ 0.05 1.51% 0.22
Parity 2.6 2.5
Litter size at weaning (piglets/litter) 104 + 1.1 10.7 + 0.5
Weaning weight (kg) 56 + 0.36° 6.0 + 021°
Feed intake per sow (kg) 622 £11.9° 722 £14.4°

** Means in the same row with different superscripts differ significantly (p<0.05).
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