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Evaluation on Heating Effects of Geothermal Heat Pump

System in Farrowing House
Choi, H. C., Park, J. H, 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*. and Kim, T. W.**

National Institute of Animal Science

Summary

Geothermal heat pump system (GHPS) is an energy-efficient technology that use the relatively
constant and renewable energy stored in the earth to provide heating and cooling. With the aim
of using GHPS as a heating source, it's possibilities of application in farrowing house were
examined by measuring environmental assessment and sow's performance. A total of 96 sows were
assigned to 2 pig housings (GHPS and conventional housing) with 48 for four weeks in winter
season. During the experimental period, indoor maximum temperature in GHPS-housing was
measured up to 26.7C, average temperature could maintain 21.2°C. The mean value of dust levels
and CO,, NH; and H,S gas emissions were decreased in GHPS-housing compare with those of
conventional housing. Litter size, birth weight, parity and weaning weight did not differ between
housings. However, feed intake of sow in GHPS-housing was lower than that of conventional
housing. In energy consumption for heating, electric power consumption increased in GHPS-
housing than the conventional housing, a 2,250 kwh increase, whereas there is no fuel usage for
heater in GHPS-housing. Amount of ground water circulated for heating in cold weather for earth
heat exchanger was 8.4-12.9 ton per day. In conclusion, GHPS may have environmental benefits
and effectiveness of heating in farrowing housing and affect the performance in sows.

(Key words : Farrowing housing, Geothermal heat, Heating system, Noxious gas, Performance)
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Table 1. Heating effects of geothermal heat pump system (GHPS) on temperature and
humidity in farrowing housing

Control GHPS GHPS Outside
(Im_height) (Im_height) (in_duct)

Temp. Ma..X. 23.2 26.7 36.2 14.2

(C) Min. 18 19 0.7 —93

Ist week Avg. 19.8 21.5 21.7 —0.1

Humid. M2.1X. 66.9 84.8 65.3 —

%) Min. 35.7 31.6 4.6 33.5

Avg. 47.9 44.0 21.0 76.0

Temp. ME}X. 22.0 23.7 35.5 10.4

) Min. 18.8 19.4 0.5 —4.9

ond week ( Avg. 19.8 21.0 22.1 2.8

Humid. Ma.lx. 60.7 69.5 73.2 —

%) Min. 36.7 31.2 6.8 35.0

Avg. 49.6 51.6 28.7 80.6

Temp. M(/'J.X. 23.7 22.7 38.1 14.2

() Min. 17.9 19.1 —0.9 —6.5

3rd week Avg. 20.1 21.2 25.4 2.1

Humid. Me‘lx. 60 58.6 717.5 —

%) Min. 27.1 23 2.0 234

Avg. 45.9 42.7 15.9 66.5
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Fig. 2. Heating effects of geothermal heat pump system (GHPS) on temperature in
farrowing housing during the first week of the experimental period.
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Fig. 3. Heating effects of geothermal heat pump system (GHPS) on humidity in farrowing
housing during the first week of the experimental period.
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Fig. 4. Heating effects of geothermal heat pump system (GHPS) on temperature in
farrowing housing during the second week of the experimental period.

120 i ——1m(T) —=—Duct(T) —e—1m(C) —*— Outside ’7

L e AN L

110 R i

|

© o
@© >
o o

2/10
2/11
2112
2113
2114

Fig. 5. Heating effects of geothermal heat pump system (GHPS) on humidity in farrowing
housing during the second week of the experimental period.
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Fig. 6. Heating effects of geothermal heat pump system (GHPS) on humidity in farrowing
housing during the third week of the experimental period.
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Fig. 7. Heating effects of geothermal heat pump system (GHPS) on humidity in farrowing
housing during the third week of the experimental period.
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Fig. 8. Heating effects of geothermal heat pump system (GHPS) on dust concentration in
farrowing housing.

Table 2. Heating effects of geothermal heat
pump system (GHPS) on dust =
concentration in farrowing housing

Control GHPS 3 TI%H%E EATE Rl 7tA ol nf
......... (/J,g/m3) A= B
Max | B 3002 EA fa7ks SEE wae As), A2
PM 10 | Min. 295.4 99.6 GEALL pAEAl] HEle] So)H o
Ave 4814 1853 We SAAE BAT(Table 3). o]4tsbeha
Max. 181.6 120.9 o] A9 T 2,025 ppmol BlEe] At
PM 25| Min. 26.3 13 EARE 1470 ppm o ®E oA o R FHAEg]
Avg. 47.0 40.0 o dRYobrbse] Aol A=
Max. | 1447 64.6 L?'z;f 9; }j;z;} 23}\3 ppm ij ;]F;]
=2 4_6 A X 5
PM 1.0| Min. 10.9 6.2 ;—E 0685 ppm ©1%1 01} X]%;H(HL% 0,045
Ave | 282 24 ppmOE frolAow e e vehnlth
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Table 3. Heating effects of geothermal
heat pump system (GHPS) on
concentration of the noxious gas
in farrowing housing

Control ‘ GHPS
............... (ppm) eeeeeeeeeeeee
CO;, 2,025+645° 1,470+£392°
NH; 23.3+5.2° 10.63.6°
H,S 0.69+0.35° 0.05+0.11°

*®Means in the same row with different super-
scripts differ significantly (p<0.05).
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Table 4. Heating effects of geothermal heat pump system (GHPS) on performance of
sows and piglets in farrowing housing

Control GHPS
Litter size (piglets/litter) 12.7 £3.0 13.2 £3.0
Birth weight (kg) 1.5140.20 1.47+0.14
Parity 59 £23 5.5 £2.1
Litter size at weaning (piglets/litter) 104 +1.1 10.5 +0.7
Weaning weight (kg) 6.86+0.3 6.93+0.26
Feed intake per sow (kg) 99.6 +7.3 88.2 +6.0"

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

Table 5. Heating effects of geothermal heat pump system (GHPS) on energy consumption

in farrowing housing

Control GHPS
Electrictity (kwh/25 days of lactation period) 5,400 7,650
Fuel usage (/£) 600 0
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Table 6. Economic Analysis of geothermal heat pump system (GHPS) in farrowing housing
(Per 48 heads of farrowing pig, 330 m?).

Item Disadvantage (B) Advantage (A)
* Depreciation 4,400,000 won * Increasing sale price 2,640 won x 10.7 head x
* Repair cost 2,640,000 won 48 head x 4 times = 5,423,616 won
* Interest 2,200,000 won * Increasing marketing piglets
* Extra Feed consumption 0.3 headx48 headx4 timesx50,000
10 kgx48 headx4 timesx330 won = 2,880,000 won
Summer | = 633,600won * Reducing electricity cost
10 kwhx18hrx120dayx36.1won = 779,760 won
* Reducing return heat interval
3.4 kgx2.6 dayx48 headx4 timesx330 won
= 560,102won
Sub total 9,873,600 won Sub total 9,643,478won
* Increasing electricity cost * Reducing fuel
5 kwhx18 hrx120 dayx36.1 won 600 ¢ x4 timesx796 won = 1,910,400 won
=389,880won * Increasing weaning pig price
660 wonx10.5 headx48 headx4 times
Winter f 1,33Q,560 won .
* Increasing marketing piglets
0.1 headx48 headx4 timesx50,000 = 960,000 won
* Saving feed
11.3 kgx330 wonx48 headx4 times = 715,968
Sub total 389,889 won Sub total 4,916,928 won
Total |A-B : 4,296,917 won
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