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Estimation of Adequate Capacity of Ground Source Heat Pump in
Energy-saving Pig Farms Using Building Energy Simulation
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ABSTRACT

In Korea, attention is being paid to the use of renewable energy in the livestock industry, and Ground Source Heat Pump (GSHP), which is
advantageous for temperature control, is considered as one of the ways to reduce the use of fossil fuels. But GSHP is expensive to install, which proper
capacity calculation is required. GSHP capacity is related to its maximum energy load. Energy loads are affected by climate characteristics and time,
so dynamic analysis is required. In this study, the optimal capacity of GSHP was calculated by calculating the heating and cooling load of pig farms
using BES (Building Energy Simulation) and economic analysis was performed. After designing the inside of the pig house using TRNSYS, one of
the commercial programs of the BES technique, the energy load was calculated based on meteorological data. Through the calculated energy load, three
heating devices and GSHP used in pig farms were analyzed for economic feasibility. As a result, GSHP’s total cost of ownership was the cheapest,
but the installation cost was the highest. In order to reduce the initial cost of GSHP, the capacity of GSHP was divided, and a scenario was created
in which some of it was used as an auxiliary heating device, and economic analysis was conducted. In this study, a method to calculate the proper
capacity of GSHP through dynamic energy analysis was proposed, and it can be used as data necessary to expand the spread of GSHP.
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al., 2009; Bouyer et al., 2011; Jie et al., 2014). BESE &-&3t
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g, HYES SHLE o] FolA o, GSHPY] 2% &
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2002; Yang and Lu, 2004; Loutzenhiser et al., 2007; Lee et
al., 2013; Sheng et al., 2016; Kim et al., 2017; Park et al., 2019).
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Fig. 1 Satellite image of the experimental pig house
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Fig. 2 External weather data of the experimental pig house
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Fig. 3 Structure diagrams of internal ventilation system in the experimental pig house
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Fig. 5 Computational domain considering vent configuration for BES modeling
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Q: qurf + me+ Q} + Qg,(‘ + Q(',ply
714, Quee U EHIAY BT &, Que 2712559

, Q= HVAC (Heating, Ventilation, & Air Conditioning)
g9l 3715For AU M7= &, Qe AEA, &

l>m_g

Table 1 Physical properties and thickness of walls in the experimental pig houses

Property
. Thermal conductivity Capacity Density
Material
[kJ/mhK] [kd/kg KI lkg/m’]
Concrete 5.86 0.88 2,300
Brick 3.45 1 2,000
Urethane 0.1 1.47 40
Polywood 0.58 17 550
Styrofoam 0.033 13 50
Wall thickness by material inside pig house (mm)
Wall Ceiling
Urethane Styrofoam Concrete Urethane Styrofoam Concrete
50 75 75 50 100 100
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54 moleo] A9 Sikslol] it BRAY Falo] ure
WAl FooR ANsklch Aeg A8she slEHme
7|8, £F7E BRAATAPL AN W719F 71
 (Table 3)0] ket 17] 838 AVgslglch BH B
A7)0 A 7ol W Fagle] 49 B FEOR 7
seju, 498 FAo) 49 Mo H7|a TS Ak

Aol whet 7193 AL Folo] FHE7] GRS Table
2 Bgstol ABEE /183 A A 2]
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Table 2 Boundary conditions for economic analysis of geothermal
heating and cooling system installed in the experimental

pig house
_ | Total conditioned Volume 352 m}
Building -
Occupants 320 (Piglet)
Heating Power 28.8 kW
Nominal COP (Heating) 383
Cooling Power 25.1 kW
Nominal COP (Cooling) 443
GSHP | Entering Water Temperature (Standard)
Cooling Source 30°C
Cooling Load 12C
Heating Source 5C
Heating Load 40°C
Surface Soil Annual Mean Temperature 14.6°C
Amplitude of Surface Soil Temperature 33.7C
Soil | Thermal Diffusivity 0049 mf/day
Thermal Conductivity 274 Wim - K)
Day of the minimum surface temperature 186 day

Table 3 Standard rates for each energy sources used in agricultural industry

DisTiEne Energy charge
Classification charge (vs?gn W) 9
(won/kW)
A-Type 360 216
Low-
Voltage 1,150 39.2
Summer
419
Electric| B- (Jur; 1.-Augl.: :ITI)
T — pring - Fa
PO | 1210 | (Mar. 1 - May. 31 /[39.9
9 Sep. 1 - Oct. 31)
Winter
(Nov. 1 - Feb. 28) 1.9
Kerosene Price per kerosene (won/liter) | 631
ek~ Installation cost
(Eali] ECITE (milion won /RT) 35
Heat Pumps)
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Fig. 6 Calculation of cooling and heating load through TRNSYS
during 2018

Table 4 Overall heating and cooling load in pig house

Energy load Heating load Cooling load
Maximum load 80 MJ/hr 440 MJ/hr
Average load 34 MJ/hr 136 MJ/hr
Total load 257 x 10° MJ 160 x 10° MJ

Table 5 Monthly heating and cooling loads in the experimental pig house

Month Heating load (MJ) | Cooling load (MJ)
January 43,603 -
February 30,345 -
March 29,115 -
April 18,783 2,230
May 18,111 642
June 9,251 14,045
July 4,882 69,520
August 6,607 68,754
September 8,964 4,536
October 26,103 382
November 22,886 -
December 38,718 -
Total 257,369 160,109

Sl =y A64E AE, 2022 o 7
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Table 6 Monthly operating costs and initial costs according to heating systems in pig house, where has 320 heads of pigs

Heating load Electric boiler cost | Kerosene boiler cost | Electric fan heater cost GSHP
Month

(kWh) (won) (won) (won) (won)
1 43,603 530,350 846,370 646,098 128,670
2 30,345 368,530 588,180 499,029 88,850
3 29,115 335,810 564,010 480,795 80,590
4 18,783 215,750 362,750 346,332 50,960
5 18,111 207,800 349,590 325,185 48,890
6 9,251 110,620 177,550 235,897 25,350
7 4,882 58,130 93,520 134,080 13,260
8 6,607 79,130 127,060 147,488 18,490
9 8,964 101,400 171,630 242,991 22,910
10 26,103 300,810 505,470 460,047 71,910
11 22,886 263,390 442,560 388,626 62,610
12 38,718 470,570 751,120 603,779 113,910
Annual cost (won) 3,042,290 4,979,810 4,510,347 726,400
Installation cost (won) 14,500,000 12,600,000 8,000,000 36,500,000

Operating cost with installation cost (milion won)

""""" Kerosene Boiler

Fan heater
~* -Electric Boiler
—*—GSHP

5 6 7 8 9 10

Year

Fig. 7 Yearly operating costs with installation costs by heating systems
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Fig. 8 Representative plot of normal probability density function graph by heating load (RT)

Table 7 Monthly operating costs and initial costs by scenario

Scenarios
Lzt laEd GSHP 90% ° GSHP 80% GSHP 50%
Month (W) GSHP 100% s A1) @ A @ A
Electric boiler 10% Electric boiler 20% Electric boiler 50%

1 43,603 128,670 157,070 192,540 311,040
2 30,345 88,850 94,290 106,160 176,200
3 29,115 80,590 82,320 87,570 143,730
4 18,783 50,960 50,960 51,740 71,780
5 18,111 48,890 48,890 49,430 59,720
6 9,251 25,350 25,350 25,350 26,220
7 4,882 13,260 13,260 13,260 13,350
8 6,607 18,490 18,490 18,490 18,650
9 8,964 22,910 22,910 22,910 22,910
10 26,103 71,910 72,070 75,030 123,480
11 22,886 62,610 62,610 62,700 86,980
12 38,718 113,910 125,600 150,080 252,800
Annual cost (won) 726,400 773,820 855,260 1,306,860
Installation cost (won) 36,500,000 32,000,000 28,500,000 25,000,000

" GSHP capacity considering maximum heating load
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@

Table 8 Payback period by scenarios compared to existing
heating system without government assistant

Scenario Payback period by heating systems
Electric Kerosene Electric
GSHP E.B. boiler boiler fan heater
(year) (year) (year)
100% 0% 9.5 56 7.5
90% 10% 7.7 46 6.4
80% 20% 6.4 3.9 5.6
50% 50% 6.1 3.4 53
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