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ABSTRACT Research and technological developments on smart farms with the convergence of ICT technologies are underway in
agriculture. Smart farms have a significant increase in energy demand due to the larger number of facilities, sensors, and electronic
devices than conventional greenhouses. The greatest energy demand among these is heating energy depending on temperature. In
addition, 92 percent of energy sources depend on fossil energy and are strongly dependent on foreign countries, which could cause
price instability. Therefore, this study examined the performance and economic feasibility of a heat pump compared to a diesel boiler
by comparing the heating performance of the conventional diesel boiler and heat pump currently in a smart farm and analyzing its
economy. The heating performance was similar, but the heat pump had a 12.34% lower energy input cost. Therefore, heat pumps were
found to be good heat supply systems for greenhouses. In addition, after five years of weather data and calculation of the heating load,
economic analysis showed that heat pumps have a cost savings of approximately 25.8% compared to diesel boilers.
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Fig. 1. 30RT Heat—pump and oil boiler overview
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Table 1. Factors required to calculate the heating load

EL 24 W X|Es|EHZ 0/30]| W2 HIE

Sign Factor Unit
Qg Maximum heating load kecal/h
Ag The covered area of a greenhouse m’

As The floor area of a greenhouse m’
Transmission heat load per the covered 2
qt kcal/m
area of a greenhouse
Ventilation heat load per the covered 2
qv kecal/m
area of a greenhouse
Ground Heat Transfer Load per the 9
gs kcal/m’
covered area of a greenhouse
¢ Correction factor according to wind
W _
velocity
Th 1 perfusi 5
ht ermat pertusion 450 keal/m’+h-C
ratio
Ts Greenhouse inside set temperature C
Ta Set ambient air temperature C
Tg Ground temperature (¢
St Safety factor 1.2 -
fr Reduction rate of 0,71 _
heating cover (Triple screen)
Ventilation heat 5
hy ertiation fiea 0.2 keal/m?h-C
coefficient
Gi d Heat Transf 5
hs | ouma Teat Transter 0,244 keal/m?h-C
Coefficients

Qy = [Ag < |gt +qu]+ As X gs X fw] > 8, [kecal/h] (1)

qt=htx(T,+T,) =< (1—fr) [kcal/m’] 2)
q=hvx(T,—T,) [kcal/m”] (3)
qs = hs < (T,—T,) [kcal/m’] (4)
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Table 2. Factors involved in economic analysis

Divide Heat Pump Pellet Boiler

Generating capacity 30RT 100,000 kcal/hr

Initial investment cost

20 6

(million won)

Interest rate on
agricultural loans when Fixed interest rate of 2%

using renewable energy

Operating period (yr) 10

Fuel cost per hour

(mon ) 5,299 7.878

interest ratio (%) Fixed interest rate of 2%
Loan rate (%) 100%
15%

(Based on income tax rate of
10,700 ~41,200 USD 2017 Korea
National Tax Agency)

Income tax rate (%)

Annual average

2%
inflation (%) 7
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Table 3. Daily fuel and power consumption

S RAH O] AL 100,000kcal/h-S A

A AAIEY 44 A AgHdes i

739~ IRT+= ©F 3024kcal 24] 30RTY

720kcal/ho] Fth, WEbA] = AJAE] BE A
T}

ofulx) Avlke A7) 9lste] 109

IDEiE Eons%n?ption conSL(JSption cor?sfm%t,ion ?:onsumptigr:/

(kW) (kcal) (keal)
10—20 82 36.4 302120 70520
10-21 74 37.9 314570 63640
10—22 74 38 315400 63640
10—23 76 37.9 314570 65360
10-24 107 72.1 598430 92020
10-25 107 72 597600 92020
10-26 77 42,7 354410 66220
10-27 68 30.6 253980 58480
10—-28 132 47.7 395910 113520
10-29 132 47.8 396740 113520
10-30 129 99 821700 110940
10-31 57 55.3 458990 49020
11-01 59 55,4 459820 50740
11-02 172 109.7 910510 147920
11-03 110 96.3 799290 94600
11-04 153 129 1070700 131580
11-05 169 144 1195200 145340
11-06 189 145.9 1210970 162540
11-07 17 88.9 737870 100620
11-08 118 89 738700 101480
11-09 142 134.1 1113030 122120
11-10 145 114.6 951180 124700
1-11 137 15,7 960310 117820
11-12 137 15,7 960310 117820
11-13 137 115.6 959480 117820
11-14 169 109.5 908850 145340
11-15 139 1307 1084810 119540
11-16 185 165.6 1374480 159100
11-17 163 153.7 1275710 140180
11-18 182 168.1 1395230 156520
11-19 182 168.1 1395230 156520
11-20 184 168 1394400 158240
11-21 188 185 1535500 161680
11-22 146 129.8 1077340 125560
11-23 172 1677 1391910 147920
11-24 181 168.4 1397720 155660
1-25 1464 134,68 1117844 125904
11-26 146.4 134,68 1117844 125904
1-27 146.4 134,68 1117844 125904
11-28 146.4 134,68 1117844 125904
11-29 146.4 134,68 1117844 125904
11-30 120 114 946200 103200
12-01 209 209.6 1739680 179740
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Fig. 5. Daily lowest ambient temperature
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Table 4. Results of heat—pump economic analysis Unit . KRW
year U_nrecovered Boo_k_ Ta>_< ‘ Debt Equity Income Annual requeu\i/reer:::nt Present
investment depreciation | depreciation return return tax expenses in year worth
1 40,000,000 4,000,000 4,000,000 1,616,000 0 0 47,285,078 | 52,901,078 10,496,245
2 36,000,000 4,000,000 4,000,000 1,454,400 0 0 48,230,780 | 53,685,180 2,113,456
3 32,000,000 4,000,000 4,000,000 1,292,800 0 0 49,195,396 54,488,196 425,609
4 28,000,000 4,000,000 4,000,000 1,131,200 0 0 50,179,303 55,310,503 85,720
5 24,000,000 4,000,000 4,000,000 969,600 0 0 51,182,890 56,152,490 17,266
6 20,000,000 4,000,000 4,000,000 808,000 0 0 52,206,547 | 57,014,547 3,478
7 16,000,000 4,000,000 4,000,000 646,400 0 0 53,250,678 | 57,897,078 700
8 12,000,000 4,000,000 4,000,000 484,800 0 0 54,315,692 58,800,492 141
9 8,000,000 4,000,000 4,000,000 323,200 0 0 55,402,006 | 59,725,206 28
10 4,000,000 4,000,000 4,000,000 161,600 0 0 56,510,046 60,671,646 5.74
Table 5. Results of oil—boiler economic analysis Unit : KRW
ET U_nrecovered Boqk' Ta>_< . Debt equity Income Annual re'?qeu\i/reer:‘:wj:nt Present
investment depreciation | depreciation return return tax expenses in year worth
1 6,000,000 600,000 600,000 242,400 0 0 70,391,506 71,233,906 14,133,711
2 5,400,000 600,000 600,000 218,160 0 0 71,799,336 72,617,496 2,858,776
3 4,800,000 600,000 600,000 193,920 0 0 73,235,322 | 74,029,242 578,244
4 4,200,000 600,000 600,000 169,680 0 0 74,700,029 | 75,469,709 116,963
5 3,600,000 600,000 600,000 145,440 0 0 76,194,029 76,939,469 23,659
6 3,000,000 600,000 600,000 121,200 0 0 77,717,910 78,439,110 4,785
7 2,400,000 600,000 600,000 96,960 0 0 79,272,268 | 79,969,228 968
8 1,800,000 600,000 600,000 72,720 0 0 80,857,714 81,530,434 195
9 1,200,000 600,000 600,000 48,480 0 0 82,474,868 | 83,123,348 39
10 600,000 600,000 600,000 24,240 0 0 84,124,365 | 84,748,605 8.01
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