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Abstract The increase in the amount of energy used in the agricultural sector due to the expansion of agricultural
machinery and greenhouse horticulture has caused a range of problems, such as an increase in the cost of input, such
as heating costs and greenhouse gas emission. To overcome these problems, this study examined the current status
of energy use in greenhouse horticulture as well as the change patterns of non-taxable oil and agricultural electricity,
and reviewed the current status of the supply of renewable energy and energy saving facilities for agriculture. This
study investigated the area of advanced and renewable energy and energy saving facilities implemented, applied the
energy saving ratio of advanced and renewable energy and energy saving facilities, and determined the effects of
renewable energy in the agricultural sector, such as increase in production, decrease in heating cost, reduction in
Government financial expenditure, reduction in greenhouse gas emission, and oil substitution effect.

Keywords : Renewable energy, advanced energy, agriculture, heating costs, greenhouse gas emission, oil substitute
effects.
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Table 1. Agricultural energy use efficiency project fund
(Unit: Million won)

~2014 2015 2016 2017 2018~

Total | 1,027,760 144979 104,985| 103,514| 394,074
Treasury | 436,623|  51,405|  35984| 33952 129,330
Loan 77,920]  23.406|  16384|  15401| 58440
State 282,734| 40,096  31,823| 31,928 121,617
Farmers | 230483|  30,072|  20,794| 22232 84,687

Source: MAFRA (2018).
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Table 2. Distribution of Renewable Energy in Agricultural

Sector
(Unit: ha)
2014 2015 2016
Wood Pallet 542 730 684
Geothermal 136 214 232
Source: MAFRA (each year).
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Table 3. Distribution of Energy Saving Facilities in Ag.

Sector
(Unit: ha)
2014 2015 2016
g Multi-layer heat insulation!) 2,449 2,745 2,948
o
& |Exhaus heat recovery system 50 53 57
=
=}
& |Heat recovery ventilator 18 22 20
Multi-layer coating 13,704 12,953 12,674
“ Multi-layer thermal screen 5,669 6,395 6,587
c,%’ Warm cover 10,674 10,545 9,966
; External thermostat 1,653 1,521 1,724
% water-covering 6,381 7,115 7,290
Exhaus heat recovery system 147 79 125
Heat recovery ventilator 27 41 4

Source: MAFRA (each year).
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Table 4. Reduction of financial expenditure of paprika by
introduction of renewable energy and energy
saving facilities

(Unit: %, won/10a, ha, billion won)

Reduction | Financial .TO[al.
. . Acre Financial
ratio savings .
savings
Geothermal 31 189,363 232 4.39
Exhaus heat 16 96,276 182 175
recovery system
Heat recovery 50 | 300,863 64 1.93
ventilator
Multi-layer 46 | 276,794 9,535 263.92
thermal screen
water-covering 6 34,900 7,290 25.44
Multi-layer 10 62,579 12,674 79.31
coating
Wood Pallet 49 294,845 684 20.17
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Table 5. Reduction of financial expenditure of paprika by
oil price scenario
(Unit: billion won)

uUsD75 USD100 | USDI25 | USDI150
Geothermal 4.39 5.24 8.73 10.48
Exhaus heat recovery 175 2.09 3.48 418
system
Heat recovery 1.93 230 383 459
ventilator
Multi-layer thermal | 03 00 | 31476 | 52460 | 62052
screen
water-covering 25.44 30.34 50.57 60.69
Multi-layer coating 79.31 94.59 157.65 189.18
Wood Pallet 20.17 24.05 40.09 48.10
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Table 6. Reduction of financial expenditure of tomato by
introduction of renewable energy and energy
saving facilities

(Unit: %, won/10a, ha, billion won)

Reduction | Financial .Total.
. . Acre Financial
ratio savings .
savings
Geothermal 4 13,507 232 0.31
Exhaus heat 16 48,564 182 0.88
recovery system
Heat recovery 50 | 151,764 64 0.97
ventilator
Multi-layer 46 | 139,623 9,535 133.13
thermal screen
water-covering 6 17,605 7290 12.83
Multi-layer 10 31,567 12,674 40.01
coating
Wood Pallet 49 148,729 684 10.17
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Table 7. Reduction of financial expenditure of tomato by
oil price scenario
(Unit: billion won)

USD75
0.31

USD100
0.37

USD125 | USDI150
0.62 0.75

Geothermal

Exhaus heat recovery
system

0.88 1.05 1.76 2.11

Heat recovery

. 0.97
ventilator

1.16 1.93 232

Multi-layer thermal
screen

133.13 158.77 264.62 317.55

water-covering 12.83 15.31 25.51 30.61

Multi-layer coating 40.01 47.71 79.52 95.43

Wood Pallet 10.17 12.13 20.22 24.27
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Table 8. Carbon emission factors by energy sources

. . Carbon
Unit keal Mj Emission Factor
Electricity kWh 2300 9.6 0.424
Diesel L 9010 37.7 0.837
Gas Nm3 10430 43.6 0.637
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Table 9. Reduction of greenhouse gases (GHG) emission
from paprika by introduction of renewable
energy and energy saving facilities

(Unit: ton CO2/10a, ha, million won)

GHG Reduction Area Total Benefits
Geothermal 20.78 31 135.26
Exhaus heat 10.56 182 403.71
recovery system
Heat' recovery 33.01 64 443.63
ventilator
Multi-layer 3037 9,535 60,807.00
thermal screen
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Table 10. Reduction of greenhouse gases (GHG) & Aow Yeldth 1 ggogE gy E 947.29
emission from tomato by 1ntroduct10n‘of 9 ZruraAA 303.99] 9, EAEEl 24099 9o] o
renewable energy and energy saving Uepitt
facilities M

(Unit: ton CO2/10a, ha, million won)
GHG Reduction Area Total Benefits Table 11. Reduction of heating costs of paprika by

Geothermal 0.17 31 112 introduction of renewable energy and energy

saving facilities

Exhaus heat 0.62 182 2370 Y .

recovery system (Unit: %, won/10a, ha, billion won)

Heat' recovery 1.94 64 26.05 Reduction Heat'mg cost] A Total heating

ventilator ratio savu;ﬁz per cre costl savings

Multi-layer 1.78 9,535 3,570.11 Geothermal 31 | 2,261,543 232 5247

thermal screen

Exhaus heat
recovery 16 1,149,815 182 20.93
Aou] A7 E 3} system
3.3 A9n] A7 ¥
= Vﬁeitﬂ::r"very 50 | 3,593,173 64 23.00
FRRE AWAAIIA R A B we S

76]‘?1’ %_ OﬂL‘]X] ‘I‘IE"O]H]%"E‘ t!_/\ ]Zjlgi*/q ‘1/_}'301'3] %_ thermal screen 46 | 3,305,719 9,535 3,152.00
= E—— water-coverin 6 416,808 7290 303.85
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Table 12. Reduction of heating costs of paprika by oil
price scenario
(Unit: billion won)

USD75 | USDI00 | USDI25 | USD150
Geothermal 62.57 8343 | 10429| 12515
Exhaus heat recovery 24.96 33.28 41.60 49.92
system

Heat recovery 27.43 36.57 45.71 5485
ventilator
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Table 13. Reduction of heating costs of tomato by
introduction of renewable energy and energy
saving facilities

(Unit: %, won/10a, ha, billion won)

Reduction HeaFlng cost] [Total heating
. savings per Acre .
ratio costl savings
10a
Geothermal 4 179,695 232 4.17
Exhaus heat 16 | 646,095 182 11.76
recovery system
Heat recovery 50 | 2,019,045 64 12.92
ventilator
Multi-layer 46 | 1,857,522 9535 | 177115
thermal screen
water-covering 6 234,209 7290 170.74
Multi-layer 10| 419961 12,674 | 53226
coating
Wood Pallet 49 1,978,664 684 135.34
7dgu] dzrele FA|fTtel whel wsketr] witol
F7F 4 AV s aed A dAEnE A=t
WooeT 2k WA FHE 3 712U E(Q2014

W20164) FAG7HE 62.892H G om, T wAG
77k 759, 1009, 1259, 1502744 3453 4
©.0o] Adu APAEIHNE A& EntE AR
Eo] A% 7598 7)1 1,32849 9 A7 1509 7
oA 2,659.7¢] Yol A7EE Ao BEAHL)

Table 14. Reduction of heating costs of tomato by oil
price scenario
(Unit: billion won)

USD75 USD100 | USDI25 [ USDIS0
Geothermal 3.13 4.17 521 6.25
Exhaus heat recovery 3.8 11.76 1470 17.64
system
Heat recovery 9.69 12.92 16.15 19.38
ventilator
Multi-layer thermal | 3,0 36 1 1 77115 | 221393 | 2.656.72
screen
water-covering 128.05 170.74 213.42 256.11
Multi-layer coating 399.19 532.26 665.32 798.39
Wood Pallet 101.51 135.34 169.18 203.01
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Table 15. Increase in quantity produced of paprika by
introduction of renewable energy and energy
saving facilities

(Unit: %, kg/10a, ha, ton)

Quantity Total
lIncrease ratiofincreased per| Area Quantity % 9] _/"L: o7 L]—E]—‘;)\LE}—
10a Increased
Geothermal 75 9,539 232 22,132
Heat recovery Table 17. Increase in quantity produced of tomato by
ventilator 36 457 64 2,931 introduction of renewable energy and energy
Multi-layer saving facilities
thermal screen 17 21 9,535 201,323 (Unit: %, kg/10a, ha, ton)
water-covering 14 1,755 7290 127,959 Quantity Total
X [ncrease ratidincreased per|]  Area Quantity
Multi-layer 12 1,514 12,674 | 191,834 10a Increased
coating
Geothermal 75 8,497 232 19,713
Heat recovery
_ 4 4 2,61
AAAIA L oA AEAA Bo] mE T venitator i I N o
g7} At So 298 AvRY oS g WA x:::;:f};ecrreen 17 1,881 9,535 179,322
o} w3yl AL 370 3o 19 1=
1073 L7} Aatel 37 7F(2014'3~2016' 7] Water-covering 14 1,563 7290 113,975
‘7"_:) 39,791@ 4& @%ﬂ?i‘jr. 1023 Ag}\\l'o-ﬂ %‘7]"‘1:_ T Multi-layer
3 o w o] = o . 12 1,348 12,674 170,870
WA o] 54913 Yo7 7P vorom xd FEHE coating
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Table 16. Increase in production of paprika by
introduction of renewable energy and
energy saving facilities

(Unit: won/10a, ha, billion won)

Production Total production

5 Area i

ncreased per 10a) increased
Geothermal 29,843,185 232 692
Heat recovery 14,324,729 64 92
ventilator
Multi-layer 6,605,292 9,535 6.298
thermal screen
Water-covering 5,491,146 7290 4,003
Multi-1

u-ayer 4,735,119 12,674 6,001

coating
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Table 18. Increase in production of tomato by
introduction of renewable energy and
energy saving facilities

(Unit: won/10a, ha, billion won)
Production Total production
i Area .
ncreased per 10a increased

Geothermal 18,921,063 232 439

Heat recovery 9,082,110 64 58

ventilator

Multi-layer 4,187,862 9,535 3,993

thermal screen

Water-covering 3,481,476 7290 2,538

Multi-layer 3,002,142 12,674 3,805

coating
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Table 19. Oil replacement effects of paprika by
introduction of renewable energy and
energy saving facilities

(Unit: %, 1/10a, ha, thousand I)
Reduction [Oil reduction| Total oil
. Acre R
ratio per 10a reduction

Geothermal 31 1,137 232 2,637

Exhaus heat 16 578 182 1,052

recovery system

Heat recovery 50 1,806 64 1,156

ventilator

Multi-layer 46 1,662 9,535 | 158426

thermal screen

water-covering 6 209 7290 15,272

Multi-layer 10 376 12,674 47,610

coating

Wood Pallet 49 1,770 684 12,106
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Table 20. Oil replacement effects of tomato by
introduction of renewable energy
energy saving facilities

(Unit: %, 1/10a, ha, thousand 1)

and

Reduction |Oil reduction| Total oil
. Acre .
ratio per 10a reduction
Geothermal 4 81 232 188
Exhaus heat 16 292 182 531
recovery system
Heat recovery 50 011 64 583
ventilator
Multi-layer 46 838 9,535 79,915
thermal screen
water-covering 6 106 7290 7,704
Multi-layer 10 189 12,674 24,016
coating
Wood Pallet 49 893 684 6,107
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