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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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VAL, HE Alo]SAA, BAF Y] Foly
YA LA LS HELAE, B2, S8A50
A, F71EYHIAIA Folth AAAYAIA] B
‘09WFE AlFE oM, AFE-HE C15d, A
WAA 0109, F71EvhEALA C12Wde] EYE ST

TRk iAol a&3A e AAHFAS 2014
A7kA] 12 2789 Yolu, 2017d 715 1,0359 9 &
=371 3409 9, An17E 3199 Yoz AA2 63.5%
£ A8t JTH18]. U A= 2 1549 9, A
2229 Qo FAFo] ri18].

Table 1. Agricultural energy use efficiency project fund
(Unit: Million won)

~2014 2015 2016 2017 2018~

Total 1,027,760| 144,979 104,985 103,514 394,074

Treasury 436,623 51,405 35,984 33,952| 129,330

Loan 77,920| 23,406 16384  15401| 58,440

State 282,734 40,096 31,823 31,928| 121,617

Farmers 230,483 30,072 20,794 22,232 84,687

Source: MAFRA (2018).

FHFE AAAAURA = A S dir] 9} A
G EFHZZE FAE =, AoHA]E= 20143 136ha,
20153 214ha, 201631+ 232ha 2 wd 718k 5
A& Hola vk A S SAH83 W)= 2014
d 542haoll A 20153 730ha® Z7}a ot 20161300
= 684hai Thi 7HAebeith
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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).
2.2 Of|X| HZAE 253
FYPE oA AL Ao o] wel
U5 AFo $HE # Uk AEY ouX AYA
AL BHER, w7E A, A3y 1A o]
H, CFEE 22 2014 2,44%9hacl A 20161 2,948ha =

wd F7kska qdch w719 3edAE 20143 50ha,

1513 53ha, 2016 57ha® S715A1E Hola itk
A3 71 2014 18hacllA] 2016 20ha®
| e 5
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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
=]
050“ Exhaus heat recovery system 50 53 57
=
(=}
Z |Heat recovery ventilator 18 22 20
Multi-layer coating 13,704 12,953 12,674
o Multi-layer thermal screen 5,669 6,395 6,587
0%’ 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 44
Source: MAFRA (each year).
1) £ =Fo)A multi-layer heat insulation® THER-& exhaus heat
recovery system< ®}7183]57A], heat recovery Ventilator% 9
348387142, multi-layer coatingS THEdE  multi-layer

thermal screens THER-27E, warm cover= 2%l external
thermostat& &J4-1.&, water- Lovenng‘_ FUAA S ofn|gh
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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 'Total‘
. . Acre Financial
ratio savings .
savings
Geothermal 31 189,363 232 4.39
Exhaus heat 16 96,276 182 1.75
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 | 6257 12,674 79.31
coating
Wood Pallet 49 294,845 684 20.17

E AEAE f7te} HAlS 714
Zpololl ol AW, ol= FAIfr7tel whet ‘?ifé}ﬂtk
wEbA f7F A AUl S E aee AR E 4
& AEs usd 2k WA A2 3 Ve
(2014'd~20161) =AIF7H= 62.89EH A 2H,
A5717F 7524, 10084, 12584, 150%477}
8 A9 AAAE A7aHE ALY &
FTAF7IE s o] HAlR G g
T Ho] Al whet Aol A] Bl oA WW
B wE AgA = %:iZ.%EJJrE S/
vt} gpRee 4%
150 7124 629.59
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Table 5. Reduction of financial expenditure of paprika by
oil price scenario
(Unit: billion won)

USD75 USD100 | USDI125 | USDI150
Geothermal 4.39 524 8.73 10.48
Exhaus heat recovery 175 2.09 348 418
system
Heat recovery 1.93 2.30 3.83 459
ventilator
Multi-layer thermal |03 00 | 31476 | 52460 | 629.52
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'
. R Acre Financial
ratio savings .
savings
Geothermal 4 13,507 232 031
Exhaus heat 16 48,564 182 0.88
recovery system
Heat recovery 50 | 151,764 64 0.97
ventilator
Multi-I
ulti-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
AR AAAE AN A7 we) Wl
o] f7F A AU o5 udd AR E Aay
£ 2Esh ey 2ol w4 J 349 JEdE

(20141~201611) HAF7H= 62.89E
gow g

Hom, o]& nf
A7 7592, 10092, 12522, 150
g Aed 490 ARAE ARaAdE A=A
o Bt ER2AEY A 7528 7]F 133.19
A A3 15092 712dlA 317.69 o] A=
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Table 7. Reduction of financial expenditure of tomato by A5 eBAhulEATE A Rd A8 0424, 7

[¢]
oil price scenario 0.837, 7} 0.6375 UERIT) o3k A% gk

Unit: billi N > %
(Lnit D00 Wo0)  qgjel mhelst, ool ErhEEA)S 71Ed

USD75 USD100 | USDI125 | USDI50 K o s o G101
= PADIDN =gko. XA E
Geothermal 0.31 0.37 0.62 0.75 = AR wEEE ARk
Exhaus heat recovery | g 1.05 1.76 2.11 o
system Table 8. Carbon emission factors by energy sources
Heat recovery ) ) Carbon
ventilator 097 116 193 232 Unit keal Mj Emission Factor
ls\::l:el:r-llayer thermal 133.13 158.77 264.62 317.55 Electricity kWh 2300 9.6 0.424
Diesel L 9010 37.7 0.837
water-covering 12.83 1531 25.51 30.61
Gas Nm3 10430 43.6 0.637
Multi-layer coating 40.01 47.71 79.52 95.43
Wood Pallet 10.17 12.13 20.22 24.27
AR YA A] B qA] AZEAAE =Qle] whe
31} 3 KeN| = & 92 AlE o 1
o} gtz g]g)e] A7t wEEe =
wolHn A AU 2 oA AR Be c}. 10?0 stze|7te] 24 }_ N&32 66.02% CO;
) . 2 AEH e, 247k A5 A3l A7)
A% 5 BYAR AHES AP OZA LAS 45 . !
_ . 33.01E CO2 7V = WAl 1 TS0 2= U
AIE T, SN BEae AR g oy 00N COE 7R S TP, 2L HER e
5 7 3037 A = o £O % &
A A el B2 oA st ek ) o1 03T COn TR 20TBE €O 2
- 1 o A AEqtt B9 247 wiEAAY7H(21,0009/E)
A4, 283 BRaaAel o8] A4Hrh i
2 A gsje] LAsks A5 e AAH B AN
gk At R A E] 608.19 Yo 7Hg EA e
ot} LAy}~ 7=k = ol ) l=2k _ _ -
S A AEE = AAD NN AFE < gw g geone Qa5 19 449 9, )
= >~ =
HEAT X T HEEH A 31597 409 el wow B4R

AT} Fo| WE AAA gy LAV A 7 Table 9. Reduction of greenhouse gases (GHG) emission

A

= -1 =
2w w2 Az de] oa) A4 WA At from paprika by introduction of renewable
ao g ol=am o) Wt SAO ¢ energy and energy saving facilities
A& 20179 ISEH(KOC)S Ft 7HA= 21,0009/ (Unit: ton CO2/10a, ha, million won)
EL 483tk GHG Reduction Area Total Benefits

Geothermal 20.78 31 135.26

= = = Exhaus heat
2ARA BEA = LA 25 < D AT 1036 w2

) recovery system
7+A
]__] Heat. recovery 33.01 64 443.63
ventilator
Multi-layer
QIR olfo] T2 oluse BhET ALE A themal seren o7 il I
HAAZT 28 A 4k 2d] Fes). ey AHAZ S
3 1 J 8 )
A7 EE 0] e s, ZAIgel TAL w e AAABAILAAA] D oK AZAIE =] wE
0 meb] QuHom olisies wEw AdEde  EPHEGY SWls R5EnE duud oer
- i3 ] =T
Aasto] BNGImY o NBEs WETe Anad. ATk 10aF EohE £7ks METE 18758 COE

AEEQon, 227k 7HEERe A543 317144 9.38
£ COE 7P =7 velal, 1 ggo2E e
71E 8.63%= CO,, W7]E 35784 3.00% CO9l 2
2 BAEY B LA A v aAdNES Aes)

o] 247kA 5ol mE AAA Befs AL

¢

ot
i
ik
o

229



FFAE & =84 A20A ALS, 2019

HEZ7EC] 17279 902 7V =/ veidka, 2 #AAe] 4173 Ao 7P wigkow, 43je 1A
o 453 #7147 139 9, w7 Bl 7h 3,593% doR A btk e Ao 47t
A 119 o] ¢ow BAE. ohe WA welg AQu] Aast wFRAel os) 2%
7] wite] R EC] 3,1521.09] o= 7H =
Table 10. Reduction of greenhouse gases (GHG) L AoF eyttt o theozE= thEyE 94729
emission from tomato by introduction.of 91 ZruAlA 303,990 9, ZaElEl 240.99] Yo] o7
ren.e\jv.able energy and energy saving et
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 ¢ o .
recovery system (Unit: %, won/10a, ha, billion won)
Heat recovery Reducti Heating cost] Total heati
. 1.94 64 26.05 ceduction . otal heating
ventilator ratio sav1r11ﬁz per Acre costl savings
Multi-layer 178 9,535 3,570.11 Geothermal 31 | 2261543 232 5247
thermal screen
Exhaus heat
recovery 16 1,149,815 182 20.93
1odH| =zt b system
3.3 4gH 4 20
eetl =8 Hea:‘lrfcovery 50 | 3,593,173 4 23.00
FUHE AAAIUA D oA Gae) wige Yo
A9 = UA] EeH| 8-S PaAlZomR ] = thermal sercen 46 | 3,305,719 9,535 | 3,152.00
7305“:‘] 7‘%%} §_T+7]' %1‘:]_ 73031:]] 7‘%%} §.I’+T‘:’ ﬂZH *ﬂoﬂ watel"-covermg 6 416,808 7290 303.85
§ Multi-layer 10 | 747,380 12,674 947.23
Yo} o] A7kl e) oluA] ) oA 4 conting ’ ’ '
Oﬂ 9,]6]] @Xé%‘jr Wood Pallet 49 | 3,521,310 684 240.86
AQu) Agehe FAfTR) uet watshs] ool
o Jd 7} _ o 1=
el Agn) Al = @9lE oA 25 S A AU s s Ao AEns s
1] & A -
A A WoTed 2 w4 Ao 3l JlEdEQols
Wd-2016) A7 628998 H e, &% 2AH
Aodu) Aztele wolu Hztdnl wgwWad oF P 759E, 10098, 12528, 150271 A5E 4
AARY. 282 A AREES FAGA 5 ool ¢ A Arhaste AESch e e
A 7}Ao] walstel] ula} Aolald <= k. AL A9 7598 7% 3,759.29 9 A3 1502
7150lA 7,518.39] o] AEE Ao EA A F
oy e (] A}2=3F 71O Al A A =i
AAn] Azrol = 99 Adu] Aol x B FE AR e AT JZ]? gﬂ]ﬂ?] = 01]‘?17(]
o A7 wsFo] Aedn] Aol mAE o] Eaa)
R |
= AL ¢ % gk
AR F oA AAE =)ol wh s

g7t Agn A7 g9E Auny oga 2o 94
10a% sz 2)7} = 370d H(20149~2016
71%) 7,186 olw, WAl 371 714 757.239/E]
EE HE3teh AAAoUA] 2 oz A

i) A 7H)E-S X Fo] 31%0|H, D34 371427}
50%2 714 =/ YERth 10aE W] Agee 4=
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Table 12. Reduction of heating costs of paprika by oil
price scenario
(Unit: billion won)

USD75 | USDI00 | USDI25 | USDI50
Geothermal 62.57 83.43| 10429] 12515
Exhaus heat recovery 24.96 33.28 41.60 49.92
system

Heat recovery 27.43 36.57 45.71 54.85
ventilator
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Multi-layer thermal |5 250 15| 501220 | 626525 | 7,518.29
screen

water-covering 362.38 483.18 603.97 724.76
Multi-layer coating | 1,129.69 | 1,506.25 | 1,882.81| 225937
Wood Pallet 28725| 38300 47875| 574.50

AN A L e H7 =Q)ol w2 =nmf
E(FA) A7 295 AEd o33 2ok 94 10aT
ErlE oulE 370d 3320149~2016 7))
4,038%1 <lol™, WAF 370 712 757.23%)/2] & 4
ottt AAAUA] B oy A] A g
&S Aol 49%0]H, o} o]
@ e AT 102 ] ditol

347 Vg Sken, |3l
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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 Heat'mg costl [Total heating
. savings per Acre .
ratio costl savings
10a
Geothermal 4 179,695 232 4.17
Exhaus heat 16 | 646,095 182 1176
recovery system|
Heat recovery 50 | 2,019,045 64 12.92
ventilator
Multi-layer 46 | 1,857,522 9,535 | 1,771.15
thermal screen
water-covering 6 234,209 7290 170.74
Multi-layer 10| 419961 12,674 532.26
coating
Wood Pallet 49 | 1,978,664 684 135.34
Ao Aol FAH7te) wek waels] wol
7} A% Aueleg nels gl Adans s
H ot 2t WA HE 3id 71ed (2014
d~20163) A7 62.8928 o, &5 ZAlH
7F7F 759, 10028, 1259, 15028 7H4] 458 74
$-2) Agn] Aake AEI EvkE oL
Eo] g 7598 7] 1,32849 ¥ A7t 1502 7]
oA 2,659.79] o] HitEe AoR FAHTL
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Table 14. Reduction of heating costs of tomato by oil
price scenario
(Unit: billion won)

USD75_| USDI00 | USDI25 | USDI50

Geothermal 3.13 417 5.21 6.25
Exhaus heat recovery 8.82 11.76 14.70 17.64
system
Heat recovery 9.69 12.92 16.15 19.38
ventilator
Multi-tayer thermal |y 303611 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 10151 | 13534 | 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)

8497kg O % /| Ve L &
A el 7k KAl ofs) Zé 171 R
O EEo) 17930 B2 7MY 2 2o Yehyth

Quantity Total I 9o 2E UsyE 17093 &, A4 114.01
[[ncrease ratiofincreased pe Area Quantity = g] _/1‘,‘: o \/]—E]—‘;,\LE]—
10a Increased
Geothermal 75 9,539 232 22,132
Table 17. Increase in quantity produced of tomato by
Heat recovery 36 4579 64 2,931 : :
ventilator introduction of renewable energy and energy
Multi-layer saving facilities
thermal screen 17 L 9,335 201,323 (Unit: %, kg/10a, ha, ton)
water-covering 14 1,755 7290 127,959 Quantity Total

; [[ncrease ratiofincreased pe Area Quantity
Multi-layer 12 1,514 12,674 | 191,834 10a Increased
coating

Geothermal 75 8,497 232 19,713
Heat recovery

AAANIA 2 o1 AN To] W TE  venilator 36 4079 64 2,610
gt kel Sl BakE Auiy vt gy v Mltdyer 17 1881 | 9535 | 179322

o Yo P 3 3 thermal screen

sZ2)7} Aatkel 37 % d-20161d 7
102t sh2ej7h kel 371 6 7(2014:3~2016 ] Water-covering 14 1,563 7290 113,975
%) 39,7913 92 ALt 10aF AAH TV Viitayer
3 2 oo 2 ol o —— G 12 1,348 12,674 170,870
kA do] 5491 Yo 7P vigkon x| SEEE  coating
7F 29,8437 Aow =7 etk ey F skl
S7he WA O9d S7ES BadAel s A4 =] AR A B AR el whe Evt
wiell THHE27150] 6,2089] 9oz 7H 2 Ao EFA) At S avE dved ta 2 |
2 Yehdth I o2 tedE 6,0019 9, % A 10aY EvLE AL 371d 57(20143~20161d 7]
Al 4,003 9o wo e ) 252283 €= A89irk 102 Ak S7h= o
F9)50] 3,002 Yo 7P viokomn, A SEHZ
Table 16. Increase in production of paprika by 7} 18,9213 Yo = =4 vepsdty ey & ik
introductior} of .rfePewable energy and Z7}= WA 9oy 27l wFH A o) 2457
energy saving facilities
: s AR L7 Eo o] o A =0 Ao
(Unit: won/10a, ha, billion won) el T R27=e] 39938 dom M E sle
Uk Some 2
Production Area Total production = ]’}'E]‘ D]’ 1 q O R Q'TJ]E 3 805 ’é, Tg}
lincreased per 104 increased /\] A 2,538%4 <] _g] o7 L]'E]r/v\
Geothermal 29,843,185 232 692
Heat, recovery 14,324,729 64 92 Table 18. Increase in production of tomato by
ventilator . .
. introduction of renewable energy and
I\t/lluln_lfyer 6,605.292 9,535 6,298 energy saving facilities
ermal screen . .
(Unit: won/10a, ha, billion won)
Water-covering 5,491,146 7290 4,003 - -

- Production Area Total production
Multi-layer 4.735.119 12.674 6.001 increased per 104 increased
coating T ? ?

Geothermal 18,921,063 232 439
Heat recovery 9,082,110 64 58
AA AN B AR A7 £8lo] npE e} veniltor

> = - Multi-layer

= = = o 8
E(FQ) A0 So 23 Aued v 2rkh W e 4,187,862 9,535 3,993
A 102 FFZ2)7}F A 370 F3(20143~2016 water-covering 3481476 7290 2,538
7 o A8aky o A 271 -

1) 11,329%kg = Stk 1029 ALk S7hs 5 Ic\ﬁzg;layer 3,002,142 12,674 3,805
A o] 1,348kg 0% 7H whgkom, A9 B EHZI} 2
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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 1)
Reduction [Oil reduction| Total oil
. Acre .
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 9535 | 158,426

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 and
energy saving facilities

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

Oil reduction| Total oil
per 10a reduction
81 188

Reduction
ratio
4

Acre

Geothermal 232

Exhaus heat
recovery system
Heat recovery
ventilator

16 292 182 531

50 911 64 583

Multi-layer

thermal screen 46

838 9,535 79,915

water-covering 106 7290 7,704

Multi-layer
coating
Wood Pallet

189 12,674 24,016

49 893 684 6,107
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