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ABSTRACT

Recently, in addition to existing greenhouse gases (GHG), analysis and evaluation of short-lived climate forcers (SLCF)
that affect climate change have become important, and the need for integrated management has emerged to achieve carbon
neutrality. However, in the domestic agricultural energy sector, there are differences in the classification systems and activity
data applied to the inventory of GHG and air pollutants, making it difficult to link them. In other words, if we consider the
correlation between GHG and air pollutants emitted simultaneously when using fuel, a detailed inventory requires the use of
the same source classification system and activity data. This study aimed to create an inventory by calculating GHG and air
pollutant emissions based on the same activity data from the agricultural energy sector. The classification system was based
on agricultural machinery as prescribed by relevant laws and regulations, and the activity data were those of tax-free oil. The
inventory created based on the results of this study is expected to be utilized for efficient integrated management of carbon

neutrality and air improvement policies in the relatively undervalued agricultural energy sector.

Key words: Agricultural Machinery, GHG Emissions, Air Pollutant Emissions, Co-Emitted Species

1. M2 715 H35}35]2](2015 United nations climate change

conference; COP 21)oA&= T AL M=o, 7+
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o]3} NMVOCs), ©JAsl3kS0,)S 7Hd LA7tA d71AF 715Hs YUAEZ(Short-Lived  Climate
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S B4 RS SASATHIPCC, 2004). olEfT A 5ARAAGANE BEHo] dud 2uFe A8

2 350 wet FlolAE I 4TI HiEEE AV sto] HiEFS APEStaL, o]F HiEeo] B 8719 =Y

e B ORET BA URERE S U ST IAUS MHSR WA EEdis AU

(Korean Government, 2020). T ARE &8t wiEHFS At lo] 7fAlo]
5, §4FHS i ol4ataleta(CO,), WEH(CH,), ‘é}l"} ‘g=oltt.
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ASh HEARE FUH AGolol AUSAS Wy APST, 5US WAR UY o B 5 BE
AL, ggstojof 2AVIAS 7| 9= A5 UE BA 22 43t 54714 2oz %t 247A H Y]
of 58 21 @ oy seith YAl KW 0B WEFL A

7% (European Environment Agency, ©]5} EEA)O|A=

& AP PHEEE 5U% e ERAAS 71E 2. 79 g A HAAR aF

o= Y AR 7|He] 2AVA 9 7| L HEE H

SATE AASEL AUTHEEA, 2019). 2.1. YA =g

2y =l 247 ) drleded WiEes A T

WO By REAAY 485 BEAm Hoh 9 IrolAE B MY P 571 4 S 9
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Center(°]3} NAIR), 2023). THg90Eo] T

59 oux BE wiEdF AT BUT Astolt. 24 Table 1914 E= vke} o] oA Mol 174
E3] LA7A HIETL 27t oux] B EA4 Ao Hof e TH7AY 72 vlast FAd7IA Ei
A2 AE BE244 Qlo] ig/cgm/ch noogn B A 4 o 8AH AP T B BA0A= 22 R 5
25o] 24H d7 AvES B85l A5k 9ot A71AS 24} iAo R AAste] B4 Rart YAt
Y70 AEH W2t 74 w2 Ao Hagdas L AT 5 FA7IA B0 B2 wETF A A
D) 27IAF 715Hd A= wiEF A Al 2A7EE ERAAS LT FEoE ZAgE Aol
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22 59AY PE TEARE B Ut

3) FA/A BRBHCSUSANER), 574 o184 2HFYSIALY) AR B8 Ak

4) FsA7IAS EA0 F3E SA71A) ”*HOﬂL Y8 EGE HETRE, SUE ALAYL, FHIE P4 BRRAPA 5 9
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5) SHNARE AT FANAS O ool A SEASHATAUY AYFH, HE o] 42 FF - 23 ° AT
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HARE FFUE SA7AL 4Folt
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Table 1. Types of agricultural machinery

AD 2 BY ¥ C4) DY E®
1 Tractor @) O ©) @)
2 Tractor protective structure
3 Combine O (Combine)
(Binder)
4 Rice transplanter O O
5 Vegetable transplanter O O
6 Agricultural heater O
7 Crop dryer O @) @)
8 Low-temperature storage
9 Household rice mill
10 Crop transport vehicle O O
11 Agricultural loader O
12 Agricultural excavator O
13 Multipurpose cultivator @) @) ©)
14 Fertilizer applicator O
15 Grain dryer O O @)
16 Aerial work platform O
(Spouter)
17 Spouter O (Power sprayer) O O O
(Speed sprayer)
18 Shredder O (Pruner and shredder)
19 Sawdust maker
20 Crop washer
21 Mower (Mower)
(Windrow reaper)
(Power weeder)
22 Power weeder O (Cultivator)
(Lawn mower)
23 Agricultural lift
24 Trailer
25 Agricultural baler
26 Crop binding machine O
27 Power cutter O
28 Bale wrapper
29 Harvester O (harvester)
(Tea leaf harvester)
30 Tiller @) ©) O
31 Heating feed mixers O
32 Seeder O @) @)
33 Feed dispenser
34 Crop peeler O (Bark stripper)
(Dehusker and peeler)
35 Thresher O (Thresher) O
(Self—propelled thresher)
36 Crop sorter

http://www.jccr.re.kr
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Table 1. Types of agricultural machinery (Continued)

E B ¥ Y DY EY
37 Auxiliary equipment
38 Agricultural drone @) O
39 Environmental control system
40 Crop packaging machine

Agricultural cargo vehicle,

Agricultual ship, Wat
ater

pump

Other Mushroom cultivation sterilizer,

Furrow, Soil pulverizer,

Soil breaker, Water pump

1) Korean Names of agricultural machinery

2

3

Tractor(‘54-8 EHE]), Tractor Protective Structure(3F-& EE HIILZRE), Combine(FH}Ql), Binder(HIQ1E), Rice
Transplanter(©]%7]), Vegetable Transplanter(J4]7]), Agricultural Heater(‘54-& Hd47]), Crop Dryer((54HE727]), Low-Temperature
Storage(#-2#]%}17), Household Rice Mill(7}g-& =77]), Crop Transport Vehicle(5AMHE 24 2 2-4HA}), Agricultural Loader(‘sd-&
24), Agricultural Excavator(5Q3-& Z4}7]), Multipurpose Cultivator(3+&]7]), Fertilizer Applicator(H] &4 7]), Grain Dryer(ZFrE7A37)),
Aerial Work Platform(s-8 1AZAR}), Spouter(B-J-& WA 7)), Power Sprayer(Z<-E57]), Speed Sprayer(F3 3 EHETY]),
Shredder(’s -8 3}4}|7]), Pruner and Shredder(Ze7}Xd7] 9 14 7]), Sawdust Maker(35d-8 F4} A|R7]), Crop Washer(5AHE
MZA7]), Mower(F7]), Windrow Reaper(G1%=8 clF]7]), Power Weeder(ZZA|%7]), Cultivator(s25734A%7]), Lawn
Mower(Zt]Z-= 7]A]), Agricultural Lift(s 3-8 S ZE), Trailen(EYLF), Agricultural Baler(s-d-8 9| ¥&), Crop Binding
Machine(5-AHe Z<4:7]), Power Cutter(52] 2 t7]), Bale Wrapper(H]| Q1] 7]), Harvester(52]587]), Tea Leaf Harvester(SA3|E 7)),
Tiller(7&7]), Heating Feed Mixers(AL&8$}7]), Seeder(5H1}57]), Feed Dispenser(At&337]), Crop Peeler((5AMHEA]3 7]), Bark
Stripper(5-3 =T 7] L 1}4]7]), Dehusker and Peeler(3E 27| 9 ¥ty]7]), Thresher(B=27]), Self-Propelled Thresher(F3E &=7]),
Crop Sorter(SAFEAH 7)), Auxiliary Equipment (3-£5217]), Agricultural Drone(54-& F213%7]), Environmental Control
System(FZAME AAF T ZEAA]), Crop Packaging Machine(5-AHE324}7]), Agricultural Cargo Vehicle(53-& SHEAEA)),
Agricultural Ship(541), Mushroom cultivation sterilizer(H] R A]8] A%7]), Furrow(EZH|E7]), Soil Pulverizer(5ZH&=7]), Soil
Breaker(5-2727]), Water Pump(53-& 4+7))

source: MAFRA (Ministry of agriculture, food and rural affairs). Enforcement Regulations of the Agricultural Mechanization Promotion

~

Act [Appendix 1] Scope of agricultural machinery.
) source: MAFRA. Regulations on the supply and management of duty-free oil for agricultural use [Appendix 1] Agricultural machinery
subject to duty-free oil supply.

4) source: Statistics Korea. 2023. Current status of agricultural machinery.

5) source: RDA (Rural development administration). 2022. Survey on the use of agricultural machinery.

6) source: NAIR (2023).

Y BAARES BEARE 43 MBS YT AT HFS A Gas gon], AR Ao
A% 24 o] ohd U 1A AR ¥ FYA 2 AT 2AA d f7edBY MEYE Assos
7t ol YA o] o] AF LAtA F trle gastn Uk AoE FEHT Yk YUY FEOIA
921 BT WA AR 4 el gk AR AL QT LAZRA HEFE 20024 6.70THE
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COxq.O1A 2021d 1419THE COseq. 2 F4oI% o™
2.2. W=¥ g A 9 A7 47 (GIR, 2024)7, H7] Q& ¥jZFL 2011 CO 8.647
E, NOx 22.104E, VOC 2.09HE, SOx 9.07HEC]A
2021 CO 7.42FHE, NOx 18.53%E, VOC 1.83FHE,
o] =7} BANA SOx 041HE S0z ZFASFATHNAIR, 2013, 2023)9).
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gt Aoz EAEQY. ol Ao|rt g Q2
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HAA Az A&EA HH9), sHo|YoRE FFsto] =
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5ol F+&Eo] L, olsHiEUolA=E AR
2 AED ot &, FHFoA 5ol 03%-03011:']
et 43S floto] Wi F3ota Qe HAS 339E
71l ® Eoid, @9 JHED JIHEY 2 e R
AR Qle 2AVA E 7| dEd wiETE A
Hog AY7t Hi &S & 5 Stk

222, 2MTA PR AT 535
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Annual trends in duty—free fuel supply and greenhouse gas emissions(2002-2021)
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Fig. 1.

Table 2. Types of fuels for tax—free oil allocation and supply and types of fuels for which emission calculations

are applied

Diesel

(108 ton CO,eq.)
7.0

6.0
50
40
3.0
2.0
O\\O\-.o.__-o--'o’/o-“o 1.0

0.0
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

mm Heavy 0il(B-B) -O-GHG emission

Trends in duty—free fuel supply and greenhouse gas emissions by year (2002 ~ 2021)

Classification

Types of fuels

Types of fuels for tax-free fuel allocation

Gasoline, Kerosene, Diesel, Heavy oil, Gas,
By-product fuel oil No.l., By-product fuel oil No.2.

Types of fuels for tax-free fuel supply

Gasoline, Diesel, Kerotine, Heavy oil, LPG

Types of fuels for calculating fixed sources

Diesel, Kerotine, Heavy oil (B-A, B-B, B-C), LPG, LNG

emissions mobile sources

Diesel

9) =98 HWAG ZF 2 BIYFA,L A&EA A
f F5 W F7hstAY A, 598 ¢
WA Fol o]FA 1L Yt

sto] HiF sA7IAE

o E.
=2 [}
B8 A9 A 2A0ISY 79 o)), JlEEAAE QY Ana

e 598 AEHED 5UE T4
A
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sto] APgstal ot 53], sA/YY FE wWiEF APgol
Agota Qe EeAEE A7 AYAEHAAY 5o
F5E 4H FFA oA EEAEE AT A=
B/ R A&ty Qlt. whEhA, vi&T AHY
s Y B8 247A 35 3 ZA a9 2 o)y
toll &&st710l= AT Slo] AT A4 HHES
sto] WiE=F A "PES JRAst A B At &
Y= et

Kim et al. (2018)2 A%, 5234, AMUAFAA
FYoA B ZES g R BE ZARE B4 27210
£ &835to] U Eof ovA 9 AHH(FEA 71A,
A d AL 714, A4 714, AR-[EH-E 71A 5)
o A L(AE, A7], B4R, 7. 7t 5 AlEstet
of oz AHF E olilsterA WiEFS 4
Cheu et al. (2019)= HHHEI] o]F
Table 33} ZFo] M2006 IPCC 7Fo| =&l A= td =
A71A, FPEF 43875 (4-stroke) SA7IA, AL+ 234
(2-stroke) EH71A T Al 7HA] EFE =5t 7]E Hl
EA5E AL QLo FHANME FG71A!l gt Al
23t 2A7EA wiETF Ago] Fasittal skt

ok AR A o3t sEY oA FE 247A
&2 A7t oy A £oF MiEF 3 "1 1.04%°) A
219 0.67%0.F viEH|Fo] mf- Wil A&H 07 A
skal 9lo] F7b A+ AP A9 glod, Kim et al.
(2020, 2021), Kim and Lee (2022)9} Zro] d¥ =74
£ e E 3 9 240 wE viEF B4 A+ 5ol

A3 glct.

de & o Y Mt o@
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HZIRI - O]2X| - P4 -

2 - g - A

223 W71L¥=2 &3 g 3

=71 d71AEH wiEd EFAAANA 5471A=
AEF FEolA A7), FHRLL ER71R, 71 B
7], BE7], EHE, 0|Y¢7] F $/ME FESto] HiETS
APgstal QIEHNAIR, 2023). 13y @A 549 B4
T 57 BD NAAE fIRt sA7IAR SRR 9
A, 471 8% 9 et FA71AY N Hgo] o]Fof
AL Qloy HiEs Ao Eas Hd71A SEA=D
4 SA7AE B &9, AJAL 5 E5ARY ¢
ot FA7IAE 8T & Us HEASTY FAZ Y
& A B A2 B astth

Shin et al. (2019)2 37} 7] QB 2% Fas
&gt FA7|A viEdd, EEEE drd HijE o]
= wAstoH, AT AeE QU= HiE Al o
S8 @ Q4do| Qlttal Sith Han et al. (2020), Kim and
Kim (2022), Lee and Kim (2023) 52 4% 543714
Yo R 7| =4 e AT wiEAs, A F
sk& 5ol tiste] A5 FASkAH. E3, Kim (2022,
2023)00 4= wF71A 59 EFAA AL AFEA Al
JduT A 9 EdE, FHIel, #E)7] § 5A7IA 3%
of gt Xl Fokg £4 I A+E &9l HEEols
Y F A7IA 2 AA7IA ] iRt viET AP
MdE M=ottt

(=

Table 3. Default emission factors for Agriculture machinery

CO; CH,4 N.O
Type Default Default Default
Lower Upper Lower Upper Lower Upper
(kg/T) (kg/TJ) (kg/TJ)
Diesel 74,100 72,600 74,800 4.15 1.67 10.4 28.6 14.3 85.8
Motor Gasoline
69,300 67,500 73,000 80 32 200 2 1 6
4-Stroke
Motor Gasoline
69,300 67,500 73,000 140 56 350 0.4 0.2 1.2
2-Stroke

Source: IPCC. 2006. 2006 IPCC Guidelines for National Greenhouse Gas Inventories.

10) Kim et al. (2018) QoA &

4% SAREE &, 3 25, ths, §F 5 S ASEE F 216070 WAL, SR, 59, i,

HleE, A, §4 § 7 SFEE  14007M)S Fer & AR STBARA ARt 5AF 24 FAE o AL HiE,

Ak A 5 ok 12007) AREE £ 4247 THOR B 5ENFY HAFEA AR B7h F SUAUA 52
oz 2Rt AUAZALTY OISR 42E BESHet
1) AT YA BREY FANE 199 4FEEV), AV S1 5UE BEFE) € 0@ 4BERE 34U 547 A)el

70l & 1639 FA7IA E& % AR7F BAEH Ao
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3. S1diH A7 40F0le F5d sA7IAILE D718 AUAA

o B HU7A So| EgHel gon, WAGE B
She 59714 Aol el HAHA e wU71A
7} E3HElo] gtk olo] & ATolAE WAS AF Ay

A7 SFE s47IA AR e ERAARZ A&

3.1. HIEH ERHAL HM
SHA 7]t viet o] e drIAISE 304 jofl BAIE

Table 4. Harmonization of source classfication system of greenhouse gas and air pollutant emissions from

agricultural machinery

Agricultural machinery

Greenhouse gas

source classfication

Air pollutant

source classfication

Tiller Tractor

Power sprayer Speed sprayer

Combine Rice transplanter
Seeder Water pump
Thresher Self-propelled thresher

Reaper binder Crop binding machine

Cultivator Multipurpose cultivator
Mower Lawn mower
Weeder Windrow reaper

Harvester Vegetable transplanter

Power cutter Pruner and shredder

Bark stripper Dehusker and peeler

Spouter Crop transport vehicle

Furrow Fertilizer applicator

Soil pulverizer Soil breaker

Crop washer

Tea leaf harvester

Crop dryer

Grain dryer

1.A4.c.
Fuel combustion/
Other sector/
Agriculture/forestry/fishing

Non-road transport/
Agricultural machinery
(reflected)

Non-road transport/
Agricultural machinery
(Not reflected)

- Non-industry combustion/
Agricultural heater Y

Agriculture, livestock, and fisheries

Mushroom cultivation sterilizer

Heating feed mixers

facilities

Agricultural cargo vehicle

1.LA3.b.
Transport/

Road transportation

Road transport/

Cargo vehicle

Agricultural loader

Agricultural excavator

1LLA2.f.
Manufacturing industries and
construction/
other/

Manufacturing

Non-road transport/

Construction equipment

Agricultural drone

1.A4.c.
Fuel combustion/
Other sector/
Agriculture/forestry/fishing

Agricultural ship

1.A4.c.
Fuel combustion/
Other sector/
Agriculture/forestry/fishing

Non-road transport/
Agricultural machinery
(Not reflected)

http://www.jccr.re.kr
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stk B, MAS AT A SAVANE Qe 7 289 A7 ARAZHS F8le] FojdE 95
A} e 29 BRAAC] Mool & BY. HEAE B 5U/AE AT wiESe AEsiel WgHTh 1
a1, 247, 26 So| o] Q7] o] BASE T U ) Aw A B A 7] wslrledst 4 %
Foe 7+ 5QIIAS} B LATA U grlo B H S Ws), WelE El A U 5), A B2 w7,
T ERAAS A 7IEE Tabl 49 ol WAL A A x| 502 A4 FIYA AAFAE Aol t
o E3 o710 9Ed WEY BeAAe) 4 g 9k
29 4 oAt 5719 SR SR TR et B AT WAl BRAY Aue 59
Baaigt. A¥) $goz 44T, $58 24 TR 597
A g ARl oA, wajRslel xA71AE vE
3.2. #3Xi= % Ago] Was du av Au TLEAT EH,
W% o] Mat WEARE sYIAG wAg | ooes U8 A AR SYIR Tatiscs
FHUH WY A2E BEAA WAG Fuy T 98 AEs ARE SR STEY HE
© eelZAbAE QA (MAFRA, 2023) 2t AL, (Korea Agricultural Machinery Industry Coop_eratlve (°]ak
MEelm Qo0 WS WA qes qug gog  KAMICO). 20220k =S S AR W 872
Sstol Table 59} 0 RO Sael 0o Ao HETI] WESAC, BF B A=} Qe B
oz oA WS A A SYsat Il gEo Uxd 2IEY AuE JRoz 72

se] #gtaict.

EAS AT AR Cpold B 59 5 A2
}3] =z = e =1 —
w3 HE Al4x0] 2t 55H I A2 R A F 3.3. HIEAH
EA7NA 5= LBk, THdE WA 35 E A
Bl FHY FAA 1FE AW 9FE WA LA HjEY AP 83 HEASE Table 63}
Table 5. Allocation of duty—free fuel by region, type, and agricultural machinery
Division Types of data provided
Region Si-Gun-Gu
Gasoline, Kerosene, Diesel, Heavy oil, Gas,
Fuel type . .
By-product fuel oil No.l., By-product fuel oil No.2.
. . 41 types of agricultural machinery subject to duty-free supply
Agricultural machinery . .
(Cultivator, Weeder => Cultivator)
Table 6. Greenhouse gas conversion factors and emission factors
CF" CO; EF CH; EF? N,O EF?
Fuel type
(MI/MJ) (ton C/TJ) (kg CH4 /T]) (kg N2O/TJ)
Gasoline 0.930 19.547 Stationary Stationary
Kerosene 0.932 19.969 - Petroleum: 10 - Petroleum: 0.6
Diesel 0.931 20.111 - LPG: 5 - LPG: 0.1
Heavy oil (B-B) 0.938 21.384
LPG (Propane) 0.919 17.641 Mobile Mobile
By-product fuel oil No.1 0.933 20.067 - Petroleum: 5 - Petroleum: 0.6
By-product fuel oil No.2 0.946 21.641 - LPG: 5 - LPG: 0.1
GWP 1 28 265

Source: GIR. 2024. 2023 National Greenhouse Gas Inventory Report.
1) National Conversion factors and emission factors applied when calculating emissions after 2017.
2) IPCC default emission factors for CHs; and N,O in other sectors.
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Table 7. Air pollutant emission factors by stationary source

Pollutant Emission Factors'

Category Fuel CcO NOx TSP PM10 PM2.5 voC NH;
(kg/kL) (kg/kL) (kg/kL) (kg/kL) (kg/kL) (kg/kL) (kg/kL)

Diesel 0.600 5.460 0.170 0.156 0.072 0.030 0.096

Stationary Kerosene 0.600 2.400 0.170 0.156 0.100 0.030 0.096
engine Heavy oil (B-B) 0.600 2.470 1.200 1.100 0.768 0.193 0.096
other fixed LPG 0.228 1.106 0.036 0.036 0.036 0.060 0.013
equipment By-product fuel oil No.1 0.600 5.460 0.170 0.156 0.072 0.030 0.096
By-product fuel oil No.2 0.600 2.470 1.200 1.100 0.768 0.193 0.096

Source: NAIR (2023).

1) SO, emissions are calculated by applying the sulfur content standards for fuel oil, etc. (Ministry of Environment Notice No. 2015-201).
Gasoline: 0.001%, Kerosene: 0.001%, Diesel: 0.1%, Heavy oil (B-B): 0.5%, LPG: 0.004%, By-product fuel oil No.l: 0.1%, By-product fuel
oil No.2: 0.2%

2) For by-product fuel oil No. 1, kerosene emission factors were applied.

For by-product fuel oil No. 2, Heavy oil (B-B) emission factors were applied.

Table 8. Air pollutant emission factors by mobile source

| Pollutant Emission Factors? *
Category Fuel Tech."
co NOx TSP PM-10 PM-2.5 VOC NH3 BC
~Stage [ 888.77 2.65 5.54 5.54 5.54 328.60 0.00 0.28
. StageIl 994.88 3.57 6.15 6.15 6.15 161.93 0.01 0.31
Gasoline
StagelllA 994.88 3.57 6.15 6.15 6.15 161.93 0.01 0.31
(2-stroke)
StagelV 994.88 3.57 6.15 6.15 6.15 161.93 0.01 0.31
StageV 994.36 3.56 6.12 6.12 6.12 159.48 0.01 0.31
~Stage [ 1,099.64 10.20 0.22 0.22 0.22 27.31 0.01 0.01
. . Stage Il 1,150.75 9.55 0.23 0.23 0.23 23.08 0.01 0.01
Agriculture Gasoline
. StagelllA 1,150.75 9.55 0.23 0.23 0.23 23.08 0.01 0.01
machinary (4-stroke)
StagelV 1,150.75 9.55 0.23 0.23 0.23 23.08 0.01 0.01
StageV 1,113.72 7.66 0.23 0.23 0.23 19.02 0.01 0.01
~Stage [ 17.15 59.39 2.39 2.39 2.39 5.45 0.01 1.30
Stage Il 7.40 24.98 0.76 0.76 0.76 1.43 0.01 0.59
Diesel StagelllA 7.31 15.66 0.67 0.67 0.67 1.42 0.01 0.50
StagelV 7.30 1.92 0.12 0.12 0.12 0.64 0.01 0.09
StageV 7.37 2.26 0.07 0.07 0.07 0.64 0.01 0.01
~Stage [ 19.70 52.79 441 441 441 7.09 0.01 2.43
. Stage Il 8.65 26.79 1.25 1.25 1.25 1.92 0.01 1.00
construction .
. Diesel StagelllA 8.27 18.97 1.15 1.15 1.15 1.78 0.01 0.92
machinary
StagelV 7.30 1.90 0.12 0.12 0.12 0.65 0.01 0.09
StageV 8.91 9.29 0.14 0.14 0.14 1.13 0.01 0.07
Gasoline - 217.94 18.92 0.03 0.03 0.03 20.88 0.95 0.02
LCV Diesel - 8.97 18.07 1.84 1.84 1.84 1.87 0.05 1.01
LPG - 160.90 28.88 0.00 0.00 0.00 2591 0.15 0.00

1) Classification according to domestic non-road mobile pollution source emission standards (Enforcement Rules of the Air Quality
Conservation Act [Appendix 17] Permitted Emission Standards for Manufactured Vehicles)

2) Source: EEA (2019).

3) SO, emissions are calculated by applying the sulfur content standards for fuel oil, etc. (Ministry of Environment Notice No. 2015-201).
- Gasoline: 0.001%, Kerosene: 0.001%, Diesel: 0.1%, Heavy oil (B-B): 0.5%, LPG: 0.004%, By-product fuel oil No.l: 0.1%, By-product
fuel oil No.2: 0.2%
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Table 9. Allocation and supply of duty—free oil for agricultural machinery in 2021

Fuel Type Allocation (A) Supply (B) B/A Note!
(KL) (KL) (%)
Gasoline 97,821 87,015 88.95
Kerosene 664,499 439,787 66.18”
Diesel 916,337 852,466 93.03
Heavy oil (B-B) 32,932 28,902 87.76
LPG (Propane) 19,175 14,053 71.06%
By-product fuel oil No.l 31,335 - (87.76) (27,499.4)
By-product fuel oil No.2 9,213 - (87.76) (8,094.2)

1) Estimated Supply.

2) Since the main consumers of fuel are heating and drying, there are differences depending on environmental conditions such as temperature

and humidity in the year.

- main consumers: Dryer, Heater, Mushroom cultivation sterilizer, etc.

12) TA4% 9 AfTAARA Y

135 59307, 28 F/930=r
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13) TSP, PM-10, PM-2.59] |&A |47} SUsto] vi&eFS PM-2.59F 24519t

14) A28 45 59 FERT(WS TAR 1A (H2012-201 5004
0.1%, BAAZF 235 02%= T35 o] Ut
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Table 10. Results of estimation of fuel consumption by agricultural machinery in 2021

Fuel type” [KL]
Agricultural machinery
A B C D E F G
Tiller 27.0 4.0 76,012.8
Tractor 2.1 541,958.6
Power sprayer 954.8 1.5 1,143.4
Speed sprayer 19,658.8 850.1
Combine 6.5 0.1 42,251.4
Rice transplanter 7,636.0 0.1 2,606.0
Seeder 98.9 3.8
Water pump 3,260.6 353 221.2
Thresher 4.1 2.1
Self-propelled thresher 5.0 6.0
Reaper binder 268.8 0.0 0.5
Crop binding machine 1.3 53.9
Cultivator (+Weeder) 1,317.2 0.7
Multipurpose cultivator 21,500.2 0.2 54.1
Mower 13,499.6
Lawn mower 1,856.6 9.9
Windrow reaper 2,824.5 0.1 1.8
Harvester 32.0 529
Vegetable transplanter 45.5 0.0 0.2
Power cutter 16.8 0.1 13.6
Pruner and shredder 1,308.7 315.8
Bark stripper 472.6 287.8
Dehusker and peeler 87.3 1.5
Spouter 4,323.3
Crop transport vehicle 5,798.9 0.1 2943
Furrow 207.6 0.0 1.2
Fertilizer applicator 1,358.8 0.1 11.6
Soil pulverizer 13.1 0.2
Soil breaker 414 0.0 1.4
Crop washer 32.7 0.1 323
Tea leaf harvester 42.5 6.4
Crop dryer 52,963.2 1,569.9 56.0 367.0 23.5 32
Grain dryer 52,129.5 800.2
Agricultural heater 334,248.6 28,759.8 10,581.1 27,475.9 8,079.5
Mushroom cultivation sterilizer 3953 28,378.9 86.3 1,627.7 11.5
Heating feed mixers 8.7 70.7
Agricultural cargo vehicle 29.9 141,037.8 1,477.3
Agricultural loader 18.3 13,589.9
Agricultural excavator 15.7 820.8
Agricultural drone 126.6 0.0
Agricultural ship 121.2 2.5
SUM 87,015.0 439,787.0 852,466.0 28,902.0 14,053.0 27,499.4 8,094.2

1) A: Gasoline, B: Kerosene, C: Diesel, D: Heavy oil (B-B), E: LPG (Propane), F: By-product fuel oil No.l, G: By-product fuel oil No.2
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Table 11. Greenhouse gas emissions by agricultural machinery in 2021
Source Emission (ton/yr)
Agricultural machinery .
classfication CO, CH,4 N,O COaeq.
Tiller Agri_Mobile 197,874.3 13.4 1.6 198,676.6
Tractor Agri_Mobile 1,410,325.3 95.6 11.5 1,416,043.9
Power sprayer Agri_Mobile 5,057.1 0.3 0.0 5,077.8
Speed sprayer Agri_Mobile 44,997.5 3.1 0.4 45,184.9
Combine Agri_Mobile 109,963.7 7.5 0.9 110,409.6
Rice transplanter Agri_Mobile 23,400.5 1.6 0.2 23,497.3
Seeder Agri_Mobile 225.2 0.0 0.0 226.2
Water pump Agri_Mobile 7,760.2 0.5 0.1 7,792.5
Thresher Agri Mobile 14.3 0.0 0.0 14.4
Self-propelled thresher Agri_Mobile 26.5 0.0 0.0 26.6
Reaper binder Agri_Mobile 586.4 0.0 0.0 588.8
Crop binding machine Agri_Mobile 142.9 0.0 0.0 143.5
Cultivator (+Weeder) Agri_Mobile 2,868.5 0.2 0.0 2,880.4
Multipurpose cultivator Agri_Mobile 46,934.2 33 0.4 47,130.0
Mower Agri_Mobile 29,380.3 2.0 0.2 29,502.9
Lawn mower Agri_Mobile 4,066.4 0.3 0.0 4,083.4
Windrow reaper Agri_Mobile 6,152.0 0.4 0.1 6,177.7
Harvester Agri_Mobile 207.3 0.0 0.0 208.1
Vegetable transplanter Agri_Mobile 99.8 0.0 0.0 100.2
Power cutter Agri_Mobile 72.3 0.0 0.0 72.6
Pruner and shredder Agri Mobile 3,670.2 0.3 0.0 3,685.4
Bark stripper Agri_Mobile 1,777.5 0.1 0.0 1,784.8
Dehusker and peeler Agri_Mobile 193.9 0.0 0.0 194.7
Spouter Agri_Mobile 9,409.2 0.7 0.1 9,448.5
Crop transport vehicle Agri_Mobile 13,386.6 0.9 0.1 13,442.3
Furrow Agri_Mobile 455.0 0.0 0.0 456.9
Fertilizer applicator Agri_Mobile 2,987.5 0.2 0.0 3,000.0
Soil pulverizer Agri_Mobile 29.1 0.0 0.0 29.3
Soil breaker Agri_Mobile 93.9 0.0 0.0 94.3
Crop washer Agri_Mobile 155.5 0.0 0.0 156.1
Tea leaf harvester Agri_Mobile 109.0 0.0 0.0 109.5
Crop dryer Agri_Stationary 137,188.9 18.7 1.1 138,009.3
Grain dryer Agri_Stationary 132,310.0 18.1 1.1 133,103.2
Agricultural heater Agri_Stationary 1,031,143.3 138.8 8.3 1,037,222.9
Mushroom. cultivation sterilizer Agri_Stationary 77,600.4 10.4 0.6 78,054.0
Heating feed mixers Agri_Stationary 205.7 0.0 0.0 206.9
Agricultural cargo vehicle Road Transportation 369,326.4 25.1 3.0 370,820.6
Agricultural loader Construction 35,404.6 2.4 0.3 35,548.1
Agricultural excavator Construction 2,170.0 0.1 0.0 2,178.8
Agricultural drone Agri_Mobile 275.6 0.0 0.0 276.7
Agricultural ship Agri_Mobile 270.4 0.0 0.0 271.5
SUM 3,708,317.3 3443 30.1 3,725,931.1
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Table 12. Air pollutant emissions by agricultural machinery in 2021
. . Source Emission (ton/yr)
Agricultural machinery "
classfication CcO NOx SOx PM-2.5 VOC NH;
A-1 Tiller 1,095.9 3,471.7 1.5 138.4 313.9 0.7
A-2 Tractor 5,416.9 13,003.6 10.8 519.5 1,220.4 53
A-3 Power sprayer 1,095.9 354 0.0 1.3 253 0.0
A-4 Speed sprayer 22,341.6 208.7 0.4 5.2 472.6 0.1
A-5 Combine 564.0 1,755.5 0.8 69.9 158.5 0.4
A-6 Rice transplanter 8,643.8 157.7 0.2 5.0 196.5 0.1
A-7 Seeder 112.1 1.1 0.0 0.0 2.4 0.0
A-8 Water pump 3,137.5 17.4 0.1 19.7 699.6 0.0
A-9 Thresher 4.7 0.1 0.0 0.0 0.1 0.0
A-10 Self-propelled thresher 5.7 0.2 0.0 0.0 0.1 0.0
A-11 Reaper binder 304.6 2.6 0.0 0.1 6.5 0.0
A-12 Crop binding machine 2.0 1.4 0.0 0.1 0.2 0.0
A-13 Cultivator (+Weeder) 1,492.5 12.8 0.0 0.3 31.9 0.0
A-14 Multipurpose cultivator 24,315.7 210.7 0.4 49 526.4 0.1
A-15 Mower 12,978.6 443 0.3 80.4 2,893.9 0.1
A-16 Lawn mower Non-road 1,785.0 63 0.0 1.1 398.0 0.0
transport
A-17 Windrow reaper 2,715.5 9.3 0.1 16.8 605.5 0.0
A-18 Harvester 36.8 1.7 0.0 0.1 0.9 0.0
A-19 Vegetable transplanter 51.6 0.4 0.0 0.0 1.1 0.0
A-20 Power cutter 16.3 0.4 0.0 0.1 3.6 0.0
A-21 Pruner and shredder 1,261.5 12.6 0.0 8.1 281.3 0.0
A-22 Bark stripper 4573 9.1 0.0 3.1 102.0 0.0
A-23 Dehusker and peeler 84.0 0.3 0.0 0.5 18.7 0.0
A-24 Spouter 4,156.5 14.2 0.1 25.8 926.8 0.0
A-25 Crop transport vehicle 6,573.5 63.8 0.1 1.6 141.3 0.0
A-26 Furrow 235.3 2.0 0.0 0.0 5.0 0.0
A-27 Fertilizer applicator 1,539.7 13.5 0.0 0.3 33.0 0.0
A-28 Soil pulverizer 12.6 0.0 0.0 0.1 2.8 0.0
A-29 Soil breaker 39.8 0.2 0.0 0.2 8.9 0.0
A-30 Crop washer 31.8 1.0 0.0 0.2 7.1 0.0
A-31 Tea leaf harvester 48.2 0.6 0.0 0.0 1.0 0.0
A-32 Crop dryer 32.8 293.6 4.8 4.0 1.7 5.2
A-33 Grain dryer 31.8 286.5 2.6 3.8 1.6 5.1
- Non-industry

A-34 Agricultural heater . 236.3 2,035.9 360.9 52.7 18.0 37.6
A-35 Mush. cultivation sterilizer combustion 17.7 72.3 57.8 3.0 1.0 2.8
A-36 Heating feed mixers 0.8 2.1 0.0 0.1 0.2 0.0
A-37 Agricultural cargo vehicle Road transport 1,509.2 2,591.9 29 259.8 302.1 6.7
A-38 Agricultural loader Non-road 135.0 231.8 0.3 16.3 29.6 0.1
A-39 Agricultural excavator transport 9.7 20.5 0.0 1.5 2.6 0.0
A-40 Agricultural drone Other 121.7 0.4 0.0 0.8 27.1 0.0
A-41 Agricultural ship 116.6 0.5 0.0 0.7 26.0 0.0
SUM 102,768.5 | 24,594.1 444.5 1,255.7 9,495.4 64.5

1) A: Agricultural machinery (reflected), B: Agricultural machinery (Not reflected), C: Agriculture, livestock facilities,

D: Cargo vehicle, E: Construction equipment, F: Other (Not reflected)
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A-1: Tiller A-2: Tractor A-3: Rice transplanter
A-4: Power sprayer A-5: Speed sprayer A-6: Reaper binder
A-7: Combine A-8: Grain dryer A-9: Self-propelled thresher
A-10: Windrow reaper A-11: Cultivator A-12: Harvester
A-13: Crop dryer A-14: Multipurpose cultivator A-15: Vegetable transplanter
A-16: Agricultural heater A-17: Power cutter A-18: Spouter
A-19: Water pump A-20: Mower A-21: Thresher
A-22: Furrow A-23: Fertilizer applicator A-24: Dehusker and peeler
A-25: Crop binding machine A-26: Crop transport vehicle A-27: Crop washer
A-28: Soil pulverizer A-29: Soil breaker A-30: Pruner and shredder
A-31: Bark stripper A-32: Seeder A-33: Agricultural ship
A-34: Lawn mower A-35: Tea leaf harvester A-36: Mush. cultivation sterilizer
A-37: Agricultural drone A-38: Agricultural loader A-39: Agricultural cargo truck
A-40: Agricultural excavator A-41: Heating feed mixers

Fig. 4. Air pollutant emissions by agricultural

Journal of Climate Change Research 2024, Vol. 15, No. 6

machinery (ton/yr)



Y WX B2 2a71A & UV (QESE ST LEU™ 10| 2ot &

1145

Proportion of air pollutant emissions by fuel type (%)
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Fig. 5. Proportion of air pollutant emissions by fuel type (%)
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50| F8 vi&do|H, NHs= F71(37.6 ton/yr, 58.2%),
SFEAFEAH(6.8 ton/yr, 10.5%), EZE(5.3 ton/yr, 8.1%),
SAEAZ7|(53 tonfyr,  8.1%), ZFEAZRZ|(S.1 ton/yr,
7.9%) 5ol 8 HiEHoE FEAFTH

F5E d7LEEE viE HS(%)Z RS AF
CO(91.2%), VOC(78.3%)°llA 7H} B2 HiE HIS(%)=

ZABFIL 1o, -5+ NOx(86.5%), PM-2.5(80.8%)°]
S de UB0e AL SR
NH;(65.4%), S SOx(65.0%)°14 7 2 HiE H]
F(%)ye AASHL Ql= Ao=w BA I

=7t 71 4= HiEd 2FAAE 7= Hlast
7] 9isto] HiEHof whet RART A} Table 133} o] &t
7], 127] & 37 HiEdA HiEEE dredE
AL CO 319.4ton/yr, NOx 2,690.3 ton/yr, SOx 426.2
ton/yr, PM-2.5 63.6 ton/yr, VOC 22.4 ton/yr, NH; 50.7

ul o
1.‘.!:—1___'

Table 13. Air pollutants emissions by emission source classification

Emission (ton/yr)

Source classfication

Cco NOx SOx PM-2.5 voC NH;
Non-industry combustion Agriculture, livestock facilities 319.4 2,690.4 426.2 63.6 224 50.7
Reflected"” 42,418.1 18,651.3 13.9 759.1 3,089.5 6.6
Agricultural 5
Non-road . Not reflected” 58,138.8 407.3 1.1 153.9 5,996.0 0.3
machinery
transport Subtotal 100,556.9 19,058.6 15.1 913.0 9,085.5 6.9
Construction equipment 144.7 2523 0.3 17.8 322 0.1
Road transport Cargo vehicle 1,509.2 2,591.9 29 259.8 302.1 6.7
Other (Drone, Ship) 2383 0.9 0.0 1.5 53.1 0.0
SUM 102,768.5 24,594.1 444.5 1,255.7 9,495.4 64.5
1) Agricultural machinery reflected in the CAPSS classification.
2) Agricultural machinery not reflected in the CAPSS classification.
17) CAPSS (Clean Air Policy Support System)7|& HAMAAA B H-SARLAIAAIY HEo| EgHE T
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Fig. 6. Comparison of CAPSS and this study’s emissions by air pollutant
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