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ABSTRACT

As global carbon border adjustment mechanisms (CBAM) expand, the agricultural sector faces increasing pressure to
manage carbon emissions. This study analyzes global CBAM trends, focusing on the EU implementation starting October
2023, and develops comprehensive response strategies for Korea’s agricultural sector. Through systematic analysis of life cycle
assessment (LCA) methodologies for calculating carbon footprints in agricultural production and supply chains, the research
evaluates the potential impacts of carbon border taxes on domestic agriculture. While CBAM currently applies to six sectors
including steel, aluminum, and fertilizers, its expected expansion to agriculture necessitates proactive measures, as evidenced
by Denmark's pioneering agricultural carbon tax announcement for 2030. The study examines advanced carbon reduction
policies and technologies adopted by leading countries, including precision farming, renewable energy systems, and optimized
fertilizer usage. Agricultural greenhouse gas emissions, accounting for 10% of total emissions, with livestock contributing
another 70%, require systematic management. The findings emphasize the need for internationally standardized LCA for
agricultural competitiveness and food security. The research suggests that Korea's agricultural sector requires both technical
and policy support, including the establishment of sustainability criteria and life cycle inventory databases, along with the
development of quantitative evaluation methods for carbon reduction measures. Furthermore, the study highlights the need for
farmer education and support systems to facilitate the transition to low-carbon agriculture, particularly considering the
challenges faced by small-scale and elderly farmers. Carbon certification labels and incentive mechanisms also are
recommended to encourage voluntary participation in emission reduction efforts. This study provides fundamental insights for
establishing proactive responses to carbon border taxes, ultimately contributing to the carbon neutrality and sustainability of

Korea's agricultural sector in the global market.

Key words : Carbon Border Adjustment Mechanism, Agriculture, Net-Zero, Life Cycle Inventory, Life Cycle Assessment

TCorresponding author : taegon@jbnu.ac kr (567 Baekje-daero, Deokjin-gu, ORCID <3| 0000-0002-0086-6141 17l 0000-0001-8156-6951
Jeonju-si, Jeonbuk State, 54896, Jeonju, Korea. Tel. +82-63-270-2557) Zu]4 0009-0004-1620-8049 ZIEZ 0000-0002-7931-6627

Received: February 19, 2025 / Revised: March 18, 2025 / Accepted: April 11, 2025

http://www.jccr.re.kr


https://crossmark.crossref.org/dialog/?doi=10.15531/KSCCR.2025.16.2.283&domain=https://jccr.re.kr/&uri_scheme=http:&cm_version=v1.5

N
T
[on

\J
=
>

284

0

1. M2

Agasto] Yheslr] 918 20154 195745t0] wol 3}
@A (Paris Agreement)S AZASt, B2 70|
201849 IPCC 1.5C EERE A A Aokt 2050 et
& SHERE o|F7] At =82 7=l Ut 7+
9] &S H(Net-zero) AA-LS T CERS
of A R A Hilo] AA e F2H WE R F
s glon, 24 Relz} 27} Aol 2
A3 Q. 8 AMIREoA TSt gANES &
7] g1t wHoR b A9 AL Aflo] et
Rom, AE F719] =¥ do| A4 A7 5L
28 wa AT AUE AT Ak

S HASHEuropean Union, ©]3} EU) 2019¢ 93 1
Y (European Green Deal, °|3} I1HYE)S WHSIH,
20508714 BH45US STt SRS Agalnt
(EC, 2019). o] J3E AL 7|2 L&+ 247tA
o] It th7]oflA AAEE 2A7IAY Fo] #FZ °o|F
A shol 71% FUE GAITHE RS BE Tk olo] o}
2t oA, &, A & THFSE Eokoll 2A @A
HAg 22ehwA BAlo] A&7l A 4B 2
3t} TUYL Al A% AladoRo) Apg 3
Atz “s7dolA AE7HA|(Farm to Fork)” He 32
b glom, olg §o) 5% FEele Lasks 7
7}a¥stal QITHEC, 2021a, 2022).
s d B3 GAS Al F71 HolA] TAs= 24
shasel ofah 3] B gEolA WASH: hanE
Pelols Faio] AT ok YEA 2 BU| B
27 ZAA L (Carbon Border Adjustment Mechanism,
St CBAM)= 5= AlF] A4t oA get gha
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THEC, 2023). Ba=AA= 578 =719 o 3}
A& 3Hst7] s AR &gt #AE 7H 77
2 IS o]dsk= B4 +E(Carbon leakage)s AT
o2 5 A=) ©aAg =¥ § LT (Branger
& Quirion, 2014). 2023¥ AJH E=UF CBAME tj4l A+
dS FARHoR IAHT gloH, A AAZA A +
29 4 A9 W3k ol&EX Stk 20249 EA F8
4 Aol 2%, d5 v, B, AME, HE, 4
o] Z3tHEh

tl= A AR A2 Fota e, A EYols
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= 20179 HAFufH(Buy Clean California Act)S =
sto] 33 29 Al 54 A4 A A Aol A A
she ©AEEFS IESHEE  Sfal Qlt(California
Department of General Services, 2018). &5 A=°] A&
& ABOE SUNES SEoLL, Tavl AT 7%
=g 2eke &3S J0el Uk 49, o1 5 A
AAHOR o3t gta 24 Awrt g o, 2
2 59 oA @S B9 F8A0] FUlstL
UTH

S A A A Aol disiA= ol A E
7}Life Cycle Assessment, ©]5} LCA) 7|H& &85}
AEE SaHEFS AFH0E FrFskal QItH(Chen &
Chen, 2024). LCA= AlF9] HA= AH, A4, 78, &
H], H7]o] ol2& A oA SauETS FTHL
2 FAsto] &4 dFE $A3teh= W olth(Finkbeiner
et al., 2006; Hellweg & Canals, 2014). At HolFH&E AF
HEH, A%, AHE, 35} 5 oz YobA] 4bgd Fofo]
Al olr] CBAMo] A-&= 1 17] wjZoll, LCAE 7|4t
0 g ga=ZAlol dulstal ik I FAE E5751H7]
e gt 7l i 2 A oS wWekS whsskar
Qltk(Lee and Ryoo, 2022). &4 o2 CBAM WAlo|
ofd ¢ Hoks AlF AR fg 24 AdoE &
FokaL, o9t Z2 AAA tigo] mlEet Aot

SAoA TS 2AVEA HiEE HE AR, 7HS A
5, =09 E 1Y 5 o 84004 7IRIgt. 5
209 F8 2AVIAQN HEH(CH)T} oA A (N0) =
Ak v = ARE, =9 W Al oA FE HjEE=T,
247y A28k 42(Global Warming Potential, GWP)7}
213} 265= Wi Eof #ef7} a5ttt 5% FopojlA
Aots 2A7MAE TS B oA AR A
o8 WAYsto] thE Atdol Hls WAL EAsto] Al
5t7] ojg& E4do] St

g A3 e EofE gdiE AolH, &
2oF A A7t E 4 @Ity EU 23] wYd9¥3l+=
20309714 HAFEE CBAMO| Egsh= Hohe HES
AL ARFstaL JTHEP, 2022). dluta HEE= 20244 6
4, AlA HEE 203095 F 5Y Eofoll ‘5 =oF ©4
NS Fist7]|2 WE A TH(Rasmussen, 2024). HUtT=
2030 714] 19909 <= tiH] 24A7HA HiEFS 70% &
SolAltHs =3 off|, 2030 RE ojitatetAa 1E9 300
AZY|(eF 65 ¥, Al A & 1203 24)E AIRCE,
59 o= 75022 Y|(eF 15T Y, Al 3A ¥ 30022
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WA AlEE Bt dgoltt. S Al A2 =
AFs7he d o2 ok Aol dntae] 4t B
52 99 59 24B0IE o AhsAo] 2tk

159 Hopo] aRAAE H8H A9, F 5aE
Ao AT 4L w12 Ao ok 5919
gt AHER}=H(Carbon Footprint, CF)2 AJAFEAETE ofy
2t 3G AtoA HAch= gAMEE ZdotRE, A
A SAET Zol 3 &5 &9 —r‘ Sk Afole
S A BoE s 714 FA Yol ks 87t A
o gamA Al iS5t At 59 B4 F5 B89
SaulE A et DA ol ol2Rt A= 57
%] 712 AAEHEE, 5 EopA T g
%] AA 3ol Bast.
29 g 5FS AAZLE
of9] LA Q1 g Ak A|AlStLA
UA CBAMT} et A9] = 7 &
A E, o3t A= SHito] 5 Fizo]
ske BAslth 0he o2 9] Hoko] gylaol
g fief Fuls 2039 59 2ot L
Al =35F2 AESI} E3] LCA HMHY
A 71Hol EA W SHAALS BEA
St LCI DB #5939 =&3tct
1181 5 #oF LCI DBO] #3 9 =315 93k
A, ez 4494, 237
AZles 283t "oy 4 1 24
@EOPE, U sAe ol A LCI DB +5
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EU9| CBAMZ 9)5&9] SAuf&d2S B7Iste] g4
AE Bishs Alzolth. EUE A |73 7|5 3lo| o

Q5] e&tA4AZ=Fo|gt= H]|ASHY CBAME Z95}
7199 ZA3t AR A AA A9l gekas)t
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o U HIEEE 7E Ol oS A 285
20214 79 EU W9 91987 CBAM Mot 29k A%

Shleh. Z<to dis f-Hol3let EU o)Ak, EU H3 4
39| WP st AR FAE AA 20229 1240
ARt g A e dEFCh olF 20234 5¢
CBAM Yool H%E <=l 24 wagel wat
2023 10¥ X ¥ AZ 7]7to] A|ZE )

2023 1095E ¥€ra%E CBAME 20254 129714
A8t A (transitional period)Z A|PE T} o] 7]|7ko] EU
3¥=2 HIEU w7toA #dshs AR gablEsd<
Harsfjof gttt 2025 12¥7MA = A R glo] B
ASHA T, 2026 W Bl = 3H4 WA (definitive phase)Z &
3l=]o] EU g4 8i&H 7 A (Emission Trading Scheme,
ETS)9] 7]&o] whe} eaufEol gk H-&& A&dfof
qtet.

EUE 202349 8€ 179, &4
o] Fall 712t &< 71dE] "= A5yl fls A&
AFZ ol YA= ‘?_‘ré\_ﬂﬂg%(Embedded emissions) A4t
sk WY Bu 971S AAls] 83tk CBAMS
2026 A EE 2034@7MA] GAFOC R TUH wgt EU=
71&0] 4T gaHiEo] Hs) FALE AlSEHYE H
SdS AAH LR F45t0] HE 7]Yo] CBAMO| &

122 ek olo] wek CBAM 48 7]
Qe T 59 1A CBAM AZAGNEE A2
of ohv, o] AFAL BAUiEF 1EY 14K wso
Q%4 742o] & vlgo] HLHKOTRA, 2023)
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3.1. Of & ME 7tsd

EUE 2023¥ CBAM A =Z EHAZAA 42 A
slo] G2u)E, AWE, A, v|g, A7 5 @4 oejE
A el disf MEL 7= E?J—”‘:} o]
w2t S AlFe] EU oA BAE RS A5 A& A=
gauEHo] 8ot HES SAIAT FEstA €
TH(Agrinfo, 2022). @A HAMEY} A2 CBAM A& o
ol ZHE]A] Aton, EU 93] s3]+ 20309

A2

T SARES] CBAM E3HS AES AL S HEP,
2022). =3 99 54 # SAF d52d2 v=el
bl CBAM #&o] 45 ut2 AR : o2 =gt

AL A A5k JH(Copa-Cogeca, 2021). o] H]FZofTt
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AL B8 A9, A7 vlne A Y s
o 7 AW S Hustel EU o] olF0z &
2 4 Atk $EolA H]iﬂ‘}i‘:}.
5t vigol A Blmet S4HAIE 5 A A
1 sEAE SAHARS Ho}?l-ol AR Yot
(Fournier Gabela, 2024; Nordin et al., 2024). T}qt A&
Tamro] Baog ols) 429 HALEO] YAE Bhae
2 oA AEa] otk 71%d AR AHEn
Qlth(Matthews, 2022). Nordin et al. (2024)2 =5AHE9]
et graaAA EQlo] £270) FAE Az Belo]
4449 9P UL ACR A5 Bel Fh4a)
B3 AT AR 53 ol 453 oB
we 2vte) vnes] sz A%
g Ao e
BRo 7t LAsA W) AT B2
O H(Garnett, 2011), A3 otH 2 XA L}t

&
At
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o, o njn
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AA=GE Eog o8] X274 A0l eAFA|
Z-gol AlRtAelitt. 18y EUS 7155Y X 24
= 981 A718 2= HETS #21 sgol= g4vd
Fit o] 371d Aoz ddr. 53] CBAM di4
F50ll xdd viEe A% Ao AdHA 3,

2026 5E EU 4= H|=(): 848 =7)0] et §4aHlE
o] BilE o Fo|tHEC, 2021b). Fournier et al. (2024)=
M2 71 Aol §9 Ul B4R A4 818S S71A7]
T, ofafet Tanlgo] SAHE Ao WD B9o)
T EAYT AT Fapol w2d, A7), FAF, &

%2 2] 7}7o] 445 7540l

Jom (ot 540 AL F 7% 45, ol 714
07 A4 QF A1E gt =8 F7IE olojd 4 39l
ol At

=29 247 d5oint. o2t R dade 4
St7] §18l CBAM k=glo] AA| 2A7IA HiE 4o 1]
A gl g ket By BAT AUl Bt

33 It} Bellora and Fontagne (2023)+= 945
A vk (Computable General Equilibrium, CGE) 282
53 CBAM©| EU9| ©a7tA o] whE A2y g4it
o] g¢f o] AAISt HiEFES HaATIe A3t
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3t 7k4 Qtelo] AARE AA Auto] eaHlE TAR o]
ofd & g2 HoFelen, 53] £ wggH=Y
Hi& Afde 24 5 dve A2 AL

J24 CBAMO] 229 75 Aayd tsiA: A5
St H7le A|7]= 3 Qlth Nordin et al. (2024)2 SAME
o it g4 27 (Carbon Border Adjustment, CBA)
AlEdoldE B3, g§arES AASHAT EU W B4t
AE9] 71 A5 Eo] eiHo] EU H¢ F&9 AA
&% ZI7E 0.5% 50 13 ﬂOIEh_ 43

E3SH Hansen-Kuhn (2021)2 H| g5 BEES A E £0

CBAMo| 2 4= U= o&A g2 Hdars 7Hs4
= AAPS. A A o2, EUY Blgzo] gt ‘E‘r*i‘ﬁ/‘ﬂ
Fa7t g £2dAE AF olsS st &
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.9.0]:7]01-)\ = ZX]—*@Q){\:]- o]‘—— 73_1,]-4 H =
Ao q9] A7} HE A& Z7hE ololA, 2312 H9]
wjZo] Z7lohe JaTE 2T > Yok S A
St

4. MH SYEO} LCI 75 HE

u]=+9] US LCI Databaser= =7} X}g9] tjE %91 7}
AEE HlolgHolioltt. mlw AP A AT A
(National Renewable Energy Laboratory, NREL)7} FI=
sto] &3t o] HlolEHolA= H= W 8 A=, AlE,
3459 gate-to-gate, cradle-to-gate, cradle-to-grave EﬂO]
E|E A|&Zstcl US LCI Database:= djo|g 331} &

X 97, HA LCI dlole] AF, 4] DBS] 58 rz
H, gol8 ¥4 FE F8 ZHE gt 59 '-'—#Xﬂ
LCI #270] S8 argfsto] 5= lom, vl

H LCA CommonsE E3) SFE(United States
Department of Agriculture, USDA), o]\ A] 5 (Department
of Energy, DOE), 7 X 3 % (Environmental Protection
Agency, EPA) 5 9 7| 71 A2 B¢ dolg] EZ
S48 2513 Utk 59 2o SsiE WE pBR:
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USDA7} F£%E35F= LCA Commons’} JOH, ol 24
o, AT 5 8 A=9] Al gloleE AlFste] US LCI
DatabaseS H &5k Qith

EUS| 5% Fat 24A7IA HiEFS A7t oF 389 £
CO2e&, EU AA| viE9] ok 10%ES ZARHH?20194 7]
). EUx= ol& #AFs7] s Al S8 A = (Product
Environmental Footprint, PEF) 5 #5315 LCA A& 7
Wsto] A gl glolHE Ao &85kl Ut
©99] gJEAQl LCI DBl AYA9] Ecoinvent= Af|A ]|
A 7P 2ol 1 Frggk -8 LCI Hlo|gHo| AR, o
A, A AF, 24, 5H & ThRE F2ollA] 29 7 o]
9] 34 dlolEE E3I} 2003 A 37 ©]F vid
glo]Ex]o] LCA, 3HEAZAHEA|(Environmental Product
Declaration, EPD), BtAHAI= A Bof sFHYsHA &
|51 Uk E3] 20169 WHEE Ecoinvent 3.3 HAL
MA A& LCA dolgHo]A(World Food LCA
Database, ©]5} WFLDB) T2 A E 9] flo|HE E3lo}o]
Y 729 HolHE tE g5

59 4 AF FoF 535} DBREE UEHE Blonk 714
EAMF St Agri-footprint”} TiEZ]o|T}. o] Alm, 4]
&, HolujA 5 oF 11,0007] Al gt A= Hlo]
EJAlS AlE5HH, Ecoinvent} A5 i Al2HS
Astet, T A shof U A BE] A (Agence de la transition
ecologique, ©]5} ADEME)o] G153t Agribalyses= ZaA
U F8 s4hkE 2 A9 LCI Ho|HHo| AR, X[Hd
A B4} 59 BRS A wreg Aol E4ol)
Agribalyse 102 T2 7)) 22 dolE >
A5k, Ecoinvent v2.25 i Ho|HE &85}t HolH
o A4y TS FHFT. o] Qo= dnt=o]
Food LCA-DK, A9~ Agroscope?] WFLDB 52 &9
A1F ZoF 53} DB 50| = Qi

Z32 2010d) = &= LCI do]gl#|o] A(Chinese
Life Cycle Database, ©]5} CLCD)E 7H&ste] 2F 60074
2 A 20 tigt =7} vj7 LCI glo]8E Algsta Qloh
CLCD+= S5 A9 et 7le 23S ti#stes 4
A=oH, ovA], A=, %, H7E B 59 HolH
£ 43E #4 nds 7|Hte s 3 HolE = At
d B4, BF HiA, she AFE S A=Y, FET
25 AA 1SO 14040/44 EZFof| R3sleE FA = it
CLCDX:= e¢Balance 2AZEQo]E &3] F 82 AT= o]
= W LCA A7 &&= Qi

Ao thEAQl DB = HANI TS| (National

o U HIEEE 7E Ol oS A 287

Institute of Advanced Industrial Science and Technology,
AIST)¥ P24k e ] 9 3] (Japan
Management Association for Industry, JEMAI)7} 35 7
9t IDEA (Inventory Database for Environmental
Analysis)0|Th. 2008 FE ZHE=o] 2010 F7HE
IDEAL ©F 3,000} ol4pe] HloleAle Eakshe Uwo]
BE LCIZ 2GS MILCA £TEYolS B5) A2
wol, 5/olel, AE, Stk B4 5 BHIT Aol Rol
Zgerh &9 LAl HolE = = ALt Alded
7Zlvto 2 ZAE|QI oW, ISO/TS 14048 FAJof Thy] =
A Fe8de st Qi

2 A5 ARdA F== LCI DB +52 715}k
F8 A 9 524 34 HolEE F45ta Sl &4
BL 525l4 A9l 714 Y(Korea Environmental Industry
and Technology Institute, KEIT)S F4o=2 A7], %
5 AMEEO] tigt 311709 LCIE FEReH, sER
16871, AFA-E SRR 20171, &5 8770, AF R 257)
9] LCI DB7} A%t 12y &3 79 58 5E A9
g §#3E2 =71 LCI DB 7l STRE AH|o]th(2025.
24 71%). @A =l LC19] dickert 109 o4 A st
of 330l wat FE= 2030 7HA] 3Alo] AA
oF 1,0000] 72} LCI DB 7§74 9 Alq+ 7= 91sf 2022
dRE wd 15049 LCI DBE Al-7fAskal glom,
GLAD (Global LCA Data Access Network)o]| 555}¢]
TFAA T84S FHLA st ok Al $<
LCI DBE 1947](2022-2023)0] ARjol A AlFAlo] &
TEE E4S -0z sty ouz] ¥ A, &
a, ARelel 71zdlekEd, 545 9 BlEeS Ag8 ¢

q7, S 5 300077 tiAolth ol%
]

Environmental

2 o

20
(2024-2025d)0] EtAH, SIEHEA, gAEY A, A
S dE5, Saxdst 9 Hole Y8 T 2507 A
A, 39A1(2026~2030)0l| EAFH ol S Ve 2
1~2%A LCI DB 704 & 5009 7HE EHZ st Ut
AR e Fe} AT ATl A St LCT DB+ =
7} LC1 DB X "(Korea LCI Database Information
Network)ol Al A|lF-5taL QUct. o] & HHHHEAE sl
AMEE]= LCT DB $H=2H3 417 a99] S 74k
HAE A BIA(ECOSQUARE)OA EH1g & ]t
Z}=9] HloJgHo|Ax 5 4, A& WY, YHE
oA Aol Holw, QY 5 ST HITF BVt
o W& AlF HolE AFol T8 Fi UTKTable 1).
n]=9] US LCI Database= ZZZ 0] AHQ] T|o|E]Q} =&
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T84, 4714 dHPlEE

E
ASAE
Qlth(National
Ecoinvent+

2t LCA Ao €&
A=lo] dHlolE
= Algo]

T dlo|g& A FsHAIRE,
2020; Blonk Consultants, 2019). $=-2] CLCDS} YE 9]
279 A9 BA4L wgeel FEHYOM, o
o|g Fgio] BEota Ao E HolgAl R} &

IDEAL:

Q1tHEcoinvent
Agri-footprint®} Agribalysex= | E4& 7H93%H 1184

7 997t AgHo|thADEME, 9%
1491 &4 LCT F-50] 2

pAES
o=

Lo

Association,

- Z0A -

HEH - ZEE

—

2023).

)

4
g4k

>~

CBAM Z& 9

S A=A FHEF R ou, of =A|4 o] ARHAO|tHGHG  Protocol, 2025a,
27k dlole7t REsa A4 vlmo] A7 2025b).
Renewable Energy Laboratory, 2025).
ST Al S B E0E B0 6. B SUHZ HH LCI DB 75 M2
I glon, thepst 27k o] &
o]d/go] A5t ol Ar}t Bitsict 5.1. 2H S84 EE 93t LC| DB & EXs}

oo dir|ste] = 59U F
gaHiET 7k 45 A e HO]W“ Al
EHolnt. =m7HE
At E4d0] Aol RolA #ESHE LCI=

L gau&e A1) 7)dto] Hh ZAH o g QIAHRS:

YA
REERK!

Table 1. Comparing representative agricultural LCl databases developed in major regions
. Scope and application o
Region Database name Key features Limitations References
areas
LCI data for agriculture, Developed under the . . .
. . Lacks high-resolution National
. manufacturing, energy, leadership of NREL; .
United | US LCI Database / K o K . spatial data and has renewable
and various other maintains high data quality L
States LCA Commons X . Lo limitations for energy
industries within the and transparency; regularly . . .
. international comparisons laboratory
United States updated
Covers all sectors . . .
. . . Contains over 20,000 Heterogeneity exists due .
including agriculture, . . . . Ecoinvent
. . datasets; internationally to mixed practices from o
Europe Ecoinvent energy, materials, etc. — . . . Association
. K recognized as a standard different countries;
agriculture is also . . (2023)
. database; annually updated | licensing can be complex
included
Specialized in the Provides region-specific data L
. . . . Primarily limited to Blonk
. . agriculture and food with high-resolution
Europe Agri-footprint . . . . . European data and has a Consultants
sectors, including crop information suitable for food L
. specialized scope (2019)
and livestock-related data LCA
Due to regional
Based on agricultural and Offers detailed data for specialization, its
. food data from France, evaluating the environmental | international applicability ADEME
Europe Agribalyse . . . .
reflecting domestic impacts of French is limited; update (2020)
production practices agriculture frequency may be
relatively slow
LCI data for agriculture Constructed in accordance .
. . . Lacks transparency in the
. . and other industries with ISO standards; data .
. Chinese life cycle o . o data collection methods GHG Protocol
China within China, utilizing collected through .
database (CLCD) . . and has a relatively (2025a)
government statistics and government and academic
. . smaller dataset scale
literature-based sources collaborations
. Compliant with ISO/TS Limited to Japan, which
Inventory database LCI data for agriculture, . . ]
; . 14048; provides data makes international
for environmental fisheries, food, and . . . . GHG Protocol
Japan . . . . L reflecting Japan’s regional | expansion difficult; update
analysis various industries within T i . (2025b)
characteristics; widely used frequency might be
(IDEA) Japan

domestically

relatively slow
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ol HE
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S LCI T2L B9 BT DAL 5 Y= B4
Mot S SaEaEe) 24 AUEe B
B4l R40]e,

LCI DB= AlF9] AAHEE F-57H4 A 2HrgoflA
Aote BH RS HolHE AAZCRE 3TN ArEA,
CBAM A& A] A4 U= viEASs gHo 44 o
SHS 3FTH(Quantis, 2015). @A Agri-footprintt} WFLDB
5 BAF F29 =44 LCI DB7} EA5tA|qt, ol =gt
HolEHlo]AES w7HE 11R-o] AF4rA viE E4
= FE9] WFgotA] Eetth= A7 AUtk(Spiegel et al.,
2024). Zt=9] B 4, 7% 24, 5971&, ovA 9
A7} Aolsto] FY FEolgt: AA| wiEgol 43t |
A7F AT wEba =4 gHEAeE AL A
ARt 23 =29 5 o], =7F A A
LCI DB Ft=o0] Q3% 1 3}

A ASl= Zb E ARIAOIA 7S LCT DB A
-84 gEe F4 7| vES ot ERES S5t
3 QIt}. UNEP(UN Environment Programme)+= 2020 5-
E 229 LCA tlolH HZ Y EYAS GLADE st
of dlojg9 4847 4 7IeZ $Hcta Atk
GLAD+= Z1=19] LCI DBE A5t =A| 8 37] Hlo]
E|(International Life Cycle Data, ILCD) 5 H&35}5 &4
o7 AfER 3RS FAskL A 20249 74 7
GLADE & 101 41970(F-= 1331171, 9= 88,10871)<]
LCI DBE Al&stal Ut EUs= 20149 7E 7] 9
ol Y EL A LCDN (Life Cycle Data Network)E =3
#40o] 54 LCI DBE &5, 0|5 AlF LA+
(Product Environmental Footprint, PEF) A|xof &85}
A} ¥tk LCDNE 20234 59 7]& 2,360719] LCI DBS
Hfsta glov, A= v/l A= &9 Utk

oA LEuet 1159 sAdeEdS Wt LCI DB
TS Fotal FAFoRE BT & YE 29 HE
37} dasith =A HoleH|o]ARl  Agri-footprintlt
WFLDBE Zt=9] §4/44& $835] ¥tYstAl Zotuz,
FEUEe] B B4, 713 24, 59718 (71, A
4 FA71E 5), oUA 94 55 123t AA| Hlo|EH|
o|A 7ol "asitt olE s S v A AIAH
of gt AAA dlole =y A, FHE-AIE &
< REFS AEste wiEA S Aol o] FojAof gt
Aol 5% LCI DBY] 544 584 SHE 59
t}. UNEP2S] GLADY EU9] LCDN¥} Z+& =24 &3
7ol Tehde 1Esto] ILCD & =4 £E J41& &

]‘

£ o <y
£,

1oy o
oo S

]

fLs

B9t A% AAS FEHL 3
A% SR wa ST A Aao] e A
ofo} e,

5.2. 59 WE| U SMS W LCI DB A5

59 2of LCIE Yo aunE 5% ZopA]
(cradle-to-farm gate)?] TAS 4O 2 3}, LQof u}
o 712 @ SEWAZ S ol EXE, 1,
A (@A, Al s, A, AlE), 8, A2/AE
e A AR I, o] A9 AR A, 7S A
S(OTHA] AR, e B2), =5 28] 52 A A
o] BA-HiES X F8 BUEEE EX0E, =,
5z, AR, A, 5ok, TIARo] glon, MEgas
SAZRANO, CHy, €Oy, AATE 8 15 2] 2,
d71e9=d, WrlE & LRt

S99 S A ol uet BAA] A
3} $57} Aolstol, 2% BB HAUA W}
-2 WA YeFdtH(Ryu et al., 2012). Lee et al. (2022)2]
2 I 16350 High LCA A7to] w2, 3] 749
EAREL 417 kg CO4e/1,000m*Q] ¥HA, B]7F 51
A ZHELS 1,027 kg COe/1,000m*E 28] o]AFo] Z}o|=
HA. ol AldAE oA 9] Tt B AA ARG STt
0E AeR, A" AF 7IEH v A S5 w2t
3%0IA +101%71412] 3fol7} Leht 7|& 7|23 HAl
dolel 2t At Helvtk shgol Sl Ee v
B Age] A9 wa T4 BN DT ST B
of g BRgo] A71F T ek Lim et al. (2022)2] A
TolA =2t AEfA| 9 Hio] oA AL SHlET
o Fj 59%71A] ke % = AT Leht, A
4 gAPe} Basy 9ol 0T 2490l U5
At

HAZHCR =] 9

LCI= A& HAE A&HL
2 grfjsta lo}, A9 Eol4, BT #iE HAUE,
glojg] 1% 59 A F&o] AR Hofsltt. World
Food LCA DBE 48 A4xAY Fr g2 224 HolgHE
st o, sHHY vs 7715), TE(EE vs O
%) 5ol @ AlE dol"Al W Sisty Uth(Fan
et al.,, 2022). 4F F& LCIE 7|54 A 40
et SotAl BAI BAbol A s lof, iHE AT
HEFEE S ARt @9 W Adgo] 8% AR

rr

18 4
e
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Table 2. Comparison of carbon

pAES
o=

Lo

Zois - HEH - YE

Tk

footprints of major agricultural products

Carbon footprint

Product Conditions Sources
(kg COye/kg)
~ 11-16 Varies significantly by region and cultivation method. For example,
o conventional flooded rice has CF of ~1.14 kg/kg in Europe and ~1.62
. (conventional) . .. . . .
Rice kg/kg in the USA. Methane emissions dominate the overall footprint, Kim et al. (2018),
(paddy) 9637 leading to a global average of ~2.6-3.7 kg/kg. Some reports indicate that Klimato (2023)
o organic rice may have approximately 8% higher CF due to increased
(global average)
methane release.
Among cereals, corn generally has low emissions. In highly intensive
systems, CF can be reduced to ~0.18-0.19 kg/kg (e.g., Polish conventional
Mai =~ 0.2-0.6 farms). N,O emissions from fertilizer input are the main contributor. In | Holka & Bienkowski
aize
(conventional) low-yield conditions or with increased input, CF may rise to ~0.3-0.6 (2020)
kg/kg. The difference between conventional and organic production is
generally minimal.
~ 0.13-0.15 Very low emissions per unit. In a Czech case study, conventional potato
o production yielded ~0.145 kg/kg, while organic production was ~0.126
(conventional) . . K ] . i
Potat kg/kg (about a 13% reduction). Low input relative to yield contributes to Moudry et al.
otato
013 the lower CF, with fertilizer production and soil N,O as primary factors. (2015)
" Note that long-distance transport of organic potatoes could offset some
(organic)
benefits.
~ 0204 A stark difference exists based on the growing environment. Open-field or
o unheated greenhouse tomatoes have CF values of ~0.2-0.4 kg/kg
(open-field) . L . .
Tomat (production phase only), which is relatively low. In contrast, tomatoes Ravani et al.
omato
~ 0890 grown in heated greenhouses have a production-phase CF of ~1.3 kg/kg, (2024)
o rising to =2.0 kg/kg when distribution is included. Fossil fuel use for
(greenhouse) L. . . . - . .
heating is the major driver of higher emissions in greenhouse production.
~ 0.3-0.5 . . .
Leafy vegetables typically exhibit low CF. Open-field lettuce is reported
(open-field) . . .
Lett at ~0.3—0.5 kg/kg, but in winter, heated greenhouse lettuce can reach up Klimato
ettuce
. 20430 to ~2.8 kg/kg due to the energy required for heating. Seasonal and regional (2023)
o differences in heating practices significantly impact the overall CF.
(greenhouse)
Estimates vary somewhat by study, but sweet potato generally has a CF
similar to or slightly higher than that of potatoes. In an intensive farming
~ 0.2-0.3 . . o Tang et al.
Sweet Potato . case from South China, sweet potato production had an emission rate of
(estimated) . . L. . (2022)
~1165 kg/ha—higher than rice or corn under similar conditions but lower
than potatoes. Increased yield generally lowers the CF per unit.
=~ 22 The highest among livestock products. Intensive feedlot systems (e.g., U.S.
. Avery and Avery
(US) grain-fed beef) can reduce CF to ~22kg/kg, but the global average— (2008)
Beef which includes pasture-based and feed-crop production—is typically in the ’
. . . . Johnson et al. (2003),
~ 40-60 range of 40-60 kg/kg. Major contributors include methane from enteric Subak (1999)
uba
(global average) fermentation and emissions from feed production and land-use change.
Pork emissions are roughly one-fifth those of beef. Grain-fed pork systems
show relatively consistent CF values across regions, typically around 5-7 .
Pork ~ 5.98-7.07 Klimato (2023)

kg/kg. The majority of emissions arise from feed production (CO, and

N20) and CH4 from manure management.
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=~ 4.0 Among meat products, chicken has the lowest CF. In factory farming (e.g., .
. . University of
(U.S) U.S. systems), CF is about ~4kg/kg, with a global average of L
. . . . . Michigan Center for
Chicken approximately 5-6 kg/kg. High feed efficiency and minimal methane .
L . . . Sustainable Systems
~ 5.0-6.0 emissions contribute to its lower CF, although feed production and manure 2022)
(global average) N,O remain important factors.
~ 2.0-28 The CF of raw (base) milk is around 2-3 kg/kg. For example, Kenyan
Ethiopia dairy systems estimate about 2.0-2.8 kg CO,e per kg at the farm level,
. ( pi) .ry y. . ! . £ 2 per e . y Balcha et al. (2022),
Milk with regional variations. Global mixed systems average approximately 2.5 .
X L . X . Opio et al. (2013)
~ 25 kg/kg. Main emission sources include feed production, enteric
(global average) fermentation (CH4), and manure N,O.
~ (approximately equal to) denotes own derived results, while ~ (tilde) indicates values cited from other literature.

EE 1 9rhBalcha et al., 2022). A|AE AA AH
et AsEAR 22 et AL GAZA Zd
o] gl |AE A WERYT (University of
Michigan Center for Sustainable Systems, 2022), Al& &

JSARZAE, FE AR 5o UE 5 wxx IS
th(Klimato, 2023).
AgE wA A4 Y LCI F8  FAolth

Notarnicola et al. (2016)2 S =7} oA X Hof w}
gt H 8 AREEF 5o IA A ER, £2 A2 59
‘<& 2% HolEHo| A9 RS X FT. Ecoinvent
9} Agri-footprinti= 8 AR s w7HE E= XY
H Z2NAE & ASstaL Qo A AAA coverage
£ oHs] EFES AZolth. 57 &0 gadA =
H| I A7 (Heo et al., 2022)0] W2H, YEHE 9.8, v]=
11.9, 3=t 13.9 kgCOse/kg?l WHH, Bt 34.6, o €]l 2.1
o} 141.5 kgCOe/kg® WEY} OECD =719} WE =AM
ZF AASE jolE Rt $AMES] HL-, Ziegler et al.
(2013)9] =29Jo] 207] o4 FAE HAHEE Aol
A, L29ol-mATu 9% ol 0.7 kgCOx/kg, =2
gol-=F 2% o]t 14kgCOe/kg?] MEFL Ho,
of Wt &5 Ao WE Aol7} Il
o|#et AR Qg A LCIOﬂ’ﬂb B4 B40]
o g AAHEY Ecoinvent 5+ Pedigree HEZHA
719 B4 HAE AlTsto] AR Wi E 24
Ao, AFAEL 2EHIER AlEHClA 5
Ao A7 S5t ok 18y ZFEFo R
goly 74l &3t T4 S50l a5ttt s,
715 T MEL v 7Ie 35 HIE QIR &S
HIE wFgstr] flsi LCI DBY @71131 Yol EZL 2
Ht. AAZ Ecoinvent= FAl HA(v3.11)A AYA

O A
[e]

\:O
=

Hzo

2

do rr mlo

o3

e Hok#71E BlS 371 5)5 "tdste] 130
M & ZE=AAE F7HA

uebd =W 5% LCI DBO] a2l 4lsks fis)
AMe B2 Holshs 5 A4 A" Ve Ede
A& oz vt = Q= AAFY 74l HWAYEe] 2
231t} 53] AdA A A 7 g0 2u]
ol AolE Hol= Ul A2 AN Eux, 5Y
F5 ol A= Aful ‘ﬂ“‘oﬂ w2 FAl glolg &H7F &
Qs 7E Aua AF ZT HAL Hole] 7] 3%

oA +101%7HA] 2] ’2}%‘& 7t ZRld e, 597&
2 5 Halol OE viET HIE Ao r 45k
LCI DBo] WHejel A2l 730] AlFal.

Eg 24 947 Ao} 52 ENES LC DBo Al
SPA BRSHe TP Zsiior gk chad aEe] w
olecks Basd 83k JUUs AhEd 71E £

o e YA ALE WS, §71%5 v 2719} 2e
4] A 52 doleulolsd] A%HoR hojE
Sfjof Stct. Ecoinvent®] Al HA(v3.11)0] A9A Y
of T WSS WIsio] 13001 10 5 ZEALE
7Fet AHEIE WIAugSke], =W 59 LCI DBX 4/\
1229 F712 AA ] Aile FAde=HN I 5
o] EFAEIRIT ALY ABEE o] A A

g & 92 Aotk

2 o

6‘
o —

%2}

Al

—

X=)
=0

5.3. &7

0

=2 st LCI G[o|E 13}

LCI DB 152 93 G547 7]uke] o937 o]
g ol A4St A7t Aol A3 FH(Miah et al.,
2018). £3] 54 _E,_o]:li A= PArZ A o] vl A A5
A 2, A= Qe A W e e
aLsfof stE= LCI glol8 30| v B8t =
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FYA AT 5ol A

AALA 244 947

5 &, AE 55 71F 24,

sdow Wsjstng ol ol

Y Y AEH HEHoE QI Hlojy 39| of

=< o8 AFolA AT Cabot et al. (2023)>
Q- Z3lo] FE YA Ao R 3 LCA AFoA dxd
715 zjo|2 13t AA 7t ¥HxAo] LCIo| & YFE v
S YAt YT 5HS AesltE 49 e

718 2719 Hart & A o8 M
Asto], B FHF A HON I ZolE WA=
o|t}. Perrin et al. (2017)2 Benin | 4 Ajufo] st
LCA AtolA R (field) &) viEFe #54d0] &4
¥ B7t AHE H9T WHF F8oHL FERFH
g3 e84 A= 24 AACNANE HEE, &2
7| W ket 2g0] £9) @ Abde] geABE BE
g mWSE 47172 dole ZHo] Wast

olzfat dlole] %e] BAT A%l JolE

{ é% si2st7] sl ot 471e9] =Uo] EEs
I lch WA YAEAKRemote sensing) 7]E2 Y4
ol Sog B A7 509 AT AR, £
A 5 Totst=t| &2} Yang et al. (2024)2 &
=+ AFA 0] 83 AufA Y (18,810 km*)S HACE 10m
el 914 dolel g Bastol WA ekt Ay
£49 27457, o8 LCA Bd3% EFU oS 59
574 99 BauARe] 0 BB Fush Bt
& & gglon, AR Lag] A9 S0l Pl
A 7199 § U= ASHA

Q15 A5 (Artificial intelligence, ©|3} ADZ} 7|AS+E
A LCI loj8 1=3}o] A-EEIL Qltt. Al 7]&2
gk dlolg o] AAs - At B AW ES
o dolee EHewm BAs AT & Utk
Callaghan et al. (2021)2 A¥o{*Z(NLP)E &85}
S B 5 w=RolA Wavlze) BHAT HolHS
=k T3 Al 7|E LCI glo]E 9] HelS sh5ato]
*% d&3AY(Balaji et al., 2023), FAF 49 9
2xe 4 Holeg AN o 281 & Ak
o =% Helsi7h SR AU BN AT
2ol tigt Lal 750 §8% Ao sttt

oo 2 AFE-Q1E Yl(Internet of things, IoT)¥} FL
59 7149 WHS LC1o] AT YElo|=E Hsa
gith AnfEZo|U AAE &3 5349 dF AFRE 7]
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>3i PN'
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