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In this study, we calculated the carbon emissions of sweet potato and corn production systems using Life Cycle Assessment

methodology with the national Life Cycle Inventory database and the latest Korean statistics for agricultural products. Previous

calculations of carbon emissions for sweet potato and corn were not accurate because they did not reflect current statistics and

cultivation management. Fertilizer and electricity consumption are the highest among the materials input to 1kg for sweet potato
production, with fertilizer amount of 2.94E — 01 kg/kg and electricity consumption of 1.32E — 01 kWh/kg. Also, fertilizer amount
is the highest among the materials input to 1 kg for corn production, with fertilizer amount of 9.16E — 01 kg/kg. Direct emission

of greenhouse gases showed a carbon footprint of 2.70E — 01 kg CO»-equivalent (eq.)’kg for sweet potato and 1.98E — 01 kg

CO,-eq./kg for corn. Also, the result of Life Cycle Impact Assessment for sweet potato and corn production systems, Global Warming

Potential for characterization value was 2.70E — 01 kg CO,-eq./kg for sweet potato and 1.98E — 01 kg CO,-eq./kg for corn. The

results of this study will be able to contribute to improving accuracy and reliability of carbon footprint of agricultural products.
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=4, EUY ‘-3 12 (Buropean Green Deal)’©] 1310]
ok §d 2992 2050U7H4] $HAT W HaFEe @
B3 o ot 098 W ak, AFAANE Bt
A BE B FEA TG SR A2 A& THstt &

4 S W3tch(Lee, 2020). B9t ofyel EUE 247k~
% BEE 9AS A8 20219 799 SAFHAZYAE

(CBAM, Carbon Border Adjustment Mechanism)’ 9] ¢
OFS ZN5H3ith(Lee and Kim, 2021). §tAZ AR AA =
EH4A=7JA|(CBT, Carbon Border Tax)x= 2A71A wij&
TAIZE oFet UztollA ARt U=tE a2 o A8Ee
AIE Eot FE=004 AES 5T o 24714 HiE
Fo] B2 E =2 AleS AEdHoF Fh(Kim and Son,
2021). Ut & HFo] ¥ IF FEE2 @A
At Eoll Z9tE7] dioll & AAolA FHEo
2 7FsAdol et ol=gt fY IR AV S
SaagAE A8y e A7 Bk AR BUt
(LCA, Life Cycle Assessment) B'H-& 53f o]FojZt}
A7 7he AFe A (@am A7, B4k AR, #H7))
oA Ed-HiEss 43 IHE HEJFS Frlstn
AFolstr] 95t W E0]th(Ryu et al., 2011; Lee, 1998).
A G7rE Adstr] s e85t s A 5ol
Al 20199714 <F 40071 ©]/F9] Hlo|gH|o|AF st
Ath(Son et al., 2019).
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S A FAENeH, 4E F
| 2 AR} 7R Spaedl EESS
E W2 Gl 20219 AftA 554RE Q15-EA
k= 31 ha, £E&54= 23.6 ha®
H 1,565.2 ha Thx 0 & QIFHA HlFo| 7H} & A=olth
(Smart Green Food, 2022). Q1ZH A H|Fo] 7} £ HE=
202099 #HF gAaufETo] ofn] 4o HRE o
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2. Mg 3 Uy
2.1. ¥HE

puiel F945 A AR FAES
3}7]7-(ISO0, International Organization for Standardization)
ofl A A7g 2t 140403} 14044 A0l A5t AlF2] &7
e AgHoz W WHES A8d Fustart
(ISO 14040, 2006; ISO 14044, 2006).

ATPEIbe BA U Mg A4, ARy BEEA, A
I FTFE7L Ao a7HR] RARE =] Utk =
5l o) A AN Sk 099 S o
&, AFEAILE Y BA|, 715D Fl(Functional Unit) 52 &
st wAolh. vy BERAL AEALY AL
A=A 7 D3 BAET ASEY] HolEHE
A3 F e Ao maskstel B AnAoA ¥

She BSHE FBels WAE TETHISO 14040,
2006). A4 FEFEIe Auby 2ERA0) ATE v
o8 AAHFSE T FIFHF ASUAE F5to] Al
Foll oA LAYt S FFS B7Isk= DACItH(Son
et al.,, 2019).
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w22 A9 At AZ71EE A4 HolHHolA
(DB, Data Baso)% 37} B4 $8sto] 24415 28
she o= Agsteich I A Alozo] o]
3 AWEAC] Aol HArE AL
AEY BE QAE Aot AIEE 52
SARER £ AMEAT A5 ERUAE
of AR ELOAS HAST 5 A =
ARSI A9E EES /20T Bt 59 BAAE
9 HEUEH SARAEARY 201405 E 2018U%

>,
o2
ot o3



HIFSIIRIS $83 170

=55 &85} H(Nongsaro, 2014 ~ 2018). LHF H=-2]
A4 glolE7} mlH]et A A Y @99 HolHE 435t
RoH, B9 A folg & A= A9 Holg 7t
VA RolE {8 A9 Xﬂuﬂ‘ﬂﬁv Hlgo| g 75
TS E8sklth

JRC technical report= X4 339 7} 717kS AM85}

o 71%, WS 5 szt A 23 WEH ¥HE 5
e $2F Aols BEIEoF Ak Xﬂﬂl’é}ﬂ et
(Fazio et al., 2020). Z1&u 2 oA FHF tiy] o]
FAE Bk, nEE AighE ﬂl‘io}ﬂ HOH |z
(2014 ~ 2018)9] AZE %%%o}‘ﬁt} A7t w2

=11 A7} FEea] Ve AE 979 site A
Aoln 75Tl AR BAEF | kgl &2 A5
I8Y 5230354 SAEAEXEA9] 1000 m*(10a) B
Eolare iaq 3lo] 71255 10a2 W3} o] 23t
e olf= Al 8 @M= sAke Aikke) ©
97} OH’L %79,(103) 9] 7|20 2 =% gl AJilo|
OIFAAL Q7] wWZoltt. weEtA Vs VIESE

Table 1.
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IIOAAO
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244:0| ERAHHES} AV

23

e} APAFF(kg)/ Al A (10a) S F5to] H-E5kith E
et AP H7F Ak AEEE A7) 6 dlojE &4
QAL Table 19] A|A5FATHNongsaro, 2014 ~ 2018).

2.3. AAERIZEA

I QO A A0

DTlsl £Sso] ARBEAR S HR, 42
w5, TR e] AR, TR Uiz e YT
H 9 Az o] EREis e A7g R =
220 AlFES AAFGA Zobstlh atuket
FZro Uigt A|ILEZAE Fig 19] YER A g
St 23t =& 93] =7} LCI DB (Life Cycle Inventory
DataBase) 7H¥ 715(95%) @ =4 EF(80%)HT =2
=R A 97% o|Are] A|Q)7|&(Fazio et al., 2020)°]
2 AEe] WATYOl ALSEIE ARAA MR, HER
A, ZTEFAA) A ghell sl Hoje AFTIEo R
Hof| 7]ofshs BE EYE tﬂo]EiE z3ole AL Y
O = Sigith &, AEESA Hf FAH 7o E 1
stol Hlole] Avge] I

Data quality requirement of sweet potato and corn production systems

Category

Target agricultural products (sweet potato, corn)

Time-realated coverage

Recent data in the past 5 years (2014 ~2018)

2015

2016 2017 2018

Geographical coverage

Korea

Technology coverage

Domestic agricultural products (sweet potato, corn) cultivation process

‘ Goal and scope definition

1 1

Life cycle inventory analysis

1 1

Life cycle impact assessment

Interpretation

It 1t 1

T

‘\—/

p
Applicable field
- Product development
-) -ESG
- Response to
environmental regulations
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Fig. 1.

ISO 14040 Phases of Life Cycle Assessment
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Fig. 2. Process flow diagram for sweet potato and corn production systems
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WS 2AZ dold $49 8ol4, B B4, BAE
o) W ol 52 Teistel TSIBY AHL 919 Fig
29} o] BHBEES A4S

A3ty B2EAS A% dols 4 2 A 524
349 Azt A SABLEARA EATIE 2014
20189)% 28315t HolE o] o} B9 =7

A AL 9 F4E Ssto] HolHE
27} B glo|guo] A0 AL YREA BHREA I
Yz 59 xqsé 2 SIS E AES 9% dlolEH ]
AZ B85 Hob AQEARAR, HE2AF A

A 7Rt LCI DB—E— 285t

/Rt

2.4.1. IOJE] A&t

1_.

ARERE HlolEH|o] A
395 A}7of tisA 24l LCI DBS
o}‘ﬁl’% glojefsoj 2] Ae
B AR} (Carbon Footprint)
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7} LCI DB, ®&Y3e 3749 39| LCI DB, @-FARt
4] =7} LCI DB, G#ARt 5749 3f¢] LCI DB —ff
2 Z&siinh HolH A2 7lsgE 7L
doly g 9 ke dutdzle et ’”510“4
=0l opd A FAHlE it Al Al S wbdst
7] A8l sAEE A S 7IELR 7HS ol
At FYEE AUAE R, S FTH 5)2 A4
ot di7IuiE=2] AFuEF2 IPCC 20069] HiEA S
A (DI 22 Adtas H8ste AHgsHATHIPCC,
2006).

LﬁFSEIOOHJ-IJ

o ARl & 71 E%(CO,, CH,, N,0)
= A (L) x 2D (MI/L) x vl & A5 (kg/MJ)

FAdE= Bl=o] 9t d7HMEEN,0)9] A&
T AL 5FAE AFA T oA &&st= A
WS AREste] 4] (2)9F Zo] A4Sttt SAMEE
(PO M9 AAH|EHLE JRC Technical ReportE -85}
Al (3)C.2 A5} th(Fazio et al., 2020; Luca and Rana,
2019).
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X H & 1kg T N,o| EFuEA5 (kg N,/kgN) 28
*44/28 = o}4t 3} A 4 B2HAI 4= (kg N,0/kg Ny)

= Q14+9] 821715 (kg PO}~ /kgP)

2.4.2. O|AtstEEA BHHCO,-equivalent) HH

A 9] AR Ay BEEEAS Jgste A
H 2A7EA ST, nEYA A At 6t 2ATEA
(CO,, CH,, N,O, HFCs, PFCs, SFe)2] A G-&A3R|44(GWP,
Global Warming Potential)S Z+2F 5oto] YeR|QI}. A+
2HTAGWP )= 2A7FA7E BiEE] o] 100 59 o
7o) HEZHA A¥Hor 2A4gle| JFFS A= F
5, OJARRFRA(COY)7L 19] FoFE v W] g4k 2
Teteh A2 USIR|4= IPCC A5AF 7T A o] A
¥l HIEH(CHy) 28, oRAISFEA(N0) 265, F4-E3tEH4(HFCs)
4 ~ 12,400, THESFELA(PFCs) 6,630 ~ 11,100, SE313KSFy)
23,5002] ZFS A-235}HTHIPCC, 2014).

2.5, Fu}

0

Iyt

A3y 2Ryl AR XD BANetE YU
o2 BHS] 9o FARAN AW BAYARR
(EPD, Environmental Product Declaration)®] & 77}4] &
5ol A BFR=H(Water Footprint)S A 9J3F A7+
SHGlobal Warming), 2£Z1}3](Ozone Depletion), AH
SHAcidification), -9 % SKEutrophication), 3g3}5+4 A5}
=34 (Photochemical Ozone Creation), X¥AH (Abiotic
Resource Depletion)S H7}5FtHSon et al., 2019). & &
Al=r(Water Footprint)2 SHaE 4 A A1HY A+ A=
o AAEH A2055F arsto] ABAkr, A, 25
59 A wet ti dF-TolA A LJ 5T Choi
et al., 2017).

Ay E5241 JFE7H A g4t
71&Qo A 7S TOTAL(ver. 6.6.2) softwares AR
shsict

A

jin°)

20| BHAEY Y 25

2.6. 78 Y HBAE

Dol F9440] BelE A % A TE
AR TS gsteh 718 @YeloleE fE
4 At ARE A7) As) A4 78 Aol
7t obd F7k BAARE SHste] AFS A6 5
NIAY 2 A FF B ARL $HIE
AFAS WrsArE U7 ks hEF A4S AT 24

A, =4 ouA] B 7B S gAA o 7
A= ole e E-&3to] ASHATHKOAT, 2013). H|
22 Z85HE 7IEREH 2 A2 AAE A ol
of &A% #H7E ABEol stz HHuETF 4
oA Aottt 4 sAEolE 7t A d2 4d
AR 71E AP E YAste] sAbE2] Aol &
S5 7IEAAE 1dez 7Pl sAEe] A
of &5 AR, AEEIA 5)9 siE A
A7 9] 5= AFAAE Batehe Al
oF AFAA] A xAhC 2R E sibeS AAkete AEiA
(°lst BAFIA7HAS] =EARE 2AvlstH, HEA
< GHEF w3t Ho[g o sxo] E7ste] AFolA A

o5t

3. 24t & ¥

3.1.1. MY 28R

1z

Jtup Aol e FdE S5 siES Table 2
of Yty Hxpd 5584 A3 4 2 ¥ 34
< Table 30 eI 1kg B4t B FUE Hl=et A
7] AMgRel 71 &St BlE § #71E HR(SEE
H], 98 HH))o] EQEL 53.9%= 2.49E - 01 kg/kgo|
Aa, 71 HE(EEHE, 5843, i) 549
E2 9.9%F 4.57E - 02 kg/kgo|qlt}. o]9] EUES A
7] 28.5%F 1.32E-01kWhkg F4st31 A=
4.8%, A 2%, ZHER I A= 0.9% AASHAH. At
7 EEEA 21 BAEA = vlEAgAtl o't df
(Crude Oil)7} 7.56E - 02 kg/kg O &2 7M4 =9kth Wi&&E
olA= AHEEE QIFE oA} A (CO,)7}F 2.05E - 01
kgkgC 2 7Y &SIt A di7|® HiEgd 247kA
(CO,, CHy, N,O)= 2.06E - 01 kg/kgo] #l& =it &4
BAL AFute] PAAATA HiEEE 2ATIAE o]
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Table 2. Data of input and output of sweet potato production system

- &2 - OIX

Input/ Output Quantity
Tnput Unit Amount Linked inventory DB

Compost

Manure kg 1.79E - 01 -

Oil cake kg 6.16E - 02 YRDA, 2014

Compound fertilizer kg 2.64E - 02 RDA, 2009

Agricultural lime kg 1.29E - 02 ME, 2003

Liquid fertilizer kg 835E-03 RDA, 2014

Sulphate of potash kg 6.34E - 03 RDA, 2009
Agricultural materials

Vinyl kg 5.16E - 03 YME, 2012

Lagging cover (Non-woven fabric) kg 4.03E - 03 RDA, 2009
Pesticide

Growth regulator kg 6.71E - 04 -

Insecticide kg 3.02E - 03 RDA, 2019

Herbicide kg 4.11E-04 -

Germicide kg 3.90E - 05 -
Energy

Electricity kWh 1.32E - 01 “MOTIE, 2000

Diesel kg 1.82E - 02 MOTIE, 2001

Kerosene kg 9.82E - 04 MOTIE, 2007

Gasoline kg 1.02E - 03 MOTIE, 2001

Gas (LPG) kg 1.77E - 03 MOTIE, 2007

Heavy fuel oil kg 1.84E - 06 ME, 2018

Output

Waste

Compound plastic landfill kg 1.99E-03 ME, 2013

Compound plastic incineration kg 5.47E-03 ME, 2015

Compound plastic recycle kg 1.73E-03 ME, 2013
Production

Sweet potato kg 1,640.2 -

a)RDA: Rural Development Administration, b)ME: Ministry of Environment, c)MOTIE: Ministry of Trade, Industry and Energy

Table 3. Results of life cycle inventory about main parameters for sweet potato

Quantity
Parameter Ll DB — Major cause process
Coal 3.55E-02 kg Energy, Fertilizer
Input Crude oil 7.56E - 02 kg Fertilizer, Energy
Natural gas 1.37E - 02 kg Fertilizer, Energy
NOx 7.07E - 03 kg Fertilizer, Energy
Output BOD 1.15E - 02 kg Fertilizer
CO, 2.05E - 01 kg Direct emissions, Energy

Journal of Climate Change Research 2023, Vol. 14, No. 1
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Fig. 3. Carbon footprint compute of sweet potato production system

Table 4. Data of input and output of corn production system

Inpu;ilp?lrtput Unit Quantity Amount Linked inventory DB
Compost
Manure kg 8.62E - 01 -
Oil cake kg 3.02E - 02 YRDA, 2014
Compound fertilizer kg 2.39E - 02 RDA, 2009
Pesticide
Growth regulator kg 1.73E - 03 -
Insecticide kg 7.26E - 05 -
Herbicide kg 7.03E - 04 -
Germicide kg 6.66E — 06 -
Energy
Electricity kWh 3.65E - 03 "MOTIE, 2000
Diesel kg 4.83E - 03 MOTIE, 2001
Kerosene kg 3.17E - 04 MOTIE, 2007
Gasoline kg 3.05E - 04 MOTIE, 2001
Gas (LPG) kg 6.79E - 05 MOTIE, 2007
Heavy fuel oil kg 7.43E - 05 “ME, 2018
Output
Product
Corn kg 2,959.4 -

a)RDA: Rural Development Administration, b)MOTIE: Ministry of Trade, Industry and Energy, ¢)ME: Ministry of Environment

http://www.ekscc.re.kr
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Table 5. Results of life cycle inventory about main

O - Wl - A - =E - XM

parameters for corn

Quantity )
Parameter Major cause process
LCI DB Unit
Coal 8.75E - 03 kg Fertilizer, Pesticide
Input Crude oil 3.48E - 02 kg Fertilizer, Energy
Natural gas 7.60E - 04 kg Fertilizer, Pesticide
NOx 1.87E - 04 kg Fertilizer, Pesticide
Output BOD 1.03E - 02 kg Fertilizer
CO, 537E - 02 kg Fertilizer, Direct emissions
2.5e-1
T
Q
o 1.98E-01
o0 2.0e-1 : -
=
o
(D]
O'm
O L3e-l 1.40E-01
en
=<
N—"
[y
g
g 1.0e-1 4
&
Qo
Qo
~
g 5.37E-02
& 5.0e-2 A
8
@)
4.84E-03 2.62E-05 2.47E-06 1.81E-05
00 T T

T
o, CH, N,0

Fig. 4. Carbon footprint compute of corn

Al FF(COreq) 2 &2 FHitSHo] Fig. 30 YEMR
}. AL 2.70E - 01 kg CO,-eq./kge|™ ©o]AS}Er
A7} 2.05E - 01 kg COs-eq./kgC. 2 7} wo] &= 9]
o 2 ofAsFA A7} 5.77E - 02 kg CO,-eq./kg Hi
=

Fo520] =olE 2ALI W EFS Table 40] L}
BT ATy B2Rd A3 2 28 99 2HL

Table 59 UEMQITE £254 PAito] w2 £ H]
E%o] 7Y g@en o= 3MHAR9 FYFol
okt HE 5§71 HECIEEEY], 9He &4
B2 96%= 8.92E - 01 kg/kge] EEgon 1714
H 2 (ETHR) EYEL 2.6%= 2.39E - 02 kg/kgo]
FAEQU ol9] BYEL AR 0.6%, F7] 0.4%,
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T T T T
SF, HFCs PFCs Total

production system

AERSA 03% AT Ag BERA A &+
PEoAL= muie}l upH AR PY8(Crude Oil)7}
3.48E - 02kgkg, HIEEOAE  OJAEEA(COy)7H
527E - 02 kghkgl 2 7P =4 AZHAY &4
E ZE mEujE9 9 9L H|Fo|H o]& H|F7Z)
EYo] WS 7] fFolzty woHch £45E
AuistHA 2 #jEH 24714(C0O,, CHs N20)9
Hl & 5.44E - 02 kg/kgo| Aot HAGH S 5
T ANGAZIA] BEEEs LATMAE olitsietAs I
(COr-eq) o2 F1bsto] Fig. 40 LER et ©ad 2]
2 1.98E - 01 kg COr-eq./kgo]|™ OFAFSIA A7} 1.40E -
01 kg COy-eq./kg 717 Wol] BiE= AL, FE o]o] o]4t
Sleb47t 537E - 02 kg COr-eq./kgC 2 H]ZEE Qi)
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Table 6. The results of the characterization value of the life cycle impact assessment for sweet potato and

corn production system

Impact category

Abbreviation

Characterization Quantity Unit

Global Warming Potential GWP
Ozone Depletion Potential ODP
Acidification Potential AP
Eutrophication Potential EP
Photochemical Ozone Creation Potential POCP
Abiotic resource Depletion Potential ADP

sweet potato corn

2.70E - 01 1.98E - 01 kg COzeq./kg
1.54E - 08 1.25E - 08 kg CFC-eq./kg
9.76E - 04 5.46E - 04 kg SOs-eq./kg
1.52E - 03 2.86E - 03 kg PO -eq./kg
1.14E - 04 4.29E - 05 kg CoHi-eq./kg
2.12E - 03 8.65E - 04 kg Sb-eq./kg
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37t AnE EUE 247 34
Wi 7)odeg 285k AR 1 ATHE Table 60
YER AT ZF FF oA A A-2dstet FotehAl4hst
E48/4(POCP)2 oA HiEE|= ol4taletay, HE, of
ArebE Al A -2 Q1 o] 17| wiiZe] o] & JFHF
2 Z= go}EoktkSo et al., 2010; Son et al., 2019). 1T
Tupet &) FAEA Al A A2t E4J35F g
Z+ZF 2.70E - 01 kg COz-eq./kg, 1.98E - 01 kg COr-eq./kg°.
=2 7H =A Yebeh a9tk Aol A gotehAits)
ERA(POCP)= 1.14E - 04 kg CoHy-eq./kg, L2522 AJAL
of| A& 4.29E - 05 kg CoHs-eq./kgO & UEFGT}. 311mte)
EE5550] BAAA A AF2&H38} 7o e AHuE
o] Z¥Z; 45.4%, 79.3%= 713 &9r1 theo g ytul A
A ANA ANHRZF 251%S, E255 A A A A
H| =27} 13.8%% H ot FoeA4ae 2449 7ok
Jap A ARNA ZERA AJ4te] 56.0%, BlE7F
36.9%01™, E5549 AAAA A= BIETL 55.2%,
ZAZHSA 7} 43.0%=2 H AT
=+
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0.172 kg COz-eq./kg 0.203 kg CO,-eq./kg
corn®] A tH(Smart Green Food, 2019). =+ QI&7|& of
H] 39M0k= 0.098 kg COreq./kg EAl AEHAUL, £
9= 0.005 kg COreq/kg RA HEMRH. X8440
1A 3ol w2 olfe A+ S7te wE AF S
ARZ Y5l SR E AE SR It ARSI o
Fo|tk(Chung and Lee, 2008). ¥ ute] EASIge
HA 71EETG A4 AP E AT, ol oldA] ARl
HARG F7H07] wzoltt. 20100 +¥E A=
o W™ tup A4t olA M7 AFEFY 7ok
ojfl AgtAzo] H|s| Zpol= Ao, AR AN
9] 7] oF 28 TH(So et al., 2010). wEtA Fup
Yitabgo] BJEE AR AHEFY HIE A2
w3} B4 I FAE AT 5 Al

=9] AFete] HwE 9l atutof] gt sie] LCI
DBE MW E A} 513l o, s 2] Tlo]EH|o] A0 RAY
2 oA Esiylrh 18y £E&55e SEYSHE A
ok UHA| =7k A2 Ecoinvent 3.89] H o[ H|
o| A8} H]WSGITE. 39| HlojEHo] Aol F-HiE HE
o] gRlo] o§7] wioll U= JFB7F RO E HwsiE
Atk 39 S5 TlolEHo] A= 0.311 kg COs-eq/kg=
SEuet 71E 5 glolEH|o]A9l 0.852 kg COs-eq./kghl
o} A JEPFTHRDA, 2012). E2 A AHAA HAS
Q] 7120 & g0} FUR oA HlwsopZl AL,
ol A A2l 0.198 kg CO-eq. kgl &2 FA|TUHS 117
2 o YU 5 ofAolA ARt E&e7E 24
74 HE SHIA tE =7tE T FA o] S Zlol=t
TetEoh

2 AFoNMe TRt a0 A¥a F54E

sweet potato,
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