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ABSTRACT

This study conducted a Life Cycle Assessment (LCA) to quantify greenhouse gas (GHG) emissions and identify miti-
gation opportunities in Chinese cabbage cultivation in Yongpyeong-myeon, Pyeongchang-gun, South Korea. Following
ISO 14067:2018, the cradle-to-gate system boundary was set, and the functional unit was defined as one head of Chinese
cabbage. Primary data were collected through researcher-managed field trials. GHG emissions were calculated as 0.9331
kg COs-eq per head, 0.432 kg COs-eq per kilogram, and 0.293 kg COseq per 1,000 KRW of market value. Fertilizer
application was identified as the primary emission source (24.6%), with 9.6% originating from direct soil emissions due
to nitrogen-based fertilizers. Emissions from irrigation infrastructure and packaging materials were also significant, ac-
counting for 21.7% and 20.4% of total emissions, respectively. Climate-adaptive practices, such as the use of low-temper-
ature mulching films and intensive irrigation, contributed to yield stabilization but also increased carbon emissions due
to additional material and energy inputs. These findings highlight that emission hotspots are influenced not only by input
quantities but also by the production, disposal, and durability of materials and infrastructure. A comparison with the
low-carbon agricultural product certification system revealed the need to incorporate measurement-based data and to up-
date emission coefficients. Furthermore, unit-based comparisons demonstrated that identical emission values could lead to
different interpretations depending on calculation methods. Therefore, unit-based emission conversions should be recog-
nized as a critical factor for contextual evaluation in policy development, certification criteria, and consumer communi-
cation.
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0.432 kg COreq/kg. 1,0009% 0.293 kg CO»-eqQ] 247147} vbABEIQITt ¥ 29 BSYL H|2(24.6%)9T, 0] = M4
g2 9%t EF FF Hi&Eo] 9.6%= XAISHHLE ESH T AA(21.7%)2F EAA(20.4%)] FF= ATk AL dAH
2 Hord et 22 7% A 71e2 £ sl Zlofsigioy, A 9 v £Y FHE Qs Q3]2 HiEgol
S7hole W Boirh ks FIFRT oy e, A A w7] 9 79k Al g 22 A 3y 840t viEE A
THhotspot) 2] Pl FFE vHth= FS AR Agtasibe QISAIES} Hlwet Ay}, A5 716t diolg F9tt viE

A 73418] Easgo] A7

Rt R T W Ao et BYT WEFol Aold S 2 4 o), FF 4

A 9 AT VIS vh Al &9 7IRE gt 3lE S8% WUt VIees aEsfor ek AljbRith

FAol: AIPE SR, WA W, ARk 5, HE e

T.ME

715 717F A glo] w2 2 AskE it 2024
1578 9d7HA|9] A B 7|22 AFdat oA tiH] 1.54
(0.13)C A5t ZAeE HuElon(l], o= AG-2ds}
1.5C oA H39] 7] @& 86kl ot of=et 7|1%
Hol= 59 Fole & - 7HR o s & S vX|aL itk
F|2oll= 712 5T o7l RIEE Qs 2E9] 5ol
EQFgeiA AL, F4 Aot AHE S7Iskal TH2].

M, 5 - A - EXO[(AFOLU) FE2 A AlA] 24
7k HiERE] OF 23%E AFAstal Qlow[3], 7] ste] =
8 U F o2 AFHIL Qi 53] o] it opikakaa
(N20), WEHCHy) & 28571 =2 19Y 247tAs
o HiEshs S Adth old) wet 549 71583} of
2 Tt A5 o, J8a) A3E Mok 128 A
slo] Q@rEICh

olgt vl Lof|A Az K(life cycle assessment, LCA)
= Y FE9 2VA 5 VIS AR Add
= Aoy WhHEc R &R Qlrh E5| BAURA
(carbon footprint)= S4 02 3F H7} A= PAHEE AH]
CHZI7A A S ZEske A 2AR S8 -

T84 o5 SEsHoF & S} 54RES] LCA A= o
5] &9 T4 SHY B4 ol HEY U= Aol o
F& cradle-to-gate H{]of] Y=o} 9o, §-& - AH] - 1
7] GAE EILZE cradle-to-grave H4]9] H-8-2 AgHo|ch
tjEo] 7]& A5 thEE Ha(ha) 7|29 HIEH AFES
Agstal glo, AR sAbES Tie BRIE REEY] WE
of, AR} T SAYE Moy FF G SHOA =
o] ¥A¥staL qlrk

E A S cradle-to-grave $:5=9] AUsH Hubg w7}

- B PAS RSP 98, A2 718t HlolelE Bad
A BAZ Soloich. ol P LCAY AT Tk
A% 95g WhEAS 7300 glol Fa3t /N A= s

= 1A HiE A AHE B R, Vs @9l
T AE A 7hsrde EAsks Tl H2o] Qi ol
el o Al 7HA A ERE A

AR, BAE GA A A AFAE, A, =), 27 it
gol gt A7 HiETRS PR R 4Pk, =8 viE
Y(hotspot)S AJHSI}

A, W(127]), FA k), BAA 7E1(1,000€9) 7]
F02 &S SRIRFoEH, 715 Tele] Tkt ead
H Algw B3 &80l nAle IFe =4

AR, 11232 B30 7|¥kgE AF Hlo[ElE v, 7%
A8 71w 2L A7 aTE B4 Aehsibs
AFA= ] HwE Fof A= 7HA WRFdnt LCA AlA 1
5o WaHe T
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2.1, g

o A= BIFHALHA]H) Q] FARA] FArA A Al
AR 9] AT H7HLCA: life cycle assessment)S 5345}
A} ISO 14040(2006)[4]2F ISO 14044(2006)[4]S 7]Hto =
Sh, BRI AP 9Jgt 1SO 14067(2018)[4] ¥ 3Hts
F71eX5He AL AR USA| AR A7 HiE
T APEE SRt SRR " APEAIR(2025) (oI5 FEAIR
2 NEARD) ]S SHLE AT B7HE FFsIGH:. ol
3t LCA HFES 7|NHOR ehAd=ig APgolr| Qfsf it
9 Q] H%(goal and scope definition), A1} BEHA(life
cycle inventory, LCI),. A3 I§F H7Nlife cycle impact
assessment, LCIA), A3} d}4] 9 ZZ(interpretation) 4=0 &
W=t
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AE7IE S LA viF i) gamiasy Aet 24 9 AgasitedS AL vl A

B 4 8702 = AR A3, A9H A, 71€4 &
g} ti3g, S HeAo= TStk ISO 14067
(2018) AFO] AA| 29 24& vHgsr] 5l 12} tlolH
(primary data)®] ARE-S HASIAL Ut} ol wEt AR
FEEEAA T BT U] w0l AH Al AAE
3ok, FUTE 27004 12} HlojelE skt A 94
g arEote] £ Atollis M=t 1=gA] s AEf A
9] OF 90.1%E AA|oh= FUE A9 3, B HolA F
o Al H2(953.1 ha)& E-H3F BFHS PYAZ Aot
HFTH6). HloE 44 71712 2024 49 SURE 9Y 277t
A 1714 71710k, AA| Aue] A8 ZFEH AU H]E &
A 71&2 A5 S AdHl wet A9 598, AR, A
B9 T2 jol A4 B-8E= URt SARS RHgst
At 716 ©9h= 10 14067(2018)°] A 434 = i
S 12711 kg oV, B+t 2.16£0.96 kg)2 AHsI}. 7%
A A= vis A 71eE vE 2 59 AR, A YA -
25F 59 F8 FJA} olvA] ARg-S m3tots], 1Al
T vt F3F] FEL2 71e4 A Y= o1t tlofE
g 8fiEAlE (1) FA AAE Aekh 54 ASAC 3%
A% 9 REAA, (2) 5L 349 =7F< HolE, (3) #At
37| gt Ecoinvent 3.1.1 Tlo]H, (4) 4kg7go] FAKSt
A slsh EEjdo=z AR tlolE £0& 859t
A"l A= ‘cradle-to-gate’ 2 AtAEARE ISA &
BRI AEAAES 7Ho =R, FAA] BARA R} sARE A
HIHAE ZERIHFig. 1). ol Al GAl= AE, =8l&E
Al7] & EG T, iSRS g4 9 383, $871]o]

( Raising Seedling )

g

[ Production Stage of Agriculture Inputs ] [

Agriculture Production Stage ]

[ g 2 '
- | Soil Preparation & '
_ | \Green Manure Crop Cultivation 1 D of
1 isposal of
—
H Transplanting i Waste
1
Crop Protection Agent - : - !
! ( Biological Management & ] i Air
Agricultural Materials - ! Crop Protection ! Emissions
i - I

( Shipment ]

Fig. 1. Process flow diagram for Chinese cabbage
production systems.
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ARl AxEeet B, IET APHoIA] FmuA) oo 3
2 gAE, RS o187 A% B9 59 S
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2.3. Mupd 228AXM(Life Cycle Inventory, LCI)

A BERALCDS AlAE A Hel He FY&E
AEE, HiE 52 AEsta HgRlels BAE, £ Al
A HiIF IS 715 @R A5kl Bs HlolEE 5Y
71202 ot Holg A& Al BE PE2 5Y &Y
2 SHbotal, ehAiERES olisketA SHAIHCOreq) 22
Airedet. EL AAE FA W 23 o FES HA 5] HES
Fom, i S5 AFgS WAlsk] fls 24 S AA =
A= 2 ERIsISI

2.3.1 HoH +

2310, 25 M H S AE

HUSEANE BT B B 551 m) AGE
oA et wlole} 4% T B R8-S Table 17} ek

~

1Al A3t F 1,000227]9] iS5 Sgfetolon, & A
At FHF2 2,161 kgO & 7|EE ). o|= 7T Hf 2.16 kg
o] FAE 7k BAE HiE 1,30027] 5 5 7het &
A= 1,0002712, $BHEL 77%2 AFYE I & Ak
1,000719] vi3 wofE Bl 715 & Haiad 3,215,400
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&g AFgE 35 - BRI Alske AktAlE ¢
A o= Agoiglon, Ao ZH=A] o2 FYA ol hsh
M 271 HiEAS: T ecoinvent H}EAIGE | 7150
A BAste] 283kt A (1) FUEol izt viss A
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Table 1. Summary of cultivation conditions and prac-
tices for field experiment

Category Details

Yongjeon-ri, Yongpyeong-myeon,
Pyeongchang-gun, Gangwon Special
Self-Governing Province
(Elevation: 551 m)

Demonstration site

pH 5.9, organic matter: 24.7 g/kg,
available phosphorus: 591.7 mg/kg,
EC: 1.3 dS/m

Soil characteristics

Hairy vetch + Sudan grass (sown:

Green manure crops April 28, incorporated: July 2)

Cheongmyeong Autumn + Chungwang
/ total 1,300 seedlings (main plot:
1,000, sub plot: 300)

Total 500 m? (360 m?> + 140 m?)

Transplanted varieties
/ quantity

Transplanting area

July 14 — September 27, 2024 (approx.

Cultivation period 70 days)

Low-temperature film (developed by

Mulching film RDA)

5 applications (organic compound
fertilizers, urea, compound fertilizers,
etc.)

Additional
fertilization

15 applications (Insecticides,
fungicides, herbicides, growth
regulators, organic materials, etc.)

Pest & disease
control

Sprinkler system (Agri-well + 500
W/350 W pumps x 2)

Approx. 73.69 kWh

Irrigation system

Electricity usage

Gloves, shovel, seedling trowel, potato
planter, fertilizer applicator, brush cutter,
power sprayer, mulching film, etc.

Agricultural
materials

Livestock manure compost, organic
compound, urea, compound fertilizer,
4 types of liquid fertilizer

Fertilizer types

Electricity, gasoline (brush cutter),
diesel (tractor)

High temperature days (=30T): 37

days, rainy days: 31 days (based on
Bongpyeong Observatory)

Energy sources

Weather conditions

SCO,=12[1.5714xMi,fertx Ali, NxWIi,DryxEN,-Soil
xGWPN,0] 0y

+ SCO,: Greenhouse gas emissions from soil due to nitro-

gen fertilizer application, expressed as CO,-equivalent

38

(kg COs-eq)

+ 1.5714: Molecular weight conversion factor from N, to
N,O (44/28)

+ Mi,fert: Amount of fertilizer i applied (kg)

+ AIi,N: Nitrogen content of fertilizer i (fraction of effec-
tive N)

+ WIi,Dry: Dry matter content of fertilizer i (dimension-
less)

+ EN,-Soil: Emission factor for N,O emissions from soil
per unit of N applied (kg N,O-N / kg N)

+ GWPN,O: Global warming potential of N,O based on
IPCC ARS (265 kg CO»-eq / kg N,O)

2.4, MIPHASHHIHLCIA)

ISO 14067(2018)0] wa} Oﬂ-éokmz 7] 585K global war-
ming potential, GWP) 342 $Hg51.0H, GWP100 A
£ /g2 E 2l ESE SllRas e
COy-eqE WBISIo] BA5I3lor, GWP Ale= & A9
54 5 sl Afta sikE 5A1Y dad 745 4 7iAd
WF AR = W, AA BiET E el 7sde st
7] S8l F-5/7NEA oA ER k= IPCC AR} H7HE 1A
(AR5, 20142 2-8319ith. LCIA YoM Aupy B28
A(LCDHE &3l =59 7t A7 HiETFE COreq T

2 IR 7, 715 SRS = HiE 1327], 1 kg o4
Hat 2.16£0.96 kg) 7|&0 & 539} wiETHS AFYsto] 7159
3FFE BrIsIlt A vl 27T HiEEE & uiESE
AA| 48} actual harvested quantity) 2.2 0], 4] (2)2+
o] APgsiqit

E cabbage = (A1 X EF1 + Ay X EF, + ... + A, X EF,) /N

@
+ E cabbage: GHG emissions per cabbage head (kg CO»-
eg/head)
o Ai, Ay, -, Ay Amounts of each input used (fertilizer,
diesel, packaging.-.)
« EF,, EF,, -, EF,: Emission factors for each correspond-
ing input

+ N: Total number of cabbage heads produced

-
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HiEAIE A A 3570 Ao HAE AL 94
2oz ARSI FARE AL Y = fAF 370 His]



AE7IE S LA viF i) gamiasy Aet 24 9 AgasitedS AL vl A

SR 9 ARISAAERE 7 EAlS, A #E H|olEH|
o]A Ecoinvent 3.1.1 &0 & Z-83}9c} ol= E HF9] F
8 5& F opRl Agka AR ASAlS] S Qe
2 v G7HE 755 st fIsl, 71& AR 716t HlolE 9
9] S FAIBH e oAt ARSE B FAA,
e P 52 5YoH ALEUY. E ABd(=EER
ekl Zihat B9 AAHId o] At 1t e BAS
ofli= Zol7t AUAARE, HE FAol| FLL viEASE A 85t
o, FF 1t S B Aol & 400 Z6HA| etk
7IEEEH] AR Al A 5 Sl IHHE(RS Y 5
CH: € N,O )& AAEAEA 9 J=or Efsto] &
Aol A A efst3iet. Aol Lot A 92 ARl =5
7], % S 2% AU S04 AAsk= W+
= Farsieict BAA0l xotEl= HrlE A Hl&

2 =TT =7 W7l T €AY SA FARE]9]
£ &8oielth ohH, At A i H RS A
HIST tjH] 7|07} 1% ke s 4w, Heit du 4
H|F 4Pgo] =ttt 2 reste] JFg7lolA AlQlstqit:

3. 2t # IH

3.1. Zut
311, My S5&24

332 wiE 1327|gG Wt 2A7EA HiERES 0.9331 kg
CO,-eq/27|2 A=}

APgoll=s 84|, 718, AR, A71, Bdd, 2%
A, WA 5 26l 7 o sl ARegat Bl
SAFE J3 QHitsto] Albsioith

W 4 EF 5 A7) ARgel e siEs 0.0365 kg
COreq/E7|}0M, AnHIE I AIAF2 AT
(2.58W)2 1slo] A7t 7|1Eo 7 SHAISILE RE HiEEF
2 AekaEARERISA AT Zo] IPCC AR5 7122 A+
2HBA|HGWPYE H83510] COreq THIZSHAIGIITH Ta-
ble 2, 3 IX).

-O_
=

=
<)

3.1.2. HrgZefdrt

HAFRERALCNS Wo 2 23, v 157)
g B4R carbon footprinty2 0.9331 kg COx-eq/unit=
ARSIk SWIBIRACONS] B9 A% A A A
o A8, Selie] 9 Sols AP A SolH| FE Ao
0.814 kg COr-eq/unit, AA|Q] F 87.2%5 XA|5ITt. ofit

SHAMN0)E 8407, 53R, 7ISEEE| 5 AaA A
Aol BEF A8 olF AuiEz sk, 0.1191 kg
COx-eq/unit, A9} °F 12.8%F A1t HIE(CHi)2
EHloh 3 f7lE 2eE SolA T TS e
w2 A7) Al2E] A Hiell sigetER HiEF Aol Al
ofstAtt.

3.1.3. HMupyoiM

Ay B2H 4G vleto g g 7|0 BA Aa) AA) Hy
Z3F 2 oujR] BEL oF 17.1%S XK|5lgom, o] & A7
ALEPH E BE59] 7]z 0.0365 kg COreq/L7|2 B
Al HlER = & 24.6%S AABIAL, ©] F 97138
B 9F 15%, F71AH|RE 9F 9.6% $F0|qlth HA) 9
I = oF 34%S AAJotH, BHLE, £571, A, A
S TS o] ZIE k. Eo] TR, 2A, 84
=29] 37K FERro 2 AA| viETO] oF 51%5 AX[oe], A
HlE o] AA| ATRA HiEo] & JF= YA hot-
spotO & FRIE| Ik

LATIAEZ L CO7 87.2%, N,O7F 12.8%S AHA]515)
om, o= N,09] &2 GWPL} 24 H|Z AREO] A A
WIS AARRH

3.2. &
3.2.1. EAHIE Hotspot &4

7ol ST DA (growth management stage)7} &
A viZ=Fo] oF 51.1%(0.4770 kg CO,-eq/unit) = 7FF =7
Uef, AAAIARIS] BEAHRE hotspot O 2 A E| QI Al
Aozl A4/ sfSHR(84, BEHRE 5)9) ARgol 2
A EQEN,0)T H= ARAS] 2FuiEo] B3k
2 ZR83l0], & 0.1791 kg COreq/unit?] &2 &S G5}
et E3h Axgge] 79 WREEY] Al 9 2o 2
AgkAF wiEF0] 0.2022 kg COs-eq/unit® FAJE|0], A4 2}
A7} %83t hotspot Q1YL HojZoir).

3.2.2. Ntastts 2ABH XIFLUC| Xf0]

Aekh S QA T 59 2] SR U
SEsp] 9o =8 Ao, AW AW F cradle-
to-gate(IAFEHA) 9] ol WAT £ B S0 A
o Wb RS A Itk olefat TEE §F U 4w
WA, TR 2 Aol Bk HE EAS FE5] 9
7] of ek TS 7HR, olel T A=A Aol B
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Table 2. Data of input and output of cabbage production system (per 1 Chinse cabbage)

Amountper per GHG Emissions per

Inventory DB

Category Sub-category Item (example) 1 1 cabbage (kg source
cabbage CO,-eq/unit)
Manure (livestock) 1.5 kg 9.31E-02 IPCC Tier 1, AR5 GWP
3k
Oil cake (by-product compost) 03 ke 4.75E-02 Ecoinvent 3.1.1
INPUT Compost
- 0.02 kg .
Compound fertilizer (21-17-17) 2.50E-02 National DB
Agricultural lime ~0.0005 kg 3.00E-04 (est.) National DB
. + o
_ Vinyl LDPE mulch film 0.03918 kg 7.01E-02 Ecoinvent *+ joint
Agricultural guideline
materials ) o - .
Lagging cover Non-woven fabric (if used) Not applied
Growth regulator Paclobutrazol, ethephon, etc. i 5.00E-04 National (ezr:)uzsss)lon coef.
Insecticide Lambda-cyhalothrin, etc. i 1.10E-03 National emission coeff.
Pesticide
Herbicide Pendimethalin, etc. i 6.00E-04 National emission coeff.
Germicide Mancozeb, etc. i 6.00E-04 National emission coeff.
. Irrigati .69 kWh/1,
Electricity ~  onon pumﬁeﬁs@ WILOOO ) 17369 kwh 3.65E-02 EF 0.495~0.53
Energy Diesel Tractor, cultivator, etc. 0.012 L 3.14E-02 National DB
Gasoline Brush cutter 0.0003 L 7.00E-04 National DB
Waste — landfill Mulch film, gloves, tapes - 5.20E-02 (est.) Ecoinvent
T
g[LJJT Waste — incineration Minor plastic items - 1.50E-02 (est.) Ecoinvent
Waste — recycle Cardboard, selected plastics - 7.00E-03 (est.) Ecoinvent
PRODUCT Final product Korean cabbage 1 cabbage - (functional unit) -

(avg. 2.16 kg/ea)

870] AKH O A7|E o] Lk

2 A7 71E Al o=et S BestarA), Anlat
Fe 7Ie0l 7Nt 7T 27 71)E skl Eet Al
ol A FE e AS 7 AT 24 TS =Y
Sto] aLgA] wiS Ak oM o] LAVEA HiE EA4S A
LA A5

A5 A, IR wiE 127 B A7 wEE
0.9331 kg CO,-eqO& AMPYE|GlOM, o5 WF 7]%(1,000
m’g 2,00027] £33 714, 177 718) 02 RISt ZRS oF
1,866.2 kg CO»-eq/1,000 m” - 17120 & UeRdT). ol x|
Aekd SARE JASA| AZolA AAske w4 71 Hat vl
£ 688 kg CO-eq/1,000 m* - 17120] H[3} 2F A Hfof
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o= w2 Aol

ol|gt zloli= T=gt HiETF SR SfAE|Erks, ot
FZHR A A Aol 71Q1st A= ol 4= Utk AA,
71& A-oA FEAY 12EA] U9k Tt =] A
o]l ZJ=QLE. A& B0, AnFP I MR 5 A& =Y
o w2 A ARE F7L Eot A DA ALY A &
ZHel: A A AR, 357], As E571 5 71A AA
ALg, AE 9 =H1ZHE QLS Qe A U M| ARS, EH|
25 oA 9] HiETF SOl F= WrgEHI o= HiE &
Ql Heke ELH o= Tefol= APy 1Este] "adS AAL
Sttt B4, A= AP APE 202432 oi7|AYo] AR
9 =, A5 Tgo] Eifot] AEHIAY AME Slat &




APl SO WA iR 4] BaulEd 1Suel B4 9 ArkakibeelsAlole) B 7

Table 3. Key parameters and emission factors (per 1 Chinse cabbage)

Type Parameter Applied LCI DB Unit Main emission source (kzmés(;l:: 9
. S Fertili facturing, soil N,
Fertilizer (Urea + NPK + etc.) Korean Guideline + IPCC kg/cabbage erttitzer many 'act'urmg soil N0 0.1294
emission
In Pesticides (Herbicide, etc.) Korean DB (2023) g Al/cabbage Active ingredient production 0.0027
put Mulching film (LDPE) Korean DB + Ecoinvent  kg/cabbage Production + incineration 0.0701
Electricity (irrigation) Korean EF 2021 kWh/cabbage Motor operation 0.0365
Packaging (cardboard box)[10] Korean MOF DB kg/cabbage Box production 0.1907
CO, Fuel, electricity, material  kg/cabbage Combustion, manufacturing 0.814
Out
put NO Soil (fertilizer, compost)  kg/cabbage Direct soil emission (IPCC Tier 1) 0.1191
CHy - - Excluded (cradle-to-gate boundary) -

153]0] Dotglom, 8] ARSRFE QISA| A|ZoA AAlsH=
71EEC otk Ha=, dukaQl 13X i AfufofA| 9]
ZEHSA| AR Sl4= 5-63] otk AlA, 7] Tl A
7 ®A]9] Ao|(HA 71E vs. TS 712)et A5 7IHe] A
AP AAE 289t B4 WHEA Kol F8 Qlo=E &
83t Zog ShAFh

£ A AR 57 2919 BU=E AR FAL &G AIRE
AR &5t A SHEA AR 58 7IEke = Ao
o, ol QISANA F2 Egsl= 1H wiEAs 716
574 WAk AT U E ol gk ApEAS T
c}. o]9} T2 A= 5 Aets BAE QISA 2 W9
VEslo] ot 22 WRgS AAIRIch

A, 7} DS AR RE DIt Aok, BAEE
o] AgAdat HAdES Aus "art 9ok A4, cradle-to-
gateol] ME2] Q= B7F MIE cradle-to-grave= EAJo}o],
YAt o] & A2, 75, AH|, 7] 5)7H] Edoks At
7 716k QIS AARS] Aol gy AR, A= 7]bt
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