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wj_choi@ewha.ac.kr Abstract >> The greenhouse gas (GHG) emissions of passenger cars have mainly

_ been analyzed for vehicle operation phase. However, GHG emissions also occur
Egszzzd ig it'é’uifé%% during fuel and vehicle production. This study analyzed the life cycle GHG emis-
Accepted 26 August, 2025 sions of internal combustion engine vehicle (ICEV) gasoline, hybrid electric ve-

hicle (HEV) gasoline, battery electric vehicle (BEV), and fuel cell electric vehicle
(FCEV) in South Korea, considering fuel and vehicle production. The results
showed that ICEV had the highest fuel cycle GHG emissions, with HEV, BEV, and
FCEV emitting 34%, 56%, and 78% less, respectively, compared to ICEV. In terms
of vehicle cycle GHG emissions, BEV had the highest emissions, with ICEV, HEV,
and FCEV emitting 47%, 37%, and 25% less, respectively. Overall, ICEV, HEV,
BEV, and FCEV emitted GHG in that order, with FCEV emitting 66% less than ICEV.
These findings highlight the importance of considering both fuel and vehicle cy-
cle GHG emissions to accurately assess total vehicle GHG emissions.
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Table 1. Fuel economy of passenger cars

Fuel economy Unit
ICEV 13.0 kmy/1
HEV 19.8 knv/1
BEV 5.5 kn/kWh
FCEV 107.6 kmvkg

Table 2. Specifications of passenger cars

ICEV HEV BEV FCEV | Unit
The
Model | KONA EO&V 13 ]IE(IOIIIA all-new -
ybri ectric | \ovo

Curb |y g0s | 1435 | 1720 | 1870 | ke
weight

Tire 17 17 17 18 inch
Displace

ment 1,598 1,580 - - cc
volume

Drive | wp | 2wp ; ; ;
system

Battery . . | Lead-acid, Lea.d-.amd, Lead-acid,

type Lead-acid Ni-MH Li-ion Ni-MH -

P (NMC622)

Peak

battery - 34 - 58 kW
power

Peak

battery - - 65 - kWh
energy
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Table 3. Life cycle GHG emissions of fuel in South Korea

Upstream Fuel use
(g-CO,-eq/GJ) (g-CO,-eq/GJ)
Gasoline 12,592 77,772
Diesel 11,569 75,171
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Fig. 1. Life cycle GHG emissions of electricity according to pro-
duction technology
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Fig. 2. Electricity generation mix (2023)

Upstream process = Hydrogen production
350,000

300,000

250,000 —
8
< 200,000 ]
H
S 150,000
o
100,000
50,000
0
Snuth Korea Naphtha-NCC Natural Gas- Natural gas - Electro, w/ grid Electro. w/ grid  Electro. w/
SMR(on)  SMR (off) (on) (off) WWS (off)

Fig. 3. Life cycle GHG emissions of hydrogen according to pro-
duction technology

Hydrogen production mix (2017)

97% I

By-Product (Naphtha) = SMR (NG)

Fig. 4. Hydrogen production mix (2017)

Sals S0 3 HjEFo| =itk
S WALl whet A719) A LAk i
o] TdElx]7] wj&o] A7) A}z A7 Hl
ko z7] "bA uliof 2 0451;5 a1t hebA
A TLo| A= 2023 2] A7 BFA mAS %,B__SM
stul A7|o] A2 LAVIA wlEeFS AL

FHI N{N' ol

Vol. 36, No. 4, August 2025

SFQATh Fig. 20014 & 4= Ql5o] diehvl=re] 2023
A7) 2 "ae Sk X}Eﬂ) A7, Ak Al
AP A, Ape] woR B ulES M.

G oA AISh DPRIZIAIR AR A Ro) et
Mg A LA djEego] SRt S A 7]
22 U3E} Edf(naphtha cracking, NCC), A7}
7H&(steam methane reforming, SMR), 717]3-3}(elec-
trolysis)o] A] HaEE FHSIAOD 7t AE A
247k wiEgo] Fig. 3ol thehd et Fig. 3]
2 S 718 Aok Wt 7

L &S 293 11 e o g SMR, NCC 42
MlEagol 2 Ao ek

AL 22 7Rset ZAl AR 20179

ekl e AR BAE ALgatel ARSI,
Fig. 4014 3118 4 9120] 20174 cfabelt 5o
B USE L 4 471 o i AL
o] A e AN W)
Fore goiAe. 1;&% Szom Bl

2 dtollA= FCEVE Hapga 24712 &
2rS AAEo] 9lo] Tiahulat 20179 a4 AlAF B

o2 v o :Zl
o HE 7N AV SR ol =8 4
& AT A 2ATES wlEEE A o AL

AT xgw o AMEE R &,

3 WeHg gL oujsieh
'P 5, HiEE], dE AL
R R U
A IO Afol7} ey,

R 2719] £/} hEe Aol GREET?
2024 =21 %‘% F%}“‘EP‘”. ofuf GREET2+= A}
P s aE AR

ot mr} AR L4 Slete] 24 b 4
Fol AA g A-8ste] Atk
A F7)e A 5

2, A% 29, A7), AL,
WE| ], G AL IS Eaksio] 7 BN &
AZk2E eI

L
ox
2
_l
N
[‘-111
mf5
do
r°*'

o

Journal of Hydrogen and New Energy <<



444 = SERFQ HIEHN 2aU1A HIES 24 KONA, NEXOS 422

_>|4J
off
iz
Jutd
1o

HElel= A=k A4 a4l WS

HEo R o] FEe whet Aolsieh 2=k
, 17], g B2 A 29, =4 9 )7,
e EFRI ol ApF 27, 7], A
V, BEV, FCEV X% =3} 3}

BN

A Ao 7} Ajago) dm Al
o} Mg Al ERe} golA Hfol7t

@ol
QIet.

olof 2 A A4 TRE A ek 771
2 Aolstn FHY Holo] 2 LA vEe

3.1 gz F7| 24712 HEY 24 Zut

2 A AR 7] ST AP dm Ao
A, el A W, A 8 WA nE Ealels
Wo)2 Aelshich ICEVe} HEVe] 79 217k 7k
2o = AL 7HER 4L AR =3 Al 7RER
Axz olet HjES W= 1Hsl9th BEVel FCEV
o A5 ESE 719k o] & Bl AE = A
of WjEE mefsinh A A 7] eArka
WS Fig 59 2.

ICEV2] 72 206 g-COs-eq./km, HEVS] < 136
g-COr-eq./km, BEVY] 79 90 g-COr-eq./km?] 7+
Welk Rl 201743 S A HAS ALESH
FCEV®] %< 44 g-COreq/km, NCC 42242 100%
AH231 FCEVE] 79 42 9-COreq./km, SMR 422

(§-CO;-eq./km]

g 8 8 8
-
-
—
—
—
-
—
—
-—
e
——————

South korea Avg. Nee SMR Electro. w/ grid
(2017)

Icev HEV BEV. FCEV
The GHG emissions from fuel cycle

Fig. 5. The GHG emissions from fuel cycle

> BFRLAUNOAK[3tE] =2

100% AR5t FCEVS] 79 146 g-COr-eq./kme] Zt
< HSich viA|Ete g Tt uAS o] 835k A7E
3| 7]4S AM83F FCEVO] 4% 254 g-COyeq/kmeE
M 2 ke B4k

ICEV, HEVQ] 7% 314 A& 7|9k A=l 7k
A ARE AMES| ol A5F &3 ol A
Aoz & 2A7EA wiEskE B4k 3 BEVY,
FCEV9| 7 AjeF 23§ 1 of|A] 24747} wij&
=] x| grol ICEV, HEVET W2 A7 v Sk
Hook & 2t uAS o83t A|EE Tes
AMgSE FCEVE] %9 U5t ICEVET =2 R
7] A7 wiEEE Bk

2017 ghl=o) A9 g AL Alofl AARE
S UIAS ARESEAL Ql7)of iAo WP 1
oA ATIA wljETFo]l Aok Tt =4 AgAE
BA]of whek oF 60-200 g-CO-eq/km Z}ol7} ' 4=
U ERIsHT o= =40 A4t HhAlo| whet
A7 &) A debd = QS-S AR
whebx] FCEVE $24:9] A wWhHalo] AdAsixle uf

o 2k whEeol AzkE ThsAlel dlrk

_>|~1_5
i
N
N
IS
fo
>~
_\'1_1
[>
i
ofi
rl
=
ga
N
_\:LI
L
iy

Vehicle components = ADR W Batteries ™ Fluids L Total

ICEV HEV BEV FCEV
The GHG emissions from vehicle cycle

Fig. 6. The GHG emissions from vehicle cycle

X3 M4z 2025 8



ICEVY] 79 25 g-COr-eq./km, HEVS] 7L 29
g-COr-eq./km, BEVS] 79 46 g-CO,-eq./km, FCEV
of % S A4 WAle] TAGlo] 40 g:COreq.km
o] e W

o7 F7]0) A= ICEVS}F HEVZ} 24 2-8of| u}
E 2k el =8 aRlow Yo r 2
HlEws Bioh W] AF F7]o)A= BEVY
2l o2 HiElZ|2 FCEVY| 24 Az dx|of A 24y
Sl 2A7EA wiEsFo] A 7]oste] BEV, FCEV
7FICEV, HEVET} B =& 247k v &S Ue}

Ak

3.3 SExIHe| Hutyx 24VIA IS 24 Zut

A= 719 A 7719 LAVKS HiEwe B
LR Ay A 27k vlEEe Fig 73 2

A= 7|9 esigle W ICEV tju] HEV, BEV,
FCEV 2017 =4 Ak wlA, NCC, SMR:= 72} 71,
116, 162, 165, 60 g-COr-eq./km®] 2 A7} Hj
SEe Bk © JEE 9AE o83 Ar]EH
714& A3 FCEVE] 79 45 g-COreq./kmo] &
SA7EA iSRS Bk

SEi A 1A TR AT LA
Hl}&2F 5.4 A3} ICEV tjy] HEV, BEV, FCEV 2017,
NCC, SMR= 717} 69, 95, 153, 156, 52 g-COr-eq/km
S 2ATIS HiERe Btk 2R E AE o]8et
A7)l 71e2 AN FCEV 789 56 g-COreq./km]
T 2AVS HiEEE 2tk

53] HEV®} BEVE| 49 & 7|7 31233l

ks

® WP u Vehiclecycle = Vehicle operation I Total

250

13
<200

g
S1s0

|

50

0

cc Electro.

South korea Avg. N SMR

(2017)

Icev HEV BEV FCEV
Life cycle of GHG emissions of passenger cars

Fig. 7. Life cycle of GHG emissions of passener cars

Vol. 36, No. 4, August 2025

< uj BEV7} HEV}T} 45,7 g-COs-eq/km WIgl BHA
ZeF F7 A e 7S 11 =Jo]7)25.7 g-COr-eq/km
& Fojs3rh

A A1 dm FP7F A A7 wET
o 8 gQlow ARG ApF F7] 24T
&S Z3SE A] ICEVS} BEV, FCEV 7Ho] 241
7hs wiER AL st Ao oI u)
2hA 2pFe] AT viERe A8l A5
eliMe A= 7719k A 7719 247 vl
7] Aol gha 2lskeich

2 A 435 F3 BEV Hxg Aol 53
gto] ofue} dg F7|ef A F71E A
YA A7 viEE 7S A8dhe
o] Bigghe AR E3F AF 7] viES] 4
A F st wiE P Alxof gloemg Az HY
o] getasl 34 ae A, AgE A4 g 5
HiE 2] AAF DAl A O] ATFA 25 ] ko]
Zasitt. o] FCEVY| 7 HijEdo] 4 it
WAlo| 24 HeEHuR YPAY A4 48
Agta: 0] 2 HS S E WS st ok

=1

==

ol e
-
SIS

L
o,
=
)

R RIS LR EE R R
o F5of uhet deba Aepe] AnaA L7k
WiEES Btk diEse) YEdel 584
2Fo] KONA, KONA Hybrid, KONA Electric, The all
new NEXOS 8] B8 Auhs bl 2k
) 9= F7] SA7ks whE AR A3 ICEV,
HEVS] 49 %3 9] ujZo] thiiie 21
st} BEVE} FCEV thH| & vl 23
HHH BEVQ} FCEV+= HiES] tff-Eo] =
9 A7), g AT AN sl
2) Ay 27) LARS S A AT e)E ol
& WiEoA A e uiETO R Qg
BEV/} 714 2 Ak ihaeke 7|2 slgo
o G AR HiEHE SUskATL 2
A 71of3ko] FCEV7} BEVe] olo] %= wirjz

Journal of Hydrogen and New Energy <<



446 =Ll SEAIZQ MY 2atA HES 24 KONA, NEXOE SHe=
I

for

0

E2 WiEHS eI

3) ICEV, HEV, BEV, FCEVS] Hubgd2 247}
2 w|&eF v A3} ICEV, HEV, BEV, FCEV
FOR T LAZES MiEEFS B ICEV of
B HEV= ©F 29%, BEVE oF 41%, FCEV:=
oF 66% & 247 HiEES HSlth

4) 0] A AR wjETgo] A A
o whet AfoldtEE FCEVE] Mg a A7t
2 HETFE OF 42-146 g-COr-eq./km S0l A
A fgsich A wiE ARE YlAe
At 2420] YA WIS Sdizt B asi

5) BEVA= #17] W whalm ofe} el ol w
He Ao A 247 viEo] 24| Ayt

AT LA B 91

nRe] eAsbs wiEY Wyt wele)

Az SAY e 45 71s S SAll

F23 Bart 9lck

6) A= F7|N T LALA vEST) A
F7V7) Eke dabgE LA vawe
8|3t A3 ICEV o8] HEVE 2%, BEVE
19%, FCEV= 5-15%2] 2}o]& Hoj xjaf 27
w5S W32 ICEV % HEVE} BEV I
FCEV 7t SALA HiE A07h S48S gl

st

o
e

71

2 3= FEXFH A (Grant No. RS-2023-
0243220)2] ko g 23] Qi Th

References

1. W.Lee, “Plan to promote the supply of hydrogen city buses
in Busan”, Journal of Hydrogen and New Energy, Vol. 33,
No. 4,2022, pp. 309-317, doi: https://doi.org/10.7316/KH
NES.2022.33.4.309.

2. J.Kim, E. S. Yim, J. Yeon, J. W. Doe, and J. K. Kim, “A study

>

of analysis on monitoring of biodiesel fuel quality trend as
a alternative fuel for automotive diesel in Korea”, Journal of

ol

> SRAAUMOLIR[3t3] =27

r

12.

Hydrogen and New Energy, Vol. 35, No. 6, 2024, pp. 624-633,
doi: https://doi.org/10.7316/JHNE.2024.35.6.624.

. W. Choi, E. Yoo, E. Seol, M. Kim, and H. H. Song, “Green-

house gas emissions of conventional and alternative vehicles:
predictions based on energy policy analysis in South Korea”,
Applied Energy, Vol. 265, 2020, pp. 114754, doi: https://doi.
org/10.1016/j.apenergy.2020.114754.

. T.R.Hawkins, B. Singh, G. Majeau-Bettez, and A. H. Strom-

man, “Comparative environmental life cycle assessment of
conventional and electric vehicles”, Journal of Industrial
Ecology, Vol. 17, No. 1, 2013, pp. 53-64, doi: https://doi.org
/10.1111/§.1530-9290.2012.00532.x.

. S.Verma, G. Dwivedi, and P. Verma, “Life cycle assessment

of electric vehicles in comparison to combustion engine ve-
hicles: a review”, Materials Today: Proceedings, Vol. 49, Pt.
2,2022, pp.217-222, doi: https://doi.org/10.1016/j.matpr.
2021.01.666.

. Y. Ren, X. Sun, P. Wolfram, S. Zhao, X. Tang, Y. Kang, D. Zhao,

and X. Zheng, “Hidden delays of climate mitigation benefits
in the race for electric vehicle deployment”, Nature Commu-
nications, Vol. 14, 2023, pp. 3164, doi: https://doi.org/10.10
38/s41467-023-38182-5.

. Intergovernmental Panel on Climate Change (IPCC),

“Sixth assessment report”, IPCC, 2023. Retrieved from
https://www.ipcc.ch/assessment-report/ar6/.

. Korea Auto Dismantlement & Recycling Association (KA-

DRA), “Vehicle dismantling statistics (June 2025),” KADRA,
2025. Retrieved from https://www.kadra.or.kr/kadra/conte
nts/sub02/02_01.html?idx_num=2624&pidx_num==&ski
n=4&mode=view&GotoPage=1&column=&keyword=&
Bbsld_01=&BbsId_02=&BbsId_03=&MenuNum=&BbsI
d=2010316112316&Tbn=&srhDatal=.

. Korea Transportation Safety Authority, “Statistics on vehicle

mileage,” Korean Statistical Information Service, 2024. Re-
trieved from https://kosis.kr/statHtml/statHtml.do?orgld
=426&tblId=DT_42601_N003&conn_path=I2.

. M. Wang, H. Cai, L. Ou, A. Elgowainy, M. R. Alam, P. T.

Benavides, L. Benvenutti, A. Burnham, T. N. Do, M. Farhad,
Y. Gan, U. R. Gracida-Alvarez, T. R. Hawkins, R. K. Iyer, S.
Kar, J. C. Kelly, T. Kim, C. Kolodziej, H. Kwon, U. Lee, J. Y.
Lim, X. Liu, Z. Lu, M. Morales, C. Ng, I. Pandey, S. Shukla,
N. Siddique, P. Sun, T. Sykora, P. Vyawahare, and J. Zhou,
“Greenhouse gases, Regulated Emissions, and Energy use
in Technologies Model ® (2024 Excel) [Computer software]”,
2024, doi: https://doi.org/10.11578/ GREET-Excel-2024/dc.
20241203.1.

. Hyundai Motor Company, “KONA”, Hyundai Motor Com-

pany, 2025. Retrieved from https://www.hyundai.com/kr/
ko/e/vehicles/kona/intro#spec.
Hyundai Motor Company, “KONA Hybrid”, Hyundai Mo-

X3 M4z 2025 8


https://doi.org/10.7316/KHNES.2022.33.4.309
https://doi.org/10.1016/j.apenergy.2020.114754
https://doi.org/10.1111/j.1530-9290.2012.00532.x
https://doi.org/10.1016/j.matpr.2021.01.666
https://doi.org/10.1038/s41467-023-38182-5
https://www.kadra.or.kr/kadra/contents/sub02/02_01.html?idx_num=2624&pidx_num=&skin=4&mode=view&GotoPage=1&column=&keyword=&BbsId_01=&BbsId_02=&BbsId_03=&MenuNum=&BbsId=2010316112316&Tbn=&srhData1=
https://kosis.kr/statHtml/statHtml.do?orgId=426&tblId=DT_42601_N003&conn_path=I2
https://doi.org/10.11578/GREET-Excel-2024/dc.20241203.1
https://www.hyundai.com/kr/ko/e/vehicles/kona/intro#spec

14.

tor Company, 2025. Retrieved from https://www.hyundai.
com/kr/ko/e/vehicles/kona-hybrid/intro.

. Hyundai Motor Company, “KONA Electric”, Hyundai Mo-

tor Company, 2025. Retrieved from https://www.hyundai.
com/kr/ko/e/vehicles/kona-electric/intro.

Hyundai Motor Company, “The all-new NEXO”, Hyundai
Motor Company, 2025. Retrieved from https://www.hyund
ai.com/kr/ko/e/vehicles/the-all-new-nexo/intro.

. H.H. Song, “Introduction to international discussion on

automotive LCA and life cycle assessment of greenhouse gas
emissions of passenger vehicle in 2030, Auto Journal: Jour-
nal of the Korean Society of Automotive Engineers, Vol. 45,

Vol. 36, No. 4, August 2025

17.

QR - ZAIE - ZIEAH

[l

447

No. 5,2023, pp. 39-42. Retrieved from https://www.dbpia.
co.kr/journal/articleDetail?nodeld=NODE11408279.

. G.Kwak,J. Lee, Y. Jung, and W. Choi, “Life cycle greenhouse

gas emissions of hydrogen imported by maritime transpor-
tation: a South Korean case study”, Energy Conversion and
Management: X, Vol. 26, 2025, pp. 100887, doi: https://doi.
0rg/10.1016/j.ecmx.2025.100887.

Korea Power Exchange (KPX), “Power generation amount
by source”, Open Government Data Portal, 2024. Retrieved
from https://www.data.go.kr/data/15081098/fileData.do?
recommend%?20DataYn=Y.

Journal of Hydrogen and New Energy <<


https://www.hyundai.com/kr/ko/e/vehicles/kona-hybrid/intro
https://www.hyundai.com/kr/ko/e/vehicles/kona-electric/intro
https://www.hyundai.com/kr/ko/e/vehicles/the-all-new-nexo/intro
https://www.dbpia.co.kr/journal/articleDetail?nodeId=NODE11408279
https://doi.org/10.1016/j.ecmx.2025.100887
https://www.data.go.kr/data/15081098/fileData.do?recommend%20DataYn=Y

	국내 승용차량의 전과정적 온실가스 배출량 분석: KONA, NEXO를 중심으로
	Abstract 
	1. 서론
	2. 승용차량의 전과정 분석 방법론
	3. 분석 결과
	4. 결론
	References


