elSSN:2287-7355, Vol. 63, No. 3, pp. 171-181, June 2026
https://doi,org/10.3744/SNAK 2026.63.3.171

CHgtxMSts| =2 %! Research Paper
Journal of the Society of Naval Architects of Korea

Km Check for updates

7| HiE 2 MU 28 55 JHMS Ta{ot st
AL J|d H

o im
Aol HRF - AEY - YUY
Methstn EMsUEstt

Development of Marine Transportation Greenhouse Gas Intensity (MGI)
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Although international regulations aim to reduce greenhouse gas (GHG) emissions in the maritime sector, existing metrics such as
the EEDI, Carbon Intensity Indicator (Cll), FuelEU Maritime (FEM), and GFl are limited in capturing both lifecycle emissions and
operational performance, This study proposes a new index, Marine Transportation Greenhouse Gas Intensity (MGl), which evaluates
well-to—wake GHG emissions per unit of transport work while accounting for ship efficiency and operating conditions, Case studies
were conducted to examine fuel transition effects between marine diesel oil and gray/green methanol, as well as technical efficiency
improvements across different vessel generations, The results show that EEDI and Cll do not account for upstream (well—to—tank)
emissions and consider only CO, emissions in the tank—to—wake phase, whereas MGl incorporates full lifecycle emissions and includes
non—CO, gases such as CH, and N,O, leading to different fuel evaluation outcomes, In addition, under reduced operating conditions
(50% MCR), EEDI, based on a fixed design condition (75% MCR), fails to reflect emission reductions associated with lower engine
load and speed, while MGl captures these changes, Furthermore, unlike GFI and FEM, which remain nearly constant for the same
fuel, MGl reflects technological improvements across vessels, These findings demonstrate that MGl provides a more realistic and
comprehensive framework for evaluating maritime decarbonization strategies,

Keywords : Marine Transportation Greenhouse Gas Intensity(GHARL SATIA  ZlOHD) MGIGHARES 2AITIA  FlofT),
Well-to—Wake emissions(M1Pe 2AI7tA HIE), Maritime Decarbonization(sh® EEIAS), Greenhouse gas(2AITIA),
Maritime GHG emissions(af2 2AI7IA HIE)

1. M2 (COP21)2 BIR? ZHH 22 Sl & AHEoz M7~ 2t
Z0| Z3t=|1 AUchJoung et al., 2020). 24 222 & MA 0]
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Index), EEXI(Energy Efficiency Existing Ship Index), ClI(Carbon
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2. i 4

2.1 EEDI (Energy Efficiency Design Index)
EEDI= Meo| £k sk22Kt)S = AH2l(nm, nautical mile)
2B 1) LYBIE CO, BHEY, 5 45 Sl | SAIRA
S (gCO,/(tnm))E Holeke AIEE, MuEte] MHA CHAl|AME
B CO, &S Xzt 2 ﬂ%@% SR Z|7] 2f6l =2l=|
ik EEDI ESZHAttained EEDI) Muto| M| =4S 7|HIS
2 72 57 9 &2 MM Bl Bk CO, HiERS A

gto| XMx|EZHCapacity) 2t 7|1&E MEH(Vief) 22 L0 AHlAt]
o, 4| (1)2} Zo| AHMEICKMEPC, 2022¢).

Attained EEDI
n nME
(Hf Z BigComeSFCyg [T
n nl TI neff
((Hf/ Z By — chff
»/e?fl =1 =1
- (_Zlf ett Lot Crmp - SFCy
/(f:f. - Capacity-f,,- V., or fin)

(PAE'CFAE'SFCAE)

PAchf )q«‘AE SFCAE

(1)

A (1ol ZAk= MA &3 xzolMe] o= 28[S(SFC)2t
EMA(CRE 7(Htez2 MYE CO, HiEZS UEln, &
= deo| Mg 7|1E S8 S0t 25 AEE O|'3|°|'EF
oloi| w2} EEDI= AA| EU#IO{I Mol thel & AAE CO, HY
71l

5 +72 YYells 78 JRIC

2.2 Cll (Carbon Intensity Indicator)

Clie defe| M7 chHE ol A 2 ZzolMel 247t
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Attained Clly;, = M, / W (2)

AollM g, Il
20| Mtlol|A| x| E}
2 HEAR(G B EEF el BeR ﬂ’éiElEF. —Er o =M

S 25 AAUES 2olsied, A (4)2f 2ol Mol H

AE2HCapacity) 2t & gslir2l(n)2l S22 HelE

ot & COEZS

[
—
A |

i [

H | =
=
l:_l|I-O 0:17L

Mo, = LFC; G )

W= Capacity-I) (4)

X

olof| w2} Clle AN 23 1|0|E1E JHoz Cie| 24 R
2L CO, tiE 2 HEEcle =2 JKIn], Mufo] odzt
29 8M1| ShH| o|AkelE HH%O molstict,

2.3 FEM (GHG intensity of FuelEU Maritime)

FuelEU Maritime2 EU sliat 2& F2o| EHESIE FXIs)

7] 9lsf ==l A=z, MeblM AlR=lE 2E HdZ2] ofLX|
EF MF7| 24I71A Tk (GHG intensity) S ZFstch 07|
Xlo =

RIQFE(GHG intensity) = EHl GRS 2SI = 2AT|A HilE
ZHgCOea/MI) 22 Ho|=|md, WITRF TtW HiE RItTE ghat
510 Al (5)2} ZHo| AFEEICHEuropean Union, 2023).

-~

GHG intenstiy = f,,;,4 * (WtT+TtW) (

o

WT= 4 (6)2F 20| ¢dZo| flZ 322 M iAol ehisH
o (

HiES P51 ALk, TiwE 4

= 7)2} 20| 92 ol
F2 nrgoliMel 2 sfEnt (B SES ER5I0] AlLMHECE
ZM'COZGQ,WtTJ.LCVi + ZE}?'COZGQ,EISC,k
WT = nfuel (6)
Z M-LCV, RWD, +ZE
nfuelmengine lip. 7
Slp/
TtW = Z Z M;( 100 )'COZeq,Ttw,i,j
C li
+ 1508] COZeq,TtW,s]ip,i,j (7)

(MZL]MM LCV,-RWD, + ZE)

CO‘Zeq TtW,i /2}‘ Co

2eq, TtW,slip,7,j

CO»CHsNO HiEZ2 GWPE 7|22 4] (8), 4| (9)

ALHEICE
Co.

2eq, TtW,i,j =

Cfcoy"GWPco2 + CfCH " GWPCH‘)
+ CfN‘pv].-GWPN20 .

COseq ew slip,inj = (CSfCOZ_/ -GWP,, +CstHU ‘GWPy )

+Citny0.f GWP

2.4 GFl (GHG Fuel Intensity)

GFle Mulo] ARgst 2E o= Wiw HiES EIsi0d, of
LX| chy| 2A7(A HH% TAHE(gCOea/MI)E LFYBICE GFI
SPMZHGFL e )2 A (10)2F 20|, Mek 28 IPHol|lM ALSE
SE AR of x| AH R} S A=l MW 2AT7IA FekE
£ 7|HIeZ ALKEICKHIMO, 2025).

i EL-E
Energy,
GFIattained = il}i l i gyl) (10)
nergymal

047|M  Energy,= a2t AZo| od7b M| ofH{X|ZHM),
Energy,,, = ZE AE9| of|X|Ze| F&t2 olo|sict. EL& o
B R ol W 7|F 2T B E TUE(gCOeq/M) 2, A

Flekr

M)z 2ol WT HIEXUE(GHGy, )2t TIWHIE
)ol stoz AHAEICHIMO, 2024).

EL = GHGy,r +GHG

2ol Uz e

GHGyp 2 & (12)2f 20| o

R & BRI Yt BE 27
Eict
GHGy, 1 = +ete,tey—e
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GHG £ A (13)2h 20| = A4 Clst A uiZ, oA

X & H ol

e B T,

IHofMe] HE &, A= Yit

Mab ek =E %A

carbon capture and storage) AIAE] S i4 cHlo] 2E

SES HhdsIo] ALkt

1

1 .
GHGw = v=v7 (1 - W(Cslip,ship+ (/fuq>)

(Cre0,GWPeo + C ey GW Py, + Coos GWPy )

1
+ (W(Cshp‘shlpJF Cﬁlg)'csfx'GWPfuelx)
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2.5 7|& 2471~ X|Eo| =X B

EEDI2} Cll= 944 EHA|(TEW) 2| CO; ti &R} 28 ZiiZHtnm)
g 7/Hloz 2ATIA Flofr S "Wy shs X|HO|X[2t dZe| ME
7| 2ADIA HiE ENE SE0| HIHSHK| Reicke 1A SIS
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EIE o=z MeIdRl £3E MCR(Maximum Continuous
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3.1 Marine transportation GHG Intensity (MGI)

Table 1 Comparison of EEDI, Cll and FEM/GFI Indicators

IS EEDI Cll FEM/GFI
Emission | Per transport | Per transport Per unit

Basis work work energy

Unit gCO,/(t-nm) | gCO,/(t:nm) | gCO.eq/MJ

Scope | Tank—-to—Wake | Tank—to—Wake | Well-to—Wake
lgnores WIT, Ignores actual
non—-CO, Ignores WIT, 9 ener
~|GHGs, fuel slip,|  non-CO; o
Limitations conversion
and actual GHGs, and :
: . and ship
operating fuel slip
" performance
conditions

= od30i|M Hekste MG
Gas Intensity)= Afeto| %=

(Marine Transportation Greenhouse
B4 A | WASHE TF|
(WW) 2ATIA HiE THEE LiER = |22, Mulo] tie| 5t
= AH2|Y thEske 2ATIAE gCOeq/(tnm) THRIZE HEst
gich MGle A2 Mt 2 =5 CHHoIM LMSk= Well-to-Tank
(WMT) BiEnh Met 25t = 25k Tank-to-Wake (TtW) HiE2
25 ZeEHE Wellto-Wake (WHW) =9l & 2AI7|A bijS2t
2 7|F2= s, MUl MsH 28 S5 e 1edst
0 2& ZAHS T[HICE HiE FAUTE MHSICL HESHCOE
CO,

gk oz FCH4, N,O S¢| 2A7IAE C

tﬁﬁ oilt

>|>|E|'

i

5101 & 2ATIA HIEZS MG, oz o4 Mol 2y
Cli= Dldi HiE L5 2ATIA b E sh=of| ZEksic
MGI= & (14)2F 20| Mol=|nf, che| AlZHE MulofA bl E
Sl M3 2M7IA HiE 2" (COeg/nE 2 M v,
(knot)t MAH2ZF Capacity (fonne) 22 LIF0] ALSSICH

- WtW

m (14)

MGI= Vop-Capacity

WV AL (15)2F Z0] WIT BiEZ "7 (gCOeq/n) Tt
TtW H1EZF ' (gCOea/n)el Btoz TAEIC)

M'/lVVtW' _ mW'tT +mTtVV (1 5)
T2 IBE AP M B2 chidl Basks 24}
2 HiEoz A= ;of tis) A2 AEE FC,(gFuel/h)z2t 24!

78 HiEAS  ELVT(gCOeg/MJ), APl wEEF Loy,
(MJ/gFuel)el 2oz Al (16)1} Z0| HAEICE

n

m' " =Y (FC-EIVTLCV,) (16)
w2 A(17)2] FElR o' | 2F 044 Al HiEDf IR0
ol HiE BIE ¢, (%) ZF 1225101 AlRHEICE
- TtW
m

y Cu & Cu ij (17)
:ZZ(FQ‘J[“* 1o ERIY S (BRSY)

(%2 55 HI G, (%)

L o{=9o| &2 I
Q.lb,' j = ‘—J"‘_’I =H ng 511p1/

=2 3'_2143}04 4 (18)=2t 2ol Hel&ct

(@)

Cfug,[,‘
ub,ij :Cslip.[.j(li 100 ’ )+Cfug,i,/ (18)

M o4 viEAS RV (9CO.eq/gFuel) 2t Ojed4
BIEZAT BRI (0COe0/gFuUel) & 22t 4 2RH0IA S
gz AR C ), (9GHG/gFuel) 2t ol olsl HhEx]
= AT j(gGHG/gFuel)z 7|dtez LhE=od, ofof
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o2 X3l 2M(low
load operation) =743}t A 2&Hconventional operating) Z=71
o FIRK| AHZIRE ARBSIRICE XMEst 28 Z7o|M = mel
AE £2()2 HHEHMCR)2| 50%=2 MYsI%on, 84 2
oAM= MCRe| 75%2 MMSINCE ExMZT E249| 4
& Z=7ol| 2| Gl0| EEDI 7I0|ERIRIS 7|ZECZ &3S 7
XCHIMO, 2022¢). Muke| 235 Hr= Mo &2
2 Zdysien, 2E Muk2 MdYE
MORX(Sea margin, SM) 0% A2 2aksttia 7PdsIgiCl,

MGE A (14-(2002 Sdff AMSIFen, g
(Capacity)2 74 iﬂ’\“ Eoﬂ Me MEEZESDWT,
Deadweight) & Mg S DWTS| 70%S
ARBSICt Mdke M e 7(l Hofl MAIE A
H =D 2 Aol 7HYE £ Bdsp|
I AL (21)1F A (22)2] &35 ZHAIZ MEs10] APYst
FcHInternational Towing Tank Conference (ITTC), 1978, MAN
Energy Solutions, 2018).

>

100

Py =MCRBycr.a 10+ SM, (21)
. B |
Vo, =|Va- (22)
op ( A PA
047|A of2f HXI Az Muk ®of| HMAIE A 25t =S 2
ol3lo{, v, £ Mef colEfo] MAIE MAH AMH|A £2d(Design
service speed)oi HIAlE' A ESHE(Ryer o )2 MORE
CF A |_/.‘_I:

22 AlfolAfe] tleleiz edolc

S L) Sy

Table 2 Fuel properties and GHG emission factors

Bio Methanol (waste
Fuel Type (7)| LFO MDO Gray wood methanol
ype L Methanol| in free—standing
plant)
LCV,
! .0412 |1 0.042 . .
[MJ/gFuel] 0.0412 1 0.0427 | 0.0199 0.0199*
EI~WtT
! 13.2 14.4 31.3 13.5
[gCOzea/MJ]
C .
fCoNL | 3451 | 3.206 | 1.375 1.375
[gGHG/gFuel]
Cf(cH()J:j
0.00005|0.00005| 0.00005 0.00005
[gGHG/gFuel]
C .
fNO)H7 10 00018|0.00018| 0.00018 0.00018
[gGHG/gFuel]

* Bio Methanol®| ELYTZt2 (European Union, 2018)2 M &
5t ooy, 1 2|9 Zt2 (European Union 2023)2| Zi2 M &35}
ez} E|-
AA .

Table 3 GWP100 values from IPCC AR6

GHG GWP 100 (Armour et al., 2021)
CO, 1
CH, (fossil-base) 29.8
N.O 273
= MME IRl £ =21}t SM 0% ZZHollAe| Mut 25
SEE LIEACE T2t 7 AR2H(FC, )2 2t 7|ael ¢
2H|E SFC,; [gFuel/kWh]t £24 plkw]el S22 LRSI

Ch 2 AdFollMe mQIEID) 2XRATICS 7[He 2 1124519
oni, 2t 7|e| iz AH|S(SFC, Specific Fuel Consumption)
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3.4 Case study

mofet MGl XIESl REMS HEHD JIE Y AE
EEDI, FEM, GFI Cid| xfHstEl 2A S22 &
2 ATOME HE BRO Mt 71X HTE WA WS MY
3 % 7hol A2l HOIAS HIEOZ & ok JHe| B9l 2
2|98 T of2fat Aol MFe
'

7
ARl 28771, 5 ol SA, Mool 7

o-L1, T

Table 4 Principal particulars and design operating conditions of the investigated ships

Case Ship name Del:(eevaerred Dez[atcj)r:/r\::aght E;ZS(:SQ [ssrr]\gf]e 1?:;6]1{ Sea[l:/fljrgm
1-A LAURA MAERSK - LNG (RINA, 2023) 2023 32600 17.4 75 0
1-B |[LAURA MAERSK - Grey Methanol (RINA, 2023) 2023 32600 17.4 75 0
1-C | LAURA MAERSK - Bio Methanol (RINA, 2023) 2023 32600 17.4 75 0
2-A NORDIC STAVANGER (RINA, 2003) 2003 147500 14.7 90 15
2-B ELKA LEBLON (RINA, 2012) 2012 154844 15.5 75 0
2-C SONANGOL KULUMBIMBI (RINA, 2023) 2023 157663 14.5 75 0
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20 MEF- A - ddY
Table 5 Main and auxiliary engine specifications and fuel consumption characteristics
. MCR of Main|,  |Main Engine| "8 | sE0CA of Main Engine | S 0C O
Case Ship name Engine [KW] Auxiliary Engine Fuel Tyoe Engine [gFUel/KWh] Auxiliary Engine
9 YPC e el Type 9 [gFuel/kWh]
MAN-6G50ME-C9.6-LGIM Wartsila 6120 164 (75% MCR)
1=A (MAN Energy Solutions, 2023) 10320 (Wartsila, 2025) MDO LFO 165.5 (50% MCR) 189.6
-8 MAN-6G50ME-C9.6-LGIM 10320 Wartsila 6L.20 | Methanol LFO 329.7+10.2" (75% MCR) 189.6
(MAN Energy Solutions, 2023) (Wartsila, 2025)|(Pilot: MDO) 326.3+13.3" (50% MCR) :
e MAN-6G50ME-C9.6-LGIM 10320 Wartsila 6L.20 | Methanol LFO 329.7+10.2" (75% MCR) 189.6
(MAN Energy Solutions, 2023) (Wartsila, 2025)|(Pilot: MDO) 326.3+13.3" (50% MCR) ’
MAN-6S70MC Wartsila 6120 o
2-A (MAN Diesel. 2009) 16680 (Wartsila, 2025) MDO LFO 169 (75% MCR) 189.6
MAN — 6S70ME-C8.1 Wartsila 6L20 o
2B (MAN Diesel and Turbo, 2013) 17525 (Wartsila, 2025) MBO LFO 163.5 (75% MCR) 189.6
_~ | MAN-6G70ME-C10.5-HPSCR Wartsila 6120 o
2-C (MAN Energy Solutions, 2023) 14500 (Wartsila, 2025) MDO LFO 158 (75% MCR) 189.6
“SFOC(Specific Fuel Oil Consumption), **SPOC(Specific Pilot Oil Consumption)
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Fig. 1 Comparison of EEDI, Cll, and MGI for a container
vessel (Laura Maersk, 32,600 DWT) under reduced
operating conditions (50% MCR) across different
fuel options
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