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Total shipping accounts for 2.9 % of the annual average percentage of global anthropogenic GHG emissions, The International Maritime
Organization implements EEDI (Energy Efficiency Design Index), Energy Efficiency eXisting—ship Index (EEXI), and Carbon Intensity
Indicator (ClI) as regulatory frameworks for shipping decarbonization, The Republic of Korea has enforced the Act on Development and
Popularization of Greenship from 2020 and publicly announced the 1st national plan which was named 2030 Greenship—K Promotion
Strategy; for the activation of a greenship market, The Greenship Certification Scheme is going on for the sustainability of Korean
shipbuilding and shipping industries, to secure clean maritime environments, as well as to contribute to the national economy, Greenship
Certification guarantees the credit of such eco—friendly technologies and products for shipping. The certification is going to be the basis
of industrial competitiveness in coastal and international shipping, This study investigates an existing certification process, identifies the
limitations, and proposes the process improved with several case studies, The improved certification scheme may have rationality for
Net—zero with regard to climate alignment,

X&), Energy efficiency index of ship(AEI|HX|ESX|H),
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THsH20ll 7|¢leke E T O[MSiE viEZ2 2F 70084 2t
Eof| ot (IMO, 2020). =HMIsHAE | TH(International Maritime
Organization)= 220k EEHSIE 2/5101 MO AMEF 247}
A ZH&E ZI|HM2Kthe Initial IMO strategy on reduction of GHG
emissions from ships); 2 FRISIN 2N, X2l EEFICF
TE 20307KK| 40 %, 20507HK| 70 % Z&st01 2050477
x| MeEP|ol 2ATA HiEZRS 20084 CHH| 50 % =2 A2
g2 ATt (Joung et al., 2018).
IMO 3|@=E2 ZIetdol2 e FlokyMy
S sl Ack F=  Clean Maritime Plan: Maritime 2050
Ervironment Route Mapy & 2510 ‘vl EH 25 &(Zero-
emission Shipping)’ 2 &kt A2E MA3ISCt (Department for
Transport of the United Kingdom, 2019). 222 Roadmap to
Zero Emission from International Shipping; & 25k ElEkNS}
shes et =% MAEnt AN Xuels oiEsIict
(Ministry of Land, Infrastructure, Transport and Tourism of
Japan, 2020). EH2I==  Government Resolution on reducing
greenhouse gas emissions from maritime and inland waterway
transpory £ ESI0], FEK: slarSHA S LENS HABID
QT (Ministry of Transport and Communications of Finland, 2021).
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Fig. 1 Greenship technologies
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Step 1) Ship Design Step 2) Ship Operation
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Fig. 4 Concept diagram of improved greenship certification
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Table 1 Greenship certification standards

Score parameter Applig;’gcljn of Non;?pé)éigition
(D Green—fuel use 50 70
(@ Air pollutants reduction 20 20
(3 Excess of EEDI 20 -
@ Domestic product use 10 10
Total score 100 100

AAAE ek op2) °§3Woe 7& “F%i?M

sAMuts olEsh= THMoto|ct MAALE TSt 371X 72

@7 |FLx|=(climate alignment), @CH7|&rA7HM = (clean

atmosphere), 2|10 @=7 4|7 |0{=(contribution to national
economy)O|Ct. Fig. 4= Q15 7|F 7iMe| 7HE S TAlssH Z40]
ct.

7| %X = (climate alignment)= A2 2AI7IA HISZRS 1
C 2 =HO| E EHES HEE LEMe 7H'r:=.'0|':|'
(Poseidon Principles, 2020). O|= &8 21& 7|=0f|A &Izt

E ARE H|ED} ME|UXESEAXITE Seftt A2=M, M
gt MA AL M e Melf|UX| g SMAX|S, SEM|UX|IEZEX|
==(EEXI, Energy Efficiency eXisting—ship Index), 12|11 A&iof|
LHX|ZEX|E(EEIS, Energy Efficiency Index of Ship)7t, 28}
slof|M= MEFENEISFEX|Z(CII, Carbon Intensity Indicator)2f
Muk2skg SX|3E(OEIS, Operational Efficiency Index of Ship)
7t 7| = x| =0l BREE|ER Siot Q1 ™A MEE 2EEA
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SHEMO|X| & 2XEEX) = IMO s ketd 2 S 2| fIS|(MEPC,
Maritime Environment Protection Committee) 78t S|2|ol[A &
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Table 2 Parameters for EEIS calculation

Table 3 Parameters for marine fuels

Symbol Description Unit
Crre  [Conversion factor for main engine t—=CO,/t—fuel
SFGye  [Fuel consumption for main enging  g/kWh
P 75 % MCR of main engine kW
G Conversion factlor for auxiliary {=CO,/t—fuel

engine _
SFC Fuel consumptpn for auxiliary a/KWh
engine
Pue 50 % MCR of auxiliary engine kW
Gr Gross tonnage ton
Vsnip Ship speed knot

2 MECH (MO, 2022). $HH, MEO|HX|EEX|E(EEIS)=
MElo|LX| 2 SMARISEED)S] 2 235101 £ AATolA A
271 HASHE FHEo2, Table 20 Malel H4SS st )
Agke A (1)2+ 2ek

D Cranse X SFCp = Pgg)
GTx Vg,

Y (Craw X SFCy < P, )
GTX Vg,

EEIS= [g-COy,/tonne—mile] (1)

+

A = Table 38 M350 Al
Sick od=Zof st EMZE2 Ty 9—| oX|E8ZAL Sofl =

St 7|=, HE 19| 20l IMO ZiolE2kels Easict (IMO,
2018). sPH, =4 0|l CisiM= M XM 32 82 75
TEE giEE A9 oI A=20 Sés.i Jic’._'xl | 2} SRR
SRAITF 2RI -En'-7<|5";J B AIE= LNG ZHE(SMR, Steam
Methane Reforming)2| A< 9.8~ 1.390|X|'3._h ErxR g 2

27t F7H 4% 122 %01 £C}t (McKinsey Incorporated,
2018; Han et al., 2019). & A70llM= LNG 7HZol| $k5101 =
2o EMZS HIASIC (Ahn et al., 2017).
ghH, Al (1)2 tiE2IE —’F’&'%EJ.?_JOE Ar8ske MYIFEIM
MUO|HX|ESX|Z(EEIS)E A = flcth sie2(o
M7 of|lx|e| EREER}= (carbon footprint) S A5
P| ofgd”7| mj=olct QEzRE FZ== X7l
foliMe SR Aot 2ATIAS A EME(Greenhouse Gas
Inventory and Research Center)7F Hi&Zsh= =27} 2AI71A df
& 5% 310,276 ZHulEATE tiEFS MEE U
Ct 2MH|EolM  HiE== OlMstEko| viEA = 0.4747
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7|oHX7E ZHE HiE2IE AREShe MY|FAIMERe| MulofL
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Fuel type |[Lower heating value, kJ/kg|Cr, t—=CO,/t—fuel
MDO/MGO 42,700 3.206
LFO 41,200 3.151
HFO 40,200 3.114
46,300 3.000
LPG
45,700 3.030
LNG 48,000 2.750
Methanol 19,900 1.375
Ethanol 26,800 1.913
Hydrogen 120,000 1.2+
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Table 4 Parameters for EEIS reference

Ship type a C
Bulk carrier 658.26 0.399
Tanker with oil and chemical 1192.2 0.452
Containership 432.45 0.322
Gas carrier 1183.9 0.451
LNG carrier 40.308 0.185
Passenger ship 5142 0.616
Tug boat 17615 0.656

ol|LX| g SMAK|F=e| tiE-2 20%0|Ct O|F HIME 7| LR
2 S8 ¥ Ut 0oz =FSich
7|2Ux| ol HiM2 T|FEEL tiH| ZRURER XSS =Ch
Table 52t 20|, 7|=AX|Te| J|&E4L oid| ZopAES0 w2t
BiZo| 2fRict o & S0{, 20230l AZ=E|l= MSESZHDWT)
2.58F Eo| —H|ERl MMEIEM MeRs 7SR Muf
ol|X| 2 SMAX|S=(EEDI)7+ MEEICE o] Muto] 20250 2l
TE 4%, MublHx|SMARIFe| 5842 TMEoiAel 2
HUK|of| 2t =l HE209| 300 w2t 7|Eg0l AEAE 20
2 M &3P =t 0| o{8gtECh AlLgo] 30 % olAol| sHEHE
4 4082 HIEICE CHE o2, 20154 AXEo MalEH
(DWT) M ES| Zx|asl MHslEM ez MullUx|Es
MAXSE tixisto] Muol|LX|ZSX|ZE(EEIS)7F Mt M
Bl K| 2 8X|F2| 51852 Table 42| ni7iHi+E E25H A
(3)22 AL o] SEZHCt Aol EaIEE(Excessive
Reduction Rate)0| 30 % O|Alol| SE=ICiH 408 o=z HI=ich
th7 | ekd7i M E(clean atmosphere) = 71&2] HAIS FXIGH]
HiES =Y 371K 7 |2EER HifkS 242 108e2 =
Hstod 27| 30MCE Bict HAMSE(NO) T URIAEE X2t

[l

of thet B2 SRt 2 BHEFE(S0y) Mol chEt o
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Slof HiEE SSS 2 2ot Uk ol 201, ING H=2E
ARBShE Mejol2tH oo & eREol 7| w2 tr |2

Table 5 Score distribution for climate alignment

Score Excessive reduction rate
0 Above 0 %
20 Above 10 %
30 Above 20 %
40 Above 30 %
50 Above 40 %
60 Above 50 %
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Table 6 Certification standards for greenship design

Ship above GT
Score parameter . 400 for Otherwise Score
international
shipping
(@ Climate alignment | EEDI or EEX EEIS 60

@ Clean atmosphere| SOk, NOy, particulate matter 30

(® Contribution to
national economy

The number of system
components for greenship

Total score - 100

X 2&|o[E{ol| Z|etsHot St
otrxlsel K2 rhao| ol Mutg Eakslof RE 23 Mo
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ol LNG FRIMuk2 g28%0[od, 0] 7}—rt1| 91£1|o||_-| e 40%0|
Ct. CMA-CGMiit= 2482 LNG FZ! ZE|o|HME 2835t U
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THK| 12ME, MSCiite 2026A7IX| 53%2| NG =%l Z4E|o]L
Mg z=olst of™Molct (Clarksons Research, 2022).

£ HollME Table 72 Z0] 23,000 TEUZ LNG FZI ZE|0]
HMg st F2 7P‘ ChS2t 2ot AW, 7[R E=
M| HX| S EHAX|ITE MBIt M, F7|22 Ak
(NOy) HIEZ|Z Tier IIIE BHEsI, ettslEnt XAEE HiE
Mzl Ee 2 Mx|=X] b=ct A, =71dA7|0i== 30 %
olsfolct.

gl o1z 7
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J|Z=n} JiMot Anf= Table 82} ZiC} AMulof|LX|
SEAARX|S HLEHES IZI)% 7.844 [g—COy/tonne—mile] 0]
102Gl w2 AEAe 202 Er*o" olE4f2 12.568
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Table 7 Main specification of LNG—fueled containership

[tem Unit Value
Length OA m 394
Breadth m 54
Depth m 30
draught m 14
Ship speed knot 24
Gross tonnage ton 149,500
DWT ton 158,000
Container capacity TEU 15,000
LNG fuel tank m’ 7,000
HFO fuel tank m’ 14,500
MDO fuel tank m’ 500
i B TGN 105 x 1 £ | K| 6860
SFC\e Hro g/kWh 165
SFCve NG g/kWh 138
NOx emission - IMO Tier Il
asammere | w |
SFCag Moo a/kWh 183

380

thst=Metsl=2% ® 59 A ® 6 T 202214 12¢



=
yial

Table 8 Comparative results of LNG—fueled containership

Table 9 Main specification of methanol-fueled bulk carrier

Certification Score Description Score ltem Unit Value
standards parameter
Length OA m 230
) Green—fuel use LNG 23
Breadth m 38
(2 Air pollutants reduction,  NOx Tier Il 10
draught m 14
(3 Excess of EEDI Above 38 % 20 Ship speed knot 15
Existing
® Domestic product use| Below 30 % 4 Gross tonnage ton 50,800
Total score - 57 bt ton 91,000
Methanol fuel tank m’ 3,200
Certified ranking - 2
HFO fuel tank m’ 7,000
@ Climate ali t NG, 40
mate aenment | ahove 38 % MDO fuel tank e 500
(@ Clean atmosphere NOy Tier Il 10 MCR, main engine KW 10.320
50 (MAN B&W 11GAOME-C10.5 x 1 EA) ’
ontribution to national
Improved economy Below 30 % 4 SFCue Hro a/kWh 167
Total score - 54 SFCue methanol g/kWh 337
. ) NOy emission - IMO Tier 1l
Certified ranking - 2
MCR, auxiliary engine
(HIMSEN 9H35DF x 4 EA) KW 2400
42 u'" Z-IS I AI__-Ilil-%AI_-l SFCae vpo a/kWh 182
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Table 10 Comparative results of methanol-fueled bulk

carrier
Certificati .
ertification Score Description Score
standards parameter
(™ Green—fuel use Methanol -
(2 Air pollutants reduction  NOx Tier Il 10

(® Excess of EEDI Above 17 % 10

Existing

(® Domestic product use| Below 30 % 4

Total score - 24+
Certified ranking - Above 5
. . Methanol,
(@ Climate alignment above 17 % 20
(@ Clean atmosphere NOy Tier Il 10

(3) Contribution to national

Improved Below 30 % 4
economy

Total score - 34

Certified ranking - 4
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Table 11 Main specification of electric car ferry

[tem Unit Value

Length OA m 58.6
Breadth m 13
Depth m 2.5
draught m 1.65

Ship speed knot 15.7
Gross tonnage ton 420
Passenger capacity Persons 120
Vehicle capacity EA 20

Battery capacity Kh 1.600

(800 kWh x 2 sets)
C-rate, battery 1/h 0.6

Output, propulsion motor
(500 kW x 2 Sets)

kW 1,000

3l Q15 7|F=n) Mot Zuk= Table 122+ 2Tt AMelofL
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Table 12 Comparative results of electric car ferry
Certification Score
standards parameter

Description | Score

(D Green—fuel use Battery 40

(2 Air pollutants reduction - -

(3 Excess of EEDI - -

Existing

(® Domestic product use| Below 30 % 4
Total score - 60
Certified ranking - 2

. . EEIS
(@ Climate alignment above 44 % 50
(@ Clean atmosphere - -
Improved (3 Contribution to national Below 30 % 4

economy

Total score - 54

|
N

Certified ranking
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Table 13 Specification of PEMFC
[tem Unit Value
Operarting temperature °C 70
Operating pressure bar 1
Current density mA/cr? 960
Power output kW 1,000
Hydrogen consumption a/kWh 59
Electrical efficiency % 42.438
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Table 14 Comparative results of PEMFC—-powered car ferry

Certification Score

standards parameter Description | Score

() Green—fuel use Hydrogen 50

(2) Air pollutants reduction - -

(3 Excess of EEDI - -

Existing
@ Domestic product use|Below 30 % 4
Total score - 74
Certified ranking - 1
, . Above 89 %, B _C
@ Climate alignment 12 % -2 % 60", 20,
(2 Clean atmosphere - -
Improved ® Qontrlbutlon o Below 30 % 4
national economy
Total score - 740 248 4C
Certified ranking - 1A, 88

¥ Note) The conversion factors, Cr of 1.2, 9.8, and 11.39 are
applied to A, B, and C.
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