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PROVIDING THE BEST SERVICES,
CREATING A BETTER WORLD

KR is a world-leading, technical advisor

to the maritime industry, safeguarding life,
property and the environment through

the pursuit of excellence in its rules and standards.
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20244 IMO DCS/CII 20244 Cll 2= 1t

H= a7} U S 515k

KRS A7| 2712101 217, 2024 7EMHA| & 1,652 AEt0f| CHSH A3 =
2HSHC, OfF Cll Al|0f| 2t ASEH2 MU = 1,3742{0|C, HA XA HS
KR ZI2tA)D |, US| IEE MELO| Cll E2 22Ot H| 22 oot 2Tt
A B C D E
241 303 397 308 125

TAGHALZ [FL(IMO) 7F 2 ESH MO 2 HE{9] 5ief QY URIE o A Y F4M 62f A28
T#2|(Operational Carbon Intensity) 0| [2F, =A[5H0| SAGHS 5,000GT O|&2] MERS CHee=
EFAZOFE=R|4(CI, Carbon Intensity Indicator) A7+ 4& S0I0, 0[0f CHst 34 AS0| 2024

Lt & £4A 62| 272 (Collection and Reporting of Ship Fuel Oil Consumption Data)0f|

H=fo 227tA HIEEE LELE A2 M, 14| T 22 21 L1 4S5

SrE Sl Cll A0 Wk, ChA Afete
T, B E HO[E{E FHoR Ol g A

7|20 teh, ASERE ESETHA FOHEH| ElC.
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27102 MEH 2T S0l S A/HCE Cl AV HBE HELS

e MEBE HHE U RO-RO Cargo Ship
(Vehicle Carrier), RO-RO Cargo Ship, RO-RO Passenger Ship2 RO-
RO Shipe=z 7kst1, Combination Carrier 2 Refrigerated Cargo
Carrier= 11 2| B2 30t A4S 2awl Mo MEE Cll 43 Hee

Otefiet 2.

[&)
=, *
T 125 22, 43

* A t& M5 - Bulk Carrier, Gas Carrier, Tanker, Container Ship, General Cargo
Ship, Refrigerated Cargo Ship, Combination Carrier, LNG Carrier, RO-RO Cargo
ship(Vehicle Carrier), RO-RO Cargo Ship, RO-RO Passenger Ship, Cruise Passenger
Ship having Non-conventional Propulsion

Container Ship 267 19%
Bulk Carrier 462 34%
Tanker 360 26%
LNG Carrier 47 3%
GAS Carrier 52 4%
General Cargo Ship 71 5%
RO-RO Ship 105 8%
19
(Combination Carrier, Refrigerated Cargo Carrier)
= &t

Container Ship

E
6%

Tanker

GAS Carrier

Bulk Carrier

E A
10% 7%

LNG Carrier

E A

17% 15% l

General Cargo Ship

E
A 00/0
29%

11




INsi g hts_ KR Decarbonization Magazine

RO-RO Ship
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20234 IMO DCS &S 2489} Hix!
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o 0% 202414 ZZ Q1RE Cll 3 Y 53 o8 ZES YsH, 202340 HZE IMO DCS
HIOJE{S} BT BAIBISICH 20234 CIOJE{S] 2, 20240 HZE Astnl £
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K8H(1,304% & 1,004%) S M25101 24210| HO[ES CHZFHOM, 20241} S5
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70%
0%

T S22 H| Wt eI Of2HQf 2T

2023 12.1% 20.3% 28.3% 23.1% 16.2%
2024 17.5% 22.1% 28.9% 22.4% 9.1%
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70%

60
50
Container Ship 44% 56% 61% 39%
v Bulk Carrier 26% 74% 25% 75%
30 3 . > Tanker 39% 61% 41% 59%
0 - : LNG Carrier 41% 59% 40% 60%
£ . Gas Carrier 53% 47% 60% 40%
10 7 i - General Cargo Ship 57% 43% 66% 34%
. H - I I I RO-RO Ship 9% 91% 11% 89%
Cogﬁ?'i)ner Bulk Carrier Tanker LNG Carrier Gas Carrier Cg%%eé%lip RO-RO Ship 1 j 9] 80% 20% 70% 30%
KRS Solf 430| == MEto| Cll 552 H|ud =2 S5(A~B)It 42 55 Container Ship, General Cargo Ship, Gas Carrier=, 20233 Ciit| 2024501 =2
(C~B)0| 4t 62| HIz= B MSE 58 dgs anEH, &2 552 HIE0| Cll 5229| H20| £75I% 2L, Bulk Carrier, Tanker, LNG Carrier, RO-RO ship2,
S50%E 'de= ME2 Container Ship2t GAS Carrier, General Cargo ShipO|R1Lt. 202331 FARCHE[ES RAGH= O AT

12|11 Bulk Carrer, RO-RO Ship®| 82, Ef 450| bl 2= S& 19| 228(0]

25| =7 (Bulk Carrier: 75%, RO-RO Ship: 89%) AFZ&|ACH
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2712 2023~2024F H|O|E{0f CHoll M&EE HAE ML+ S Bl s EUS M, LNG
Carrier®} General Cargo Shipg A|2fet LIHA| MS0i|A 2023'A CHH| 20243

SO0 2|5 B,

* AZE B4R /HAZE SBAIZL, T2 NM/hour
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S 11.84 11.93 10.09
Container Ship 13.31 12.70 10.61
Bulk Carrier 11.02 11.02 -
Tanker 11.05 11.03 10.02
LNG Carrier 1417 15.18 11.07
Gas Carrier 13.61 13.55 10.02
General Cargo Ship 10.25 10.44 10.19
RO-RO Ship 15.73 14.77 1 0.96
19 13.29 12.93 10.36

\\ —

e 9 Cll 1A O ZHsH 2 A SR ZA| SOfl 2feh AEf4 A= (Of: HIO|L
A=) ALE, 8} OfHA] Mg, 2714 XY 71E SO A8 A7t 42 A= oldE

HRAC.

(e]]]

2023 H1E H|0[E thH|, =2 S5(A = B)2| HIZ0| ¥2 58(C, D, B)
H[5H 2 7%/t 57134, E0] A0 HISH E 1o|H|Z0| A3 2
UULCE T AL G|O[E{0] THS Cll 23 Al ESE2 R0 MEt2 Cll 7Hde ¢
F7H4el ti2E 12qsti, Ol A48 oA 2& 22|{A =M (SEEMP, Ship Energy
Efficiency Management Plan) Part [lI0f] 2FE510 ME2| AS2 ROtoF STt 5104,
Ot #2 HYH =z LAISH 4| O|lS ol L=={or 2t 2023 tH| A2

242:0| MU0| ESSE ROILE A2 MRECE

|

=1 Ad
OI:I}Ij_l

MZH Cll 529 EMS ATEM, Container Shipat General Cargo ShipS
AH|2fet EHE A4B0I M= CIl 74 O[>l 2 silY0l|= S5t 2023 =2t Cll 52

O
=R FRABIA LIRICE Ol= MSE 28 E45 ool THE 27t AL

Container Ship2| 82, 44%UE 20233 thH| =2 Cll a5 (A E= B) 2| HIE20|
61%= SO, O[0] Chot JelS MEo] 2[4 Rato = 7ol
7|9ro 2 Mefo| MES HEol & 21, 2023 HiH| °F 4.6% A&ES =t

o]
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12| e 2001 AN 2t QHOILt A LYol Seks
2ol A 20| A2 0242 RO-RO(E3], RO-RO
Cargo Ship(Vehicle Carrier)) Ship2| %ﬂ% 2024F M2
20231 CHH| ZASUA2t, 042J3| =4 54
mEoll, 42(C, D, E) S5 Muo] ngol iﬂl LEHt o2
NG

RO-RO Shipd} FAF Z-= LNG Carriertt GAS

Carriere| Z= OR7EA| HF= 24071010 |
LNGE =2 AFSIHA 7| = (HFO, LFO, MG/MDO)
2t 22 HiE AlE 27| W20 RO-RO ShipEHi= L2
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=LH/Q MMl 2EM0| JHUHE

2021 KHI . Type C Japan —
(Delivered) (Japan) 116 2<1,250 DG (Spherical) Austrailia
20252027 | KO- - 20,000 FC Membrane b0
C-Job &
2027 H2Europe 1418 3x12,500 FC TypeC ~ Scotland -~
(Netherlands) (Spherical) Germany
Concept  Moss Maritime ) Type C
Ship (Norway) 137 2x4,500 (Spherical) Bunker vessel
Concept Jamila 3 Type C B
Ship (UK & Kuwait) 370 470,600 Gr-cC (Cylinder)
Concept SHI AP
Shipp (S. Korea) - 160,000 - Membrane (2021)
Concept SHI ) AP
Shp” | (. Korea) ) 20,000 FC Type C (2022)
Concept KHI ~ Type C AP
Ship (Japan) 346 4x40,000 DF=ST (Spherical) (2022)
GTT & Total AP
CoSnr%Spt Energies, etc. - 150,000 - Membrane | (5000 5093
(France) ’
Concept CB&d, Shell Type C AP
Ship (US, UK) (Spherical) (2023)
Concept  |Shell & Houlder
Ship (UK)

% Note. DG: Diesel Generator, FC: Fuel Cell, GT-CC: Gas-Turbine Combined-Cycle, DF-ST: Dual-Fuel Steam Turbine.
=M : Int. J. Hydrogen Energy =2, 2024
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HIH X1 RO HHf| A 2EMOI C-Job Naval Architects & LH2 Europe A9l
2= 0] Suiso Frontier MHHlrd 2EHO 2HE

it LM NG 2542
51201 S M2 TIE 414 9 28 7120] 2751010 irOIE 22 44 (H) A DliEr

(CHz) 2| 22124 51512 £4 1

L

HH5A= MHH HEHE SXIGH| Ao LNG(-162°C)
Bl H &2 25(-253°C)E R XIoi0F 6HH, 01 TH=0il
NG 2&UE0 IE0 HE JIsit M2 JIs0l ER

Ot
Z=M: HESC, 2020 =1 C-Job, 2022
MHI=A HES Yol STH M Itstt 88 JI==ZE,
s HEE B3 = =3 C-TYPE #3AJt AUt
SEE X MO0l JHE =0 GTT AIQ} Total Energles A SAOZ Y F0I OHKIZH, LNG2 20| 8" =42 HEoH| M=
W3S A REMO| ZHE 150kz AHI&A 2EMO| 2HE HEHH QI EAT ED I*C*GfEH 0|t = SI=E

p|

LNG 2840 A= 2AHE=E FHRIM &5 A
371 S0l 22 HE = | =20 Z20l A0l &
THGHH, OI0N CHer ORMEXIDE SRotLE B, 4=
HR IHED =2 2MHES TR JAN =2 A 1 S
O W= H =HH0] JIsot, 5= A= (s
2 oHHOl Y-S JHXI D A0, 0101 [HE EEot oFH
X JIES SZ0H0k Stk

=1: KSOE, 2021 =M: GTT, 2024
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Tank dome

Outer shell Inner vessel

Outer shell saddle Vacuum space

Inner Bessel saddle

Kawasaki Heavy Industries, Japan

» CCS Overview - Type C tank complying with pressure vessel standards
* Tank size with 1,250m?

> Insulation System - Double-shell vacuum insulation structure
- Appliaction high reflectivity metalized Radiation Shield

8=

2 MA » Material and - Austenite stainless steel fo cryongenic environment

Structure - Saddle of GFRP with excellent thermal properties

M4 259 slEdtle 2 Y=Y C-TYPE &It MEQIA HATt
AMEELE O] = Bt 3= 217 | THE 2F S0t QAR S E|=H, 25

71&4 210182 Orefier €Lt

C-TYPE 3= ES & A2 + U= B8 E=
0| A2, 12 HEHO| MHILF HAE HEE +
UATE AT ULL C-TYPE B39 B2 Xzt
HEM= 0I57E2E 011 AN X &4 2ot
OHH, THAIHQ! 2IE B2t Soll & w&ts XHHeH
HHl=A0l S 2HUES ZF= M= =HE0IL,
HEHO o== 28010 S22 H20l U0

» CCS Overview - Memberance type CCS with stainless secondary barrier
0| LHEE ROot HEHQIOZ SHUF MH O - Target to ZBO (Zero Boil Off)
LEHO HES XSG, HHO SH =HH0 Tk
B0 QUOH 2 £ U= A= AAEIOIC > Insulation System - Double-shell vacuum insulation structure
UHIMOZ ME X2 B ACH, ZH 52 WHI=A - Helisum circulation cooling system
Of W& ZHM HFSIE SE, JIHE SMS 2ET s
ULL OlHeHHEYH O A= 2E MOl ot S &0 XA » Material and - Flexible micro leak detection system (FMLDS)
SR RHE A QIO SHA I AXS [IQEH & & Structure in vacuum membrance
UOTTHBE Ml RBUI HBGILE

=X: PNU Hydrogen Ship Technology Center
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THeot \|ARIZ 2o BOGE LAl UM MEH=E &2t

otz JIS=M, 0I AIAR2 S |9 A=TIE AE
Ot AJIAE 2|1, WA = & 24
H LHOIA CHA MekAZICE O] =2 HIWHXl 23
85 =010 240 245 2A0k0H= O 1R 20
OILY, K010 AIARI0I S&oiXl= EMES X1

AL

2efioh= BOGE MO FLAIAROILE 2 AIARO

OEE ==+ UACH, 0l 4E2 BOGE LHA Aot

s 2R 201 XY 2ot H=0l, oK =214 =H

M 2E2H0ICE =, BOG= Meti X" +40=

JIBHO] MRS Soll IARZEIN HJ1S dAGEALE 3=
F A Ol

EZ2 HsE 2 UL 0= LNG 254 9] DFDE(Dual
Fuel Diesel Electric) &A1 S5t IHE0ILE, LNG
SSS(HIH— LNG 0|59 g 2X)|-HIXIS fga“D

] OHI.”A AA‘i_J 7:1 AE _‘:_?_ |.7|

Ol HEHXILE AME SAHEI0| %E% =

o

[TH
X
x4
e == ZE0H0 BOGY giEs g = U
Ch £, i8S HEAIIHU HEet +F0F RAIEC

=W, 40| JIotE HAekt= U 22 & & UL

Ot BR Al GCUE Soll BOGE A4 2k %JDr
GCUY 22 7= SIIES 20| AHlg =
== 230 fOiOFOFDr Older ZHEUIAM, < REFD
S MBFO] Z2XI0ILt JIEH 24 S0 BOG *E?PE.”
J12101 1 4EJO¢OF°*D

2016 11&, MSC 97z 2|20l MSC.420(97) &AM ‘Interim Recom-
mendations for Carriage of Liquefied Hydrogen in Bulk (H2f|4=4 A onOﬂ
CHot &4 HIoh 7 AHEHE|RICE, = FA= MIA| 212 1.25Ke HAlleL 25449
"Suiso Frontier' f|2F A8&xl= UA| 7|F2t| dAS M1 QU =2 tHEZHC
WA ~AS 28017 ol 20213 78 MSC 1042 3[Q|0f| A s M0t JHHS
AHQRUCt. J2|1 2023 CCC 92t 3lefofid= 2 #Huotel Jh-(QhH ==0
oSO, & A= 20249 50| ZH21E MSC 1082 22|0f| HIZ& ALt

I'
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2= 2 AMAE

TUOINE AH44 2542 E3 121 Y 22
A4 EQZ YUHOR D24okD QUCk FTIHABA
(KOGAS)& Ol2fst 4-20i thS37| 9I3 20204
74 102t £ 20| sHe| s 9 & Qlme
T3 sl WEGICL E3h A 118 YRE
K2 M) M 228 2 S5, ErAR1Z Dfeier
Tl B SILIZ Aad 28M0| A HEE
Sl3t LEZ2| 02 HAIBISICH

SIAIRH A4k A2 OF SHZBHOF B 7|3
A7t BLOD, 08 S| 2 Fol A7 IAe
A 43 2 7| EHE0| BAO[C, E3H ZA| FY)
HUS S5 NS FESID AES 5Y 4
QL0{OF StCt,

KRS M4 &AM} PRAT HTHLS O
HSE| SUSIBN AT TlE S H0PID
2o0|, YOBET o4l M| S Il
J16% IS oL 44 Ao M
B0 7|0f2 4 Q=2 FMS L2 AZLO|Ck

26

* Minimize Hz Loss: tank pressure accumulation system
- Control heat ingress into cargo tank

- Loading arm is designed specifically for safe handling
and operation with extremely-low-temperature LH2

* Vacuum insulated flexible pipe&joint that permits
360-degree rotation while maintaining thermal insulation

* Hydrogen can cause explosions if it is not handled property
- Gas snuffing system, Emergency release system (ERS)

- Tank warming (gas freeing operation)
- The gas is heated about 80°C and pumped to the tank

- Redundancy (Vapor / BOG hanling)
- Safe disposal of contaminated H2

. International Energy Agency (IEA). ‘Energy technology perspectives’ (2023. 1.)

. Kim, K., et al. ‘Economic study of hybrid power system using boil-off hydrogen for liquid hydrogen carriers’ International
Journal of Hydrogen Energy 61 (2024. 4.)

CHETHR, TK-ES XA M5 &2k M 19 A28 (2023, 11)
& KMC, ‘&tast I oA S& (2023, 11)
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B0|2 @12, LNG, HIEHS, YTLI0F & 440t 22 Crssh
R27HGHG A HR2 7H2ED UsUICL 2ol e 52
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In keeping with our passion for the protection of the natural environment,

KR offers survey and certification services for renewable energies, including wind and ocean power.
KR is continuously working on new and innovative green ship technologies

to reduce emissions and fuel usage, using these advances

to enable our customers to meet their environmental goals.
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