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Disclaimer -

Although all possible efforts have been made to ensure correctness and completeness of the contents
contained in this guidelines, the Korean Register of Shipping is not responsible for any errors or
omissions made herein, nor held liable for any actions taken by any party as a result of information
retrieved from this guidelines.

This guidelines is non-mandatory, but are intended to provide practical technical materials to ship
owners, ship operators, shipyards, designers and manufacturers. It might be amended periodically or
upgraded to rules and guidances as future technology develops and matures.




AFHIZ @ A TEE A 1
1.4 QATEHI T wereereeerees e 1
1.2 QATFEO] ELJE cereeurereni et 3
OF L] OF 0] APAE T AR worerresereessstnts sttt 5
2.1 QFTLLJOFO] AJAFTIAE] eererrssssssenssssssssssessssssssss s ssss s 5
2.2 OFTLIOFO] AF£ et 6
2.3 HU0}9} HIIEE EFAZET] Gl E 10
QF T LY OF-Q] T A A] woereresssssseessssmsssssesssssssssssssssssssssssssssssssssssssss s sssssss s 13
QF T L]OF0] ELA] wronreessssssnnsssssssssssssssssss s ssss s 15
44 QFEUOFS] BT E EA] crrrrerersiensssss s 15
4.2 AT EM O] BA trrrrerermirrirriii i 17
43 JAT ARG G BEA] H] G e 18
4.4 QFIUIOFO] QB A worrererssssssssssssssssssssssssssssssssssss s 22
OF LY OF 2] FAJ AL Q] QR AFX| woreevrvvssssssmreessssssssssssssssssssssssssssssssssssssssssssssssssssssnnns 25
5.1 QHEAFG coeeeestete 25
5.2 QL OFO] ) AFGd rererrrre e 25
5.3 QFELLIOF QA A FFAFX] crrvvrssrresssssssrssssssssssssssssssssssss s 26
5.4 QFTLL O] KPIEZ] corvrserrssssressssssssssssssssssssssssssssssssssssssssssssss s 33
5.5 AHFO] QFAIAF ] SFO] H T wrevessrerssseeesssmsssssssssssssssssssssssssssssssssssssssssssssssssssns 34
Ol o} AE ARG LS 7] T oererereemmmeineee 36
B.1 L HEAFG ceoreererttee e 36
B.2 G T ] weererrersrene 37
B.3 LG 7] T woererrersrereemsei st 38
IGC Code/IGF Code Q7S] BLA] s 44
7.0 QHEAFE} cooreeevsssssressssssssssssssss s 44
S 62
8.1 U ol A} AZF L e A TG e 62

82 mUotdE FAMe] HE3hr] AT WA FH A o 62



1 A7A R A5

1.1 7417

AT 99l F sl ezt ME F1E ARE 29, TF 5 O

$7 15 @A RolUdA Ean ATk ARe] ALrlsd 4e st 13

Ae Breps Aol A Fgkor, oo et mE Aoy HAARE
287 A ARz ¥ Aol W Foluk

AN LB o] 7] FHEH HUNFCCC)oll whe} o] s of sh= wE2H A9}
TPl A f&woke] AV~ FEERE 2SS A% BE AGS FAEAL
71 F+(IMO)oll 9143k o, w AU (PM), SOx, NOx HlZ& A
o, &4 T 24Vt AR FRE FAFSEAH. daviEREs 20300l =
2008 thH] 40%, 2050 0l= 70%7HA AEstESE ARSI AT (28 1 F=R)

il
ol
ot
ot
fin)
o

Total International Shipping CO, Emission Estimates
Million tennes per year

1,000 1,000
M Third IMO GHG Study [l 10T Estimates.

Source: Third IMO GHG Studly & ICCT

1% 12008 ©]% CO2 W&
a8y A FAE 247t~ 7 wiEEE 4$(BAU AuEl L, Business As

Usual), ©]4tsteAn]&dFS 3,000 Mt ©]/d & Zo=Z oSz AR oF

85%= A=eloF ATt & 4 ok (1H2 F=E)

> YBOARRAMY BTN !



rf
4
=
ox
N3
rf
ey
Jjo
X

L]
moa'd 7| (U] 70w
- ANEUE (e
Ol
(BAL Scenaria)
i)
H
]
g 20081 7| & CHH] so
4 1500 B CRH| 2 oy TR
z
&
=]
g
1]
B i s ot -l Fah Hrd

19 2 IMO2| A7) olttsteka Zs AE (HlolEl &4 MEPC 72/7/3)

IMOZF AIAISE 2030 Bha: A7 2E 40% LA AA AdET Qs Hutel
Wash, 20A AN 5o Ay 2AY A% £ pe L] 5L
AdHe goze e ¥ 2 1833 o] vavt Agwc 1eu 20304
olFoe 2A WEI} glol F AT L WA} U

1= (EA BH) =H R e o A
2008-2015 7 % 25 % 30 %
2015-2030 11 % 5 % 15 %
2008-2030 17 % 28 % 40 %

100% . .
Design improvement

g 90% (e.g. EEDI)
a 80%
E 70%
E 60% . A.4.0%'
& (Efficiency) (Efficiency)
0.0% »>

2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

a9 3 7ls 2 & 58 iAo 9T olitstea ZSE (&4 MEPC 72/7/3)

e

) € ATUOIHIZRAMY H K



1.2 979 &R

"
Hr

Adube] gz 9 duoA 11

)

.
file)

Al AR ALY we] Aok TheT 2o
A7} o9l 5

- IGC Code=

1.22 5%

et

S

2 AT 5 glo] oo UE A=l "e

Aw

ol

o

o

=

oF
i

] 7

g

Xé ;(] Z

z
Aol it

[e)

-

3 BAL 7pA T Yt whebA,

cCC Blelol A wg/ol et gdl e ATl
ol A& Folu}, gtrijole] AM L AL
ah7] 1A

- IGF Codex= LNGo| tjsat

o

a1

o

3

wuoke] 5

oF
=

T—
-

2 g

Am

4 uto)
gug 9

A

il
—t—

a

3o,

S

71E0] E8

1
#e 7

°
pal

=
Qs

[A47F2~0

2~
)

™

—

o
oy

Hr

o

7154 8 7P YA A3 &7 SolA



% glomg ol

ek
=

]

AupEAe] A ot 4

zolAA ) fele] Hu e u)

B o

ot

Shoh. FEH

8

l

B!

o

o 4719 oHwol= &5t

34 2 AAAARENS HE A

T

B

—_—
o
vze)
el
]
|
Hr

-

—~
fjle)

o 7hgH ¥4

© oty s1E Aol

it

mK

IGC Code &7 £4 2 7|A 9

@_

[eA

8 %7

IGF Code 871 #4

371 9@

o &

<> Yzyoizz



29 BL{0te] At U ALg

2 FEUoke] A4 B AE
21 tEYole] A4kt
211 AF53A ¢EYo} A4k A

olef] 19 59} Zo] A dEYyof A4k FAN Haber-Boschi= A7~ 4

3t (~200 bar) L& (300~400°C) WH-g-o 2 AJ4aksicy A7t

oo

g & Ful= o84 Hol st Agtsta @dRkgolzt A2 o #g
S wkg-o) A gk, Suje] &4 wjE el Haber-Bosche] ¥H-&25& ol g 300-400°C
olth, Y HOE Zul= iron catalysts Z== ruthenium-based catalyst”} 717+
o] 2xolal Utk o] WHE ol|A] ARE-FFo] ml- ol U] AHRFS 0]
7l 8l v E e E5aa B A7 JAdqH oy B gkRyol

& SO sl FATE Atk dAA WU AA o]isteta wiE e of 1-2%

Prod of the synthesis mixture
-
MethapeCH: [ === | 00 DEAlel
Water HO
H A
343} Cataly-
sSor
HO R
Alr 00°C H.O . = Catalysor
: = 450 °C
2EHHO = 300 bar Cooler 3
o d R ,
v Ammonia
Ni, Ha, £O H:0. €O, I Ir S
¥ Com-
N

(Ref: \\'il.:jpe a.org) s pressor Compressor
(™

18 4 Harber-Bosch ¢t= 1o} Ak

€ YRLOIARZZIME BTN 5



29 RLIOLS] WAt U AR

2.1.2 28 Yo} AyA

T4 A e fst B4 v o] gle I™ bRyt A olete HATE
Lalste] FAE A4ksta, 7oA &

2 dAdst= ZolH, o] wf AN HXE o] &3+

A7184e4 krYol 3L trIgolA &3 F71E ol &3 dRYol AL
Moz wgo] AZAIA A7 7tAe] dARGT APE A TS
Haber-Bosch 34-& tAlE + A& dd7iEoltt. AAAUAE B3l 7|3t
2 RYotz gk 9 AR A9, Jof Y ELS HAstske] Ay

A A7 Ao A B e FEE 5 AT

Feedstock Prmlm:tlnn Storage Application

! NH, storage :
\FT @ Sk
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Nitrogen Waler
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Durect electrochemical mtrogen reduction
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synthesss (small plant)

Electrolysis of water followed by the H-B
synthesis (large plant)

Steam reformung of natural gas with carbon
capture and storage and by the H-B synthesis

Steam reformung of natural gas and by the
H-B synthesis

Electricity

Hydrogen from electrolysis

Electro methanol

Electro-FT-hquads

=1

$ per MWh

Figure 8. Indicative future production cost for different ammoma production routes 1n
2040 based on Hochman, et al. (2019) and compared with the cost for electneity,
hydrogen and selected electrofuels production routes in 2030 based on Brynolf, et al
(2018). An electricity price of $40.2/MWh and a natural gas price of $14/MWh 1s

assumed in the assessments.
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213d (TC) - -150 11 -188 -105
s> = (T) 651 535 464 595 459
Aslol A (md) 8 0.011 0.14 0.28 0.25
71B dAi £% (cm/s) 12 312 56 40 46
37l = QA =
7]t A e vl5d (C) -33.5 -253 64.7 -161 42
AALE (T) 132.4 -239.9 239 -82.95 96
UALH (YA 2= A 2
327191 (MPa) 11.28 1.297 8.1 4.6 4.26
Ad/A AR EH] Kk
(Cp/CV) 1.312 1.405 1.233 1.31 1.13
45C o A2 F71%¢ 1.78 - 0.045 - 1.5
B/ 717 F-32]H] 8501} 8001 - 6001} 300

® 1 gEUole] Beld E4

2) IGF CodeOlM= 37.8 COIM HCOH2E 0.28 MPa2 X1ist= 7|42 2= FAHE 7IA
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4NH3 + 302 — 2N2 + 6H20 + Heat

NOx #i&2 "i7] 7t $A ¢ 7=, A9 S 4 (SCR) Al2Hle R &
d 4tk FAAIRJA NH3IE= Hl7] 7ol U= A S5 Hr7E=2
e

4

4NO + 4NH3 + O2 — 4N2 + 6H20
6NO2 + 8NH3 — 7N2 + 12H20

Fmuots Tol, T #F UM 557} 6% ol §F % Sehage
nage] long AR AxgoAs oldd BAL Mo B Py

o} dlA 9] Sealing linge HIZE Eolt}.

=] — 1 =~
£ 4 Azlo] gF3t= A5 =44

Table 1
Energy storage type Supply Energy Required Supply Injection Emission reduction

enargy density  tank volume pressure pressure compared to HFO Tier Il

Mdkg ML m bar bar 5 5 N -
HFO 405 3 1,000 78 %0 S0, NO, COo, PM
Liqueied natural gas (LNG -62°C) % 2 1500 300 methane 300 methane  90-99  20-30 M 80

nal . {0 2 §
L Wehwe Methare W N0 15 0

LPG fincluding Propane / Butane) Q % 1346 50 800700 90100 1015 13.18 @
Methanol 199 15 233 0 50 @005 3050 § 90
Ethanol % N 1750 10 50
Ammonia* (liquid -33°C) 186 127 2755 n 600-70  90-95 Tier 85 %0
Hydrogen (liquid -253°C) 120 B5 am
Marine battery market leader,
Corvus, battery rack (. ] 033 106.060
Tesla model 3 battery Cell 2170 08 25 14,000

Table 1: Physical and chemical fusi properties relsted to combustion in two-stroke engines, where *1 is based on 2 1000 m” HFO tank, the additonal space
requared for insulation is not includied in the tabie. Al pressure values are for high-pressure injection and *2 the values for the Tesia battery do not contain he
energy/mass needed for cooling/satety/classification
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MAN B&W ME-LGI NH3 Engine Handing of mer ppe

leak to atmosphere via

Changes/Areas to be considered outer pipe inlet/outlet
N2+ PRY VENT e v . ]
RECIRCULATION Handling of | | Handling of vapour and
SYSTEM _ | vapour iquid from engine K.O
-;:—l— from supply [ drum T L,:\
.:_ systems | £ 4469 . !
L ' J‘ - ) Other? |
i =X
! >i—|- s Ts
7 2 |
[ | lll
okl

i H. : [Pt
b :
[ - 1 Ensuring-safe g)

and reasonable |

¢ : n
f,__[ H“i' LL" Supply pressre during engine 1\

[

} T = working 1':[
Aﬁ_”"iw cooen | [ b 1ii. r | r ren'\-‘ironm&nt L7
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|

u

| —1_J"|appr. 70 barg (TBD) avarhed |
l=—=2 = a.\
P nup flaw diagram for MELGIP sulery L:J'.LIJ' -_ u'
NOT TO BE USED AS DESIGN BASIS “ B ‘” =y IN __
- MAN BAW ME-LOIP ENGINE

MAN Energy Solutions FPubiic
1Y 20 ME-LGIAYRA AsF3Fo M=
- dryol AsFFH A (Fuel service tank)= AE/3E BIE 2Fo =

02
in|
L
°
re

ne Beaty] 9Askel Mk

A7 FF A2 (LFSS, liquid fuel supply system)= B4 Hz, ¢t=7], &
w3r], e, Ay 9 AVE FAEE, A7IAAE A Ry
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7 IGC Code/IGF Code 8742 &4
7.1 LHbALR

o IGF Code’= 20171 19 195E Al@Ho] AU A=
upofl A gHth,

il
>
ofo
ol
o)
rr
2

o A<Qlsty Azt gL 7}~ = SOLAS lI-2014 3 &3l dEF 2o
o 93 HS JAE i AE2A FE LNGUIAEE), Methyl
e dAARE9), dEYo} 5

o] ol sigEt.

o IGF Code”t Hlspd Aol Agol thste] s FHolAw, A7

A A A2 LNGel s 28T + e azlolth IMOSIA
o g)el T A
ane AN sy, A2AX 9 LPGo thal At Al aze] Aol

Y FolA gk, dEYotel thafr = o2 74T Al Fo] gl
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+ Methyl alcohol/Ethyl alcohol(MSC CircularZ &

)

© IGC Code 16994 = 54 AFo= 4E8d =2 A5 A2 383t

A %A AH.

7.1.2 IGC Code 5 ¥EYole S = sty AEH= 24

IGC Code A& #A&3loF stARt F-rAd Yo} 3tE9] 5oz st 53

3] AEHe 81o] 9loH, IGF Code MA Al W19 + Ut
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