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EXECUTIVE SUMMARY

A Study on Response Strategies
for the Transition to Green Ammonia
as Marine Fuel

Seo-Yeon Jeon - Yong-Sung Ahn - Sung-Rye Hu - Hyang-Sook Lee -
Ji-Won Lee : In-Ho Lee

1. Background and Purpose

1) Background

= As environmental regulations for international shipping
vessels become increasingly stringent, the importance of

low-carbon and zero-carbon marine fuels continues to grow.

- The IMO has increased its 2050 carbon emissions reduction
target for the shipping sector to 100% and has officially
approved mid-term measures (the Net-Zero Framework) to

reduce greenhouse gas emissions from ships.

- The EU has mandated a minimum share of 1.2% for renewable
fuels of non-biological origin (RFENBOs) in the maritime sector’s
total energy consumption through the application of the EU
Emissions Trading System (EU ETS) and the FuelEU Maritime

Xi
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regulation.
Improving ship energy efficiency alone has limitations in

responding to international environmental regulations.

Ultimately, a transition to zero-carbon fuels is necessary.

As the lifecycle approach to marine fuels gains prominence,
the environmental sustainability of fuel production processes

must be considered.

The IMO, the EU, and other regulatory bodies have introduced
lifecycle assessments for marine fuels. These assessments
consider greenhouse gas emissions not only from shipboard
operations (Tank-to-Wake) but also from fuel extraction,
production, and distribution processes (Well-to-Tank).

As a result, it is difficult to utilize fossil fuel-based ammonia
as a low-carbon or zero-carbon fuel, making green ammonia
produced from renewable energy appropriate fuel option.
The International Energy Agency (IEA) projects that ammonia

will account for 44% of the maritime sector's energy mix by
2050.

In Korea, efforts have generally focused on utilization, such
as developing and deploying eco-friendly vessels, However

plans for green ammonia fuel supply remain insufficient.

A systematic framework for transitioning to green ammonia as

a marine fuel needs to be established.

This requires a comprehensive review of the conditions

necessary for introducing green ammonia as a marine fuel.
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2) Relevance to National Projects

= This study supports the following national policy agendas:
‘Building a K-Maritime Powerhouse Leading the Arctic Route
Era (National Agenda No. 56) and ‘Achieving Carbon
Neutrality for a Sustainable Future (National Agenda No. 40)'.

- Supporting the transition to green ammonia as a marine fuel
will enhance the competitiveness of the maritime industry,
centered on eco-friendly vessels and contribute to advancing the
shipbuilding industry through zero-carbon ships.

- Developing port infrastructure for green ammonia fuel supply
can strengthen the carbon competitiveness of the maritime

industry.

3) Purpose

= This study provides a comprehensive analysis of the
conditions for introducing green ammonia as a marine fuel
in Korea and presents policy recommendations for

establishing a stable fuel system.

- The study examines conditions from various perspectives,
including demand and supply, technology, and institutional

frameworks for green ammonia as a marine fuel.

- It also proposes policy measures for establishing a stable green

ammonia marine fuel system.

xiii



2. Methodology

Xiv

(Domestic and International Literature Review) Examining
the characteristics of green ammonia as a marine fuel;
supply and demand; technological trends; overseas policy

cases; and the domestic introduction environment.

(Expert Survey) Investigating the domestic and international
status and prospects related to the introduction of green

ammonia as a marine fuel.

The survey identifies the current status and prospects of marine
fuels, the level of technological and institutional preparedness
for supplying and utilizing green ammonia as a marine fuel, the
challenges involved in introducing green ammonia-fueled

vessels, and policy needs.

(System Dynamics) Analyzing the dynamic interactions
among supply and infrastructure preparedness, and
institutional and technological preparedness for establishing

the green ammonia marine fuel mechanism.

The analysis identifies the factors influencing the stable
introduction, operation and diffusion of the green ammonia

marine fuel system and the degree of their impact.

(Expert Consultation) Assessing the conditions for
introducing green ammonia as a marine fuel in Korea and
reviewing the appropriateness of the expert survey

questionnaire.
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= (Policy Consultation Meeting) Discussing research directions

and exploring the policy implementation of research

findings.
3. Results
1) Summary

= As international environmental regulations for the maritime
sector intensify, interest in green ammonia as an alternative

marine fuel is growing.

- The IMO approved the Net-Zero Framework in 2025, which
evaluates the intensity of greenhouse gas emissions on a
lifecycle basis and imposes carbon taxes. The EU is limiting the
carbon intensity of greenhouse gas emissions from ships under

FuelEU Maritime, which comes into effect in 2025.

- Green ammonia produced from renewable energy minimizes
CO; emissions during the production process, and offers
advantages as a zero-carbon fuel when lifecycle assessment is
applied. However, toxicity and low energy density remain

challenges to be addressed.

- Ammonia bunkering technology is currently at the demonstration
stage, while ammonia marine engine technology is approaching

commercialization.

- Major countries including Japan, China, Singapore, Australia,

and the Netherlands, are actively pursuing green ammonia

XV
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production and developing and demonstrating vessel
technology, building bunkering infrastructure, creating safety
guidelines and training systems, and supporting public-private

partnerships.

Korea's conditions for introducing green ammonia as a marine

fuel:

(Production) Korea imports all of its ammonia and is primarily
considering it as a means of importing clean hydrogen from

overseas.

(Policy and Regulation) Under current legislation, ammonia is
classified as a toxic substance and a high-pressure gas rather
than as a marine fuel. Bunkering operations within ports are
being demonstrated through special exceptions, such as in

Regulatory-Free Special Zones.

(Infrastructure) Korea has ammonia storage facilities with a total
capacity of 187,000 tons. The government plans to build a
210,000-ton storage tank in Ulsan Port, as well as clean ammonia

import terminals in Yeosu and Gwangyang Ports by 2030.

Expert perception survey results on the conditions for

introducing green ammonia as a marine fuel in Korea:

(Adoption Outlook) Ammonia is likely to be used as a major marine
fuel starting in 2040, with the appropriate introduction period for

green ammonia forecasted to be between 2030 and 2040.

(Challenges) Currently, ‘technological uncertainty (51.9%)
shows the highest response rate. However, after 2030, ‘fuel cost
burden (44.4%)" and ‘fuel supply chain shortages (29.6%) are
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expected to be the main challenges.

(Policy Priorities) Policy priorities for promoting green
ammonia-fueled vessels are ranked in the following order:
‘strengthening carbon emission regulations for ships (22.2%)’,
followed by ‘establishing and supporting fuel supply bunkering
infrastructure (20.9%).

Analysis of factors influencing the green ammonia marine

fuel mechanism in Korea:

(Infrastructure Development) The level of bunkering infrastructure
development is a leverage variable that drastically amplifies the
volatility in the supply-demand gap for green ammonia marine
fuel during the 2036-2044 period.

(Institutional Preparedness) Sensitivity analysis of the degree of
institutional preparedness (regulations and incentives) shows
that differences in the speed and intensity with which effective
policy instruments are implemented significantly affect the
supply-demand gap. This indicates that early and proactive

policy intervention is necessary.

(Technological Preparedness) The degree of technological
preparedness alone cannot resolve the issue of supply-demand
gap. However, it promotes long-term stability and the diffusion

of marine fuel supply.

(Implications) The transition to green ammonia as a marine fuel
must be pursued through integrated policies that organically
combine infrastructure development, institutional preparedness,

and technological stability.
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2) Policy Recommendations

xviii

The basic policy directions are divided into legal and
institutional improvements, infrastructure development and
operation, and support for green ammonia marine fuel

utilization.

(Legal and Institutional Improvements) Clarifying the legal
status of green ammonia marine fuel supply and establishing

a clean ammonia certification system.

Low-flashpoint fuel (ammonia, etc.) supply vessels should be
added as a separate category to Annex 6, Registration and
Reporting Standards for Port Transportation-Related Businesses’,
of the Enforcement Decree of the Port Transportation Business

Act. Safety operating procedures for ammonia bunkering vessels
should be established.

Ammonia cleanliness standards for marine fuel use should be
added in conjunction with the clean hydrogen certification
system. Annex 22, ‘Format for Fuel Qil Supply Vessels’, of the
Rules on the Prevention of Pollution from Ships should be

amended.

(Infrastructure Development and Operation) Pursuing green
ammonia port infrastructure development, ensuring green
ammonia fuel supply stability, and securing a specialized

workforce for green ammonia fuel.

A green ammonia port development strategy should be

established to support the construction of ammonia storage
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facilities and the introduction of ammonia bunkering vessels.

To ensure the stability of the green ammonia fuel supply, safety
measures and a leak response system to prevent accidents during

ammonia bunkering should be developed.

A specialized workforce for green ammonia fuel should be
secured by developing and operating curricula related to
ammonia marine fuel and supporting the establishment of

educational infrastructure.

(Support for Green Ammonia Marine Fuel Utilization)
Establishing a green ammonia marine fuel cooperation system,
expanding technology development and demonstration
support, and expanding fuel transition regulations and

incentives.

A green ammonia marine fuel cooperation system should be
established to support collaborative projects between fuel
producers and shipping companies, and a green ammonia

marine fuel supply roadmap should be developed.

To expand technology development and demonstration support,
key technologies for public-private collaboration should be
selected and supported, and a green ammonia marine fuel

research and innovation program should be implemented.

Penalties for the use of fossil fuels in the maritime sector should
be maintained and the use of RENBOs should be mandated. In
conjunction with this, incentives should be expanded by
applying green ammonia-fueled vessels to eco-friendly vessel

and equipment certification systems.
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4. Expected Outcomes

1) Policy Effects

Resolving legal and institutional gaps related to green

ammonia marine fuel and expanding its utilization

Registration and examination standards for ammonia marine
fuel supply operators will be clarified through an official
government statement confirming that green ammonia is

included as an eco-friendly fuel.

Improving supply readiness for green ammonia marine fuel

Stable bunkering support for green ammonia marine fuel should
be provided through the development of port infrastructure and

support policies.

Establishing a cooperation system between fuel suppliers and
shipping companies will enable proactive responses to supply

chain risks for green ammonia marine fuel.

Resolving technological uncertainties related to green

ammonia marine fuel.

Technological safety is expected to be secured through support

for technology development and demonstration projects.

2) Social and Economic Effects

XX

= Creating highly skilled jobs.
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- A specialized workforce can be secured through green ammonia
bunkering and maritime education, enabling the safe handling

of green ammonia marine fuel.

= Expanding social acceptance of green ammonia marine fuel

- Acceptance among shipping companies, cargo owners, and port
area residents can be increased by establishing green ammonia
bunkering safety protocols and building safety incident response

systems.
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M Mef AR=2M 8 AZL|Of

1. =24 s =0F & A

1) ZHSHAFZ|THIMO)

(1) Net-Zero Framework

TASPAFZ|FHIMO)= 20259 49, AI83Z} of|Fed H 5 L3 (MEPC
83)°ll41 MARPOL Annex VI S3709SHIMO Net-Zero Framework)
& 2015} t}h. Net-Zero Frameworks= 3% FHO] LAJIA 7H=o|z}
= ERE 245 Y8 FEta EE= T4 7M7kzero or near
zero) A8 9 7|&9 =Y< 7I&sty 245 28 A%Kjust and
equitable transition)& A¥a}7| Yt F7]ZA]o|t}. o] 7§H9RS 2028
dRe I5d oFolrh.20

offl A Fol AH Amo| AAHRE F5 H ARG/A] B ZolTt
AT (Well to Wake; WiW)E 71502 247kA9] wiE HoFw(GHG
Fuel Intensity; GFD)E H7lot, ol 2ol vi&wol ol ©AAE
Fkek 4= QA =Qlth webA A& il & &4 5,000% o] BE
A s AHRE 2027 108 19784 IMO GFIol 554 A%S 714
aflok 3t 20284 1€ 1Y€ GFI Hlo|gle] 1 o175 Al&stal 473
H GFI 7|&& &50floF §1tt.27) GFI 7182 7|25 H(Base Targe)2} 4
HEH(Direct Compliance Target)2 F-2Ftt 203599 GFl 7| &%

o AP EIEE 72 30%, 43%C1™, 204097H4|9] GFI 7| =539} ]
HEREE MEPCOA 2032 1€ 19744 2HT A&o|r}.28)

6) IMO(2025.4.11.)(BMY: 2025.8.5.).

2
27) IMO(2025a), p. 57.

22



7 LRL0F ME AR0| EMIH F

oo
o
N

H2-1)GFl ¢zt 245 =8

T= 2028 @ 2029 2030 = 2031 @ 2032 2033 @ 2034 | 2035
40%  6.0% | 8.0% | 124%  16.8% | 21.2%  25.6% | 30.0%
17.0% | 19.0% | 21.0% | 25.4%  29.8%  34.2% | 38.6% | 43.0%

Z: GFI 7|& 42 93.3gC0zeq/MJ
Xfﬁ O(2025a) p. bb.

GFl vl tigt Rabae £ 7} 774 71F08 A5H o Wyt
ok WA Tier 12 71 E5EE E5R 0 AP53E 0E5E 1ol
Tier 2= & 719 71&& 25 55k £ Aot 20285 H 2030
A7HAE Tier 19] vl F3tolA $100/tCOzeq, Tier 29 vlES 3¢
oA $380/tC0O.eq¥ 7} HI=Remedial Unit; RU)o| ATt
Tier 29 U|&4 7o A= RU = 23 49 (Surplus Unit; SU)E T

w4 sl

W] £47kA0] A2 B A0 FPEe AR W 14 A8 Al
URe AAHS] AL W 2 Itk 2034971 19.08/tCOzeq, 2045
g o]% 14.08/tCOseq 7152 W3 Hsfo] 42 thigolck. ol 414}
Az9] of 7R ofjet 24 kA W A Tt

28) TAM, p. 56.
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(2% 2-1) IMO F7|ZX| 0 XA

Tier 2
0124 M8p

380/1C0. eq £ = A NLLI(SU)
GFI[gCO0,./MJ] $380/ eq =1t MRR(SU) I]N= i MO NetZero Fund

Tier 2 Deficit ' =E=
===

93.3 -

Tier 1 =~
D= F A~ @
$100/tCOzeq 11k

ZEMRU(S U]
NIA TS A

~ _ BasetargetGFI

19.0 —

Zero or Near Zero X5z 21
7|5 AKS AUl [Het & ~ . _ Direct compliance GFI

[QIMEE!) ¥z
1R 4

T T T
2030 2035 2040 2050
Year

A& ABS(2025), p. 5.

(2) Myt Ag 2AKA MaPd HIKLCA)
20234 74, A80A} YTHEZAHYUS(MEPC 80)ollA= “Adt A=

2 A7k~ A3 H7HLCA: Life Cycle Assessment; LCA) Z3'0] 51
et olF dAxd HiEAsY A, A&7Ms49 71 & F7HARl =
OlE fIsiA AEAQ 7iAo] o]FAAL oH A= U ES Het

A Group of EBxperts on the Sicentific Aspects of Marine

Environmetal Protection; GESAMP)2] LCA ZgHlofA dAwEZ wi&

AsE AES ik FO g 2026 MEPC A|84014 13+ 744 Wg-<

HE 9 Agstal, 20279 MEPC A8eolA HFH oz /fAte e
Agolct.29

LCAE 9= A4t DAA Y] = F&(Well to Tank; WiT) € &
T A8t oyl AElof A9 AA(Tank to Wake; TtW)E E§oS
AOE LCA XX 7igsto] Aut Amo] HipgolA viEss 24 V\

29) BIRSHARBZIMIEI(2025), p. 13.
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of 4 5 uetshA B3 ole] Wk LCAY] =L g A
SERCEL L LR u}. ol o= Aol Ale] @z Tl WAISH
oSt ante Tefsle] Anol MBS FARROL LCA o] o
£ 748 483 o]-?«lﬂra% SU% Azt ofux et syl o
o B4l getx)7] GEolet30

(a8 2-2) M4t A= MiH(Well to Wake) 2A7tA HiE

Well to Wake |
| 4
Iy’ -
- o=
Zswe e=2(y) 3gwes MEsse RECE wm o .
e TN iz e sabies
MEAE
Well to Tank - — |-Tank to WakeJ

X2 IMO(2024b), p. 5.
2) FEAA(EV)

(1) FuelEU Maritime

oX o
lo flo
Moo b

_E.JOPOH-[EFE

FHAMEV)Z WdSolA A 7hs8 D Aetd AR Ak
ot7] {all 2023¥°] ‘FuelEU Maritime' = AEstF ). o
AR 2ATIA FoFo] gt A4 9F 7|&S AAFeH, 2025
¥ 148H EU A9 Y F &= 5,0008 o] HE Y& A4t
ot e HWrEM))Y CO, THF 91.16gS 7|Egos
20259 E 53 D92 FIPEc(E 2-2) F0).3D 2A7EA FloFr=

¢

_(Zi

ol
K

30) SARTEK| IMOZ} 7H& 3 LCA RIE2 128712] YiE YA 2 S AEHOLY =40 AT Y
O D|D[SILt.

rir
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A S WiW)2 71202 AF 7] figo] A4 das M =

o 2AA % BUE Zhet

(E 2-2) Fuel EU Maritime ¢7t EfATIOIE Zt= 24 9l ERATIOFE H|SHK|
7= 2025 2030 2035 2040 2045 2050
1= =20 -2% -6% -14.5% -31% -62% -80%
SARS 89.34 85.69 77.94 62.90 34.64 18.23
(gCOzeq/MJ) ' ' ' ' ' '

A=: $=48(2024¢), p. 8.

%3t FuelEU Maritime:> 499} & ARE oA} dfH]sto] HIGE)
RBEA AP HYA AFE(renewable fuels of non-biological Origin;
RFNBO)Q] ARSTFS 7AISHE.32) 2031A7HA] AEke] ofufx] & AREEF
7} RENBO Aol 1% BT 45 2034H5-E RENBOS] oF &
g0l 2%= A= o] 282 4= ir}.33) o]ek 3 RFNBO2] Aol o
St HARS d57] I8l A7k ARESE RENBOS] 2A47FA vij&sF2 Autoe
2 A= ol 4Py B2 2033E 129714 H-8-Hr}34)

(2) EU ETS

20249 149 1959 EU ETSO sfo] Z3=qlon, & 442 EU
9] ol 71Fok= F 5 5,000% olde] sHeA Ei= o A4lo|tt.35)
7RAER 2AVMA WiERS 24 AH8ste] EU/EEA 3=t
EU/EEA H| 3]9=29] 7|3}A] 7+ PA}oll= viEZ2] 50%, EU/EEA 3]¢=

31) 8=242(2024c¢), p. 8.

32) RFNBOE EU X80 AX] RIF(RED 1IN0llAf 3H1=0f CHH[SH0] 2|4 70% 2] 247IAS 255
22 HOIH T UOH e-fuel2E YZHELF FE3HHIO|QUHA /2] MAK|LIX|HOREE] AAE 44
YELI0H S5 Eafotl Ut

33) 8t=4E(2024c), p. 12.

34) 3=1448(20240), p. 12.

35) Bt=415(2024d), p. 3.

=
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08 p@Ljop Mt 50| St 55 02

7F 71%A) 2t BR9k EU/BEA 3950] 7 oAt Wiz 100%S
H840}.30 20274 O FREE 50008 ol4e] HIX A & o
Ago] S ol Aolm] 1 o]Fo] 400GT ol4e] SPAUA U AvishE
o] watolng AR AZoltt3)

EU ETS A td9] 247t #9le dAd o= et 202567t
A= olAtslet Attt FAISH, 2026W K E = vy} oAkt AE gt
Hr}38) E3F HiE Ao R FIofoF sk 2A7EAY HiET HIEk A
gffisto] 20259 A ojitelea: wiETFe] 40%, 202610 AA|
olAkslelA HiETFO] 70%, 2027YRElL AA| o|AlsletA, H|E ofAlsh
A4 wiEF9] 100%S 2-83lct.39

2. Jgl ¥RLop M4 Azl £Y
1) 712 84

(1) 23 ¥zLofel £

QPEUjobs Shot Aol SRIERA AL WAl wet o] gy
of, &% grmuo}, 19 ol Lhs 4 ik Tefo] Puujols 3}
HARS Adste] Az A0 /12| Gmo} tfFEo] ofejdt 4]
o= AYAbEIth Eg B2 Quujol Tdlo] griole] atmbgold u
ok TaS EH Aol BAESE Sol Ao Axd 3
wo] 12l huvjols Feloll} By 5 eI AE ol8s) SR

r

36) TAAM, p. 3.
37) ®AAM, p. 3.
38) TAAM, p. 3.
39) European Commision(2024), p. 17.
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(2 2-3) 4Lk Aol ;e Y=LoF 7=

J2|0] LEL|o} =& Y=o} a3 etaLjof
(HATIAOIN 44 B4) (HP7RADIN 44 21+ 002 2 (0] LIz ol 4 it)

HEIA HEtA
(feedstock) @ (feedstock) @ l THAO K] 3 _l

&71)
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Il
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X2 Matjaz Mato3ec(2024.1.25 ) (ZAL: 2025.8.7.)

T FE Yo Aake] HA2 Ao x| A BatE A7E ol8jttt=
AolH, o]F Bof AAhgolA olisletAo] HiES ARt 4= gl
t}.40) wheba Z2AA Y] Aldk g Ayd HI7HLCA)RF el
FuelEU Maritime2 AFFS 0] 13 Ry o= Febh Mul A g 2 A
o] AHE gt & k4D dFE a9 gryote] EAaFlorr=
FuelEU Maritime?] A& ©AFAEY ARAE YA gt
2-4y ). B3+ A A (2024)°] FuelEU Maritime2] A& 7]
2 ASFE 710 Ay 2A7IA wiERE AL 23 1" R yof
A dg w7kEY 5.27gC0e0 ST 42)

40) K.Machaj et al.(2022), p. 13.

41) IMOOIIM S4XH Al3l Q1 EtAZTIOFEX|Z(Carbon Intensity Indicator; Cll) A= H=22| HAPH
(Tank to Wake)OllM2| 2A7tA HIEZS MR SiLt 2A7IA E7|ZYEX|= AR it 2
S(Well to Tank)7HK| ZLetsh Mab-o)| CHol H7HE AAIBHTE

42) TXIH-2{M&4(2024), p. 91.
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(3 2-4) g 2MTIA FIokE 31 FyelEU Maritime X3t 7|1&

[

Tank to Wake
gCOozZegiMJ —
| Reduction Factors

2030~ _-6%(85.69)
2035~ 145%(77.94
2040~ -31%(62.90)

2045~ —62%(34.64)
2050~ -80%(18.23)

m—

HFO LFO MDO  LNG LNG LNG LPG LPG H2 NH3  Methanol,  NH3
Mco Olto Oto  Diesel ) (Propanc) EP=Tr il
Medi Sow  Slow Nt 1 ,

Speed  Speed  Speed -t

Xt=: Class NK(2024), p. 9.
(2) YBLIO At (10| =4

Qrmiol Atk Az T/Ige] ke E W WA 2A(330)
A ol o] s ek, AHLAAE o7 AEE §48 4 9
¥} Byfo] Goliet. 43 fnt opzh PR Yols HHZ o s B85
bR o ARH s FHo] ofFR7| whEel =5l diet o
7} oju] F=xjo] Qitt44) TSt 71 HTF a1 sl 2 40] 7tk E Y
A 9JgdAJo] Bl F Yt} o|Z Q&f dH o} Myt g nfdy 7
& AHgsiol ok ook wHek

2

|41

2
o

K L
0,

rlr

= %
o

(¢]

re

o] Yol Az U] Bzt Yot tadwe} tiulsio] ofF 4. 14
=719] g7t asithe GHE SAIT ) B A4 Alofls daitet
=(NOyol A=, vi7]7kA o] DAHeFEA(NO)9} jEs-5to] opitalbda
N0)E 34T =+ 3leuz oo digt Az WS 3o .

43) $t=445(2023), p.10.
44) Bicer & Dincer(2018), p. 4585.
45) St=Mg SHOIX(ZAY: 2025.8.7.)



DY
T
12
)

224 gEUolE A8t 7MY Selss E4L S4ol,
%@i 2150 XA A WS g 5 U] who
o QAN FmUokE S AL8sle7] Tl
?ﬂ S A8 4 ATkl Wakehd0) Eg uio} Al Azol
AZ ast] Sk thae] A7k AAEa glon, 2] 24
Aol ol dze] bl Bt Flol=ele AYstrt4)

;;-Vl
[
H
_\:
ne
N

°H1

2) Et M9 Hzefol Hlu

7129 Ad AgE diAshy| 5t A5 E= g=Yol, LNG, HES, 5
4 o] AFEI At ING= dEYolo] 5] o |JA] W7} =A% =
AL2(-162TC)ollA A7Asfjof It} 48) E5t st A=of 7|9lolgl 7] w&o]

oK
Aa Al olitsieart wiEEh v w2 g
2 o

o

2
=,
)

A
Aol 4tk et B4, B4, oM 59 el 9 Aa
OBkl o] SHHARS WF S0l HE 1 o A
I9) g Ex 22 ojghgo] tiokos AXHThe

B>
=
e
)

X

Sak ghuUole} TN R BRtag wiEshe dmch T om
ohsiet oA Wk o, SAL(2530) A sisiab] B
A4 9 Bgto] ofdrk50) TSk A o x| W} vtol FR(HFO)S}
ulslo] oF 46399 ARHAsL Waslths) AR WEAS0] ol 4t
o $4 ARE EUSHE AL AEYOY A B @ A 94
wAZ Q8] ofFckn BTt ol 34 AF T 4 Uk 4

Ir
1o

=
=4

2 o
T

6) £24(2023), p. 13.
0F—~—)c|(2023) p. 26.
StsHAR = ME|(20244), p. 11.
UZA(2023), p. 18.
ClassNK(2025), p. 30.
1) ClassNK(2025), p. 30.
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_C'D_
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0x
=
o
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o
N

2 M5 S gk BYT}525)

(B2-3) M8t 2E S9H|Y

o
= SR(HFO) Lo} A HELS LNG
T B OLX U
(HFO=1) 1 3.07 4.63 2.47 1.89
o M U=(ton/m3?) | 0.96 0.68 0.07 0.79 0.42
SYB X 58 E4
(HFO=1) 1 0.04 0.01 0.92 0.82
o3 MY 8Y
(HFO=1) 1 3.07 4.63 2.47 1.89
5t 2 - -33C -253C 65C -161C
XQ|yEay 40.2 18.6 120.0 19.9 48.0
7199A4(Vol%) 0.7-5 | 15~33.6 4~75 6~50 5~15
|4 F3} 0f|LHXI(MJ) - 680 0.017 0.14 0.3
TtW CO; HIE(/MJ)
(HFO=1) 1 0 0 0.90 0.73
TtW GHG HiE(/MJ)
(HFO=1) 1 0.04 0.01 0.92 0.82
NOx NOx NOx
HEoUS sox empe OO wmesw  HD
PM NzO T—I—E = Eﬁmﬂlol_ =g

At=: ClassNK(2025), p. 30.

shel ol ThE A|dio] Hla 84 7140 Shrsglthsd A
A AA 120017 G0 Gl Buldo] FZwlo] YIek55) E e
o] mUjote] A9 th8eF BA 7I&ol W2 kHHQ AR FFY &%
A 2ol B AR ofu] AF Hlgo] At AREAY AE F5A
2 ol aolch, vhelo] T3 mUjoe] A9 B AR thH] &L ik

52) X23|2|(2025.7.18., TSI 24,
53) A2 5|2((2025.7.21., THEHEI=Z ).
54)

)

&=45(2021), p. 17.
2Ot =Ef 387H, =T 887, +~EE 6740ICt.

31



7HAT AU A e Dol T WE/do] A AREA SHEHe 2
lojet. ey thao] Aol FF AP 7149 sttt 413
7149 WA 9 B gojo] o O3 S 71 of, Adh AR g
24 FA g 507 Qls) 19 dryot Adl Agr} 7HAAAY LS &
B3} 7MsAo] ok ATE ©E3519(t}56557)58)5960) DNV-RICARDO
(2023) HA] 29 AEYol A=t 7]E9] M AR(VLSFO, LNG) 2t
71 AA7E A S5 on, 2050d0llE 1™ YEYol AR
7120l Jd WEkg 9 vlojletd dAzHct olr Aorg AHslych
(F 2-4) F).

(F 2-4) Mef 128 712 1Y

(49 USD/GJ)

= 2022\ 20304 20504

2 &g} 50~62 33~48 19~39

TN 40~58 23~31 18~26

JZ oS 30~65 37~51 26~35

HiO| Q™ 18~40 19~34 21~43
eSS (VLSFO) 11~13 11~14 11
LNG 39~41 8~12 8~11

Xt&: DNV-RICARDO(2023), p. 133.

56) ¥EX(2023), p. 34.

57) BloombergNEF(2020), p

58) IRENA(2022), p. 63.

59) &= X|7|& 04?1"*(2021) p.2
60) Olli&Voovere(2021), p
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H2ZE a2 f=Lop M
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1. MA ==

[u]
o

fO
ol
0Ok

-~

1)

(1) 28 Y=ot +L

4>
rA

7h 71E Y2UOF =2 ST

A AAQ) o} 4k
dEYoLY] 70%« Hl= AR
of Sof &84
10%°] =3t 11 olf=

sfe) Ao Ak LIS
QPmujol Rodol £ 4%

2], ZAlolo]H 9 4
1).63) L yek= gryo} %
1105t E02 AA

F2 20249 71E0 = 29 707F Eo & YAl

o AgEIgLom Lhix] 30%% BeHY
QIek6) et hEUole] FA) R Fmi JAFe of
L grmo} @ v 7|90l A FF AP

%37 wholct.6

< AR-HorEtHiof, b
YL QA v EEF, SHFo|tH((FE 2-5) #

2~0
4o 4

4912 AA3e.

(# 2-5) 7|Z Y20} FQ

=, iy, A

okal Qlow, 20249 F FUHFS

TEU(20244 7|1F)

(S M/T)
2o FQ 2ET F2 U=
- =71Y =&Y =718 S
1 AF2C|Of2HH|OF 2,595 ol 2,406
2 o= 1,153 o= 2,093

61) S&P Global(2024), p. 2.
62) BloombergNEF(2024), p. 5.
63) S&P Global(2024) pp. 8-9.
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F2 453 Fo 493

P>
Ho

27t 25Y 27t Lo
3 FHLICE 1,063 B=F 1,595
4 T 994 gt 1,102
5 2{A/0} 684 Ef7| 879

A&: S&P Global(2024) pp. 8-9.

Lt 28 4ot 42 HY

79 ghmijole] B¢ Avt AR, WA, Savielo] 5 s1E] grmyol
Ol= 24 N2L ARA7F 2AE Zo=z Holtk MPP(Mission
Possible Partnership)= 20504 Net-Zero A|Ug|0jA 4o} 4=
QL 7129 hjo} S0l A4 39 3T £, A1) 9% £ 27}
o 5 QU ARt AR 27} 405 A ARolH 29 94
7 £~69) 8AITH £, WEHolA 33 5uTk E~1] Sk B Zd Aol
oM Zef 19} 14T B2 ML} 6965

A S&P GlobalZ 20504 7]&0 & Agts dryole] Azt 425
19 7,6009F Eo2 Moot AMRAERE HE 9 31e; BRoA 2
A seigk B Addl g BRoA 83 28wt B, A FEof|A 2 7ant
£, FavfEjo] FRolA 43 199 £9] =871 AT Aoz Ao}
TH(E 2-5) F10).60) EGE 20408 9] I3 gHUol £&EHS 47 9
EOog AYgon 8 9 A9 FHo= 29t 44 B9 19 AR
ofg U AoF oot I8y dEI g I tyofet
EFAEYoLE FAlo] =dsto] 2+ 15k 2,500, 43008 =4S A

xR

q

0

T

64) MPP= MAZXIZH(WEF), O X|IME| & 3|(Energy Transitions Commission), 27 |0F2EIA
F2(Rocky Mountain Institute), ¢ Bl H|ZL|A H$H(\We Mean Business Coalition)0| 2&5k=
HIGZ7| A 2N 53 U 25Ul HEASIE Ti4slohs 42 SHZ ofdl T

65) MPP(2022), p. 30.

66) Lloyd’s Register(2024), p. 32.
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08 p@Ljop Mt 50| St 55 02

o2 YA
(O3 2-5) A BXNE 22 NEA AEL|O0F 2 MY

200
180
160
140
120
100
80
60
40
20

2025 2030 2035 2040 2045 2050

m Bunkering demand H2 carrier demand mPower demand m Fertilizer and chemical demand

At=: S&P Global(2024), p. 15.
(2) Mt HI2E UYBLIOH 42 58 U HY
7h QtL|O} =X A} 35}

B AEUol ARE A8 AU e LA Fout 20254

1298 HD@ro|mo)H Az 59 Fmyol Fal4o] A ool
%7 ek, |

c}.68) AR A|FARSL YH Yo} o]Fd= AR EAE U
of wet Yol Autof gt JAL =

20254 6¢¥ 7|02 HEE dryol Adk2 F 43202 HA| thAA
= AEF UeK(1,1872)9 3.6% ol st AFEEs ¥4 18
A, Ago|yA 13, Y74 33, A/AE284 23], LPGA 18, LPG-&

67) S&P Global(2024), pp. 13-14.
68) Y4(2025.6.23.)(ZAY: 2025.7.23.)
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wujol g5k 15o]ch.69)

(H 2-6) YZL|OF T 4t 2 A2
T 20254 20264 20274 20284 20294
L L|OF At 1 16 15 9 2

Z=: 5000GT O[&f M1t
Xt&: ClassNK(2025), p. 7.

Lt Mt 128 ABLIOF £2 HY

Ao X 7] 7-(International Energy Agency; IEA)= o2 Holofl A
Hlo|Q AR, 4 5 AARY] BlFo] A= 1% ]‘?l’o]ur 2030E0=
F 15%, 20504°l= 80%7H4] 571 A S AG3Lt.70 53] Yo}
AR9] H]F-2 20309 6%, 2040 15%, 20509 44%= A2} S718 A
oz Holth 7D

DNVE 2050d] #gta 9 Feta AR BHSS A4 A¥ A9
84%= Zgoto] 1EAS] ATt FARSHA UElstth.72) 181 dryol &
=9 HIS-Z 20304 1%, 20404 13%, 2050 36%= AGH.73) E3
DNVE Aut dm2A gmyote] =8+ 2030 AZF 2307 EofA
20404 6,200%F &, 20504 29 45007t £z F71E o7 A&
t} 74)75)

9) ClassNK(2025), p. 7.
0) IEAGAMY: 2025.5.26.)
1) IEA(ZAY: 2025.5.26.)
72) DNV(2023), p. 22
3) DNV(2023), p. 5
4) DNV(2024), p. 21
75) J2 ADL|0fe} QUCIL|OtE ettt ARL|0F Q5 TSI DNVE Muf AR 2 A YRL|0t=
[©]

=Y 2ot
I Y20 S YL MEE A
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7 LRL0F ME AR0| EMIH F

oo
o
N

(I8 2-6) a2 =OF CHHILIX] HIZ MY

£ 18 Units: EJ/yr
15
12 R
== . 10
15%
6 . _—
2030 2040 2050 0
1990 2000 2010 2020 2030 2040 2050
©SMAHS CHOIRAS e i B Electricity Ammonia Bl Natural gas
23 10t e MEE  &J| E-fuels M Bioenergy M 0il
|EA ZY DNV Hg?

A& 1) [EA(EAY: 2025.5.26.)
2) DNV(2023), p. 22.

2) 33 58 ¥ MY
(1) 22 YBLO} At DRME 543 U BF MY

20239 7% 1617119 19 hEYot ¥ £ R Yol ZRAHET} gl
W 4571, 257719 olsjEAREo] Feistal Uet.70) @A HEEH
ZRAEQ] F YA 5L AzF 29 4,4007F EolH o] 7kl I AR
Yo7} 29 5421k EO R 84%E XFA|gIT).77) v @9 Z2AE 2
P A vEotd AA IFE2 o dS o= AdHh

9)o] 78 ot Uo} AAE FYABH| YsiAE oF 2.050TWhe] Ao
UAI7E a5k ol A AA Ao A BAES] 6.8% G789
0 S5 9= AeluA|e] 7-8/del 2 dryor it HX]E 2

ke WA 24 F St B Aolth9 EFE AR FRA
76 DNV(2024), p. 6.

7) TANM, p. 10.

8) M WITOH”' & 7|50 Hst M2 2F 10MWh/INH3Y.
IEA(2021), p

vvvv

79
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7tz 3% gryote] 8 $EXR BT Zog Helth AR 1
Aol i meAES P BIE Wy T30| Aol o
53719k Eo g A PAtEko] oF 26.15%2A 7P =& S-S A5}
I Yok I o= AR-t]olEHloN10.32%), REEH(8.52%) &0
AArEgo] &7 vERdtt,

T 2-7) 2718 J21 QL0 T2 HE MAL 2HE|
=7 HZH MAL STEX|(4T E) HIZ(%)
(=S 53.71 26.15
AFRL|0f2}H|Of 21.20 10.32
22JE 17.50 8.52
0ot 14.87 7.24
OHEOH7 | 11.50 5.60
IRt AE 11.24 5.47
OIFE 10.36 5.04
ALk 9.70 4.72
223 9.58 4.66
E| 9.46 4.61
ol 7.50 3.65
z32 3.04 1.48
FHLICH 2.89 1.41
CEE 2.69 1.31
0= 2.25 1.10
7|Et 114.16 55.57
3 206.42 100
Xt&E: DNV(2024), p. 8.
DNVE 11" fRyot it Z2HES H} 2 203049 1 g=y
ofe] BAtgE A7t 2,1009F £~3,5008 Eo& 531380 MPP=

2050E71A] A AAIRCZ 1,00009719] EHET} 7FsE o] A7 89 34

80) DNV(2024), p. 16.
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o £o] 73 dRyols AJAet £ IS AoF HAYFrEsl Tk [
gryolo] AAF 7hed 1™ gRuyole] A H|ZFo] 203049
12~38%, 20501 69~94%E A& Ao R Hgdirt.82)

DNVOld I8 & &% gtrujo} meaEo] & A4k 29] 4,4008 &

= - [e] Y
o thal HEHA AAE BF AP WY A3 A ARE BE A
|2 g YA B2 2,0809F Eo|Qt}.83) E3F I ¢ EF Qfyo}
ZZ2AE 712 19 8%k 9] AAFS oyA], H|7, Aute] 23t 8%
2 Ag=o] sid 2ok A Q0] wet g% A4YE AeE Hel
t}.84) o] Ef2 DNV= AE}t di A8 diyote] 4 g% A7t
5005 &, Hof 3g5%S A7 3,2209F E02 5385
(B 2-8) 2 Y 52 A0t ZZMEQ| Mel Am S5 A&
= 2L MTPAY | HIZ(%)? H| 2
T AL H Mt g 21 8.61 Met g 2H
HlZ 2 Mat A= 7 2.87 HIZ, Met AZ0| 25 AR
2S5 AIRY oK, Mt 2 HIE 59 24.18 SE MEXMO| HE
oL K|, Met Az 109 44.67 | O|HX| = M HE0| AL
: 1) Million Ton Per Annual)
2) Z MAKEF 291 4,4008t E0| CH3! HIS
3) UM E= oA 242
=R DNV(2024), p. 14.
Ao deg 09 9 B2 gryor ZRAEL & 107474 30717
SHEE|Qom, Az AR % 2,080% Eolth Fe AEIlE 5%
81) MPP(2022), p. 18.
82) MPP(2022), p. 13.
83) DNV(2024), p. 14.
84) A, p. 14.
85) TAIA, p. 17.
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(49%)9} °1-E(33%)o]c}.86)
o

(H2-9) Mt 128 72 U 22 UDL{0t IR HE &3
naxey Bt e | HEG)
AREH [=ES 9.9 47.7
Ra OIFE 1.6 7.7
Total-2 OIFE 1.5 7.2
Green Ammonia in SCZone O|IFE 1.0 4.8
Magallanes Wind to Ammonia 2| 1.0 4.8
ReNew Power-2 O|IFE 0.9 4.3
Argentina REnewables—2 FHLHCE 0.5 2.5
Green Pegasus e 0.5 2.2
AMEA-1 OIFE 0.4 1.9
AMEA-2 OIFE 0.14 1.9
Heroya Green Ammonia(HEGRA)-Energy |  :=24[0] 0.4 1.9
Baotou Renewable Ammonia &= 0.4 1.9
Total-1 OIFE 0.3 1.4
The Port Pirie Green Hydrogen F 0.2 1.0
EDF Renewable-2 0|FE 0.2 1.0
Project Saouda Iverson E-fuels L20] 0.2 1.0
Courant FHLtCt 0.2 0.8
Khalifa Industrial Zone AbuDhabi(KIZAD)-2 | OFZ|0|Z|E 0.2 0.8
EDF Renewable-1 OIFE 0.1 0.7
MEP OIFE 0.1 0.6
Aguamarine =g 0.1 0.5
North Ammonia Arendal 20| 0.1 0.5
Nujio’gonik—1 FHLCE 0.1 0.5
ReNew Power-1 O|IEE 0.1 0.5
Slagen Terminal LE20] 0.1 0.5
Egypt Green Ammnoia(Two plants) OIHE 0.1 0.4
Argentina Renewables—1 FHLC} 0.1 0.4

86) DNV(2024), pp. 14-15.
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T8 U@L} At iR0| X7} 53 02

nedEy @ e HEO)
Green Fuel Iceland-2 = = 0.1 0.3
Green Fuel Iceland-2 ooj&s== 0.0 0.1
INOEX-led U= 0.0 0.0
e 20.8 100

A=: DNV(2024), p. 15.
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i B

1) I8 YELop Met 1 23
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(1) &M71=

TS B2 I™ 40 AR 7 iy ofe] ABLtabyolA d4eA]
olch. @A ML= Q= F8 A 7R LY HsH(Alkaline
Water Electrolysis; AE), X&#APs&9r =Hsf(Polymer Electrolyte
Membrane; PEM), ZAAHE $435}(Solid Oxide Electrolysis Cell;
SOEC) 5°] Utt.87

472 ASARE 22E A
5ot 7H4 Aol B EM it b0l Egtow
o] Aglo] glow, A W7t wot 2 w9 £
o] ot i wEApdsider A (PEM)= 9
Az Aok 7leR AR Yot o|A] a&o] &
2o ¢ 3ok FH2 ASES SU= ARSS] o
S7kIth= Zlo]th.88) ghH AKEHE SA5(SOEC)= x]AL,a% A3

%
mlo
%
:clag
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ol
e
rlr
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ot
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87) #E0l, 23(2024), p. 16.
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72 EE oy
ora amsiap) || EIEESEAOMY oM EY 2
* 734 T S0y s S HE Un
DERMEO A | DEE 4 MY * 34 17| E0f
(PEM)  MRHSO| SIS EE c AAR THQ40 22 HIZ
_ ‘52 s
DHAES A 52 HY 88 or
(SOEC) © B34 ©7| S0f e
c SR TISHAE

X2 a0l 2443(2024), p. 16.

Lt & 7z

I dEYore] A4t 7le2 37 3AH R 2 = ok 1AdE of
HEHZA oI, SHHEANEE2 oln| 83k 7Ie= L&(400TONd):
1¥(200bar)y& ARESH] whio] B2 F2 olvA7F B a5kt 24
© A2(350C)-A¥(G0bar)ollA FrUorE st Aiste 71ezH
oquA] £E7} Hom £400 A% vEZ 2L 4 Ah2 T 7IES
o]

38 FA02 714 T AWEE Fol} ofe M Frme| Sz

88) Of| LA X 2 SIRHTH2024.11.18. (A1 :2025.3.26.)
89) U=22(2021.5.12.)(AAMYU:2025.3.26.)

90) Laval et al.(2020), p. 14.

91) FX|H-0[E{2](2023), p. 34.

92) RA34(2025.3.12.)(AMYU: 2025.3.26.)
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olth. 3At= A71stet o T R yolg Aikshk= Aot o] 7]
=< 10bar °JslolA &, A4, 7] S5 S8 dRYoRE BAlshe 7

&2 A7NE GAQ Sz Uk

(O3 2-7) I8 YZL|OF it 7=

» 1A DRIY2L 0 Y2 DY 2L 0t S
Hi N;
Yy

p2MCH DRIYDL|OF h(H 2 T FRLI0F dih
H,0

=0 M| 5Hl=(50ban)
ey | H,

Ma(g) + 3Hy(g)+=2NH;(g)
B 3HCH JRYBLIOH YL 2 SR 0t i
H,0 <28 GJ/ton-NH;

Yy ’—' ]
6H,0(1) + 2N;(g)++dNH;(g) + 30(g)

N;

36-42 Gl/ton-NH;

=2 ol Z=(50bar))

NH,

Na(g) + 3H(g)+2ZNH;(g)

<33 GJ/ton-NH;

NH;

NH,

Xt2: Q0I(2024.4.9.) (A 2025.4.9.)

SHHARFA=(European Maritime Safety Agency; EMSA)S 1
A Yol AJAke] 71&/d4E(Technology Readiness Level; TRL)E Al
AIgh vE Qltt. 48] 7]e2 I A71ESH(TRLI), LA AT &=
ZSI(TRL8~9), MAAISHE 4| (TRL3~5) €02 7|&4&E7t &4
Uehdth 34 71e9 A4 olv] 83k stHES 71&(TRL9) 29
A7|skstA 0l Yol §H4 71&(TRL1~3)2 ofF] ujAd<:st thAolct,

93) YOI (2024.4.9.)(ZMY: 2025.4.9.)
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T 2-11) 21 AEL|0 At 7|58 =(TRL)

e xR ke TRL
2| 745 9
27450 TR 2745 8-9
T ML 4785 35
SkA] 6H:H _E¢| 9
o 7 |aHet 4BLIOF 3 1-3

3 TRL 1= 7|2 942) B2 2=7d 42, 3=M3R 4 5%, 4=45 A5, 5-A221014 HHOA 2
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