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EXECUTIVE SUMMARY

A Study on Policy Directions for
Responding IMO’s Regulation
on GHG Emission

Han-seon Park - Bo-ram Kim - Sang-won Park - In-hoe Jung

1. Purpose

» This study aims to establish Korea's future policy directions for
the reduction of greenhouse gas (GHG) emission and provide
strategic responses by analyzing 14 approaches for reducing

GHG emission in accordance with the Initial Strategy on
Reduction of GHG Emission from Ships adopted by IMO in 2018.

- The initial IMO Strategy on Reduction of GHG Emission from
Ships adopted in 2018 stipulated that CO, pertransport work by
international shipping should be reduced 40% compared to 2008
by 2030.

- While Korea established a roadmap to deal with short-, mid-
and long-term measures, there has been no specific direction
for practically implementing reduction measures.

» This study prioritized Korea's policy directions for GHG
emission reduction and their implementation approaches in

accordance with the IMO's GHG emission reduction goal and



the implementation of related regulation

- It is required to figure out which measures Korea should first
respond to, by quantifying the importance and urgency of the
approaches classified by the nature of the measures such as

technology, policy and research.

- Korea's domestic policy for GHG emission reduction could be
used as a reference for identifying considerations based on the

priorities as well as setting directions.

(Picture 1) IMO’s goals and measures for the reduction
GHG from ships by period

0%
Short-term measures

-Enhancing the efficiency of ship energy

Maximizing operational efficiency

-Developing technology of LNG-powered ships
-30% @k Mid-term measures

-Enhancing the efficiency of ship energy andmaximizing operational efficiency (continued)
~30% or more -Developing technology for LNG-hydrogen mixing fuel and carbon—free fuel
(Short-term goals) -Developing non-fossil fuel technology
-40% 40%
> or more Long-term measures

(Mid-term goals)
-Enhancing the efficiency of ship energy and
maximizing operational efficiency (continued)
-Developing carbon free fuel technology
(hydrogen, ammonia) (continued)
-Developing non-fossil fuel technology
(fuel cell, electric powered)
*Measures considering innovative mechanism
(MBM etc.)

-85%

-85% or more
(Long-term goals)

Present 2023 2030 2040 2050
CO, emission per international (Sh;?tqat/zoarm (MT(?g?m (Lo;g%rm
shipping transport work goals) goals) goals)
Annual GHG emission of -50%
international shipping (2050)
(compared to 08)

Source: Prepared by KMI by utilizing MOF data (2019) as reference
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2. Methodology and Feature

AYVIANNNS

1) Methodology

» This study carried out the Analytic Hierarchy Process (AHP) in
order to set the priority of the 14 GHG emission reduction

approaches based on overseas and domestic literature review
and the IMO Agenda Paper.

- Since there were limitations in the nature of this study to
conduct the quantitative and qualitative evaluation on all these

14 approaches, a form of expert survey was selected.

- The hierarchy structure consisted of 4 evaluation criteria and
14 approaches for the purpose of ‘establishing the policy for
the reduction of GHG emission from international shipping’, and
the evaluation criteria provided the pairwise comparison and
the 14 approaches provided the absolute comparison to draw
the weight.

(Picture 2) Hierarchy Structure to Set the Priority
of GHG Reduction Measures

Final Goal: Policy for the Reduction of GHG
from International Shipping
\
[ [ [ \
E(\é:;liltu;ti;n Efficiency Effectiveness Enforceability Acczgltiggihty

Aterative Approach) |Approach] Approach Approach) /Approachl Approach Approach) /Approach Approach| Approach| Approach) |Approach] |Approach| [Approact
® ® ® ® ® ® @ ® ©® @ ® ®

Source: Prepared by the author.
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- While efficiency includes considerations on the degree of efforts
to obtain certain effects, effectiveness focuses on the outcome
of the policy on how far you achieved the goal set up when

the policy was implemented, rather than efforts.

- While enforceability is a top-down policy-making method based
on necessity, policy acceptability is a bottom-up policy-making

method based on demand.

{Table 1) Definition of evaluation criteria

Degree of efforts required to achieve a valuable goal

Efficiency (Ratio of output to input)

How much a policy goal has been achieved
Effectiveness (whether or not a reduction goal has been achieved
against environmental pollution)

Legitimacy of a policy
Enforceability (Whether or not compulsory enforcement is available to
achieve a policy goal)

Degree of garnering policy support

Political ili L .
elifel) eeeipiialisy (Possibility of a measure to be developed as a policy)

Source: Prepared by the author based on Y.K. Shin et al. (2005) p.44

2) Feature

» This study conducted an approach analysis and set the priority
within the range of the 14 approaches classified by measures
base on which member states had suggested to reduce GHG

emission.

» It presented the concept of national impact assessment on actions

needed to adopt the measures for reducing GHG emission from

ships and implementing regulation and carried out analyses by

il
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types on the quantitative impact assessment methods.

- The IMO established the national assessment procedures for the
first time in order to consider the positions of small islands states
and underdeveloped nations who are likely to be affected the

implementation of regulation.

- This study analyzed the advantages and disadvantages of the
Cost-Effectiveness Analysis such as Maritime Transport Costs
Models, Trade Flow Models, GDP and Impact Gross Domestic
Product.

3. Results

1) Summary

» Korea should be able to minimize the effect of the Energy
Efficiency Regulation on Existing Ships which is getting stricter
with reference to overseas policies and to prepare a system to

practically implement the advanced agreement.

- Given that a lot of Korean national flag carriers are decrepit
compared to those of advanced countries, the domestic shipping
industry is expected to suffer. Therefore, it is required to
conduct a self-assessment on introducible technical means in

order to deal with stricter regulations on existing ships.

- It is required to establish a domestic climate change policy
corresponding to the vision of the Initial Strategy on Reduction
of GHG Emission from Ships and its application principles, and

to prepare a system for the practical implementation of such

xii



policy.

» The 14 approaches have been led by a few advanced countries,
and there needs the standardization of impact assessment
methods since it is difficult to distinct which ones are favorable
in relative to domestic conditions due to the lack of unity in

quantitative impact assessment methods.

- These 14 approaches could be divided into upper technical
(direct) measures and lower policy (indirect) measures, and
discussions on them began based on what some European and

Asian countries and NOGs suggested.

- As the national impact assessment procedures of the GHS
reduction measures agreed by member states include both
considerations and impact assessment methods and is not
specific, their assessment levels vary depending on countries that

submit their impact assessment result.

-In Korea, there is no analysis method specialized for the
shipping industry, including a quantitative impact assessment
analysis tool to determine the extent of domestic impact in

accordance with regulation.

- Since there is a regulation impact assessment system under
Korean administrative laws, it is required to prepare a regulation
impact assessment procedure and analysis method for the
shipping industry accordingly.

» As a result of the AHP for the IMO and GHG experts, it is shown

that technical measures and industrial supportive measures are

highly important.

Xiv
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- There is no significant difference as the average weight per item
is about 0.071 with 14 alternative items. However, the upper
measures include the SEEMP-based Energy Efficiency
Improvement on Existing Ships, the EEDI-based Energy
Efficiency Improvement on Existing Ships, technical measures
as the incentive system for leading players and plans to support

the industry accordingly.

- The lower priority measures include the regulation on methane
slip reduction, the promotion of port development activities and
the regulation on volatile organic compound reduction, gaining
relatively less sympathy for the selection of additional restricted

substances other than CO;.

(Table 2) Weight by items according to the results of all surveys

GHG Reduction Approach Weight | Percentage

EEDI-based Energy Efficiency

0,
Approach 1 Improvement on Existing Ships 0078757 7.88%
Approach 2 EEDI Additional Development 0.073537 7.35%
Approach 3 SEEMP-based Energy .Eff|C|e.ncy 0.078771 7 88%
Improvement on Existing Ships
Approach 4 Development-of Energy Efficiency 0.072299 7 93%
Operational Indicator
Approach 5 Regulation on Optimal Speed 0.068458 6.85%

and Deceleration

Approach 6 Regulation on Methane Slip Reduction 0.0654 6.54%

Regulation on Volatile Organic

0,
Compound Reduction 0.058459 |  5.85%

Approach 7

Approach 8 Development of National Action Plan 0.06637 6.64%

XV



GHG Reduction Approach Weight | Percentage

Approach 9 | Promotion of Port Development Activity | 0.064529 6.45%

Initiation and Support

0,
of Research & Development 0.07733 7.73%

Approach 10

Approach 11 Incentives for Leading Players 0.078172 7.82%

Instruction on GHG in Fuel Life o
Approach 12 Cycle/Carbon Intensity 0.072715 7.27%

Program to Vitalize

0,

Approach 13 Low-Carbon/Zero-Carbon Fuels 0074976 7.50%
New/Innovative Emission 0

Approach 14 Reduction Mechanism 0.070225 7.02%
Total 100

Source: Prepared by the author

(Picture 3) Priority of approaches for GHG reduction
(Results of all surveys)
Priority of approaches for GHG reduction

0.09
0.08
0.07
0.06
0.05
0.04 -
0.03 -
0.02
0.01

approach approach approach approach approach approach approach approach approach approach approach approach approach approach
3 1 1" 10 13 2 12 4 14 5 8 6 9 7

Source: Prepared by the author
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2) Policy suggestions and relevant activities

» It is necessary to prepare a commercialization strategy and a

AYVIANNNS

strategy to lead international standardization by conducting

R&D for developing the core technology of green ships.

- It is required to provide a policy for building ships propelled
by carbon free fuels and the infrastructure providing such fuels
by applying low-and zero-carbon fuels not only to the land

transportation but also ships on the sea.

- It is important to create an ecosystem from demonstration to
commercialization, focusing on the development of new
technologies with the opinion of the industrial community
reflected and to establish the strategy to lead international
standardization.

» It is required to make proactive interventions through capacity
building to contribute to international technology cooperation
projects and joint researches which are a basis of international

agreements and major directives.

- Following the 4™ IMO GHG Study published in 2020, it is
required to enhance technical and research capacities to
participate in the consortium as a researcher for the 5% IMO
GHS Study to be conducted down the road.

3) Expected benefits including policy contribution

» The establishment of the infrastructure to develop and apply

the technology of eco-friendly ships should be included under

XVii



the 5-year national basic plan and supply plan in accordance
with the Eco-Friendly Ships Act.

- It is required to establish a cooperation policy which enables
the one-stop integrated service consisting of the technology
development-shipbuilding-supply processes for eco-friendly
ships, by conducing the preliminary feasibility study and R&D

across all ministries, based on the basic and supply plans.

- New technologies to be developed and applied to private ships
as well as government ships could be commercialized through
the government's investment and cooperation with private
companies which allows for the demonstration and researches

of ships.

It is possible to develop and participate in the International R&D
(IR&D) on eco-friendly ships and lead the standardization of the
eco-friendly ship technologies through joint efforts of ministries

and departments.

- If the International Maritime Research and Development Board
(IMRB) discussed at the 75" IMO meeting is established, our
research community would be able to participate in the
technology development and utilize its results to lead

standardization.
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SPHA(CO. )E ISt flsto] AAE Rdolw HiE =4 =E A|A

= (a9 1-3)3} g}, F95E5(Trade flow disaggregation model), 7}
A 715(Value-to-weight model), E=A8(Mode choice model), &=
A=l(Route choice model) & 494AZ F4J=]o] St

)

(o]
= ol

(23 1-3) =Hoh22] ORMSHHA(CO, ) HiE = 2& |

Mitigation
Trade forecast model meai?l e Data Output
(Computable General Equilibrium)
analysis Freight transport Activity
activities + Freight
International trade origin and ﬁ ship WPE - Eq ‘T’_n_!p ort
destination values at base year commedity ’Eh‘?h“ for @
Traffic b database ship types
demand * fin Tem) D—;u !
analysis
Trade flow disaggregation model Ship capacity and Structure
load factor for 6 Vehide-
¢ ship types > ilometers
carrying di!f-erenl [Vkm]
commodities
Value-to-weight (T /vehicle)
Geographic, model . ¢
trade and QOperational
economic © Enerzy Intensity
profiles, ficiency forall oM Fuel
Travel times, Mode choice Technical V ship types consumptions
distances, model e (MJ/Vkm) M)
cost, Port
tariff, ¢
Network
model Route choice . Emission factor Emission
model Alternative bl ofeachmal | factor
fuel measure type. o
i CO, emission
* Fuelmix for all ships
composition, [Mionnes CO,]
International freight flows for 19 (COoyMD
commodities by different modes |
and routes

X2 ZHGHAR[FH(IMO), 2020.
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SHolM 247tA gE2A 0 ASshe e H5] AsiMe
FAUEOE AGSHL FAE gofoles e +HT AS AYs
AL Stk o] Aol M= dubARl Ao Ayt o] 7s/dol o
g AFZIE AAISte] ofEA IMO FZ o5ty gt sHi2H
= AABH] Bebs @A SAE ] 84 Yete o e 24K
= AASHL oA 7 A4 @BkE 53] Axskal . o= IMO
A AR FRE D45k Hlol S8AA Al1ES FiL At &
T lon Aol st AAl 58 9 A-8SHoA HIsHoF
st BAIAS sfdskA Zskal Aot
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(H1-3) £ HYAARL = HAA| AfEY

o MYATLLtO| RiEH

T CHST=A] Pyt FRATLYE
WH|H : Third IMO GHG Study © 2&1&AL 20073 Ef 20123 S2t9
2014 =& THCH2 2A7tA & =8
ATFIALE) - IMO(2014) et RHE HEAEE 2
2 LH 2O LAITIA 20125~2050H 2| 247tA HiE
USRS 9Io HAHEY FF NE
IHH|E : Decarbonizing Pathways OAFSIE A ZEEAX|O| HEHLT}
for International Maritime Transport: 2YH SR HIES TAN7|7]
A Model-Based Policy Impact et AEAX| S| I Gt
Assessment HEHASE {5t M KOt
HLXNSE) : Ronald A. Halim,
Lucie Kirstein, Olaf Merk and
Luis M. Martinez, International
Transport Forum(2018)
=X AR HEASIE 2ot

QR BN

U - MO MEPIRl 2ATIA - 23 IMO GHG =M 445 =ty

A7 (GHOHIETHCIS 587| 2EY - X2 SR AR/ S MY =5
=AY I HHMET GHEE
HITLANR) : et 2PE2(2019)
S M0l 2ATIA AR
MEE Q5 M+
Decarbonizing the international = * 281 a performance-based index
shipping industry: Solutions and has loop—holes affecting meaningful
policy recommendations CO, emission reductions driven
2019(Zheng Wan), Abdel el by technical advancements
Makhloufi, Yang Chen, Jianyuan using slow steaming to cut
Tang energy consumption stands
Revisiting the progress of technical, out among all operational
operational, and market-based solutions, this single source
routes and the associated has limited emission reduction
controversies. potential
T Aoi2oiAt £0F 2&7tA e« IMO 247tA 7| M0 Ciat
Z45=H 40| tiet ol2E0F - AlHEM  HHSY ZAHEN

o 2E7tA A4S FHauder 43 =29 - UL 2&TtA Y ST

o IMOS| RATIA ZE RT|MEF - AHPEAM  TAREAM I HMOMAQ T

ar M 4 =5 F USHA - HETL 2A UE=H FEs /et
IMO 247tA B S N 2 d S 55 +E
Ot MAIE Plot FRIHL 2A7IA A= A HAM N

RPN RS
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A 2ol A= IMOZF sfl&oFe] 2A7tA 5o tis] ofEA
TP ERE AS HU=A FA7]1 5 3HE H(UNFCCC:
United Nations Framework Convention on Climate Change, °©]3d}
UNFCCO)F 2 E 2] A|(Kyoto Protocol) 59 7| A= v A
Holth HEo] IMOoA - 247 A5 27|59 54, 1]
A, 7= 9)&4ZF(level of ambition), 2-& Y&, A|7|E ZA], TF
O, dFE7E 59 WE= EA5HH. B3, EUEE HIXSH
og] =7k9] Aub 2AVIA A5 33 dFUE, Ak, &

S Tetsto] 7+ A7t =9| =
ojgA di&sti UeA HlE @ EATOEN AAEEZ &

A i,

%

d
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i_:“
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H1E IMO Met 2M7tA 25 Z7|H B4

1. IMO 24AI7IA Zi= =7|1M2F 221A

1) IMO T2 +EuHZE

IMO= %719 7124 A& (Long Term Work Plan)& 7|WIoz
ZAE FFoIAUoY ol= FF e vhol 1A Bt Hik g1l
4 58 945 3 }0}7101] ojgZo] AUATE 1999¢ =F9] IMO
Z4] g0l tgt AEE AQtS AIZLE AHREAo] Wt nhS
Q435 2003"% IMO Z|z9] A2FA Z(SP: Strategic Plan)o] X
o o|F 2ynit; A=A o] AR A7 Qto] e = et

39 AAY A a8/l ool A7I=EAL,
2l A E AjE 3 Y=52] 4-80f wet oAk
=3 HidZAS (New Strategic Plan)o] $H= At

—

ST

=)

IMOE #ixdZFAEE =HolHAl UNUN: United Nations, ©]st
UN)9] A&7 7R3 (SDGs: Sustainable Development Goals, ©]
oF SDGsy& 1E5Hth. Ei= 20161AFE 203097HA] AlA7F 8l
L= FAAZ17] sl A =8E S5fjoF o2 Bl 9leH,
201249 62 UN A|AEZFAEHSystem task team)©] “$-2]7} Adh=
REE st o] A& (Realizing the Future We want for All)" &
IAE S M= IEEE 519 71874 HARIE, 35, A%

7Vs/d)at 4t RRF(EI-QbE, ZZA AR, 24A AN,
AH A&7Fsdre AAFE) SDGs= 20159 9€ UN A&7Hs7
dF HAFS]OJ(UN Sustainable Development Summit)olA] M&A 2=

7) LH3HEIZ ODA E8IEH|0|X|(ZFAY: 2020.6.18)
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H 2 IMO e 2A7HA ZEEX] B

o
dlt
[HI
1z

H ot o= UNY EH Y A7HHE-E(MDGs: Millennium Development

Goals, ©|3} MDGs) °|& MEL Z3olH, SDGs= 17719 Exe}
1697]9] AE-=E=2 4= o] Q.

(a3 2-1) UN XI&7Es7HL SR

GENDER
EQUALITY

GOOD HEALTH 4 QUALITY
AND WELL-BEING EDUCATION

6 CLEAN WATER
AND SANITATION

¢

4 8s

EIZER|

DEGENT WORK AND 9
ECONOMIC GROWTH

10 REDUGED
ANDINFRASTRUCTURE INEQUALITIES

T o comes

ﬁaés

=

17 PARTNERSHIPS
FORTHE GOALS

@ SUSTAINABLE
DEVE'LOPMENT
G<3ALS

13 Gnov 1 =™ 16 Seochemnos

L 2

s\t g

22 gE

K= 5= ODA S& SH0|X(ZAMY: 2020. 6. 18)

(1™ 2-1>2 UN SDGsE YErUH, 1771 5 1341 7|53} b5
o] 247t &y} o] St 7| F W} 82 715 #4 =
7] &, BT A3t 7199 dHA 58 A3t 59 W&ol xFE o] 3
ok AR 7 A= SDGsOlA A& AAIE W82 oFy™, MDGs
oAM= 87/ oA F SHHEE 8 /LS st 22 HEY4A)
2 SAEA7 Z3E o] Tt MDGsolA = 7|EH3le] o|¢r &
& el s tAH o R ] Igtd ¥ SDGse= 139 &
B 7|33 1 g7k S, 149 ER fIRY BEo} A&7
g ARG, 15¥ B3 SAAAEA B9 A&7Het 807 S0
7F AEsk= St
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H 2-1) MDGs2} SDGs H|u!

= MDGs SDGs
7|2t 2000~20154 2016~20304
=¥e) SN 2H, 21 ME=E 1770 28, 16971 ME=E
=25 Development(ZH &) Sustainable well-being(X|&7+s4)
S| 7= s 2= =0t
=H 13, 7|5Hst
Bt =HENYS /et =248 LEEHY =H 14. oYX 25
=H| H 15, SYMEA ES

OIF _IH]

%—EH) Kl f
020. 6. 18) B

[l

FHNEY 24 (FAIHE
Z 2|

(
t=: 31212 ODA S8 SHO|X|(ZA

e | o
O

g ?let 32 0l = SE=2A
SRS

UNTH IMORIA] 71588 1=0] 349 %2 oS AHeoR 4
s (E 2-2)9 2.

(H 2-2) UN 2 IMOQ| 7|3} =9 IpH
=M AP UN(UNEP) IMO
1 1988 IPCC &Z(WMO, UNEP 35 Hd)
21990 IPCC MR H7HE 1A
3 1991 Mt Th7 | QHEIX| Z2I0t ZHEH
4 1992 UNFCCC &2F RHEY
5 1995 IPCC MI2X} H7H= 1A
6 1997 WEO|FA RHEH
7 2000 MDGs ZHEH H1XF IMO GHG Study 247+
8 2007 IPCC MI4X} H7HE 1A
9 2009 M2t IMO GHG Study 247+
10 2014 IPCC MI5R} H7HE 1A HI3Xt IMO GHG Study 47+
11 2015 SDGs AHEH, 2|34 RHEH
12 = 2016 2ATA HEMEF IR =S RHE
13 2017 0=, Ie[ed 2E 34 MO A 2l XHEH
14 2018 IMO =7 | ™2k X{EH

15 2019 Ol=, el 2HE ZXE A
IN=MPSVN RS
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H2E IMO e} 2a7tA 2=

rot
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1z

2) IMO Z=fA|E g

20179 12€ A=E IMO9] #HiAZFAE-2 ulA(Mission Statement),
H] A (Vision Statement), 2018W~2023¢ IMOE Tt 52 €&
(Overarching Principles for the Organizations Strategic Plan
2018-2023), IMO7} HWHgt S /N Z=HABA(TDCs: Trends,
Developments and Challenges) ¥4& EtjE v]Ady}; v]d 24
95 A2FISK(SD: Strategic Directions) 2.2 A% o] St & 770
2 BERd AFgFS S-S A HLAP: High level action
plan)2 &2 o|FS et AHA AES AAj

(a3 2-2) IMO &A1 2le] TDCs

IMO T =l(SP)

(TDCs)
S 2H(Trends) 7H & (Developments) T F(Challenges)
1. REZES7HE 2080 GPICHSDGS) T M EHEAAE st . SHARMY SYS Bt 2Reie) 2y
2. MRS Shamai] GE sl 2. SHURRHEE HE W2 sBY ML . BEXQ SR ARt s oRd, =0k

i
SRR oL 2 T O
7| i

AW

EREE g
i e

4 su=x)

PRASI MR =E|

. ol A0 HE QS SEH

o9

At=: 8ISk 21(2017), p. 1

IMOE 24 vl % w24

Aedes Aoy, 24A7ks AS52 AFEF 3(SD 3

Respond to Climate Change)¥} HHst 3zo| Qlct.
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H 2-3) IMO Xzfttst
SD e

o) S

SD 1 .
(Improvement Implementation)

THAHAN Vs R HH 1= &F

D2 o

S (Integrate new and advancing technologies in the regulatory framework)
7|55 e

D3 |=H3 T8 .
(Respond to climate change)
SHOE J{HH LA X}

oy ol 1'#.__ 20
(Engage in ocean governance)

D5 IHFA FXli Hot 43}
(Enhance global facilitation and security of international trade)
THQ St e

SD 6 .
(Ensure regulatory effectiveness)
xxio| 28X 2%

SD7 | 825 28

(Ensure organizational effectiveness)
A=: IMO QHMIZM(C117/3) HIERZ XA} 2|

Al A AP BeS e g oA el B 8% 4
5 SPUE o] oA R&E EolX, WEFS SHAT 52
AL A AAHCR HEFS Fol7] A% WL A% Sk 9
the Zolth, Ea, MO Alue] ojuxage] Wk 22w A
2X2 LA Aol 71 FMsto] Y 5 YT 744
Q1 2X2 ASH oz AEsATk: HES B Yk wXgow

Hge Zol7] giat

3) WESPYM X MY

TEIHAE 19974 129 Y& W EA §Q7| T F AL
=+Z3](Conference of the parties: COP3)°ll4] A& E]o], 2005 2
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H2E IMO e} 2aVtA Z=ZX] oig &4

4 16¢0] FaEAe AX= 2 F-ZAHEU: Europe Union, °Js}
EU) =7F7} 2008 5-E 2012@7kA] 19909 A7k~ wij&sF ojy]
AP 5.2%5 A== W-Eolth. NELFA = 2012d FeF ot
2ol ot 202074 AZGE UL

e dg2 20159 129 A o] COP210IA e loH,
=9] B]Eo ofsf 2010¢ 109 5¢ TR RAS FF5IL, 11
49 A TaEQh He@PLe Ago] LA A 0T
2 Bl E 3l 7|29 nEHA 9 FHA

Nt B57F LAVIA 7 Lgol 5%+
1 3 ZH(comprehensive)?]l Post 20209
Fate thAzk zokolcts)

=)

ﬂll

H ™A (universal)o]

171541419 23+ A

2

IMOOI A SfiEoke] 247MA A5HRE B © S &

HEH IMOE ZEHA A2% 2004 AF35 A= UNFCCCY

HIGRRARE ol AR A A Aol AGSHs AR T
3 B4 TEstel FASE Rkl fAVLA UE |EL 44l
T, Y 5 RS VAL AUUYTE) I 7 FL s
FAYF7] Aol FBVo ALgotE dafol BE S4L 1

ofo]  FA|UZFST7](ICAO:  International  Civil  Aviation

Organization, °]o} ICAO)E &9l TAlSI =S Y YUstar Ut
20034 12¢¥ IMO E3]olA A.963(23) NS F5to] fFe

S Y3(MEPC: Maritime Environment Protection Committee, ©]

5} MEPC)7} 2A7FA 8i&5F AlSt = 52 9 S &1lst

8) Bfg=(2017), p. 4.
9 E'EQPSM M2z 28k =HUZRIST I 2 =HGHA [F0IM2] 2ES So10, YE718 & M4
S22 RE] 212} LiSHE RA7IA(ZELISPYMO 2f5H] HrI=l= 2is MBI BiEZ
I1|°* UES ST MAHZYRMEGMY: 2020. 6. 18) HZE



B 5 e AR ALshEs 2yt

R

WEYHA o]5 9] AA|(Post 2020)° thE]3t7] Ysto] Aeis wh
¥4 FAHEAE IMO ¥ ICAOS] A=E5o] tigh d3He 9Y
Ohe EE9 W&S Edboly YA= gt ohA|RE 20154 129
UNFCCC A|33x} #s}7] &R HE5<4: 7] 7H(SBSTA: Subsidiary body for
scientific and technology advice, ©]3} SBSTA) 3]2joflA W ESH
A olZoE AL @ FAFTONAY 2ATMA HiETF AEH2
o]& 3t 7] IMOS} ICAOONA Al thF31 SBSTAY] 213
AS Bas7|2 ZAsHt ol wet, IMOw #id 23] 7iF =
= SBSTAOIA A 24A7tA A5 =9 JPAGE Hilsta
tt.

(o)

ol
uls

%0 rr

(& 2-4) T2[FFHHAML| IMO st

e[ HZHA IMOL] et

MEPC 69 (April 2016) welcomed the Paris Agreement and acknowledged the
major achievement of the international community in concluding the
agreement, recognized and commended the current efforts and those already
implemented by IMO to enhance the energy efficiency of ships, widely
recognized and agreed that further appropriate improvements related to
shipping emissions can and should be pursued, and recognized the role of IMO
in mitigating the impact of GHG emissions from international shipping.

As requested by Assembly resolution A.963(23), the IMO Secretariat
continuously reports to UNFCCC SBSTA under the agenda item on "Emissions
from fuel used for international aviation and maritime transport” and participates

in related United Nations system activities.

A=: IMO SH|O|X(ZM: 2020. 6. 18)
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2. IMO MEHRMTIA HiERF EAeIT

DEAZAZE Q=] o] 22 & 19974 9¥ 26¢ F= HE
oA 7] LFAHHAA(the Air Pollution Conference)”} 7HZ =}
ot & duAAoA A2 247 wiEFo] A AlA 247
2 QHEZ S| 7]ofshs FiEo] AEsitte AS QAsH HIUL
™10 “Huro 2 HE siFed WAE A FAIFMH(nternational
Convention for the Prevention of Marine Pollution from Ships, ©]
S MARPOL) oAl 7] LALAE 915+ 20| AA= Ut

MEPCOA =A] sf44te] CO. Hi&Zol gt A5 =L A
< 84S, AA Au2A7EA HiE 2AATHGHG Study:
Greenhouse Gas Study)7} A1ZFE| 1t} IMO GHG Study:= 1XHE Al
Zo 7 A 32HA] R1A 7 7= Q. GHG Study= &FE IMO
ALY 7|12 ARE E857] i Fa% ouE 7HIth

(d¥ 2-3) IMO GHG Study E11A

1x% 2%t

IVI® ===
Study of Greenhouse Gas Emissions
from Ships

Second IMO GHG
Study 2009

CMARINTEK  ecen

Carnegie Mellon
=

10) 247t QHIER]: 2A7IA BiS2H SRS MAMC = 1t 2|AES SEIH, QIHIER(0)
AR 2T AE WEEM AL 6L 247IA(CO,, CHa, N2O, HFCs, PFCs, SFe)O|Ct 2t
2E7tA E2 HEFO| HYE T XF2HE X8 5010 CO.E 7122 StEh. +2
ton(kg) CO, eq.2 HAIECE SZLarai(ZM: 2020. 10. 14) =

23




3. HX|g= A

2003 12¢ IMO F3]olA 247tA & 7= #E " IMO 4
A3} Aggatoto] oigt A2)ot A.963(23)S 5Tt A oQto] wh
2 MEPCOA FAo& 2A47IA sj&F TS 9l offf 4 71A]

2N AL L&

GHG HHZ2}

1 the establishment of a GHG emission baseline Hlo| A2l %

the development of a methodology to describe the GHG
efficiency of a ship in terms of a GHG emission index for 418}

2 | that ship. In developing the methodology for the GHG = AH
emission indexing scheme, the MEPC should recognize e
that CO, is the main greenhouse gas emitted by ships

the development of Guidelines by which the GHG
3 | emission indexing scheme may be applied in practice.
The Guidelines are to address issues such as verification

GHG HE Xl 8=
| et

the evaluation of technical, operational and 7|&%X, 28H, A%
market-based solutions 7|8 £24 J1

Xt&: IMO Resolution A.963(23) HIZC 2 XX} 2|

9l W-8oll wek MEPCE 71€4], &34, A7IREE &84 71
= T S vhstaL Sledl, Ve 2ARE A JuAas
A X $(EEDI: Energy Efficiency Design Index for new ships, ©]
S} EEDD7F vk E3h 4 A== Aoy agae|Ag
(SEEMP: Ship Energy Management Plan, ©|3} SEEMP)¥} 23}of1

A A-E&A$(EEOL: Energy Efficiency Operational Indicator, ©]5}
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EPAHA 5= FFHLE HESII O MEPC 65& A FE 11
=o7t A o7 FohE et Auko] ouR a8 FAA 7] 9

8 AEtell 282 <+ Qe WHozes IA SHATE AT

(O3 2-4) WE OfUR|2 2 S U

o HYATY MM TP (ME TE=IWE)

e 714840 £9) (0|L{X| HOPMX|, BYEIR], CIX|SE}S)
o 2 IAL0| WIS (KA | SHAEL JHIEIHEY T U ZR 4,
E20I SIS R A ZEEO| S EEQIAR 1)

KERL-PEA Qg A, E 2| Xe], (a0 38X

UM (A= LAY X 23 5)

RR: SIREHASAMIHL(2020), p. 20
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. HH| CIXpRL . HZE/AZ0) o130 MO IHs
o 2| « EEDIHE
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. oiZs . 580| 501N XS 57t
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. F|ZE/HZ0) 2150 MO THs
AlgiEs o
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K2 BIRal-AHL2(2020), p. 20

IMO®| AI71E e 247k AR 8l oy x| ag ZiAdol gt

o] W&= Aeohd (& 2-603 £t

(B 2-6) M8} 247tA X, OUXgs 74 =2 Zt

=M A7 LhE
IMO &3], MEfQ22H9| 7| 2FWX| Aot

(Prevention of air pollution from ships) A.719(17) X{&Y
2 KX IMO GHG Study(M8 2A7LA HIEZ BAAT) HA|
3 | 2000~2009 = EEOI, EEDI, SEEMP & 7|&HM 28X A =0 atet =2
4 2005~2011 712X-28H A0 CHet e ME H HY

5 2009 H2XF IMO GHG Study E10A] &
MARPOL 2£XM 6, MAZ OlHX|zEd A4,

1 1991

1999~2000

=~

6 | 20092011 EEDI, SEEMP 2H|3}

7 2014 HI3XH IMO GHG Study H 17 A] &7t
2HA AEH LS Yot =EH 3

8 2016 IMO DCS (Adoption of Data Collection System) XHEH

9 2018 IMO Mgt 2M7tA ZH5 & 7|F2K(Initial Strategy) AHEA

Atz KA 2
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20169 10¥ 7H=" A|70%+ MEPCOlA Ak A7FA 25 A2k
NS %t 2= (Roadmap for developing a comprehensive
IMO strategy on reduction of GHG emissions from ships) & &%
Shaitt. o] 2= 2018W 4¥7HA] 19 67114 717t &<t 2349
4718]19] 9 32K 9] 2GRt 9]¢, & 529 398 Foto] 27|
o HQkg vhElsh, Selsh 2u Agos AWEc 2018
9 49 A|722 MEPC 7H3‘4 A = ARA=3) e= 7He) oA

A&Eo] 2ERO] dAof ghE 27]H o] 5Rlo] ofFHE Holgh=
Aufo] 919l ol zHojut o%to] AoHHT ZQHEAE s|dtoa 3}
%27) A2 (nitial IMO Strategy on reduction of GHG emissions
from ships)& A|722F L3 upA|et & MEPC 224 = A<
SkAth 27|l IMOY ATy 27]d=e] 54, 8ld, 4%
oJasE, A/A BEE AT FREA S0l Utk

=N e

b
==

N
HL A
B o
ﬂ _||:O
o 3
INRRY
o

0z
=2
%6)
B>
Rl
Mo Ho o
P
Rall
19
ooy
o

|

4
ox
rz
i
)
ror
-{oi
B
i
ﬂ

~l D o1 &~ w N
o
N
o
N
0
N

ox MO g

rz
1
1
N
1
el
oy
tm

Xt&: Resolution MEPC.304(72) HIEtoZ2

Rl
>

t

iz
0x

27



27179 HAZ 37 & AR, A &5l B 247t
A HIEHS iade = IMOY 22 8o et 7|d =&
A7l Aot 2A7FA W& siasty] g FA1ARl =go g
L oA, UN SDGs ‘SDG 13: 713 H}e} 11 kol 2rA7] 935t
15 %A FHoleF (Take urgent action to combat climate change
and its impacts)’} ZHE S 4, 2A7IAZE 710 A= JF
= Asty, =4 79 3 4 &5 AH|AY A& HHE ]-?:
Sk ©l Qlof A sfi2] S8%t AT¢E AAIsHAA =A 3
oA HdstA o|dsfiof & X E ATt AA, =4 i

Ho
e

2olA]
ok AL HBe] e A7 AT 2 BUEHIL A% Qg
BEg ngsle] 4] BES PR b £80] He 2XS A8

27134%9 v £ 24T "ok Me=e] HE e
‘0(Zero) 2tz 8015 AH&E o= I SHAIRE ‘phase out'©l2h= &

S Apgste] ATHE o 21417 oftje] LAk WS HE o}

A HE A AR 2PE 5 ok S 2 4R %ﬂoﬂﬁi—h—
2050419] ¥iE=E 20089 thH] 70%7HA] FEsfoF gtk 52 ot
A QU =& AAY s EE WAL, s Aol wE 2 9
S AL e TAEA REAROHEAE )2 20509 A7 =
Al 2A7EA HiETFo] A=) 7t Hojof il F5h7| = Fi.
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M 2% IMO e} 2AVA AEXX|

(B 2-8) 27|H240] H|H U Z% 0|Q4E
IMO remains committed to reducing GHG emissions from international shipping and,
as a matter of urgency, aims to phase them out as soon as possible in this century.

IMO= = A[o20|Af &dots 24714 HIEY ZZ0| XSH22 HEokL, A2 Al
IS 1250 SA7| U 7tset Ee| HAHS = Kot

o=
2 1. EEDIQ ©7X 0|S S6101 2t Me(AEM)S| ELAEONE 7:.*&
HEER 2} EA0| NS S BU6| ZHoH0] M| ORI S A 27A
32 Yslots 22 BN AE
B N2 EAERIE La
22| B transport work § CO, HEZS 20084 CHE| 203047HX]
40% 7}-7<6 J_l_ 2050 |_ |-x| 70% X—17|'o|- A OIEE ia
HU3 AR S HEY BH DY L AL
Thsst el BHLe SATLA HEZO| FEH SL6t, 2060471K
A A910] @17t 27HA BIZRHS 200811 Thb| 50% Ol4 2%

Xt&: Resolution MEPC.304(72) HIEfO 2 XXt At

(3% 2-6) IMO 7|2 Ch|H =21

I Emission pathway
in line with IMO's
GHG strategy

: | Bl Business-as-usual
2008 i ] emissions®

as base year |

o

: Emission gap
fll Zero emissions

as 500N as

possible within

this century |

Total: 50% reduction
Intensity: 70%

2008 2020 2030 2040 2050 within 2100
At=: DNV-GL(2017), p. 3

A G %ol HEEE 7|2 Y2og MARPOL ¥ IMO FAFF
NMFT¥2/(No More Favorable Treatment}& -85, o]= @ko|




=4 3 #Aglo] K Autol dis) TLtt 28 A& =5t
B2 =3tk UNFCCC, BEQIAA, T2]F2RS CBDR ¥&(Common
But Differentiated Responsibilities)& -85}, o]+= 4| &7 =9
ol A= A= 7F AEARL oF AAE 2n|Ritt.
27142 5 o]d AQTLE MO ZAFoko] H2EE 7|2
QI NMFTo] #-&=#| 9431, CBDR ¥0] 28d AL Lo
A% 27|89 UL (E 2-9)% L.
(B 2-9) 27|52t Mg AE|
22 g
the need to be cognizant of the principles enshrined 0|0 7HEH= ZX|0)| A
in instruments already developed, such as: BAIE MRS QAT HOY
the principle of non-discrimination and the principle
of no more favourable treatment, enshrined in NMFT& X%
1 MARPOL and other IMO conventions
the principle of common but differentiated
responsibilities and respective capabilities, in the light o=
) . ) . . CBDR &2
of different national circumstances, enshrined in
UNFCCC, its Kyoto Protocol and the Paris Agreement
the rleqwref;nent ford?ll Shﬁf to gwel full qnd o|2x0l £X(0| O[3 7|
2 complete effect, regardless o ag,tmmpementl'ng 204 BASI0| ZE M|
mandatory measures to ensure the effective

implementation of this strategy

the need to consider the impacts of measures on
States, including developing countries, in particular,
on LDCs and SIDS as noted by MEPC 68 (MEPC
"168/21, paragraphs 4.18 to 4.19) and their specific
emerging needs, as recognized in the Organization’s
Strategic Plan (resolution A.1110(30)); and

the need for evidence-based decision-making
4. balanced with the precautionary approach as set out
in resolution MEPC.67(37)

MEPC 68/21, | 4.18~19%
o] Z|HIHE=(LDCs) H =
A2EMFIKSIDS), IMO ©
2 2l(Res. A.1110(30))0l|
olzE IS0l 2L 2
TAIRE Zefet olE=0
0|x|= o5t 12

Res MEPC.67(37)01l Sl1e&
gy B2E H A M=

Ofl 213t QAT Wa

Ktz Resolution MEPC.304(72) HIZOZ XXt &4
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4) A7|E =% &8

Adr LATIA ZFE 27|42 ©7](2018~20234), 571(2023~2030
H), A71(20309 o|F)Z FEE I, % A FEHES E3olA Q)
471 A THE 13, 718 24 FEE S, A7NH A

(HE2-10) A8 XX &2+

1. EEDI 2 SEEMP 7|8t HHX|&= 7HM

2 t'i/?jft@l UIEPNE=2=DNE= =)

3. HEM NN T2 4~

4, | M&EQ MEZH0| et 24 2 11
5. OEt L 3|2y °7I§PE*

6. Aol 2ATIA HiE

7. XNE5H 7 |sgg Y
9*'”* HEE 252 st a7 71
9. ZHIGHAFAT A R3( M
10. First Mover0i| Ci5t O_ﬂ'Elﬂ

ﬂHH
< O o
=

=71 2018~2023

0 -
o=
o)
A

b
o 0

12, ZHAFSIOH CHB IM %g— =
13. M& L2 7|62 5t =7 T

 HEA/TERA GRS QIS Ol I2 7 Y
ME/AEHO 01||—1KI 2= K2 WY
AM/AHAMEQI HiE Y HZH HAHLS

=8 /92U st 259 XX Uslst
(2 AR SRE fle L= HAUS JHE

371 2023~2030

m%wNA

=
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1. RE

=]
2. ¢l5t/
Xt&: Resolution MEPC.304(72) HIEHO2 XXt ZHy
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7] HlA= 87HA] AV 1L

ot AP 8 Aol gk A]2]4

+d 4 ﬁ@’é(geographic remoteness of and connectivity to
main markets), SFE71A] 9 ZH(cargo value and type), 2% =4
(transport dependency), <5H|-&(transport costs), A% IHE (food
security), At t-S{disaster response), H]-& HIHJ(cost-effectiveness),

AF3] AAA AR 2 2 (socio-economic progress and development)

o] At

6)

o
Jp

XX
A|732 MEPC 3904l 2023Wd %|& = (Revised IMO GHG
Strategy)2] A Yt T ZX|(Follow-up actions towards the
development of the revised strategy) T2 13-& 59l5¥ oW, &
EZ22]0 gt 2EWE (OH 2-7)3 AT
7] SR XX Group A= ©

FABEL Qe W] BEEA|o

o] Al F91 23] @ @A IMOCA

™, EEDI, SEEMP 5] Qlt}h. ©7] &
B 2] Group B A& FolA] &1, 23] 9 Hlo]g £4o] L Qasgh
@7 AERA2A K4 A5 5 t}. &7 ZHZA Group C
A& FolA] %1, 2] E HloJg £4o] HaokA g2 7| 7
ZA2A 7HPAEY XA, 2A7MA AF7] B7HGHG Life
cycle) 5ol AT

]
]
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e rlr

32



o
dlt
[HI
1z

H 2 IMO e 2A7tA ZEZX

(32 2-7) 27|32 Ba8E 2O

P 2018 2019 2020 2021 2022 2023
=5
MEPC73 MEPC74 MEPC75 MEPC76 MEPC77 MEPC78 MEPC79 MEPC 80
e smxx | THE || RO $U% 12 Y 28
(Group A) | Hted nk| ol) Si3Ho| O L{XIZE I (S5], EEDI, SEEMP, [TCP)2] Z7k%01 744
® $EER | AN || oA b b
e ed || A BI0IE 24 S31, IMO DCSO] HOJE 24]
B2 sEAR| | TAE || Mot S0%x 12 Y 28
Group ©) | Mot || e o) S7HIAZNAP), B2 BLATIONE, SAJtA HIEIL RED 5
Bl | am || mesNsuaEs N B/A7I $HAR NS B HIANY 2 9F 48
Teips | MURY || eeRRNg D ) QoA "~
gy | o | un ey R7|32H2 123t MS BRI 5 B}
Maztimo | #l || o ga || B2 5z
GHG Study | (Scope) i HIM BN
oizysl,
TSR @8 W7 2 K| 018 KIS EalS BS L U A%
RV
,@%ﬁﬁg} MARPOL 544 6 H22A7E(IMODCSN \|  IMO DCS EI0JE| 2 7|5t 2121 s || s
i;TQE" M2 M8 A2 AH| CIOJE] 2F n24gt 7| M=k WY A4 xHey
ESEN

20139 EUe si2dA9 24d7ks wiEd 452 93] EU A=

=

(Strategy)& ¥kt & Mol HxE 20509714 2A7IAE
19904 ] 80~95% Zol= Zlott. SolME AAD 32 5

of 0%, A 2] BHE 240 4ot Aluo] 243l7] tEo], Alufo]
Al S JUE Ao B el A s U
2 +ysta,



EU Strategye FH S ol-8dshe tE AHre] ojitelea 2y

B3, B3 9 A5 1D S RO LA 7% BE 4Y, FR

HYE P IMO oAl glolejHYAIARI(DCS: Data Collection
System, ©]5} DCS)o] 7FaH L Qlof, FHBAFY kel YFsh=
ABF2 EU Strategyd} IMOO|| we} 2472 viE) det JHE K
Jsfiof it

E3H 20179 39, EUY| o2 B H= 242 918 EU s
] o) oA Weet AdS AEste] Y A, XL}, A
4 Fopof| s FAHoE AH Aty 2 2SIl 55 Agta
2ol IMO HAIE A= AASHIZR 245t HIpHA7EA
(LNG: Liquefied Natureal Gas, ©]5t LNG) A &, JAEE A
TE /s E 25kt
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11) 2018 12 1URE R HH X|2j2| 22H0f Yeishs £54-5,0002 0142 tiY steM Fe=
024442 Ol HHES R 7|EH 2t Y=E 2 ToH0F &,
12) MARITIME 2050(2019), pp.167-170
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Use fuel Ammonia
alternatives

Electricity (batteries) Methanol
Lower carbon fossil Liquefied Natural Gas
fuels

Emissions.

Selected Solutions for
Reducing Emissions

treatment
—

aides e.g. sails, kites
Design efficiency Improved hull form

Operational Reduce waiting time
efficiency at port

Increase fuel
efficiency

More frequent hull
cleaning

A= MARITIME 2050(2019), p. 158

3) L290]13)

wEgolt 33 FAW A w2t A2e WEFA FHNew
emissions commitment for 2030-a common solution with the EU)
< AASHAS 290] AR= 24 - JGFESHE 4] 219
Zero-emission = AFd S B 2AVIA #iEFS E0|1L
Sf-2Ad AAS o]elo] & Aot sttt 1 viETAl A
Aoz oA - 32 ukAEe] ddist 9 38 Ve €82 A

stal, e 71eid &5l o4t A¥shke Aol ZtEol 3

13) .e290] CHAREH2018), pp.1-4
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o} E3SH 20169 =290] 93]+ &SASH digh 7]&S 20504 9]
A 2030@E7HA1 2 208 dd7= 4 WHeks S5t B Sl
o] Mok ZA|HQl & ZHe T SAHIEHS Ut AR

St ¥eto] Z3tE o] 9t

rago] ARL 20199 59, IMO2F 34 ‘IMO-Norway Green
Voyage 2050’ Adsto] 247kA wiEZ Eo17] A 2714%e
A Yst= TRAHAEE AZ STt TR2AEL 27| A2 Y2 Q5

Eo|H, 2050L477}Zl 20084¥ ﬂ%ﬂl LA7IA HEH

lt:l
JN J

4) SY19)

SUEE= 20169 11€ 2050 71% F5AE(Climate Action
Plan 20500 AEston, 542 o] Foko] upet 247tA vj&
A= fIt A7) A=E UNoj| A& &9 =7to|t. g AlY
o 4= 2050"477}11 ALY o 2ATEA SEE A BEE F
al o, 19909 ™i®] 20309714 2A7tA HiEHS A 55%
ol Ae F7I=HE A5

14) Ship Technology EH|0|X|(ZA: 2020. 10. 24)
15) BMU EH|0|X|(ZAH: 2020. 10. 24)
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(& 2-9) Climate action plan 2050 224 21

Sectoral targets in the Climate Action Plan 2050

The sector targets are shown in 2030 from the Climate Protection Plan 2050 (in millions of
tonnes of CO2 equivalents)

Energy sector I 358

Industry I 181

Buildings N 119

Transport . 160

Agriculture IS 72
I ©1

@ 2030 (expected maximum) @ 2014 @® 1990

Source: Federal Ministry for the Environment, Nature Conservation and Nuclear Safety (2017). Climate protection in figures 2017

A2 BMU SHO[X|(ZAM 2020. 10. 24)

5) Al

A9l AA *F A 2AVEA HiES Sl fs
Climate Roadmap 2050 AGstAth sig 2=9-2 203049 4
30%9] 2474 HilE THEE BRE 51 9lon, ‘A 7]&d tigh
F2F, dAd®m B G3t AL"H] T2, AEE oA e AlA
dof &2 59 W8S T ok 20509 HEHE 2AVMA wiEF
022 Zero Visiong AFRoH, & Al2d] mHdea ¥4
L AFG, AR A AR AU A AR, &E AL o]
AR 2+ |8 A9) 59 WES "L Stk

16) KOTRA SHRIAI A FA(ZAML: 2020. 10. 24)
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O] g Y9 AuF 2A7EA HiE S BAS AlgstaL Q)
ow, 19999 FH AHg tAd w77k viES A ok 2011
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17) E+35%e SH(0|X|(ZA4L: 2020. 10. 24)
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H2E IMO e} 2aVtA Z=ZX] oig &4

na) Pgre Adsh Aotk 1elm ABe AA Hojel ING %
st Zago] ING 7147 T AXE BAS vigos 4
Amagl A7 YEYIS 753 ING 97 A A& et

S X AR TFAANE, HRAEY] S44L Fof
3 A AStoll W IMO t-8-58 Alalo] 23S wH A8
Astal Qo £5] IMO 9 wA|7] 7oA F3ste 2HgEoF = A19E
g 1(GloMEEP & 1) FE=7}, GSMMP(Global Studies
and Monitoring of Marine Pollution) 9+ %, ISO TC8 (Ships
and marine technology) 7%t A8} sjQfEof X235} 7|/ FIe,
GHG & 7M==9] P45 ol Ad=9) ez ok =
(CBDR®} NMFTS] %3}), MARPOL ANNEX 4% 7§34 #rof 5)of &
= Fofsta ot

A 20169 99 =2 w22 B3l UNFCCCOl| Z3(v]
o oA LY AFES oF 20%= 571, 20309714 =SP4
(GDP: Gross Domestic Product, ©]3} GDP)9] B4 H|SS 20059
FEET 00~65%= R, 20059 o Bl A& 459 4|
g I7HE AEstath. g 202097HA] GDP ©9d GHG W&
= 20059 FEETE 40~45% €7, ‘12 ol A| ABlofA H|EHA A
29| AREE 2020971A] F 15%=2 S7F, 20054 thH] 20207t
A A WA 44N FetE, A A 139 A9mY S7F e &

o] 20208 Aof& s

]
i

18) Sh=aid4=A712r2I(2018), pp.62-78
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EU9] JOULES Z2 A Ex= FP7(Framework Program 7)2] A 3}o]l
4 A% Ade] t7| @8R HistEES 5EE 51 Ut =24
E NE, Rolls-Royce & 39719] A+-7]3o] Frofsto] 247

= Flt vl 100 Aol |t @A 71eS BoHsin

=2
r
:

(23 2-10) 71& B/t HE Mol &

(" Application Cases A
" o N[ Dotatonken:. N[ Acokiatonares: N[ Avobcaiondros: \f Avokaonsren; )
Work Boat Cargo Vessel
DARIEN
Tug ] _
’P:
FHC=IVI
Dredger . !
Mega Yacht J \ ) \ J \ //

A&: JOULES(2017), p. 21

117] gl Higt 489 35 HFe= A+ 293} 7Hs3 740l
o} aEal ZF AFo] oigt 2025W =8t 20508 HA ZHE 43
skt

a8 Aubov ] g BEE 55t @A AR AR
gt SE JFB7HE AAISH] tHEZAQD 11719] AFof et d3&
A A sFA

I/ 40



(O 2-11) JOULES ZZHEQ| 2ATtA

Application Areas Application Cases “m

Ro-Pax
Ferry
Urban Ferry
Ocean Cruiser
Passenger Ships River Cruiser
Mega Yacht
Tug
Work Boats
Dredger
oPV
Offshore
osv
Arctic Cargo
Cargo
Wind Assisted

A&: JOULES(2017), p. 21

(ad 2-12) 171 832

Renewables
Primary
Converters

ROPAX

Urban Ferry
Ocean Ci er
River Cruiser
O

Luingossored

SV
Ocean Cruiser
River Cruiser
Mega
2050
PV
SV
Wind assisted

Diesel Engine
Gas Engine
Gas Turbine

Wind
Solar

[
[
Arctic Cargo

—
At=&: JOULES(2017), p. 25

o
FoU%

Fuel Cell

20%

25%

40%

15%

15%

20%

25%

20%

20%

20%

35%

o

Secondary
Converters
Energy

Storage

WHR Systems

Battery

HIO

Systems

Flywheel

M 2% IMO e} 2AVA AEXX|

da

o
Okor
HI

1z

A 20

so% [N
70% [
70% [N
so% [N

30%
40%
40%
40%
40%
40%
50%
Zt= X HE
(=) EI"XC;
$
E 8 3
(N ENE g .
E 0§ 8 g
E H E s
E E T g
- s %
8 £ i
|
[ 20 | 2w |
20% 37%
-
N ETaETS
70% 70%
[ | 80% 54%
30% 17%
L
0% 59%
| | 40% 55%
0% 569%
50 % 82%
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P2 AUE-ZSFANEE A=
2= AdHf ING #34, eaFyd Al 7
20179 o] A(Immingham) FTroA J=+
% LNG ®HAHY v} Qlom  AR-A LBl (Southampton), El
AR E(Teesport) 5 = $8 TRl ING BAH Anets F50}
Rt 1Al A AHe ofg ZRAETE XY FolH, tjEH
©=F ‘HyDIME project,, Hydroville project’, ‘HySeas III project’,

‘Hydrogenesis@ project’ 5-°| 1t}.192021)22)

S

-

(J7 2-13) Y= AFTI Mt 71

Kt h2-view ESH|0|X|(ZA4 2020.10.12)

19) HyDIME project: Ferguson Marine Engineering SIAFt £E8t Z2HMEZ 7|Z0| H|2|AM0f
AL 7Fsth £=4/U1E O1F ClE AL AIARIS T1e
20) Hydroville project: $AFE HSMOZ F= 20|= MZOZHH £|F S0IEI2 AP F/E9|

S Z71 IS AR Of2

21) HySeas Il project: 2020'F 2+ SHO| 4 FE 72N 74X T2HE
22) HydrogenesisZ project: 12kW 29| HRFX|Z SO 2 AIRSH A 53 ({ZHM, 6~10c
Ez 2ts
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H2E IMO e 2aVtA ZEZX] o &

3) =29|0]23)
Lol AgAAE 9 giAdRg ZTFAE AES YA
t} AHQ} DNV-GL, AF
A= e AA R 3FAA i, MY it AF 5= A

o=

Green Shipping Programmes 453l Q)

57§(Cargo Ferry plug-in hybrid, Next-generation green shuttle
tanker, Hybrid ocean farming vessel, Conversion of cargo carrier
into battery-hybrid LNG carrier, Pioneering green port project)2]
AMTeAES AZetelr. i wagolt 20154 28 W74
AdEFRl Ampere® 9] 232 AR SH, IMWE BiE 217} HA| = o

Aol AR+ 120t 2 54 3602 BAls80] 7Hsd 7ot
2ol AR WEAYE 7km 7S +F S AUt

FES AJRHA] Auke] 9 20099 290l € &Y 35 A
d ZRAEE =3 330kWE MCFC A7 AR A|AEHS 7fetgion,

7,000A17F o9l H5ASE EESIT. ING 3142 2000
A Y AlFFeH, 20184 7|E0 R F 213 0] AAR 23
of k. T3 AA Hz=Z 300kwe] H7|EE 20E ol&
100% 7|2 FZHst= A8l ‘Future of Fjords' & 2018W0] &
< A&,

l

,4
oo ol oy L

ol
=

4

Jin

=AY H = Maritime Agenda 2050 A|¥st7] 95l ‘Innovative

Shipbuilding to safeguard competitive jobs & 2=%oto] HFAT

23) DNV-GL SH0|X|(ZA4: 2020. 10. 24)
24) Offshore Energy EH0|X|(ZA4: 2020. 10. 12)
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KA ZHOH
o o
MethaShip SUYE FO| G IH|Z RoPax M8}, 22X MES HAO = H|E
Project 2(Methanol)0| CHHIHIZ 2 M A7 1SEHK| ZHEoH= T2 13 JHEt
A YHEMK| 7 |52 25U £ 2, 2 S, S FX|
Ashi HIZEA 3 Mg edel7E Eojolil =Y HRIH Kok &= KA
edships

it A0l HREIXIZ ARSI SATIA 3 2 Q5 ST HiSS
HEHOR S0l 2HE Y

MEYER WERFT2| 0101 48, Cift S8 £0j0llkf 12 PEM &
PAX-ELL 2K NS EIAE, m2HEC| 2HE AR HKIS ARRSIC] 042

Project MOjIA] &7 1M1 244 0L X] A4 (decentralized energy generation)
o cr
= =20

Of21d % 7|E} S 4e10| 22 TS HAI5H| 9It ZRHE, 212

==

iCHIBf X0l At 7 ts St HE = HIERS, HMOUIA (CNG, LNG), TR =2
rojec A20/92
Scandlines 5 &lat 7t 246H= RoPax M8 240)| £-H 7|= 510|22|= FRIE
project RIS HX[ot0] HRE XMLok= T2HE
S gF23 Alster XA 2eloks AHZHX|(PEMFC) £ O
Zemships Z4M Alsterwasser /g T2ME

project 04Z4A2 100KV 1300t2) 02 HZFX |0 ATHBKW O Af2] T4 O
2 7550 350bar Z{EYH01| 50kg AKX A| 2 3U7H20| 7t

RiverCell/ELEKTRA
project

o

TAAZTRIE HEAZ G2 /WL X BT AL EZ

1=

E

plLo)

Xl_-|7 i&)ﬂ Vi =13 ) _
FEE L o memsht 250 5-30MWE MEEX DS Jjer TR RE

project
Kz MGHASHEATA - SIFEHINERHSTH2019), pp.167-1622| Xz S HIHOZ 5104 KXt 2k

25) EIBIP SH|0|X|(ZA4Y: 2020. 10. 24)
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5) 0=

u]=9] Hornblower Cruise & Events7} slo|Hg|E of 4 Ax T2
AEES AZslglom T ejoke, 2AARAR|E o]8slo] EanjZo)
ghe ARS Jidehs B2 ARERE 2831 20089 541919 600
4, H&es 12%E9] 59 H2] New York Hornblower Hybrid' &
ZAzsI). HE= 2012958 232 AlASkoih

1‘)4

.‘

(% 2-14) New York Hornblower Hybrid
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(H 3-3) d& 8= fIet TAHX =X

A ZX| LHE
- 289 2EMS QX E= 44)

EEDI 2REM
£ FEAA B

- l0|EIS T2fE M4 BR(ISH Ei HR)NGY
- 78X TE U AU AIZE X

- 0JZ4 4810] Chet &Y

- AT Y S A0l Ch3t 12

T=2A

2B 20234 0[5 0|34

3TA U WFRHE  MARPOL 25A601 CHS 7HH(QN 7Y 2 HZE

X2 IMO SIHIZA(ISWG-GHG 5/4/11)8 A15101 KX} Zh

(3) MARPOL ££A6 L MZF ¥ F7|0f| e AHZE X|HEASEZ)
H3HCSC)

A ATHCSC: Clean Shipping Coalition, °]s} CSC) =4
I Autel A 271d HedET oFst e AtskAd
o Hd&zo] digh 2 20219 E= 202290 LR E olof 5}
™, o]PS Al&ct= Aafo 7]&Aol tigt T=E Askar 2030497}
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HI3 A At SADIA ZES XR| O OBHRA
A 717be] whet AEAH O ZHawolof Tk,

SFEE Oish L2 &5 A 7|49 ZA o] Hasiy, A
23} Muto] A7)0] Het B LF&ES) sinE T Ko
T2 BE Ado] A 2L B WAL 25
kA AFE 9 F7EE &5 7|SAT HEe S1E 205k
o] Wasit

(E 3-4y MZ U 3|8 Z{HLEEE(-10%) ClA|
AT
7|1ZM: Of|Al(knots)

M= 37| cre| 2‘(115“))2 20169 B2 : 20154

il &5 (knots)  71&=MO

-10%

1,000-2,000 27,214,751 13.60 12.24
2,000-3,000 20,230,592 13.95 12.56

HE 3,000-5,000 43,873,447 14.80 13.32

IE 5,000-8,000 TEU 40,864,772 15.44 13.90

ol 8,000-12,000 42,154,615 15.73 14.16

12,000-14,500 16,736,899 15.89 14.30
Y 14,500 7,869,424 16.86 15.17
10,000-35,000 19,682,329 11.36 10.22
35,000-60,000 43,578,730 11.56 10.40

H3
EM 60,000-100,000 DWT 53,102,931 11.56 10.40
100,000-200,000 36,394,686 11.07 9.96
» 200,000 17,961,857 11.82 10.64

At=: IMO QRIZM(MEPC 74/7/8)
IMOE oML 283 thE AErE2 A Jstal 1,000 TEU =]qt

o] zeel| A, 10,

wt "o EEA

, 5,000 dwt m|¥te] B#
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A, BAZEAEEA, 5,000 dwt B|9He] B4, 2,000 GT 19| =2
F240] disf £& A4S HEot 1o WE JIFEIE 1T
= Aot

AlAgE A3t -2 AEEC: Y AlF, HF9 otk 5)
2 54 YA E= grt Agolv e ¥R AElolUE Bl &
g 4= St} ol=gh AutEol 9o 24tE= Aol s A4 3
ol A & e T F4sbelr| Ao #AHY s AT 5
Atk &, B & A7l geiA 7129 SEE AAT 4 A 1

9 77ele A%0= eYotol, At WSS H8H ]
1

AR TlaN % U LAY
e gz e DI T G122 ASSIGS GOl SUST(SEEMP)
Sveod aotimization) - FESEE AZH| SIshA F (2 HZHS E2/ 48] 3

Peec OPTMIZEION a1 wur 2717) ZM0| Tt 7|2:0| BHS01T0F B

M4 Z2t0] Mut0] 7101 £71 910 £ 0[2474 B| T 510 AFKOY
(Speed reduction)  HOIE HIS0l| W2t HWEXORZ £EE UASH= A

A ST NE Y 37|E BR NET N Meo) ST ST Aj0|9
(Maximum speed) HWd £EE 7802 MY E &0 §H

X2 IMO SIRIZA(MEPC 74/7/8), p. 62 &1510] XXt XA
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(I8 3-6) £ S| SHO| THSE KIA|

Graphical illustration of target maximum speed applying to Containerships (14,500+ TEU)

Current annual average operating speed
of individual ships sailing faster than
than the target maximum speed.
Requires behavioural change (i.e. siow : =
steam) s

Current annual average operating speed !
of individual ships already sailing slower 1
than than the target maximum speed H
Requires no behavioural change.

'
The level of required behavioural 3 =
change for individual ships sailing

faster than than the target maximi um

speed. ' =
i
i
i
i
i
0knots ; 21 knots
i
i
i
i
Minimum safety Target maximum 2015 Baseline
threshold speed: -10% over speed
(6 knots) 2015 baseline (16.88 knots)
speed
(15.17 knots)

A= IMO SMIZM(MEPC 74/7/8), p. 6

2) MU 6: MESE 245 A W

(1) SE7|8e] HESE 78 HU(=2H0], ICS, SGMF)

AT = e AYARZA LINGY] A2 NOx, SOx,

ro. nPEA FAHS FAAA t7] Hoj AFdt &
2 oA FFEAY FHE 7t INGY

EEDI A4S f13t &A= 7129 F-/MDO, MGO)7F 3.206, &

F(HFO)7F 3.114%1 Ao H]& 2.750]|t}. whakA] INGE R TAA|

o AR £ w2 ovA JAYE9 AFo= F/EY CO. Hi&

of a¥r} it wekA &5 EEDIQ] 8k LNG d29] AL 3

#stA 2 Foltt.

28y WerEH(methane slip)h 22 Hgt
7] W& 7tAdE W7o sty 7)ol o) Ads]




g o= At g2 CO. Bt ¥ B2 2A7IAE FEste QAo
o, HEEY2 AA7IA AR AFGOR gt 2AVA 75 AYE
z | W&o 23 vFA5HA] &t 201499 A|3AF IMO 2
A7FA Ao WE™ CO. 57He2 HEstiis o, Ag e A
A A7 HH%O oF 1%° ]E‘r f’ﬂ 2 H%ﬂ% 333l st

o=
>
>,
N
N

e
-,
k=)
H—:
it
e
E
4
:od e
x
E WE,
Q ou
S o °
=Y )
Nl
rﬂ @Ii
rlo
o
2,
L
>
hiAls
10

(EIAPPC: Engine International Air Pollution Prevention Certificate)
ol Z3kd 4= ok F7IHEE o2 o9 HeEdy wEsE
Holl gt W& AgHx|of gt 127t oS AHolztal 453t

N
lo
ol
_>.i
L
[\9]
o
o

.,
i)
N

e i ol

Eéﬂw

S FAZ7IAHS|(SGMF: Society for Gas as a Marine Fuel Ltd.,
o|5} SGMF)&= H&E d&89 247tA & gt =5 83 H7HE
At AF7] a#rE Basiear Ajbetith. A& =01, 23873 71
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o MGO/HFO AH&-Z 2A7kA Hi&9] 83%E AFA|sHHA] WiW(Well
to Wake) ¥i&9] 71 & R2ES AR5t it 1A el Hpol @
INGE Mg = 2 H7E25E wEd vgoA giss
o], A4 A9 Hgt 2219l ZA3F TtW(Tank to Wake) 7149+ HY
=3 &49} LA L 7| TS o] A= FFS § Atk IR
Hgto] @ A Hpo| AR A th7]o] WEEE= A il AREA
2 d APAHGE A7) Hrolrt,

ole} Zro] ka9l AetA dAgol d¥H B7HE A= EF
A=l digt Wiw viE R 7]Eo] sttt IAS g A B
2A] ool AMET 4= Qe FAES 7H AR o]Arstet At &
A7t20]| tigt =017 E] AJZto] Efojof Fit}, o] & Ao B2
7] AHES §IS SARE, S B wiEE S 5 22
grgo] EgtE|ojof it webA SGMFE T2 7|3 7]& ARg o
2 HEEHE 247120 gis) Tew 71ute] Wgk sijE 71&24S At
Sflof gtk AQtetgict. ol AL wigt wiETF rAet 8kl A
2AZIA HiES 9% RAEA TA E8E 5 AL Aol

é

(3 3-7) WtW, WAT, Ttwe| 714

— —

Production
Well-to
e Refimog
- 15 g CO_e/MJ e
Disibiien Fuel carbon
intensity
y -90 g COe/MJ
Well-to Release of the Sombustion
o R e fachor
g "combustion” =
e Tank-to 75 g CO,e/MJ
Wake =
225 g CO,e/MJ
ke s peciic fuel consumption
e =3 MJ/IMJ
“end use" = power out
— L_

Xtz Kofod and Mundt(2015), pp. 62-71
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(8 3-8) LNG FZIM Wtw, WAT, TtW 7HE

LNG consuming region |

B oAl e D) e A

Gas production Pipeline Purification & LNG carrier LNG terminal LNG E LNG fuelled
& processing transport liqguefaction transport & storage bunker ! ship

. barge
LNG producing country A
A A i
Lol ===}
5@ - oo = [Fun] = Y o

Gas production Pipeline Purification & LNG carrier

& processing transport liquefaction transport

LNG producing country B H

. . s E Tank-

. . ' to-
: Wake

< Well-to-Tank (WtT to =
@ (wtr) | I (rewy)
>l ! .

‘ Well-to-Wake (WtW) | L P

At&: SEALNG % SGMF(2020. 5. 28)

(3) CO. S7I2 AI25I0{ EEDIM| ZE HIESX HIH(SGMF)

OFHQl 7|&d, T4 A-EXHELI EEDIS} SEEMPE 20119
A= ek T8y EEDIZF 22| CO. T 7[E2.2 5tal Q7] &
of mgto] =R &2 INGOl |T 4 Atk 187]
CO. 5717} EEDI Al4toll 23Hd 7% EEDI= #=oH &= Qith. E3H,
F713 FFIAES INGFZIA 0] T2 MutEat vt = g4t
3HE 22 eHdEE Fast 9 9 dm 4H[E 25 A H
g HiE71A] X Astofjof oF7] wiio] AdHoR ATFA Ao
olEEE A< 4 Uth

2AZIA HiEE At 17HA] AL EE NOx 481} H]
F71% Al Aol S = Utk ol AL Y3 SGMFE LE Hi&E
Aol tfsf CO. 57+ Lfsto] Brist= Zo] "astthal AQtst
Arh FHoRE 3718 B £74E 7|EA gEE AT 7]

T uiEAS L So] aETh E e ok NGO Bld#AdS

o
0o
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o & o 2PAQl HIe 98, BEDI 7|1E49) WAgle] e v
4 gsto] ARARHCO)T ALYl HHsh 9 2U7A
FHEFS GAE olTo] i Zolch. ol SCMFE Wg HZ

= #as] AT 2AE2 Ve TH4 SRV HIE €85t

<)
12
ru
oz
o%
~
ol

LN RIISIEIE(VOCs) ZE Al 7L
(1) IMO &9 2Ied |7Is=E(VOC) tiE SH| 7HM(.29[0])
VOCE W&t} np7ix]| & wgto] 7| 333}t {F IAt o= &
sk, At 8 245t =2 gol: 3Hky {713 (VOC:
Volatile Organic Compounds, °|3} VOC) ¥ji&9] EAof st EA
IMO 4 7= Atstidt. #7489 7ML 71e9 AR A&

59 WEe Es AoE AL Aol

(2) &7 EOIE2l VOC 37| &l 7ot 12(ICS)

z27|4Ze &7] A FHZA VOCY Bi&L 25k 2712

3t wpetoll digh nefet £4& xebetal Uk VOCE Shed Al
sHfohe &Rt MiEE 5 SleH, ol 371 AL mN
A ekd 4 o diFte] gAAS0] ov] S719 Tt A
WA 7F Al FE o] AFol= BFeka thii o] Futat Hude 57
SPAIAEF S ZHA T QA Ytk ICSE Aee et 7] d4 24




o] o] Y= EE At ko] aETa FsHEA, 7|
+ FAA gHuldol 371 AL/ 88 St tiet 2AE AL
2efof ehttal A|bshict.

L
o

ik

w
09k

2 IHE

1) ZUY 8 ZTIESHE(NAP) 7H Y
(1) S71RESAHE i R = Lstof| st MEPC Z2olE xHEY
(=, Y7IEE, L290])

NAPE Alube] RA7LA whE ol sk S7hAel o] o)
350l O] ABtT £FH ATH =70l A&

NAPE S|@=E Aolo] FRE 4 Utk 33 ArtEEE 27] 2
=

X2 NAPZF AEEod, muales
u} Ogﬂ o

g A2 2714 g 4 Aokl skl

N7, 71&, 15 59 +8 A, I¥E7F 2 gHAEL F&Ex
A| 2 8o ZghE &350 S50 et £34E Zo|th NAPE 3
H=Eo] B +=3E Aol EHF(platform) 9TZ 5HA 2
Zo|tt, E3], LAEAZ7I} A EEAES] X|&7HssE AErS
AT AAH 229 FFE 71D ¢ Utk A9 sy HEE
=72 s 9 EHo] Higt 88F Aol AErY] ofyR|ago

. ~
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Aoz o]gHLEE =T{Fojof & Zojtt.

IMOE= AAl 229 A9 3/E 3 A& EHAl
AHEI(GISIS: Global Intergrated States Information System)oll Aj=Z
& BES 5716t SlY=So] AREA NAP A% H AlET &

T E gjjof sit}, ESH &3 9 A7FEEX= NAPO 1A 2 A9
o U2 o|sE &71 sliAl Aol that =2t 7ol Ha sttt
I A|FsHAT

=290] A 2= =50l T -9 9] ZATIA i
et ZAIE siZst7] It NAPE 7Wdsfof 2t A|Qtshitt.
NAP= AT &5, A8 =09, ‘:Hxﬂ‘jqﬁ Aueptz, Jut

HI %0,

=~

A71eE FH dezH IMO9 4 HH% 7:?——’% A5
g Ao, 719 & w512 %‘1‘% A= L o] P E Aotk
EQd, A2 oF A0 ZREA 2 sHAdE e 5 At

(2) BHBSHEC] 7Y U WSS st XA HE(=29I0])

w2 gol NAPZH IMOS| Aol ufet Asolof i, 81U
£2 /)Mo= IMO ARFe| 1AL AE3t HAssol et
Z4otgict. NAPY| 7B o o] Tgo] MF, 2H&, Fu, 8,
3N U, IRE XYL AR AARAT Aol B

2 7H5 & Zolth G, NAPE FAHHOR ol8% 4 ek,

II

ol
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(1) A, 3|40} OJSHZIAXIZ} 7Hs8t R&D T2 72 JHEH(ICS)

IMO= AlH} 3203 A= A|AF] Baet JEE AEsh] 93
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H2X G722 344 s 7|dske 7idely A &5
Doh= Zlo] ofynt. IMO7F 2714 ke] Aol W 5% 24
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MO EEDI 743} B0} 27102 ol 20| FAA
24 WY o A ot 34 F YRE 2k iE
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2 714 A% 9o} AAHS Lae] o] ofd F3] £ 4
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() AA7tst MEA/REA AE A3 FOH(CESA & EUROMOT)
FHRAAES)(CESA: Community of Buropean Shipyards™ Associations,
oJsl CESA)? =4 A47 | 8A = HS)(EUROMOT: The European
Association of Internal Combustion Engine Manufacturers, ©]d}
EUROMOT)= UIHe] ks, viohy g Ee A due ddet
AB7FsAA Fol 87+ Zolug ] Azof diet AF7|(LCA:
Life Cycle Assessment, °|5} LCA)7} L& &|ojof Shttal A|Qtsl3itt.

CESAS} EUROMOT 33t ©7] XA 24 A, 7]&e3, HA|
2 {HA 7Hsst H A9 fAAS AEcts A 5 719 F
QA4S FoAH. ol A2 (O¥ 3-9)8F Zo] JOULES =&
AEQ] upx|u} AT AANA AFEAT}.30

7
Hi

(I8 3-9) ZXHIE 24 W0 CHet &=

@ _jonles

Future Approach for Ultra Low Emission Design Concepts

Societal Challenge

Sufficient renewable energy carrier for
transportation

* Land Based | -
= Aviation | -

Technology Challenge

Create disruptive design concepts
matching

Best possible energy efficiency
Investment and maintenance costs

= Shipping | = Wweight and Space requirements
* New rules and regulations

Innovative combination of renewable energy carriers

and on board technologies in a highly uncertain future
= Optimal use of resources at constantly declining GHG-emissions
= Economic robustness using sensitivity analysis
= Find applicable decision criteria, e.g. lowest CO,-abatement costs

JOULES Final Conference May 17 th 2017

A= IMO SJHIZM(IMO 74/7/6), p. 5

36) JOULESE= EUZEH 7|22 ©HoF 201335 2017E71K| 7120 F&kS 0|X|= 7tA 2 [af
=29 HiE 1t 0|4 X| AHIE Z401 | 2o R SHARMA0| F=01F =M IAIE =25t AT
£ 435t T2HEQIJOULES ETHO0|X|)
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5. XI& E= HZUS &
1) HZUY 12: 2 AR CHSE TFI| 2471A/HATE
K& i

(1) Szo| TF7| 2AVIA/E: T XIE JHH(CHRIEIS, =240])

LPG, LNGT holAlGt Belstol s dhel oot 28 A 3
o= s A28 2oz g

GANFE A W Ferazo) o5 A
g3t oA GIshAE IMO Forl et o

O Sk AR eAZks AR7)/8Ad

L= T

gy
2 Lo
N
cl s
3o M
)
g
[

EEDI A4tS §17F SHAHAIS X3S whEo]oF gtthal =
23t A Fofl= @A 71&L 7|2 AeAa W FeAa AR S
AREA A7, AEE BE AR AF] B B ®E
3t A7) A2 Higt viEEd JHMED B4, AdE BE R
o] A7) LATMA[EAYFE ALl @A IMO Feofol| A
A7) SATA R FE WP 22 Y-&o] iLEE oo} gttt
290l JA] Adrol HAF7] HiEZ wtgste WS 1LHste
SAlOl ALk 9% FHst AE&AQ FIHS FHol= Ao
Zastoha Fskleh F8e sty SASY wiES B7st
7] o AR 2AVIA FFE AA ok AL oA uh AY

A= AHgE A= #A 24 Fdo] 874 & Qo
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(2) CtFst H=o| HIS CiO|E{HIO|A FHL(SGMF)

SGMF= A 63 #&Asto] IMO7F afle-9] 247t wi&
Ao Higt 271" 2o]| o8t v, HHW] ol LAVIA T :6;4;:
Sistety] YoliAe ohdst d59 M7 viE
7FsloF ghotar AlQtstgict. 1o wheh ohfgt i et *34}
AHE A2 2 WiW HjE dlo|EHo| AE Asiof ghhal =7
Skt

(3) CiYet A= GHG Fe Alut A B Azt S flet EES}
(=28[0], ICS)

radgels A= 247IA TS Atk S BESE o
ot A=o] 92 DCSS| EEDI 6&% o0E 2 %
Akt i A7 4uQ CO. HiE 7Ho] HekS ) Ahgd &
Rt ojof ettt A7 Wi 7heet e sl Eeast
20509 =;e} BlAE A5 fsiA FEa H gAT
28 dAsks Ao| S5t

=
o)
H

)
o

o B
N i
b 4
é

o] ICS% 35 AlEAE® 27142 20508 &5
R Aea 9 Rea duet Ve AY 55 6 242 &
2 a5k}, EEDI Al4te] 2L Amel oA o]F9] §F
1ol g5 Dol Fashy, AR FAtol gt A=E
SAe g A Aas] sto] FAglel M EE Lol glofo
gekar FAstloh
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2) T2 13 TR HELY/DELL 12 SIS et T2
ot

(1) ixiz S22 st HoHA sHE Z2TH JHU(L=E0])

L2l tiAdr &80 ZojeLE AAHFOR fds=
g9 S Attt 20304 o|Fof AREE Auke i
AFE ARET 1|7} HolQ)

ofof s, ARE A7te] wehA A A
E3h A=A

T+ 20209914 20309 Ak

AH oz Ag7FsdloF gt A
Az A2l qAA=E A&

olo AxH AHE2 7I€ 714

T Ao AAHrt.

T

=

g gojaboltt, o] TR FEG A ThE P aE A
Asta sidsfor ot, 2L A5 =Yoo Qg AY T of
gk FEE JFofof Fhrh

(2) SEHA U IS IR0 T3t T2 72 JH(CESA & EUROMOT)
NFL 7120] AE ARAAHo|A v AR AA2YA o]

5ol flt Mol 8= ARt webA CESASE EUROMOT
< A7 &3] Aol wet v HishY AR B Feh ARVt
AR # Z2TH9E Zshs Aol Basiehil A<kt
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A&: IMO(2009), p. 75
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Eide et al. (2011)

IMAREST (2010a)

CE et al. (2009)

Modelling
interaction btw.

All measures can be

combined with each

Grouping
Combination reduces

Grouping
Combination reduces

emissions in 2030

measures other except for fuel reduction potential in reduction potential in
cells (used as auxiliary  absolute terms abszolute terms
engines) and gas
fuelled engines.
Baseline Autonomous efficiency  Frozen technology Frozen technology
emissions improvement: baseline baseline
2010: 5%
2020: 8%
2030: 10%
Baseline =1,500 Mt ~2,000 Mt Reduction potential in

rel. terms only
(~1,900 Mt)

Coverage of
measure types

25 measures

22 measures,
15 groups

28 measures,
12 groups

Cost and
reduction
potential data in

base year

2™ GHG Study data
revised and amended

2" GHG Study data
revised

7™ GHG Study data

Fleet (age)
structure

2008 fleet composition
from LRF;

SAl ship building and
scrapping forecast for
the short-run forecast;
heuristic approach for

long-term forecast

2007 age structure
based on LRF data; &
age categories of 5 yrs
each; max. life time
of ships = 30 yrs; IMO
fleet data and
forecast used for total
ship numbers

Evenly distributed in
2007; max. life time
of ships = 30 yrs; IMO
flest data and
forecast used for total
ship numbers

(sensitivity
analysis)

Fuel price 2030 HFO: 350 USD/t 900 USD/t 700 USD/t
(sensitivity MDO: 500 USD/t (700 USD/t, (350 USD/t,
analysis) LHG: 350 USD/t 1,100 USD/t) 1,050 USD/t)
Discount rate 5% (8% ) 108 (4%, 18%) 9% (4%, 14%)

Learning effects

Learning effects
applied to several
measures in terms of
cost reductions and/or
reduction potential
increase; effect

differs per measure.

For five innovative
technelogies, future
cost reductions (10-
15%) are anticipated
for first 3 year period.

Xt=Z: CE Delft(2011), p. 18
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