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EXECUTIVE SUMMARY

A Study on Changes in the Carbon
Intensity Index (Cll) Resulting from the
Reduction of Waiting Times for Port
Berths

Bo-Ram Kim * Ji-Ho Kim - Jeong-On Eom - Min-Ji Jeong -
Se-Won Kim - Eon-Kyung Lee

1. Background and Purpose

1) Background

= The IMO’s short-term measure, Carbon Intensity Indicator
(CID) is subject to significant volatility, largely attributable to
its dependence on operational outcomes, with prolonged
waiting times caused by port congestion significantly
impacting low CII ratings.

- While both EEXI (Energy Efficiency Existing Ship Index) and CII
aim to improve energy efficiency, their approaches differ
significantly. EEXI is more static, considering ship specifications

such as volume, speed, main and auxiliary engine, and power
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limitation devices. In contrast, CII directly regulates operational
conditions by taking into account annual sailing distances and

fuel consumption, categorized by type.

Unlike technical measures such as EEDI (Energy Efficiency
Design Index), EEXI, and FuelEU Maritime, or economic
measures like BEU-ETS, CII ratings for ships with the same
specifications can vary significantly depending on operational

outcomes and maritime conditions, making CII highly volatile.

The 2022 consulting project conducted by the Ministry of
Oceans and Fisheries on improving CII ratings for Korean
shipping companies identified the main operational causes of
low ratings as follows: @ prolonged waiting times due to port
congestion, @ difficulties in applying CII correction factors, ®
lack of technical and policy measures for managing CII grade,
and @ insufficient communication and cooperation with cargo
owners regarding CII regulations, with port congestion being a
chronic issue influenced by various factors, including internal

port conditions, ships, cargo owners, weather, and human error.

For small- and medium-sized shipping companies with
limited financial resources compared to large companies,
the positive effects of reducing port waiting times to

optimize ship speeds need to be evaluated.

- Addressing CII regulations may involve the adoptiom of

low-carbon fuels, improvement in energy efficiency through hull
cleaning, optimization of speed and route, and the installation

of auxiliary systems like solar and wind power.
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- However, these measures are challenging for financially
constrained small- and medium-sized companies. Practical
solutions include optimizing speed and route management.
Strategies such as slow steaming and reducing port waiting times

are needed to decrease total annual fuel consumption.

- Delayed berthing and prolonged waiting times not only affect
operational efficiency but also lead to unnecessary fuel
consumption and contribute to unfavorable CII ratings.
Quantifying the impact of minimizing waiting times is crucial
to establishing collaborative frameworks between ships and

ports.

2) Purpose

- This study begins with the research question: "What is the impact
of reducing berthing waiting times on optimizing ship speeds
and improving CII ratings? to evaluate how minimizing
unnecessary berthing waiting times can enhance Just-In-Time
and improve CII ratings for vessels owned by Korean shipping
companies that are most likely to be affected by CII regulations
by 2035.

- The purpose of this study is to identify changes in CII through
reduced waiting times as an effective compliance measure for
Korean fleets. By quantitatively analyzing annual average
waiting times and the corresponding CII variations based on
different rates of waiting time reduction, the research highlights

the critical importance of information sharing between ships

xiii



and ports, as well as the necessity for collaboration among

stakeholders.

2. Methodology

= Analysis of Greenhouse Gas (GHG) Reduction Policies and

CII Grade Predictions for Ships Over 5,000 Tons by 2035

This examined trends in GHG reduction policies, including the
IMO and Korean authorities, identifying their focus areas and
any gaps in their decarbonization strategies, particularly
following the implementation of the short-term CII measure in
2023.

The analysis focuses on liner vessels (typically container ships)
rather than trampers (typically bulk carriers) due to their
relatively fixed routes, which make it easier to determine annual
berthing waiting times. Utilizing 2022 CII performance data for
Korean-owned fleets, we applied the CII calculation formulas
outlined in regulatory guidelines and projected annual reduction
rates to estimate CII reference values for each year through

2035.

The forecasted vessels likely to require corrective action are
identified based on CII grade projections, specifically targeting
ships that may receive three consecutive 'D" grades or a single
"E" grade. The study sample included container ships schedule
to call at Busan New Port in 2024.

= Analysis of Annual Waiting Times and CII Improvements

Xiv
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Based on AIS Data

- This extracted annual total berthing waiting times for vessels
using AIS data from 2023, analyzing the waiting times for each
port of call. This analysis included a review of historical AIS data
and real-time monitoring of container terminal berth schedules
to identify discrepancies between planned and actual berthing
times.

- Incorporated waiting times into sailing durations to calculate the
optimal speed, recalculated fuel consumption, CO, emissions,
and CII performance values under the optimal speed scenario.
Validated the resulting improvements in CII grades and

quantified the effects of reducing waiting times.

3. Result

1) Review of IMO and Korea's Greenhouse Gas Reduction

Policies in International Shipping

= The IMO is accelerating the development of mid- and
long-term measures alongside improving short-term
measures (EEXI and CII) to achieve net-zero emissions by
2050.

- The initial strategy set by the IMO aimed to reduce annual

greenhouse gas emissions from international shipping by at least
50% by 2050, compared to 2008 levels. However, the 2023 IMO
GHG Reduction Strategy has revised this target to achieve
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net-zero emissions around 2050.

Short-term measures, EEXI (Energy Efficiency Existing Ship
Index) and CII (Carbon Intensity Indicator), are set to be
reviewed and refined based on implementation outcomes until
January 1, 2026. Ongoing discussions are focused on the
adoption of a Basket of Mid-term Measures that integrates both

technical and economic actions.

Beyond EEXI and CII, the IMO's initial strategy includes
additional measures such as port development, solutions for
methane and volatile organic compound emissions, and
market-based mechanisms. It is anticipated that the IMO will
further develop and strengthen mid- and long-term measures

in the future.

Korea's Green Ship Act, the Basic Plan for Green Ships, and
the International Shipping Decarbonization Strategy focus
on expanding eco-friendly ships and establishing green

shipping corridors.

The Green Ship Act and Basic Plan include strategies to support
shipowners and fuel producers in developing and deploying
eco-friendly ships, enhancing the shipbuilding and shipping
industries, and ensuring a clean marine environment. These
measures also involve expanding financial support policies for

replacing aging ships with eco-friendly alternatives.

The International Shipping Decarbonization Strategy sets an
ambitious goal of achieving a 100% emission from international

shipping by 2050, It has also declared its commitment to
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establishing green shipping corridors using zero-carbon fuels in

cooperation with the United States, Australia, and Singapore.

= Both the IMO and Korea have yet to sufficiently address
ship-port collaboration strategies aimed at reducing
berthing waiting times, with current policies focusing
predominantly on energy efficiency, eco-friendliness, and

cost-effectiveness.

- Both IMO and Korean policies prioritize the development and
adoption of new low- and zero-carbon technologies, but the
commercialization of zero-carbon fuel-powered ships requires
time to address safety concerns and generate demand.
Therefore, measures to improve energy efficiency must be
pursued concurrently.

- Berthing delays significantly undermine energy efficiency, and
meaningful progress cannot be achieved if ships and ports
operate in isolation. However, current policies fall short of
analyzing the causes of berthing delays and securing effective

collaboration between ships and ports to address waiting times.

2) Extraction of Berthing Waiting Times for Vessels Requiring

CIl Corrective Actions

= Among vessels over 5,000 gross tons, ships predicted to
receive three consecutive D grades or a single E grade and
thereby requiring corrective action, were selected for

analysis based on their operations at Busan New Port.
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Of the 353 Korean-flagged vessels, those rated D or E grades
are projected to increase from 81 ships in 2023 to 268 ships
by 2035, represening a 3.3-fold rise. In contrast, vessels rated
A, B, or C are expected to decrease from 272 ships in 2023 to
85 ships by 2035, reflecting a decline of 68.75%.

Of the 397 BBCHP vessels, the number D or E grade vessels is
expected to increase from 115 ships in 2023 to 356 ships by
2035, representing a 3.09-fold rise. In contrast, while A, B, or
C grade vessels are projected to decrease from 282 ships in 2023
to just 41 ships by 2035, reflecting an 85.46% decline.

Over the next decade (2023-2035), 569 ships requiring
corrective action (three consecutive D grades or one E grade)
were identified among foreign-going vessels over 5,000 gross

tons in the Korean fleet.
From these, 31 container ships, which regularly called at Busan

New Port in 2024 and were characterized by high traffic and

cargo volume, were selected as the study sample.

Annual berthing waiting times ranged from an average of 15
hours to 4 days per port, with shorter sailing distances and

more frequent port calls resulting in longer waiting times.

The study sample vessels (container ships) showed repeated
patterns of port calls due to their liner operations, averaging

31 days and 8 hours of annual waiting time for berthing.

While some ships had minimal waiting times, major
transshipment hubs like Shanghai and Port Klang reported

severe congestion, with waiting times extending to 2-4 days.
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- Vessels operating between Korean and Japanese ports,
characterized by short sailing distances and frequent port calls,

had annual waiting times of up to 64 days-double the average.

3) Quantitative Improvement Effects of Reducing Berthing

Waiting Times

= Scenarios were established for 30%, 50%, 70%, and 100%
reductions in waiting times, and optimal speeds were

calculated accordingly.

- Using the 2022 DCS data, average sailing speeds were calculated
by incorporating annual waiting times into the sailing times, and
optimal speeds were derived for each reduction scenario.

- In the scenario of a 100% reduction, the optimal speed
decreased by an average of 11.45%. However, but achieving a
complete reduction is nearly impossible due to the
interconnected nature of maritime logistics. Conservative
scenarios of 30% and 50% reductions showed average optimal

speed reductions of 3.95% and 6.37%, respectively.

= A 30% reduction in waiting times has shown short-term
positive effects on fuel consumption, CO, emissions, and CII
ratings, however, reduction of 50% or more reductions are

necessary to achieve long-term benefits.

- In 2022, fuel consumption consisted of HFO (79.79%), LFO
(13.79%), and MDO/MGO (6.43%). Due to limited data on

individual ship specifications and historical fuel consumption,
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the cubic law was applied.

- A 30% reduction in waiting time led to an average decrease in

CO, emission of 7.69%. In contrast, the reductions of 50%, 70%,
and 100% resulted in emission decrease of 12.18%, 16.26%, and
21.74%, respectively.

For D or E grade ships, a 30% reduction in waiting time improved
CII ratings by 1-2 grades, but as 2035 approaches, fewer vessels
show grade improvements, necessitating reductions of at least

50%.

4. Policy Implications and Future Tasks

1) Policy Implications

XX

Current domestic and international policies focus on
replacing older ships with eco-friendly alternatives and
adopting zero-carbon fuels, but operational energy

efficiency must also be considered.

Among the ships requiring corrective action by 2035, 68.8% of
Korean-flagged vessels and 82.11% of BBCHP vessels will require
adjustments, emphasizing the greater need for BBCHP vessels

to address CII compliance.

Analysis of the relationship between ship age and energy

efficiency during operations revealed no consistent correlation.

While eco-friendly ship construction is a proactive measure for

achieving Korea's decarbonization and green shipping corridor
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goals, even these eco-friendly ships may face economic
disadvantages if berthing waiting times are not reduced,

highlighting the need to address secondary issues.

The research findings were submitted as an IMO agenda
document to support CII improvement discussions and may

contribute to future policy developments.

The 2023 IMO GHG Reduction Strategy includes a review of CII
implementation through January 1, 2026, with discussions on

short-term measures are scheduled for MEPC 83 in spring 2025.

Based on this study, the research team submitted Korea's agenda
document (MEPC 82/INF.26) to MEPC 82, and it has been

registered in the IMO document system.

The submission of an IMO agenda document not only reflects
Korea's perspectives on key issues but also serves as a significant
diplomatic tool, enhancing the country’s contributions to IMO

outcomes.

This research aligns with the measures outlined in the IMO
Initial Strategy (MEPC.304(72)) and the 2023 IMO GHG
Reduction Strategy (MEPC.377(80)), which promote logistics
chain optimization and port development to reduce GHG
emissions from ships. Future tasks based on these findings could
support the development of new measures for GHG reduction,

with meaningful policy contributions anticipated.
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2) Future Tasks

Identify obstacles to reducing waiting times, develop
solutions, and contribute to the development of IMO

greenhouse gas reduction measures.

Both the IMO Initial Strategy's short-term measures and the
2023 IMO GHG Reduction Strategy's mid-term measures
emphasize port development and activities aimed at reducing
GHG emissions from ships, including logistics chain and
planning optimization. Further research is needed to develop

new measures connecting ships and ports.

- Although the benefits of reducing berthing waiting times

through shared arrival information between ships and ports
have been validated, the mechanisms for effective information
sharing remain unexplored. Further research is necessary to
identify existing practices, challenges, and strategies for

enhancing ship-port information sharing.

Berthing delays are presumed to result from a range of factors,
including port congestion, insufficient information sharing
regarding ship operations, adverse weather conditions, and
unexpected incidents. However, the lack of documented or
accumulated data on the causes of waiting times makes
quantification difficult. Therefore, the establishment of a

database to systematically document these causes is essential.

- A comprehensive study that combines both quantitative and

XXii

qualitative method is necessary to investigate the correlations

between low CII grades, ship age, and ship type. Furthermore,
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research should focus on identifying other influencing factors
such as operational patterns, sea conditions, and external
variables that impact CII ratings. This should be accompanied
by the development of monitoring systems and strategies for big

data accumulation.

xXxiii






A1E Q7O B Y 2N

202349 A5 ofAlef, #d, H-dotEFh, oz ert 59 diES

B3 A Flete] 4B A L )L, Aok $4, oAt 7}%
QUESH JFS 7F HE T} 22 BFER FAH ohuals) ol
HiEsls 27 tAL A A LA7A HiEee) 10%E EIX G A

L, ofeleuo}, gujofel e w7HE2 20239 R oA ARY
A7} £&3HA9 1 Qo= vl AJojE9] 32T =AM H1 7]e 4
Al AHUEhe] AR E QIRE v A A, WEEtEA], QlE, Bes 5 F
'gorloF F7HE9] 40T ol £Y 715, olgEot odeolzuhs £
oF B2 19 1 oYl A, S-Fato] 9 of=JEjUe] ThE 0 A4
S A AAY S22 F3L Atk AEYS FEHISA fA AFRSHO]
202349 7€ 279 7I1ARAA oAlE A7t #olEE A7t ZEf
SHASS AFIT AXY A= 7| TRHSFE Hol 7159707} 71 %At
1) 7L 102 27| 0242 502t &, AR 174%, OE|ROF: 118 L 602t &, 2/H(0F: 98 HLhY ZF
ﬁ B2 2|2 47033 F OIMEI, 4,352% MY, 8H B MS(ME: HHABHHHATL)

2) 43| A2(2023.5.19.)(ZAU: 2024.5.20.)
3) St AR(2023.8.4.)(AMY: 2024.5.1.)



1 I 1 T 1 1 I
-50 -30 -20 -10 -05 -025 O 025 05 10 20 30 50 °C
Created: 2024-02-14 11:29:40
A= WMO(2024)

TAAD = AFAEE oF A&GHA Sl AT REE W] 9
3 LATIA HiEEFS 7FEsteE w8 olo]e 1 t}l 19924 6 B
2o A HHE FAF LS Q(UNCEDY)= 552 T2t AEske
A(CBDR-RC: Common But Differentiated Responsibilities and
Respective Capabilities) ¥&OoZ AA=} =] Alsto] Fgkst
2ATA S oS &R {A7|EHRFEH(UNFCCC:  United
Nations Framework Convention on Climate Change, °J|s}t
UNFCCC)Y& AEst3itt. 0% 19979 wESA X UNFCCCO A3
A} GAFEE3)(COP: Conference of the Parties, ©|3} COP)= A%<+
E9] A LAVIA 7h= £ 33 ZEAA(Kyoto Protocol)&

4) United Nations Conference on Environment & Development



A= 01

Aot ek 201549 mHEjoA A|FgE A212F COPOllA] AZl=-qt
of et BE IV} A=to] A%S ] 247EA S BE H7EL
Fofoh= A71E AA Q] 271o] | TP (Paris Agreement)©] AHE=]
et o] AL 7 FTPE AAZ AATE LAVMA AEERE 53 ©YR
A&t ot S Ao AL FAIILS)

TAPAZ]1HIMO:  International Maritime Organization, ©°]5}
IMO)7} 20209 ¥7Fet T4142F IMO GHG @4+-,°ll w2 20184 7]&
o122 & CO, HiE&=2 109 5,600% o= A AlA vi&Z9] 2.89%F
Attt 3% A2 79 4,0008 Eo2 AT E3E A
HiES AR (BAU: Business-As-Usual)®) AU 5 7|0 205040
+= 2018¢ AHF CO, #iE=2] 90~130%° =2 4= A== A5t
J1o] wet IMOE= Al g 2A7IA A5 71 oy|A| 8 AekE
ERE 2AVMA 5 A= QY A =, IMO GHG A+, =A@,
AT &5 5 TFFsHA A6kl o, A723F s H o 3]
(MEPC: Marine Environment Protection Committee, ©|5} MEPC)7}
TAAHR 219 o8 SE 7|7 2XE AT 20184 IMO AEf
HiE 2A7IA 45 27|11 (o5t 2714=2h)E fHte =z IMO &+
9] FAISE 247IA A5 =89 kol4o] HUrh

[RI(ZAQ: 2024.5.22.)

6) 7I1Z B3 S PG MY AR0= ZES IFH ST RXIE FGIX| 42 O (== 247tA
HHEMYUXIS 2A0oHH 7|&E AL £= BE AUt 28, £ A ZHEYE, MRS,

AT, HUA| 22 7 0| S 247t S S E Ciefet 247t 12E|H, 247tA 455

PIBH 2T FM A XX 19} HIZ S8 Aok Ol 528 7IE0| Mz =EHTH)



(2% 1-2) SHABOIR} Hef CO, HIEEF #I3H(1990~2020)

1135 Mt

X=: IMO(a), HM4xt IMO GHG &+t 2020

IMO 3|Y=E2 27|HZRE Yoz Wr|doz o] a&& T4
st7] 93t 71e4, &34 X (Olst H71RA)E Ndsh] AlRsHlH 1
of w} Aute] o] 58S FPotks A YA BEAS(EEXD
Fnergy Efficiency Existing Ship Index, ©|5} EEXD)E AlAlol= 7]&4
Z A2} A7 BAFFEZ4X(CIL: Carbon Intensity Indicator, ©|5} CII)
9 55 79 34 2 el gofsiitt. o]% 2022¢ 11€¥ 1Y
AT AT A EHMARPOL:  International Convention for the
Prevention of Pollution, ©]5} MARPOL) <4 642 e Zx]of &
o Y-8 &5l /NP =A ol= Qs A AlA A2 96.81%F ZHAIS)H
+ 105701 202349 1€ 1958 Tad D722 144 &5l tiet 9
§7F FojxQltt7)

@712 EEXI9} Clle 257 oUA] Z& HAS Ak Aol shA|Rt

7) IMO(b)(HAML: 2024.4.26.)



EEXI:= EEDI®} Zo] Adko] 82, A&, 7327|133 7]/2E 9]
CO, Hi&%, S8AITA & A |

Al FHE8717F ofFek B Clle A8ke] A7t gefAglel dafd 4%
FE JEoto] Aol wiEo] o]gA 2ot-ks AP H o R fAFt.

SHH, IMO9] 247t HiE Al Wt /- & 8 AX=E2 A
71E= S5517] 't Mg A Ve, diAdE YT SoE tS
skal ok E35], -2 A European Union, °Jst EU)2 Fit for 55 &
A B NG JAS Hr g 235k ek Fit for 55% 2030 £

39S S Ao g drH o= viEd AAIAR(Emission
Trading System, ©]8} EU-ETS)¥} FuelEU Maritime©] 1tt. 200545
B Z=%t EU-ETS= 4AtollA Hisd 2A47tA wiEd AZAlolA|gt
202497 E = sfArgol e A8Rtth $ES 5,000GT o449 EU 3+
SYdk= B Ado] sigE 2025W7HA= COFE ZE=|A|qt, 2026
FE= weHCH) oM AN,0) & Z3HE o Folth. BEo] FuelEU
Maritime=> 2025858 Aufo|A AWsh= Amo| AofiF7] Hutof A3
g4 FLE Ak At o2 Ame] At &5, A%, da 1
ofjA 8ok e 2AZFATE 1A E 0] 2030 FE HHo||Ax} oA
AL SFAYS ARESHoF Bt

ol#gt ZHolA IMOY Clle ARA oA &&4AX4(Energy
Efficiency Design Index, ©|s} EEDI), EEXI, FuelEU Maritime¥} Z-2
71€4 2|, EU-ETS WA19] ZA14 222t =24 57 A Adto]
g SR & 2ol Wt ClI 2442 224 4= 7100 A1
F oo tigt Ms/do] AR



B 1-1) IMO % EUS| 2A7tA H| Hl

A IMO EU
71 FuelEU
5= EEDI EEXI cll EU-ETS Maritime
A AIZI | 2013¢ 20234 20234 20244 20254
CO, CO,, CHa,
X
T S CO, CO; €O, (&% CHa, NO) N,O
At 400 GT 400 GT 5,000 GT 5,000 GT 5,000 GT
WS oprmer | oprar oy | opa e OJ} st
MEMCO, HEMCOHI| 2& oUHX| 2HTtA ety o= 3
THUE | HEHE MY SN 22 sy HISR e | 8™ 925t
(I ZR) (V1™ ZX) | (REH ZX) | @HX =X) | (IEH EX)

NSRS RSS!

A= CIIE Alktetel 74 Hets 4%
SR AATol HJo) AeH 0 ofejo] Buat
tH= 2021958 i A1) U8 Ea A
Y ClI 5= Aol Algstgon g3t o3
A7 AU FASHATES) G4 20208 83524
A(BBCHP: Bareboat Charter Hire Purchase, ©]5} BBCHP)

zo ¥
F(l_l“ r;Z:
= =
" rir
;&
o
R
)
lo rir

B4z oo = Mg Ar
N ll?_lﬂ _\; jg ﬂ.l[o _Orlﬂ
2 oo o &
o, = o

> S o

R K i=)

i ::'5 o ot

:% o

o o0

H% >

N

.

D

e

[\)

o

]

S

Em

ﬂo

ool

2,

He

N,

P

'L

A1

i)

s

1o

a

1o] %_:L___ st A3} 34, 2%9)_,] A 111'—%0] ClID, E&goes
o ulg o] A F3E AL olxstgiet. Et, A AAL At
LA 4(CI) SF AA ALY A YAGI0' S Aystsrt.

A R
r
ints
X,
1o,

¢

1z
P>
iR}

8) ofUAty HEXIZ(2021.06.23.), oAty HEXIZ(2021.8.24), Uity BEXIR
(2022.10.31.), YAt HEXFE(2024.4.15.)(BMY: 2024.5.20., 2024.5.22.)
9) SHULANE HEXIE(2021.8.24.)(AAMY: 2024.5. 15)
10) AT} FMEE 2MTIA ZEER) O XY, HTLEYS Yol St=aiAte M
ORUSEM0| S5 FH6IH 35 FH SHMAL ThAF MEERATIOFEX|~(CI) S5
eSS PN

2t HDBIH

— 1
i 749 X



A= 01

(2% 1-3) RN T CII 53 7 2498 KigIAre]

0

f’

SHAN QIS TN Slst
A4S XIEAA
A8 J0I= -

)

Fuiem Ll g g,

AT ke Ly Bk L

— 202411 Bt HIT —

(R)EH=H AL 2IMIE] SHEFHAE

Tel. 070. 4923. 4633.
wwwimokorea.org

Q) sraee (MC pwimnse Provaninass  ED O vaend Q) srae (KMC mmwimns P rHpranzsse @GR O vaend

Ktz BrESArEZIE(2024)

S A2 202249 Wi 71 A9l 107] FEAAE i eE 20254
ol CII D, E5go°l o=l Aol dish Ald & &
Tu MAe 9% 34, 71e4 23] #RbE AlAlskL
A" 23] HEH, 273
(congestion)o]] W= A4kl Z712Q1 o], @ CII EAZAS 2
=, @ 718434 Cll 55 ¥4 1
A% 9 g8 5% Fo|Uth13) o7]A4 @, ®, @= CIl ©
Aot M2ARYC R 9= 7F Y-S B9l AT 5= AT O ClIet
AR Rt AL 3l 714, AR T TRt "R Qlgf o] d R

S 7AH Aol

o
NI\
)
1o

N
ol
Al
N
fo
o
)
rlo
S
o
H,
é
2ol

11) S=oHARZME](2024.3.4. )(HMY: 2024.5.22)
12) IMO MEPC 81/INF.22
13) er=olArRZME S S22 EAME|A(2023) pp. 33-39.



(& 1-2) CIl ZHIE(23) 22} 23 SB0| HSF 52 29

= x2 ol
1 S0 FM0f T2 Mutol 27| th)|
2 Cll 25714 %80 0f2i3
3 T RN Cll 53 B Yot BE
4 Cll 7RI S019] 8150t A 2 2] 8% 5

Rte: BISHAREME U &

o
il
ny

ZYMHIA(2023)E FII5IH AMAL 2

CII 7HAlel g1837] AlshMe Aga: ARs AMEsl, SHHARE AR
T geke 23 o o O ok 9
d

ol
FIF
2
L)
HL
o
in)
i
flo
o[
ol
o

3 B AX 52 B ouix TR A HekE 1
2 ok Uk SR AIALeH B mE) AEele] BEG F4Y A U
73 Adto ol hRAE B N8 A I 59 Weke A of
donz &% U A2E HANSHe PiHe Lefshs o] @4olt. of
2 918} F2He] HAZER LYALLPFL, FuoIN A

i

F2AA 4 d 54 F ARARFE Folt WoLS njRshe Flo| B



M2 01

Requested original
% Time of Arrivel RTA
changes

Day 0 1 2 3 & 5 [ 7 8 Ll o n 2 3 14 5 % 1]

Day 0 1 2 3 4 5 é 7 ] L] ] n 2 1] ] -] ] 1)

| FULSPERD

—

At=: GreenVoyage 2050

wet B s FHAY] CIl 4] 240 FEF olgRro A
q7IAZE FAE B8 AAIG(IT: Just-in-time arrival, ©]s} JIT)O] CII
o mXL Wl mjolsluz} shh o7k Auto] WF Al Yy ﬁl_
otslal 7| A7 AL WE Cll Hels BEAsto 24 Auta} gt
AE Z90 2947} olF| AR 7F BHo WAL AFH oz QJ-C‘)l‘B‘E]-
T A= Aol

Ol

H2ZE g+2] ¥' R oAy

I

1. G419 Uy

A1Ee] A w7 2 FAof et & A= Ht VAT AAaE
st A ZHst Cll 530l o1gA f"J‘% o X =71 ek At A
(Research Questlon)oﬂ/ﬂ A2, o] AR9] A4 FF oF 10%
21 203597H4] CII A= Ql8f| 7H FF2 Eol oz} dSE = 74

Ay
1)



HA 194 Wh S QAR viFS mhetelqitt. 2A7EA TS Yo
2023W Y @724 CIVF Eas wE, g8isis H‘H IMOQ‘r TEM

fr I-N

W7|AZE Frade EFAI ot 3l(shipper), A15(shipowner), A
vk 3t A N operator), AR K charterer), FRET]E(port terminal),
S22 & (shipping agent), si7]1* Kseafarer)E Z3s| thdet olsiat
AR o] 9tETh 13t FS st At FEIF DR
F4714(Tramper, 4RH2 0z AT A)9] HIs] 7] (Liner, ¥HHAo=
Aol A)2 Bl AT FEof wt 23Fob] fiio] A7k Mt o

7IXZE mjeto] gold Aolrh. IHEE 2= HZAHE Yo E
20229 IMO DCS gloJg] 7]9ke] CIl 243 AaE 7|FC2 CII 7419
ZholERle] Wi At AEo A AEES 283 Cll 7|t
AbESETt. 8|3 CII 2493 vlas] 2035W7H4]9] Cll 53< 9%
SR, 1 &S Bof 2A7F 2ot A9 (349 94 D 57 % oy
A% E 5HL FE390 £ 329 A F 20244 7] %

o Yst= AHOIHMCE S0} A tFoE A *1 iy
3 AT A 2035871A19] Cll 53& HYste] 3d A4 DF E=
SAAE Eegol digsts =4 Ado|HAoR2A S-guatolA] 7H} &
o]y E‘E S Aol FAKIE dETohs 31802 AHgst

i)
oy T
_E
==
>

o A
T
k.

3TAE= 313 Auke] 2023 Azt AIS HolHE 7Hto &2 7|3 o

10



{ A8 & 77X 2AFSHIT o] ol A AIS
gojg] B8 B2 dA| AA7te R HEET = Ag oy gt Eulg
o] A4 Age FARREASH] AA| A 7ol |z AE3} Blws] o=
F9] zpol7} A=A SISt A thde] A7t AIS HolHE &4
sho] gFofA| 7kt *E‘E]E}Oq 7194 =2+ A AE¥A](Anchorage) F+= 3

HBHOPL: Outside Port Limit, ©]3} OPL)OIA 947} (anchoring), ¥+
(drifitng)dh= -% z3lolo] 10=E(knot) °|5t2 Z&(manoeuvring)
st 713 AIRMS FEotnh. Auke] 2o weEp A7F i AR

10~60A(HE 30 AZF3} 7194 WFo] e AuASE Tj7| 4|7t

o] Z7¥3 71540l Ak, T3k, A Pure] M Aol wat @ A7

A 2 102 o] AlZto] 488 4 9SS Slalgith. B2 Auky
Azt qm AZFE 4EHA9] ClI S8 AARRE 9J) 7o R s Salsich

11



(A 1-b) A1 SEL

J

RQ = T O7IAZE HAE S8t % 2t Cll SE0 0EA = DIRI=71?

2035E7HK] Cll FH| E553 202 0S5l
SAl | EONCITAIZE ZHAS S5l HAIYS FICHE S0] 2
&L 2l

A HE HlOJE & AHE

o

B o T
152 IMO 2 S2iLi2te] XGHS HiE IMO Resolution % Guideline

- o =]
(H1Z) QATIA =R B IMO 2IHZA
semEEE e - 32U B L Sy ZE e
v

=HMUC| Cll 7|Zet W 2E2(22)
7|2t 35EMAI9| S& 0=
| - 20228 7|% 750A H[O|E|

22 | o4 o poo ol poa e 2 |- D0 UEES MBS CII TIE AU
@) “E T TCE T IeS EUTE ) 2MZi(229) U Cll 7|1E 7 |Eke) tie
| 4 Cll 5305
20243 7|7 FAAIS Q15 et
FE Y o7 UNCE MY
v
ST | ST Oy MEESOQ| AIS BjOJH 7[8F | - EOE MM SIS
(V) A7t 7SR tH7 A2 - MERISAIEEX|(AIS) =2 HI0I
v
A CH7|A|ZE ZA ALl edaziz: | — Cll 282t 2 Cll S2 M7lAt
(,‘;5) 30%, 50%, 70%, 100% 242) ZIZMIK0| | - M8} ARIS J1iet HeARY 24
=<l MECll 35 /el A3 - F|RM20| M2 CO, IS HAt
v
C| A L 7 |A|IZE ZA ) B
ol EWIRE WS ospen u mest xizs
(HI21) 2 ok 0| JQ

INE=RPAIN RS

12



M

2. |49 HAIHE

1) BT el ME

E A= 20358971A] 9F 10W B9F Dod 95 3 B TUALE E
5o AP FES 51 E ool Jabale] o oAk
oA CIl Meke siefstelet. et o]fat 240] s Aol
569%e] sl B Azt 4,2367109] AIS HolE|F BAsks AL A7
Moz At Yot FRAA HFS LT 22T SN, 7
A oA Q5 ARk MRS A 94 37449l 7)%0] a7 Bt
oh et Hepd 797} mE thr] wEo] et L4 o] AR

e SE k. et 7))k 12S e
o] et EA4% g FAH0R s Auo]7] o
F Y7IA7E el 714Kt 4488 1Al AT oE
otk Wb B Qe tha S HolA|e A7149) eo]
= mejste] = Hrho Aejold BEEL Hsts HAAPo]
She Ao 31H0R AT HARe Agstet

=2
o o

oo
el
o ¥ o 1o

°

S
filo
o
ol

e
o

)
o2

2) Cll S5 Jigdt #ES 28t Lol 7|1E

B AFE Z=3t A-0A 20239 IMO DCS HlolEls HE 521 T4
Z 0]87F53t IMO DCS HloJgE 2022109 3dsk= glole i}, wet
A 2022 IMO DCS H|o]e|e} 9HA 2]419] HloJelE 112f5t7] s A+
o] 2023 AIS HolHE ZEdgsto] AUl gsfiAz|et Firitk=

31 184719 AIS TlIO|E|, T 4,326719| AIS HI0|HE 7
=L} a7t YHGHK| 210 KMFEA A 715t HisH0] =20, Ha

A1 REH0| H50| ¥Z
16) SHYME HEXt=(2024.1.29.)

13



TEoHHA = AARE o&dl t7IARE AAE &3 Cll 53 /A8 dE
v 7245190k 18U IMO DCSE Hot ti7|A7+e mofst 4 :
AlS HoH+e 9354 IBARFE & & fivks SHAEC] Ut wEkA
2022 IMO DCS gloJg 71&9] CII HaREAL 20234 Hi7|AI7HS &
BotAA T oA, FoAlZt, Bt A4, Cll 8% 52 15 20224
AA| Hlolg g E-83f CII Bzt £45t9tt. ghi, 2023 AIS Hlolg 7]
9] CIl MgliA e 3354 Ag4anzre & 4 glo] S/HFO: Heavy
Fuel Oil, oo} HFO)Z /&2 PgsIAIRE, 20234 AIS Hlo|HE EH
2 oA, FEARE dH7IARE A4S TESHY] Cll ¥sks 4519
o F ARE 59 5L A€ol 20224W3 20239 A H
AlZto] Z}ol7} Sl= ZdEiollA 2023 AIS Hlold 7l &40 20229
IMO DCS "ol daakzkE A8 4= Q7] "ol HdAL
ol A = HhYS o FoAGE =S5l o] wiizol 20234
AlS HlolEl 7|& B2 AA HlolE|e} Hlws) A7} il Aol 2|7
EEFUTHCE 1-3) D).

Q. —il_
who] A4 Aziw doleet vws) oxpt wAT 4 ok FAA
o THEL 2 ANl] BRI WAYILE, B4, g2 wsle 1)

A7) o] & AR 2meo] A& 4 ek Eet, AA| 7|2
3} T2 77159 ek 7180 B512 WEAY)E 2] @ 4 9
g, olgA 23] ofeie



AIS Hlo]8 7]5te] Am4ams F42 AR, WHEH o= A7 e

(E1-3) HIO|y 7|ZE £ % A1 Hlw

’224 IMO DCS H|0|E{ ’234 AIS E|O|E |1
CH7 [AIZH®D) 2023
ollH2I(@) 20224 20234
HAIZH®) 20224 20234
Yol 20224 20234
ESpSEete CH7|AIZH CH7 A2t =
(@/(@+®)) oAz, Al 2 A =l WNF
QEL HFOO| 8Fo10f £|x44 "23d DCS H
il 20224 = |tl Z7| B HIRAD, 2X7] | OlF D&t
A2 REY EARY oY HUSUR AT Hed | MAA,
DRI HE M2t oA

20234 CH7|A|IZtE _ 3t =1}

T el o aao | RS HFOR st | 2 290

o, EEWEL OS2 ge xuconsd AsHol SIS o

cisg 20022 A doieig & TEZUS 2028 A8 AL o et o
g3 Ol tapz4] i

=

A= KA 2
4) ClIl 7to|=2tel G5 OJ4tH

CII9] 7tol=2kel G5 m=r ¥s AHo|E *4she Ak d
I fAste] AMg F91 W g ol
ggfjof et Y& AdEelvol AZ7I7E e A A
°1E1(kwh)°ﬂ w719 B ArarHg/kwh)S 283

i AlB717E e AR ST IRtelM ¥E ZEleldE
7} aEE o ok JEy B dolA ¥ Eoly AEF Ee
Aol ik FEE FET 4 §lo] 7hol=a G5o| BAAR7IA] A
sto] ClIg A9gshe Zole AP It

v
1o
re
:
ot
)
u)
ol
o
o%
X
V
i
ST

15



Cll 53 W35 d&sk= A+2A Taskar, B., Sasmal, K., & Yiew,
L. J.(2023)& AHh A5, AR, I=E, 71 52 18 A5E s Al
Ef|oldsto] A, ALl mE A A3t HMokE =S50 =N CII 1L
E)sE FHE 93t A&58d anE dF5KT Bayraktar, M., &
Yuksel, 0.(2023)= E3A, 7tA-HMA, B8A, duisEAl, Zg oy At
22 57 Agol dis AUl e B4 Bo F718 37] 9 F A%
w2 EEXI 9 CII H3E 4519} Kim, H., Yeo, S., Lee, J., & Lee,
W. J.(2023)= EU-MRVQ] AF2E sl225F FHEE 284l Cll 55

AAiketdon, 2030W@7HA]9] CIl 65 ¥8E 249 Astsd=

A FEe5TS AL CII AolE Hw BA451 Rauca, L., &
Batrinca, G.(2023)= A9 429] At =25 A3 CIIE B7IshdA
CIlo| 93 A= 334 945 EXMo1ct. Zhang, C., Lu, T.,
Wang, Z., & Zeng, X.(2023)< 2400 TEU ZE|o|HAl thAr 5709 714
55 A&l 571 Cll AS2dS /et w4 gadE e, +374

16



A= 01

B, SR, TE 717 S CII ARTAS EAsto] AA 2 7R
79t AdHRe] CIT o517t AIAISHAH. Chuah, L. F. et al.(2023) 19
9] ALY} 529 AgoluilS dACE RIFHEE A5t WAl
9’] EEXI E—l CII 01—6(1347]“15_/\3‘% @E‘B‘]—%E}

ClI 74l &5 9 7HAxRtol ¥t AF=A He8-41ok5(2023)

] HJAZY AR} AFA Q] X0 Tl AAsk= AE St
oh E3F E@(2021)2 IMO2| A=Ad=F |3} EEXI-CII 17417} 1
gEo] "= I 0] HE BIE Ao s E 244
EEXI % CIIo] oigt A=F4Ql o3& Aljtste A+E S35kt
Garbatov, Y., Georgiev, P., & Yalamov, D.(2023)2 A% 4
(VLSFO: Very Low Sulfur Fuel Oil) FHA|AHC] LNG 7iz0]
=, B3, fA B, ojAkg, A7, Agd, 7138 52 H8
A5f| CII HskE 2415kl 7] 2291 A9, fdd, siEdsAE &=
At Yuan, Q., Wang, S., & Peng, J.(2023)2 A8} 4 = EA,
Aok 59 845 et Aute] IS A glstal 7|& Aol @714
2 aE FZ3) 9IRS ©&01L}. Prasetyo, D. W., Herawati, S., &
Hananto, T.(2023):= CII 9 AHlol|2] a-&82AEA(SEEMP: Ship
Energy Efficiency Management Plan) FA°] th3t A-5AE-HH419]
A2 Hg o= AAS o= CIIE Aktsta A, 714, dA1A4
Ao WE 202549 4T ASHE CIIE 245 A% Ak
Sttt Chuah, L. F. et al.(2023)= A* €18E= 84 $=-F
o] 2dE Y--2HHA(VLCC: Very Large Crude-Oil Carrier) A
o g FHHEXAAO] CII 7iAE&IE E45139th. Schroer, M.,
Panagakos, G., & Barfod, M. B.(2022)= 4139 oA IMO ©&7]
20| - 7ed, FAAE FFE A5 63 AHo|vAS tide=

i
= 5

Mo
11‘,

(-'O o0

19 o

off 2, of
(-'O

i)
o

12

4



Tsai, Y. M., & Lin, C. Y.(2023)= A¥F & 948 A 4 4

Gallo, M. et al.(2023)> thoFst Aukg A=l SHAIAH(EA7], HiE
2] oA AFAAH, ARHA], 4 AFAIARD)S BA619] CO, Hi&
&, 4 FA 9 R 59 ASARE 7|20 E CIIE B7Isto] &34
S EA45I Farkas, A., Degiuli, N., Marti¢, 1., & Mikuli¢,
A.(2023)2 EZAE s (Post Panamax)w ZE WA 14 9 7
ojulAl 43 dii AA el 210l wE AELY] ARl EAske AT
£ Yokt Elkafas, A. G., Rivarolo, M., & Massardo, A.
F.(2023)= 2,500~15,000 TEUH ZHelHAS Hide s A& o] ot
£ 44, JAA g} £47 EEXT € CII A4 55 952 24519t

2 9] CIl 7419) AYAR RS AT 48T BAY AT
T A9 dBETI|Y-0]A-8(2023) IMOS] FASE viE 2A47FA
A== et EEXT % CII9] wiAHAdo] obd Aol 7+
sff @AM F7HAR] 2AVIA AEHREE BAS: AG-E 95
Tran, T. T. et al.(2023)& =AY
d AE 9 FAH £2E 8 ClII &2

B7R54S AL,

1o

2

B

& I
It o
i)

o

1,
o
lo
il
1
)
Mo
oo
2
1z
19
O
»or

o
e
2
L
N,
Bx
N
=
=)
1

T
oZ
m&v

ey
%0,
rir
of,

ol
b

i
T
e
iy
Ll
=
_fﬁ‘
2

18



2. FAIYUIT) Bt MR

Senss, A et al.(2023)< JIT Aoja4 AlEy $47|4 =
BIE BATo RN Az Huko] HA e ‘:M(FCFS)A Ak A A
E(VAS)Z} JIT A8 B3tk Yoon, J. H. et al.(2023)= AIS AXH
£ 4ol Ate] 4 AAAFAZ] gt LFE AEche H& 9] w7y
HRE 240k, Huld-EGAIART Auk 7H] AR e E A

19 ¥4 A= A9 5 olsiEAA delA Y olvA &g il =

& A A= A1E QUct Dewan, M. H., & Godina, R.(2023)=
A MA 4671 Sle- SjAre] A9, Aut At F T ARE9] Al oy

A T8 S S 2] o D ofZAE AWslel £ ZA0]
et Ao Ay =AIAIE AAdsHAT. &S, Dewan, M. H.,
Godina, R.(2024)= 10l 24 58719 7] ]—«ﬂ-éﬂé}i A4, Q14
S, B4, A8 29, 71e U Fof Jug Take 2e % 8IS
sto] ofsfAR 7+ dEle Fl AEA AAE EL} 1A ZH A A
S 73%319it} Arjona Aroca, J. et al.(2020)= 33 Aldko] AIS 7|4t
ZA] zho] njx= Ogﬁc}: B3} 4L & A A0S Fristo 24
HEAR AL B3t JIT A3 QT o] 92 EAskgIrY.

>
ne mE Rl

-

N
o

c)

19



o2 AFAA W FARtT vlArA i

)
piraly

ol
zel

B

o
=)

of

It

25
5

1

5k 540

3h

)

-

}

A

w4
A7} ke,

o
o) Al E2 A

=
=
L
Sy
&)

2A

bR CIn B @7 APt
38

F

b Z49] 4

ol
o SBeolt. FARCR WA, A
et

h8S

St

=
T

o]

& B
S

A7t vhelol s
A=

A

of X 1A H-E7sAdT &Y

BEXI-CIIS} Z Aol of

=
T

3l

s

1

3 A7k st gl

Tt A4 0] RS} of-Sof
9] A

LN

gom F2 Wl

A

L

| .

-
| .

a4

o

=]
B
bl

o] 2

AR

=
=

< 2[Z3s}e} CO, Hi

oA

=K

il
o

20



A= 01

2 e AgdTet vus Cll A4S E59 HOF she e 5 &
ol =A A FF- 203597H419] ClI 57 5 B3s Tz
CII 714 H3(< DEd 3W E= B3Ol 345% Ak & 202490
TRl dEPete Adke A7 de=A &39I o= CII 7t
Al ti&ol Bagt et 2ol thEsiet ob=t et AHhso] gt
At 7 1A e AR o= Qs P AofAe] Wk A
she 2] Qe shof SRyl EEE A&l M w2 #
ARIFE A-83k

IMO EDIEX| PELY

" (EEXI % CI) (Speed reduction) \
et al. (2023)
\ Schroer, M.
\ et al. (2022)
|
J Tsai, Y.
et al. (2024)

Garbatov, Y.
et al. (2023)

zn ng, C. o
ot al. (2023)

De Andres
Gonzalez, O.
et al. (2021)

Aa-gor BAY

(Just in time
arrival)

ot aI (2023)

Rz MK 5

21



lore
E=RT

0L

oE 4

CO|ER| 558
HHE TS Jjan
COEA7E MO Dl 25
501 0fa} 81 41917 2Lt FA|
BRI Chere] £87 1K) Ol s
S

A I HE

o O

I

2 SO

k

—

o
NI
N
mx
1%
40
=
o
Ho
rc
mx

o 0

24

It
ol
N
do
ro
4>
i
>
S

a
N
>

I
O
E

mHod o
I

= IE roga
1A Ao U o

Ry
I
Ir

r
J
r

IMO =7|Z=X|(EEXI & ClI)
S5 sleyEal, X, L 5)

=X HOH(RANIE S)

HAH 2
mlald,
AlLt2|L

=
24

Kl
o

A= KA ARY

22

=2

gal
ol
e
O
o
N
(@]
N
N
»

[ ]
L 0

e o o
o P oo
Q
2 5
g
2 o
N
< S
N
o ®

Tran. T. 2/(2023) &
321 2/(2019)
= 218t5(2023)
5 2/(2023)

Bayraktar, M 2|
(2023)

Dewan, M. H. 2|
(2023)

Yoon, J. H. &
(2023) &
St
(2022)
Vasilikis, N. €|
(2023)

De Andres
Gonzalez, O. 2|
(2021)

Yoon, J. H. &
(2023) &

u o

=
=)
A

> 0

S

Vasilikis, N. 2|

(2023)

Sun, W. 2/(2022),

S84 2|(2006)

* Garbatov, Y.2|
(2023)

o QM - 0|HE

(2022) &

2017

° O THZIAIZH A0
mE Cll S5 &t
=2

A S
IRA| H| A

StS
ST

2Lt

AR
T

2

1=
rx

of

.
ol
-

0

IMO HH7|ZX|(CII)
FShign MVNFdS

SIBE 0| 0] M
ot A2l 2 AIS GloJef
Bl 24

* IMO DCS H|0|&f &
AIS Bl0JEf7 |t a2
BHRIS S5t a2,
SIAHAIZL, D7 IXIZH 2
er oIRInt 2 12
ADY 24

Cll S3 HY 2 LUzt
L0 T2 TE 2



2

IMOSt Da|LIZte] 2MTPA ZE HH

H1E IMOS ZHGHR HIE 2M7IA 2= MM ——

. IMO Mdt HiE 2M7pA ASHe

—

EFILE:

[ S |

20184 A|72xF MEPCE IMO AE} vj& 2A7EA < 27]H2Ho]st
z27178h)S Aot 275 o 7| g oF E3et Bitol= CO2
s BERE AHoto], FA7100 7FsS wiEA FAs)-9] 24 7EA

=
=
Fe H d=dte vidS 9 Sloh

N,
2
i0)
o]
1o
Jo
>.
AN
rlo
>,
PN
20
2,
i)
)
ho
z:
1o
_l
:L
rulo
of
roh
r>~
1z

%714

2T 5, %Xﬂf‘sﬁ%ﬂ =5 &%‘Em CO2 Hﬂg% 20309714
& 40%, 205097H4] 70% HEZ EHEE Ao SAYE 5,
2008¢ Ao A7t %@lﬂé Z HiETF diH| 2050%_77}%1 4 50%
&0z HAsrt

ﬂ

2712 AIE(@7]: '189~'234, $7]: "239~'304, A7]: 309

23



e A A 2T e
o A% 4 6H e, 371

c,g ng}oﬂ cﬂ—‘q} ?_/UELH_ 5 137K —?—EZ:Xl—Ol ioLEM E} 71
THRZAE Aets @ Febd Az &5 273 ARA 9 dEA)
3 23 oﬂdz aTEAE,

27| A2 27| A 0|59 nAAES FEZI]2H ILeshI =t
o8 42y iﬂi} 5ol 11 Hol7] gkoH 5 Wsks wasf A|8oxt

MEPCY] 74 € A2 Revised Strategy)S e Ao & Ve a1 k.

2) 2023 IMO 247tA LM

IMO 3]¥=E52 27|deo] met 20239 A|80XF MEPCOlA A
2ol gojstm 2023 IMO #AEHE o] A&ttt 2023 IMO 54
2 27| vwe] 7hsEt HlEA Aok 2A7HA wiEE 9A
AEolghs HIAS FLsHARE A7 FAH O R PAoHA] gkom %

1
-
T BT APS FNHe AP gl HEe BEstn Uk
[e]

_‘|

) _IS_”H 2y
O_u _1

1o
ol

2023 IMO 47k Ao o8 Sz 27| Hek} wiwste] thE 4
S

=2 =
T A ZQ ZRE SEotnh Azo] JEE o8 52 @ ARA
17) just and equitable transition

24



IMO2} S2|Liate] 2A7pA 2= i 02

YA B&F9 F7F F2 B v eaore 75, @ A1
5 AAFT CO2 WiEHFS 2030L%77}x1 A& 40% HES B2 A

S0 HAgrE Qé, ® 20309714 =A)| OH-r‘Oﬂ AREE o R]<9
5~10%0l et A2 E= A=of| 77k 247kA FHlE(zero emission)
= FHIE 7}77}—1: 71&, A&, AUAd &8, @ 205097 FAI8H2
9] 2A47IA HiE&H YIA|Z(Net-Zero) BACE AT 4 9t

T A2 98 FE dgRt 9IS flste] SRR RE 4
SAA e S3e oPY AN HE G4 It AlFo Rt
A4l ol & 4= Qo ”ﬂ, @ 2030E7H4] 20084

[ Ny | a
SE oy A& =8 U8
Al7| = EVFSED 2023 IMO Z&Hz2f
° CO, HiEE Z|A 40% 45 =H
ol 2o 5 x " ELIA HIE 2 Tl & 20
* CO, HEY 22 40% 25 SH = =
s FE HESs 2 40% &5 LAXIR) HIZ 5% 24, 10% 24
304 e
U i} * OIZH2MTA BIE Fl4 20% X
HAXE 2t 30% S L
o o _ © OIZH 2MTLA B ElA 70% X
T HENE %, 80% =4 L2

o2 | . HIS2F /A 70% &2 2
50w = CO, _Hg | 70% X = . 2ATHA

FF | o GI7HE 2ATIA HIEZ 50% K2

HEE 07

H>

A2 : IMO RESOLUTION MEPC.304(72) % MEPC.377(80)2 &=510{ XXt &4

N
N,
)
SE
f;
il
rg
)
N,
i)
:(?g
0.
ol
|r
rlo

2018E~2023E0| B8
2023 IMO Pa“:—?ﬁﬂw A7|RAE 72 7H%§;} = gAEE d7|Z2%]

25



w
(sm)
L
L

i Ogl:.‘

ol
<l
S
2
=
oxl
>
=
M
M
filo
n(®)
ol
O
(@]
o
o)
(s
[—
(e,
[u—
e
)
A,
Hr
2
[
£

TGSt itk E3E 2023 IMO 2A7RA 5 A=e] S44<

SO =z
a= -
e 3712824 98 97 AU 2o FTIPE S50

AZSIT} Sy AIE 7Hte g 20254 F712A] 590 2 A
]

O

Ag=o] 20279 LA oIk 2023 IMO AFHHE tHA] 54
2 2028'3] 7S #IF Zlo] AFE oAHolok

2. o2 BE 247tA A= =X

1) B7IEX|

2, 247 oA ag& M ZAE s ARSI
20214¢ 69 A|762+ MEPCOlA] MARPOL #4441 64 718 Bl 71&
A 2291 EEXI®F 234 239l CIIV} 2%€ 7|22 Agsiger
202349 1€¥ 19 HaEsQlch

ol

(1)

EEXI:= #1622 MEPCOA &gt EEDI ¥8]E & &40 18
St fFAloltt. EEDIE Aldfo] 1E9] &S 19218 25T uf &=
JAESIEr A O] HiEERS 7|44 A B2 HHESE AL ou|sit}, TJajA] Aut
| ojH £80F 3= 23T 1 7| € HEXV|H0] E2o = A=

£ 2usto] WAYSHE ojisleas A4k

ZM OLX| 22X|5(EEX)

r

O

O

18) BILHOIM 72|E LEfLi= T2, 1.852km

26



IMO®} @2|Lf2te] 247tA 2% H& 02

(O™ 2-1) EEDI % EEXI A2t

MAIN ENGINES AUXILIARY ENGINES ~ SHAFT GENERATORS/MOTORS EFFICIENCY
EMISSIONS EMISSIONS EMISSIONS TECHNOLOGIES

A \ [ nME N M nPTI

i)

off neff
E Pur()- CrueG)- SFChec) (Pie-Crar-SFCa®) [[ H /T‘Z Prricy _f‘;;\w)-Pmm] Crat <SFC\5J Zﬁq/hr}?-//m-Ch\wSFCm
\ i=l i=1 el i=l

fa 1

fi-Capacity Vs f

TRANSPORT WORK
Xt2: ICCT(2011)

EEDIE= 201349 19 149 o]F ARHE AZA190] tis] A5 58
e 5ol ARHEE Al 71&4 2A]olr}. 11 wiEe] 2013¢
o|Ho] AxE|o] 23 5 AHr9] oA B&/gel thelxl= AAHHA &
3t ¥ EEX[+= &S 4008 o9 d&Ax oA a8 /A

g 5 e 71eF Al

(1% 2-2) EEDI ¥ EEXI EX

i s | | HH
¥ ™ et
e = e
OAFFERENT GOALS d 3 THE LARGEST £|_ IMPROVE
FOR DIFFERENT CONTAINER SHIFS THE CARBON
TYPES OF SHIPS, u INTERSITY ’s'
i S By &°

At=: IMO(b)

(2) EtAFICIEX|Z(CII)

CIl= MARPOL §-441 674 72 270f wt <zt Adt A& glo]g4y
A AEI(DCS: Data Collecting System, ©]5} DCO)I FARH] &S
5,000GT o4} Adtof] 8=}, E3H 3] 280 met njd 19 1953H

[k
Ky
Ky

19) HEHO|HM, 7FARER, QAM, MHSIEM, YHEIEM, dSSEREM, 2&M & 752 EEDI 518
WS E5ol UZE|00F &

27



129 3197k4] 1270 &<l dist A7t Cll @434k (attained CIDE Al
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CARBON INTENSITY INDICATOR ﬂ3=
(CII RATING) D —

IMPROVING THE OPERATIONAL PERFORMANCE OF EXISTING SHIPS

@ ﬁ 1 There sre 3 variety of operational means to.

and achieve the Required CIl e.g.:
optimization

A CARBON INTENSITY « Shipspeed
* Weather rol
o Just-in-time arrival

RATING IS ASSIGNED i
TO THE SHIP, FROMATO E H—%
« Trim, draft. and ballast optimization

e D (21 3 | g, (] ol

CORRECTIVEACTIONS, . |@ v
= P Yy |
A

A= IMO(b)

2) =7|A&XX|(Basket of candidate mid—term measures)
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H1E XM SAEAEX|S(CI) ALt

1. Cll £M2K(Attained ClI)

MARPOL @kt CII 7to| =il 234 =
CIIE ‘Aute] &54dET CO, B viE= o2& Aot Stk 784
uko] A7k 234 CII YAk (attained CIDS ©28 Ax(calendar year)
£ 7180E A4 FFAAFEW)G CO. T HWIEFM Hle= ALKt
th20) CO, & HiEFM)Z 2Edr 7& A4olA ol dRfERE
ARt CO, HWiET AE AvlsiH, €Uk 7|IE2= IMO2| DCSse
HiE 8% dm()E AA 4 ]‘j’k(FC)JJr CO, HEAF(Cr)2NE JT
Ao = YE}

26) Cll Guideline G1(IMO Resolution MEPC.336(76), MEPC.352(78))

27) REE CO, e UXM| KX 22 RXI~EEDI) S AL 235t 7H0]=2t0
(Resolutlon MEPC.308(73))2 Y51 HE&|0, siiE 710|=2010] ZEEX| 42 HeRe= HR
YAZRE HEAE EMZM HSEO0F &
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(B 3-1) A=24 CO, HiE HetAl

o|did2f

8= 3% H(Eﬁk?)o s 8Y (t—COz(/::—FueI)
Ca/7tAY 42,700 0.8744 3.206
ZAL(LFO) 41,200 0.8594 3.151
Z2(HFO) 40,200 0.8493 3.114
. 46,300 0.8182 3.000
HEHRIISLPG) 45,700 0.8264 3.030
HSFHATIA(LNG) 48,000 0.7500 2.750
HEtS 19,900 0.3750 1.375
oEtS 26,800 0.5217 1.913

Xt&: IMO Resolution MEPC.308(73)
SSRAFH(W) Adto]] FAjE 359 AA| = S 7|Hte s

B P B g
7ol Siek. ol7lAE A4 e5AYe] that tﬂohﬂﬂ 2R A

Sa7/I8 54 ATS ALttt Cl 7he| =211 G12 3a715E &%
AAgE 9Ede 7|le Adr 8H(0) '%PGHHE'J(DJQ Jo=E A5t
Act. o, Aut 842 HAFol| wet AESFEFDWT: deadweight
tonnage)28) = ZES(GT: Gross tonnage)29=& th2A| 28308 4=
Aom, FofjAz= DCsol Hire s3], nautical miles)s 2
&3ttt

28) Ml ESE= 27t 22/HHAM 29 LIt 7P Z2(1,025 kg/m3) 67 [(summendl= £47t
74 H2d 5172t EMTIK] HRlet A9 it ZothaE(lightweight)2] XI0|S AHAKSHO
ETE A ACEM 3129 £HS LIEHND MBIl ORdZ St Sl 4 Ql= 2|0 MIHZFS HA|
ot= X|H HE(Xt=: IMO Resolution MEPC.336(76) 2 MEPC.352(78), MEt&ai20AR)

29) ZEE4E= MU0 J7|1E LIEH= XBE2A ZHMEELZTSK|International Convention on
Tonnage Measurement of Ships)0f| [t AAEHAIR: IMO Resolution MEPC.336(76) %
MEPC.352(78), MHEeHE0A)

30) €3 M, Bi7, ZHO|LM, JTIAREEE INGRYEM, UbslEM, UEslaM, HRM2 2XHOZA
DWT, 32X 0f244, 22(RO-R0) \HEA LU, 22(RO-RO) 3124, 22(RO-RO) 024
2X02H GT A
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TN SAYERS S5 HY | 03

attained CII,

ship

= MXW=FC; X Cp/CX D, ~==== (1)

2 d7e 202249 71E A 9 SHFH52A5 U-84(BBCHP:
Bare Boat Charter Hire Purchase, ©|5} BBCHP) & 750%2] DCS d]
o[ElE 7|¥tC & CII @44k At & AFollA 449 g5
AL CII 8%t AYstrlole AubE =AY WA, dsf W4, =
A e ] 5 B2 7HEE Hprt putEo] B0l FUMEER
202299] CIl 273kl fAE= 7Hde Az A7E AP

2. Cll 3122(Required CII)

Auke. 240 whE M4 (parameter)?l a2t c& 283 AALE CII 7]
TH(ClLepZ 7M™, G1 7ho|=gRle] wt Al ClII /g% (attained
CIDZ H] WS 4= Utk a®t c9] ¥4= 20199 IMO DCSE HIR o E AF
Z3t 7 Aeko] 83 (capacity)¥ ClI @435 7o 2 F94 IHAE
(median regression)& &0 =&H wi7fH<=elct. CII 7lo|=ak] G2
= (3 3-2)¢9F Zo| w7l gt i FAAQ] 2 HAlokL it

CIL,; = aCapacity” “===== (2)

I3y (E 3-2)9F 7ol 4719 CII 71&3H CII 7Fe] =2kl G3oflA]
T8kl Qe A7 A5 A& A-8-olofet BlEA HdhE A7t CII 9
|3k(required CIDo] =&E & Stk Z+= 20199 7|&3k 9] A=
Cll ZFEAFEN AF 9 3710 Adgglo] e Aol SdotA 185
o} = 20204 1%E AlFo2 20214 2%, 20224 3%°]H o]& 20264
e 2%% S7FEt 20279FE 203097H4]9] HEEL ©7|RA]9
gt IMO 3e==9] AEZAIE 1o 7182 Astet /g et
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required CIL,,,;, = (1— Z/100) X CII,,, —=--= G3)

(& 3-2) M5 & M 3710 2 20198 71EM AF ARt

MZE 2 Mut 37 &4 OH7HH=
= (capacity) a c
- 279,000 DWT O} 279,000 4745 0.622
= 279,000 DWT 0|2t DWT 4745 0.622
b 7

e 65,000 DWT 0|4} DWT 14405%x107 | 2.071
65,000 DWT D|2t DWT 8104 0.639

Ef7 DWT 5247 0.610

al= [EF] DWT 1984 0.489

}.

— 20,000 DWT 0|4} DWT 31948 0.792
20,000 DWT 0|2t DWT 588 0.3885

HESIEM DWT 4600 0.557

zHaM DWT 5119 0.622

100,000 DWT O|At DWT 9.827 0.000

65,000 DWT OJA ~ 10
QHEA

LNGRHA 100,000 DWT 0fot DWT 14479%10 2.673
65,000 DWT Oj2t 65,000 14479%10"° | 2.673

57,700 GT OAt 57,700 3627 0.590

i 30,000 GT OJAf ~
RHEX} 2EEM ’ ,

tERE 24t 57700 GT 0|2t GT 3627 0.590
30,000 GT 0|2t GT 330 0.329

22(RO-RO) a12M GT 1967 0.485
22(RO-R0O) 0{ZA GT 2023 0.460

22RO RO) SoLS 10%;%) g#érm

02t S A GT 4196 0.460
EEESCRIN GT 930 0.383

F: SN2 TREO| A7 AN QU= S MG i Mo %S J0)= Mt

Xt=: IMO Resolution MEPC.337(76) 2 MEPC.353(78)
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H 3-3) 20194 7|EM ChHH| Azt Cll 2= Al(2) 2 2 702 7+

- ol=(H) 2019 CHH| ZEE(%)
2020 1
2021 2
2022 3
IMO 2023 5
2024 7
2025 9
2026 11
2027 13
2028 15
2029 17
2030 19
= oi 2031 21
2032 23
2033 25
2034 27
2035 29
7 IMOE 20261 0/ 2582 £ D28 HS0[XI9L, 2 70|k 2020HFE 202671 UEE

0] 2% B7tot= AS T2{olf 2035A7X] 29% ng‘;gi 7f gt
Xtz: IMO Resolution MEPC.338(76)

H2ZE ™A Cll SE718 A7 oY 5

1. Cll S5 ALt

CII S (rating) A9e] A7t CII B44%k= 714t HlaLsto] Zpo]
T ACFE $9), B(9=p), C(E3), D(IR), E[H% m$)2] 5 &
=Reth 5 ®fle Cll 7IEwtel dd ¥ E 283 55 1t 73



£ ZAAs, A 53 15%, B 55 20%, C 52 30%, D & 20%, E
g 15%= 14"{’_]1:]'

ad3-1) Cll sS4 He

i eadet el l '20%' ! Rating! inferior bound
e { -’; _ > inferior boundary
c_ |
Ram > upper boundary
> lower boundary
> superior boundary

Ln (attained ClIl)

Ln (Capacity)

At&: IMO Resolution MEPC.339(76) % MEPC.354(78)

vl 7HA9] AAI= CII 71&3to) A$ghE &6 =489 vl 79 dd
HE(d1. d2. d3. d4)E T, CII 7Io|=8kQl G4+ (TI¥ 3-2)9 (&
3-4)3} Zo] AFTH=E Cll 57 AAE Bt 7AZS dd HEHS
BASEAL

(J% 3-2) dd HIE| U SZ He|

inferior boundary - - - - ___________

upper boundary ___

lower boundary - __

superior boundary - - -

superior boundary = exp(d'7)-required Cll
lower boundary = exp(d2)-required Cl
upper boundary = exp(a3)-required ClI
inferior boundary = exo(@4)-required ClI

At=: IMO Resolution MEPC.339(76) % MEPC.354(78)
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W
K

g &ad Cl 7A€ 571 fsh Cll 248%=
} | 5ol Harsfof gt E3 59 T £
91 A4(SoC: Statement of Compliance, °]5} SoC)
of s}=tll, SoColl= 471014 A=4d CII 5&°] BAIE
+ Ee @Y A= E 5359 gtk AE Cl 24
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ok TH7|AIZH ZA00 M2 Cll S& 74M50 04

1) 2022'4 DCS HIO|H 7|&

IMO= A702+ MEPCOA At BiE 2A7EA ZAE Y3t 718
225 Tetolr] gt AFofA JiE Aol Aut Amf ARS A&}
T2 9H5R= IMO DCS /AL A=H455F9T}. o= 20234 o]& dra s
CII A= 851 Ql=d], 1 olf<= CIlZl A7t Fo6iE 7IE22 At
|4 AERE 12okRo] DCS GA] A7t AME3t ARG ARRS A&t

s
o
.
:C‘J%
>,
o~

7] Wgole. DCSOl 4%, FES, AFEFES, P4
9% dmg AuF So| myHol 9k

(Od& 4-5) DCS HI0|E 29Kz OfA|

APPENDIX 2

SAMPLE OF THE COLLECTED DATA SUMMARIES

Dale  and | * Dale and | Distance | Hours “Sailingin | STS Fuel consumption (metric tons)

time from time to travelled | under ice Operation

(ddimm/ (dd/mm/ (n.m) way condition | (Y/N) total mass **mass to be deducted from the total

yyyY: yyyY: (hh:mm) | re 3.1 | (YIN)

hh:mm UTC) | hh:mm UTC) consumed for | consumed by oi-fired | consumed by standalon
production of | boiler for cargo | engine driven cargo pu mps
electrical heatin g/d ischar ge on | during discharge operations
DOWEN (FCoprr) tankers On tankers (Feu...)

0G0 DO/GO DO/GO DO/GO

01/01/2023 | 01/01/2023 | 150 1320 [N N N

00:00 13:20

01/01/2023 | 01/01/2023 | 60 10:40 N Y N

13:20 24:00

02/01/2023 | 02/01/2023 | 288 2400 | N N Y

00:00 24:00

03/01/2023 | 03/01/2023 | 260 2400 | N N v

00:00 24:00

311212023 | 3111212023 | 290 24:00 N N N

00:00 24:00

‘Annual total

Xt=: MEPC 78/17/Add.1

EH 7= 3 oA} ABRE9] 20224 DCS tlo]gof w2 gfefA 29}
FoARRE 1S ARt Bt PGS kL, o9
tlolE 7|§te & &35t AZF Wt H7IATRE oAzt
Ao A&S ottt 24 ARtEe] di7|AIZES 7T 7t obd e
of Fofigtel wt A4 B =& 4 U=t d7IAE &AT] Al

=

A
ooy AlHE 9] HAEEE A Alue]o] Hls] Bz

45) IMO, MEPC.278.(70)
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11.45% fashe 22 AT &= A 2y sdEfe ohdet ols
AR AAEERE Ht di71A7ks 100% AAsk: A 4% oR &
7Fsol 7M. wEbA EpAow gi7|ARE 30% E 50% HAdhe A
= L3RS Wl, A4 A& Bt 3.95%, 6.37% HAEHU-

_I

f

(# 4-6) 2022'4 DCS HIO0|E{ 7|& ALt Z|X4L

l')4

=e|: knots
M | Mitgaee | MBfagy, | MHfsy | Moy | MHo0s | (A aase—t15h oo /A pace

A 13.90 13.48 13.22 12.96 12.60 9.35%
B 14.93 14.00 13.45 12.93 12.23 18.08%
C 14.55 14.16 13.91 13.68 13.33 8.38%
D 13.29 13.01 12.82 12.65 12.39 6.77%
E 13.11 12.62 12.32 12.03 11.62 11.37%
F 12.45 11.99 1.7 11.44 11.05 11.24%
G 13.90 13.52 13.28 13.05 12.72 8.49%
H 10.34 10.15 10.03 9.92 9.75 5.71%
| 14.62 14.29 14.07 13.86 13.56 7.25%
J 15.41 14.98 14.70 14.43 14.05 8.83%
K 12.30 12.04 11.87 11.71 11.47 6.75%
L 14.73 14.17 13.81 13.48 13.01 11.68%
M 14.75 14.25 13.93 13.63 13.20 10.51%
N 12.81 12.40 12.14 11.89 11.53 9.99%
0 13.68 12.98 12.55 12.14 11.59 15.28%
P 14.24 13.74 13.43 13.13 12.70 10.81%
Q 13.28 13.10 12.98 12.87 12.70 4.37%
R 14.91 14.73 14.61 14.49 14.32 3.96%
S 15.25 14.54 14.10 13.69 13.11 14.03%
T 15.97 15.38 15.01 14.66 14.16 11.33%
U 15.74 15.30 15.02 14.75 14.36 8.77%
Vv 15.61 14.79 14.29 13.83 13.18 15.57%
W 10.66 9.88 9.41 8.99 8.43 20.92%
X 15.10 14.85 14.69 14.53 14.29 5.36%
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ok TH7|AIZH ZA00 M2 Cll S& 74M50 04

tl t—'f tl |:—IrBase tl |:—||"30% ﬂ l:i|r50% tl |:—||"70% ﬂ lih 00% (nA_-l‘:—erase_ﬂlih 00%)/ IA_-I':—‘!‘BaSe

Y 15.06 = 14.84 1470 = 1457 14.37 4.58%
Z 1445 | 13.70 | 13.24 @ 12.81 12.21 15.50%
AA | 10.52 9.50 8.92 8.41 7.74 26.43%
AB | 11.21 10.59 | 10.21 9.86 9.38 16.32%
AC | 1228 | 10.79 9.99 9.29 8.41 31.51%
AD | 10.08 9.54 9.21 8.91 8.48 15.87%
AE | 1056 | 10.256 = 10.05 9.86 9.59 9.19%

A= MR AR

2) 20234 AIS H[O|E 7|&

(1) Ol ZA2| U =2 DUy

Aute] A NS B2 24 o] B A Gzt Tioto]
9HH g Jutslolof k. 18 95 A 92 Huolx FY AAA
71% A R0 gt 2EAE AASLL, BSX7F ohd 2T Ael(H
o, AU, £, 2% ) Defe) vols AXS SPshact

(18 4-6)2 Aufe] 23 HRE B Sste] 3 Aol o PR
wAjsto] 7pABkeE Tgoleh. et B olot A A dole E7]%A]
oot AL, AT ok ] AA, Hlofel sk a4yl
o QA= Hlole S Wgsteln Aoz HuA 2t FNE TRt
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(28 4-6) 2 HE0f M2 HX| 7HAISH

NERPS VRSS!
(2) oAzt & HE| L=

FolAIZ2 AlS HlofH F gur & o] Ht AZhE A|QJgt Ao 2H A%
stgict. 1o mEt FeiAYE & A 5 ol HHE oSt HA=
tlolEE 7|¥te g AMEstglet], 9% HolEE FoiAE Akl
AaixE F I 719 AE Albelof sttt T 3k 7 AR AXEES ¢
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ok TH7|AIZH ZA00 M2 Cll S& 74M50 04

At Feof 7
Feo) A7 7Pgstel £ A 7He] HuARE ALK AT
2 %2 AES AL dato] B 4 ot WAlER] TAL T Fe

2ot of Ao AP 20E AFTHOZA SN FAst 7 24
o] u]3] o Jeket Arke AFoHAE 2 ApolH Hgsplos I
7} 9tk wekd B J7E Aake] A 9 AIZ7FS 1Eske] sk ARl
Ag Ageigon, £ Mol Ywet AEE AM8sio] BT sHAl

hav(©) = hav(py — ;) + cos(p;)cos (gy)hav(Xy — A;)

pu M2 B 0] et FES AES thebhL, ., vl o] o
3 fl=e} AEg L}E}Lﬁc} 59) goj9l 2 7] Slo) 62 archav

(hav(©))2, hav(0)F h& UL F A H=shd vt 2t
d=2rarcsin(y/hav(p, — ¢;) + cospicosp, « hav(hy, — X )
{57 w2
= 2rarcsin| 4/ sin® +Ccosp; ¢ COSp, * SIn 5
9 542 283shd & 2t ARE Foto] AErE & IiAEE A
AV % 9lnk e U Y AERS event® Wisto] 8] AT} E7
MRS TR & fEE Y] ARE AR A v 2

46) math doctors, Distance.to ZZ(HA: 2024.7.15.)
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(B 4-7) 1=hE ool g=

Meh SSHAH2I(NM) | EHAIZHR) Meb SSHAEI(NM) | ESHAIZHE
A 83674.3 5971.6 B 1141621 6340.1
C 98636.5 6895.0 D 58359.4 5951.1
E 57887.7 5212.3 F 52800.0 4669.0
G 78435.2 6726.5 H 51325.3 6048.7
I 65209.3 6989.4 J 83482.6 6436.3
K 47260.9 5034.7 L 97169.4 6416.6
M 85088.4 6767.5 N 87896.7 6898.5
O 50150.5 4831.1 P 73512.0 5923.7
Q 108907.8 6767.1 R 84723.8 5968.0
S 79092.5 6459.1 T 98613.2 6666.1
U 89963.6 6767.5 V 68381.8 5651.8
W 31940.5 4809.8 X 85775.8 6173.0
Y 815635.0 6538.1 Z 81062.0 5553.9

AA 87334.5 4903.5 AB 46408.9 4640.6

AC 29258.2 4402.4 AD 29164.2 3970.7

AE 78508.7 6097.9

A= KA ARY

(3) AlLt2|QY HxiMa

OB & &9l FE HAYOE FojAItt D AE AETH
= Mvﬂi‘% FH A% AR 20229 DCS dlolE 7]8F Alye e
&S Fobe HAT st o, 2 2EE AA7F AA s
9] &AollA dojd &= Q= oust FF= Yitk= o3 24 F X

T A9AYE Aaeel7] el 20229 DCS HlolE HH] &7t g
olFtH:E AIMO] Stk E3], AR BEORAOKE-Y) 27 AurE2
20229 DCSOIA = 10=EQ] A4S El=d], 2023 AIS TlolE 7|&
Ao 2 B IFoA 22 oAzt ] FeiAE 7hast
o 10kE oJsl A&%08 L&Yk Stk

—_
=

O
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Tot Ti7IARE 40 2 CIl 82 /isst 04

H 4-8) 20231 AIS H|O|E] 7|E AlLt2|2E Z[XM

E
==

He|: knots

Mhpace 830, 15509, 8709 A58 00%
A 11.7233 11.38 11.16 10.95 10.64
B 14.6284 13.94 13.562 13.12 12.56
C 13.0126 12.71 12.51 12.33 12.05
D 8.9528 8.86 8.79 8.73 8.64
E 9.0307 8.80 8.65 8.50 8.30
F 8.8896 8.62 8.44 8.28 8.04
G 10.5054 10.29 10.15 10.01 9.81
H 7.6087 7.49 7.41 7.33 7.22
| 8.4193 8.27 8.17 8.07 7.93
J 11.6838 11.42 11.24 11.08 10.84
K 7.9063 7.75 7.66 7.56 7.42
L 13.4772 13.15 12.95 12.75 12.46
M 11.2086 10.89 10.69 10.50 10.22
N 11.2287 10.88 10.66 10.45 10.15
0 8.3025 7.97 7.77 7.57 7.29
P 10.2963 10.01 9.83 9.65 9.40
Q 16.4296 16.25 16.13 16.01 15.84
R 13.2655 13.14 13.05 12.97 12.85
S 10.1196 9.73 9.49 9.26 8.93
T 12.5712 12.18 11.94 11.70 11.37
u 11.8773 11.63 11.48 11.32 11.10
Vv 8.7103 8.39 8.18 7.99 7.71
W 4.8458 4.60 4.46 432 412
X 12.8379 12.66 12.54 12.42 12.25
Y 11.2519 11.12 11.04 10.96 10.83
z 11.0310 10.55 10.25 9.96 9.56
AA 14.7350 13.78 13.22 12.69 11.98
AB 7.5491 7.22 7.02 6.83 6.57
AC 4.0466 3.80 3.66 3.52 3.33
AD 5.4832 5.25 5.10 4.96 477
AE 10.8224 10.45 10.21 9.98 9.66

Afg: MR A
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2. HEMA0 It

rin

HeADZ A CO, HiEE AL

1) 2022'4 DCS HIO|H 7|&

WA AFTE A 2ol DCSe 758 A=min=zS AP Ay 4larst
7] W&ol oF3F4] WAl(Bottom-Up)2 & AlF/do] ol & 4 Utk
202249 DCS Ho[HE 7102 AUE0] Auind AN A AE
W HFO 79.79%, A-(LFO: Low Fuel Oil, °Js} LFO) 13.79%, A1}
| 9AMDO: Marine Diesel Oil, ©|s} MDO) ¥ A& -(MGO:
Marine Gas Qil, °Js} MGO) 6.43%9] H|&Z Ar&stil UArh.

Aol A ARE ARATFE DCSE B9 & & oy A& A
o W& AuAEF AFHQ HAQl A 2 (cubic law)S E9J5H3d
o} A 22 Adke] g anego] A49] AAlgghl TARIHE A%
Aol AujAQl Zdfo]H, o]§ 7Fsst A ARALEF Ho]E|7} FHot
A] k2 oA AMgSfigittA) BE A4 2330 dRbHQl 34| og
IHEI Q= T Aol AshnEo] gof Lo vl gtk
HEAQ1 717go] AW 7tE|ojof St A48 FA] =EE L QA
TFolAe AehE ALY HE Es 3 ARARE A0 tigt glolH7t
SESHA] G7] wiEol i MRS Agd AUE|E dRARskE (E
4-9)8} o] 274Gttt tEo] §58 ARARF 420 (&E 3-9)9
EAE A85to] (I 4-10)3 Zo] CO, HiEFE F4519t). 92
ol Wt 71& g7]AIZES 30% A4S AS- CO, HiEHS Hat 7.69%
AL, d7|ATME 50% AT B B 12.18%7F AT 4= .
E3t, 7IAIZE 70% BAE B 16.26%7F D45k, ti71A7E 100% 7

& A B 21.74%7F B4 S Qloh

%

=
fe e
[ A )

o

47) Ryder and Chappell, 1980; Ronen, 2011; Wang and Meng, 2012
48) Lindstad et al., 2011; Faber et al., 2017; Comer et al., 2018; Leaper, 2019
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SUMMARY

Executive summary:  This document highlights quantitative improvements in terms of CO2
emissions, attained ClI, and ratings by reducing the waiting time for
ships to berth at ports. In addition to improving fuel consumption and
carbon intensity indicator (Cll), it will be necessary to consider
cooperation between ships and ports in the mid- to long-term to
achieve the level of ambition of the 2023 IMO GHG Strategy and to
establish an alternative fuel supply infrastructure as part of a basket
of candidate mid-term measures.

Strategic direction, if 3
applicable:

Output: 3.2
Action to be taken: Paragraph 10

Related documents:  Resolutions MEPC.304(72) and MEPC.377(80), and
MEPC 81/INF.22

Introduction

1 As a short-term measure to reduce greenhouse gas (GHG) emissions adopted in
2021, the annual operational Carbon Intensity Indicator (Cll) and associated Cl| rating came
into effect on 1 January 2023. The first annual reporting is to be completed in 2023, with initial
ratings scheduled to be given in 2024.

2 Each shipping company can develop a plan to enhance the Cll of its ships by
calculating them. However, small and medium-sized shipping companies lack the capacity
compared to large shipping companies. To address this issue, the Republic of Korea has been
supporting small and medium-sized shipping companies in complying smoothly with Cll
regulations through the CII rating improvement consulting project since 2023. The lessons
learned from the consulting results have been shared with the Committee through the
document MEPC 81/INF.22 (Republic of Korea).
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3 The 2023 consulting revealed that one of the primary operational challenges faced by
shipping companies, aside from financial constraints and fleet specifications, was the waiting
times for berths due to port congestion. Although there are various factors that cause port
congestion and the impact is felt in several ways, the reality is that it is not easy to solve
because stakeholders related to cargo, ships, and ports are all interconnected in the logistics
chain.

4 Nevertheless, the Organization recognizes securing Just-In-Time (JIT) shipping as an
opportunity to achieve both economic and environmental effects by reducing CO2 emissions
and fuel consumption (Just in Time Arrival Guide — Barriers and Potential'), and also adopted
resolution MEPC.323(74) to encourage cooperation between ships and ports to enhance GHG
emissions reduction. This document aims to present the quantitative effect of improving
attained Cll and ratings by ensuring JIT through reducing waiting time and optimizing ship
speed to comply with ClI regulations and to consider it as a future measure.

Analysis and comparison of annual waiting times for berths

5 Depending on the logistics chain, collaboration between ships and ports requires the
efforts of stakeholders, including shippers, shipowners, ship operators, charters, port
terminals, shipping agents, and seafarers. Considering this, a liner (typically, container ship)
that regularly operates a specific route scheduled in advance will be easier than a tramper
(generally, bulk carrier) whose route varies for each voyage. Additionally, the reduction rate of
the Cll has been determined until 2026 (11%), and additional revisions can be developed after
reviewing short-term measures by 1 January 2026. Therefore, it is necessary to consider it in
the mid- to long-term. The sample group for analyzing annual waiting time for berth is 21
container ships entering and leaving Busan New Port, which handles the largest volume of
containers in Korea and corresponds to a rating of “D” for the third consecutive year or a rating
of “E” in a single year.

6 By analyzing the annual AIS data of the sample group, we extracted the waiting time
for manoeuvring to less than 10 knots before arrival, which includes anchoring and drifting in
anchorage or outside of the port limit, by separating navigation time (Table 1). Depending on
the ship's route, the annual waiting time ranges from 10 to 60 days (with an average of 30
days). It was confirmed that the waiting time is more likely to increase with more frequent entry
and exit of the ship and fluctuations in the port of call. The waiting time of a specific port could
extend up to 10 days, depending on the port.

' https://greenvoyage2050.imo.org/wp-content/uploads/2021/01/GIA-just-in-time-hires.pdf
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Table 1: Annual waiting times of sample ships
. Sailing | Average | Waitin
Ship Route Voyage Dl[s'::;ce timeg speetg! timeg
[h] [nm/h] [h]
A Far East 7 97,517.5 | 7,015.2 | 13.90 724.6
B Far East -East Latin America 4 86,873 | 5,818.1 14.93 1285.5
Cc Asia-North America 14 95,983.1 | 6,595.8 | 14.55 604.0
E North East Asia 15 57,799 | 4,409.1 13.11 566.7
F North East Asia 33 62,143 |4,991.7 | 1245 630.2
| Asia-Mediterranean 4 89,594 |6,126.4 | 14.62 480.6
J North East Asia-Oceania 7 89,046 | 5777.2| 1541 559.7
L Asia-North America 14 65,678.8 | 4,459.5 | 14.73 590.5
] Asia-North America 14 92,325 |6,260.2 | 14.75 732.6
N Asia-North America 14 95,654.1 | 7,465 12.81 827.8
P South East Asia 13 79,861 5,608 14.24 678.3
R South East Asia 13 75,966 5,096 14.91 208.0
s | Farfast. Medleranean - 5 | 97018 63614 | 1525 |1,038.9
ast Latin America
Far East - Mediterranean —
T East Latin America 5 103,469 6,478 15.97 830.1
w North East Asia 43 46,281 4,340 10.66 | 1,152.0
X North East Asia 12 84,787 5,614 15.10 318.7
z North East Asia 7 88,916 6,154 14.45 | 1,126.5
AA South East Asia 47 44,680 | 4,247 10.52 | 1,524.5
AB South East Asia 32 52,854 | 4,716 11.21 920.4
AC South East Asia 41 41,269 3,360 12.28 | 1,545.0
AE South East Asia 6 90,691 8,590 10.56 870.9

Improving Cll by reducing of waiting times

7

At the same distance, the waiting time in Table 1 is reduced by 30%, 50%, 70%, and

100%, and four scenarios with adjusted ship speed were added to compare fuel consumption,
CO; emissions, and Attained Cll and ClI rating (Table 2). It is practically impossible to reduce
the waiting time by 100%, but when the waiting time is reduced by 30%, the average reduction
in CO; emissions is 7.7%, the average reduction in Attained Cll is 8.5%, and 52.38% (one
phase-up: 42.86%, two phase-up: 9.52%) of the sample group showed the effect of improving
the grade. Additionally, a 50% reduction scenario resulted in an average 12.2% decrease in
CO: emissions, a 13.5% decrease in average Attained Cll, and 66.67% (one phase-up:
47.62%, two phase-up: 14.29%, three phase-up: 4.76%) of the sample group is improved on
the rating.

Table 2: Quantitative improvement effect of reducing waiting times

Actual data
Shi C issi i N
’ Fuel [ton] : co: [ton] ?gt(‘:acl)r:je:n?nlll CllRating
A 18,104.62 57,058.24997 8.998474399 D
B 18,595.88 58,054.32313 9.156594586 D
C 15,187.49 47,476.82266 9.860797273 (o]
E 4,424.42 13,948.76527 20.29537416 C
F 4,816 15,035.7284 20.46985566 C

MEPC 82-INF.26.docx
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| 19,210.48 59,976.16383 24.8689225 E
J 20,766.7 64,790.3226 9.969651246 E
L 15,829.6 49,596.3764 9.33937592 E
M 13,831.1 43,249.7766 8.954266608 C
N 15,115.2 47,232.64 9.622828834 C
P 10,502.53 32,865.84748 10.47810727 C
R 11,763.16 36,683.19254 9.340025948 C
S 16,511.9 51,554.3102 17.08701649 E
T 17,819.83 55,618.80104 8.522787378 C
w 3,351.13 10,555.88096 27.77089823 E
X 13,370.14 41,692.29937 9.502026219 C
z 17,978.29 56,077.21457 7.374347341 C
AA 3,178.65 9,979.7383 27.17939914 D
AB 3,5619.94 11,033.06844 25.2017553 D
AC 2,743.43 8,597.17738 24.049927 D
AE 20,897.55 65,126.68666 8.88153255 D
Scenario 1 Scenario 2

(30% reduction of waiting time)

(50% reduction of

waiting time)

Attaine

Fuel

Attaine

e CorFllslﬁlmp em(i:sosion el I(Q:alllt COn.sum em(i:scizion clel Ig;:i

tion [ton] [ton] [9CO/t: ing Btiony [ton] [9COft: ng
nm] [ton] nm]

A | 170326 | 536798 | Botot€ | ¢ | 163700 | 515915 | 8 %% | ¢
B | 163558 | 510609 | 30030 | ¢ | 150790 | aro7s0 | T2 | ¢
C | 143862 | 449718 | 93805 | ¢ | 138867 | 434104 | PG00 | ¢
E | 41020 | 120322 | 88183 | ¢ | 30062 | 128151 | 7283 | g
F | 44709 | 139584 | 199091 | ¢ | 42611 | 133032 | I ¢
|| 183372 | 57,296 | 27383 | £ | 477876 | s55339 | 230909 | £
J | 196102 | 611820 | Farit | € | 1ss020 | sseara | 908%4| p
L | 146431 | 458788 | B53932 | D | 1avoa6 | 436279 | 32045 | D
M | 129088 | 403657 | 83715 | B | 123442 | age003 | 6% | B
N | 141576 | as2403 | °T1319 | ¢ | 135689 | 424006 | BE38I9 | g
P | 97799 | s0e04s |®L2718 | B | 9asss | 200243 | 93| 8
R | 114803 | 358010 | %2140 | ¢ | 112073 | 352304 | 3901 | ¢
s | 150055 | 468510 | 55281 | £ | 141130 | aa0ea2 | 143045 | £
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T | 5249 | 515772 | "M g | 157385 | 491228 | T | B
w | 28750 | 9o0s61 | 23822 ¢ | 26118 | 82271 21335;;‘3 c
x | 129261 | 403075 | SI8H2| ¢ | 126422 | 304223 | B | ¢
z | 161552 | 503907 | 2955 | g | 150807 | 470671 | O1SHE | g
A | 25007 | 81336 | 223181 ¢ | 208a9 | 71736 | 19571 | B
A8 | 31413 | opaea | 24N ¢ | 2eo19 | gtsss | 2030991 B
AC | 21186 | a0z | '83725 | & | 18136 | 56835 | 13530 A
AE | 196820 | 613386 | B39493 | p | 189207 | 589030 | 8041 | D
Scenario 3 Scenario 4
(70% reduction of waiting time) (100% reduction of waiting time)
Shii Attaine Fuel Attaine
’ Cofl:ﬁlrnp em(i:s(:?on dicll g:t consum em(i:s‘:zion dicll IgaI:i
tion [ton] [ton] [9CO-1t: in plion [ton] [9CO:Ht: ny
nm] 9 [ton] nm] 9
A | 157453 | 496227 | 52584 | B | 148733 | aepras | T340 | g
B | 139478 | 435435 | B85 | g | 124745 | 380430 | CNAZT | A
¢ | 184127 | 410088 | B1089 | B | 127461 | 308ua8 | BT | 8
E | a72e1 | 117410 | 98| 5 | 34740 | 109524 | 1536 | 8
F | 40656 | 126081 | 72805 | B | 37068 | 118537 | 5030 | B
|| 172624 | s3goaz | 22370 | g | 165172 | s1675 | 213023 | g
J | 182126 | ses2t6 | 8736 | b | 470601 | 53501 | 823922 | ¢
L | 132578 | 415386 | "o220% | ¢ | 12,3439 | 386753 | 2> | C
M | 118159 | 369483 | 7192 | A | 110848 | 34622 | 7787 | A
N | 130161 | 406734 | 828819 | B | 120483 | 382730 | TITS4 | B
P | 89269 | 279353 | 33019 | B | 83584 | 261561 | B | A
R | 11187 | sa6734 | 332830 ¢ | 408586 | 338623 | B22N8 | 8
s | 132077 | a15189 | 37509 | D | 122012 | 380053 | 125252 | ¢
T | 150070 | 46,839.4 7'3;17;7 B | 14,0017 | 437017 6.2?3366 A
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w | 28882 | 75070 | 197498 8 | 20027 | epore | 7322 | A
X | 123676 | 385660 | 87891 | ¢ | 11,9721 | 373328 | 3903 | B
z | 141262 | as0618 | °7427 | A | 128451 | 400861 | O20882 | A
Aa | 20302 | eazat | T390 | A | 47212 | 54030 | 141N | A
s | 27247 | 85403 | 92078 | 8 | 24643 | 77240 | 112334 A
AC | 15701 | 48202 | 3T\ A | 42874 | 40342 | 112 A
AE | 182196 | 567814 | 1o | ¢ | 17,2072 | saese2 | TaaS | ¢

Needs for cooperation between ship and port

8 Candidate short-term measures of the Initial IMO Strategy on reduction of GHG

emissions from ships (resolution MEPC.304(72)) and other candidate mid-term GHG reduction
measures of the 2023 IMO Strategy on Reduction of GHG Emissions from Ships (2023 IMO
GHG Strategy)(resolution MEPC.377(80)) include analyzing and considering measures to
encourage port development and activities to reduce GHG emissions, including the supply of
electricity from renewable energy, infrastructure to support the supply of zero or near-zero
GHG emission fuels and/or energy sources, and optimization of logistics chains and plans.

9 In addition to improving fuel consumption and ClI, it will be necessary to consider
cooperation between ships and ports in the mid- to long-term to achieve the level of ambition
of the 2023 IMO GHG Strategy and to establish an alternative fuel supply infrastructure as part
of a basket of candidate mid-term measures.

Action requested of the Committee

10 The Committee is invited to note the information contained in this document.
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B 13.45 15079.9 47078.0 7.425351764  C D E
C 13.91 13886.7 43410.4 9.01620323 C D E
D 12.82 2876.6 9079.8 16.43854011 B C E
E 12.32 3906.2 12315.1 17.91833503 C D E
F 11.71 4261.1 13303.2 18.11116104 C D E
G 13.28 17179.0 53604.0 4.203039305 | A B C
H 10.03 3966.5 12385.1 14.94906676 B C D
| 14.07 17787.6 55533.9 23.02696074 E E E
J 14.70 18892.0 58941.4 9.069640313 E E E
K 11.87 3760.8 11808.7 18.40569363 B C D
L 13.81 13924.6 43627.9 8.215457896 D E E
M 13.93 12344.2 38600.3 7.991658928 B C D
N 12.14 13568.9 42400.6 8.638394737 C D E
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R 14.61 11297.3 35230.4 8.97013217 C D E
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