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ADS(RF=Z£ZEA)): Automatic Dependent Surveillance
AIS(MEIXSAEEX]): Automated Identification System
AMP(SMT RIS HR|): Alternative Maritime Power

BFO: Bunker Fuel Oil

CAPSS(TH7 | H =X HA|AE) : Clean Air Policy Support System
CI(EtAEI=X|): Carbon Intensity Indicator

CMAQAHRUE| HE|AAY CH7|Z 2E) : the Community Multi-scale Air
Quality model

ECA(HIZHI5HS): Emission Control Area

ECDIS(HAtsh = - EA|AE): Electronic Chart Display and Information System
ESI(MEt2tAX|4=) @ Environmental Ship Index

EEXI(ME|HX|EEAAX|Z): Energy Efficiency Existing Ship Index
GPS(Global Positioning System)

GICOMS(GHYUIHMESIHEA| AR General Information Center on Maritime

Safety and Security

K-SEEA: Korea Ship Emission Estimation Approach
ICAO(ZH|2IZI&EET|): International Civil Aviation Organization
IMO(ZHIBHALZ|F1): International Maritime Organization

IPCC(7|& Haltol| 2tet 27 HOIA)): Intergovernmental Panel on Climate
Change

LED(ZZLI0|QE) : Light Emitting Diode

LEDS(H7|MEtARETES): Long-term low greenhouse gas Emission
Development Strategies

LSFO: Low Sulphur Fuel Qil
MDO: Marine Diesel Oil

MMSIGHAO| SR AHEES): Maritime Mobile Service Identify



NDC(Z7I2ATIAZEZZ2H): Nationally Determined Contribution

NMVOC(HIHIEHA 3|2ty R7|8+8=): Non-methane Volatile Organic
Compounds

NOx(EALEE) : Nitrogen Oxide

Port-MIS(GH2&U= FHEA|AH]) © Port Management Information System
PM(O|MEHX]): Particulate Matter

RTGC(EIO|{E OF=E=T3|Q]) : Rubber Tire Gantry Crane

SENEM(MEF X 224 2H) : Ship's Energy Efficiency Model
SOLAS(Z Aol A1 HOIMBQF): Safety of Life at Sea

SOx(&t38HE)  Sulfur Oxide

STEEM(MEF S3l2f, oL X] 2 2+ D) : Ship Traffic, Energy and Environmental
Model

VMS(MEIRLEZAAE): Vessel Monitoring System

WRF( |4 A7 2 o|& 22 : Weather Research and Forecasting model
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EXECUTIVE SUMMARY

A Study on the AlS—based Analysis of

Global Vessel Emissions (Il)
: Focusing on Major Ports in South Korea

Moo-Hong Kang - Eon-Kyung Lee - Jung-Yong Seo - A-Rom Kim -
In-Hoe Jung

1. Background and Purpose

1) Background

= Globally, there's an awareness of the seriousness of climate
change, and various environmental policies are being
pursued, but there remains a lack of quantitative policy data

to support these measures.

= Particularly, the Carbon Intensity Indicator (CII) regulation
being pursued by the IMO could potentially restrict ship
operations based on assigned grades, making it necessary to

have a method to anticipate this beforehand.

= Therefore, a model was developed to estimate the amount
of fuel used by ships in 2020 and the resulting exhaust gas

emissions. However, this model lacked precise validation at

ix



a detailed level (daily/hourly), and the engine load was set

as a constant, leading to limitations in accuracy.

2) National Project Relevance

= This research is linked to studies related to establishing
eco-friendly ports, aligning with national projects such as
'No. 40 Constructing Maritime Logistics Leading the World'
and 'No. 41 Defending Maritime Territory and Sustainable

Marine Management.'

= Additionally, it closely relates to 'No. 86 Developing Scientific
Carbon Neutrality Implementation Strategies for a Green
Economy' by setting a quantitative objective for port carbon

neutrality.

= Through these goal settings, the aim is to achieve
eco-friendly ports, which is also related to 'No. 88. Achieving

a Blue Sky without Fine Dust Concerns.'

3) Purpose

= The primary aim of this research is to analyze the improved
status of exhaust gas emissions through the enhancement
of the ship fuel consumption estimation model developed
in 2020. It also aims to analyze the effects of major

eco-friendly port policies in South Korea.



EXECUTIVE SUMMARY

2. Methodology and Features

1) Academic Methodology

= Investigate eco-friendly port policies being pursued or
planned in South Korea, such as low-sulfur fuel use,
designation of low-speed sailing zones, and adherence to

ship arrival times.

= Analyze the structure and characteristics of AIS data and
study and analyze the actual medium- to long-term fuel

usage of ships.

= Analyze the existing fuel consumption estimation model and
develop a model using cargo loading rates calculated based

on ship drafts to utilize as the main engine's load factor.

- Analyze the improvement effects by comparing existing research

with actual ship fuel usage.

= Lastly, analyze the effectiveness of South Korea's
eco-friendly port policy implementation to examine the

reduction in exhaust gas emissions.

2) Policy-making Methods

= Organizing expert discussions with shipping professionals to
secure data for the verification of estimated fuel usage and

model adjustments.
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= Validation of research content and gathering of opinions

through presentations at international academic conferences.

3) Features

xii

= Most previous studies did not compare their results with actual

ship fuel consumption, and they used constants for values like
load factor, not accounting for external environmental

conditions, which resulted in reduced accuracy.

To overcome the limitations of previous studies, this research
aims to @ compare and validate with precise ship fuel
consumption data, and @ improve the model by considering

external environmental conditions such as cargo loading.

= While previous studies focused on individual aspects such

as managing ship exhaust gas emissions and developing
estimation methodologies, this research comprehensively
analyzes the effects of South Korea's eco-friendly port
policies, including AMP installation, reduced-speed
navigation, and ECA designation, based on the ship exhaust

gas emission estimation methodology.
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3. Result

1) Summary

= Development of methodology to present the reduction

effects of South Korea's eco-friendly port policies

- An initial model was developed based on 2020 AIS data for
analyzing ship fuel consumption and exhaust gas emissions.
Subsequently, a secondary study was conducted in 2023, leading
to the development of an improved model, K-SEEA.

- The secondary research applied engine load calculations based
on ship drafts, proposing a more accurate model by validating
and adjusting against precise ship fuel usage data.

- The comparison with actual fuel usage data resulted in a 95.36%
match, reducing the variance to 5.52%. Moreover, compared to
the 2020 findings, the previous overestimation of 12.8%
decreased to an improved overestimation of 6.4%.

- This close alignment of the model's results with actual fuel usage

data validates the model's excellence.

= Analyzing the effects of South Korea's major eco-friendly port
policies such as ECA designations, slow steaming zones, and onshore
power supply facilities, based on the developed new model.

- Overall, it has been analyzed that sulfur oxide emissions reduced

by 265 tons (96%) as of 2022.

- Additionally, it has been determined that an additional reduction

of 429,822 tons of carbon dioxide was achievable. Considering
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the trading rate of approximately 8,000 KRW2 per ton based
on the 2023 allocated emission rights (KAU23), an estimated

economic impact of around 3.4 billion KRW can be expected.

2) Policy recommendations

Establishment of a Monitoring System to Promote Slow

Steaming of Ships

The analysis suggests the potential for a further reduction of
105,607 tons of fuel associated with slow steaming. This
indicates that there are still ships exceeding the recommended
speed of 10-12 knots.

To facilitate continuous monitoring of slow steaming, it is essential
to improve the existing method of tracking ship routes using

systems like GICOMS or ECDIS and submitting captured data.
Expanding the functionalities of GICOMS or ECDIS or

establishing a system that can verify slow steaming status in
real-time based on the ship's draft and automatically transmit
related documents and data could potentially increase the

participation rate in slow steaming.

Necessity to Expand Green Shipping Corridor Pilot Projects

Recently, the U.S. proposed establishing Green Shipping
Corridors, referring to routes where maritime vessels use low
or zero carbon-emission fuels and ports employ greenhouse gas

reduction technologies.

2) Korea Exchange (Search date: August 29, 2023)

Xiv



EXECUTIVE SUMMARY

- In the United States, an agreement was made to designate the
LA/LB - Shanghai route as a Green Shipping Corridor, while the
27th Conference of the Parties suggested the Busan - Tacoma
route as a candidate.

- President Yoon Suk-yeol presented a vision for constructing
Green Shipping Corridors, stating at the G20 Summit in India
on September 9, 2023, "Korea's leadership in eco-friendly
maritime solutions will contribute to connecting ports
worldwide through green corridors."

- However, to overcome the limitations of pilot projects focusing

solely on Busan, Seattle, and Tacoma, expansion to include ports
such as LA, LB, NY is essential.

4. Expected Outcomes

1) Academic effects

= Provision of a more realistic estimation model by

incorporating and validating external environmental factors.

= By replacing the constant engine load factor, which was
commonly used in previous studies, with variable factors

based on situations, a more accurate estimation is achievable.

= Establishment of various research bases using AIS for
analyzing port service levels (re-berthing/waiting times, etc.)

and identifying high-risk navigation areas.

XV



2) Policy effects

= Acceleration and support for the implementation of domestic

XVi

and international eco-friendly policies by presenting the
quantitative effects of ECA designations, AMP installations,

slow steaming, and other eco-friendly port policies.

Facilitation of technological and policy-related carbon-neutral
impact analysis by applying these outcomes to various ongoing
studies related to carbon-neutral port development, such as

the "Basic Plan for Carbon-Neutral Port Establishment."
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42) & 630&(LHEM 3203, 25t 310%)

43) 2HE5(2022)(BMY: 2023.8.29.)
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42z (HEEE H228583, 2023 11.16.)
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QA He FerEd 57 @3 02

(d8 2-16) SLTHSSEH HEe

Hut S0l Mo M2 Huh S0IE B4 171 4| 1B Sl
SyHRIE 2R ET) A 93 WIS NS » QUSYHE
i

K= oiYAt2(2019.12.04.)(BMY: 2023.4.20.), p.b

20199 it U HARAIE E017] Asl 2030974 FAE
&, A, FTF 5 A= 137 2 et 24878 A o] S4% :;EH
AH(AMP)E TSt S7IFAAIES edstalth ol whet gEket
Atoll A TS vAHEAIFPM2.5 718 59948 #50] 7Hs5to]
35.7%S St AVt 9lF ACE AR
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H 2-6) AMP HX|0f| [HE 0|MHX| 4= &1t

St O|MHX| HEZHE) OJMHA] Z=2HE) U=E%)
St 4,930 3,185 64.6
oI 1,740 412 23.7
GHE 1,071 417 389
Sof 336 139 41.2
CHt 680 21 3.1
=1 613 191 31.2
Of= 592 4 0.8
g4 2,658 399 15
o 405 184 455
bniely 601 315 52.3
Ot 608 241 39.6
bt 2,239 316 14.1
Xl 324 170 52.5
A 16,798 5,994 35.7

Ki=: oi=pA12(2019.12.04.)(AMYU: 2023.4.20.), p.2

| &7 1@ st %1 olzF Y- A€, AMP 01% Al PR EALE R
AR 7 5o AEHE AFSAL 9lom, F7hael AUute A&7
‘7_

Sto] AMP )-8 8/d5at Agelrt.50

50) SH4=4H2(2021.10.20. (ALY 2023.4.20.)
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H1& AIS 0| X 2 EX M

1. AIS H|OJE| FZ59)

J= Zuo] 21 492 Jd) £2 Ane] S4S AMgalE

HE A8 ouh, SUXY EE 49 2RO 940 oY 2
o] B 5 Al AH Blo] otk BAHOR Q8 AlSE el

MASASIAS ASATESH AlSE FTUEBRAZS AT FFE
ADS(Automatic Dependent Surveillance, AFs5&5HA) ERHAZECE
st ICAO(International Civil Aviation Organization, =A|WUZFY
3719 Bde EUE FEeH, 19978 AlS 4571% Zto] &
AEAL, 1998 IMO AR A Aol e o] AHHo=EN &
£ 3008 oA 412419 AIS AZe] 20024 7ERE 9]F-8tE 9)ct.55)
ojgA 33t AIS HloJE|E 7|¥to R A} o]F JHIE EATFo RN T
A 47 R SET &2 ARLE WA &85k Qi

¥ Zo] 34 SOLAS(Safety of Life at Sea, =
AedRAgrdAed) AurE?l Class-A B ] SOLAS AldRg-o]

o, _/_:\‘_a-l1 A= uo}ﬁok A 52 Eﬁns_ =3 14E~ qu_a}_ 7]7].
£ 2, Class-A B9 4% 4 %
A&t Qe o= SEo Wt 10

L2E 2/(2020), pp. 19-24E 7|8t0=2 XXt M2
22 9/(2016), p. 3.
{9 2 p. 3.

R,
= 9 [, 2o/ &, p. 4.

el
el

=
S
<
=

X

::

53)
54)
55)
56)

(=]
o
T’
71

(=]

44



AIS 2 MH| MEr H2ASE HolE 24 03

B
4
(o8

)
N
N
g A

72 Ae3he A0 745l 9lof Class-B BRIz} 8

O
o 2~
AL & 5 Utk

rlo 4

(B 3-1) {EE AISS BF

o= Class—A AIS Class-B AIS
g Mt SOLAS MElg Non-SOLAS Metg
EMNOZEE SOTDMA CSTDMA SOTDMA
20 24 £ 12.5W 2W 5W
e ool B: 2~10%
=X Xy T * 30&(2kn~) * 5~30E(2kn-~)
TS 37| - 38(~3kn) * 32(~2kn) ° 32(~2kn)
- 10%(3kn~)

A= 4Y<S 2/(2016. 9), p. 4.

AIS Hlojgl& 37 44543 5 5 37 JE= 72T 5 9
o A7 gui A W] g AW, IHoIEUT ARREMMSE
Maritime Mobile Service Identity), &5 3, IMO ¥3, A9AY 5

betar glom, ol Fre EAHA], ZAYAIL, & 5 8ATF

QAute} Yol sk FHE Eetely Qrt57) B3 FYHE Abk &
T T718 28 HEEolok sh= HlolE g, Aute] dA 912 2 JEHE
Uetlle 91- 3%, &=, W3, ASARL L35 52 Etetal Q.

ojo mE rulo

E oA VesselsValue?] AIS Ho|EIE ufislo] AREFHOH,
20229 71 & 4,97349] HHlelq HE&A HolEE Z3belal Qe AL
= A5 Alphalinero] W=, 34 A AlAZ & 23 521 E0]
AgA0] 5,746H590 2 & Aol &3t AIS HolE tiF-Eo] XiH|
Y AL ZI6L U= AR RAREGIH. oF v SR & ATolA

o

57) 44S 9|, %o M, p. 4.
58) 2& &, J4 &, Wl &, BR & 54 22 MU oIkl 24E FE.
59) Alphaliner(AMY: 2023.4.13.)
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= 7I& 1A d7oIA oAl ok BaAd g7 22 11,5209,

10,9422S tjifog B35t
(28 3-1) M A Zigo|o Mgt 72

BB Aphaliner TOP 100 / 13 Apr 2023

& 319,859,117 DWT

KtZ: Alphaliner(ZdA4: 2023. 4. 13.)

2) S8 M

AIS 54 AHEE= VesselsValue H|o|E 7|02 18719 B=& 7IA|1L
o, H Ao (I 3-2)¢ o] A HE dAA Y- A%
AZH&EE-LFTH 5 6719 BEE ARSI

(H3-2) 2 AF0M ALZSH AIS 3 BE

=4 HEH 49 ol
IMO Number MEMAE #HS 5112833
Latitude S Q= 22.977802° (22°5840.1'N)
Longitude S 3= 113.454967° (113°27'17.9'F)
Movement Date & Time S AIZEH(GMT 71%) 2019-06-08 12:14:00
Speed S £ 13.5kn
Move Status SRl 2R Moored, Anchored S

PSS

X=: VesselsValue S5 FHE 7|8 XX} 24
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AIS 3 AR M4t

HzAL2E G0 24

03

(B 3-3) 2 AF0IM ArZSHAIS B HH
N HEY A9 o
IMO Number HErAE S 5112833
. = Dry Bulk Cargo /
At o8
Ship Type =oe Cellular Container
Year Of Build HxY 1988
Speed | £ 22kn
Consumption Speed HEARE EH I 5 21.25kn
Consumption Value | 7|& £E2 2StA| 1Y AIZo= AE 128 tonnes
Deadweight Mo S (32, ¢, 34 8) 38,656 tonnes
Residual Fuel /
==
Fuel Type HE 3R Distillate Fuel / LNG
Main Engine Type ol EF Qil / Turbine
Main Engine RPM AT 2T 102 RPM
Power of Main Engines AT S 6,877 KW
Power Of Auxiliary HROIX £ 987 KW
Engines
Atz HS Markit AIS & HE HHAM 7(8t XX} 2
4) 3ol e
AIS HloJg] % g3l HHE VesselsValue HloJE 71&202 12719 9
TE 7 §loH, & AtolA= (E 3-4)<°f Zo] AuAlE ¥, =4l
A, 85 5 A S TS 2] A LT Jung 23
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(2 3-4) 2 AFUM A3t AIS Bolf FE

eloll = 2% ol
IMO Number MEtAE HS 5112833
Date & Time 24 AZHGMT 718) 2019-06-08 12:14:00
Draft a2 8.8m

Xt2: VesselsValue SX HEE 7|8 Xt 2

2. AIS O §X ¥ SN 24

O= OF 46WTE A, A= Wi oleSEE 12.61EQl AR A
it Bt A F71= oF 5491 Ao ZARHSE, ol AIS T
Al AR Q18] A ZARE AIS 441 #7191 22~32

TRk 10ER 23oH= Algto] 548 7|2 AlS HlolHE $415)
Q = ZA0=, o]gA 71 F7|E 72 9
tlolEE IR ARSRIH F AR Afo]] 7| 7kA viESF HijEo]
2 k. 20200 =33t 12 Aol
= Hr}t AEst dgsmer 9 Hjz|vt
& 40| 7hset By /S FXI6tqdtt. o]t TRTE A4S
60) Bt 31 Q1Mo AL AIS O|4=AE0] 30~60%Q! HOZ TAHZHS 2|, 9ol 2 o 4),
61) HYXIL| QIHEE Solf f0IS Sfolst A}, Yo|AfQ] 0|51, AIS TIO|E HIH 2| 25 H|O[E XtX|
LY SO2 QIsh $41%7|7h ZofRICtT &

62) Y& AF0ME SMAIZH ZRIZ SHZESE| 25l CIOIE =5 E0] &4
63) 17.6km = 10kn x 1.852km/h x (57 / 60)
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AIS 2 MH| MEr H2ASE HolE 24 03

82 3golA afstarzt g,

T 3-5) AlS H|0|E| EXI(VesslesValue 20224 7|ZF)

= ZAH|0[ L4 g3 CEghl

CIOIEH £(24) 45,649,924 177,682,548 106,834,658
Mt B 0ls& & (kn) 12.61 10.05 9.04
B 4 F71(2) 53.94 53.99 52.22

Xt=: VesselsValue AIS HE(2022H) 7|8 XX}t 2t

>
~
A
nx
é
rx
1z
I&_ﬁ
>
00
o

V|
ja

.E
M
1x

£ A= AERS 530 A A 2 B AARRRE 20229 1€ 19
FE 12¢¥ 3197179 AR Adt A8AREEF tloleE Aottt A A
Atol| A= g oY A(Container ship), B3 ABulk carrier), F34(0il
tanker), TF2& A (General cargo ship)& B AAMAE G324 59] H
o[E|E StHsITt. 7} A4 AlEEtE HolE F 7]S0] 202249 14
1Y5E 2A51A] o2 Auto] =T, ol ARA T F4l0 dfe

shoirt.

Zy AR R AF2 o8+ Noon report, Noon report(within
port), Anchoring start(outside port limit), Anchoring end(outside
port limit), COSP(Command of ship passage), EOSP(End of ship
passage), Departure, Arrival 522 2%}t &2 Noon report®

=0l U= Noon report= AlEfo] S Aot sAolA=
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AR A glg 5 g o) 39 5 v Aol el 2%
A

=2
3 ARIEL 7|25l BUsls EAE Tt} 64)

A Aol A A E3E HlolEofl= Auf
. 7171 BE7F Z9HER(H. HlolE Al WEoEE AA, AR dRE
EHHFO: Heavy fuel oi)2} AEAER(LFO: Light fuel oil),
AHMGO: Marine gas oil)o|H, &4, thA; AL FHAA(M/E:
Main engine), EZAMA(A/E: Auxiliary engine), EL2(BO: Boiler)
AE7F 2=l A AAERE AlSE2 A gloly MES vt &
THK™ 3-2) &a0). 20229 o 3 &9 A AAE 2%t A AdHlA
YA AAIRE et SAlo 7ARgE A A(sister-ship)69< A|2Jgt
5249 A% 1 AR ARAMFHS FHSIH

e
odk
ol
o
OOll
T
o
T__D:%
i

S~
ob
e

ofN
>
re

(% 3-2) A AL AMHE CIOJE] ¢2

[GMTDATE GMTTIME  FPORT  TPORT  SEDESC MEHFO MELFO MEMGO AEHFO AELFO AEMGO BOHFO BOLFO BOMGO

2022-01-01 06:42 PKKHI INKAT  Departure [+] 0.6 0 0 7 0 0 6 o]

Rz: 7|ZA =S HEO 2 M 2y

64) L 2/(2011), p. 7679 N2 HIF22 XA 2
65) 0|%0|01(2020.10.27. )(AMY: 2023.8.17.)
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AIS 2 AF| At SIEAISY HOJE 24 03

B AAE ARt dlolHole Fall, UF, £} 22 7122 HE%}
EEo] FAAIM/E), EA7] < ](G/E Generator engine) J& 5°]
ZFE . B AAZEE AL A dolg A& et 2

(13 3-3) B MALL|O|E{ HE

Voyage Mo. | L/B/D

Reporting Type
Noon

Date Walue
2023-07-11

Date Name & Date
WD B

Vessel Mame
2022 07-11 12200 SAU. 2022-07-11

EAU

wessel Type
LNEC

NE: 7| EXIRE HIZOR MK} &h

glolE Al W82 MES] 3¢ Ay 2toluof J-/-3t

A(Cylinder Oil)@} A Ao|A 2o F&
Oil& F260=f UAHIH 3-4 Hal).
(O3 3-4) AAH QUEN) L AZIE 22(R)

Crank
Intake Air Crankpin
rDchanger Ccrosshead

= = bearing
Crosshead Crosshead
Guide guides
Crosshead — 4 -

| Piston +

A Piston Rod

Cwylinder

Crankshaft

Cross Head Type

SO0 X|(HAMY: 2023.6.26.)

RE: fM-2U b2

66) OMA-2U M2 SHO|X|(ZMY: 2023.6.26.)

Sk A|AE @ A(System
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A AAtet B AAtRRE AlFRRS HolEls P2 thEARE 240
(M/B), H2RIZI(A/E), L& (BO), TH7IAWA(G/E) S22 725 0]
At 2 A7 4 AAERE AT HolH Y AuAEEE 45t
R Rlo] A8t d' SR(B R, RS, SEARF 9 IS
ARESFATH(IE 3-5) D).

(3% 3-5) A MAF AMHEF =X

El 20 N

Wi
r
~
e
U
o
=

GMTDATE ~ GMTTIME FPORT  TPORT  SEDESC AELFO AEMGO BOHFO BOLFO BOMGO
20220101 0642 PKKHI  INKAT  Departure 0 06 { A 0 0 46 0

2022:01:01 0800  PKKHI  INKAT  COSP 0 25 0 0 13 0 0 04 0

X2 7|EXBE HIEO2 KA A

HAIA ARAFEF AL TS FRHXT Yk IMOE 2A7kA
AAE S5 20234 19 195 e AU BLYAAS BEXISH B

2

ARFEAS CII TFAIE A
l|____

@

i S{E

13k CIl A Ak 5709) 3o
o] AASFRI FeFoltt 3¥ 9% DEFOR HrhE Ak Lgo] A

e A AASIAE 7153 FALY Aol Theb AL Ale)
Aot A=AAES BUERT G clSo] Zhsd TarefEelt AAgol
Faste, olo] g3t 877 FYET Y Aol
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AIS 2 MH| MEr H2ASE HolE 24 03

H3E &Z

2 AFoAde e A=A }%E% Z7g5t7] el 2 %ﬁEﬂ =2
AIS Hlo|8& ARESHITE. SHAIRE KMIOlA] SHH3E ALS HlofEl= 4l 5
717F A AEE R 22 AP 9T 4= St} ol 1Ak
(20209)0ll= ZAIE sidst7] Hs AR (Raster, Grid) BHY +9
< AAstal 7|7t HlFoto] ARARE RS HiEoks WA NSkt
SEARE 12 % AollA= 19 2] ARAREEF HlolE 9} Hlufth= §HA
7b Agste], ol& sidsty| sl 22ha%(20239) AT-E AP

olo] £ Q7L mrt AT AS Wl wPL 1A 9la) At
o 4A] eelolES ShrstuAt ofef ANt} =os stk SAH,
AEE IMO Number 53 28 W17 AR BAo] H4H02 7454
U, ATLYT AA| LFYoleS vmeks BHoe AgTATH: 5

JME et Fo AANFH HolHE AT

7 AR B4 el B9 2YEolel S Belst Qlow, F1=] 9
o} A9 Hol7} G2 B hgA] 2 Fo

2§ A0 kgt Bl @ BU

o %9 gaolet eYelolet T B

67) A HAF OOOINLZ(2023.4.6., Ch3t2I= S4).
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-

2 oAM= 20209 JEE Ad AsAREE 8 B HHE S5l 7]
Z dFo 24 mFL EAst 202340 AMEA 7HEet K-SEEA
(Korea Ship Emission Estimation Approach) 2@ 275 H|1-H
oz Hry Aol HEgt BPE EESIUTE WA 1A=
71& dAFolA F2 ARSI U= Top-down #H4] 9 STEEM, STEAM
S Bottom-up A& #ASIAAL, 28oA = AuF Z 9 AA| A=A
|7} SAEAS B9l K-SEEA 2EE 7fdsto] 7|& 1y Aol vw
SkQich WA O &2 3™ = At BES 7IRteE fEuet 10 Z1g
7 Aol H& aytof tis) 4okt

|

(0]
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E/go] lom HiFRe] 2T A7t AISE B85t ARARSES 7901
A QEe EITeEH oo Higt =2E FEI

o|2]gt SHoJA 7|& AFE Q°oFsHAY, FJAE /E Autat Bt

o[ElE HIF o E FAst= HH(Top-down)dt AEFeHs(AIS
%= noon report) ¥ ZF Aute] 71&A EA4E AYchs HlolE &AL
74to 2 BAsk= B (Bottom-up) 22 &S 4= Ut} o] A4E
2 F& Wang, Corbett, & Firestone(2007)°] A|AIgt STEEM X &}
Jalkanen et al.(2009)°] A2kt STEAM E &S o]&slo] ARAMETFS
F4sta Quok. ofd wet 2 HojA= Adl dE® 59 A2 B
2gE EE517] Yo Top-down 43t STEEM, STEAM= g3t
Bottom-up W4 4 7|el A5 A5t

1. Top-down 24| 3 Bottom-up 24|

Corbett and Fischbeck(1997)2] A7+ Top-down 4] A+-9] tf
ARl A2 g} 4o AR 7N viEEE Hilsk= s HiZI 7R HY
< HAE folH, =4 si A& AR FE, SES 100 o139 A Al
Al 55 4 9 o Aute] X B4 5 Al 7HA] 8 HolEE HiEL
= offfiot Z [4 4-11= &8sto] A AA A siEdS B7FsHn

Po=NE, % (Fx 4, 4] 4-1]

i=1

5, I FRED) Be A= @) TE 9= 7N 29Ed wie
A(Ep, )2 3 A7 ARGE s AREF) H ALRFFY Hle(4)9] =
oz wiEFe Atel, AddREe A% $5, S7IH= FEstaL
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T

L?J

F oSL-L

7EpgA SR TSI SR o] AT A
Aol olet
719 o A|(AR) sl Ly
EL dm &
PAlo) Qi
= A

-

OPH rl

Zhof WA
, IHE9] Top-down =
/}_}

ERYS
Fo] viEFTS Frtskoh
Top-down H4]9] A oA Z+ o
2H)E AE9] on-board Y| ]51(013 B2 g Alolx] E
FAHEHFO)T MiEA(ERNS 328
o= A AlA wiEdS APt AEH

==

&

]E 3k —].oq 74]/\]-01 >~ 0 r}
ofef [4] 4-2]¢t Zo] A

Y A= T HloleE 7|4k

& AL (LYEA kg/ARE kg)E EPEE Top-down H
A3t FAH O 2 5] 8E|= viEAlsrolt). o] WS AR AH|F] A4
Zy Aut 2340] x| AH|FF 9 vijETF

“Jo] it}
[2] 4-2]
A FZ A

=24
FCXEF
L3AHHE o] 83} <
Fohe AT Ho] 78t 9L
S| vj7|7kA
g 9

A 3ol

ol uet jEAGT e 3
Zo] fashA 9] W
Emissions (kgof pollutant)
24
AAFS

e 5
Hatgiet. of
P
nn
1

T

olo]| ¥kl Bottom-up %A
FAanE A

stof A A IS a2
4-3]

LS BAsto] wi7|7tA wiESE
= A3 "o},
Corbett and Koehler(2003)= A8t &
&) B4 S A8
g Aute] A& (P), ARARFARF), FHFAA7MSAIZHL), WHEA
(B2 53l wiEsrS Axlelatt. st Ak 7§ glo]gf7} opd Auh
4 HojHE 53 24351t -] ot
- L [4]
0 1000
1950 5E 20014 Ato]9] 2, 0017H Ace] A
A JEo= 1}

o
1
Bmissions = Py X FyymX by < By, <

i=1
Eyring et al.(2005)
HRS 117]19] 8 ¥ EgFo g ZE3LY 117,500712 ol



v
)
2
ol
ok
38
o
)
i
i)
=

o], 132709 oF9] X IFOR AR AU
7+ Azl 5F9] g0l tigt AR ARl FO(AT B2 4 AXH dE
g P(MW)l duty cycle profileso]l 7|9kt xo] Hat Hst 7)0p
(%), A7t Ft AA 7F5 AlZF 7,(hr/year)
SFOC;(kg/kWh)E #&5to] A4S, o]
53 g9 & A=ABEHFCS F4ortt

mu He
i
1%,
N
e
J|m
&L
re,
il
b
)
o

132 132
FCO= Y FC,= Y P;X Fyep X1 X SFOC, [4] 4-4]
i=1 i=1

Endresen et al.(2007)2] oll4l= 1970955 20004974 100GT
olfo] HE Aute] 23 7|9t A= &AM FHAE A6l ol ¢
of Bt Aur 37] JIHoeE A AA ¢
100GT olgolgta 7Hyst, & B8 &
7S ALY, B Adre] ddg AHFe HAH F A &Y, F
M Fal, 58 FAGRW) T AHEE BA AdREGEH 9 A= 530 o
2t OhE), dlded 90 tE 3T I 59 Wt EHE VEeE
Fot3t) A7 A F7149] A7 AHFo] A &7] g g
A At} F7140] s xR ARSIt AREE 78412 o [4]
4-519}F 2t

Fji,, s <bi, s X1 ><p X m) i, S X N)wn ber of ships [/_\_]l 4_5]

per ship
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W Aol u]g, NS Ale 1 este W Adulo] S4w nawr

Corbett, Wang, & Winebrake(2009)= 20034 Aldt 254 das
LS AKIRE A9 HAIE Heksto] AA| AP AgAansrs ALkst
Ak & AFolAd= kAdEto] igRtalA jRHe R o 5et AY(dE &
EL(9,)% ol W ARG ARTFE AL & CO, HiEATE 591
HlEHS ST £S5 7|&9] HlolE BE ZAIE Hst] fIs vl
= W Rke] AuF A&7 90,0004 O]%% &-gsto] BASI o, gyt
2k A& o' Argol opbd gRtolA Fet7bAlS] End-to-End H|o|E =4t
A= A7 ok

S D,
PR — = ] -
Fij [MFk(SO + AF,) % 215, [4] 4-0]
2. STEEM
STEEM: S¥9] STEAM "RPZIA2 29 AN S5t ofyet &
25 7+ Mulo] 7|47 EAS AWsls golg AAZ s]Ely|Hlo g BA

Sttt AIS HolEoll= F:0i%l BfIAR oA 7 Aulo] A AJH 9]X
£k 9 ZE EZRI o|2S HolH = ARt Ve At A oAt
Am 4H] 9 HiETFY] AZE o] Alktol| ARG o] B g/kWhE HA[E]
= HIEATE ARSI o9t ZZ HolEl= ARboAE 8= 7Hssh
A1) noon report® Wi W3R @ HuFEChH

Wang, Corbett, & Firestone(2007)< 3ok= Adto] tj7] &} Q1A
o ol FaFZ H|A=A B7IsH] Yo FEAHYE 7|Hte=
9 Hj7|7kA viEHE S0 R HojE & Ol WHER! STEEME A
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AA) A mEe
717ke] FRMOIAY %
o] 7o) 7hssic

A A5, vls sfiek A HolA 200812 oo AdHtof| tis) STEEMS.
2 3% wiEF2 13 AFolA 8 wiEFe oF sHile dErten

Hro) wiEF Al S A Rdoln. sy REe A AdHrY] 25 4
ZE 7Mtor FH4 gz HEYAE F=5AT B A A ols,
"ok HAIRe] ESATH.

68) Wang, Corbett, & Firestone(2007), p. 3226.
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Ao oH
=57 A
&

HHEO 2 XAt XY

=

=

7|}

OfLix] W i
sz Bt

Xt&: Wang, Corbett, & Firestone(2007), p. 3227



3. STEAM®9)

1) STEAM1

STEAM=Z Jalkanen et al.(2009)°] AIFRE AISE &3f Ao wiEF
= Sk HECICE AISIA At HAAIE 7IWte s A

717k e TS B7toks S AASHIEE ALS HlolEHE AR %
A AXZRIAAEN(GPS: Global Positioning System)=< H| W& &5}
A Adet wiEde] AAE el 4= Atk ool Q7] wizolth. STEAM
9] Aul vjETRS AEHo] &7t £k (Instantaneous Speed)2} A4 &%
(Design Speed)9] A 9 Alut <llxlo] AR 7|& JHE 7|9to 2 A4t
Stk o]52 weet A=m AHZF 7] F g vAe FFE RASHL,
AFEEE T2 A7 gojge} &3t i ABRRS ¥kt

o= 7143 & o914l HFZHG620GT, #HQINA 2,380kW)S AF_slich

23 A HlolEE 7 & e A 500rpm F$4(Medium Speed)
g4 AS AR 7HY5E . ole2 MIZl Folo] wE HjEA 2

&7t 538 (Instantaneous Power)2 1hz A A I5(CF: Coefficient
Frictional), -7 A&AI(CR: Coefficient Residual), #7F= AdAS
(CA: Coefficient Appendage), 57| A&A(CAA: Air Resistance
Coefficient), A8F £=(V: velocity of the ship), 52 Al5(e0), Agt
9] AL #HAU()Z Bl tha Zol & 4 Stk

69) Jalkanen et al.(2009), pp. 9209-9223.
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Ptrunsient = (CF+ CR+ CA+ CAA)(% VsS) 1

o [4] 4-8]
CF, CR, CA, CAA, S ¥ ¢00]
53} Zo] 7hds] & 5 9

At

AqErg A

AP ek 7bgete] 9] [ 4-812

3
P o kI/transient
transient —

P transient. [4] 4-9]
0.514

r>~
1=
e
=)
=4
I
>
a5
i
-
-0,
9
N,
o

k= 05140 Do [4] 4-10]
( I/df:s’ign +V, )d o

safety

BN(Beaufort Number)2 i EOo|W BN = 4.21794* Hs"3'o|t}, r

2 HjA|E A¥te] B1l(Displacement Volume of the Vessel, m3), C&
B2 wj7iH 4 (Dismensionless Parameter)|®, SX4< 0.5, 7]Et
AEke 0.70]tt

A V BN6A5

pe 5x9 HEEe RS EoiH, 7F(Instantaneous
Velocity)= & 719] d&2 =

vy £53 5 ek 191
o] FFE Vol uE AXtBe] 12
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AV
V

Veffeative = (1 +/j’* )* I/inst [/\“l.I 4_13]

2 A(Ro-Pax: Roll-on Roll off Passenger)] 4% QAFHY] 6% ©
9] WollAl dx|stgict. dlolE £4 9 =g Akt M2 20074 g of
HFESfo| A Auto] uiEdt AAASHE(NOyY), FAISHE(SOx), olAlsherA
(COy BIETHS 22} 400kt, 138kt, 19Mto]UTh. =, STEAMS AIS tlo]E]
£ 0|8 & Yo ZE FFo H8F & Urk= o]Ho] it
Aepd AA) ABARE A7 obd CF, CR, CA, CAA, S, €0 59 A=t
AU AEFch= APV Eefutom Adke] NOy, SOx, CONR A3

2) STEAM270)

Jalkanen et al.(2012)°] A& AIHIE STEAMIo] AH¥ke] NOX,
SOx, CO, &S H7Iotk=d 2|5 Jttd, STEAM2E T]AHX|(PM:
Particulate matter)?} LAFS}EEA(CO: Carbon Monoxide)9] Hi&H T

WKL 5 olet.

70) Jalkanen et al.(2012), pp. 2641-2659.
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(O 4-2) STEAM2 2 14 QAL S A0 2t IH=

60| & [ HIS Fairplay H M4t dlo|Elsloja ‘ AlS
| }
SE@) )
HeeE z=2y
Mut der 54
OH

EN Azl o= =5 I‘IEl‘:t} oE(
I;Itl
e
a3 ig mc
Abgt

ol x| FAZ B

A Ef

ol

S

ofH| AT Sy 2t

Hi = Y rBErA (Y OB 9 EarstE Harsig ol AHBlEL A (h)

Xt2: Jalkanen et al.(2012)2 HIEIOZ XX} X{EHY

STEAMl—% A% (design speed)’t & Aol F23 w7
Aom, AEKEE AT & g2 W ZF A R3] Y= B &5 5
@'%5}91‘:}- o5tz At F A Rrow) Thardt 2ol 8% & A
t}. RF= Al¥ko] 22 of 2k8-51= ulakA 3K Friction Resistance)O]
™, Rr(Residual Resistance)> 7 #3002 u-53 UFsE FA5k=
Aoz AHAYgd & ot uPEAPAS(CF: Frictional resistance
coefficient)y= C»=0.075(log Rn—2)*, Rnd Fol&Z$, LUz
(seawater density, kmm-3), v&= A8 T (ms-1), S& A2 EH(wet

surface)o|t}.

= Cplo’s [4] 4-14]
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Co= AAY FHE Aot Al 5 stold, a3t 2ol & 4= 3
o} Fne ZE2=2(Fn: Froude Number)o|H, Aet &% /(58 At
A o2 A4kl

23— 100F,

) 415

C,=0.7+ %atan(

Aetoll Al Adol(waterline lengthtt 8 9 Zo](length over
surface)& F+57] of2l& w7}k Stk o]=gt Bfoll= A% Zol(LOA:
Length Overall)?} 4~417FH(L.B.P: Length Between Perpendicular)7D
Atol9] BaghZ ARSI AT LA IH0E Ay tgy
ZHd 4-3 o).

(2 4-3) HHT 24474

HME(L.0O.A. Length Over All) ;
!—‘— R - S — _-4

E830|(Registered Length) '
MIEE(L.P.P. Length Between Perpendicular)) N

| Mg Meb2}

yuEse 2y

T M5y
ErFRES| B42) g 4L 23
el g4 el 2% -

Xz 22 22Y QIAO|E(HAMY: 2023.12.08.)

71) M0 A STE S MMM MaRie] MHOZEH 7|7t Q= Mo AN M= EFFe] SAM
(EFZ=71 Qs MBI O SHIIX|Q| 72|12 Ui, 7|7} Qi Mute MO|oit £ HIK| 9| H2|S 2t
CHAMEIES-0| ZH0| Biet FRI(GHYAEE H4863, 2021. 6. 30.)).
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=y JFd=S & & e A5 oFf [4] 4-1617 Zo] F7gsfof
3. Psi= THS Fairplay(2010)°4 Al&ske HQl A7) MH|2 E2(F
o A& £89 80%)2 Z=E ©9= N2 T2 9] Z+&T (angular
velocity) & w334 (rpm: revolutions per minute)® HA|SF Zto]
tf ZEEEo 5 & 5 Qe AF 9 Z2UYE A5 AR
Aute] A9 m2de rpm A BF & 5

= BFole A 255 7IEoE S ARSI

0.2

d=16.2 L [4] 4-16]
N

0.6
% A3Htotal resistance, kN)OIA ZZ2HZ ZFAZH(propelling
power, kW) thaat Zo] & &= it
PPropel =R [/}_]‘ 4_17]
v AERe] =7t &rolrt. U HQl QIR &S AHe] AA| 119
o7 s HES 4= gltt. 1,

quasi propulsive constant)2 H<&7|(transmission), AA|(hull), AFZ
E(shaft), Z=Hg A4 LAYsl= &4 fste] wQl A7 &8
q =]

AF4>(dimensionless

rr
g6
&
;

%

[4] 4-18]
N 22 rpmels, [BPE 444 Ao]9] Zol(mjelch, Xze &
9 A% 582 1 & DR AP TeIt Zo] g
P [2] 4-191

T2 A AP STEAMIT FLoHA 283t &SRt Hold Fo
+ Z299 rpm¥} AH AASE7 25w Bt A= o™ 3
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2E 0% d(multi-engine) 42 Ee 70| AT A= 7Y
gttt wEbA 2R Rl (nOF)+ o
P 54, PE= AAH @Y

continuous rating), nOF+= A42 WHFH3Sc}

)
5
io
o)
1
M
=
e
g
5
jov)
2
5
(e
S

nOE=P [4] 4-201
RE AAo| thgt AR ESHEL: engine load)= theat 2ot
EL=P [A 4-211

nEe ARE A sojtt. o] 22 T WA e Rdo] BE
==
[e)

Za e

STEAM2 2El2 T E Qlxlof gt ZEA T<(parabolic function)&
7o, Al EX AFJAH|FHSFOC: Specific fuel oil
consumption)?] 3|HEAZ ARG 23 TS TEgteh AxlRst
(EL)2 03 1Ato]9] <eAfoltt.

SFOCh 10tive = 0.455EL*— 0.71EL+1.28 (4] 4-22]

At s AH[F2 tha Zo] 37383t SFOC #2 AR &= Sle
8% IMO GHG 2 HiAof| w2} gk Ask=d "%l 7142 35 260
gkWh-12] SFOC base, EZXA# SFOC base’} 220gkWh-12 %5}
gt oA A7] dAe AL guryoz HRARAL ARLslo] Y=
Aglo] IR &of Frlstal, 1o wgt Xl K7t A4

SFOC= SFOCReIativaSFOCbase [é} 4_23]
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Mt 12 A8 5% 2% Y 04

STEAM2+= YA A|(PM), 7]E€A(EC: Elementary Carbon), 571
EFA(OC: Organic Carbon), 3J%(Ash), 84FH(SO4: Sulphate) I UAF
St A (Carbon monoxide) Bi&EHS =48 4 9t PM, CO, CO,
&S AgstA d8str] Hsiae A7 Foto] F3= B7sfof st=
Z A Foh gFo] A2 NOXE Al Be HiEde A Falof
gt 9efA|= AoE 7Pgeith

S A A=A 9] gRH%)olH, EC, OC & sl wieAs=
g SRR ACR TPIPAT OCe] ¢ Al Foke = 74]46‘?
o}, QI Fotol A 15%2] BARghE 28ote] ¢ %2 A3 73k OC Hj
e 8T %IOE AR Ble] F2 A7 Sl mE gk
- o] A FAlsks Zog Ptk & PM HiEAlT: wieAso

)
>
-hz

P\I SFOCRElllu (EES'OL+EFH«,()+EFOCOCEL+EFE'U+EE43)L) [/—\—;l 4_24]
A FIHEDS] FAT sk Busteis WEwe S/ Aoz

2] QT dutA o 2 Aulo] &S A Y AE(AIS)S o 2Aystc) 7}
&5 78 24 24 (ABC: Acceleration Based Component)Ql AAY

rﬂ

1B

@ Al4(scaling factor)& ARESHH CO HiEHS o231 ¢t
EFoo = COyy ABC [ 4-25]
ABC= maX{a |i;’| ,1} [4] 4-26]

A7 A (engine stop)Oll siFsh= AFA T(natural acceleration)
T} ARG ARESHo] 751H= B4 T (active braking)S P3| &
ol o

T Peng AA gL 49 CO HiETdo] #estA 52 4 Utk

=
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AA| HlolEl & &8st 7293 #ATH & STEAMIT STEAM2E H]
WSPH (Y 4-4)9F Zt}. B Ao 2*Kmean absolute error) =W

oA STEAM27} 71&2] STEAM1 Xtk 95351, Bt o3} ﬁ?ﬂoﬂﬂib
STEAM2+= 47 &85 Ha 8% A0 & ZRl=it. STEAM2= &
AR AHFE T3] é—.d A&stal, Bx dZY BJdee] AR AH|F
< ti I d&st= A

(d¥ 4-4) STEAM1, STEAM2 H|

Formula STEAM2 STEAM Measured (M)
Mean value STZP 11190kW  12130kW 12338kW
Mean Error S—E( P—Pyp) —1148kW  —206kW -

(=93%)  (—1.7%)

Mean Absolute Error S—E( | P — Py|) 1845 kW 226TkW -
(15 %) (18.4%)

Xt=: Jalkanen et al.(2012), p. 2651.
STEAM13} STEAM2E =2 vlwdt AL oh23 Zom(a9 4-5

1), A4 A= AvEga B A 9 BYe] A8 AHHE Hus

2377
=
ALt

70



(1% 4-5) STEAM1, STEAM2 H| 1 (ZIA| Sz AH|, AT 2 &3] HE AH|)

Total fuel consumption

4 000 000

3 500 000
3 000 00O
2 500 000 ™ Ship owner
2 ooo ooo = STEAM
§ Femaa = STEAM2
1 000 000

500 000

o .

Jan Feb Mar Apr May Jun Jul Aug Sep
Fuel consumption of auxiliary engines and bcllers

Consumption [ke]

&00 D00

500 D00

400 000 m Ship owner

- A
300 D00 STEAM

- STEAM2

Consumption [kg]

200 000 -
100 DOO

o
Jan Feb  Mar  Apr  May  Jun Jul Aug  Sep Oct  Now ,

Xt&: Jalkanen et al.(2012), p. 2651.

-

53] STEAM2E B33t AH) Aled JE7F "askal Ad 2% ST
Hi717kA HiEedE BARTE oA AV EEynh oo H]s)
Corbett(2009)4 A A8 £1(2022)9] A= AAEKEANA ARA

FE 79O 2 Propeller Lawg 2851l ARARETFS AAkslo] v 7]
7}’\ HiEHS ST FolA ApEAo] slor, & Aol & 29

o H%e b8 FAAL & Uk B4 BYe Sk
4. 7lEt 2
39 STASE 32 AIS oIS AMOR T A 2 5

Y5t Qlom tJEA O E Chen et al.(2016)2 &= €A AIS

]
EﬂO]HE 7I8ko &2 Hj7]7kA(SO,, NOx, PM 5) HiEHS 4513t o]
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A7 ML Aol 47 A | 5
(7,,.), MEAEE, ;) 5 BE3te] WiEwe 24si90H, 244
o of [4] 4-3419 2tk ©1F 913 Ate] LS £, WL, W
5 A 7R FEste] 2 A AF 258 gagozA 71E A7)
SAES B,

P X LE; X T} X B
L 106“ Lt [4] 4-27]

Ez', Gkl —

Chen et al.(2018)2 7] Chen et al.(2016)9] A4S &&sfo] &
= ofRt A Adere] PMys viE=FE F4oHth Aol 835 384
7} 7] Chen et al.(2016)9] A= 5Lt FAXY FopAS 57
AA| ko] A4 £2(AS)eF H £E(MS)E Sl Attt o] A+
oA 7 AMure] Ao &= Lloyd?] HlojeH]o]Aet CCS do]efH|o
2o A FEEQICE ARte] AA = d&HoR HiE Y% Ale]9]
AZE g A7 HE o2 Yol AIS HlolEloA ALkt ont, A4k
ol 100%HET & 3¢ FoH&s 1.0°0=2 AlRtstich

—_

AS

LE= {375

)? [4] 4-28]

s

an et al.(2016) F= A7 A2t 5= A4t HH7]7]'/\
P2 fIsl AISoll 7]9Het A28 Hds 551tk & AHt Hj
ZF A BEAG(LE, )= AEE AA] &5 (ActSpeed)2} A8
] &£E(MaxSpeed)2 A=Y, F Aut vjEFe 3 X9 viE
HZ A9 HiEHE,), B BdE WigAR(E)] do=
1lct. AAs] AHEH, AA wiEd2 5 A7 243 "A(p,), A
A5 27 ula=(LLAM), ZSAIKHT), 5= AR WiEAR(EF,), A=
AG(FCF,,), & A AAR(CF, )& 47 Fsto] Aitstal, Hx

e
o Mo off ok

%s'é
do >
ok

0.

)

(),

3
~

N -1)11 01\'_'-;‘ [UZ\: [u-l)jc
ox
ol

o

¢

b
o



Me gAY FF 2 @ Y
Az viEF A 22 A o= ALHE
. ActSpeed \3
LE, =( Max Speed )
EI’L = 'P’"L >< 'L'F;IL >< LLAMX T>< EE’L >< FCEII >< CEH A‘I
E, = P, LF, x Tx EF, < CF, [4] 4-29]
E,= P, X LE, X TX EF, X CF,
E=E, +E,+E,
ol& #18f SO, NOx, CO 5 137HA] Hi&71A9) wWiEA S ARSI
oF. ARAIRE W82 ol <& 4-1D¥ £
(B 4-1) = A7 & HXAT HiEA S
=Y fz Rd AT KA SO, NOx cO NMVOC
= QI RO SSD 10.30 18.1 0.5 0.3
= QI RO MSD 11.31 14.0 1.1 0.2

= QI RO HSD 11.31 12.7 1.1 0.2

HZE AR MD MSD 2.12 13.9 1.1 0.2

Xtz: Fan et al., 2016, p.S7.

2 AtollA= SesHAl AR X9 BiETdE AlEststo] Aklete =

W E 479 AAEES BAT A AT 2 3 44F A
o= degt Aol Hady HHoYA HiEFol oF
e
e 34

= H

~32%E AT :

Feng et al.(2019)9] ¥7-= Fan et al.(2016)2] ¥t o]
Noz A7 Azt 9 Aelole] Met MEFL 245k, WRE-CMAQ
(the Weather Research and Forecasting model and the Community
Multi-scale Air Quality model) @2 ARg-oto] A8} vj&Eo] IS H

ot 7k Az AlS Hlo|HE 8519,

Adr &
73
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register) @ &= AFHI|(CCS) dolHE &8ttt slig Ao+
An 73, & &% dH 59, viE Alg, AR 2Aua D Ao} Al
=8 #8510, QPEZAL SO2, NOx, PM2.5, PM10, CO, NH3(&=Y

£ oQYdER FE- 8ol Aut FR7, EE 4
= 9T F4s19t

(O3 4-6) M9t HiE=Z QI 7| 2 AlZ2014 Z1t

(a) Simulated S0, contributed by ships, Jan, 3 (b) Simulated PM, . contributed by ships, Jan.
3 BE “_rz g

M

Latitudea (" N}

Latitude {* M}

]
7.

g

h;r:|:.~_i|||.|.13| I.'-;
(d) Simulated PM, ¢ contributed by ships, Jun.

" Loagitde (“E)
fC]“Himl.llittd 500 contributed by ships, Jun.

M

= . z
4 ‘\;‘ 1’5 3
3 | 2 ‘
R % | R e ? 11
3 - 4 -
- : -
et o
. g
-]
Lo - 0

W W o I T R
Langitude {* E} Longitude (* E)

Atz: Feng et al., 2019, p.6175.

Chang, & Wang(2012)=> A4l 423, AMP A% 5 27 It
o] 71e% P vA= FF BA4S Yol Corbett, Wang, &
Winebrake(2009) 97-2] $441& 7|¥FO2 ECA E+= RSZAA L@ &
Z(CO,, NOx, SO, PM, HC ZFH9| #i&%K(7E,)S 7ottt ol
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98] B85 HolE Alut 3 o] AAAHTH(ME, ), LFEE(S,),

4
BASE(S), RYADA,), WEAREE,, ), B FHARCE) 5
2 g8TonH, 7= RRS He Ausigt

T8, = 328, = SR, X (S0 X () < BE, XD+ AR, (33) < ) [4] 4-30]

Chang, Song, & Roh(2013)= A Aur &5 247EA(COy)
&S 24517] Yl Corbett, Wang, & Winebrake(2009)9] 441
= A&sto] AFE, &5 ARARFS S olF Hd 71& F
Ao 71& s BAR 5 CO, T HI= 3.172 A-&5to] 2A7EA HY
T Aktstdt.

HHN' o o

Sy
CO, = 3.17Tx [MF, x (==

PV AR
Sor, g

715 [4] 4-31]
Goldsworthy, & Goldsworthy(2015)= 232] AIS H|o|EE 7]4Hto
2 AR, A7), A 2E 9 V1A fEE ERoke] 39 9 39
Qb A sl o] Al A w7 |17EAE Altellt). &, 2 AH] !
Aol wet HiEHE, ;. ) e A9 HE(p), AZe] Fi& FpAS
(LF,), Q- ZSAIZH A, ), MEAS(EF, ;)& EOH Alirsldar, A8t
FHiE AR AREHE, )2 XY AF(p), Azl FSHAS(LE; ),
1] ATHA; ;)2 AlBA AR ARHBSFC; )——E S5kt ©f

A
£ 98 AR §FS F oA - A, F A7 - B, F AR - 7k B,
= H
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Py X LF; XA X EF,

B . i j, k
e 0 4] 4-32]
Py X LF; XA X BSFC;
F, =
Jrkl 1000

T3t Moreno-Gutierrez, & Duran-Grados(2021)= 7]&9] STEAM
9 STEEM RdlS HFAA]AH SENEM(Ship's Energy Efficiency Model)
olgt: MEE BES A%tetgitt. o] Xd& STEAM ¥ STEEM ZER
ot B2 945 VO ZH SENEM ZES ARgato] HAzoz HgH
£ AgE ARlelH STEAM ¥ STEEM ZgHct o |49l 238 o
S & 9tk 6 0], SENEM 2@ tf7] & 4} 714 24, Al

2889 §A] T A, 2 AARY] et Y e ‘Eﬂ‘]\—% a
e AAtste, o] HolHE
F 4= ek ol& {5 sl
g 7Rt ® 5o} (kg
SHAY, (g/kWh)Z EAE]

50

o
2ol
Y
e

l

2ol Rt Aot 2d % T A
ZHtog Am AH|FA HiEEE SA AU
Zo| F AANA AxFto R Ags}
pollutants/kg) 2.2 FA|EL HIEZASE A}

L vladeg Asas.

Aak 2 Q1z719] oY A &2(kWh)2 - oAl wh Defzict. o]
AZ w583 Wi/fHPEA Alilsl7] off7] did] ohE BdojA 1L
2folA] 9ial FopAlgs gholl & JFE vAe B2 849 v, SR, ot
T, A e {2 T 9 23 ALY 8845 T8k Ao|
SENEM & do] FEHo|t}, o] HEloA|= waterjet A¥-E ZIF HE
Aele gPde® 3t B B 3K (A Vi dandwaves)s A Vegrrens)s A
AL Z2HEHO] {X] B A, 24 ALY G5 Fe BE0,)
T HE HEE 1Este] off [4] 4-401& ARttt

¢

_N.

rlr

AFa}
=
=g
o
A8s
(6]

A - - .
ty t Viransient T A Viinaanduwaves T Viewing A Vewrrent

ransient 12/3 :
et T T 433

n;
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2y A4S 8l 439 Ro-Pax Adt flolElE 7]& X< STEEM
4 STEAM} Blwsta, 11 At X 40% o] ApolE Btk 2&
02 SENEM2 STEAM} STEEMO] 7Fd B84 FRE o], A
dh v &) gk AlE)dE Al rsteiet. SEAINE SENEM2 A, Hi&AlS:

Q.

7 olux] 29 9 WiEwe) dRg Jvoz 3 AdelA Bes At
2 WAz 4 Ucke WAV Ak

= X} FQ LI StAE
o M MA M SR Ut | o AL} Ol HIEFME Y
o SHQHHT |7HA HISEHAE ¢ | 7FY
Coerr B HEHAE o
and OlH, =XcHeHEAEY

: H SEAM S s Mer ol
Fischbeck %) é’g %g
(1997) N

Top-down 7|8t QST HiE 7}
* SHUYGIZIONEIO|E] 7|EH b » O LAK| ADZF Ao QO
« 7|5} 22 MY HRIO| M2t Z2HZ0| L2
Top-down | » GIZAHIZD} HEAIS0| & | » MEt SBI0ICFOL{X| AHZ
o1 oz AM U HIEZY OIS0 SBSHK|
oI0t 2&A140| 2
o MEF OB AR HALS o MK CIO[E7}OR At
* Corbett S5 HI77tA HEY 2M | 29 H0|HE Sif 24
and E‘g
Sosher@0 . cxpizey oisaps, iz
Bpttom-up AR FSAIZE HiEA S 25
© OIFIT] 2t 12 AHZE HAL  MEF JHE HO[E{7} Ofd
*Eyringet - o12 AH2 AxiEe] mwr | W I5E HOHE S
al.2005) | oixl 25l WR AN IS Al =M

I~
Jm
oz
Q
T
>
1o I-
fufok
(]
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STEAM1

STEAM2
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al2019) “TH

SOz, NOx, CO & 137X

HHE7tAO| BiEAH 4 &

Corbett et al.(2009) ¥ | » &=
o] 2HAIS J|HIO2 ECA . o
* Chang, & L= RSZOIM F=E =g
Wang(201 | (COz, NOx, SOz, PM, HC | =5y
2), Chang, E%EII')_Ql HH%% _7;578
Song, & FUTIO| UUAAZAHIH, 2
Roh(2013) = gk, MAaL, 28172,
HiE7, QIRIE oA+~ S &
2 567 |IE2EY M2st
J|EEY UNME St At | e HiEARTE UK &5 "
2 KI2HSENEM) HiEge H=E 7oz
*Moreno=G | 5z pay o mamay| AKIEOZA 22HA140] 0f
Duran-Gra | 4o a4 ya X2t5)
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1) 20208 M4t HAggF £ 28 U $HA72

B oA &H3F 20221 VesselsValueQ] AIS HOJEE 50~60%
7HQ1 AR EE ok et ol IMOOIA A5k Yk 22~3%
A= T34 Zpo|7F U= Ao o]FA 7HHo] WL flojgE &85
A% (I3 4-7)3} o] 2+ AR Afololl= Hi&TFol ALtEA] ghett. 7]
E9 g A T F7PEE F717F B2 vlolEE RV wid

71 Qobs AR, 2 ATolME A A4 Fekg g
H E45kal Q17] wj&2o] VesselsValue?} - AIS
iAol 229 o8& Fulisto] ARG ol IiH EI S Al

4-8)3 o] e AF v AFol| BE ghol

webA & AFtolMe SAES s A8 AR deargS A
dlo] Au= AT (Grid, Raster) Q] XS Ay AL vlE&WHF
HlEshe M2 29gS 7, 485kt

72) 2478 2/(2020)5 HiE2= XAt F2
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Q47 IIE2E NG FA 1 (Y 4-8) 7IE BY K

29
(5 X" AfO| HiE 01X EURE =2 Al Et° XM 2o =7)

[
[ &)

@

X2 2422 9/(2020), p. 31. Xz Y

5 A Y v |I7kA HiE T S Slo WA AHe] ols& s
2 ef5k= Corbett et al.(2009) 5°] AHESE 42 ARSS| ARARFS F
APt & A2 A3 iFE 7R k Addro] o|EstEA AMSS AEHe
Aot Ao, k Adre] £ A7l ol ABRAREHMEY} X <lFl 6}
F ARAREZ(AFYOl AA o5 A DY E CleHECWE U @<
sto] ALK, 5= X 5k ARAREFole AXFSHE AlLtsto] 2851
7] $3f olFEE(S1E AAESESwWE U #49] AlAlE 4= Fok= 4]
o|t}.73)

o

=

EI'J

S, D,
Fy.= [MF, (5~ ")+ AR [A] 4-34]

Sok 245,
F AFOIHE AIS SRS o) £AH0E okg 4 gl A
A% 7k ol5AS} o FHES Adtste] B Ao] HEFORA ARAT
FS AN THE IMOS] 2015WE HIA% tRHR o5& =}

A liEHE} 1.58174) o)A} AitE= A-L A Qlota dRARERS ALt
Fom ol GPS9 4l @FE QlF WAt EAE AgAsRsg AAb

o('
O

7 ) &5 21(2020), p. 33.
74) IMO(2021), op. cit., p. 166.
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AIS AHAHE= AAKESwelA F A3 3HF ARAREFME)S o
& AlEste] ol A83eH, fle 4= F dd A=

—>~
&
o,
H
r
Hw
mlo

A}%}ﬂ T &l A
EA} FAFD)> AIS &
oo} Z Az} UFMX]E 5 A2 A ARSI

oo
H
o
r
BN
L
S
9'&
rjsa

AXFE QAR o] (19 4-0)9} o] T AW Idstn
A 2k o) A ALSTE ARG Akkslo] olF HHE AR
5y g o] ALk A2 vlguE HEss Ade viow

(O3 4-9) ALk X|Y HHE HA(YIAT 15)

LONGITUDE * Base rate : 1 degree
0 1 2 3
Grid'" = Grid" + a/L* TE Grid'2 = Grid'? + b /L * TE
-.a
L b
T ‘\:'“.
L =
D
E
Grid? = Grid®? + ¢ /L * TE Grid? = Grid®* + ¢ /L* TE
2

* TE : Total Emissions

X2 295 9/(2020), p. 35.

75) Barras(2004), p. 133.
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(O3 4-10)< o2 o] vi& WS Agotd, Poite PAEZA &
10089 d=E ARt AL 6} Ag W a, b, ¢, d Z o5 A7} 3,
2, 2, 30]2tx sthd A9 A, B, C, DE A wj ZHZ} 30, 20, 20, 30&
A ARESE Aoz yEehd

(8 4-10) H=A22F XY HiL o

LO NG;TU DE

Ex =15

Total Consumptions
=(Eiy + Eia + Eqg + Evg) + (B + Ezz + Ex3 + Eog)

=(30+20+ 20+ 30)+ (20 + 15 + 35 + 15 + 15)
=100 + 100 = 200

E; = 35 . Ex =15

Nz 478 2(2020), p. 36.

2 A7olAe A9 AEE 0.005e2 BAst] dRande F43
omnj, ol FARE 7|HOR FARE O 0.445km, HEOE: oF
0.55km Aol9] A9& Asrirt.

& AFolA= Corbett et al.(2009)9] A7t vR7HA|= = AR Fo}
€ 0.82 &9t Bx I F3to] B (& 4-3)3 Lol vl=
EPAS] A 33t ICF Consulting(2009) A7£760)9] HZ AlA Hols ARE-
Skoich. ESE HEF S22 AIS TAAPHEL] AU LPSEE Fofl THEFeH,
Fofl S AL 52 B FEATL §lol Ng er al(2013)77), Chen et

76) ICF Consulting(2009), pp. 2-12.
77) Ng et al.(2013), p. 104.
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al(2016799] ATHY 1B F[Hhe o O, Sk nlge A F
o= 7448 AAL

H 4-3) Auxiliary Engine Load Factor Assumptions

Ship-Type Cruise RSZ Maneuver Hotel
Auto Carrier 0.15 0.30 0.45 0.26
Bulk Carrier 0.17 0.27 0.45 0.10
Container Ship 0.13 0.25 0.48 0.19
Cruise Ship 0.80 0.80 0.80 0.64
General Cargo 0.17 0.27 0.45 0.22
Miscellaneous 0.17 0.27 0.45 0.22
OG Tug 0.17 0.27 0.45 0.22
RORO 0.15 0.30 0.45 0.26
Reefer 0.20 0.34 0.67 0.32
Tanker 0.24 0.28 0.33 0.26

A= ICF Consulting(2009), pp. 2-12.

S AN e der d TS ARSRtel et 2 T A

2) K-SEEA 2% i

20209 Aol A= Corbett et al.(2009)9] A9} vV & F A%
FohE 0.82 &-89f AR o]+ gF=0] HFHO=E 80% =X AHA
Eoj 7] HiEo] dAnARFEr T2 HEE AREY T A2 FAR g
o}, SHA|EE, o= Aol wiet & APolE THAE 4 Q7] "ol sEot o

78) Chen et al.(2016), op. cit., p. 12.
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A w)F 1419 o AwBglth, WA ol o] 49, St
IS ok PAEL 5257] whio] H52 80%= She Aol @
L R0E B 4 Aok AT uF wAe) 49 F2 SRS 25

dii2 92 A9 glo] Wl Adolughe 2 Alo] o1 9lck. gty
5% Aol 80% $5P7H e 4 9ot} 59 Alofi olxr} B AL K}
£ #88joF & Zolch. A4 20209 A A4S AF ATE Ywnw, v)

F Mo 2 SYHIL 9 8,600TEUF Alute) ﬂxpm 20|
43.2% T} 24ERET FoAGE 0.80] ok AR Al sHEARS

NS AgPT, B8 AT ANE AL 4 AN aom.

ojof B AFor= THEAERSEHDIS: Displacement), ASFEEHDT:
Dead Weight Tonnage), WAE<~FD: Full Draft), TPC(TC: Ton Per
Centimeter) @ @A &4(CD: Current Draft) 5 Ag AYS 7|50 2
Al FEAE F451L ol & 7[Rt = Tl e SEdfES
goto] = AN FoHATE A-E5HT

DIS—[(FD— CD) < TC<100]

— Al -
LF DI [A] 4-35]
[4] 4-36) AR&SHA of2 IS} o] ThAjulEF Ty 94@141 2= 5
Ao 4= 9lom, o]F F A9 BoAFE AMSO RN o £2 HIE
s 4 AU
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(B 4-4) TURHEH2F CHE] SEEXE AlLh of

Mot #17 A0EH I

® & 7ts L|;|-||;||To
@ ® st © 2 n B OMUEDN gerine
OTFC OFF (c-or0 @O (o)

*100)
6.4 | 25317.8 13,7962 @ 0.352718
39,114 28,897 10.97 55.4
9.8 6,481.8 | 32,632.2 | 0.834284

R M A

—_

AR 202090] 45 A A4S 203 ArALGT HITAHHS W 7
£ 12.8% e} F4=IE Aol thulste] 6.4%= e AS L 4
9}, S3] w5 o] RYTh 8600TEU Alete] 9= 712 43.2%
s 2o AL FoASR AGT F 26.5%2 AAAE Ao
2 w5t

)

(H 4-5) &M A AeARY £ 21t H|w(2020E £ HO0[E] 7|F)

NE(EY) teae) amagaE) oo ne o KSEARE
FRUE HEO) FHUE HEG)
4,600 6 98,500 102,321 | 103.9 | 98,500 | 101.6
5,500 6 82,500 82,330 99.8 82,500 89.2
6,800 4 103,000 93,738 91.0 = 103,000 | 101.4
8,600 6 136,000 194,782 | 143.2 | 136,000 | 126.5
13,100 7 125,000 141,601 | 113.3 | 125,000 | 103.6

sAm® 22 420,000 614,772 112.8 545000 106.4
R M A
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Mt 12 A8 5% 2% Y 04

2. &H| M8 H=AEE 2

H
=
Fd

a

H=
(=TS

£ Aol S AR S 48H7909) HurSo] 20224 AHE
FAA RS YT B AToN 2% AR AT ML 3
AL 20209 A9} 2o izt ARES WA} T WA AUt
I 9 AES 98 U8 AgT wlasigon, deletut shAut A

A 19 28] A= 418 dlolelet BlmaksLt.

o

L

SHESDSZ A %P%E‘r a 7Ur E‘rg <ﬂi 4 6>°11A1 £ & Idxol
20209 4 WA 114% dHske 2345 UEhdlal K-SEEA 232
107%2 7%p A= /HA" Ao= EASIc 24 T3 10.69%0141
10.44%= 7RA=]o] 7]& 20209 4 HA = ol A& 7jHE =4 4
IE ZEP o 2 AToA AAIGH At W4lo] o U2 ZIkE =&t
o= gRlstoinh

(H 4-6) SI7t AF22 H| W Z1K2023 2 H|0|E 7|F)

A8 AR ARBY  7IEWA20204) ZFE AT HA(0234)  INE

1 20,727.68 22,376.81 107.96% 21,499.99 103.73%
2 17,837.63 18,784.76 105.31% 17,329.59 97.15%
3 19,224.85 23,681.45 123.18% 21,948.88 114.17%
4 14,176.09 12,324.82 86.94% 12,316.03 86.88%

79) ZAB|0|L4A1 38R, ENFHA 7R LM 3R
80) M4E Bt 6313 =
81) ZHE = 4 ARMEY / UH| H=EAEY
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A AEY

14,217.38
14,916.39
15,176.17
19,210.00
23,649.80
23,680.66
16,437.59
14,209.25
16,605.60
18,094.43
15,380.40
18,677.27
19,225.78
5,647.48
6,606.89
16,346.16
20,798.00
1,787.90
2,770.60
21,193.80
19,725.94
22,501.60
18,456.98
4,581.45
4,868.48
16,098.20
25,426.78
13,385.21
16,761.12
13,729.20
13,886.10
13,277.24
22,503.03
22,418.49
21,904.42

Z= HFAL
— O

14,732.01
13,471.06
18,077.15
22,379.40
24,578.40
23,617.29
9,097.59
7,234.47
16,443.26
18,348.62
8,877.51
18,626.59
15,540.17
6,144.90
7,730.06
18,612.98
23,773.29
1,665.93
4,058.37
34,224.11
32,444.60
37,464.79
31,079.35
3,590.58
2,653.59
25,100.34
30,507.89
9,660.06
15,211.09
11,676.51
11,320.51
11,848.79
29,354.05
28,787.49
28,463.59

(2020)

=
=EE

103.62%
90.31%
119.12%
116.50%
103.93%
99.73%
55.35%
50.91%
99.02%
101.40%
57.72%
99.73%
80.83%
110.77%
117.00%
113.87%
114.31%
93.18%
146.48%
161.48%
164.48%
166.50%
168.39%
78.37%
54.51%
155.92%
119.98%
72.17%
90.75%
85.05%
81.52%
89.24%
130.44%
128.41%
129.94%

1T HHA1(20234)

14,512.06
13,430.66
18,668.14
22,435.66
22,660.22
21,151.02
8,610.80
7,179.73
16,368.61
18,080.31
8,875.00
18,828.84
15,161.79
5,588.29
7,003.72
14,979.42
23,531.97
958.97
3,270.17
29,562.40
29,175.78
32,751.00
28,595.82
3,662.63
2,734.69
23,704.27
30,507.89
7,613.27
12,671.74
10,466.61
9,748.98
9,007.10
27,292.53
28,757.86
27,557.99

=
=HE

102.07%
90.04%
123.01%
116.79%
95.82%
89.32%
52.38%
50.53%
98.57%
99.92%
57.70%
100.81%
78.86%
100.74%
106.01%
91.64%
113.15%
53.64%
118.03%
139.49%
147.91%
145.55%
154.93%
79.94%
56.17%
147.25%
119.98%
56.88%
75.60%
76.24%
70.21%
67.84%
121.28%
128.28%
125.81%



Hep | MM AISY 7IEWM(Q0209)  3EE AT PAH023d)|  2FE

40 | 25,379.45 32,677.07 128.75% 32,520.98 128.14%
41 24,246.28 30,115.37 124.21% 29,795.48 122.89%
42 | 23,184.20 28,144.31 121.39% 27,976.56 120.67%
43 | 21,366.31 26,846.25 125.65% 26,846.25 125.65%
44 | 20,237.80 26,699.65 131.93% 26,487.82 130.88%
45 | 19,020.00 30,688.59 161.35% 30,688.59 161.35%
46 17,161.49 29,166.91 169.96% 27,779.82 161.87%
47 | 16,791.53 27,276.14 162.44% 27,228.91 162.16%
48 | 17,875.92 30,707.16 171.78% 30,161.26 168.73%
I | 16,901.77 19,914.28 114.00% 18,910.13 107.01%
A | 811,285.00  955,885.65 117.82%* 907,686.13 111.88%*
- - 10.69% - 10.44%

el B2 o\g3lal A eg% a‘s@aﬁu}.
£ 2 WA fete] 44 18
i

S vl digellA A, Hlﬂ A3} 500%

rﬂ
z
X
—
rit
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(H 4-7) L8 NS Bl ZaK0)

AR AMEH(E)

AU
2022-01-03 08:12:00
2022-01-04 04:00:00
2022-01-05 04:00:00
2022-01-06 04:00:00
2022-01-06 23:42:00
2022-01-07 03:00:00
2022-01-07 04:00:00
2022-01-08 01:12:00
2022-01-08 03:24:00
2022-01-08 04:00:00
2022-01-11 04:00:00
2022-01-12 04:00:00
2022-01-12 23:42:00
2022-01-13 03:30:00
2022-01-13 17:36:00

g

R M R

90

H 4-8) U A8 H|w Z1K2023E 3 HI0[E| 7|F)

4t
1 20,727.68
2 17,837.63
3 19,224.85
4 14,176.09
5 14,217.38
6 14,916.39
7 15,176.17
8 19,210.00
9 23,649.80
10 | 23,680.66
1 16,437.59

22,376.81
18,784.76
23,681.45
12,324.82
14,732.01
13,471.06
18,077.15
22,379.40
24,578.40
23,617.29
9,097.59

5.8
23.3
31.7
32.2

27

3.5

0.1
10.9

6.7

0.5
42.2
445
36.6

2.7

7

AR AR 7IE YA1(2020)

=
ZHE

118.38%
113.06%
135.59%
102.17%
113.91%
78.75%

132.77%
128.26%
105.18%
116.70%
51.27%

FEMNEEE)
0
0

27.7
19.2
78.9
6.7
1.2
25.8
4.3
1.9

9.3
5.7
17.6

At 241(2023)
21,499.99
17,329.59
21,948.88
12,316.03
14,512.06
13,430.66
18,668.14
22,435.66
22,660.22
21,151.02
8,610.80

ZHE%)
0.00
0.00

87.68
59.86
292.37
193.50
236.77
65.53
0.00
0.00
25.51
212.48
251.70
95.03

—HE
114.99%
108.58%
129.89%
102.17%
111.54%
78.00%
133.28%
125.82%
99.82%
109.73%

50.36%



et
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

A AEY
14,209.25
16,605.60
18,094.43
15,380.40
18,677.27
19,225.78
5,547.48
6,606.89
16,346.16
20,798.00
1,787.90
2,770.60
21,193.80
19,725.94
22,501.60
18,456.98
4,581.45
4,868.48
16,098.20
25,426.78
13,385.21
16,761.12
13,729.20
13,886.10
13,277.24
22,503.03
22,418.49
21,904.42
25,379.45
24,246.28
23,184.20
21,366.31

7|Z HA(20201)

7,234.47

16,443.26
18,348.62
8,877.51

18,626.59
15,540.17
6,144.90
7,730.06
18,612.98
23,773.29
1,665.93
4,058.37
34,224.11
32,444.60
37,464.79
31,079.35
3,590.58
2,653.59
25,100.34
30,507.89
9,660.06
15,211.09
11,676.51
11,320.51
11,848.79
29,354.05
28,787.49
28,463.59
32,677.07
30,115.37
28,144.31
26,846.25

=
=EE

44.27%
84.22%
83.85%
68.68%
91.43%
95.81%
101.87%
105.35%
100.82%
105.41%
76.35%
104.08%
180.61%
184.08%
200.16%
181.30%
114.05%
79.78%
158.13%
149.43%
77.91%
84.91%
95.58%
93.62%
99.68%
171.17%
173.15%
160.46%
167.89%
141.38%
144.96%
146.83%

A

=y

T 841(20239)
7,179.73
16,368.61
18,080.31
8,875.00
18,828.84
15,161.79
5,588.29
7,003.72
14,979.42
23,531.97

958.97
3,270.17
29,562.40
29,175.78
32,751.00
28,595.82
3,662.63
2,734.69
23,704.27
30,507.89
7,613.27
12,671.74
10,466.61
9,748.98
9,007.10
27,292.53
28,757.86
27,557.99
32,520.98
29,795.48
27,976.56
26,846.25

=
ZEE

43.99%
83.17%
83.08%
68.68%
90.71%
95.81%
96.05%
97.93%
82.96%
104.17%
50.68%
87.18%
169.33%
175.17%
189.86%
174.38%
114.94%
81.25%
151.85%
149.43%
63.29%
73.08%
83.17%
84.59%
79.89%
166.59%
172.10%
1568.23%
167.42%
139.90%
143.13%
146.83%
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Meb AR AR 7IE WAQ0208) Z2EE M HAl(2023H) 2EE

44 | 20,237.80 26,699.65 158.68% 26,487.82 158.40%
45 1 19,020.00 30,688.59 140.28% 30,688.59 140.28%
46 | 17,161.49 29,166.91 145.01% 27,779.82 139.47%
47 | 16,791.53 27,276.14 136.42% 27,228.91 136.22%
48 | 17,875.92 30,707.16 116.35% 30,161.26 114.70%

B | 16,901.77 19,914.28 120.00% 18,910.13 115.04%
NP RS

(A 4-8)2 Aupd A9 AR v AFZ, 7|& 0 E AP
= 120%, Al HAl02 FS diEs 115% 8ok AIE =& 4
T+ Aol ¥ £2 23 U= A ERIT 5 2
|53} vl Ay i) I s FES & 5= ok o] 9F 124
2tk OﬁA} H]ﬂ?%oﬂ ot WAF AKX E |

2 o AR2A T

2 AN A= A’ 24 BE2 7|E tiH] 7% I FHE=
AIE Yetfo] Adeol A AZ & 5 AT oEt HAF 10% B=
ojm] 4 &9 H|W A] 15% Mt == 23 Hof o]of tigh HAo]
233 glskelt

oo & 3o = FHAEAE B3l 4 EFoll tiet F7HAQl Bok&
(ALF: Additional Load Factor)& E&sto] AiE 7jAdstalA} ey, o]
£ Flol & AtollA= Addt Z717F dmAREEol I PRIt 7H=
Al I AHREAS AASHAT iRt f2AY H349] 3¢ o] 2ot
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Aot 3715 Y 4 Qi FEORL TEU, HE(Breadih), A4
(Length)o] 91oM, o2 ERWAE AAsHL 2HES FHUSE S0

EEARAe ANsat

1 239 5w folakgol 0.055T ol FiAlonLE o)} 9]
9oLt The: (IE 4-0)% o] E@4 Pglo] 0,058t B 2] vz
A 5 YA

(B 4-9) H2ARZ 3|1EM A}

=R Coef. Std. Err. t Pt

A -0.71049246 0.494365 -1.437181938 | 0.159806076
TEU(x1) -3.14455E-05 2.07E-05 -1.516223676 | 0.138706072
ME(x2) 0.028917888 0.015475 1.868644493 | 0.070308257
MH(x3) 0.002714653 0.001659 1.63623809 0.111014769

INE=RPRIN RS

T 7}11 IAEAS HABIACoY ARYY] FASES 0
Aot SHRE POl 25 0.0524 7 SlAREYS A < L0

wEba], 2 AgolA= 3709 SRl et IAREAS HAISL
I, o|& BT A&sto] /AdE s Blusiitt. AHo s AR AR
F3} vlwsto] 9536%9] AIE E=EoFYAL BAF T3 5.52%2 AT
TEUE SHHSE sto] 7180 BoHASALE) 2l914& A=sigion,
4 ABARE S thx [4] 4-38]2 ®Fsto] Z-&51qlrh ES
TEUE SH¥,2 A409S 1 o¥1S(Durbin Watson) BA1%©
0.9962.2 19| 7}7k9] v%- oFek o] ATA7F kel A=, &
!

24 A3t 9ARF0) R0J2E Eat 0,051} Ao} HA 0= o]y

—_



ALF = 0.00002636929 « x, +0.827670629

Sy ..
Ejk: [LF' MFk(Silk)s"‘AFk]

B 4-10) SHH4E 37

0k

249,

o
o2t

4] 4-36]

ij

« ALF [A] 4-37]

S izt 2HE Br(E 2 HlW Z2HE Br(E

TEU(x1) 95.36%(5.52%) 105.39%(9.27%)

MZ(x2) 92.03%(7.09%) 106.23%(6.10%)

ME(3) 94.40%(4.11%) 106.11%(5.83%)
A= MR Ay

H3E foliist zigE g = g1}

2 e BYS AN AR FHAS Vo See A8 T
w3 41 B34S 202099) olo] BAsIA Gk 53] 2ol Al
£ ECA 4%, AMA42T s A4, AMP A7) 59| A 7H] 18
Yut JARAE Afel bR BAS,

1. ECA X|I¥ =2}
1) 24 AL

28ygi= 202049 99 193E ECAS AASHY loH, 20214714
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ECAE A€ PRt guR|o] 25 HeAY F5rof AFshe Adofrt
A Agstlont 20229 149 195E= ECAE AW e Adofe 2F
2 &5t3iet. ECAZE 280l weh Ak kG 71 0.1% oI5t
A=zTeE AR 4= JA =AUtk 20179 ICCT(The International
Council of Clean Transportation)?] iAol w2, Hat 2.5%82) &
T PR ARE ARESHL Qlo] £ AolA= oF 0.1%% &
P= 752k Hlwste] ECA A4 835 A5

2)

Mz

=

HI

2 olAs ARt B3 B3 the (& 4-1D3 o] 9=yt vl A
ECA A99] AmANTH SOx HiedS 248 Holth HAdez
553,739€9] AgE ARSRL Qi LSFOE HARE Aol 276E,
LSFOE AHE3E Aol 1189 SOx7t HiEd 202 EA4=o] ECA
AE T 96% HH At Qe AeE FAHY 5] AR A
108€ #=4d Aoz 450 7M 2 a3} a2 FRlskiH.

(O 4-11) ECA HE M% SOx HiEZ H| 1 (20221 58t E|0|LM 7|Z)

0.1

0.01

: ECA X8 Z(LSFO 2.5%) : ECA X8 F(LSFO 0.1%)

A= MAHEY

82) ICCT(2017), p. 2.
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(% 4-12) ECA XME M35 SOx HiSZF H|W
(20221 QIel/ B G HUB|0|HM 71F)

Xz KA} 2H

(I8 4-13) ECA M T2 SOx HIEZ H|1 (202211 01 28t R2M 71

2 AR A
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A AR R HE Aol ECALF 22 71&% 0.1% LSFO AME 9%
StE A8 A9 AgoluA 36,0758, ¥3A 27,9918, |FA
24,367E9] SOx WA 70| o=, A8 7191 SOx #iE&Fo] 54 &
olslE Zravete] 7jFsta AZE ti71d FHIt 7hed ACE Hlrh

T 4-11) ECA XM of{d SOx A= =X

(e E)
SOx HiE2F
gar | 7R U=ASY  LSFOOIME  LSFOAE | SOx 2EY
(2.5%) (0.1%)
~ #Eo|HM | 31,925.36 15.96 0.64 15.32
UM/ wad 25227.03 12.61 0.50 12.11
grs | REU 20,481.83 10.24 0.41 9.83
A 77,634.22 38.81 1.55 37.26
ZAEJO|4AM  39,668.27 19.83 0.79 19.04
ESEE-E P 31,183.54 15.59 0.62 14.97
gYs | @XM 101,438.05 50.72 2.03 48.69
A 172,289.86 86.14 3.44 82.7
ZAE|O|HAM  199,822.01 99.91 4.00 95.91
ey | 23 7,963.94 3.98 0.16 3.82
TES L oxM 17,936.16 8.97 0.36 8.61
A 225,722.11 112.86 4,52 108.34
ZEO|HM  2,121.27 1.06 0.04 1.02
oug | 234 4,750.16 2.38 0.10 2.28
T QAN 70,221.56 35.11 1.40 33.71
A 77,092.99 38.55 1.54 37.01
e 552,739.18 276.36 11.05 265.31

ZiHloj4M | 75,156,917.80  37,578.46 1,503.11 36,075.34
TMA | HIM | 58,314,833.76 1 29,157.42 1,166.22 27,991.20
RAM 1 50,722,068.98 25,361.03 1,014.37 24,346.65

A= KA S
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1) He

o B A o 4 X H T o ECTC
o T o e N B g T ®
T 3 =
ﬂuuﬂ_;mukdl O_H_NFL _Mﬂh___lpEE __,,mulor%ﬂn_%n‘_u
L.o,DI.A,I - 0 = .}LﬂL,C-
o T R gl T T < il
Ve T oﬂemmupb% o B X
—_— =
T HT o W N g o o P A
S R R oy H T odo M oge X

.m. (¢} (U JILAL e
T o £X R T B < - B
TR I St I R
bwoyg =% éﬂmM.W1_ﬂ¢
PR A W i RCTR - TR S
{ B of Oy T o <
oj Jo  — m_r,_ e A T BT T A

- By g UF NH o S e
T £ oF e a ™ oaw oA 7@.&
B ob 4 Ao o= g 2
4_.0,2- mu\,wle__oT Zleonl ._.n_,_m_l_u
cxRY gz TESTL A
o 2 oy G I T O
ﬂ I = . T < N o
Eo of oy ™ n ojm SR oo~ % B

= K T I o~ o L °
5= 7 & o O e T
S AL %Aﬁ_ﬁ - Py T _/nm]aet
L_Lcaolwxwz,_ﬂ M: Wmﬂemmna ﬂHWﬂL
Wﬁﬁa?goe zr 4@%&_%% ﬁa%qﬂ
oF o .. m o Ap oot ] B oo T oﬁﬂ
< E W W= ~ kAT o B i T

7R Atk R4
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Eul
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(O 4-15) ME M&RY M TS HSAZE H|W (20221 24k ZHEO|LIM 71

>10000
1000

100

A= KA 2

(B 4-12) Mot M85 AT 45 F4 U 0|F4 2t Hjn
(ES
Anar  H1ATOES ADEEEL | Co,

gor ae

() =A% CO, HIEY HZAIRE CO, 5 ZEFY
oIX5t/ Fal=JEES) 12 8,670 27,483 8,064 25,564 1,919
e HIM 10 6,470 20,509 5,934 18,810 1,699
ote | REM 10 4,485 14,219 3,918 12,420 1,799
N Fal=JEFS) 12 16,070 50,942 15,217 48,237 2,706
Ol HIM 10 16,362 51,869 15,573 49,368 2,501
QAEM 10 57,544 | 182,414 | 56,371 178,697 | 3,717
ZAE|0| L4 M 12 165,808 | 525,612 153,358 | 486,144 | 39,468
Bkt E3IN 12 55,977 | 177,447 @ 51,986 | 164,797 | 12,650
QAEM 12 86,068 | 272,837 | 83,606 | 264,713 | 8,124
ZiH0|LHM 12 17,873 56,658 16,308 51,698 | 4,960
Sitet | g3IN 10 30,885 97,904 25,071 79,475 | 18,429
&M 10 135,948 | 430,957 | 133,540 | 423,322 @ 7,635
A 602,160 1,908,851 568,846 1,803,245 105,607
PN=MPSINES
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3. FYTWESSAE 21| |31 24

1) He

SRR 20184 AMP AMARIE ARROR, SAK, QY YR
5 % 147) 40] AMPE AXT Ao ZAROH, FF 203097H
248749) A0 g AT STt AT Ao 2 A4
W42 O Q1) 20224 1474 A4 3 10749] £ o] glolss) of

AMP7} A= Z-85aL A F3kaL AT

74 23 ) Fere] AA ARARSEE 5534 £0lH, o 5 A%
Al ARSRE ARARE RS 1023 B9 Aoz Al 3 ojilsteka
S A7 1,752 &, 3247 B9 Ao® FHH. A A AR
g AgEs AMP HAE E3) °IF 100% AHSHA ehethal 7HdstglE
A% 7 FtollAe 18.5%9] Amet ojitstets: wiES AT & 9

83) 23 UE(2022.10.15.)(AM: 2023.8.29.)
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Mot olz AI2Y = 23 iy 04

B 4-13) SANYUZZAIL MR & HIALSH 2 O|ASHE MZH g1t
(9l £)
st Su M| ) e A|(Z= I:H’é!)*_ CO,
HBAIRZ  COHISZ GIBAIRY CO, iy ESE
oizay/| ZEIOIH | 3192536 10120338 4.993.90 | 15830.65 15.64%
men | @3N 25207.03  79.960.67 | 569463 1805197 22.57%
SU¥ | oxM 2048183 6492740 @ 209516  6,641.67 10.23%
| mEoILY | 3966827 12574842 | 6.947.06  22,022.18 |17.51%
g%% ®3M | 3118354 98.851.81  4,966.93 1574516 15.93%
SXM 10143805 32155861 1044124 3309872 |10.29%
7B | 199,822.01 63343576  57,027.17 180,776.12 28.54%
sarst | ®aM 706394 | 2524568 | 92286 | 2.92547 | 11.59%
SAM | 1793616 56,857.63 @ 2,82181 894514 15.73%
ZEOI4NM 212127  6,724.41 15.52 4920 | 0.73%
SAst | #@3M | 475016 | 1506800 @ 38657 | 122544 | 8.14%
SEM | 7022156  222,602.33 596315  18,903.19 | 8.49%
=g 552,730.15 1,752,183.10 102,276.00 324,214.91 18.50%

ZF*AMP AIROZ ZUE Tk
Rz KA &

HaZ 2Z

2 ForMe
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95.36%2] ATE w3, B4 EF 5.52%2 TAs AAE w&5)
Atk 20209 Fsto] BuPH A 7|E 12.8% T 5793 A}
£ 6.2%p ME 6.4% Tl FYO2 FIEULEL ¥ 4
AA AmAMgTI WIS 2 Folrk glo] L 954E SASHC

O

ES 2 FoAs APEE A 2o r utolA FXIstaL
& FUEA aNE SIS WA AHY/BY - FHY, o 3
T, AR, A 5 470 8 o] ECA A a3ks Bkt 1
A7} 20229 712 96%0] fFsts 26589 SOx HAgo| ZAastgict

cheoRi Aul 44ed Hd A4 ATE BASgon, ofE U
£E2 Y7l Auo] 9lo] 105,607E9] olisteta HES 27How

RAE e E SAPI U AL AAo] e AE Al ABARER} olite)
g2 s A4S 23E 2AseH, vl Al el dAe] 18.5%1 3
Goke oF 32421589 olileiaa wiEge £ Aoz #4HI

Zotete, The (& 4-14)9F 2ol 20224 7120 AR WAo]
lo:]

265% A=A, olibeleka: 42982282 7 A=Y 4 S Aol

4-14) 2Lt} FIgHd Sorgad S0t £X(202249 7|F)
(el &)
&2 SOx ZEH(UFE) CO, ZEH(EEE)
ECA XM 265(96.00%) -
Met A3t - 105,607(5.53%)
AMP &X| - 324,215(18.50%)
A 265 429,822

Xz M A

102



uy
[

\a
re
-1
Ui
olo

e a2

A AR o Z st Qs 7| ZMslyt 71&skE| 1 Qi) olo =
ArElE HEEES AYshl 33 P2 AS5S 2CHET oA 1
5C8HZE AA5l7] 95 A7 AARHHKLEDS) ¥ A7FAZIAS S
ZENDOE AIEsHZ ol

ARE quEl Aol di-gst7] el 20209 12 7 2050 ©AFH 21
Aekss)e I, 22§ 129 15Uo)= 2050 LEDSSH 2030
NDC9] g5t %Véﬂoq HSIACE ESF 20508 BAFYH BEHE E2
7157 e T HASH AT 712800] 202149 89 31
=3 2395 B3 9¥ 1Y 53904 A=t eta}t TRsA
T 20209 99 1¢¥ PRt ti71E Aol Het S 8N AP
upet BARY, QIARY/BE R, A5-BFY, AR 5 419 ol
HiEfAsi g o s AF=glon, E3F AFEE 10~12kE O|stE 7

©)

4) 7147%(2019), p. 44.
5) HAEX %"%(2020)
6) 7|1Z817| i8S fleh Bt =MMY 7|=H(HE H194308, 2023.6.9.)
SAUXAS 7 1= 7HH0i jnlsn_ %%‘E‘( £ M1914135, 2022.12.27.)

\./\./\./\./
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1) d4} Bi7[7tA S ZLEE HA
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ECA A%, AMP

1
|

478l A

T} oJAksletA 429,822
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2) SMGI2AZ AIHAY SO FT A 2E

1

IMO®] H31A1(2021)°] W, Aol HE3LE G LAt HEF
2 20184 71% A AA 91532 2.80%S AHAI3Ich80
BF0] 99% olgo] Mgk Fof LHHI Yk AL gerTihu Fuf

AdF Ei77ke wiETF WS B R0 w2 Aot

o
i)
A
i)
4
i)
iA)

FEuehs ol2et ZAIE siast] S8l 20509 ©AFH Adol| <A
oto] ARl REWS S=Ho} .

S A 52 S A wirI7Es wiERe S0V e, &

L 20509714 YAIZE D45y 2 oF&atitt. £ n|=e oS Aut
g2 HiETFol AAY e dRE ARSI FoAe 2A7FAAZ 7]
& A8ste 2FERE AHoke =M= (Green  Shipping

Corridor) 7} AQkst v} I} %0)

Ag g8 wEsT glon], 53 g4 of
oA I G20 BBl “ThehITto]

AT A 0] Y75 =4 P AGSHeY
2 7% uhe ANSRTD

89) IMO(2021), p. 1.
90) ¥™=2(2022), p. 7.
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