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ADS: Automated Dependant Surveillance

AIS (AEkARE-AHEAA]): Auto Identification System

AMECS : Advanced Maritime Emission Control System

AMP (E/7dY-833d¥]): Alternative Maritime Power

APL: American President Lines

APM: A.P.Moller-Maersk

BFO: Bunker Fuel Oil

CAAP: Clean Air Action Plan

CAI (B&H7124 A4 Comprehensive Air-quality Index

CO (¥4ksetA): Carbon Monoxide

CO; (o]AF5}etA): Carbon Dioxide

CSIC (BE=rA195-A4-): China Shipbuilding Industry Corporation
CSTDMA: Carrier Sense Time Division Multiple Access

ECA (Mi&A131<): Emission Control Area

ECDIS (AAFS| = FA| A AH)): Electronic Chart Display and Information System
ECT: Europe Container Terminal

FEA (823 4): Buropean Environment Agency

EPA (W)= 24 2. 54): Environmental Protection Agency

GICOMS (BjFtAZsHH B A AH]): General Information Center on Maritime

Safety and Security

GIS (R|8] g B A AH]): Geographic Information System



HC (&8l=4y): Hydrocarbon

HPNT (oflo] 2] Al ] of| Aof|o] A3} : HMM PSA New-port Terminal
[CAO (FAIU7F3E7]1): International Civil Aviation Organization
ICCT: International Council of Clean Transportation

IMO (ZA13HA7175): International Maritime Organization

LF (3:5}): Load Factor

LNG: Liquefied Natural Gas

LSFO (A-83-9): Low Sulfur Fuel Oil

MDO: Marine Diesel Oil

MEPC (3|9¥8H43 1 5 213]): Marine Environment Protection Committee
MMSI (Edol 55 A ES): Maritime Mobile Service Identity

NMVOC (B[HIEHA] 29 5-7188HE): Non-Methane Volatile Organic
Compound

NOx (AAAESHE): Nitrogen Oxide

PAHs (C}eheFEErske=4): Polycyclic Aromatic Hydrocarbons

PM (M]AIA]): Particular Matter

PNIT (FAFAIF=AE ). Pusan Newport [nternational Terminal
Port-MIS (B} THE5FY HA|AH]): Port Management Information System
R&D (A47i4h): Research and Development

RWG: Rotterdam World Gateway

SOLAS (S AIsl/dR18 b A Qh): Safety of Life at Sea

SOTDMA: Self Organized Time Division Multiple Access

SOx (EHESHE): Sulfur Oxide

TEU: Twenty-foot Equivalent Unit

TTI: Total Terminals International

WRF/Chem: Weather Research and Forecasting model coupled with Chemistry
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EXECUTIVE SUMMARY

A Study on the AIS-based Analysis of
Global Vessel Emissions

Moo-Hong Kang - Sang-Hei Choi - Eon-Kyung Lee - Ki-Yeol Lee

1. Purpose

» The primary purpose of this study is to develop a bottom-up
based emissions model capable of overcoming and surpassing
the limitations of existing emissions analysis models, as well as
to analyze the amount of emissions originating from ships.
Through these efforts, this study intends to present the effects
of Korea's policy regarding emissions including AMP
installation, slow steaming and the designation of ECA,
ultimately contributing to the government's decision-making

process.

- For these purposes, this study secured and analyzed the AIS data
of 2018 and 2019 for containerships.

- The world’s 5 major global ports were selected as the subject
for analysis including Busan Port, the Port of Singapore, the Port
of Rotterdam, LA/LB Ports and the Port of Shanghai.



- The study selected 6 specific types of emissions for analysis
including NOx, SOx, PM, NMVOC, CO, CO,, with which existing
studies are able to confirm emission factors by fuel

consumption.

2. Methodology and Feature

1) Methodology

» This study consists of 5 chapters. Chapter 2 estimates fuel

consumption after securing the AIS data for the analysis of ship

movements.

- Pre-processing the data purchased from IHS Markit and
changing them into the form of what this study needs have

reduced the time for the analysis while increasing its efficiency.

- The fuel consumption is estimated by the function of Corbett
et al. (2009) where the load factor is calculated from the cube
of instantaneous speed relative to design speed. The result was
compared with the fuel consumption of 29 ships manufacture
by Company A for verification.

» Chapter 3 estimated the amount of emissions by applying the emission

factor presented in other studies such as NOx, SOx, NMVOC, PM,
CO, CO; to the fuel consumption calculated in Chapter 2.

» Chapter 4 analyzed the impact of ship emissions on ports based

on estimated emissions, presenting factors to reduce them.

- A regression analysis was carried out to verify how much impact
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of independent variables such as operating speed, ship’s time
in portand the number of entering and exiting vessels having

on to the fuel consumption and pollutant emissions.

- This chapter also analyzed the potential impact of major policy
concerning ship-originated emissions on ports such as AMP

installation, slow steaming and the designation of ECAs.

2) Feature

» Existing studies have demonstrated a top-down analysis based
on the sales of fuel oil. Even though being calculated using a
bottom-up analysis based on a ship’s operational information,
most studies have assumed core variables including engine

power, distance and operating time etc.

- With the AlIS-based research steadily increasing, these studies
only utilize obtainable domesticdata, which makes impossible

to compare and analyze between major global ports.

» This study secured global AIS data with which it compared and
analyzed global 5 major ports. For securing the reliability, the
verification process was carried out by comparing the result with

the actual fuel consumption information.

3. Results

1) Summary

» After securing AIS static/dynamic data from IHS Markit, this
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study carried out pre-processing and analysis. Since the
reception cycle was approximately 57 minutes, which failed to
meet the IMO requirements of 2~3 seconds, a new model was

developed following modification.

(Table summary) Features of the AIS data (IHS Markit as of 2019)

Category Value

Number of data (case) 41,476,760
Ship’s average speed (kn) 12.92
Average reception cycle (min) 56.9111

Source: IHS Markit AIS information (2019) / KMI analysis

- The overall process of model development follows the order of
(Dpreprocessing of AIS data, @ development of a model for
estimating fuel consumption and its verification, @) estimation
of major ports fuel consumption and @ analysis of gas

emissions.

(D Preprocessing of AIS data: Preprocessing such as selecting
sorting and aggregating the AIS data that this study finds it
necessary allows for a reduction in time it takes to analyze

large amounts of data by connecting R to Java

@ Development of a model for estimating fuel consumption and

its verification

- To overcome limitations of existing models (non-application
of emissions between points, missing points) the study
developed a new model. This model distributes the fuel
consumption calculated for a vessel to areas passed in the

form of grid squares in proportion to distance.

il



EXECUTIVE SUMMARY

(Picture summary) Method of geographical distribution of fuel
consumption (latitude/longitude 0.1°)

AYVANNS

LONGITUDE * Base rate : 0.1 degree
[} 05 1 15 2 25 3

mOC—H—-—APpr

* TE : Total Emission

- Fuel consumption is calculated using the Cubic Model of
Corbett et al. (2009) as shown below. The load for an
auxiliary engine is calculated by applying the auxiliary
engine load for containerships published by the EPA
(Environmental Protection Agency): 0.13 for cruising, 0.48

for maneuvering and 0.19 for hoteling.

- Stk 3 Dij
Fiygp = IME(g )"+ AR50 @)

- Verification of the developed model was conducted by
comparing the result with the 2019 actual fuel consumption
data of 29 ships by Company A. The result was estimated
to be 12.8% higher, which signified the need for
modification. However, the data without modification was
used since the target shipping company was only one, only
possessing  significant  difference in 8,600 TEU

containerships
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® Estimation of fuel consumption in major ports

- Targeting 5 global major ports including Busan Port, the
Port of Singapore, LA/LB ports, and the Port of Shanghai,
this study estimated fuel consumption first, while analyzing

the usage pattern by ports.

- Global ports were analyzed to use a total of 73.6 million
tons of fuel as of 2019, with 96% of that used during

cruising.

- The fuel consumption used by auxiliary engines accounted
for 24% of the total fuel consumption. However, the ratio
in 5 major global ports was estimated to be 83%, a relatively
high figure, with this result confirming the necessity for
technological and policy support in order to reduce the use

of auxiliary engines within ports.

{Picture summary-2) Estimation of fuel consumption by

areas in Busan Port
Unit: ton

>10000

1000

100

10
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EXECUTIVE SUMMARY

(Table summary—2) Summarized results of the estimation of fuel
consumption by major ports (2019)

Unit: ton
Cruising Maneuvering Hoteling The highest fuel
Port Mai . Auxiliary Auxiliary Auxiliary Total consumption
ain enginé o gine engine engine amount in area

16,435 116,791 45,752 4,009 182,987
Busan Port 24,452
(9.0%) (63.8%) (25.0%) (2.2%) (100.0%)

Port of 53,290 237,522 81,756 15,302 387,870

Singapore  (13.7%)  (61.2%) = (21.1%) (3.9%) | (100.0%) 2376
Portof = 16,865 = 111,310 = 49,089 932 178,196 16,460
Rotterdam | (9.5%) (62.5%) = (27.5%) (05%)  (100.0%) ’
LA/LB 12,752 104,828 48282 2,339 168,200 20,006
Ports (7.6%) (62.3%)  (28.7%) (1.4%)  (100.0%) ’
Portof = 168992 = 326813 = 86,269 40506 = 622,579 28134

Shanghai |\ (27.1%) = (52.5%) = (13.9%) (6.5%)  (100.0%)

Sumof | 268334 897264 311,148 = 63,088 1,539,832 28,134

Sports | (17.4%) = (58.3%)  (20.2%) @.1%) | (100.0%) | (Portof Shanghai)
56,155,083 14,621,714 2,114,573 755346 73,646,716

The world _
(76.2%) (19.9%) (2.9%) (1.0%) (100.0%)

Note: Comparing absolute rankings of ports are not feasible due to varying sizes of target
areas by ports
Data: KMI analysis

@ Analysis of gas emissions

- This study utilized emission factors provided by the
Buropean Environment Agency (EEA). As utilized in research
including Corbett et al. (2009) and Chang et al. (2013), CO;
was calculated by multiplying the carbon coefficient of fuel
defined as 86.45% by the ratio of the molecular weight of
carbon dioxide to that of carbon (44/12).

- Being the busiest port in the world in terms of cargo

tonnage, the Port of Shanghai was analyzed to discharge
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the largest amount of emissions in the world. However, this
ranking is not absolute due to difference size of targeting
ports.

(Table summary-3) Summarized results of the estimation of ship emissions
by major ports (2019)

Unit: ton
Pot  Category . "% Nox  SOx NMVOC PM  CO  CO,
consumption
BFO 10,362 91 330 710
Busan Port 182,967 1,364 580,070

MDO (0.25%) 10235 18 = 350 259
Portof = BFO 387870 | 22493 194 722 1587
Singapore . MDO (0.53%) 2226 39 765 553
Port of BFO 178,196 10,078 89 322 690
Rotterdam =~ MDO (0.24%) 9,955 18 341 232
LA/LB | BFO 168.200 9390 8 | 298 637
Ports MDO (0.23%) 9,272 17 316 | 236
Portof = BFO 622579 38370 311 1286 2,904
Shanghai  MDO (085%) 38009 62 1332 902
Sum of BFO 1,539,832 90,693 769 2928 6528
S5ports | MDO (2.09%) 89,707 154 3104 2202
BFO | 73,646,716 5,546,037 36,823 190,829 500,385
MDO (100%)  5526,041 7,365 202,797 113,123

2,870 = 1,229,547

1,319 | 564,883

1,245 533,193

4,607 = 1,973,577

11,39 4,881,270

The world 544,986 | 233,460,090

Source: KMI analysis

» Based on the developed model, this study analyzed the impact
of the government's major policy for reducing emissions from
ships including slow steaming, installation of AMP and the

designation of ECAs.

- The analysis found that a 10 ~ 20% reduction in fleet average
speed results in an 11.79% and 20.92% reduction in fuel
consumption across the world. However, the analysis only

targeting Busan port showed an increase in fuel consumption.
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EXECUTIVE SUMMARY

- This is because speed was placed as a denominator in the
formula utilized in this study. In addition, the load of auxiliary
engines was quite high, reaching 0.48 when approaching the
port, which requires increasing the use of auxiliary engines for

deceleration.

- This study found that installing AMP will allow for a reduction
in fuel consumptionwhile mooring at ports, which lead to a 25%

reduction in fuel consumption.

- Designating ECAs, in the case of applying them to the level of
North America, will lead to a NOx reduction of 23%, a Sox
reduction of 86% and a PM decrease of 74%. Using only LSFO
(Low Sulfur Fuel Oil) in a ship will be conducive to a decrease

of 96% in fuel consumption from existing 91 tons to 4 tons.

2) Policy suggestions and relevant activities

» It is necessary to extract the AIS-based economical speed of

a vessel in order to secure the effectiveness of the Port Air
Quality Improvement Act (the Special Act on the Improvement

of Air Quality in Port and Other Areas) through ship steaming.

» For analyzing the impact of ship emission in ports, a continuous
monitoring is required to verify whether the estimation applies
to actual values. Based on results from this study, an
atmospheric monitoring system should be established at the

most optimal location.

» It is urgent to develop AMP and AMECS technologies befitting

to Korea's port conditions with easy operation to achieve zero
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port emissions after a vessel moors at ports.

- Establishing relevant policies and holding face-to-face meetings

with technical experts and government officials are necessary.

3) Expected benefits including policy contribution

» This study has laid the foundation for data analysis to secure
the feasibility of the Korean government's policy in regards to
reducing shipping emissions, including slow steaming within

ports, AMP installation and the designation of ECAs.

» The research conducted in this study has led to the development
of a data analysis model for a ‘Global Map of Ship Exhaust
Emissions’, providing information on ship-originated emissions

by region.

- This map service can be enhanced by connecting it with GIS
software. Through this connection, the map service may be
utilized as a venue to expand and deepen relevant research

across the world.
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A=
IHH|H: Assessing
greenhouse gas emissions
from port vessel operations
at the Port of Incheon
AR AL): HHE <
(2013)

M| H: Estimating ship
emissions based on AlS
data for port of Tianjin,
China

HAAXHHE): D. Chen et
al(2016)

A=A AISHO[EE 7|8t
OZ Hi7|7tA(SO,, NOX,
PME) =8

1| H: Contribution of ship
emissions to the
concentration of PM2.5: A
comprehensive study
using AlIS data and
WRF/Chem model in Bohai
Rim Region, China
HARXHHE): D. Chen et
a/.(2018)

=]
S PM25 ':.'JEM I 2N
HH|H: Voyage-based
statistical fuel consumption
models of ocean—going

container ships in Korea
HAAXHHE): Luan T. Le et

oty
e

HIOIE 24

AA}
M=

HI 2> Mo
iz @ o

SHEAL
AIS H[0|Ef
=2

[ |

WRF/Chem
=HA413)

[

tor Ho

- ra

HI P

1% >

FQO17LE

Corbett et a/(2009)0l|l M Ar25t

AlS XM5( OIS} L{O| Mt Q
&gl /srEex OgAQpal EX
(Bottom-Up)

* Anchorage, Maneuvering to Lock Gate,
Passing Lock Gate, Approaching to
Dock Docking

ADZO| HE74 XS5
c&ms%$§

g

o

8,600% 2| AIS H|0|E{(20141)
E7ueE S Qg FH9
i 717tA F=H(Bottom-Up)

- QIXISE(P), HRISEE 25
H=(LF) & 2-AIZKT), b
H==(EF) Mg

Eijj1 = Pj x Ly x Ty g x EFjj / 106

= AIS =4 X|FE ALtz
Ql5t -2t X iy

20164 AN == Hoto|H

X|HOoz HoZ sbxt

WRF/Chem Z2& HE35o=2

M MEto = Q15| HiZE PM2.5

—_

=
=

7t SRE=AIC 0EA S O]
A=XE 24

= 6% EHA}‘ _'?_A‘l

Atz =E29] o2lgS o Zot|

|5l 7|2 Corbett et a/.(2009)2]
IS WSt AEARY FH D
EME

Bl

=
* e 0|32, REsE, Al

> 4o



M1 g Mz

Yo R

=
A=H Pipget FQATUE
al(2020) AX=H S
ATSH: ARLADE AL Fj = aTy St + BT+ €
oos * StHO
A Bae e’ 28 o ~ SLY HIA HIOIEH (2012~
2 8ot =8 HAo £ ~
= === OOH ﬁEiEEéF 7:“‘I'
(@ p)FE L A3
= FHE 3|FHACZ ALt 0]
T 24
WH|IE: AIS 7|8 S 2 Mf - AT} AIS 7|8t MerE AR S 24
HiZ|7tA BHESS 24 A7« BRIt = StHl7|7tA BiEZ B4 2
AAXHRE): 4RE 2 QIHF ERE
(2020) AISHolg - MHE 0|z FZHM)S 12451
= o4 ATEA: J|IE Hi717tA HY 2AM(FZ ALEIEZ F=2f B S 0
T T BN S 2ot 5EN MUY HEH R Vs
&t Bottom-Up 2i4]9] 23 - YR/ E /A E
N S MNA HEE 2 HIEZ 24 2 FQ Mz Q0l*
A
™

INI=HPSINESON]

13) Weather Research and Forecast model coupled with Chemistry.
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M2 AIS 7|2t Meh AgALek 2 Do JHY

AIS 7|4t Aut Az amer 24 ng /Y

H1& AIS HO0|H 712 % X 2N

1. AIS CIOIE| 7HQ

It 32 FHO EX AEE o Aute] EA4S AHEol= {
ol E F=E AMES oY, VXY Ee 4F EH YXAHEH]
o1 Ex9 BA 5 AlIF FHE glo] ofgrh= EAHo] 3lof o]
3t EAHS 25| Y8l AISE EEl= AuriEaE4gx]7} 7
LE 1Y AISE FFHETE

[m
B
[
e
O,
it
)
(il
<t
A1
)
g,
o)
05‘)1“
okt
N,
-

Dependant Surveillance)
(International Civil Aviation Organization, ©]3} ICAO)Q] A S E
2 FHEgon, 19974 AlS A57]E Z<Qto] 4531, 1998
| IMO SHARFA 3]0 & HFo] Yo 2H FES 300

14) 2= 9((2016. 9), p. 3.
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o4kl A1xA419] AIS A2to] 20024 7YHE JESHE|GITt.15 o]
A J=E AIS HlolElE 7I¥to & Adl o]F AHE EAToR

A FA A7 9 S5 2 ARLE BAIske b 8ok itk

ot rim

|

ABkg AISE (E 2-1)3}F o] 34 SOLAS 418821 Class-A EFY
3} H] SOLAS A¥F8-Ql Class-B EIY 5 T 7IA] 272 7829 4= 9l
onj, & 7IA] £579 Ao|H L Ax 9 A, &8, AP At 5

L TGt SHARE HASsl= F7)77 2=
S B, Class-A B199] 3% I3l Soll= 2~102 7|12 SHPEE
AT Hot Fol= S0 e 10238 7|2 AHFH Ao
FA] 9ol Class-B BHIETH ASF/7H B AL & 4 ek
(B 2-1) 1EE AISS BF
S Class—-A AIS Class—B AIS
HE SOLAS Met& Non-SOLAS 41etg
EMIOZES SOTDMA CSTDMA SOTDMA
A S =9 12.5W 2W 5W
aolf 51 2~10=
SHYE PSS 30=(2kn~) 5~30%(2kn~)

HEF71 - 32 (~3kn) 3= (~2kn) 3 (~2kn)
1

A= 48 2(2016.9), p. 4

2. AIS G|O|E| X 2 SHHM B

1) AIS IO X

A
st

AIS Hlol8= 24 B4 -4 -FHEE 5 37 = +

40 40
1o 1o
=02

©
~w



RI2 % AIS 78t M8t HRADE 2 DY Iy

T Stk AAPHE= A HAo] gle AT, shdoled T AEES
(MMSI: Maritime Mobile Service Identity), E&% 3, IMO ¥, Al
B Y 52 w3ty 9lon, FIYRE B4R mAFATE &
T & =&A7 BaAE AEs|of St AEE EFS}
AR At & F F71H 2= HAFE ook St Hlo
o] A YA E HHE Yedle 9-3%, S, HF DS,
S E18) 5-& E3boral QU

B P A= [HS Markit] AIS HlolElE Fujjslo] AR oM,
20194 71—1#0 & 5,01989] AgolY Xd%ﬁ gol8E 2ot
2 BNt Alphalinero] M2, @4 A AAHC=Z
] ol ALAlo] 5351F19Q] A0 Al o] B JF
ot AIS H|olEl7F A9l tiFE9] HEoly A& s
2 AT

(O3 2-1) T MA ZH(O|H 9} =

ofo rE
ol

=2
X

Mo
o
it ofN >i

=t
30
rlr
paus
|o

I3 Aiphaliner TOP 100 / 17 Mar 2020

Siobal < 6,143 active ships 23,672,642 TEU
fig SWME g 5,252 oy oty [ 76 TEU fully cellular

& 286,187,547 DWT

< 150,639 TEU
411,898 TEU
e 374,169 TEU

Xt Alphaliner(ZA: 2020. 3. 17)

17) 48< 2, 912 &, p. 4.
18) 22 3, 84 S BY S, R $ S0 22 9| ot 2SHEH Y.

19) Alphaliner(ZA1: 2020. 3. 17)
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=
w
in}
D
so O
X,
b
o
HT
FI
T
wn
=
=
.
g
E
N
M
lo
i
[\ )
9
=
1o

2ES AT A
2, Adr 73, &, ‘HEﬁEE%, ‘HE T, A 59 5 dmh
2% 0 kA WiERS A 918 Bat gRue 2E
o] AMg et
(B 2-2) 2 H70M AFESH AIS HMEHE
HAHEHY A o
IMO Number HEAHHS 5112833
. - Dry Bulk Cargo /
MUt © 5
Ship Type e Cellular Container
Year Of Build e 1988
Speed i £ 22kn
Consumption Speed EADHEHI|IE &L 21.25kn
Consumption Value  7|& £E=2 2 Al 1Y AEdt= Had 128 tonnes
Deadweight MEo| MetEE (3te, 01z, 524 5) 38,656 tonnes
Residual Fuel /
Fuel T oz &5 -
uel type Distillate Fuel / LNG
Main Engine Type Hes =7 QOil / Turbine
Main Engine RPM HRIAT B2 M 102 RPM
Power of Main Engines AT S 6,877 KW
Power Of Auxiliary Engines HEAXN S 987 KW

A& IHS Markit AIS ZEHE BN 7|8t MAL 2o

L [HS Markit go]E] 7|&0& 18719 WEE 7}
Ao A= (F 2-3)7} Zo] AutalEds, A
S dH 5 071 HEE ARSI

22



M2 Z AIS 7[9h Mut AgAREr X D5 T
H 2-3) 2 S70IM ALSHAIS SHEE
XX e ol ol
IMO Number MEMAEHS 5112833
) = 22.977802°
==} o .
Latitude AN ?= (22°5840.1°N)
. - 113.454967°
SR A
Longitude A B (113°2717.9')
Movement Date & Time S AIZEH(GMT 7|F) 2019-06-08 12:14:00
Speed X £ 13.5kn
Move Status STy SsAE Moored, Anchored, Under

way using engine &

A& IHS Markit AIS S&EE BN 7|8 MA 2o

2) AIS HiojH §3 & HAIE

=

2 JLoA AFRSE 20199 % AIS HiolEHE EA8) & Ay k&
(I 2-4)9} o] F 5,0153 9] AHoly HEA F 6,000TEU T]te]
dho] 37004 o]4Ql Ao R XAtE o] HES A Aot Ao

AE At

(& 2-4) ZH0|H HE

REREESES

ce): TEU, &

RETET] A4
0* 4

3,000 0|2t 2,667

3,000 O+ 6,000 Ot 1,083
6,000 O+ 8,000 Ot 271
8,000 0|4+ 12,000 Df2k 623
12,000 Of+f 15,000 02t 234
15,000 O 4 133

A 5,015

% AIS HMHR| Muf37|7t el= HIolE
KI2: IHS Markit AIS HE(20195) 7|8t XXt 24

=

23



ZAEA=H], ol AIS PAlE20 2 HolE AR QIS oA

AR AIS $A1%719) 22383 B Aol Ko T gtk @
A

ot
e
H
P>
K
ot
b
=
N
N
[>
=
s
ot
4y
o
o
N
o
rt
K
ofl
=

7= Ay
El[o]|=1ECa) 41,476,760
HEFEH 0|S&E(kn) 12.92
L 2AMFT|(E) 56.9111

Y

Xt2: IHS Markit AIS HE(20190) 7|2t KXt £

0

20) 54 21 QIMO| AL AIS O]:A20] 30~60%Q! H2E ZAHZES 2, 2| H, p. 4).
21) AL QIEIRE Sall 2212 Sfolet Zut, F0iM2| 0|4, AIS C0JE] HITI| 23 H0]E]
AH| EEE S22 ol 457 [7H 201 &

22) 17.6km = 10kn x 1.852km/h x (57 / 60)
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HI2% AIS 718t At ARADE £ D Ji

3. AIS Cl|OJE] Hx{=]

2 A& ARESE [HS Markito A= o] 53 THE SHFPHE
LRIMOShipNo, ShipName, ShipType 5§ & 18719] 32 ¥¥E= A
3ol Qltt 20199 7|&(HelY, ¥a ZFhHo g F 12719 g4
E 5dg $yPFon, 1 832 oF 21.0GBo €3t 4o gojA
AYTAIT £ Ao A= 6719 ”JEUPOl *ﬂ&oﬁ WA 1270 &
< AATI &FE 9.8GB7HA] £ & g A4 A EF QT A
% Aok E3 1270 g E Adr L7 glo] 55 17P A

401.

2o g A e (MoveStatus) Eo] et A2 E<
Pt Aer SFAE = 29 #Q} o] Aground, Moored,
Anchored, Engaged in fishing 5 % 10709] A7} A oH, o] &
Aground, BEngaged in fishing, N/A, Not under command,
Restricted maneuverability 5 S¥3F A% Y= 5719 32
Ax AYEHGE 7FsAel £7] dEZol £E7F 1kE o]/iol|
Under way using engine® & W75}l o™ HFZ Fo] Ate& W
ATt ESF Constrained by draught, Under way sailinge &% &
Q1 Ayefo]7] W&o Under way using enginel.Z SUJct,

Chen er al(2016)9] Aol W=H, o]#fdt Adl LF/de= At
o] §FAt iwdE AHolESH] el AesHA &2 ¢k AU
oh2)star, g A A7 ojEstE ARE ARSI e A

23) Chen, etal, op. cit, p. 12.



o|7] fZol & AFoNA= ol2g BT HHABEE duanE
< A4S A8 &E 2-603 Zo] BRI FQl Moored(MO),
Anchored(AN), Under way using engine(UU) & Al 7}A] #ro.& ot
T WA AR

H 2-6) 18t 28 (MoveStatus) Hx2| et & Zit

0

A8 SEE Hxe| ™ ZE Tx{2| ot M2 & ZE
Moored MO - MO
Anchored AN - AN
Aground AG BE > 1LE)
Engaged in fishing EN 0]40]H UU=Z HE
N/A NA (A5 (1LE) Hi2 o UU/MO/AN
Not under command NO FAE(MO E= AN)Z2
Restricted maneuverability RE e
Constrained by draught CcO U2 b
Under way sailing us uu
Under way using engine uu -

AI&: IHS Markit AIS FE(20199) 7|8t XA+ 24

Chen er al(2016) 2] AFolA= oA LFLHE +E51]

98} B oL £ F, [mENA BiE Aol Fuh i mat
2 99 We SER 27 5, 1xE vt B9 EE nil Fow
FES) Ee AR oA FESHE A ust ek @

N

S
dEY 2 AFoM= F5 AA AEloluEudof Hetet dulEo
HjEst w77k A wiEHE E4okal AMP(Alternative  Maritime
Power)2} 22 gy HQAHS] arsE &IT & AUes: £ r
T-ESHA 2L AIS TR XE AHr LA E AHE F
ZEstaar Aok & AFE 9 2A4E dRARTgE Y o

T3} 2ol A W3t Lk(sA o] TEF 5 glo] e
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RI2 % AIS 78t M8t HRADE 2 DY Iy

aumg

X&: Google X=E HIEHOZ XAt 24

sro] Hlolg AAY e Aok, FAHE 2=E 18719
A st o2 &P, Aehd SEA7F £07 AP ow, upx]
wto g Aul L3AMEE 10794 Q3 372 EAUct o]yt
A AYdE2 d8F HolHE HF = 2ol "ol 2 o]
Bl AgE sl o] AMBEHIL U= RY 22T Aol Javas
Ads3sto] A=A

27 N




H2E AIS 718 M8 HgARgf =H

o

e

IMO(2015)9] Ea Aol k2w, 20129 7]&2o2 A AA g oY
S0l F 66,000 E299] A58 ANt Ao EAEAM. £
A AIA el FRe (T 2-3)004 & 5 A%l 20129 <F
1,00085F Eofl 4] 20194 1,30085F EOF 30%25) S7HE A0 %
AT ARARE ] ZE oY FFRt HlEste] SRRtk 7t
AT 20199 % ARARETFS 85,8007 EOR A4tE o] ZHo|
Y Adto] @ AgE AL Sltke A& & 5 At

(O3 2-3) T MIA ZiE(0|H 2=

g Lsw
8
5| 6% lloyd’s List Intelligence ¥
rd Merkime nteligenceintorma

2 3400
2
; 1200
3
(] 1,000
3
- 800
2
8 600
-
A w0

200

o
1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021
= Crude materials u chemicals = Food and beverages
1§ Forest products Iron, steel, metals, scrap Machinery

Dex 19 = Other Reefer cargo = Consumer goods

L " : d
K- Lloyd's List(Z44: 2020. 8. 23)

Ak w7 7ks EFS BAS] deiE B0 R ARAtE
o] Zasich AHgE A= NOx, SOx, PM 5 Hi7]7kA vi&A|
TE FHoEN H7I7IA HiETE AN o Ao wEbA & A

24) IMO, op. cit., p. 7.
25) Lloyd's List(ZA4: 2020. 8. 23)
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23t vl 82, A SAS shAst] Sle) A 28 wHEUl

ke BAFE BUHYTORA Fud v YL B
SFe d7Eol FAHT ek YA ofe] 1990dKh e T
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X2 AIS 7|2t et Am A

o

M1
&
H
o
=
nz

2) 7IE 2¥ X9 Al

9o}o] 11401]/\1 AFqEo] & AFoA FRE [HS Markite] AIS

HolE B 578 PAo® AuEol o5 F4o] |2H 47
wE mEShL . ol MO FAsK Sl 2238 Bt

A AJo]7t Uiz 2R o]gA 7140 HL HolEE &8
O (2" 2-5)9F Zo] Z+ A Alolol= BiETol AAEA &
=t Al itk 71E B A5 o9 S7HEE F7171 E
tolBE SR wZel ol#gt £AIE 1L2sHA ghotke BN
2 AFoA = A AA 3 e s wi7)7ks viEde #4351
47| W] THS Markit¥} 22 AIS Tofzte] 223 glolgg
oisto] R8-S S=atol] §lo o3t FANE Ao At £ F
ZF Aol FE A9 (O™ 2-6)3 Zo] FE XA o -
#ol BE T BA7F SR

webA & Ao olHEt IAFES HEst] Sl ALkE
ARansgE Aol Au= ARFY(Grid) B A Foll At
72 veutE wiEste NEe B3PS fds) FeF)

82 on

r oo rr

¢

R

(A 2-5) 7E DY A 1 (22 2-6) 71E 2F X9 5 2

o 1o
T A A0 BiEY 0IXE FURE 52t Al T3 X" 2t F=5)

o
on

b
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IgolH AFACHIT J1E ATES Muby WuPE slEeE
Hi7|7kA v &S 579 5k= Top-Down W49 A7} tfF-E0]3)
tt. Top-Down 4> A8t o5 A=Y £ & AA| A 234
HE O] O}X] oL AlARRE Z10]7] Wizl o] Hojd Hfo

AAE HeSE o] Bottom-Up

o_@q P93 Aue ﬂi’%t}.

1) d=i¥ FH 2 L

(1) AZADZY A

2 oAt 9o] 1494 AYFchAln Bt et wr)zks s
T 2AS Y3 WA A9 olms&ELL 1ESH= Corbett et

al(2009) §o1 AHEE A AT ARARFES FHAc

5 Ale A iE P k Aeto] olFsheA A8T dude
AAFSHE 402, k Are] 217 3% ARAGTHMEIT BRI
% ARAGHAR] UA| OlFALUD)E IFHECHE e
e Bl AN FAA HT ARAGFIE AAFIAE A
Astol 3] U OIBEE(S)E HASE(WE e 2] A

26) Le et al., op. cit., p. 4.
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HI2% AIS 718t At ARADE £ D Ji

Al = &9h= Aol

Fi, =

Sik D..
[MFk( ) +AF/<] LJ‘ .......................................... [/_k_]l 5]

Sor

B AFoAE AlS BEPEE B3 £AX R motE= Aubd
A 7t ol sAEY ol FEEE AAloto] & Ao HEFTFoEH A
ARFFE A ok IMOS] 2015W % EIAQ npxrtA| 2
15557 AASERT 1.58127) o]} AtEs A¥2 AlQjsta
FARFS AAGon ol GPSY 4l 07 E Qs TEE
A2 AmdEg Ao & JFZ € & JULE=E ALt ALt

Sttt
AIS BAA B AAGKESwlA AKX 51 ARAREFHME)Z
1§ A&3lom, gle A= T &

N

]

it

re O

Md

qi 11]3—'8}_77_ 9}\01 Ol5 =170 A — T %_]_ E—ﬂ% O]
%611 ARAEE 7414}6 L O 4292 ARSI B AL A7
ol A=

0.200kg/kWh for Steam Turbine or 0.180kg/kWh for Diesel =~ «--eeeeeet 4] 6]
Corbett er al(2009)2] AFoALE FAA 3t AFAEH
A

Al FAZ s 0.8, HRAA HolE 0.52 48
Ao E o]F FHEsto] A4 ot Bz F

27) IMO, op. cit., p. 166.
28) Barras(2004), p. 133.
29) FAUXI 57 ARARHO| Q= MEI2 4,636%, 9= MEI2 379%(20194 7|%).
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(I 2-7)3} Zo] ul= EPAS|A ¥F3E3E ICF Consulting(2009) A+-30)
o] Bz FsiRl g 5 0.13, A 5 0.48, BE F 0.198 A&
St o FoflA Aol A $2 AlS FAHH O Aut &34
HE &5 F2oH, el S JL 2 e FEAT o] Ng
et al(2013)31, Chen et al(2016)329] AFNAAHYH 1:E v 3
4 S0 =, 8E w¥vk2 HE Fo& 7PFs) AL

(& 2-7) 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
0G 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

Xt=: ICF Consulting(2009), p. 2-12

(2) SEAEE XY W2

UM FPZo] B Aol ot (T 2-7)F 2ol

Aoty &= A

A= =719 4
Mg 7120

rlr do 2

A
}Aoﬂm
=

mlo

30) ICF Consulting(2009), p.2-12.
31) Ng et a/(2013), p. 104.
32) Chen et a/(2016), op. cit., p. 12.
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M2 AIS 7| Mot Aeatled 8 2

ogr

4 E

4»

(O3 2-7) A=A X9 U2 YA(RIBE 1K)

LONGITUDE * Base rate : 1 degree
o 1 2 3

Grid'' = Grid'' + a/L* TE Grid'2 = Grid'2 + b / L * TE

mOCH—=4A>r

Grid?? = Grid? + ¢ /L * TE Grid? = Grid® + ¢ /L * TE

* TE : Total Emissions

ol Mg 7IHte g RYgS ETo RN Hsts AP E HieR
A A 9S DA AlAte] 7RsetER (1H 2-8)3 2ol A
o] NlEshd AFES B dZ 5 AU

(38 2-8) HZARY X% HiE YA(ZE 0.15)

LONGITUDE * Base rate : 0.1 degree
15 2 25 3

o
°
n

mOC—H—=>r
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At&: Ports & Terminals Guide 2019 &1, Xt&: Ports & Terminals Guide 2019 &11;
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OF 75%2] A=} AFEEIL Qlom, ek Foll= oF 21%, HEF SO
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57,122 232,558 @ 81,076 13,030 = 383,787
20184 24,787
(14.9%) (60.6%) 21.1%) (34%) (100.0%)

53,200 237,522 = 81,756 15302 387,870
20194 25,376
(13.7%) (61.2%) (21.1%) (3.9%) (100.0%)
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M2 AIS 7|2t Meh AgALek 2 Do JHY

At Zoli= oF 28%, Ruk Fol 1% nle ALBHT Yk AOE 2
AFEI T, BERAAT BHS o A F 90% o4 AREEAL Qo] o
of % auka} BhRIIARE b Yol A FelET REANE <
gt dEAE 9 8j7|7tA vjEo] W2 AoE BEAEITH
(H2-11) ZHEES X9E gL 02 £ 2t o =
trof £
ErTps T E T ro
ol - SUe TS gy JEEE
IR BEI BXGIA BEI NEE
17479 117488 52419 1358 188,743
20184 17,117
9.3%) (62.2%) (27.8%) 0.7%) (100.0%)
16865 111310 49089 932 178,196
20194 16,469
(9.5%) (62.5%) (27.5%) (0.5%) (100.0%)
Ri2: R 24
o], YHEES Jdr: ZH=Zd

oS JHA & 5 Y=
Maasvlakte A| oAl AMEEIL O™, 2018

Container Terminal)7} = X F350] 4], 2019%

r

o+ ECT(Europe
e M2 st
RWG(Rotterdam World Gateway)”7} = R|F300]A4 22+ 17,117
E, 16,4698 AM83 Ao g EAE o] RHEZHEY YolAx: 7H
B2 ARAHE Yo R AT

[

35) {61°5848.0"N(51.98"), 4°01'48.0"E(4.03")} ~ {61°5812.0"N(51.97°), 4°02"24.0"E(4.04")}
36) {61°57'36.0"N(51.96°), 3°59'24.0"E(3.99")} ~ {51°57'00.0"N(51.95"), 4°00'00.0"E(4.00")}
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T2 % AIS 7|8t Met HR2ADE £ D3 Jjar

oF 30%, HiEF Fol= 1% ASTZ AMEE L
Ao AEAY. REAAT B v AF F oF 0% AL
2 1%

AE At TA/LBE2 o|g7 EXAZ AL
i 7|7k A BfEE £017] 95 AMP, AMECS 52 %11%‘ % 1E *}
83tn gt
(B 2-12) LA/LBS} X|of8 o2 ADar 25 71} e
£r9): £
o8t = MerE  gers ro
= ° ST TS gy JEES
e TR E S SN < T S ST XA 22
13,848 103,317 48,998 1,067 167,230
20184 24,521
(8.3%) (61.8%) (29.3%) (0.6%) (100.0%)
12,752 104,828 48,282 2,339 168,200
20194 24,046
(7.6%) (62.3%) (28.7%) (1.4%) (100.0%)
XE: HAH 2
1i‘r— IdFoA & 4 U=°] APM Euld, APL Hu|d, TTI HHu]

H A
g, LBCTol HFE ol A=7t AMEE
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1% 7P B2 d=2E ARESHY Qe A9 APM EH|d3} APL
Elu]do] 9l 930z 9] WY ujd 24,0008 oA} ARLS

=

e AoZ BAETH

37) {33°4424.0'N(33.74°), 118715:36.0'W(-118.26°)} ~ {33°4348.0'N(33.73"), 118"1500.0'W(-118.25°)}

45



(2 2-18) LA/LBE Riof (IRADY 7 Z3}
ool =

>10000

1000

100

10

A= Google A& HIEQ = XA} 24

|/ 46



RI2 3 AIS 7I8t 48t ez AT

UL

Kl
&
H
ogr
=
n
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HoA B 4 Axol Hd oF 60~70% 9] AwE At
o7 EMHU ol thE 4 FHEG gol ARgste A

2 Alro] J&Fshy] fEol|= SRt H |2
92 L= E47] WZolth wEbA B Rt gshke
Zro] o o] EgtEo] 9o 27 T AMgSle d=AREEOl oF
80%= Bt sl Hg] w2 Ao E4How, Wiz A F
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[o %0 rlo
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o= B FHE0] 20~30% AR Aof| v Adstoldoll A= oF 10%
ARSSE Zlo7 BEAEQc
(B 2-13) 451013 X% PRADY £ 23}
el =
ofz =223 s QY3 a1 JpE e
- R EXAR EBXAZ xR C NSRS,
Jorg | 177104 371580 79569 67691 695953 o
(25.4%) (83.4%) (11.4%) (9.7%) (100.0%)
jorgw | 108992 326813 86260 40506 622579 0.,
(27.1%) (52.5%) (13.9%) (6.5%) (100.0%))

NERPOIIE

U2 T804 & 4 %ol HR-E9 daes FAFgol A= A
ofl Al ARG L o, 20181—401]“ FAFG 29A7E A= A 389
A, 20199°l= EolstA =93 A-dH(China Shipbuilding
Industry Corporation, CSIC)9] AlstoldERAA7E Qe FAIE7}
A= A G390 A 7+ 23,9065, 28,1342 AESH Ao
Ak, A= oA 2018WE 19,7882 AHESE Z10=
ol AT AA DA HEFAY 23t AutE9 5 4
t7le] e FEFRA AR HWeET

38) {30°3712.0°N(30.62°), 122°0412.0"E(122.07°)} ~ {30°36'36.0'N(30.61°), 122°04'48.0'E(122.08")}
39) {31°2248.0'N(31.38°), 121°4124.0'E(121.69°)} ~ {31°22'12.0'N(31.37°), 121°42/00.0'E(121.7°)}
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2o, e W Bz E TR wir7kA wiEe] g2
AE 34T 5 Aok w=2hA Ft HolA Bxdd AAgS 29
Ue 7IeF, AAA A v E8% Aol

20189 20199 7MY B2 DRAIGoM AREE AR =

HEgd< AlQstal tifE 24,0008 AF2 AREEHIL Q=
] o

20199 5] 7Pg We ATt AGH XS ololg FAEE
2831452 MWL, o] Aot Az 2 sejol BAAA Ao

2 Ho] o] Ea Z71xel Bao] Wad oz Halh

40) B9l PIHY, 85 Tl 5 F71H0l 242 Sk 29 E5 715,

49



(O™ 2-20) M MA HEAEE 5 ZuK20194, HEE 1= 71F)
o9 £

>1000000

700000

10000

He E
sl 23 guE  Bes . Jmee
°C ZHR  EXAR EXAX BxAE X A2
e 17,286 117,916 46,415 4,038 185,656 24,43
(9.3%) (63.5%) (25.0%) (2.2%) (100.0%)
AFtmEst 57,122 232,558 81,076 13,030 = 383,787 90,787
(14.9%) (60.6%) (21.1%) (3.4%) (100.0%)
2H2s 17,479 117,488 52,419 1,358 188,743 17117
(9.3%) (62.2%) (27.8%) (0.7%) (100.0%)
LA/LBS! 13,848 103,317 = 48,998 1,067 167,230 24521
(8.3%) (61.8%) (29.3%) (0.6%) (100.0%)
Ar50[3t 177,104 371,689 79,569 67,691 695,953 23,906
(25.4%) (53.4%) (11.4%) (9.7%) (100.0%)
570 3 31 282,839 942,868 308,477 87,184 1,621,369 24,787
(17.4%) (58.2%) (19.0%) (5.4%) (100.0%) (I ES)
X M7 60,418,580 14,349,915 2,059,887 753,743 | 77,582,125
= (77.9%) (18.4%) 2.7%) (1.0%) (100%)

2} SIS CHMXI 3717t 40517 | Z0i| 01 Sof 2+ Y2S2| B =9 Hlu= =7t
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H 2 & AIS 7|8t Mt ARAREF 28 o Jfjgt
H 2-15) = Siod Ag A mak 4 2t S5H20199) o
Bo) £
. 2835 s BYS s BE2
°C ZOIR BXAN  EXAF EHXUR = X 222
EALE 16,435 116,791 45,752 4,009 182,987 24,452
9.0% (63.8% (25.0%) 2% (100.0%)
A7tEEst 53,290 237,622 81,756 15,302 387,870 25,376
(13.7%) (61.2%) (21.1%) (39% (100.0%)
2E2st 16,865 111,310 49,089 932 178,196 16.469
9.5% (62.5%) (27.5%) (05% (100.0%)
LA/LRS! 12,752 104,828 48,282 2,339 168,200 24,046
(7.6% (62.3% (28.7%) (1.4% (100.0%)
A510[3t 168,992 326,813 86,269 40,506 622,579 28,134
(27.1% (52.5% (13.9%) 65% (100.0%)
= 268,334 897,264 311,148 63,088 1,639,832 28,134
5N & &Al o
(17.4%) (58.3%) (20.2%) @1%) (100.0%) (st01)
X A7 56,155,083 14,621,714 2114573 755,346 73,646,716 _
= (76.2%) (19.9%) 2.9%) (1.0% (100.0%)
= 2t 29|l 27t

2HE ORI 3717t 0[5k | [HZ20]| O1F Salf 2t &H=2| i
Az KA

4 E 1524 &

85 AL A Al Folo] skl Ao Holsl, 20184 Azt w]-
% mojnago] o QIst A Al £ 7tao] HE JFY Ao



A AA dE Ag4nTF FolE HH 20184, 20199 EF H]S:
g Fo]& Ho|1 9low, 53] 293 119 ABAMETo] Fol
£ A%°] Y= E 5 Ut o]of Hls| B4R 20199 € A=
AHEFO] W0l 201840 HIS| 4g AL & 4 AeH, 5T
20199 12¢¥ol= |43t E5F0] 11¥ 1,825% EolA 12¢
1,867 £E0& Z7HISH A vito] g FF F71HQ1 A5

E35] ¥l &lo] "Q3t AHo7 HIT}

ool £
2 o= 1@ 28 3@ 48 58 6¥
St 2018 14,180 13,922 14,828 15,025 15,258 15,467
2019 16,028 14,960 17,152 15,621 16,548 14,907
A 2018 | 6,390,954 5,906,044 639,728 6510554 6,833,016 6,593,759

2019 6224211 5677724 6339960 6211924 6436818 6,226,549
= 9= 78 88 98 10€ k= 128
2018 16155 15144 16430 15518 17,181 16,548

A1

2019 15,694 15,261 14,899 16,023 15,114 10,781
Y 2018 6,831,403 6,702,920 6,417,775 6,457,425 6,219,189 = 6,323,970
HMA

2019 6,373,760 6,415,687 @ 6,091,630 6,000,050 5529,967 6,117,861

INEIPSINE S

41) PORT-MIS(ZA4: 2020. 9. 7)
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M2 AIS 7|8t Met AmA D =8 2y JfY
21 HAS
(27 2-21) e HRADY FO|(SLMBY
E,rOl %
Fuel Consumption by month (Port of Busan)
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O [AFE 3AZHA], 13AFE 15AI7HA] ARg-Fo] Bokal Hiti=
SAIRE TAZHA], TIAIRE 12A17FA], 18AIFE 19A171A] Aol
A2 Aom ZAENY. FAGS A AAESE otyA|ek 20184
I 20199 AR HiElS Hlom, %ﬁl S AIZHGMTH9) 712
2 17A5H 1840 AFEe Aoz

H2-17) ARMHE HeADE 54 ZAut

S
= GMT  00-01 01-02 02-03 03-04 04-05 05-06
= (G=ARH  (09-10) (10-11) (11-12) (12-13) (13-14) (14-15)
2018 7,724 7,702 7,836 7,737 7,940 7,843
2019 7,534 7,514 7,761 7,878 7,732 7,688
2018  3211,023 329,790 3,399,122 3,339,776 3,190,552 @ 3,118,374
2019 3,131,270 3,209,040 3,161,684 3,054,284 3,006,354 = 2,947,339

= GMT  06-07 07-08 08-09 09-10 10-11  11-12
= @=RAR) (15-16)  (16-17)  (17-18)  (18-19)  (19-20)  (20-21)

2018 7,673 7,744 8,178 8,031 7,660 7,741
2019 7,868 7,608 7,823 7,746 7,607 7,413
2018 3,084,877 3,093,830 3,188,822 3,219,716 3,261,857 = 3,209,284
2019 2,952,725 3,010,152 3,045,081 3,047,612 3,018450 2,985,195

= GMT  12-13  13-14 14-16 16-16 16-17 17-18
=GR @1-22)  (2-23)  (23-24)  (00-01)  (01-02)  (02-03)

2018 7,618 7,871 7,752 7,899 7,684 7,583
2019 7,735 7,506 7,635 7,641 7,685 7,625
2018 3,185,654 3,309,900 3423218 3355598 3,245215 3,189,128
2019 3,103,519 3,194,948 3,157,788 = 3,085,878 3,117,993 3,051,725

o GMT  18-19 19-20 20-21 21-22  22-23  23-24
= (E=ARh (03-04) (04-05) (05-06) (06-07) (07-08) (08-09)

2018 7,521 7,614 7,401 7,593 7,727 7,584
2019 7,486 7,380 7,352 7,524 7,676 7,569
2018 3,140,476 3,195,231 = 3,199,897 @ 3,285,207 3,286,889 3,211,301
2019 2,972,249 3,034,468 3,079,789 3,119,117 3,113,845 3,045,636

HAA

A= MAF 24
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M3 & S2E M8 B I viEZ 24

2 goAs 9] 27804 dd ARaARs FHEFE 7|6

AlA 9D 9 PIHER AR E= ARARTFS A4l ds
Q¥ NOx, SOx, NMVOC, PM 59 si&A+E 283 wi7|7tA
&S A3t Chen er al(2016) 59 dA-ollA= ot A=
o] ARARFE AXSHA] &3 AFAEZHP)o] MAFRHLHL} 2
FAZHT), BiEASFEDE J3H NOx, SOx, PM 52 543t ot
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H1E Hi7|7AYE HiEH S 2A

7|7k AE s E A= FHS7EH(EEA: European Environment
Agency)ol Al A&t AleE AR EEAA = AEEFE &
H| ko] what v 7| 7k A

=
= =
AAA DA S, S5, 1&E5AR) = 1HTE Tier 2 E8E, 1893
=

A429} Tier 39] NOx, NMVOC, PM HiEA|THE o3 o} o]
Ao AHEeH, 3] SOxY A 5 FAFFO)= J&d
F=3it}, o] 5 Algto] AMESta Q= BFOQ] a2 ICCT(The
International Council of Clean Transportation)2] 2017¥ E.ILA 0]
A AFTE 2.5%49F A8 om, MDO/MGOS] &3hfa2 EEACIA]
AR 0.5%9F A-g3iA ALsiTt.

& Ao A= EEAA Al55h= Al F Tier 19] SOx, CO Hi&

~

¢

42) EEA(2019. 11. 13), pp. 14-15.
43) ibid., pp. 23-24.

44) ICCT(2017. 5), p. 2.

45) EEA, op. cit,, p. 15.
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M3 & S2E M8 B I viEZ 24

(B 3-1) Hi7|7tA HHEAIS
=+QJ: kg/tonne fuel

k| =2t k| HZE  NOx NOx NOx NM
z= s= R Zz= 2000 2005 2010 voc M SOx €O
) BFO 20 193 186 03 03
Gas turbine
MDO/MGO 197 19 183 03 0
High- BFO 59.6 57.7 556 09 38
speed diesel  MDO/MGO | 59.1 | 57.1 551 1 | 15
_ Medun- ~ BFO | 657 634 613 23 38
Cruise )
speed diesel  MDO/MGO 65 | 63.1 60.6 24 1.5
Slow- BFO 928 89.7 85 3 8.7
speeddiesel  MDO/MGO  91.9  88.6 865 32 1.6
Steam BFO 69 66 64 03 26
Main tubine | MDO/MGO 6.9 | 66 6.4 0.3 1
engine . BFO | 92 89 86 15 45
Gas turbine
MDO/MGO 9.1 88 85 15 16
v | BFO 436 423 406 25 103 2050 74

speddiessl MDO/MGO 43 41.7 401 26 4
Ma”OZUV””g Vedum-  BFO  47.9 462 446 63 103
. speeddiesel MDO/MGO 475 457 443 66 4
Hotelling
Sow-  BFO 674 651 629 82 112
speeddiesel MDO/MGO  66.7 64.2 621 86 4.4
Seem  BFO 51 48 47 09 7.4
wbne  MDOMGO 5 5 47 09 28
Cruise  High- BFO 511 494 476 17 35
Auilary speeddiesel MDO/MGO  50.2 486 468 1.8 1.4
engine anozuv””g Vequn.  BFO 648 625 604 17 35

Hotelling SPeeddese MDO/MGO 64.1 62 597 18 14

Z: SE 8 (BFO 71& I 2.5%, MDO/MGO 7|& T+ 0.5%)
Xt=: EEA(2019. 11. 13), pp. 14-24 7|8t XXt H2|

sto] ®ofl A NOx®| 7-¢- #i&A%=7F 2000, 2005, 201022 &2
o] l=Hl, ol NOx HiEAlS Eig Al7]o] g Ao = IMO
NOx Technical Code7} Z-&% 2005¢3} 201099 /\HEL Aol
]3] o] NOx ¥i&AS7t OF 3.4%, 6.8% A AL & 4 9l
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th40 & Aol A= o] F Al HiEAId NOx 20102 AR5t

CO29] 79+ Corbett et 2/(2009) ¥ Chang er a/(2013)9] A+
oA ARESE AXH 86.45%% HoH AR gA vjESAee} gHA-
ojAlSlEL A HEE A9l 44/125 F5 AAFATT

FAR) Yol A= Bt 184,32289] d87F AREE AoE B4
own, olF B3l HiEE= w77t ATS HEES Auto] ARE
A= BFOZ 7|20 & NOx 10,444, SOx 92&, NMVOC 333
E, PM 716%, COE= 1,364%, CO= 584,300E HiEEHE= oz &
A=t Ad A7 E 2% MDOZE ARRSHHL 7Pgs 48 &
SOx, PM9] vi&3Fo] Z+z} 198, 261802 &0l & a3 S A
o g o=

[

46) 0|&& 2/(2016. 12), pp. 167~168, MQI&: EEA, op. cit, p. 17.
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H3g 2=2

M8F 7 PIA HER 2

T 3-2) BAKSH MU HYZ|7EA HiESE S8 ATt
oo E
Aar =3 AZADEF NOx SOx NMVOC PM CO CO;
BFO 10,526 93 335 722
20184 185,656 1,374 588,529
MDO 10,398 19 355 263
BFO 10,362 91 330 710
20194 182,987 1,354 | 580,070
MDO 10,235 18 350 259
BFO 10,444 92 333 716
o 184,322 1,364 584,300
MDO 10,317 19 353 261
INE=SPSINETES!
2. A7IE=23t
A7IE 23 YollA= B 385,829% AL dE7F ARE= A
oz BMxQlon o|F Fo HiEH+« vi7|7tATS BFOE 7|&
S =& NOx 22,427%, SOx 193&, NMVOC 721E, PM 1,585%, CO
= 2,855%, COE= 1,233,075& Hi&E+= Aoz EAFEQTt Adt
ARE X% MDOZE ARESIHA 7Hge 49 SOx, PMQ] uij&wo]
Z¥7y 39 551808 ZFo] £ gy}t Y Ao = dAtHET
(& 3-3) A7IZ23F Mut 7| 7HA HE2F 8 Z0}
oo E
Ar =& Azl NOx SOx NMVOC PM CcO CO;
BFO 22,360 192 719 1,583
20184 383,787 2,840 1,216,603
DO 22,108 38 761 548
BFO 22,493 194 722 1,587
20194 387,870 2,870 | 1,229,547
MDO 22,236 39 765 553
BFO 22,427 193 721 1,585
o 385,829 2,855 1,223,075
MDO 22,172 39 763 551

Az KA
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3. ZHI=ZFE

ZHZEY YolAe B 18347089 A&7t AREHE A
BAFglon o]2 Ed HEEL Hj7|7FATS BFOS 7|E
NOx 10,373%, SOx 92&, NMVOC 331E, PM 710E, COL 1,35
E, COx= 581,600% Hi&EE 7oz B4t A ddgs o
T MDOZ AHgRITh 7% A9 SOx, PMO HiEo] 242t 198,
260802 I A4S AoZ BAEQTH

o=
ox

oo

H 3-4) 2H|2ES M7 |7IA BE2F £8 Z0}
ool £
A =3 AZAREE NOx SOx NMVOC PM CcO CO,
BFO 10,667 94 340 729
20184 188,743 1,397 | 598,316
MDO 10,536 19 361 267
BFO 10,078 89 322 690
20194 178,196 1,319 564,883
MDO 9,955 18 341 252
BFO 10,373 92 331 710
oA 183,470 1,358 581,600
MDO 10,246 19 351 260
INE=SHPSINETES!
4. LA/LBE
LA/LBE WolA+= B 16771589 w7t 4AHEHE Aoz B
AEQom, olg &I HHEE]L Hj7| 7} AL BFOE 7|&o=

NOx 9,378, SOx 84%, NMVOC 298%, PM 637E, CO= 1,242F,
COx= 531,656& HiEHE 2oz EAFHT. A8 dgs BF
MDOZ Ar&stal 7H8E A9 SOx, PMQ] wi&sfo| 4zt 17E,
236E02 AA FAsts A0E EAEIIH
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M3 & S2E M8 B I viEZ 24

H 3-5) LA/LBY M4} Hi7|[7tA BHES =9 2t

E'—Ol %

HrE &R GEAEE NOx SOx NMVOC PM (60) CO;
F 9,366 84 298 637

20184 167,230 1,238 | 530,118
MDO 9,249 17 315 235
BFO 9,390 84 298 637

20194 168,200 1245 533,193
MDO 9,272 17 316 236
BFO 9,378 84 298 637

iy 167,715 1,242 | 531,656
MDO 9,261 17 316 236

Az KA

+ Bt 65926689 A7t AREE FOoE £
A=glen, olg 3 wiEse wrItAaF2 BFOE 7IELR
NOx 40,463, SOx 330, NMVOC 1,323E, PM 3,048, CO=
4,879, COx= 2,089,875 HiEs= AL2 F4=HAH.

(H 3-6) Jot0[gf 1t Hi7|7hA HHEY Y 21t

E'—Ol 1=

G &R ¢EADE  NOx SOx NMVOC PM CO CO.
BFO 42,555 348 1,390 3,192

20184 695,953 5,150 | 2,206,172
MDO 42,144 70 1,473 1,006
BFO 38,370 31 1,256 2,904

20194 622,579 4,607 1973577
MDO 38,009 62 1,332 902
BFO 40,463 330 1,323 3,048

iy 659,266 4879 2,089,875
MDO 40,077 66 1,403 954

Az KA
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2HEGY, FA, LA/LBE +0|
o] & Y| HAZ W uj7|7IAE Hi&5H Y=

Aoz BAFQIr}, thyt o= ¢ 3
Al EAE X9 3717 570 R B Aolstr] wiiEo =&d
272 Agi3Ql <=2+ & 5 gtk
H 3-7) 9 0 Mt Hi7|7tA HiEE £ 21 38H(20184)
el =
sfor =5 AzADzF NOx SOx NMVOC PM CcO CO;
_, BFO 185656 10,526 93 335 722
HAFS} , 1,374 588,529
o MDO  (024%) | 10,398 19 355 263
AJI BFO  3g3787 22,360 192 719 1,583 2810 | 121660
23 MDpO  (0.49%) 22,108 38 761 548 ' o
ZHZ BFO 188743 10,667 94 340 729 1307 | 58316
©5 MDO  (0.24%) | 10,536 19 361 267 ' '
LA/LB BFO 167230 9,366 84 298 637 1938 | 530118
gt MDO  (0.22%) 9,249 17 315 235 ’ '

A5l0|  BFO 95953 | 42,555 348 1390 | 3192
5 MDO (090%) | 42,144 70 1,473 1,006
57§ & BFO 1621360 95474 811 3082 6863
A MDO  (2.09%) 94,435 163 3,265 2,319
BFO 77582125 5866437 38791 202,138 530,367
MDO  (100%) 5844874 7,758 = 214,803 119,303

T RYJHERY S, IS R HEFY =g Y

5150 | 2,206,172

11,999 5,139,738

H MA 574,108  24593,3%
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M3 & S2E M8 B I viEZ 24

(H 3-8) 2 g1 Myt Hi7|7tA HiSEF £ At 58H20194)
el E
gt s Am4DE NOx SOx NMVOC PM CO CO;

_, BFO 1820987 10,362 91 330 710

SRS : 1,354 | 580,070
T MDO  (025%) | 10,235 18 350 259
AJ}E  BFO 2493 194 722 1,587

i 387,870 2870 | 1200547
23 MDO (053%) 22236 39 765 553
HZ BFO 10,078 89 322 690

2E2 178,196 1319 564,883
=3t MDO  (0.24%) 9,955 18 341 252
LA/LB BFO 168200 9,390 84 208 637

1,245 | 533,193
MDO ~ (0.23%) 9,272 17 316 236

St

AIS10| BFO  g2579 38370 311 1256 2,904
3 MDO (0.85%) | 38.009 62 1,332 902
57l & BFO 153982 90693 769 2,928 6,528
A MDO (209%) 89,707 154 3104 2,202
BFO 73646716 5546037 3683 190,829 500,385

4,607 1973577

11,395 4,881,270

MK 544,986 | 233460,00
i MDO  (100%) 5526041 7,365 202,797 113,123

xS HE(RE 3, WU 3, BY B)E 51 Fs 23 HD

X2 MR 24
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At 7k F8 A7 89

X
T

o

'BO
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NI

<l

HhE a4 vi7(7t

g o g7

K

B oA Alu vl 7| 7hA7}

NOx, NMVOC,

s

A &

), H|Z A3 SOxe} CO, COZ

o

fra

A7t

37H9] w77 vk

Upehlict. o=

L=
2IE

B

AL}, AREFQO] Slow-speed diesel, & thE
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H4-1) FQ YorE Az A0 OfH| Y7 |7HA HiE HIE 244(20185)

THOl: %
st BZ2 AzAREE NOx SOx NMVOC PM CO CO;
_ | BFO 567% 0.05%  0.18%  0.39%
HALSE 100.00% 0.74%  317.00%
MDO 560% 0.01%  0.19% = 0.14%
A7} | BFO 583%  0.05%  0.19% = 0.41%
N 100.00% 0.74%  317.00%
28 MDO 576% 0.01%  020%  0.14%
ZHZ2  BFO 5.65% 0.05%  0.18% = 0.39%
~ 100.00% 0.74%  317.00%
=3t MDO 558%  0.01%  0.19%  0.14%
LA/LB  BFO 5.60% 0.05%  0.18%  0.38%
M 100.00% 0.74%  317.00%
El MDO 553%  0.01%  0.19%  0.14%
AKsH0] | BFO 6.11%  0.05% = 020% = 0.46%
- 100.00% 0.74%  317.00%
st MDO 6.06% 0.01%  021%  0.14%

Atz KA 24

(B 4-2) FQ 0td Az AT CHH] Hi7|7tA HiS HIS £44(2019H)

TRl %
sioF =2 ogAmE NOx  SOx  NMVOC  PM (60) CO»
_. | BFO 5.66% 0.05%  0.18%  0.39%
ELAKSE 100.00% 0.74%  317.00%
MDO 559% = 0.01% = 0.19% = 0.14%
A7} BFO 580%  0.05% @ 0.19% = 0.41%
N 100.00% 0.74%  317.00%
238 MDO 573% 0.01%  020% = 0.14%
ZHZ  BFO 566% @ 0.05% = 0.18% = 0.39%
Crm 100.00% 0.74%  317.00%
=5t MDO 559% = 0.01%  0.19%  0.14%
LA/LB  BFO 558% 0.05%  0.18%  0.38%
- 100.00% 0.74%  317.00%
El MDO 551%  0.01% = 0.19% = 0.14%
AFSHO| | BFO 6.16% 0.05% = 0.20% = 0.47%
- 100.00% 0.74%  317.00%
st | MDO 6.11%  0.01%  021%  0.14%
IN=HPSINE ]
£ A= Hyt SFETE HIESE AFAITE A7), dE
T 5 4 FE 2 EAo] Hi7I7tA HiER] RAlE 9T B
H317] 18] FARAES AT LFEES Behs BE Y




M 4K M HIZ|7IA =Q K2 Q01 2 =Q KMy 50t o5t &

=2l: tonne, kn, AlZE, DWT, g

al=3 NOx g Bt Bt 515
ADY  HIEY RS MEAZ M=) TSF
51,343 2,891 6.77 26.53 39,787 3,919
47,510 2,681 6.50 23.28 39,938 3,989
43,933 2,488 5.84 21.47 39,320 3,984
42,802 2,423 6.05 21.23 40,498 3,842
84,084 4912 7.34 23.54 556,587 5,849
96,467 5,589 6.88 23.65 56,083 6,136
101,153 5,997 7.04 20.19 57,902 6,903
107,117 6,360 7.13 18.29 56,989 7,163
42,701 2,417 6.98 34.56 41,513 2,216

P

I
gﬂ
B WO N = D ON -2 D ODN -

2017 EH}E 40,238 2,289 7.01 34.37 41,297 2,204
EE 35,066 2,012 6.81 35.31 41,656 2,263

45,342 2,570 6.87 34.17 42,230 2,231

1 33,737 1,902 8.45 63.83 76,717 546

LA/LB 2 35,632 2,001 8.53 68.71 79,596 532

B 3 38,779 2,180 8.52 66.66 80,910 584

4 40,092 2,252 8.63 70.40 80,849 565

1 199,269 11,940 9.61 43.80 50,742 5,039

AfGlo] 2 177,215 10,747 8.13 36.97 52,013 4,773

B 3 159,309 10,065 9.30 32.81 51,930 4,821

4 197,167 12,312 9.44 37.16 52,902 4,877

1 42,835 2,417 6.04 21.50 41,005 3,746

e 2 45,700 2,592 6.66 19.62 41,425 4,049

3 47,610 2,689 6.50 21.76 41,525 3,968

2018 4 49,811 2,803 6.37 22.60 42,555 3,892
96,329 5,602 7.18 22.74 57,807 6,210

A7 98,121 5,701 7.31 21.77 59,141 6,127

95,385 5,568 7.26 21 58,168 6,341
94,881 5,509 7.22 20.60 58,061 6,294

I
ogr
B W N -
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c ol5t5|A
= AEARE HEEr) SR

re
H-|
ook
[El
i
N

A2 NOx @ W@ @
ADY  HEY 282

1 45,961 2,596 6.75 37.80 43,223 2,207
22 2 47,253 2,670 6.93 39.56 43,531 2,210
2 3 48023 2,706 6.87 38.94 45,232 2,211
4 | 47156 2,658 6.84 35.77 47,385 2,185

1 36,967 2,076 8.65 65.07 82,782 555

LA/LB 2 38452 2,162 8.72 65.83 83,730 569
K 3 41,779 2,340 8.55 69.30 84,090 584

4 | 50,022 2,786 8.34 72.83 86,127 623
1 178151 10,838 9.21 44.57 52,738 4,605
AfSlO] 2 199,353 12,190 8.44 38.04 53,445 5,165
& 3 | 193350 11,941 9.06 39.27 55,658 5,133
4 | 167678 10416 8.82 31.72 53,446 4,938
1 48,301 2,735 6.63 22.89 42,121 3,886
st 2 46,999 2,649 6.56 20.65 42,433 3,924
3 | 45657 2,571 6.49 21.19 42,713 3,788

4 41256 2,327 5.18 21.13 41,824 3,761
1 93,005 5,395 7.27 22.11 58,744 6,267
AZIR 2 96,665 5,622 7.41 20.81 60,139 6,340
28 3 97123 5,622 7.21 20.10 59,822 6,140
4 101,783 5845 7.12 22.00 58,422 5,974
1 48,195 2,714 6.73 39.06 45,241 2,150
2019 262 2 | 44568 2,521 6.83 35.44 46,519 2,247
Y 3 42943 2,427 6.86 35.18 43,856 2,219
4 42283 2,390 6.79 37.55 43,467 2,056

1 46,157 2,575 8.49 82.50 84,683 538

LA/LB 2 40,010 2,236 8.44 69.94 84,633 521
& 3 42979 2,398 8.26 76.27 84,718 525
4 39136 2,187 8.23 71.89 84,314 496
1 159,211 9,940 9.21 34.26 53,873 4,976
AfSl0] 2 163,246 10,086 8.89 31.67 53,610 4,993
& 3 | 165738 10,204 8.94 30.85 52,467 4,974
4 | 168,029 10,358 8.90 31.91 52,777 4,896

PN=IPSINES!
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U717k e EE Ul ARARTE yHoR ot T2
= AFAZE, A7), dF3ls 5 9 xgE =49
Hez 44t & g9ese AARH. O 23 oy %%(Durbin
Watson) SA%o0] 2.029% 20 #sto] 22} 7o) SHEHF]
AR A AR Y FogEo] 0.05E T Zof 3lH4oz 9
o7E At & Amanso] gtk slAEA A3 Be SR
FEE, AGAZL, Auta7], 48l 52 sAHL=E Fo5H
BaEF FFS Fv AR Yo, olF JIkler

el R HO

Fuel Consumption = 32,601.289 « x, + 2,452.585 « z, e [A 8]
—2.402 « z,+28.297 « x, — 224,322.083

HA3 eYLET eSS, AT A4E, 19T U
Lot AW BAZ UEx
Acs BAHgTh vz AuEsle drausy 2O

2 yehitt} teb dn4Re Fol7] 9AshA

fr il 30 o
X 4 Ao
S =
i) st
rlr ﬂ[o

>,
% pt
re
Sl
>.
!
L
o,

1o
odk
et
>

=g Coef. Std. Err. Beta t P)|t|
o -224,322.083 13,5686.460 -16.511 0.000

o 28EE(x1) | 32,601.289 3,238.419 0.645 10.067 0.000
o KEAIZHx2) 2,452.585 513.958 0.835 4.772 0.000
A MET7|(x3) -2.402 0.284 -0.675 -8.458 0.000
U2 (x4) 28.297 2.970 1.084 9.528 0.000

>
HU
>
>
HI
1%
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A
B
?}l
1o
of
ol
flo
Yol
s
M
1%
o,
i,
&
O,
AQ
!:ﬂi
M
4
é
lo
il
rol
>,

s BAO] 2021 291 Sgolo] 44 SYol R
4 A% fojatgo] 0,058 Aok FAL o] oJulrt Y Ao 1
et 18 24 SRMSEY GoSEE 0,055 Hol 594
B4gHCoef)o] OJm1E 7HAA) Hek. Aute] SR&Es} BT A3
ARbo] A, Aete] PFAGTE WSS NOx HiEFo] WolH 3
AH=7]7 7 8%5% NOx Hi&do] Zobs A0 tefigon, of
£ s9aow maEsH theo) Az 2o

NO, Bmission = 2,165.552 « o, + 143.289 « @, e [4] 9]
—0.151 » 2, +1.689 « x, — 14,563,360

[©)

|

(& 4-5) NOx 2|24 2t

e Coef. Std. Err. Beta t P)|t|
o -14,563.360 867.635 -16.785 0.000

H REEE(x1) 2,165.552 206.806 0.681 10.471 0.000
I S| ZHx2) 143.289 32.822 0.775 4.366 0.000
I MEt37((x3) -0.151 0.018 -0.674 -8.318 0.000
US> (x4) 1.689 0.190 1.027 8.904 0.000




H4% S H7I7IA R 2 201 W R0 H S0t oS 2

70%, P2
ZALE]|QITHA4®) 2 Aol A= o]t
Aoz AIS Hlo|HE o] &3 AHE9] Bt ol FE =7t 10%, 20% =
AT 7HES W duiE AmRARTF FAShHEA] 243 o]
£ 95l 712 Corbett er a/(2009)%] A=A AAL ILFo| A o}
At Zo] AR FFHEESOl SEHER)S J9 1 a%E =4
St

3f

, &9

CO~70%2 & AL, 2007d5RE 20126704 ZAE o] Auke
5 Ro&

=

olt
N
(N
re,
-
i,
&
©
1o
)
=
[

= [MFk(Sl

=4 ARZ ofe] (E 4-6)3 22 AIE AU2H, 10% 20%
BELF Al A2 11.79%, 20.92%9] A=E 24T 5 A= A=
% AR

g o A8

48) Mander(2017), p. 213.
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(B 4-6) 418t 7} 2228 STH 2B M)

oS- oiH BIE ASADZHE) £& 100% ChH| HIE
120% 95,675,799 129.91%
110% 83,947,996 113.99%
100% ("= 12.92%E) 73,646,716 100.00%
90% 64,960,440 88.21%
80% 58,239,338 79.08%

X2: Rxp 24

A HolM 523 Al dw A4 axo] dis) £4

o 18221580 = G 3 5
£ Y 4F 29|8 duAirdsFo] F7leke Aer BAEQI o]
= B oA AFRSE Corbett er 2/(2009)9] AE AR AALA]

- O

ESWE 2T B BR7F FoMA AL EF 8 E ofstofAE B
AR H37} 0482 78] ARARFo] 43| F71sHE AL

49) IHS(2016), Vol. 2, p. 1307.
50) /bid., Vol. 4, p. 760.
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THO £28 ol Aol 7dE Eole Wl &

= Aol

(Port of Busan)

Fuel consumption by speed rate

100%, 182,215

160%, 157,073

INEHPSINE
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H 4-7) Mt 7h- 2428 5T} EH(RASY

oS- oiH BIE A= ADZHE) £& 100% ChH| HIE

300% 221,13 121.36%
290% 213,329 117.08%
280% 206,057 113.08%
270% 199,189 109.32%
260% 192,742 105.78%
250% 186,742 102.48%
240% 181,174 99.43%
230% 176,063 96.62%
220% 171,449 94.09%
210% 167,373 91.85%
200% 163,887 89.94%
190% 161,043 88.38%
180% 158,921 87.22%
170% 157,552 86.46%
160% 167,079 86.21%
150% 157,630 86.51%
140% 159,284 87.42%
130% 162,310 89.08%
120% 166,976 91.64%
110% 173,481 95.21%
100% (Zt 6.18E)* 182,215 100.00%
90% 194,093 106.52%
80% 209,832 115.16%
70% 231,375 126.98%
60% 260,501 142.96%
50% 300,022 164.65%
40% 357,819 196.37%

F R X RS 8 LHOY Rl T AT | THE20)| 9o 182,987= R0} &g
PNEIPSINES!
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714528 2(160%)

Holu Euld IZoA e
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=

=
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=
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T 4-8) AMP MX| 25 HZADEE 2 Y7 |7 A HiSEE 2520195 BALSE 7|Z)

el E
= 35 S=4%F  NOx SOx NMVOC PM CO CO,
BFO 10,362 91 330 710
x| H 182,087 = (100.0% = (100.0%) = (100.0%) = (100.0%) 1354 = 580,070
=t VDO (100.0% 10,235 18 350 269 | (100.0%) = (100.0%)
(100.0%) = (100.0%) = (100.0%) = (100.0%)
BFO 7,867 69 252 550
7| = 137,235 (75.9%) = (758%) = (764% = (77.5%) = 1016 = 435,035
=T vpo B0 7774 14 267 195 (750%  (75.0%)
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BFO 2,49% 2 78 160
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(24.0%) (22.2%) (23.7%) (24.7%)
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51) 0|21 21(2020), pp. 202~206.
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1= ) NI HESHYS|(MEPC:  Marine Environment
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ASHEy mNHA] EF ECA AR g% 29351 Qlth E3

o219 tisfjA= NOx, SOx, PM Hi&S o

n]Z234 5% EPAS 20099 KA w= %, ECA A= &3k

NOx, SOx, PM Z+Zt 23%, 86%, 74% &2 Ao gAYt <

Zluete ECA A9S A5 Aol &

T2 FE0 = WiEA Al EPA7E St 202 HiE 5ol

=]o] NOx, SOx, PM 22+ 2,383&, 78%, 525 A

2 aidgrt. £ LSFO A}o = Loﬂ A Rkl 7
=

Sa=leg

H 4-9) ECA XY TS ezt A HIY VA BiEZ (20198 S48 BFO 71F)

oo E
EPA 7|1Z LSFO 7|&
=2 Az A@t
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INPSIFS| 10,362 710 91 91
_ 182,987
X™ s 7,979 185 13 4
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M5 Y ZE H A

HZOA 7]9] wj7|7}A vj&eFo] W= AL & 2 9Jo] o2 &Y
T A= 71ed, A8 A 284S FE5H
(E 5-1) BASE M NH| H2ADZ =X ZIK20194)
Eol =
ot S P43 SME oy mEe

GFAE)  (ExUE)  (ExuE)  (exax)  HIE)  XFARY
16,435 116,791 = 45,752 4,009 182,987

Bk 24,452
(9.0%) (63.8%) (25.0%) (2.2%) (100.0%)
gy S1BORB ENTI4 2114573 T 7366716
= (76.2%) (19.9%) (2.9%) (1.0%) (100.0%)
251 2} 8j0 CYARIS] 5717} H0[517] TH20] 012 S5 2t SprSo] By 49| s =7t

(O3 5-1) B4 S H M| HeaRY 578 Z2aK20199)
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2) M4t Hi7|7tA BHEE 2M Zb}

2 AT 3FolAE 2894 FHE dRAETS 7IelE A AlA
38 b w77k wiEEe 243 i 9eE NOx, SOx,
PM & 717129 viEAle= 12787 EEACIA Algshe AleE At
|32, Tier 19] SOx, CO Bi&AIS592} Tier 32] NOx, NMVOC,
PM BiEAI50E ARSI, CO, iEA = Corbett er a/(2009) %
Chang er a/(2013)9] S0l A ARESE AAH 86.45%= A oJH A=
Eha HiE A} Bra-olibaetas WS Al 44/125 Fof AL
w4 Ay A AA 19 E5F A2 Il Astoldo] o
71Eo R TP B2 Hi7I7EAE WSSk Qe A0 R BAEHIY. F
AFGZ o] T Y WA= B2 Hi7|7kA 2
RO Tt ol doA L of7| %o
57 Ft B Aols) =EH dite A
A H

ool

ool &
gt S5 Am4DEE NOx SOx NMVOC PM CcO CO,
_  BFO 10,362 91 330 710
HALS 182,987 1,354 | 580,070
MDO 10,235 18 350 259
A7} BFO 22,493 194 722 1,587
N 387,870 2,870 | 1,229,547
2%  MDO 22,236 39 765 553
ZHZ BFO 10,078 89 322 690
~ 178,196 1,319 | 564,883
=3t MDO 9,955 18 341 252
BFO 9,390 84 298 637
LA;/LB 168,200 1,245 = 533,193
st MDO 9,272 17 316 236
AK510] | BFO 38,370 311 1,256 2,904
_ 622,579 4,607 | 1973577
g MDO 38,009 62 1,332 902

A= K2

55) EEA, op. cit,, pp. 14-15.
56) EEA, op. cit, pp. 23-24.
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RI5% 22 2 B!

5 uy17ks wiE Aot s, BAYE BuX9 £E

Al Al NOx, SOx, PM ZY7} 2,383, 78%, 525&< ASE &+
Aoz a‘awaiu} EG LSFO AHUE TARL = 71Z 91
EolA 4202 oF ogy UET 4 Y& Ao oL

(F 5-4) AVP 2 HEETIRIBHS! X% S Hi7|7HA A =R 20194 71%)

cHo| £
= NOx PM SOx
AMP HX| = oo = 2,495 160 22
HETRINS KN 5 014 25T 2383 625 ’8 8/

(EPA7|E) | (LSFO7IE)

PNEIPSINES!

2 Aol A= Corbett e/ al(2009) 50l AHESE &=9] AAIFA]
= FANFESIE ARESte AaiRd A4S ARES] 43T
HzA%9] 3¢= ICF Consu1t1ng(2009) AL5N0] HolALE A&
3 o ZEet 4ol 7HssHA Joh FHE A dS5S A=
AZMAL 294 9] AHlo] 2019 ARERH AA| AEFH H|wsto] of

12.8% HdiF4=s daE At sHAT & A5 29%°lHs
HA A2 g HAOR o Autol7] wgof &¥s] dIRlt
1 glov, 53] Ho YTt A wEI] flet ZAAe

wheba] o Atoll A Wl gt AXAL Qof B AAbEol gt AA|

57) ICF Consulting, oo. cit, p. 2-12.
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58) IMO(2015), op. cit., pp. 6-7.
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At=: IMO(2015), op. cit, p. 7
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Station 1 Wilmington Station 2 Coastal Boundary
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Station 3 Source-Dominated
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K= Port of LA 2020. 9. 18)

59) Port of LA(ZAMY: 2020. 9. 18)
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62) OECD-International Transport Forum(2018), p. 29.
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A B e EHAL olAtsA F 24
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