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Executive Summary

Executive Summary

A Study on the Systematic Management of
Air Pollutants from Ships in Korea

1. Purpose

The purpose of this study is to establish a system capable of effectively manage air
pollutants emitted from ships in coastal and port areas in Korea. For this purpose, the
study intends to review the possibility of introducing Emission Control Areas (ECAS)
which is a strict regulation for controlling airborne emissions from ships implemented
by the IMO.

In addition, the study mainly aims to present legal and institutional improvement
measures as well as technological improvement measures to effectively manage air
pollutants from ships, including the adoption of ECA system. In this regard, detailed
improvement tasks and implementation measures are proposed. Therefore, the ultimate
goal of this study is to establish a sustainable management strategy to systematically
manage air pollutants emitted from ships in Korean coastal and port areas.

2. Methodologies and features

1) Methodologies

<Table> Characteristics of the Methodologies

Methodology Applying Area Characteristics of the Methodologies

and details
- Analyze research and

academic papers

(articles) related to air - Collect and analyze domestic and

pollutants from ships in | foreign research papers related to
Literature Korea and overseas the regulations and control
Review - Analyze related data measures on air pollutants from

including the statistics ships as well as its statistics on

on emissions of air emissions
pollutants from ships in
Korea and overseas

vii
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Methodology Applying Area

Estimate the health
effect of air pollutants
from ships

Survey - Survey design/write
survey papers/conduct
the survey/analyze the
result

- Investigate in detail on
technical management
measures such as

Consult and building an inventory of

interview with air pollutants emitted

domestic from ships

experts - Investigate in detail

regarding the value
estimation of health
improvement effects

Study the current status
of neighboring countries
on the introduction of
ECA, including Japan,
China, etc.

Consult with
foreign experts

2) Features

Characteristics of the Methodologies
and details

- Conduct conjoint analysis on the
effects of health improvement
caused by the reduction of air
pollutants from ships

- Consult with experts in atmospheric
environment and those in economic
value estimation sectors.

- Ask for consultation on the technical
management measures of air
pollutants and value estimation
methods on health improvement
measures

- Summarize the current status of
introducing ECA in each neighboring
countries by consulting with foreign
experts

The study carries out conjoint analysis in order to estimate the impact of health
improvement resulting from the reduction of emissions of air pollutants from ships.
Substances such as SOx, NOx, and PM, s emitted from ships cause damage to human
health. In particular, some of them are known to cause representative attributes such as
premature death, lung cancer, asthma and cardiovascular disease, etc. This study
conducts conjoint analysis on these health attributes, estimating the economic impact
per each attribute caused by the reduction of emissions of air pollutants from ships.

The conjoint analysis methodology on health improvement was already used in
Korea as a methodology for estimating the health improvement from reducing air
pollutants on land. Furthermore, it is widely used an economic value estimation
methodology following the health improvement in various countries such as the U.S.,

Europe, Japan, etc.
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3. Results

1) Summary

1) The management status of air pollutants from ships in IMO and major countries

In accordance with MARPOL73/78, IMO manages all noxious substances in the
form of liquid, solid and gas generated from ships. Recently, IMO is concentrating its
effort to prevent air pollutants from ships through Annex VI of MARPOL, which took
effect in May 2005. In addition, Emission Control Areas (ECASs) in which stricter controls
are established to minimize airborne emissions in specific sea areas are increasingly
spreading across the world.

The Unites States preemptively prevents air quality from deteriorating by
establishing National Ambient Air Quality Standards (NAAQS) and designating ECAs.
The European Union came up with Environmental Action Program (EAP), implementing
environmental policy through legislation process with member countries. China
designated three regions including Pearl River Delta, Yangtze River Delta and Bohai Bay
as ECA, speeding up the management of air pollutants emitted from ships. Japan was
the first Northeast Asian country to review the introduction of ECA. However, the
country has not yet introduced the system.

Looking at the management status of air pollutants from ships, IMO and major
countries are increasingly strengthening the scope and intensity of regulation. Also, such
regulation is connected with industries, increasing its impact to individual countries.

2) Korea's current status of managing air pollutants from ships

Looking at the management status of air emissions from ships in Korea, air
pollutants emitted from ships is not properly managed. While the Ministry of
Environment (MOE) is focusing on pollution sources on land, the Ministry of Oceans
and Fisheries (MOF) is more concentrating on the water quality management at seas.

This fact can be reconfirmed by the data on regional emissions of sulfur oxide,
nitrogen oxide and particulate matter which are highly produced from ships. In
particular, compared with other port areas, Busan and Incheon, where large ports are
located in hinterlands, show a high proportion of air pollutants emissions from non-road
mobile sources in emissions of SOx, NOx, and PM;,.

The air pollutants from ships are not managed in a systematic and efficient manner
in Korea. As a result, major port cities show a high percentage of air pollutants emissions
from non-road mobile sources in emissions of SOx, NOx, and PM,, which are produced
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highly by ships. This has led to the problems that cause a serious impact on the public
health.

3) Estimation of economic value of health effect resulting from emission reduction

The study performs survey with conjoint analysis methodology in order to estimate
the economic value of health effect resulting from the reduction of air pollutants from
ships.

The estimation result covering all areas including Busan and Incheon shows
marginal willingness to pay (MWTP) on health damage per each attributes. According to
the result, premature death ranks the largest amount of 13,329.7 KRW / one thousand
persons, followed by lung cancer of 8,637.9 KRW / one thousand persons and asthma
of 213.6 KRW/ one thousand persons.

Furthermore, the study estimates the economic benefits of reducing the health
damage by 5% and 10% respectively resulting from air pollution from ships (as of the
end of 2006). The estimation result shows that the economic benefit of reducing the
health damage caused by air pollution from ships by 5% from the current level would
reach as much as 190.1 billion KRW (as of the end of 2016) for the next 5 years.

Such result of conjoint analysis is meaningful in that it makes a direct estimation of
impact between air pollutants from ships and the damage to the public health. In
addition, the study conducts the analysis based on major attribute variables which are
influenced by air pollutants from ships, such as premature death, lung cancer, asthma
and cardiovascular disease. Therefore, the analysis can provide quantitative information
on the economic values of various health benefits achieved by reducing air emissions
from ships. In this regard, government related projects can directly use the study in their
cost-benefit analysis.

4) Proposing legal and institutional as well as technological management plans

The study presents the current status of managing air pollutants from ships in Korea
and overseas as well as problems. Based on this, it establishes improvement goals and
directions with detailed improvement tasks. Consequently, legal and institutional
measures and technological measures are proposed to strengthen the management
system for air pollutants emitted from ships. The study explains on measures to amend
relevant laws, to introduce ECA and to establish cooperation network in Northeast Asia
as legal and institutional plans. Technological measures include establishing an
inventory for air pollutants from ships, building a monitoring system in coastal areas and
developing a tool for analyzing the impact of air pollutants.
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5) The systematic management of air pollutants from ships in Korea

The systematic management of air pollutants from ships that this study suggests
should be based on a clear legal foundation on the subjects under the management and
management authority. Based on this, institutional measures such as establishing ECA
system and building cooperation network in Northeast Asia should be combined with
technological measures including building an inventory for air pollutants, establishing
monitoring system and developing an impact analysis tool. In doing so, the systematic
management ultimately strives to achieve the protection of atmospheric environment
and the improvement of the national health.

2) Policy contribution

If the systematic management measures of air pollutants from ships are established
based on this study, it would be used as a policy tool to improve the air quality in coastal
and ports areas in Korea. In addition, it can contribute to the development of maritime
industry related to the reduction of air pollutants from relevant ships.

1) Contribute to the improvement of air quality in Korea's coastal and port areas

The study is able to provide basic data to improve the air quality in Korea’s coastal
and ports areas and offer legal and institutional foundation for preparing policy
measures through the following measures: improving the laws and institutions related to
air pollutants from ships, introducing ECA system, building cooperation network in
Northeast Asia, building an inventory regarding air emissions from ships, setting up a
monitoring system in coastal areas and developing a tool for analyzing the impact of air
pollutants.

2) Contribute to the improvement of public health

If the air quality of Korea's coastal and port areas is improved through legal,
institutional and technological measures, it would greatly contribute to raising the public
health of those working relevant areas as well as those living in nearby regions.

3) Contribute to the development of maritime industry which is related to the
reduction of air pollutants from ships

If the regulation on air emissions from ships is strengthened or ECA system is
introduced, it would boost the demand for facilities and equipment for processing the
air pollutants emitted from ships. At the same time, the demand for introducing

Xi
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eco-friendly ships such as LNG-fueled ships will significantly increase, contributing to
the development of related equipment and shipbuilding industries.

4) Able to proactively respond to IMO international agreements

When Korea establishes systematic management measures for air pollutants from
ships, it would proactively respond to stricter controls on emissions, such as SOx and
NOx implemented by IMO. In addition, it will increase our national capacity to drive the
global agenda in this sector.

3) Expected benefits

Besides policy implications, the study is able to make various contributions in
academic perspective

1) Contribute to the research on the method of estimating the air pollution
emissions from ships

The study contributes to the development of methodologies in estimating
emissions of SOx, NOx and PM which are produced from ships as well as forecasting
future estimates

2) Contribute to the vitalization of R&D research on equipment development and
reduction technology of air pollutants from ships

It is able to contribute to the vitalization of research on navigation and management
technology for reducing air pollutants from ships. In addition, the study will facilitate the
R&D research on the development of control equipment of air pollutants such as SOXx,
NOx, PM, etc.
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uoun olz Qs gt QI A|H9] 7| dE 7HeAI7] AL |7k
& 713]= Aoz dHA Q.

A S AF7]7HIMO, International Maritime Organization, ©]5} IMO)+= =A|3f

7_}'8]—

R84

D IMF BARR0] 2 20144 HEGDP 712 feluels Al 139 SEolt

) HAC 71 F2 wo] AMEELE FHL [FO1807} IFP3800] glom, vt 7ig|ojy Aldlto]
A Hrh A E3 [FO380S & A} q

Ape] QA Azt obd melel Fo mAsle) Age] F2 AgHI gtk

A& 10m oI5kl HAE Wat AU = &3] PMpo 2 FEch Ao #2714 4]
231 AEF 2k 3357] Ak 220l Yolo] ] E3] dIAzeo]| o whAyslnz
A, A, drUol 59 o] AFEI a&3IRtE, #adtdE 5 FollEdE oA
ek, o] wEo] AR S AAetA AL Qlon] N MFANE AE 25m
oJ5lel PMsE wz st W= AEE I Qlth(http:/www.airkorea.or.kr/dictionary 3,
2016\ 49 49 HAY)

s
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2|2t ME! HIE 7 |QESEO| AKX H2[Let

OF © oulx| & OHMARPOL73/78] K-4:4] VI

3 SHA ARl A vl E == w72
[e=]

o
=3 (air pollution)o]] thgt +AIE Algstal o, 2T 5o SOx2}F NOx
et vistAl 7S ASHeR Als) okl k) ERE IMO= @4 &
o, HES| il n= FHeF AR At 5o A9 HiE Al A(ECA,
Emission Control Area, ©]3} ECA)S.2 A3 AEro) A wjE&E+= SOx2} NOx
of tiet +AIE ekl e 5 ECA A g2 A AlAZ ez g A%
ojty. HEo #A SOx, NOx sl YF3kal U= Al e &5 PMos 5=
QS| thefet e ddof tigt A= FiE o= HYEA itk
FeuThs @A ECAE =945kl A gkow, utoA di7led=2 +
AE E== AlRYskaL QA b= AEjolth whebA] ECA A|=E 2233
A HiEE s d7]1edmdol gt ARkl A=2]-7]s4 deRets dES)H
= AU FF AR A O ol St e 28E 4 S B
Ll

ofUet FWREY A wste] WA theT & Uk /)% AR B

o

N
ofF
ox,
o
=2
o
i
flo
pad)
lo
fu
N,
u)
it}
v

ME d+e] =5

B AT BAe Sy Aok @ gk Aojela] WAsH: Alu vz Hhrle
ARAOL TIHOR Feld 4 s WAAZ vheisks Zoltk. o2 I

=
A IMOoJ| A F=3138}aL Qli= Ald} )

=
A BAL A5 o] £ of

o EahE BASA A 8 A AT S Qe 972 Hasksta B ol

5) IMO 343 B S 9 3|(MEPC, Marine Environment Protection Committee)r= A|70x} 3]9]
(2016. 10, oA 20207 Auto A AMRE= dA2f W & e 7€ 3.5%00A
0.5%2 73l7]2 AXF)

0 2 AollA] ther st Al v ti7] L HEA-S FASHE(SOx), H24HHE(NOx), 1IA|
HA(PM), ZHAHA|(PM,s), $1E/dSFRHE(VOCs) Foln, H=e| A il Q= 247}

& 8BRS 2YHA ek



H1E M2

SHFARES] Hiefo] o3t Baels A IRrelck
O EAARE B A 0 12980 andos

Befel] 1T Werow WAlw AMsAe 71eH AT YA e

20 A0z ok slok olel AIASE 20 g5 4

AR 2E

ol nhAe Babo] S Ak @ wwk M ofe] Ao RN Y HEwE )
odBAe AAHOR B 5 Qe AS7MsT BeAAS BAsHS Aol
£ qle] g Btk

Mi3E 2| Helet WE

1, e1o] eig)
B Qo] B7hA W9l S Adk e Fa guoz dhe o9
AREEALS] A9 2} AR B2 ERSHR glom el tlke AR i

A S RS AT
E3k A7HE W9l 201
’SHS’JA}Eﬂ A 2}2]

g8ttt 7| 2xo =
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e EAZgLE A4 5E7MS 7| Eo g 3hE, HA49]
4ol Aug &gt

2. G729 LHE

£ AL 24 5749 FOR U 4 ek AL ARe] o]o] Aol
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A4z et vilE 7] A= o] HAA A FtellA= 4ol A AlAlE
wARES W3] AR A Eake A AR & RAIEE A

Gl | HEAA N e AABEAE #AIEE dE A A
A 7178 gt e A S(ECA) = wyel 7:1 EE s,
& k 79 ZYEAA

o°l’
1:1
f

A AE W ABAACIALE B @7 BA AE oty JHHow
Lag Al tioh FAAS SO, v 2 §F Fo1A0 ATt

LA A AN
MNiaZE Sre| BEHE

2 A= IMOA F208kaL Q= ECA Al=S S
ofo] WS Fdbh wleh B Bz Se] FRAE AFHOR 4
Welglon, FHT BT b slste] Frjel 1o
o @A ARt 5o PO U HERS stk Ea A4

=
g AE HiE d7led=de] M= 5 el HUEE 5 el S =

ok AE1ES] A 2l Ao

ko Fastach
EG A e ylegRae] MY ad] BE AgAnE FAs)
S AEQE BAS pastaom AR Yoo SHR9E 2ASH 915
o HE7|etol osjste] o|xa %A AHP, Analytic Hierarchy Process) A1

Aubah AR M 22 95t 2 ATolAE MO AEAE ]
sajo] Thorgt Hobe] HE/FET} QEHel ARl Wit Ee o)
97, WA, Auk QA 5 AU E 7] edede] WiE AAE % we) St
Sof oA P Hof HEIISO] w9 wlth
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@ 1-1) o7 5EE

DU A B B R s2zaAvdezs | zasazaage ||| Fna )
U AL D gt L =
(leg=a ) | . J"'i'ﬁiffa*@ B
Ol SHBAMNAL & 2 ZAF
b (ECACING = Am 2 pzo|l | REEEE
= B 2
EZRUR S &
5 ERE - WHS A
. U 75 —
- Gatc =S g
|| ECAS2I2B AlLtel2 - @274 I
24 i H =
2 A5 Yro
o [ | Gawamass
. ' ——
‘ p— .
fE2HEHP [ olEy
~IMOJHI M ECARERZ £T UM - IMO HIE 2 MEFUIE 2 2 A QIR
Y - ErL)H(,QKIIARII 2AA Xz LT U FA 'i";(':l:‘_ﬁt I ——
22z | Sl abionss e mm 5 24 L mmenshies
“ o2l ARIE AR LEEIATE
-2 AEHEN YL LA SHKHENEE ;—IMO,U{?Iéﬁ,Eﬂ,"' FHIE S HE2HHA ALEE]12]
H5E MHAHL HE
Ak il 7| e g@=2 9 %ﬂoﬂ I3 AP AT AHEH AA g2t
Aol T3t AGto|A 7EAZ ] JAS zh= e 7124 S 2§y
H e A" =g A7) O]E} = AtoA= FEete] 20139~2017¢
sl 7] EA ™R TEo] 2013W~2017d g aElE weAIE
(DS "ot Algfalle XA (DS vhHsH T shARE 2 Aol A AEl uf
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Ty o] AP TF AT Aol T 7o @RY B 24
Thes HlEAS At S A0S S AZHE Sqsks o4, Agkel
24, ABHEA § WIAS gafoR A, gEd, R frledE
A9 ks HjE WFe A5 dFolch B ATk AFE arln
ANz P4 5& Testel et eFxo] TE gy e dEE 9 AV
wiEe] 54 A 2ARET BASHITH HolA 2lolzh out il 52
TIE AOhS S BE MukS o ShA erekon] gk ) Mt 1
Autol of3t vjEego] EkslA] gk A AT gk

Young-Tae Chang et al(2014)9)0]| 4 A= 2 AEYS &= =
ez d7led=d siesds APdsta AFE wiE vs AL &3 A
& ARl WHE SOx, NOx, PM 59| A%t Hl& 5= F4sIth & A+
= ARG FTsto] 2ARRE A|oFo] U7]= SHAITE jollA Adu) vij=
ed=A i AT A Wk 5= 230 ool £ dAtEe &
Al 2 Aol AT IAE 7R AL Stk

npx[Eto 2 & At oFAZEA] ol A AJSE| AL QIA] ¢k ECAo] #s}
o =919 e = =AU A% FARREE AASHHA A wiE o7
ecdEde QAR R #T o+ e HAIES t]rﬂ Lﬂr 7|4 et

Aol

= EEoto] Y oz Abdit=

Y SUTFUIL, TS A Aol ot 70 GEY W LAk WA AL vl
o AH4,, 2014. 4.

9 Young-Tae Chang, Younghoon Roh, Hyosoo Park,(2014). “Assessing noxious gases of vessel
operations in a potential Emission Control Area”, Transportation Research Part D 28, 91-97.
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H2E M8t HIE o7 |eESEe =AX 22| S8 9

H2E M vis 7 |RE=Ee| =HH 22| St

}

fob

M1E IMO &2 =

0

1. Ao 2fgt 2|

1) MARPOL73/78

IMO~7} A|AeF MARPOL73/78-2 =4 3| %F 2 %3 ¥4 & 2HInternational Convention
for the Prevention of Pollution from Ships, MARPOL]®] ¢Fol2 sjALS 23ot=
Hupo 2 Qla) MASHS oFe dS WS SlsiAl AHE EA@erolchio
MARPOL73/78-2 197319 IMO7} &gt A3} 1978 o) 7184 A eist &
AL A FE24 =HA MARPOL73/78% E2|A| &%tk MARPOL73/78
220/ 2RoR B BEI 6o REMR TAEo] glon] Hatomie
el o, 1A, 714 Fele] LABAE Al Sisk AAle} o] 4
glo] ATk
MARPOLT3/78 454 Aol 4] Shsle ©glelajo] wet 67)2 5ol
th BEA 12 f-55oil), F5A4 T -3l A=~ (noxious liquid substances),
224 MM ZA-G-3l& 2 (harmful substances carried by sea in packaged form),
24 [V Sl(sewage), F-54 V= 229 7|(garbage) 18]al ofx|uo g =
7§54 VIZ 7] A& air pollution)ol] gt i1AIE EaL Atk

(Lands End)@} 42| A(Scilly Isles) Ato] sfofla] 2zt AME Zofo] Af &AL
Torry Canyon® ARil= MARPOL gofo] AR = o & Jo= a3k

101978 o] e MARPOL o] A= 1973 Fofa S thiAlet shtel Fofor R gl
= QulojlA MARPOL73/782.2 H273 ¢lom, 19834 109 2o wa =it

12) defe =iy Wste f7ledad WAE ARt FE5A VIR 199730 F71= Qi

=
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2|2t ME! HIE 7 |QESEO| AKX H2[Let

O

MARPOL73/782 19831 & o] of= Ao AAA 7o) o] FolA £f
o o3t e Sl Hore Hadyt sle=se] HolEe AAAA 24l
AUk H7|e g #eE 8 g ARRE ATEE 19973 fAolA H
<A Vo] AglE o]%- 20051 7ol M= &3l SECA dAo] olFoiF o
2008 7Hgoll M= A VI iAol A= AT

(% 2-1) MARPOL73/78 £&AM 87

T2 24 EY
Annex | Prevention of Pollution by Oil 1983. 10. 02
BEAD | (R 29 Ao B ) (2007. 01. O1)
Annex I | Control of Pollution by Noxious Liquid Substances in Bulk 1987. 04. 06
FEA D) | (FAgH ] FaidA=d 2 SAll U3t ++74) (2007. 01. 01)
Annex TII Prevention of Pollution by Harmful Substances Carried by Sea

x in Packaged Form 1992. 07. 01

BEA ) a0
(AP H5s FoEE 2o W)

Annex IV | Prevention of Pollution by Sewage from Ships

BEA V) | (el wEshs st 2.9 W) e
Annex V| Prevention of Pollution by Garbage from Ships 1988. 12. 31
B2 V) | (RolA] WSk 287] o9l ) -

Annex VI | Prevention of Air Pollution from Ships 2005. 05. 19

B2 VD) | (Aol A MAISHE 7] e AR WA

Z&: IMO Z-3) o] X|(http://www.imo.org) AF2E o]-&3|A KMI % T

2) MARPOL73/78 B4 VI

MARPOLTYTS 544 VI Albols] uHASle di7leg®d wa) #ae
MO A 1997 99 264 A= 9l on 2005 59 19UFE WaEGITED)
HA) AED Gl A UGS IMO 19FE 55 91215l (MEPC, Marine
Environment Protection Committee, ©]3} MEPC) A|582} 3]2](2008. 10. 10)°]|A]
el el MEPC.176(58) 2 2 4(MARPOL -4 VI 7§ ¢hi4) tf-g-o|ct.

1) BEA VIe] IR 232 1575 71 B 7RI=e] ARgge] AIAl ST 50% o)) =3
& S5 92004, 5. 18)FE 1 fof| TaHE= Aotk



0%

H2F M8t HIE o7 |eESEe =AX 22| S

MEE FE5A VIZ o]d st ehe NOx, SOx 1148 Hal glor e&3
=l 55 9 7SR v, 95E 2F8hks Al S fedarIst
FHH(VOC) He|AgA e 24 WA 84 5& &l Tkl

NOxo]| tf3t A= F<4 VI Regulation 13 Nitrogen Oxides(NOx)o]| A|A] ]
o] Sl 2016 149 19 o5 Zx¥ Addtol| tisix= Rt 75 Tier MI16)
7h A&k Soxol| digt tAls AZIE- A IR GAH O FIAA V=
A2 AR et 229 AdolA= 20129 1Y 195 71E & o
45%C1 A 35%2 Z3HE & 20209 1Y 195 e 3 95 0.5% 20L&
Fafof Ftrh. ECAOA = o] Rt dARE 2710] Fofs=d) 20109 74 145
B 3 R 1.0% 24 =0k st 20159 1Y 19N EHE 3 Fhe
0.1% =45 S=5dlof o= A2 dA= 3tk

(a2 2-1) IMO2S| EHAE SOx Al 7I&E

— iGlobal
== 50w ECA3

: = falodal Limir — EU p0etE @ ke waE I
s
5/15/2006 Cabdoenia
5.5 il . Ty R
AERAGE i I Rl i neegate '
. SULPHUR : H
CONTENT .
- . 018 Revdewto | '
X ss > dedide povtponing | £ H
- - P ~, il 2025 E :
& LOW-SULPFHUR | £ 1]
£ FUELS ' '
7 = . = W
= [ "
L5 = »
Peorkh s = ; ~ :
N P II_.--""’lr BLf 2002 SECAE Jlow-suuenudy g
. 1afz0z0) - i
EU Port: and Inkand 0.1%: 1,1/ 2000 Grerk Ports 11/ 0ns _/
@T’ ! - .
2008 200G 200E 2010 2012 014 2006 rinlt] 200 2022 2024

Z}=: ADI analytics S-H|©]A] (http://adi-analytics.com//2015/06/16/, 2016. 06. 12 A%)

14

=

9kg A2 2010. 07 .010]ch

15) Skt A, KR Technical Information, NO.2010012/IMO

N

16

2

1} 9-n(-0.2) gkWh, 2,000rpm |4+l w 2.0 gkWh

Tier T o} A NOx 3] 130rpm m]atel wj 3.4 g/kWh, 130rpm ©]4F 2,000rpm 1]wkel

/1
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2|2t ME! HIE 7 |QESEO| AKX H2[Let

2. HiSTAIsH<ol 2t 22|

1) BEETRIGH(ECA)

Kkl 4 Wl E = SOx, NOx, PM 59| th7] 99 84< wr} s 74
al7] 1aiH Mool Al mheet Al 7hee] szl & Als|el(ECA) Aol
T} MARPOL 44 VIo| ul2lsl ECA A1% A} 7|2 Sof we} sjuhah
DL ECAZ AFE 2= glon] IMOSIAL AFA st BAE AHA
AEHoz BECAS AHs Het

b o w ECAR XAE dle] Uolat 4
of Tt MiE71ES ThE sjedmet A AAaa AT olo] digt T A
© ECAZ Tejsh A7lol A SaslaL 9lrk. Algto] A d4E sorabd 2 oo
gt S7h5 0] alo] Z7keo] wet G ECAL &
om, 5% 2710] et ole} ofe] Arl5e] et FHEL WL de
Sof j3t ECAE ol Aoz et ekl

[
T
=2
o
=
i
)
rlr
R
N
lo
o2
N m-lu
)

ARfe 25 HlEE= SOx, NOx, PM 59 tdi7|ededs AAH=
shalAt she e =7HES IMOO| ECA A& AT 4= ek of=et 4l

A Aoz AErt NG wiek Aol Hw W
o 71HE Waz ek

1) MO ECA A49] g uh7] SlalAl A% Aakeh 7128 JlEnch ekl Uk gl
Y. 53] BCA A4 Aol 84, AAA A Bk ol ofer AISE A AIES BCA
ARFEAA sk e,
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4z
b
o)
<
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_IHU E]o{t
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Y
>
il
3 .
>
2al
]
>,
=2
i)
fo
ok
N
fo
>
ot
i
flo
o
o

= A Aol Higt AAl 71s (AR Aol 71 = Z3h
At A7l e AEE L] FE (NOx, SOx, PM Ei= 3714] H5F)

A S | e dEAR PRES vk olel 31 Ko T3t 7]%

A S di7ledE=Eo] AR A9 tirled sk FAEA =
74 Feoll digt H7F (B ol digh viE 249 9% g_gs:})

« A1A x|l 7)Aol Wt AR (EaF wjel, X&)k x|2]slsjorsk Aejel 27)

=2 A9 S als AR (s E E SAE 29

- SgolA 7l edE=EE o] AeliA FHste Al ekl iRt Ve

= S/ Al i) At uiE 7] AERE Eol7] g A Bgat =

Al 9ol FAksh= sldell nAle dAIA 9%

3) X[ 2

rO
dlt

2016 69 713 & AlANA FAH R ECAR AHH e F 47 &Y
o] Atk FHzo| ECA A4 Hefjek HES| AFo|olaL, o|F Hu| 5 At
FhejEs) x| go] F7t2 XAk FF 27FH 02 ECA A|Ao] mEn

A 2 AGEAE 240, 3B 3T, ATH, B3}, 22 AL, U o

18) Fathom, "Operating in Emission Control Areas: The Guide,, 2015, pl7
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Qg 2-2) M M7 ECA XIH &gt

A} Fathom, "Operating in Emission Control Areas: The Guide,, 2015

A}&: Fathom, "Operating in Emission Control Areas: The Guide , 2015

Sl 2|e] ECAL vkt Aukehe] iAok 9 oy Q19ha00sh o] Eatk
wf wl sfetol, WAlzgh Qo mapsel thAlek QO Egksha glck
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(O 2-4) S0|X|Y ECA

A} Fathom, fOperating in Emission Control Areas: The Guide,, 2015

7le] 23] 29 ECA= IMO MEPC 3|92 =3 2011 79 1520] A o]
F|lon 20148 1€HE /\]ﬁgE]Oh:} ECAZ A|AE oS vy njte o
2Eg 79} Hlotdd= = sjoln] 2A7|A 71E oF 508)2]7} EFE A
t}.

(a8 2-5) Fl2|=5HX| ECA

Dominican o~
Republic British Virgin

Islands

Puerto Rico U5 Virgin

kslands

A} Fathom, "Operating in Emission Control Areas: The Guide,, 2015

19) Rujo|2H=r] 2% H(island territories of Saint-Pierre and Miquelon)

5
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H[2A sHe| o= &a|x|A St
1. 0=

1) 2 Hrl=

20159 8ol 1|5 Gujn} oiEejo] WEE %442 ASUCPP, Clean Power
Plan, o]3} CPP)& Wl oMY 744F Aeidt SAVks WEe % X2 97t

AL QAek20 20099 12 skl A A=l UN 7] 5-3s) 442l oo A 2n}

ot e Ee 247k wiEE 20059 S VIS0 R 20209 714] 17%, 205013714

$3% GESATE S8 Adstgot 245 o) Aol Sisiet A

%l Ho] gick. 1§ uful BhEES olsle] 518 We

o qaloR 20139 69 7lSHsl BE BjeALS wie

31, vl=+ 37X S (EPA, Environmental Protection Agency, ©|8} EPA)2 ©]
I

ol
2 e

m[m

S $lak WoLo® CPPE A2kt Aolth mlake 7} Fujet oy vl
of T NEH AHTA WS AT Yot A AelH FHHOE B

gEjojop & Hado] A|7|gel wet CPP7} nh ¥ Q2D
% CPP= g ZA|olA] B s = ti7] e dEHo] dd A

TAOE S vAl= 5 71l 2AI7E NEA o R A= Ao] ol

=7F 29 A7 stk A& dAIshaL, Aol A A

st =82 7]&0]7] AlZRE Aotk CPP= Z2H2te] 45 219 di7|gh

3 AAES dAIsk= Aol oidel, FARIE -y tireA

AR = d7]1ed EAE] el =85 A== EL’EP% A& 3tk
EPAo A= 1973 dwlitl 7| R 7] &(National Ambient Air Quality Standards,

o]3} NAAQS)& A=, o] 7|&2 AARINS 2AR she v582H

®
4L
©

H
X
o

il

20) CPP+= 196390 A7 A 7] H(Clean Air Act)of] A5}l §)ow, CPPo| W= u]=9]
2AZEA ST S B3k 20309714] 20059 thE] wl= f HEHA0) g HHéﬁk =
EREE R%WEE 30%)7H4, oy g 53 22 Q7S oA BIES 28%(%-
2%)7HA] E AFsF Z A3t

2) CPP= 7] 2. Eofoll A3 8= A% Ao Azt & 4 Qo
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of Ek 13 7120 B AFS DAR sHe TEEAC Yt 2% J|FoR
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R E o mEw, 2006 B3 201599} 4 k= =e T W ShE AR
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4 Q= Akl SOx, NOx, CO, PMys Y PMyy 5 W7 d=2
o WhEeFe The <i 2353 2k

(7 2-3) 3= ool M| TV |QESE IS

Air pollutants emission
base

Region  Port name (unit: 10 thousands tons/year) Reiisies
SOx NOx CO HC PMys PM;, o
1.71 | 0.82 / / / 0.10 | 2007 | Yau et al., 2012

Hong Kong port
124 | 145 | 0.14 / / 0.14 | 2007 | Ng et al., 2013

0.16 | 0.67 | 0.07 | 0.01 | 0.02 | 0.02 | 2003 |Li et al.,2011 (in Chinese)

Shenzhen port
PRD 136 233 022/ 017 | 022 2010 Yang et al.2015
Guangdong ) o 031 3 | /072 079 2010 Ye et al.2014 (In Chinese)
Provice
PRD port Zhang et al., 2010.

cluster 629  9.16 | 1.05 / /] 023 | 2006 (In Chinese)

5.12 | 582 / 0.46 / /12003 | Yang et al., 2007

Fu et al.,2012
(in Chinese)

8.16 | 15.18  0.71 / 1.14 | 1.23 | 2010 |Fan et al, 2016

Shanghai Port | 3.54 | 573 | 049 | 0.21 | 0.37 | 0.46 2010

Yangshan port | 0.56 | 1.08 | 0.11 | 0.05 | 0.09 | 0.11 | 2009 | Song et al., 2014

YRD port cluster, 38 71 29 / 5.1 | 5.7 2010 |Fan et al., 2016

Jin et al., 2009.
(In Chinese)

6.05 727 | 0.57 | 024 | 049 | 0.54 2013 |Song, 2015. (In Chinese)

o / 043 | 0.07 | 0.02 / 0.02 | 2006
Bohai- Tianjin port
Rim
area | Tangshan port | 7.97 | 1122 0.87 | 0.36 | 0.70 | 0.76
2013 | Song, 2015. (In Chinese)
Bohai Gulf |23.09|30.58 | 4.79 | 0.99 | 197 215

T AT E B2 S HIEHAL} de] o] Fe/dolA 7 WY
Sk A olnt. 4 AT Fub=olls FAS-J0 M), AdJERIE), 8T
(L), Foho| TERmHE), AHE->-BaEk), 2o A, A FZ(ReE
W), AvI>lE), ﬂ?@(iﬁ ), SZF0R ), SAFRChiL), FHIET
1), FEJEHLH), TP J st 5 1471 o] Frto] Eot= o] itk
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A A o] AR AAYT F3RL A v

o]-N

ol thsh

o o 27b 23 th Li et al(2011)2] 20134 ijdwg PR EMELCRS)
it A A5 HH, SO0 HiEES 1.57E0| 2R o]5d =] 58.62%

A3ttt Yang et al.(2015)¢] - A}, 20109 AAA] AEke] SO, NOx,
CO, PMyp, PMys Y VOCs 5 65 2 A@EZ9] vj&sF2 ZH2)F 13.6, 23.3, 2.2, 1.9,
1.7, 1.1 E0]th Yau et al. (2011)9] ¢dtof b=, 2007d 8% 37,150%] AFA
HO] NOx, SO; % PMyo®] Hil==2 42 171, 8.19, LO4AE0C|th &% o A
dl Hj &2 0|9} 72 3714 LB 60~68%S XFAIFHC)

W& 37 BEe] WA BRIl Yt 3=
SEEHT H(FR) Qi Aeoae] A o] 14 B
otk 20079 TF AYAIH] NOx, SO, 3 PMy HlE&2 21X A
i S5F2] 0.07%, 0.05%, 0.06%%E AFA|gc.

Ng et al. (2013)= AIS H|o|E]E ©o]-&3f 2007d & AoF Avto] vj&%S
A7 AH ol ddre] wiETFel 7MY =2 A22 Eof SO, NOx, PMy,
VOC 4 CO¢| Hj&=5F2 9.89, 1148, 1.17, 521, 1.17E0| 02 FH|=TF2] 80 ~82
Y5 AHA|RLT.

Roger et al.(2012)= $-29] 3T} EH Etaof tisf EAcE Ye et al.
(2014)= A A7k Al vjEo] o] X9 2] PMyy, NO,, SO, 2 O3 5 4714
Ld=d ol nAle FFE AT

Zhang et al.(2010)9] of] W2WH, T4 A2 A oA BliERolsedd
SOl B 2Fde] wiEFel 7P =oF SO, NOx, CO 3 PMy9] &%
2 Z¥7; 94.4%, 73.8%, 39.4%, 50.5%% A[A|gIc.

Ye et al.(2014)2] AFof w2, B5A4 AF AHEFe] SO,, NOx, CO, PM,
PM,s % VOCs vj&%2 146, 231, 3.0, 7.9, 7.2, 9.3Fo|t}y. A 9 340

ot iES SR AGAS S8 Ak A9 e, T1E|al gt wie
A Alof B3xalal QI Yu et al. (2004)= T34 FAlao] Qe B &
4 8l 7] dlel8E geiste] Aot g5l = A4z Add vl
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A 28 0lolch Yau ot al (2013)b A} djEe] BF AWLA e wx
o PM 5= Szl 12 G ATYCk PMFE AT 87 14 LAue
olg-3tol, ROSH 418k T 67k 27 Aah 0.6 HjSUO=A PMysoll 22t 12%,
%% 7101 3hek

At w2 MEAHA W PMys S Sl T5pgn 2% E 7]ofaie

Aeb HilES @A PM = o] A vjE 4 Qe Aor Heldh
Roger et al.(2012)= T2 L EE0] & PM 39| = 34, SO, £ &4
o 719=E dalA FR 9 A viE2 =4 S0 At
8~56%5 7]oet A= BIRlEh Ye (2014) = 8 H2==9] A9 wiEo] &7
F4ol| n|A= Gl sl AlEdolde o Aol W, AYF viE2 PM,
NO,, 80,9 sEaEa Y7L 0,9 shrdEs SPIAZH:

el da W A 3R A e =8 AL A

ol R A AR, z%w%ﬁm% SR, AAAYEL), Bl
AT, LASTORME 5 11E EeH2 Aok
Aae W YR ASARRS A7 AF o] FHOR 2013U5E A

AIA Hst Adjod awto] Hoith. Yang et al(2007)9] Aol whzw
4 Asiare] Aluh wiE 82 HelE NOx, SO, PM, HC 9 €O, HiZ
oo 77k 582, 5.12, 6.96, 4.56 4 3.01=0]|t}. Fu et al.(2012)+= 2010 Alafist
2o = SO,, NOx 2 PM,s H&%HES 3.5, 4.7, 3. 72072 =3t} Su
(20147} 201610] AFs) FARFS Ao St Alut wjZol Tiat T 2
ol w2 CO,, CHs, N,O, PMjy, PM,s, NOx, SOx, CO W HCY uj&HS
5.78, 10, 33, 1.08, 859, 1.08, 5.62, 1.14, 519=0|t}. Fan et al.(2016)= A7 4F2F
2 9l 53 400km SIQHA olule] Aul wi7|7kA HlEEE Skl 20104
SO,, NOx, PMys H|Zefo] z}z} 3.8, 7.1, 5.1E0]2ta Y.
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Zhao et al(2013):= % 8H FAFEFO] SO, NO, ¥ O%® 38 A&
TSP, PMps B 3lAbo]=2el oflofefE MlEs AP s A wiEst
PMps F 64%7F W5 Ho=2 A9k A vl wjo] FAtee] 37| des
o SAEY Ak et viE Y LHEY vk HUAE $A =Y ¥
TR G4 ok 83 HYSPLIT HEof Qe 5328 o]g-3f 3|

7)55}o] Auke SO, NO, W 05 B Eof o] 7]ojch
Fan et al.2016)= T3S o83 A7 Azt &A1Y 67l i)
wAsto] Al viEo] 3 7|8l n|A= JEFS A A 28

o AlMt wiZe] dafol Itk Aol Hlal, o5 A} B T AAF

A} AbzEE 9l A7k AbzE2 slulito]| 8] Wheluk

=iy v\%— o
A, AR R RS, FIFEI) 5 o Ev F 47H% Hr

Kim Taosheng 5{(2009)-2 7%} &&5Adol| tislf AL wiE 54 =
of W} viE dloleE Attt &, AR Av[EF WHE o835 20061 Bl
=5414ke] NOx, HC, CO 9 PM, vi=ol sl Al4lstar X8} 5404t
71eg&=e] wiE YAEE TESIth 28 a 20104, 20209 AR 5

o] tf71eq uiEol diaf AS3Hct

Song Ya’nan(2015) ¢17to] W=, 20131 A Z3e] PMy, PM,s, NOx, SOx,
CO, HC, CO, Hj&=F2 74z} 0.54, 049, 7.27, 6.05, 0.57, 0.24, 347.11Eo0]c},
20139 gakgke] PMy,, PM,s, NOx, SOx, CO, HC, CO, uj&=2 zHzt 0.76,
0.70, 1.04, 11.22, 7.97, 0.87, 0.36, 462.95=0|c}.

Liu Jing 5(2011)2 o2 F= uttel o= ek 2 A di7] e HE
= A e dd 7] it BEYE olgdl A AR 2
S F7HEEE AlEdol ARtk vk g2 o) SO, NOx Hi&Ede o]
L=A19] SO, NOxO| FHIETE Foll 8%, 12.9%E AHA|git
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S550) RN BA0Y BAE BA] Solk ek A2 @ v 7
T oY BAL 245 D AR gyl due) shtes g 78
2 W

4 e 9T R AL olv] B RM BAL ol Wt F
= PRSI LR TET B 0] AR N AEA eQu 4
F 9 e Utk $F $ANENI RS 2016W FRAEA
el o] e, 27, A 4o 5 O wAY PMyE BT Ak 7
A 90] WlEFe] ol FAL PMyso] 15-52.1%F 7]ojie.

2015 A= AEa; viE: S EES 453220 E, 1o A] NOx 584.99F
E, HC 430.2%F &, CO 346115 &, PM 56.09F Eo|t}, At 253} HQeke
2014d0] Blsl 5.8%F S7IHAINE L& W& 2014d0] Hlsf 0.3% Eof
Eqt}.

20159 AR JE B0l A 2EAL wiz|zks e, Ag AE 71E 2
A AL, FoAY FaLAA S7SHARHE RN A S Al
2005 o] ol T=¥ FAEAAF EMF)O| el A 23 FAE AA
Chal SRty A0l 20159 8dof =73 TEaeInl Sl t7] 2 A A,
S5t Asat gl Hsl o 2 87E Xﬂ ?z'itk

7| A A, B AR AR Hiaegs
7P = Xk‘ii} EOMX] L HH% a5 J 2 A=

e, M EAFFENF) 3 $A,
XFEXFQ— qd= 7H ZFEX} 84 Al Sl gt AHES At AsAk &
AT e ALY o]E‘Jr,].

Sl 9 Auke] tjy] e Qe FepA7]1aL Qle.
A=A oA AEte ¢, %s} 24y AR S AsAk w717k
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o] ECA A2 Alvua, J#o] Ao A ke ieks] nast,

(ECA)
(1) =9 2 3
T e Adeld tes wiEviaE ARt
18 ECA Ao HolA %, et 9 Adst= Al
299 T BRES FABE A0E F3 ECA Ao ) Astomye uE
SASHE-S 2020W7HA] 65% =0l A EZXE=Z 3k
& 8l Wt F= ECA xl% i s @rbel] el e AlER 2017
W19 1URE 05%0] T IGFS WEI ARGE Aol Ak B F
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(B 2-4) S=22| ECA ARIARIAPL| % =& X|)

A AL 7] 2-goiA 3 S AR 7] &

3.5% w/m ©]3} | (*ECA A& U EX
11~ A< = At e | = -
IS ECA A9 W = i 05% nim o]ah Fol A 23 Al

- A7 |7 59 A8
ke A E}u -
2017.1.1.~ Eiﬁ_é}]; ELHE o el 0.5% n/m o|s} | (*YF F 1AXHEE
em e e e =% A 1A7EA])
ECA 7] W 3jytof ut -
2018.1.1~ S wE gy 0.5% n/m ©]a} O
2019.1.1.~ ECA A9 Y mE AMut 0.5% n/m ©]a}
2019.12.31~ | ECA A U mE Au) 0.1% n/m ©|&* | 17t 531} Hrt T A8

AR B3 WELR S AR e,

) BCA A4 3]

S AT E AL SA=H(MSA, Maritime Safety Administration)©] Z|d
20159 12¢of xSt T W HiEFAISIG(ECA)S 7 AFZH(Pearl River
A}

(=an BNl
Delta), &7} AFZF5(Yangtze River Delta), .5}0]THBohai Bay Rim) 5 371 A<

o,

h 4 A

4 Y AR A0 AAPTE ARG, A, Folakin
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[, SHORTE), ol A-H@YHN), AN, F=3kolEk), <
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ad 2-8) 5= FZ AZF XY ECA HE Y

"M 5

il
LS4 |
=il o
LI ; Tl
- A
B
BHILT
I -

T ECA A8 98 ooz FA|H BEESFY vlrkes A9)E) A: The cross point of
Huizhou and shoreline of Shanwei, B: 12 nm off Zhengtouyan. C: 12 nm off Jiapeng Islands. D:
12 nm off Jiawei Island. E: 12 nm off Dafanshi Island. F: The cross point of Jiangmen and
shoreline of Yangjiang. Key/Core Port Areas

g T WERE

47F AF2E(Yangtze River Delia) #]919] ST Apatol( L, H-71-%
KAL), 24 SO, RS Sol SiFRTh 13 (R,
RA D), AT, EROIA S, HEF, A, SACE
), A, SOl LD, AOPIGES), TALGHI, FAH), AF2
B, WH, (T, ASAHL), BlAKEM) 5 167) w4 o] mE
Mub 938} 2:odo] F|Ech
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(2 2-9) BT 2 H4ZF X% ECA X 4

T ECA AE 92 M08 FA|H FEQ. A: The cross point of Nantong and shoreline of
Yancheng. B: 12 nm off Waikejiao Island. C: 12 nm off Sheshan Island.. D: 12 nm off Haijiao
Reef. E: 12 nm off Dongnan Reef. F: 12 nm off Liang Xiongdi Islet. G: 12 nm off Yushan
Islands. H: 12 nm off Taizhou Islands. I: 12 nm off the cross point of Taizhou and shoreline of
Wenzhou. J: The cross point of Taizhou and shoreline of Wenzhou. Key/Core Port Areas:
Shanghai port, Ningbo port, Zhoushan port, Suzhou port and Nantong port.

A7 T wEFETE

(th st =4

dhafjut 2~4(Bohai Gulf Area)& wheell-ths dfjobAl wapd ) dletol-9o)5}
o] dfietd WAL o] A ol AHoE A= EANCRHEY, gt
(FEE), BAHFL), FSPHERM) Sol &ech 12a wejd(kis), JA¢
(BN, HRER), AAEN), FFohe@EHER), WS (RR), BAHE
), ElAKCREY), ZA-Ge), RIASGEM), SAORE), o3 (M), dlEto]
(i) 137 =A] ste] e Ml 23F 4290 Z3hEch
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Oz 2-10y = galigt x| ECA g 4

Huludas Paciia
HES
J;;::u : _ﬁ o
Yingkou
Qinghuangdao _
nan Zhuanghe §
HE
Tangshan 5
=L
TI.ﬂllﬂ X h —‘|-11
A= -~ “Daliéh
Cangzhou
it
Binzhou
=M :
: Weifang &8 liﬂ
B Yantai Weiha
N
Qi""gno -~ ; P E B
5

&= ECA area as shown in diagram C. The area of the ECA is that within the cross point of
shoreline of Dalian and Dandong to cross point of shorelines of Yantai and Weihai. Key/Core
Port Areas: Tianjin port, Qinhuangdao port, Tangshan port and Huanghua port

AR o WG

(3) ECA A%< 29|
AR, 9 571 B4 A, i = T A= 1, A eilE SA
3
[e]

— b}
o] A2 T 30 8 & Wk 79, 53] Ik =49 5T F4

= =
A8k SOx & PML 2015 E T} ZH2F 65%, 30%S "ol oz =gt

oA AdeF HiEES diFE Eols Aotk

=4, 95 e H, AR SA, AR d' AL Bl
A, AdeE QiR g ez 7Es 22 5 71 R, A Ak Vs, A 22
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= EZAT A=) 7| @l Tl 2447 AEE AlSgich
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2|2t ME! HIE 7 |QESEO| AKX H2[Let

(F 3-1) RE|LI2t ZAMSIZ(NOX) HiEZ

I N - B Pl (L

da YT °% odd egy =i
2004 | 1,377,526 | 421,861 | 90,781 | 110,470 | 53,145 | 490,481 | 191,008 | 19,780 -
2005 | 1,306,724 | 390,895 | 93,658 | 108,186 & 55,327 455,217 | 188,631 | 14,811 -
2006 | 1,274,969 | 364,310 | 89,127 | 101,197 | 56,577 | 450,080 | 196,441 | 17,237 -
2007 | 1,187,923 | 156,304 | 82,396 | 155,053 | 48,725 |495,084 237,101 | 13,097 | 163
2008 | 1,045,104 | 163,678 | 82,584 | 155,535 | 44,820 428,204 | 154,784 | 15,319 | 179
2009 | 1,014,318 | 143,274 | 86,636 | 159,511 | 41,409 368,048 | 207,829 | 7,426 185
2010 | 1,061,210 | 153,441 | 96,480 | 164,942 | 49,022 | 382,226 | 208,878 | 6,062 158
2011 | 1,040,214 | 166,709 | 90,876 | 181,219 | 53,077 322,307 | 217,098 | 8,732 | 197
2012 | 1,075,207 | 169,346 | 87,935 | 172,761 | 59,002 | 345,666 225,561 | 14,782 | 154
(M) | (100%) @ (16%) | (8%) | (16%) | (5%) @ (32%) @ (1%) | (1%) | (0%)
AL | 61,771 599 19,693 296 - 27,652 | 12,769 743 20
HAF | 54,468 1,361 6,047 1,907 743 13,092 | 31,104 205 8
ol | 24,744 1,365 3,771 1,970 63 13,342 | 3,950 277 6
Q1A | 45,655 11,673 | 4,565 3,049 1,003 | 14,382 | 10,523 455 6
I | 12,531 347 2,601 427 30 5,475 3,525 122 4
=153 12,962 247 3,021 478 35 6,851 2,131 194 5
2AF | 59,783 16,143 | 2,164 15,830 1,778 7,440 | 14,953 | 1473 4
LIES 7,196 - 142 244 65 1,524 5,105 115 1
A7) | 166,600 | 13,049 | 16,283 | 7,776 2,936 | 86,537 | 33,516 | 6,468 36
2 | 75759 5,629 3,670 | 43,756 42 15,064 | 7,354 235 9
=8| 62,179 340 3,537 | 29,444 189 20,900 | 6,853 911 5
| 138,730 | 65358 | 3,891 18,400 | 10,635 | 24,607 | 15,248 581 11
A& | 38,881 2,811 3,241 3,109 1,137 | 17,587 | 10,220 770
A | 102,612 | 13,245 | 4,000 14,874 | 22,509 | 19,216 | 27,832 927 9
A& | 102,350 | 2,268 6,374 | 24,686 | 16,724 | 35,995 | 15,762 530 10
A | 97,581 32,243 | 4,493 6,488 1,102 | 32,496 | 20,024 722 13
AlF | 11,405 2,669 442 28 10 3,504 4,695 54 2
A4z AR, TEEA AT 2015, (2016)



H3Y 22|zt Mt HiE 7 |eE=E

Zlo| ag|

=—l —

(& 3-2) Ra|Lizt SAEIE(S0x) HHSE

R AL I TR Pl (L
ae T YT %% ody oddl a9
2004 | 446,804 | 194,309 | 54,797 | 65,681 | 75,210 | 6,600 | 48,718 | 1,489
2005 | 408,462 | 139,064 | 58,706 | 68,181 | 82,371 5,190 | 53,506 | 1,444
2006 | 446,488 | 152,263 | 77,504 | 74,966 | 84,937 1,213 53,926 | 1,679
2007 | 402,525 | 94,317 | 64,083 | 102,172 | 85,709 856 52,814 | 2,574
2008 | 417,980 | 96,670 | 60,845 | 104,529 | 82,720 690 69,663 | 2,863
2009 | 387,727 | 79,801 | 57,158 | 97,188 | 83,694 845 67,228 | 1,813
2010 | 401,741 | 81,589 | 57,810 | 103,733 | 93,365 798 62,919 | 1,528
2011 | 433,959 | 84,464 | 53,957 | 109,878 | 109,342 366 67,557 | 8,395
2012 417,645 | 91,053 | 40,245 | 96,617 | 117,191 211 65,188 | 7,140
100% 22% 10% 23% 28% 0% 16% 2% 0%
AL | 4,486 6 4,058 39 - 24 90 270
HAF | 29,115 423 8,984 450 1,246 10 17,996 5
o+ | 4,390 1,540 1,235 1,522 41 10 13 30
ol | 15,884 6,260 2,949 1,688 1,311 9 3,593 74
I 899 1 800 10 20 4 12 52
oA | 1,321 117 1,087 25 23 5 10 53
2AF | 58,522 9,489 884 5,858 | 34,031 5 8,166 89
BIES 99 - 2 31 42 1 14 8
7] 16,402 1,921 2,191 3,079 2,662 52 5,037 1,460
73 | 21,998 4,020 3,394 | 11,787 947 8 1,783 59
=5 12,020 80 2,680 8,302 795 11 42 110
=49 | 83,130 | 33,663 | 2,478 | 20247 | 22,082 13 4,566 81
AE | 6,572 1,384 1,203 1,387 1,317 10 1,154 117
A | 77,777 5,886 2,379 | 12,574 | 38,706 10 13,751 | 4,471
AE | 45,092 2,221 4,493 24318 | 11,421 18 2,525 95
A | 37354 | 22,599 1,260 5,260 2,541 18 5,542 135
AF | 2,584 1,443 169 39 7 2 893 31
A AR, TERAEA 7 2015, (2016)
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60 2|2t MY HIE 7 |QESEO| HAK (et

(& 3-3) 2|Lizt DIMHX(PMio) HISZ

oMIA W =2 ouwE= o e
22 oA ag HE ARR A . g TIE g,
ar B B oqu cqu M ag

2004 | 62491 | 5032 | 2861 | 10903 | 6738 | 28,898 @ 7,977 & 82 -
2005 | 67,343 | 8229 | 2978 | 16000 = 6888 | 25312 | 7870 | 64 -
2006 | 64,795 | 7,701 | 3577 | 14349 | 6370 @ 23911 @ 8,604 | 284 -
2007 | 98,143 | 2951 | 2208 | 53,144 | 6074 | 22,694 @ 10477 = 302 | 294
2008 | 110,797 = 3,080 | 2,307 | 73441 @ 5971 | 17937 = 7400 | 340 | 321
2009 | 103,735 @ 2,588 @ 2,103 | 64444 = 5326 | 15397 | 13348 | 187 | 343
2010 | 116,808 = 2,816 = 2421 | 76,011 | 6451 | 15255 @ 13401 = 165 | 288
2011 | 131,176 | 4546 = 2213 | 89463 | 7394 | 13,030 @ 13,901 242 | 386
sopy | 119980 | 4582 | 2062 | 77833 | 7600 12969 | 14332 330 | 272
100% | 4% 2% 65% 6% % | 12% 0% | 0%
AL | 1,727 13 234 1 - 793 634 17 35
BA 3,131 67 163 110 31 524 | 2217 6 14
7 | 1,361 34 84 479 1 539 206 7 11
old | 2041 | 490 55 272 227 439 538 10 10
= 494 2 60 1 1 239 181 3
i | 497 5 71 1 1 289 116 5 9
<A | 3,509 182 37 L3 | 782 303 | 1,066 | 20 7
Az | 343 - 2 2 1 62 273 2 1
A7) | 6,044 173 219 624 66 | 2809 1954 @ 137 | 62
7Y 3871 84 168 | 2385 99 640 474 5 16
=2 | 3603 7 154 | 2,066 75 869 404 20 9
2| 30818 | 1,950 | 130 | 25512 | 1,165 | 1003 | 1,008 | 11 20
AE | 1,721 74 110 81 47 750 631 18 10
A | 18359 | 276 143 | 11,886 | 3,180 | 798 | 2019 41 16
AE | 32859 35 282 | 28183 | 1,837 @ 1443 | 1,051 10 18
A | 9132 | 1152 | 114 | 5114 86 1,316 | 1311 16 | 23
AFE | 470 38 38 1 0 154 231 3 4

A S, TEEAI A 2015, (2016)
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50078 -SHALe] AbS] AAAH B4 oheat Zok WA SR
, 71 &AL HFE 72.2%, 71 WSS 67.0%, it
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200 30t 40t S04 60tolAF
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27 49 56 56 53 36 250
Uz} 24 28 28 26 17 123

H2} iz} 25 28 28 27 19 127 250
a7 49 56 56 53 36 250
Uz} 48 56 56 52 34 246

7 oJz} 50 56 56 54 38 254 500
7 98 112 112 106 72 500
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o RE|UEE MY HIE 7 |QESEO| AN 22

ot

(H 3-5) AFIZALR| HE 24

B FE 4 % 2 BHE £ %
= (108) 100.0 = (108) 100.0
B (53) 491 20 (20) 185
A9 30 23 213
ol (55) 50.9 il )
13 40ty 25) 3.1
oAl 56 519
g - 0 50t 22) 204
oz} (52) 48.1 60t (18) 16.7
(B 3-6) CI7IE JHMOZ OISt ZHUmls) LUALSEE XIZOINZHWTP)
A7l 25% s Al AR 7 FrRESAl Aot F2(%) =
T2 AFE e ot 2swd 3w sodd 08 ()
R T I [
ZAA] | (108) 315 213 22.2 2.8 17.6 4.6 100.0 | 26,223
BA (53) 37.7 22.6 17.0 3.8 13.2 5.7 100.0 | 26,964
AA | (55) 25.5 20.0 273 1.8 21.8 3.6 100.0 | 25,509
AN 50% G A QL 71T FALEA AR BE)
TE AR me e 2swe ssUd 0% 0RE L (g
IS S S R L P
ZA) | (108) 27.8 139 24.1 7.4 18.5 83 100.0 | 38,326
BAE | (53) 32.1 13.2 245 5.7 15.1 9.4 100.0 | 40,155
o1 | (55) 23.6 14.5 23.6 9.1 21.8 7.3 100.0 | 36,564
Al 75% Ha Al A 7S FRESAl Aot F2(%) =
TE S me owe 2swd 3sEA s-odel 09 L ()
T L
A | (108) 26.9 4.6 18.5 15.7 16.7 17.6 100.0 | 55,301
AR (53) 32.1 5.7 15.1 17.0 17.0 132 | 100.0 | 59,104
AA | (55) 21.8 3.6 21.8 14.5 16.4 21.8 100.0 | 51,636
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M3 2a|Ltzt Mt HiE iy |*SEEe| 2a| S8t Y viERE 24| AMN St

(B 3-7) 7|2 7HME £ TIOR3 &4 F
4 B7F & A Lz
27 ]l 1008t B om 7ha | 325 A 650 A
b Z7|AN 24 A4d 0% o 1D (0% | (100%52
° (@A A7 6507 Ab 5] 74)
QI+ 1008t ¥ om 7 | 4008 T 920
|t Hob g2 7ha Agvd 0% oy ;ﬁx) (50%52 | (100%5=3
(@A) A7F 920 2HAY) e ) N4

o T4 17,700 4

35,4007 7Has

A4 A4 2} g Agd O%FE | ((0%rE | (100%5%
(@A A7 354007 2HAY) 784) 7H ) W)
- Q1+ 1007t He oul 7ia | 320008 f 104001 g
g | HEEES S e A | 0T G0%EE | (100%4E
- (FA] %7F 10,4007 24 B N ) 7A4)
F7REEA Al v 71 e iEl
Gl WY 27} ARl s AEA] 1,0009 | 2,0009 | 3,000 | 4,0009d | 5,000

9 2 Ao A 7hett AEidiete] A9 4= 31 x sTlolu, uAAE A HE 817)
o] Adgjdiersol ==L o] 7heEl dA et FAT AlETiet /1S ALt 7877}
HEFH o2 AR 6 FF)
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iy
Lo
N
N
N

% = A& A (market goods)2]

Bl Yol Helat g the A vaE & s s

7R & 7k 4 e AAE Al o] WS /\P‘P A A=A = B

Aol dhat 71A1230] 715ste] Thaat wislel 847 olgro] Mg FRsalch,

B AR 7FR] EAHPHS 37 & A) A 5 (revealed preference approach)34) 1}
Z< A S HFH(stated preference approach)ss) 0. &2 “LEEICH HA|ATHIHLE o)
H]-8-58 7} (travel cost method)¥} &)=Y 7124 7] W (hedonic price method)a} Z-o]

A Bxo) 718 245 o BE AR RRE Y] YRg olgal

o] 2 EY A& 7HsdS Ast: ofg EdE0lE &6kl @

& FAEAAT AT A expost)d] AAG 2] o] AR

ot Suto] g, Aut vl elet 7o walg AV ol
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54) Z- 7Aoo 2 AAS TEksh= vl o]rﬂr,
55) 74AA AAS 0] 831o] AFEEA 2
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A2E BN FTAC Fol Qi ST HIA A e 2
e E ARIGEYNORA AN wjE 7] 0 gl o7 Teps A7)
SHEI PR AL AR 719 FFBASE FA 2T 5 9)
oh36) w49 Hokel upAY AT AEA L] BRA AFgHe] & 1l
B o] A2 T HoplA® 1 go] B ek AxE BHES
THE 7129 R ATREEE A 3t FFA el AFH 9)
on|, 1 Ag Hopel tfEH ATEL < 383 2o}

Gan and Luzar (1993), Mackenzie (1993)
Roe, Boyle, and Telsi (1996)

Gan (1992)
Adamowicz, Louviere, and Williams (1994)

APt A

L SEERE

SalA el 9JxAA ol that Uyt
FHE] AF(EAHA AA)

Opaluch et al. (1993)

Whitmore and Cavadias (1974)

Eayd|

= Smith and Desvousges (1986)

35U 7 A Rae (1983)

R=e = Lareau and Rae (1989)

kst o x| A A4 Johnson and Desvousges (1997)
ibou AFIX| o] HMEEAE B3

S;‘;]b"“ el SFFAE BE L nowicz et al, (1998)

AZRRJNE B B AR H(elicitation method)o] whe} 27H AEd

tH(contingent choice method), =A% <=$|Z % H(contingent ranking method), =
AR 5327 H(contingent rating method) 5 ZA 372 &= 4= Qth A

A, ZA% AU LTS Tharet Al S45 Bl

56) Mackenzie, J, (1993); Adamowicz, W., J. Louviere, and M. Williams, (1994)
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2|2t ME! HIE 7 |QESEO| AKX H2[Let

2 T4E 2 ol A ARES AN SHA 2419 dlor o)
oNA 7Y Folshe = AdsHA T2 A= st sole A%
waf) 44 Sl 12 Ho NS 2P B4, 2R SUAPHL &

AEo] ANE 7HPEREl Ut 2598 ASE AR E A= Ak
RHINES AR 5 SRSl ANE A Eake ke 45
FAE 2 olye] A S dfslA 7 Folak ZA(mostpreforred)
E] 7} 2loj3l= A(least- preferred)7HA] £91S Al s Bt} Alg, 2A4R
SHARNS o AU AEE 4V] Yot T HlA =EE 4 =Y
W0l ojstel 1 Fawo] Wek A4 183E Ao S A4S Rolshe
= st ole). o, AH9IeSlol tiak Bt ahgislol tiak Herct 2]

1=3
9] 3714 BAIE Fol A 2N A AAol 2ol B3k Bk ok
=

(random utility model)of] +7#3}7| wj&o] t}

N olx)’
ko
ot

FREAMEE 2 EH(dichotomous choice question

4
formaty & AHGSHE 2R XS PEL BRIIE SeAEo] AXE 7k
‘]

A AR da 150 NSk AE W NAEHS FH) ge] B
27 wisto] we A3 4% 7o) ofe ava Jois WA stz
= s Barst Qrkss)

=
=4, ARJE E4MS SEAEA dEHez A HiE dir]edel
5

PR S AP BASHES oRM 2R IS AT

=

N

;
-

=
A MG H P embedding effects)E 2 THE = A=

d

) 2 Aol AAE AT $459 Mol vt 7o) B,

W oldd A LA BAW ws A7) &
st A2 EASHS o] olelgS 2 AuE ARNe
A Aolet 8 4 glrk
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2|2t ME! HIE 7 |QESEO| AKX H2[Let

B Aol Hgstuzt st 2
<7 3-1>3} o] FHE 4= Sl
HA 1AM = a2l &

| 3) =g A Y o] =

70 o=2a |
Ak olo} 2eAS A A ol 1’41712%‘011 o A7)
4 B7bslo} Tl 5

Aol A= A (expenmental design) S E3to] 20kA oA A
i ti7]e Aol SRt A FF H4EY v vEEE EE 3
A e Zet 2T AYdtES =& oy, RE AUdES &
AA AEshs A2 =7k B ofyet WEEZolnR HudA
(orthogonal design)E FaiA WA Aluzle Hgts digd 4= = tEA] Al
vele Hgs 9%t

4dA M= AEA A H
A 7HAE =Es] A AEAE
= AR FE3] ase dERArdd

opzjalo 8 SthAlo s AR o gHE dojzl ARE 3 - EAse] A8t
HiE 712l ofgt A7us) S48 A=
+ TAlelth

0 o Sol, A Aol oRd A A slelie) AsaEelets Y3t EAEeA) 2
S g £ Qb AuAS Mgt d gEl ofelg ol ik

= pu
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A2
A%

3

e
H712 el
ofgt A7)

4% 2%

nd

7 A7)
4] Wl
- O X

Brhez 2%

@ 271AFg(R1- gt g

- 1525 07 (@A) AZE 650 A, 253 3257 Hha, 352
6507 74

@ TRl Wiwt W HY B gk /)

- 1 07 (@A Az 92018 WA, 247 460 A, 39
920%g 7t

@ AARIT iwk F A4 A g Agd

- 155 07 (@A A% 35,4000 ), 2 17,7007 44, 3

45 354007 A

@ AETATHQAT Wvr g A8 X g/

- 1505 09 TOA(EA A7 10,4007 HHAY), 2425 5,200 74, 3
42 10,4007 A

© F7IaSAIAE & ti712d NS I8l v =71 AEshe

7 AEA)

- 1423 1,0009, 253 2,000, 3425 3,0009, 453 4,0009, 54
25,0008

v

4
A A A9 B9 (BIB3xSHBxIIIS)=640257) TheT Li4ze
(ex Zﬁm;'ntal ZGHprofiles)o] Z£A3}=1|, ITA(independence of irrelevant alternatives)
o & WSS 2 1 A orthogonality design)E F3) 2T S
= < AAFHSPSS 0]
4

EERER

AgA] ofsf dold HF HHNTLS HEWY SUAES n
o] B (subsanple) © 2 Lhieo] kA% Agstol HEAS TAT

filo

Kl

o

W = ol

il

Tt Tk 2w & (Multi-nomial logit)y e 37
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2|2t ME! HIE 7 |QESEO| AKX H2[Let

A g5to] &

[

o} W% oi7) gl ofat

o
=
FAS) A ABeINe £y wYg

of o3t AZujs| FFFS L3t flF N SEHAEY H44E AEA S

ZFA517] 98 S5 a8 2% (random utility model)S ©]8-3to] HRHIIE 4= 9l

T} McFadden(1974)6D o] 2]3] 7i¥rs c}a}l= A 2 & (multinomial logit model)

et HilE ti71e Yol Qg A FF £450] ABA SHEHAS] AEEE

o ¥F= FeAE LIk bl ol AL AAE AT o] 1Y

AN 7P 71ide] He AL 1Hdagetelnh A iz Ao A3t G
H o

AL NHEGHSE e o] BEF 4 k.

—_—

oA7IA Vi BHol s A ¥ ohe(deterministic) F20]3lL, e SO

&7Fs % 2HE#(stochastic) F-2olth V= FAIS] A=y} 7] AE)

EO] SAB(Z,)T A ST EHAE(S)S Forolek SuA i7k A
Sithol ek el Al Tielo] ofd B dhelSe] el U, > U, W

-~

v dy L
shchd, Aol j& st glolck o), Sutat ivh Aeitier j& Aejg

61) McFadden, D., “Conditional Logit Analysis of Qualitative Choice Behavior,” in P. Zarembka, ed.,
Frontiers in Econometrics, New York: Academic Press, 1974.

0) ttEFEA Y2 AegelEo] B §le dFEEFE 9 51 d(independence from irrelevant
alternatives; NA)S w2t 7FARITE &, 0|71 “gk 7i2le] ol & Aedlel gt A
Sahgo] vl M3 E b Hejo] o) R WA Qe & A oujgick
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[

P(IC)=Pr{Vy+e,; > Vyten=Pr{Vi,— Vi >eyp—ey} 2

22)E FAsk] fleide A /o] gk 7Hgo] o] FofAof qith
Ch 2 A Y slof| 4] @25 EAF =3 & (independent) ©| ™ U ] & (identical) Q1
Al Tge] =] E3E(Type I extreme value distribution)E w2chal 7= Th
(McFadden, 1974). 0] %% S i7] Adrjet j2 Auig s 0hea 2
o] salE 4 3t

exp(uV;;)
Y exp(uVy) @)

KE G,

P,(51C) =

oA7IA ple @A BAI} oo PAS ZH ulelscale) Bolck A|G3)el

A o] B4l BEjste] 2A4E 4~ gloug, Aubx o g B @ X} XK constant
error variance)2 Qu|sh= 13 Zthal ZPHECED) A3)E 2L EgHe
(log-likelihood function)S =t3}5}= 2% (maximum likelihood procedure)S:
olgatol 24 % ke

(2) AN =Y
B Aol Al wE iyl el gt Adus) GRS Yk 9
A 1 2 AR SEANE EEe] Sl e ol 2
Ao] mae AAsch 5, Y A7) GF5 el et BRG] BE
&A% AT Ao she] TR EaksHA Y mR(E DI} T

Fo ET B Molck
4 B3 A PR GRS B2 s HEQ V0] Aol ¢l
=

SN 7= (2,2, 23, 2,, Z;) = (Z71AV8, s, A4, Agade, #7%

’l

g
it
filo

’l

[_

63) Ben-Akiva, M. and S. Lerman, Discrete Choice Analysis: Theory and Application to Travel
Demand, Cambridge, MA: MIT Press, 1985.

64) Stern, S., “Simulation-Based Estimation,” Journal of Economic Literature, Vol. 35, 1997, pp.
2006-2039.
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2|2t ME! HIE 7 |QESEO| AKX H2[Let

V= ﬂlzlu + B?ZZM + 6323ij + 5424ij + 6525ij 4)

A7IA B E B SEA Adel Y viA= N S did &

Aesoltt. o, 7 &4

4 o] Ao 2 HE g &9 S7HINAD Ol o
St SHA| R| & 2] AFH(marginal willingness-to-pay; MWTP)S 2l(4)E A u|Esto] tf
o

S o] AL = 3lrh6o)

MWTP, =dZ;/dZ, == B,/B; ©)
MWTP, =dZ;/dZ, == B,/ B

MWTP, =dZ/dZ;=—(3/8;

MWIP, = dZs/dZ, =— B,/ Bs

AEYE AWM 7H Sl Het AT 259 AAEGY 2t
£ S0l A ScHHanley et al., 1998). 7HH &HASof et SHA R EJAINS
oste Ay 25Mset Y S4E 7+0] WA A E(marginal rate of
substitution)2 &4 o072 eI ot

Jefut e 12 Aet el iyl ool ok AEls) Yl S48 A
A 718 mek A 245 98 F kA & e
A ek 7hA e wd lof] SERES] AbE] - AAA MBS b oR
3H= Zlolet Greene(2000)] AAE|0] ol 57 Aleithe
eirjersel sl sMgAHoR HYE Hu]¥sS(dummy variables)of At

o] - AAIA WrEs Sk WS B Aokt ol SEAE tere] AR

(g E
=2
nd
=
VL.

juj
)
=
)
)
=
1o
X
g

o e ol

69 Afgake 24 Aol K o] Sol(singularity) £AIZ 7317] $18) FH @A) A whAof Fhek,
o2f3t Bo|A(singularity) AL AR A Ei ALS] - BAA WS o] B e
AETiRRE Afolo] Qs ok o WA

6 AZNE AW FAFHAE UYHE 02 Hanemann(1984)0] O3] 7148 Tho] 24)
g olgstel H=F 4 Atk W=—1/AlV,~ V,]. ei7]olx] 71ASAe] A% A &

5o QAEGL udta, V0V, 27 melsln gl SAee] wet oj4at ol

HRES ehih o] B4 BEEetE B doxe] SARAAL FUsh Ak

as
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Sol Sk 39 Beld Houssel 471 3243 Fetag AgolA]
Rofeh meba] B AT ML SRS ALS] - AAH WSS Heher

o Wiel HE SA%Eel &
H o

Sof gatosm wye AMslaa shgch 1 A7, v
1o A18] - AAH WSSe ¥ I

o
AN
1= A3 2ol s

V,:j = 5121“. + 5222“. + 5323“. + 5424ij + B5Z5u (6)
6 6 6
+ 3z S D07, - SK Y w Zy - SK
k=1 N k=1 ! k=1 !

6 6
+ 30,7, - SF+ Dz, - SE
k=1 ! k=1 N

o,
Lo SEael Ate) - BAE WSS ekl Weoln, <i 39>k o]
S50 oot BE FAYL HolFw rk

W oA et wiE oyl esiel o7t g A% 9% 4ol e
A BN Y TolAe} BAT Yo AxE 4 ek 4]
AHGF S48 QAR o] ST A8 - BAH o] JFL W
TS el gtk B Aol M FAMRIMY AL S8 At

fis

ghe olg3teick

S=(8%5%5%.8%8°8% = (INCOME, METRO, EXPER, EDUC,SMOKING, WEAK)

MWTP, =dZ;/dZ, == (B, + 78"+ + 75/ (B5 +nS'+-+ns8%)  (7)
MWTPZ2 = dZS/dZQ = (52 +6151+"’+ 6650)/(55 +n151+"'+n656)
MWTP, =dZs/dZ; =— B3+ w, S+ + w8/ (B +m S+ -+ 1e9°)

MWTP, =dZ;/dZ, =— (B, + 0,8 4+ 055°)/ (B5 + 18"+ +nsS°)

75



76 2|2t MEE HE CHY|QESEO| MAK 2ot

(# 3-9) M3 - M s Fo| & 22 SAY
Ty o] g T Bk FEA
g 7S (2w A 6.456 2.319
(1: 1009+ W]k, 2: 1005+1~1497H]
3: 1509199~199%H9), 4: 2009H~24971¢] )
ol A
INCOME | 5. 2soute1-2008191, 6 3000g-300ste) | 0] 6536 2310
7: 400%H91~4997kel, 8: S007H~509%k] |
9: 600RFL~699RHE), 10: 7009k¢1 o]4hy | TAMA 6376 2321
) 0.894 0.308
SHAE YA AF o ;
[eIN=] B O] 4/\
METRO (11 gjmn) 7, 0 ) B pojy DO 084 0262
B 0.944 0230
I 147 94F A dr1ed bl v AA 0.562 0.496
ke, SEE W A, TR 'R 5 ),
EXPER | o 18 HEE O o1H A 0.600 0.490
(1: 9=, 20 ¢l FARA| 0.524 0.500
A 14.808 2.337
EDUC |-$9#}9] we2 (W) QI A 14.688 2240
B 14.928 2425
A 0.262 0.440
Szt T ofH -
[SIRE] =i T o A
SMOKING | 1.2 o™ w301 1A 0.300 0.458
BLAEA] 0.224 0417
A 0.292 0455
SHA 7 vl E oFF E= 654 o] |
WEAK | 5 =) ol 1o, 0: 512 Q1F A 0.252 0434
BAEA] 0332 0471
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3. =4 Zut A AR

Adut wiE di7leded dad] Adade] et okEAngS TSP 5.0

HARE AR, QAHA, FAA] So8
0>0f A|A=]o] Q)Th.67) Wald-5A|HS
o 1%C1A Eﬁlﬂ o7 oy
%3

A FAACEL RALE 16

e _9‘
YN REE AUk Z, o 919 drledor A AN Fa >
Fol F71U4E SuA WA Aol Aeriekrier 3)uet e Aeriers

(THeb 1 thol 212 AEg BHEo] Frakthe 22 Qjujgich W F7ka
Sl that AGTt $)9) Raeks AL 37t 25X WEE SHAE A
=

Bt Fojol Frhas

A<
S AR Q114 AL
Z71AFY (AE/d) 1.2002 [(10.066)**| 1.0959 | (6.518)** | 1.3145 | (7.745)**
g (AH/E) 0.7778 | (9.295)** | 0.8549 | (7.226)** | 0.7062 | (5.941)**
A (/) 0.0192 | (8.796)** | 0.0174 | (5.660)** | 0.0212 | (6.796)**
Al T23 (HH/) 0.0569 | (7.657)** | 0.0415 | (3.982)** | 0.0731 | (6.865)**
F71AEA1(1,0009) -0.0900 |(-4.141)** -0.0945 |(-3.087)** -0.0860 |(-2.776)**

FES RPN 2,000 1,000 1,000
2 71-9- %= ZH(log-likelihood) -1,851.6 -948.6 -898.0
Wald-5-A|%a 555.2 249.0 310.2
(p-value) (0.0000) (0.0000) (0.0000)
1) aWald- 5 Aol ofek AR/ BE 2457 0olek Aos olo] thgsHe palue

7k EA okfe] B gt xMEM 013
2) ¥, i 7h7h folaz s%et 1%14 AR Solge o

) Ao ALGE B FHTS BEYF BY(L-Dolt
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2|2t ME! HIE 7 |QESEO| AKX H2[Let

AR HiE ti7]ego R QIR AREiE 2714, wieh 4, dEuds
SAER 1T HaA7)7] SR 59
A3t A= ol8std AT == Ark di7|A Jid ez Q1% A4y
SR DS A7) fi €89 MWIP 242 E2 247 <3 3-11>
of A= A

AAA el g7t g2 A b7l e ez et 27|AM 1 B
Zol7] 9t 7 DEt MWTPE 13,329.7¢0]9, o] MWTPO| t-FA 2
42422 ol 1%0llM SAIF SR FofshA 24 E . A 22 HAA]
A& iR ¢k A2t s di7|ed ez Qe v £44E 4w

MWTPE= Z7|AFgo| 13,3297/ o2 7P A31, H o] 8,637.9¢/ 4,

flo o

o
i
I
N
4
=

U5} oFE T 654 o4 1AL ol 9lv] WEe 2

ot
AR 631.8A/H T, A4 213.694/HP o o= Yehgton, A7tvls| &
38 ¥t MWTIPS| &9l A9 FAA] & AGEE Zol7t glea o
T AT o, A S A MWIPE A GE=R vlasty #HoF &4
= Ao FARA S BE S5 it % MWIPZE IMA|EG S
AP El=T, oAl FAtAlel AFele SEAREC] tiEAl AF v e
=
o

H
"
L

e,
obed B Ajeldi trledow Qg AZuls S4Sel et U
R

=2
=
%
O
ol
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=
filo
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>
O
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)
52
ki
s
4

N
)

HEFsh] HsliA 24 Ao it A= Al ATsE

i
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ot
e
o,
EX
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o
ir‘
lo
O
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NS
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L
filo
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and RobbS®)o] A1 BE|7}2E o 4H00L o §3HEkT0

68) Krinsky, I. and A. Robb, “On Approximating the Statistical Properties of Elasticities,” Review of
Economics and Statistics, Vol. 68, 1986, pp. 715-719.

69) Park, T., J. B. Loomis, and M. Creel, “Confidence Intervals for Evaluating Benefits from
Dichotomous Choice Contingent Valuation Studies,” Land Economics, Vol. 67, 1991, pp. 64-73.
ZH7FEE AlEYold WY dXe b Al 24E tEEsRYoriE dojxl
W 2AA ST BALTEA WG 2 Ol ATEERRE N 29558 sl N
7] HLo|(simulated) FHA] WIPES ARl &, o] ged TEs HollA 29 2.5%
AFshs WSS ALJAXIh
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& 3-11) &4

E
i
7]
ET]

SIAXIZ ALY

AN ER Q1A SR

. 31 . ) 31 .
Tomemey IV dmelnel OV Agee A0
A T gy T gy VT

Z7| A 13,329.7 8,907.2~ 11,596.6 6,793.3~ 15,290.1 8,803.1~
Skl QUAW) | (d242y% | 251846 | (3.140y%* | 292549 | (2.851y%* | 47,622.7

1B

o} 86379 | 57538 | 90461 | 53417~ | 82137 | 4561.0~
(9} AW) | (4229)%* | 163053 | (3.172)%* | 234047 | (2811y* | 26,5552
4] 2136 141.0~ 184.5 104.8~ 246.3 139.1~
(SO VAT) | (4195 | 4021 | (3.063)** | 4722 | (2.848)** | 790.0
A8 72 3} 631.8 409.6~ 4392 212.9~ 850.4 4812~

(9 YAW) | (4039 | 11983 | (2745 | 11795 | (2.804)%* | 2,768.7

Z 1) “B20 2= e (Delta method)S AF&-8Fe] AANEIGI-S
2) "AIF 7R 5,0008] E-5=Zo] 2|3t Krinsky and Robb®] FE|ZE moJAlF-S o] g3l
ALY 2
3) ¥ = FoleE 1%olA BAFSR Fo-E 9nldt

2) 7o) 42 Hislol M2 ZHE TR 2 L AN
B Ao <k 31159 FHAHE sjEon A HE grlede
Qg 2/|A, Tl W4, HBWAR £ ATehE AAFERT} 5%, 10%

AaA717) 915 AAE S theah 2 Axjo] uet st
A, WA <E 3-11>2] FALSLS Ak ujE 7] osdel] oJgt Aule) &
W 9P MWIP(AHS Uehine of 3243t8 o] 8slo] drjez

BN

PV AFRAHESOR/ AT E), TIQFERHO20%/ 19k ), HAJTRH35.4003/1

AETATAH10400%9/ 19T HE 100% 2451 91 7hrd A
AEOAL S APRRITE B, ol7]ol A a BIEAQ 5%, 10%E
b F7bE QAR AR S] AR AR 8 9§ Ak U017

o 2 1o ox
=
gg

o
Ol

2021 K A AAE HelAATHNS AEE 4 gtk AR
E3] 2 AToqE At uiE 7] ool e ARMNE AhALORA W
ASHE BAA W F ouleh Aol BEHE TR 55%S A8

Ot
e
£

2016 T 7|Z20] FAZHAE APtk



80 2|2t 8t HIE th7|2HSEQ| MAK ha|et

(H 3-12) QTN BAA| Fel 71 2

(91 7Hh)
=) 2017 2018 2019 2020 2021
AR A 2,369,297 2393277 | 2,416,493 2,439,342 2,462,190
QAIHA| 1,047,386 1,062,924 1,078,191 1,093,229 1,108,269
HALA] 1,321,911 1,330,353 1,338,302 1,346,113 1,353,921
A7 BA R (http://kosis.kr), e A7) FA AT, 2016.11.

9] el whep AdF wijE tfr] el ot AAusiE AR eEET 2
7} 5%, 10% FraAlA WAlshs AAIA Hel(2016W & 7R)e 8% dibe
<3 3-13> 9 <3 3-14>2} 7t}

TARCRE F 59 Fet AuF vjE tir] e el ot AAusE e
Hep 22t 5% daAlA dAsks AAIA Hel2016d H 715)2 IHA] 744
H, FARA] 12019 fo g AP E|o] FAMX oA Hhgst= A4 Helo] Q1
AlET} oF 61.6% AA| AP EQITE HAA S e 2s S 5 5k AEt
& ti7]e el ot AR SiE dATEET 242 5% HaAA WA=
BAIA w2016 T 752 1,9019] Yof| o]=2= A om EAE]IRT)

2 Aysfof

offl A= AldpollA HiEE= di7ledede] =Rl Ad
Al e ARH R FAAGE HolA M 2

=

=
B AlA] EEE o7 e @BUC] G 1L Fa SYUSE
A

r
2
X
u
Y
N
2
N
N
I
ot
pau)
o
ull
2
il
)
nw

o] AAIA ZHA]o it A RS ATl & ¢ vk AH JAAELS
2o JRE EEsto] Adh vig diZ|eded ARl Higk vl e

) AR oA WASHE AeE W% 7] 2ol ofat AgTe) Aawele wees] Ao
SabAolA] uhsks AAA el Hatel ak o] ohm, MAKlS tAeR &
MWIPE o] 83fo] ALgateirh. Telolm Bpaki 910] ghe wes] QlaAe} Sabaol A
upshs A el ke 4kl 1,944.70) o] uls) oF 22% xol7h EAIE

ok
K
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=

(& 3-13) A4 HiE CH7 |0l Qg AZmle AxA Tl AEZATE% L)

(91 29

Aw S8 2017 2018 2019 2020 2021 3
311 AR | 1694 | 1719 | 1744 | 1768 | 1793 | 8718
Q72 1606 | 1545 148.5 1427 | 1372 | 7435

] AN | 2781 | 2798 | 2815 | 2832 | 2848 | 14074
FA7bx] | 2636 | 2514 | 2397 | 2286 | 2179 | 12012
el AR | 4371 | 4415 | 4458 | 4500 | 4542 | 22285
Q72 4143 | 3966 | 3796 | 3632 | 3475 | 19013

(B 3-14) A4} HEE CH7 [0l ofgt ZZmfs AxA Tl AFEZET(10% &)

(91 o)

Ax S8 2017 2018 2019 2020 2021 3HA)
21 AT | 8741 8830 | 8915 | 900.0 = 9084 | 44569
72 8285 | 7933 7592 | 7265 6950 | 3,802.6

o AN7VE] | 3388 | 3439 | 3488 | 3537 | 3585 | 17437
FA7bx] | 3212 3089 | 2970 | 2855 | 2743 | 14869
el AL 556.1 559.7 | 5630 | 5663 560.6 | 2,814.7
A7 | 5271 5028 | 4795 | 4571 4358 | 24024
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MAY M8t HIE 7 |QESE| B2 |HA| 7Hd ot

Aep g g7l 2B A EE Fas 4 ARd S, 34 Rag
S, AR S0 AL ofdel Lol ATt

1) A8} HiE 7 | QTS T HiER ZAS St FRAIMC| XA 22| 7|8t Sl

A=z ZHofA Adrtoll A viEE = 7| ededS SH8o s Adshy] ¢
M T HAIES SoliA AutellA viEE= di7|ed=dol gt
Al 27 vido] Fasit o5 FaiA LdEd e e FA7E He o
gk opuet Aol 2= Hot Beid = Qv E3 7le A dejieES vk
sto] gt QL oAl AMuto] viEste 7| e A= dol gt AARE 2y
Elgo] 7FssHl =i Hep A}l 7| A 95l s Zloltk

olg|et HAIE M &2 el WUk +HS gSHoR AutlA HiE
e drlede=dol gt AAE BEE 7RsstA & & Aol ol FsiAl
Autol| A HjZEE 2 7] QFEA ) 50% A7 Bx g 3 i o oo}

2 % 9le oIt

2) At HiE th7|*ESHO| S S St thyletd % 22EA T B

b Sl AR 7S RS A Al WS
7] oA RAE Hute] Qlare] WM Ahuknt ¢k o] AFshe =
o]\l Aoie bR F 4= 97 el AH FuRA WA
At wi% 7] o QR Tie whe) w3t
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A ol A Aure Badol dat Baeel S8 OME} >
eutekel el wel wel £Ash] WRe] A9 @Y YEQIE 7
QAL FAAA o T wS FRE Hofolck

olot UPAZIA R Seliket Aol A MAISHE t7] 9 G RAY Ay Rl

ohe et Addsel s TS vk 53] o] Zhzdl feutete) et
s A =79 Adubso] HAAYE t71edEde HSe] 5 AR
AYEE vt olF F7FET S dxste] A etV e9Ed S AR
Widdes A2 949 YEYIE =8 g Zart ok
ofgfel E=ot Y HEH A dAF 2R eyt =1 s ol LAt
€ d7ed=de daAA = Olﬂi Lob7k Ui itell d=ddshe ARt
AN A= di7ledEde] fase] A= evd s wE F

< Adp s "7l ededY] fgag oo & Utk

M2ZE BErI=X 2|xA 7hd 2ot

oF&}A 3t a}xgg =4 OH/\}7];L(1M0)01]/\1 Y eHst 3]1 205 A& ﬁk(MARPOL73/78)
o) A 6(Aluro RRE Q] t7] e @A) FHE Fo] 8sto] gt
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gt Wigoll #dd T 2ol et Q7| YA E AT =7IEAE
ojtf AlAIZE "HYIole FAeltkal stk
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g Aol wetste] viEgE = di7|edEd, & =
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o] Al&st thg, F, &5 & At di7|edE=A wiES A5 fgt
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ot P mAAL Qlrk wEkA fEjuete SEE SO A4 S5 3
Skl Ake] di7] e, skl X9 tfr1ed WA, FARY mAREA R Q1%
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AT gere] AYaA7IR] Zgetal 9= Agiyolat 3 4= 9ok webA o
Zle el digt #A ke GraAle] geekE Hlio}o% ok o A== 7}
7] e, ojAlslekae} o] e EAe olx|ut At A7} D adh

24 S THE Pavt gk =T sk deje] o7 2 ge] wit 34
A4t EEo] mAEAS u}%@i ol gl o Lu Hutozre 7|
@B e AVHOE Telsta ¥ t0]7] 9]5to]

o oo Quale] elel e vl Aslolor & Base] e, wo
Ses] JlEMoRA oyl A et srEue e Ee
B8 g o] Agurhs el A AUskn §4F 4 gl WY A4
o] o]ofAof gt o] AL thrleBBAY WEULES giote] Bagt ok
g Abglo] AT 4 otk WAABHENOY) HEULE 9Adte] HelHS)

Hir

i) mlo

FASCRIY Bteha(S0x) ] FAIE #17h Adidasel & 8l 4ansf e,
quAEEy} dE BUEY 9 golEHALH(DCS) 5 siAktdel 22
3L 5 AR o] A ARk el Eeol e v AAd e
BAA B aEste] A w4 AdE she AAARIEH 449 vl
o] Fof&of SPE} E2L, 7]E7HH]'(R&D)'O“ Al d-FAstal EESHAFEAT=

. ECA -

WA ole] 7ba Feld oAt shearglel WAL, Ao R&D AT Azt
o] o ECAGlA 878Hs 7|2aHa0] A& olel &3t ECA 14 o
Aol st 2AF B4 dlolg vt ARst Adolth B FHse) W we
)3t o}t Alute] malo WATHEE AMESE] SlsiAehE gut a3
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HE 913 ATE +UT Do} Uk A IMOOA] 875 ECA A8
AL FEFE Aol J1EAel adolen & 4 ek F39 49, MO
ECA A4 079 ¥iE3 7|Ze] $gero] ofet 3A% ATumAY 42

of tigt Agol glo] =7k A o2 ECA| thet A3} Al7]E Takstal A
Qo Szttt =3, AlmAld ol tigk #2 $2E o] FoIFAIT ol mE A
- Ao digk A=k e AAolnh EAle AFARA LY} FEH 2 SliAF
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A= At sl gt EFRF
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AN FA AP B e GRAE A EFEe] gon
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27k Ik

FEARR B9, FFompel A dloge] fudl Aot e
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olof that 3kt FEAle) A 0] FAFAo] o] Lo Aok Ttk QT 1]

=AEgE FliAe A FEe HolHE BiEe R grjedEds ¥
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CORINAIR(Core Inventory of Air Emissions) A2 A= 7|53} AMAISE Hook
gl @&, 718 U Felled o] A 7Y SEwAle UHE Be Yo r R
B o] ti7]ulE QIWlE] 9 Hloje o] A2 o tieh ARl RS 53517
o5t S5l 'j(EEA, European Environment Agency, ©|5} EEA)o] 23}t

EEAS] vj&Y EFA|A A Al¥l Hofo] SNAP(Selected Nomenclature for
sources of Air Pollution)= =2} NFR(National Format for Reporting)o] tfst Wj-&
= 747t offf <3t 4-1>, <3 4-2>9} Zt}
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(& 4-1) CORINAIR SNAP code

SNAP code title Coverage
d-=Fol A= WollA Wgsh= 47 gAde
080402 National sea traffic XSS nE AUk iAo R e, ojAat

A Aake Ae)

23} o JeEA o ATl AL ols
=y AT nE AUk giite g o]—\l] =g
080403 National fishing L7l A ThfE RE Jmnl fo]dEs X
ofoll A HiEH Zor 7hgsy] wfiEe] o] H
oF¢] international bunkering> L& & X] kS

IL

e

d

i

International sea traff =t tol| A Al -GAldref Tl [Fh
s gy | W WETE Aew o) wesl s
UNFCCC2} UNECEo| A& 2}9lof| A #|2at

F20t 5olA G = FEHER FE 3
F22 500KWe| 200~800KWAFo] 9] =4 t] &l
Qxlo] AR Hukes E3

Inland goods carrying

080304
vessels

Z}&: EMEP/EEA Air pollutiant emission inventory guidebook(2009)

(B 4-2) NFRQ| HIE® H9

Source category A 9]
LA3.d Water-borne HEEA L] WYUL oS AlQRt THAHfZE 9 59
' N o e Z3T FHAllA o= AREE R, SH/=A
avieation ol et e Falo] ol dEUAE Alzo2 o
1A3di International | W|Z==2 0] WhAelo] A Sato] AbGEl WE aaAlure] Af
Water-borne € AREA Bty WSEsh 24, dAQbsof oA e 4=
o

Navigation(International | 1 2.™, JE&FX|7} A2 of2 YzZtd A5 U5 o714 o
bunkers) AL Zﬂﬂg

HjEEUS] BYAL FY Tt old dEFol W w
£ e AR, oldel A% LAdeiiol 2AHEA
9] A= 1L ASbLE S

1.A.3.d.ii Domestic
Water-borne Navigation

jEEEo] WYL A3} o g0l Ay UE, o

LA4cii (mobile | 9 AJHo A0] RITFAA WAYSHE A ALgAR, T

combustion) 71 HuE BE e Fufeliets RopilA wiEd
7o 2 7153k International bunkering> TR E|A] 82

LRSI, 09 BE $EE 59 8% AeE dRelA waE

Mobile(water-borne W&, A=o] FAE S5l T3E AR5t ARtoA TEE)
navigation component) | O} E}o] FAMEO R ALE ddmol A WAR B wa

Multiateral | eigo) me o kgl AlgE Autem Relo] dmA}

operations(water-borne 5 e X O e =
ot gt =, A= ol 3aE 2e dRE x2S
navigation component) | ° otk vz, Ak o &4 725
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/ / /!
¥ J ¢
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Domesiic Port

A7) <0 43T} 2 BREA MEUTACIEAh] Fukgel-e
& o JNE bl digt wiEwe] gl glelAd =7t HijE(National
Emission)?} =+9] Hlj=%(International Bunkering Emission)of| tfgh L&o] I Q
s, 71 Aol= Aoy A Vo R K] ¢l AHke] Q&g 7

sho] The <® 43> Zo] Holgil.
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(& 4-3) NFRQ| HiE2 Ho

S Domestic International
AEFo] 54 =71 WollA s 4¢- Yes No
AETo] A2 OE 71 H$ No Yes

» O Eo] Ayl 232 JH  2-3ch9(individual trip segments-from one
departure to the next arrival)2 A}&27} =™, IPCC GPG 20000| Q-5}
= = Sl BAh= v FEe] 232 mE A g

oo} 2o S elo] that FHo| WA o fi A% ol AT W
of o3t HjEEIeL A FALY U] S ARl golH FEAYE B5
At e 2 steksl] $igtolck

(2) A} uhE ] 71478 A=

At A A9 AARIe]A 21 TR Bag WANA Fof

J B

7P de] AREEAL Qlek 2000 7] A AlANA &8 9 Avks 7Hed 3
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- Slow speed diesel engines: Z|t§ 300 rev/min® &£E=2 AFEo, A
80~140 rev/min Alo|ofjA] AT 2307, 4~12 Ao A2 A=
Z(Cross head engines)o|t}. X+ AX tizpele A% HF Sade
(BMEP)7} 17 bar¢]il, 4,000 kw/cylinders Z1}3l= HElE50] 3o, 312
Ao A] AL BAHoF AR

- Medium speed diesel engines: ©] H$]2] AZEL 300~900 rev/minof| A A5
Hle g4y o g BAF EgTd uAko] Y FF 127]1% T VE 207]
2o . A AFEEE Rele &S] 100-2,000 kw/cylinder o],
AlsH-Fade o] HY7E 1025 bar2 F2 F3A8 E= HE232R8-9]
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mRog AL T]d WAL RE AL

- High speed diesel engines: Z|t}] 27 900 rev/min ©]A4}9] QlZ-S ol &
o 7o 2L&T]AdR ] AFHA = AE EFO] g A. AFA
dhof] AREE|AY AeFe] B £880F ZF2ZHOn board power).

- 71 2] Steam turbines, Gas turbine 5°| $l-2.

ESH A7) 5714 FHEY dAES AREA RO wel Bunker fuel oil(BFO,
RO), Marine Diesel Oil(MDO), Marine Gas Oil(MGO)E +&35l+=t], 0|42 vj=
e 2250 AP wEbAE oheFskA|Rl SOxu St Zo] =
AR B UARE AAE THAE A= 7] wieolth

*4‘*01]*1 HlEss 2252 A8ARSl whE AX Yo SfsiA A
el AoR AR YWRAASEALY I 2= CO, VOC, PM, NOx} d&
o] AE} THH CO,, SOx, 25, 221 A4 ARl Sulphate) 522 vfj-$- tf
&3t

7ty =AY il o] AlojE & U= V1A 89S wizIZkEA E 7]
s AutE A7l AsApA | gt Aozt & 4 Atk

IMO®] MEPCOJ A= A18re] wlj7] 7k A2 Bl oj4leletas A48} Fof digh
7rolEztke] AQels Jed=s0lAl 2 W82 aolskal Jlow, I W82 v
3} 2.

= NOx limits [Regulation 13]

O

P>

=

= Ozone depleting substances [Regulation 12]

= Sulphur oxides, through sulphur in fuel [Regulation 14]

= Sulphur oxides further through the designation of sulphur dioxide emission
control area (SECA), [Regulation 14]

= VOC from tankers [Regulation 15]

» CO%F PM2 E0]7] flaiA AT ARl A=mfAAAE 52 74 &
&2 223}

« Aol A NOx vil= A= S8 w717k A 2178 A] (EGR: Exhaust

Gas Recirculation)




(04 2|2t MEEHIE 7 |QESEO| HIAX (et

= H7I7R A7) et (SCR: Selective Catalytic Reduction)
A& =] (SNCR: Selective Non Catalytic Reduction)S ©]-8-3t
NOx A

» SO, AAE 8l vltES o8]t 54171, EUS| S (Heavy Oi)Lt
73+ (Gas oil)9] 2} 3FeFA) % (EU-directives 1993/12, EU-directive 1999/32)
T} SALSHE HljZ57A) B SA(SECA)ol| A 9] 3 3122 2(BU-directive 2005/32),
MEPCE] ol % 3 e} 78H8 NOx 7123} ofo] w2 Aupazs]| %

K} o1Zlo] dhigh Z}5FE NOx 7|10 <3 449} 7tk

(HE 4-4) MERIZFI0| i3t NOx HHEXGH

Regulation NOx limit RPM(n)
Tier 1 17 g/lkWh n < 130
2000.01.01 45 x n-0.2 g/kWh 130 < n < 2000
~2011.01.01 9.8 g/kWh n > 2000
Ter T 14.4 g/kWh n < 130
2011.01.01 44 x n-0.23 g/kWh 130 < n < 2000
o 7.7 gkWh n > 2000
. 34 g/kWh n < 130
20?;311]011 9 x n-02 gkWh 130 < n < 2000
e 2 g/kWh n > 2000

* n: A Z 7] E(Rated engine speed)- T IAFZE BT S| X

o]%- IMOOJ A= 2008 8ol 1990~2000 ool HxH A¥t & =¢
5,000 kW 1831 90 Licylinder o]4F2] 7]|3o] jafA = HAA LSS wjE&1A) 7}
42324 Egith EUQ Directive 2003/440l= & Zo] g Aulte] thafjA=

<E 4-5>9h go| ANFFUR WhEFAES sha ek
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(H 4-5) H=ZH 0|8 Mutof Chst HAI(EU Emission Directive 2003/44)

Impl. CO=A+B/P" VOC=A+B/P"

Engine type NOx TSP
gine typ date A B n A B n

34 7HEH
224 ]—é_f‘ 1/1 2007 | 150.0 | 600.0 | 1.0 | 30.0 | 100.0 | 0.75 | 10.0 -
(2-stroke gasoline)

447 e
(4-stroke gasoline)

EE
(Diesel)

1/1 2006 | 150.0 = 600.0 | 1.0 6.0 | 50.0 @ 0.75 | 15.0 -

1/1 2006 & 5.0 0.0 0 1.5 2.0 0.5 9.8 1.0

* n: 42734 (Rated engine speed)- TP IAFZERY I H 4=
() APE
=4 Zpo]7} k. Tier

o i
1 Tier 2= W& AP A ZJRBFES] AEE SRS o g5te, A

EU AHf oiE gi7jeded AP Ea vugls o, SAZQ #2& &
HOR nl=oll A g = AlHf e di7|eded AR ES AR
A Qe A A= i ARt vl APs] flsiAle ARk 9
=T A=, Akl A A=Y, 2alEE)E o8l A 7RsAIRE
I iEAlE Rtk S e A2 A iR AR AA| 2R
UEHEW) JEE o-§olo] (AR tEhez d=7l 7|vE AN

E = MCR x LF x A x EF

W) AP Rl T Hh AN AR B8 F vy

gul
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o]7| A E+= AEF vj&8H(g/hr), MCR(Maximum continuous rated engine power)
2 oA 1= (kW), LF(Load factor)«= F-olH(FA2), A(Activity)= =20l %l
H 2% 715 Al 7Hhr), EF(Emission factor):= Hj<A|4~(g/kWh)E UERHLY.
Zw Aol Slof A Auke] Al A, 2 Alete] T} gl

A O Rl Al Banelu R Holgls AxEREE 7
of AHEFIC) EFE Z47e] Zlpe Alute] Safolut MUl w2
7lsE| B2 el S(at sea), AEF Z(at port), H ©]¢Hmaneuvering) &2 L}Ho]

ko] el ZYMCR) U HI&E(Rsld AES $Eh ISR(Loyds
Internet Ships Register) AF2E ARE3SICESS) ISRE A MAE 3 521 87,000
o] o] AU E Hesky glon 300E o]Ake] Alutof thaA] Al AbMIA}
2EA 22 D Husw) [8e] sk

(1) Load Factor
AR 2] FEFHLF)-2 Propeller Law(4] 6)5 ©]-8-31o] AM&st3lom Hxl

o] Haleke MulgiRol egtnedla G v [CF ConsultingAl7} A58k &}

LF = (ASMS)3

o714 AS(actual speed)t= G4t g7 o] 2] HA0] oy Huals
2 aﬁo}oq HH AP £ el el BRSHLRSH A 7
A5k ag 4 gl Axoltk

2 Hi& A
Auko] tf 7| e AEA wjETF AP o) ARE-E vjE A4+ Lloyd's register®] 1%
Au|A AEE 7|22 ARb WS dlolEH|o]AE WHEAL o]F 5 7St

85) http://www.ships-register.com
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=
X
1o,
o\
3
o
2
fl
1o

o

5570l Tjgt Alate] BjEA(NOx, SO, HC, COs, PM)E
Lo Sol| halA] AR AR ALgRT

v Al s oledB el AANNES veto R THE, gk oot
Ao Adup &Rk Ag 2R ORe 7 el Auke] &3 et s A
NN RS 7|22 WA, Foks, FHAAE
< LMIU code (Lloyd's Marine Intelligence Unit) 7|5 0.2 d|o|E{H]|o]
subo] A=) "l Lol RS E=Fal, )
T3P} Thsh e HEES FHastE|o] di7|eibndyg el 7|22t
4 B RRE E-§o] 7hssith

FE AERIEY AEE AY F I ARE HlolEH|o]Xof ¢ito] Ths
g P2 dEshe TS A, AU =3 ARE ERdte] £Ra
Z(LMIU code)E YAl ERIFEHZ fi7|FdE29] 2 Aoz *PHS}Oﬂ
dlolguo]Agsh= dare]E Adat R, AP, viEEEdE, AHE
HE Adl 7] ed sEds Ashal dukEe EAgkekal rdststr] 9t
Z2IWNE 5= B9l HED F50] 7Hsst

AEANE Al Ee ZROHE Bl Y JEF AR 9 B dlolH
(port-mis DB)E §¢ DBl A5kl Y= 2= dlojE = mdexmg Eof A
ZAEm Q9 AR HM Aofl= ZA| datag full scand}A] &3l index scan FA]
o= HAsto] Azt Alg-Hrh

Q) z=239 ga=E

’HH“’J i == Al4bol dagh 7 Ao AgAl FE, bl
HME|(load factor), Y=3F A H, LMIU AurER Fodlz A

ol FFEE EZAUT FHHA| FH T excel U2 skl ALk A%

B Aue A= JSF AR dEAE AdS AAA A= wiEsT ALt

r°“
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vessel name, gross tonngae, YA FO AEE AFst=d U&F A=
Ao UrAIZES ok HA o ARE-El= A H o™ IMO number, call signitt
vessel name> A4} QNZGA AEE AMSH= QAR 2% DB3} Hr 7<=

Ame FARY Bed e wiEgAleet At 2 TR 34, dtelA 9

&= 0

Lloyd Ships Engine Datax= <MZ=2(kW)2} 2314 (knot)S  ISR(Internet

vz
K3
L =
2
o?ﬁ %
=Y
_>H_’ —
Tzz x
oo
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> o
> £
SR
(e}
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i

o\ i
dn X
g L
o =
off
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3+
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1z f
NS

k‘q: A

O A oF

4o o
ol |
il

-

L
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2. MHF HHE OV |2ESE ARt X|F ZLEE 715 et

FElvEke] g ARl vkl BAR AbE FSiA olssl= ARt
7 B OME} T8 Pgute] sEEe} A=Y AHY A5 v Addol
SRs7] mZel AdfellA wiEEe HrededY w7t AdHeR ==
7Fe/dol mi =tk sHAIRE AE7HA] ofH T =l A9kt et o gk
ZUEPAAZE nudd SAR Addfe2iyg tes fivledwde] wie
o] HAR ol sEUAE & & U= Yol AR etk

ARt S di7|edE4dol et RUERAAE F=vhe A2 AddrollA] Hl
5= di7ledede] 24T 2ot s SAdelE Fd= vIE 5 V]

[e]

ujo] S40] 7o B T AUNAE ol Fash BelAA e Qi
olck. B8] Al Q1A F ALl thite P Fi e MG B
2o Aure] QJEFOT 9I5| AupolA] WS | eGBARIE 4H2
& 47h gl itk wheby A ek Aok AROR & S Ak A
o BUHPAA THS AN wE oyl egBae BE 5 A aAols
At odBA WS 1% nAY v g 4 olrk
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2|2t ME! HIE 7 |QESEO| AKX H2[Let

2) F71 ot
Aoz fylegdEdn edE Bk 4%t B4R S8 U o
3 frlegEdn Easlol ok 55 A WE o7le AR F PMy,

o |
o[ Aut HiE tiriedEdel o8 29H ¥V T 54 9= &
= 243 AsliAe WA diga AEde 7 o e A8 ARAR

g Al=de =4
ANERH AFTE T AR
I iAol ERE 4 Q= A= AQFH HRIE AEs] Ao zH olef
wAIE g3k 5= Atk 53] sfitoll 77k At A G2 e dE= wol
Hh= A ooluz ol2fdt 8 25 AAsHA st d7|ed=2d A=
A3 A= A soF g

7] d=2 0] A7 et visd o=ty uiEE JE 2= 13}
2 F=H(primary pollutants)¥} 12} =2 o] 7| FoflA 12 H=2 1 318t

& T2 IR AEET U] T2 AR sehie= Soho] AdE 23
(secondary pollutants)2 H-F= <= It} I2L} UWHoz AL85E=

S
=
d7jedEde] ERe dleded 24 Aol e 272, &

(1) A dir1eaE4d
dutde g fi7jedEd F AT di71edEdo] ARk BHle of
9% w0tk 7] % ARFEA] 973 Wl 0.001um~500pm A =oL, 0.1
[e) (o))
H

p-10um #919] Q7S ZHs QApalEe] dhrioln QA 70 oA
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o 3] ujx= sl AlZbsich
712 QERE 7] FolN YRR Al FA Sfsted o)
7

o
2 AR s AR TA A ARt REA) g Fa
% 2l

;
i

YA 710 GRS BFA e 7] Fol RRTHEA A ] FFL
10, 6] 97 O] A Sol Aokl W el ekl
2 QA g0 gBAS I Amolste] thy] Foll EASHEA AR Ab
ste] Ql7ol uet thakst oka AWHE Uehdich

ole} 2ol Axpy th7] oG Mol 71 el EAFHE SHo] wpef, T
© oA Eok AT B ohfek A7 RO IS 1D 50

lopn 5} 2 HES 51N Bz XﬂﬂEM oF 0.5~10um Apo] <]
YAEL dolrtA] mestel FAE & ek

£35], 24pm =] QAEe] T Wl 7b & Hsle, olee dArEe
o] ofe] 7h SHBUES BAS] A U2 sk AL 3 @

oh 53, FPASHET AnEol YA trle @B oy 3 Swrt 715
A Ew, AR S5 gl A, 71T, A 9y 52 fuskn

2 78 d7led9Ed

712 di7] L HEA o= BRAIEHE(SOx), AAAHENOK), Eela2xHydrocarbon),
St s, ARSIERAN(CO), 22(05), 18]al o]ASIErA(CO,) Fo] 32
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2) 39 AH: ul= AgEYo} At HEggk kx|
<9 44> 4 a7fE= W82 vl= AF HERZRE 3 29 9] 7]
A Zl(Clean Air Action Plan)x} % <ot 2o 7] &AW 1= Algo|H, o}
doll ZrhHo R AAE 4he] AojEE B EAS sk Qe x| WY
Auje] 74 W 2o WL chrs AR Ko 9]

%

5

o ?%',
A

L 12
| mlo
ofN

bt

|o

RS A el 5 A0R T SYVE T 29 5

ojm A& o2 SAHH HolHE AARIeR JIFUS Sl ATkl ok

uhebd] A 2o B4 oglglel] ot FH A tr]eq JFYE B
& Qg 2wl 29Hel Suols B, AT Po] Fuke) AT V)2
PRke} 7E WA, 1Pl AEF S5 WHEE 5 ok addsel os) AdEF o
Z1edEd WiEs 2 ed=o $7H4 ido] ¥tstal S FHe &4
ofEe] AHKACR Hoehes AolA 7= S8 AAY AAE, 5
% mgto] Washm ujFe] Al 2o B4 gk Aelo] gt 24 A=
4o Zlo=w otk 19 394 dA vt Ak g4 9 o]F4
d7199) 279 gule] A % 29 A molFT Sck

(2 4-4y & HEZ FBIX|SO| 7| L TE 3B Y AWIE AR
Port of Long Beach

Quter Port

Current Data
Oy (1-hr awg) 00040 ppen
Qy (B-hr avg) 0.009 ppm

Pl 24hravg) 348 pyim’
P s (24-hravg) 17 4 pgim’
NO; (1-hr avg) 0.029 ppm
C0 [(1-hr avg) 0.7%5 ppm
CO [&-hr avg) 10.7%5 ppen
S0, (1-hr avg) 0.001 ppm
S0y (24-hrawg)  0.001 ppm
Wind Speed 3.1 mph

[1-hr avg)

! oW
(1 awg) direction
Temperature 85.5deg F
(1 avg)

A& -2 A| X (http://maps.google.com)S ©]-8-3}0] AZA]
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2|2t ME! HIE 7 |QESEO| AKX H2[Let

O Bokg 4 gl HYYS BAT Ao UAsto] BEFHE Yore el

3 I Q7 9

o714 Felafob T AL 7 2] FRA ol Btele] HES 5
q 23w 93 234

57) @b A|ofo] A|shor Tleke Aoleh. o7l
dely] AaiME AEAe) 89S
3 5¢ FRHOR Lefslolof wrk

(3) A% Ao 2] BAAA nh o
et ghstel qloh xoje] Brleql mUEY S4YS HgHOR £
817] el ol #7140l AAH 2% BAubgo] Basi). o
A BAENA XA vtoh o] 24 el Beld olhe A
we} A% Ao WERloR F7)4 0w A £ ] B
Sha1 Bgs] Ubok sk wheb Ha 3 Amo] F712 2] 4ot 240
AR WAL o]F Beks) Urbe AAES L9sior o Ao Arg,
Aok Ao} =A] 7109 SHge] LqTele] Suolx elgk X
o Ry AR Ao A AA ) AUow seelsta ook olefw
Neglow Qs) AR Aok mAS SR Tl QlE U o4l 2E
ofe g AT Qs Ao tehton] gekelle] Awet FHEol
Aol WAISHL itk nebd Ahazo] ASHA W mRHel welE Slas
o710] Fj4lo] Wast Aow peEr

olelgt BAlel vlZo] ol grIHom At A Hrled HYe 29
EEHS Bol7] SIS Ui AN ST, 60% oIS TR o
PAR El VA TN 2 Lok Pelshs Ao e Ao
2 RSk & Slek APANGAS] AU 2HE Tofske) Atk Aok Lo

= =dof o3f ti7|go] A or FAIZE He 352 AR Sl

Addh HilE 2
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8 FA BlEE AlLfsial 1] S AT 7l S48 dvEt
) A2H]E 5 EZ3ste] 1.59~2.59 ¥ AHE9] oito

!
P V) AU 59 oIS GAT ., Aol =Yg Tt

Ao o e AR Gk A0 melY AARE T S
Pl 2 o) G WO L el Az
Agpo] sfobeim AUt W2 AMEe AEot AAT A9 AL AE B
o T3t Aa el sbsal Ak B3 A, Gyl AxpelE HsEA b
% gavt 0 g A9 EX el daliE WF weE Ade] ZFsda
oh olHY 9eutet ¢k W gutolo] Ak ujE mUE Aadle] 7Eg

49 TR A2 AR AT olF o R WEY FHe] THo] by
S 1ol ol et 4 %—g— B4 FRA o At uE tyledRdel A
2 gel7k st 8 Ao J|dE

3. M} HiE OV |2E=E e =4 = JHL Wet

= o o
et iz 7)o @EAe) mUEY AAES B8 4UE B AR 2
3 kA male g =olske] tfy|ebde] nAE RS BAsHE 2le
Aet oiE 7)o 8ol STt Q] WX o] AzS b
T e T8 AR Ay kA e vlE div| 9= FFEE 24
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P
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1o
r
o
oL
82
=

1g

AA A 7 ] mgso S o]-gaf e-2jutet At avkoE g
Sk hekeh Aduksol A3tet BgS sk g mil$ Sash dFUF 2
Aot} st e B4 AMSEE R AlR|E FHo Al=wet
vt A4d Euk oyl ¥ AR a3t AufolE A %S nA
$ Q7] "otk weEkA AlFE w2 JFE B4 RS fUehe AYe
Ak v E 7] A=A ] et upAol glojA JIMEe] 5 9 KU E
g AlAE 53 gEe] 7Y $a% AYE 7l shuEkal B 4 ik

2) %I got

Auk WjE 7)o@ Bde] ik BAL Tstdoln AAHow S5l
[e]

7|Hol "pAor wmelEjojof gty m=QlE ek
| Aste] Hrkela ulEle] g7)3HES of|=35]

o
= =
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Tier 1 (7] ¥4

- ok} Z(Algorithm)
o] WiZF 4ol Qlof Tier 1| W] MAHL Akl cheat P,

<A 1>

E,= Y (FC, < EF,,)

E : 99 % 42 vl & % (tonnes) ;
T m<2] ) % (tonnes) ;

A
LAEA i, A5 mol o) g vl = A 5= [kg/ tonnes] ;

<
e F
il
ol
S

(Bunker Fuel Oil, Marine Diesel Oil, Marine Gas Oil)

71 <AL 129 AdF s Ao 7R TS dESROl e a2k
G 1 ARE AUSHE AUES BE EL AY /169 Hgoli B9 B
2 71eAEHE 18$t & A4 (Emission factor)2}2] A o]k

- 7| &1} <A 4(Default Emission Factors)

Tier 1 W& Az, 20&%@% WlEASS AME L YTk SO0t e 4

Lo % 3 geow Adely] o] wvjol weh ew, tabdere
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(& 5=-1) Tier 1 Emission Factors for medium to large ship using bunker fuel oil

Tier default emission factors

Code Name
NER Source 1.LA3.di International navigation
Category
Fuel Bunker Fuel Oil
NOT NH;, Benzo(a)pyene, Benzo(b)fluoranthene, Benzo(k)Fluorantheme,
estimated Indeno(1,2,3-dc)pyrene, Total 4 PAHs
95% confidence
Pollutant value Unit interval Reference
Lower | Upper
NOx 79.3 kg/tonne fuel 0 0 Entec(2007). See also note(2)
CO 7.4 kg/tonne fuel 0 0 Lloyd's Register(1995)
NMVOC 2.7 kg/tonne fuel 0 0 Entec(2007), See also note(2)
SOx 20 kg/tonne fuel 0 0 Note value of 20should read
TSP 6.2 kg/tonne fuel 0 0 Entec(2007)
PMj 6.2 kg/tonne fuel 0 0 Entec(2007)
PM, 5 5.6 kg/tonne fuel 0 0 Entec(2007)
Pb 0.18 g/tonne fuel 0 0 average value
Cd 0.02 g/tonne fuel 0 0 average value
Hg 0.02 g/tonne fuel 0 0 average value
As 0.68 g/tonne fuel 0 0 average value
Cr 0.72 g/tonne fuel 0 0 average value
Cu 1.25 g/tonne fuel 0 0 average value
Ni 32 g/tonne fuel 0 0 average value
Se 0.21 g/tonne fuel 0 0 average value
Zn 1.2 g/tonne fuel 0 0 average value
PCB 0.57 | mg/tonne fuel 0 0 Cooper(2005)
PCDDF | 047 ugI'TEg{mme 0 0 Cooper(2005)
HCB 0.14 | mg/tonne fuel 0 0 Cooper(2005)

<= 1. S= percentage sulphur content in Fuel: pre-2006: 2.7% wt.[source:Lloyd's Register. 1995]. For

European Union as specifiied in the Directive 2005/33/EC::

a. 1.5% wt. from 11 August 2006 for Baltic sea and from 11 August 2007 for the North Sea for all ships:

b. 1.5% wt. from 11 August 2006 in EU territorial seas. exclusive economic zones and

pollution control zones by passenger ships operating on regular services to or from any
Community port at least in respect df vessels flying their flag and vessels of all flags while
in their ports:

c. 0.15 by wt. from 1 January 2010 for inland waterway vessels and ships at berth in Community ports.
2. Bmission factors for NOx and NMVOC are the 2000 value in cruise for medium speed engines(see Tier 2).
3. Reference: 'average value' is between Lloyd's Register(1995) and Cooper and Gustafsson(2004).
4. BC fraction of PM(f=BC) = 0.12 Source: for Further information see Appendix A
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(HE 22-2) Tier 1 Emission factors for medium to large ship using MDO/MGO

Tier 1 default emission factors

Code Name
NFR Source | 1.A3. . L
. International navigation
Category d.i
Fuel Marine diesel oil/ Marine gas oil (MDO/MGO)
Not applicable Aldrin, Chlordane, Chlordecone, Dieldrin, Endrin, Heptachlor,
Heptabromo-biphenyl, Mirex
. NH; , Benzo(a)pyrene, Benzo(b)fluoranthene, Benzo(k)fluoranthene,
Not estimated Indeno(1,2,3-dc)pyrene, Total 4 PAHs
95% confidence
Pollutant Value Unit interval Reference
Lower | Upper
NOx 78.5 | kg/tonne fuel 0 0 Entec(2007). See also note(2)
CO 7.4 kg/tonne fuel 0 0 Lloyd's Register(1995)
NMVOC 2.8 kg/tonne fuel 0 0 Entec(2007), See also note(2)
SOx 20 kg/tonne fuel 0 0 Note value of 20should read
TSP 1.5 kg/tonne fuel 0 0 Entec(2007)
PM; 1.5 kg/tonne fuel 0 0 Entec(2007)
PM, 5 14 kg/tonne fuel 0 0 Entec(2007)
Pb 0.13 g/tonne fuel 0 0 average value
Cb 0.01 g/tonne fuel 0 0 average value
Hg 0.03 g/tonne fuel 0 0 average value
As 0.04 g/tonne fuel 0 0 average value
Cr 0.05 g/tonne fuel 0 0 average value
Cu 0.88 g/tonne fuel 0 0 average value
Ni 1 g/tonne fuel 0 0 average value
Se 0.1 g/tonne fuel 0 0 average value
Zn 1.2 g/tonne fuel 0 0 average value
PCB 0.038 | mg/tonne fuel 0 0 Cooper(2005)
PCDDF | 0.13 “gI'Tﬁt‘me 0 0 Cooper(2005)
HCB 0.08 | mg/tonne fuel 0 0 Cooper(2005)

= 1. S= percentage sulphur content in fuel: pre-2000: 0.5% wt.[source:Lloyd's Register. 1995]. For
European Union as specifiied in the Directive 2005/33/EC::
a. 0.2% wt. from 1 July 2000 and 0.1% wt. from 1 January 2008 for marine diesel oil/marine gas oil used
by seagoing ships(except if used by ships crossing a frontier between a third country and a Member state):
b. 0.1% wt. from 1 January 2010 for inland waterway vessels and ships at berth in Community ports.
2. Emission factors for NOx and NMVOC are the 2000 value in cruise for medium speed engines(see
Tier 2).
3. Reference: 'average value' is between Lloyd's Register(1995) and Cooper and Gustafsson(2004).
4. BC fraction of PM(f=BC) = 0.12 Source: for Further information see Appendix A
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(HE 22-3) Tier 1 Emission factors for ship using gasoline

Tier 1 default emission factors

Code Name
NER Source 1.A3.di National navigation
Category
Fuel Gasoline
Not Aldrin, Chlordane. chlordecone, Dieldrin, Endrin, Heptachlor,

applicable Heptabromo-biphenyl. Mirex, toxaphene, HCH, DDP, PCB, HCB, PCP, SCCP

NH; , Pb, Cd, As, Cr Ni, Zn, PCDD/F, Benzo(a)pyrene, Benzo(k)fluoranthene
Indeno(1,2,3-dc)pyrene, Total 4 PAHs

Not estimated

95% confidence
Pollutant Value Units interval Reference
Lower | Upper
NOx 9.4 kg/f:i';“e 0 0 Winther & Nielsen (2006)
co 573.9 kg/ffeline 0 0 Winther & Nielsen (2006)
NMVOC 181.5 kg/fgne 0 0 Winther & Nielsen (2006)
SOx 20 kg/fgne 0 0 Winther & Nielsen (2006)
TSP 9.5 kg/f:z;ne 0 0 Winther & Nielsen (2006)
PMio 9.5 kg/ffeline 0 0 Winther & Nielsen (2006)
PM 5 95 kg/fgne 0 0 Winther & Nielsen (2006)

A} the table contains averaged figyres between 2-stroke and 4-stroke engines. assuming a share of
75% 2-stroke and 25% 4-stroke ones. If more datailed data are available the tier 2 method should
be used. BC fraction of PM(f=BC0O = 0.05 Source:for further Information see appendix A

- 35 %} FE(Activity Data)
Tier 1 W Ale] SHgo]l 7|QIeh Az w7iuhili &0l 7|230c) wepA
EEA0|A1= 41ek] NFR(National Formt for Reporting) =0 we} o1 vhiljef eSS

RS Jhe AlRkslaL Sl
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ke Aulso] AR Y| EA o7 AL F4& nEQz)o)] gigt Bas I

2= shed, ANAS AR ofdel P,
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Al
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I
off

AR M AFE S ARG b j ko] 0 %A o o) & v %)%

(kg/tonnes)

- AT} AR Rl W Tier 2 470 wjEAS

Tier 22| #j&75== NOx2t NMVOCE A|9jstils dad me %§§O1]
i3l Tier 19] wiEA 2l Fdolth ARSARE Oﬂﬁ%ﬂit& Ox%} VOC, PMjo
il =9 28 o AR (g-fuel/kWh)oll TRt Tier 2 =2 HH%ﬂl#—é

oFef <3 FE4-ef gt
4= Ql%o] 20003} 2005, 20100 HILEl NOx&] wj&A5=7}
Arolare & 4= 9131, o]&= IMO NOx Technical Code”} A-&5 200533 2010
QAzlel] B3 20001 o] :1e] NOx uj&A47} OF 34%, 68%
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gl

e g 5 Uk

NMVOC9| #i&EA 5= HC #12] 98 %R = Ao= §58 5= Ark1997
| IPCCof| Ea1¥l CH4 Al 7]<5%). ENTECE] AFzof =™ NOxet VOCo| HY
S AT FHet, ARAReE Autol AzbE Qdlzle] FEjoll 24 &
orle Aow Yehgtlh E3F 489 #AL HEO Tier 2 &3 &A=
ofeff <i F=5>¢9f Zth.

(& BE=-4) Tier 2 Emission factors for NOx, NMVOC, PM and specific fuel
consumption for different engine types/fuel combinations

Tier 2 default emission factors

NOx 2000 NOx 2005 NOx 2010 TSP-PM;, PM, pecific fuel

Engine type Fuel type o) (kgftome)  (ceftomne)  (kgftonne)  (ketomme) CCTEEEIOR
(g fuel/kWh)
BFO 20.0 19.3 18.6 03 03 305
Gas turbine
MDOMGO | 19.7 19.0 18.3 0.0 0.0 290
High-speed BFO 59.6 577 55.6 38 34 213
diesel MDOMGO | 59.1 57.1 55.1 15 13 203
Medium-speed | BFO 65.7 634 613 38 34 213
diesel MDOMGO | 65.0 63.1 60.6 15 13 203
Slow-speed BFO 0.8 89.7 86.5 8.7 78 195
diesel MDOMGO | 919 88.6 86.5 1.6 15 185
BFO 6.9 6.6 6.4 26 24 305
Steam turbine
MDOMGO | 69 6.6 6.4 1.0 0.9 290

A} Entec(2002), Entec(2007), emission factors calculated in kg/tonne of fuel using specific fuel consumption.
BFO-Bunker Fuel Oil, MOD-Marine Diesel Oil, MGO-Marine Gas Oil
BC fraction of PM(f-BC): BF0:0.12, MDO/MGO:0.31, source:for further information see Appendix A



(& 5=-5) Tier 2 Emission factors for recreational boats

Tier 2 default emission factors

Fuel Pollutant Units Conventional 2003/44/EC
NOx kg/tonne fuel 38.4 32.8
CO kg/tonne fuel 19.8 18.6
NMVOC kg/tonne fuel 7.45 6.18
Diesel TSP kg/tonne fuel 4.60 371
PM;g kg/tonne fuel 4.60 3.71
PM, 5 kg/tonne fuel 4.60 3.71
NH; g/tonne fuel 7.00 7.00
NOx kg/tonne fuel 3.27
CO kg/tonne fuel 481
NMVOC kg/tonne fuel 233
Gasoline: 2-stroke TSP kg/tonne fuel 12.6
PM kg/tonne fuel 12.6
PM, 5 kg/tonne fuel 12.6
NH; g/tonne fuel 3
NOx kg/tonne fuel 26.8 25.8
CO kg/tonne fuel 851 348
NMVOC kg/tonne fuel 26.7 29.2
Gasoline: 4-stroke TSP g/tonne fuel 188 188
PM;q g/tonne fuel 188 188
PM;5 g/tonne fuel 188 188
NH; g/tonne fuel 5 5

A}&: Winther & Nielsen, 2006
BC fraction of PM(f-BC) : Diesel:0.55, Gasoline:0.05,
Z}&: for further information see Appendix A

- &5 5% A}E(Activity data)

Tier 29] W& APPSR} SALRo] e Aute] &R AMgT
2ol 7]238to] AFg Tk NOxe} NMVOCe] thsl] $joflA ¢l Tier 2
e A uEASS Heal] SaiiE A oleat Alute] dxEE,
AedEz sty HiEAs 22|al 7E e A= Foh 9 HiEe]
{3}t
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EUS7I=2 ol8st =71 e ARES HUYEA X #(Maritime  Statistics
Directive-Council Directive 96/94/EC)o|| we} FH-5A1% (Eurostat)of] 2J3f =%
A AlFEL lon, ot £V A= TN (A SHFY 90%E 2}
Aghell dishA o5 AR, SAAF 8 SHRAYAA mehEe] 2AlE L Ik

Tier 2 4:29] WjE Y SAIAE TheT) e BEARSO] R,

- Aty e 3t EAIA}R: Liquid bulk ships(tankers), Dry bulk carriers,

Container ships, General cargo, Passenger (52418 #|2]), Cruise ships,
Fishing vessels, 7]E}.
- ek 2ol Y ARE BE6 13

(¥ 2=-6) Estimated average main engine power by ship category

) Mai engine power (kW)
Ship category

1997 fleet 2010 fleet

Liquid bulk ships 6,695 6,543
Dry bulk carries 8,032 4,397
Container 22,929 14,871
General cargo 2,657 2,555
Ro Ro Cargo 7,898 4,194

Passenger 3,885 10,196
Fising 837 734
Other 2,778 2,469

Tug 2,059 2,033

A}&: Trozzi, 2010



8= 17/

(HE H2-7) Percentage of installed Main Engine power by engine type/fuel class(2010 fleet)

SSD MSD HSD GI ST
D D HSD Ty i
Ship category MDO/ ]i]s: o MDO/ 1;[1?0 MDO/ Bl§ o MDO/ ]?fli 0 MDO/ BSF 0
MGO MGO MGO MGO MGO
L‘q‘;}ll‘iip?ﬂk 0.87 | 7408 | 2047 | 2047 @ 052 | 075 000 | 014 000 | 0.00
Drybulk | 037 9163 063 | 729 006 002 000 000 000 | 0.00
carries

Container 1.23 | 9298 | 0.11 556 | 0.03 | 009 | 000 | 0.00 0.00 | 0.00

General | 3¢ | 4450 | 848 4171 | 430 045 000 | 0.10 000 | 000
cargo
RORO 1017 1 2000 | 986 5982 | 557 223 227 | 000 000 | 0.00
Cargo

Passenger | 0.00 | 3.81 568 | 7698 | 3.68 | 1.76 | 479 | 329 | 0.00 | 0.02

Fising 0.00 | 0.00 | 8442 | 3.82 | 11.76 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

Other 048 | 30.14 | 2954 | 19.63 | 16.67 | 296 | 038 | 020 | 0.00 | 0.00

Tugs 0.00 | 0.00 | 3999 @ 614 | 52.80 | 0.78 | 028 | 0.00 = 0.00 | 0.00

SSD-Slow Speed Diesel, MSD-Medium Speed Diesel, HSD-High Speed Diesel, GT-Gas Turbine,
ST-Steam Turbine: MDO-Marine Diesel Oil. MGO-Marine Gas Oil, BFO-Bunker Fuel Oil
A& Trozzi, 2010

- Tier 2 ®YH2) S50 AAE = Qe wiEAls ; A7 Tier 29| wiEAl

2}z

A48 FuEe] HaliM= EUollM e BE2 57 SARER ¢35l
QA oitk. webd sjgvtel FAL SEUSE DYt ARAHETES 95
st glom), diukae] A9 dAE SIS ANLPL el FE 15
d ujgh AR08, 4399 49 109 vjgo s mejskn ok A
Aol ARFEFo| o2 WjEASE oot 2k
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oF

(B B=-8)

Tier 2 default emission factors

Emission Factors by
engine standard

2gMeto]| Chet Tier 2 HiESAHI

Fuel NFR' Sector Pollutant Units Coventional 2003/44
CH,4 g/tonne fuel 121 100
CO g/tonne fuel 19,827 18,575
CcO, kg/tonne fuel 3,241 3,241
| A3diie Eﬁ) g/tonne fuel 130 130
Diesel Small 3 gitonne fuel 7 7
Boats NMVOC g/tonne fuel 7,447 6,180
NOx g/tonne fuel 38,420 32,775
PM,y g/tonne fuel 4,596 3,715
PM,5 g/tonne fuel 4,596 3,715
TSP g/tonne fuel 4,596 3,715
CH,4 g/tonne fuel 2,084
CO g/tonne fuel 481,588
CO, kg/tonne fuel 3,197
. | A3dii N.O g/tonne fuel 13
Gasoline: Small NH; g/tonne fuel 3
2-stroke Boats NMVOC g/tonne fuel 233,133
NOx g/tonne fuel 2,627
PM; g/tonne fuel 12,642
PM, s g/tonne fuel 12,642
TSP g/tonne fuel 12,642
CH, g/tonne fuel 2,683 2,876
CO g/tonne fuel 850,727 347915
CO, kg/tonne fuel 3,197 3,197
. 1A3dii- NO g/tonne fuel 70 70
Gasoline: Small NH; g/tonne fuel 5 5
4-stroke Boats NMVOC | g/tonne fuel 26,775 29,232
NOx g/tonne fuel 26,658 25,788
PMj g/tonne fuel 188 188
PM, 5 g/tonne fuel 188 188
TSP g/tonne fuel 188 188

- Danish Inventory Winther & Nielsen(2006)°1 7]%3+
- 343} POPs Tier 12] 4%
- SO, H&T(kg/tonne) = 20 x S [AR F 33 % wt)]

FAHE HiEA

A~
= HAx



Tier 3: A18}-8-5} HHE(Ship movement methodology)

o
AR SRR dg 4xlo] 7FsE ) AHgE 4 glen, o] WYES A
uko] A|7hof) W2 A4 $a-e sl Rolth. of W we} Auprnel
MiETS AT T e BRI oux] AulE Tejst] 27h A

g9

AR v} HF S TFolof 3h7] wZofl A[&2AQ1 oA &n] HAo] &

.
Tier 3 Yl Aukeldlol] gt AlY, AR, 7HEa7I %Rk ofuet Au}
HH
=]
=]

Aut eaperEol gt o)A Alute] BHES AvR, AdutEow () ¥
o] 2ol % (approaching & docking), () #Toll A =Hhotelling), (0) T
oA Z, (d) Fol(cruising)2] T7hoR FRETE ()= Alto] BA o] w2
sl 7o) AlzkElo] 2RI FrrolH, (o) FHe AXH N Fsio]
Auto] (@)AFEe] 4o =2t wrtx| o] Fxbolct.

Amol Ao} o7 EA wjEe] BHAN Av)e] AureTBES Aty
B9, H9Kmaneuvering) 21 (@)9} (), HHH(hotelling) 20 (b), L&l -3
T4el ()= e 4 Qlch. MRS Hubabe(hotelling phase)oll 4T AlukUl R
o) 1, 9 TF, W7 19T B 5 i AsHo dus
afod, ofof] W tj7] e P EH vjZo] ws] Bk AR AgAlute] Ao A
SIS 918 W TA7| T AMRSE SN AubE o s ARE) Ao
A st olake] Frelels Akt

NA-&48 SH2A(liquid bulk ships) & 4$ BHE0] £, 314, WelAE
24e 9T BZ 5o ad 5 Agianken)o] Lo wrel A4l

pES =
du] E= AEHERIEARE ANl 9o, o Rzl FHa v Ay

O

o et SqFeell wE ANAS] MBS el] AL obdlel 2
o AFEY nept Aasi
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_ oF31 2] Z(Algorithm)
Tier 3] oJgh viEF A2 AUt 7 PR Eof wE & o=
ALt T 8-S AL e R FASHH ofef| <AA] 3>3) At

<AAr2] 3>

E, = EHotelling + E]Lbneuvering + £, Cruising

voyage
A7) Ao A AE e wiERE of <AL 4>3) o] e 4= Qi

A4 4>

Eﬂ“ip,i,j.,m = ;(Fq,mprF;]mp)

o714,

ETrip = emission over a complete trip (tonnes)

FC = fuel comsumption (tonnes)

EF = emission factor (kg/tonne), <3 14> Z=x

I = pollutant (NOx, NMVOC, PM)

m = fuel type (bunker fuel oil, MDO/MGO, gasoline)

j = engine type (slow-, medium-, high-speed diesel, etc.)

P = the different phase of trip (cruise, hotelling, maneuvering)

e =0
filo



o Y

5o ARAe ARS BRI 4 glolof ATk MiEFS A 91F Al
ofefet ek
At 5>

Eﬂ"ip,i,j,m = ; { TpZ(Pe X L}Fe X E}We,i,j,m,p)

e

o714,

ETrip = emission over a complete trip (tonnes)

EF = emission factor (kg/tonne), <3 15> Z=

LF = engine load factor (%)

P = engine nominal power (kW)

T = time (hours)

e = engine category (main, auxiliary)

I = pollutant (NOx, NMVOC, PM)

j = engine type (slow-, medium-, high-speed diesel, etc.)
m = fuel type (bunker fuel oil, MDO/MGO, gasoline)

p = the different phase of trip (cruise, hotelling, maneuvering)
o] 7| A, A4te] o] %= A 7KCrusing time)-S ofefjo} Zro] AAFE 4= Qich
At 6>

Distance Cruised(km)
Average Cruising Speed(km/hr)

ﬂmea,uising(hours) = Z

EZE =7 FAC BEETE 2ANEA] G 2RSS AS, A= FH. 7
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2]

B, 71eH g, AR A BEFE, A7 7F5A
A

o) <AEA] >3} o] mAlETT} WSS AT 5
<A 7>

E;,m = EZE(M,e,z X Tb,e,z X Pb,e,z X LF;),e,z X EE),E,Z)
b e z

o714,

E = emission by small boats per year (tonnes)

N = number of vessels (vessels)

T = average duration of opration of each vessel per year (hours/vessel)
P = nominal engine power (kW)

LF = engine load factor (%)

EF = emission factor (g/kWh)

b = vessel type (yawl, cabin boat, sailing, etc.)

e = engine type (inboard, onboard, 2S, 4S)

I = pollutant (NMVOC, NH;, NOx, PM) or fuel consumption
m = fuel type (gasoline, diesil)

z = technology layer (conventional, 2003/44/EC)
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o 7] e
HE1-5 o §
ICERR

2 el BEwe] ah wWEAS ARl tat e
I NOx, NMVOC 4 PM H|&A|4E off] < HE9-0} <}
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912 o] 9, <E 2109 F9olt kWhd 2GEA
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(# B2=-9) Tier 3 emission factors for NOx, NMVOC, PM for different engine types/fuel
combinations and vessel trip phases

NO,EF NOEF NOEF NMVOC TSP PM;,
Engine Phase  Engine type  Fuel type 2000 2005 2010 EF PM, sEF

(kg/tonne) (kg/tonne) (kg/tonne) (kg/tonne) (kg/tonne)

. BFO 20.0 193 18.6 0.3 0.3
Gas Turbine
MDO/MGO 19.7 19.0 183 0.3 0.0
High-speed BFO 59.6 57.7 55.6 0.9 3.8
diesel MDO/MGO 59.1 57.1 55.1 1.0 15
) Medium- BFO 65.7 63.4 61.3 23 3.8
Cruise .
speed diesel | MDOMGO | 65.0 63.4 60.6 24 1.5
Slow-speed BFO 2.8 89.7 86.5 3.0 8.7
diesel MDO/MGO | 919 88.6 86.5 32 1.6
Steam BFO 6.9 6.6 6.4 0.3 26
) turbine | MDO/MGO 6.9 6.6 6.4 0.3 1.0
Main
_ BFO 92 8.9 8.6 1.5 45
Gas Turbine
MDO/MGO 9.1 8.8 8.5 1.5 1.6
High-speed BFO 43.6 423 40.6 2.5 103
diesel MDOMGO | 43.0 41.7 40.1 26 4.0
Hotelling | speed diesel | MDOMGO | 47.5 457 443 6.6 40
Slow-speed BFO 67.4 65.1 62.9 8.2 112
diesel MDO/MGO |  66.7 64.2 62.1 8.6 44
Steam BFO 5.1 48 47 0.9 7.1
turbine | MDO/MGO 5.0 5.0 47 0.9 2.8
High-speed BFO 51.1 49.4 476 1.7 35
- Cruise diesel | MDOMGO = 502 486 46.8 18 14
Auxiliary |Mamoeuvring i
Hotelling Medngn— BFO 64.8 62.5 60.4 1.7 35
speed diesel | MDOMGO |  64.1 62.0 59.7 1.8 1.4

Z}&: Entec(2002), Entec(2007), the emission factors for NMVOC was derived as 98% of the original
HC emission factors value, based on reported CH4 factors from (1997).
<= See Table 3-1 and Table 3-2 for emission factors for other pollutant
BC fraction of PM(f=BC):BFO: 0.12, MDO/MGO: 0.31, Source: for further information see
Appendix A
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(E E2-10) Tier 3 emission factors for NOx, NMVOC, PM and Specific Fuel Consumption
for different engine type/fuel combinations and vessel trip phases in g/kWh

NOx EF NOx EF NOx EF NMVOC TSP PM;, Specific fuel

Engine  Phase Etny%;ge Fuel type 2000 2005 2010  EF  PMps EF cosumption
(gkWh) (gkWh) (gkWh) (gkWh) (gkWh) (g fuel/kWh)
Gas BFO 6.1 59 57 0.1 0.1 305.0
; MDO/
turbine MGO 5.7 5.5 53 0.1 0.0 290.0
BF 12. 12. 1. 2 ) 213.
High-spcd 0/ 7 3 8 0 0.8 3.0
diesel IM”H)GOO 12.0 11.6 112 0.2 0.3 203.0
Medium- | BFO 14.0 135 13.0 0.5 0.8 213.0
Cruise speed MDO/
diesel | MGO 132 12.8 123 0.5 03 203.0
BF 18.1 175 16. 0.6 L. 195.0
Slovy—speed O y ! o 7 o
diesel IM”DGOO 17.0 164 15.8 0.6 03 185.0
BFO 2.1 20 20 0.1 0.8 305.0
Sean | Mpoy
turbine MGO 20 19 19 0.1 03 290.0
Main
Gas BFO 3.1 30 29 0.5 15 336.0
; MDO/
turbine MGO 29 28 2.7 0.5 0.5 319.0
BF 102 ) . ] 24 234,
High-spcd 0/ 0 99 95 0.6 34.0
diesel IM”H)GOO 96 93 89 0.6 0.9 223.0
Manoewring M:I?;gén_ BFO/ 112 10.8 104 15 24 234.0
Hotelling | el TM”DGOO 10.6 102 99 15 0.9 223.0
BFO 145 14.0 135 1.8 24 215.0
Slow-speed y
diesel IM”DOGO 136 13.1 127 1.8 0.9 204.0
Steam BFO 17 16 1.6 03 24 336.0
turbine % 16 16 15 03 0.9 319.0
| High-specd BFO/ 116 112 10.8 0.4 0.8 2270
.| Cruise diesel | MDO 109 10.5 102 0.4 03 217.0
Auxi- | oeuvrin MGO
liary uvmg - BFO 14.7 142 137 0.4 0.8 2270
Hotelling | Medium-sp MDO/
eed diesel MGO 139 135 13.0 04 03 217.0

BFO-Bunker Fuel Oil, MDO-Marine Diesel, MGO-Marine Gas Oil

Z}&: Entec (2002), Entec (2007), the emission factors fo NMVOC was been derived as 98% of the
original HC emission factors value, based on reported CH4 factors from IPCC (1997).

5= See Table 3-1 and Table 3-2 for emission factors for other pollutants.

BC fraction of PM (f-BC); BFO: 0.12, MDO/MGO: 0.31. Source: for further information see Appendix A
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(& 5=-11) Tier 3 emission factors for recreational vessels

Nominal L
Fuel Vessel Encine T Technology power NMVOC NH; NOx PMjp Fuel
. essel type ngine Type T PM, 5
(kW] [e/kWh]
- 2003/44 8 4549 | 0.002 | 2 10 | 791
Other boats | Out Conv. 8 254.69 | 0.002 | 2 10 | 791
(<20 ft) board i 2003/44 8 2160 | 0002 | 7 | 0.08 | 426
Conv. 8 21.60 | 0.002 | 7 | 0.08 |426
- 2003/44 20 36.17 | 0.002 | 3 10 | 791
Yawls and Out Conv. 20 17045 | 0.002 @ 3 10 | 791
cabin boats | board i 2003/44 20 1260 | 0.002 | 10 | 0.08 | 426
Conv. 20 1260 | 0.002 | 10 | 0.08 | 426
- 2003/44 10 4261 | 0002 | 2 10 | 791
Sailing boats | Out Conv. 10 254.69 | 0.002 | 2 10 | 791
Gasoli| (<26 f) | board i 2003/44 10 21.60 | 0002 | 7 | 0.08 |426
ne Conv. 10 21.60 | 0.002 | 7 | 0.08 | 426
2003/44 90 9.00 | 0002 | 12 | 0.08 |426
In board | 4S
Conv. 90 9.00 | 0002 | 12 | 0.08 |426
2003/44 50 3151 | 0.002 | 3 10 | 791
Speed boats 2S
Out Conv. 50 17045 | 0.002 @ 3 10 | 791
board is 2003/44 50 1260 | 0.002 | 10 | 0.08 | 426
Conv. 50 12.60 | 0.002 | 10 | 0.08 | 426
- 2003/44 45 3191 | 0.002 | 3 10 | 791
Out Conv. 45 17045 | 0.002 @ 3 10 | 791
Water scooters board
i 2003/44 45 12.60 | 0.002 | 10 | 0.08 | 426
Conv. 45 1260 | 0.002 | 10 | 0.08 | 426
Motor boats 2003/44 150 1.67 | 0002 |86 1 |275
(27-34 1t) Conv. 150 197 | 0002 86| 12 |275
Motor boats 2003/44 250 158 | 0002 |86 | 1 |275
(>34 ) Conv. 250 197 | 0002 86| 12 |275
Diese]| Motor boats ||\ 2003/44 40 177 | 0002 | 98 1 |281
(<27 fv) Conv. 40 217 0002 | 18 | 14 | 281
. 2003/44 30 1.87 | 0002 | 98 1 |281
Motor sailors
Conv. 30 217 0002 | 18 | 14 |281
Sailing boats 2003/44 30 187 | 0002 | 98 1 |281
(>26 f) Conv. 30 217 0002 | 18 | 14 | 281

A}&: Winther & Nielsen, 2006
BC fraction of PM (f-BC); Diesel: 0.55, Gasoline: 0.05. Source: for further information see Appendix A
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- 5% Al (Activity data)

LMIS(Lloyd's Maritime Information Service)2| H|o|E|H|o]Aoll= A|AS &
SHe BE Ao eapdast 43se] 9lek of DB Alute] Z17], B4
BAA7HH 0] B2 9 E 1 2, 7144 5 o 5 5ol dE HuE AU

= 250~500= o] E= AvrEe] disiA AR RE = skl e
o o2 ol el 3 Jeponol o AR e Qe

EUS| A9 RE Fa 2AiAAe) A2l det LFAARE S+
T glot), 48 oA digt Aw ()] dat AY 52w AP
o] AmrE Farsjof itk =AU/l HEE o) 3] (International Council for the
Exploration of the Seas)ofl= Z YA} =2kt 4o LAMEHEQ] o] A H =
QAT 27} BT AnE ARSe ohth HeEk ojzg et Al
sho] S2Ame} AdAstel HAY Wesl Uk ojHe] A9 ofZol} HEA
Ho] §xoli= HaakEl Hzo] o)o] ohfe} £eITEe| et ol FH =} o)
oFsly] wizo] 2JAIZko) it HRE ok 7] Lol djT 2le)
gal) Uol A ALl digt ARE A EE skl B swe] 4
2% o8¢ 4 9tk

Tier 3 =32 W& AHA4sH7] Q8 dEAu|EF AHE AFL3lo] L3

(1) 7H Aeke] okl 4] 9 5%
gt o] dlolE= A HAL] #}
22U QA BE AE 2= oAl

3
o ArY = ek o] Aro] Agofi
sho] wheh gk 4 9l



(2) <& 5590 AN o] Qi whEARe} 2 Alvte] AFA R o
e ARAGEFES Foto] WEFE AYTTH

9l 7)40] whe} ebac,

487149 WEAG7 AREel A hrhd BE AAYD Welel
Hgshs Zlo| Btk AAl dmvl dolert 449

2 dmavge] A8e 4 wWE FAo W s
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BE 3. 4 K8 iSA

(H 22-12) Ml SHLEPE)2 125 S Al (g/kwh)

LMIU Code Ship Type NOx SO, HC CO, PM
All liquefied gas 8.80 12.40 0.31 816 1.03
Al2 chemical 16.30 | 11.00 0.55 650 1.34
Al3 oil 14.80 | 11.70 0.50 690 1.43
Al4 other liquids 16.30 | 11.00 0.55 649 1.30
A21 bulk dry 17.70 | 10.60 0.59 627 1.61
A22 bulk dry/oil 16.70 | 10.10 0.56 646 1.50
A23 self-discharging bulk dry 14.20 11.40 0.48 695 1.27
A24 other bulk dry 17.20 | 10.60 0.57 634 1.52
A3l general cargo 1620 | 10.90 0.54 649 1.28
A32 passenger/general cargo 15.60 | 11.20 0.53 658 1.15
A33 container 17.30 | 10.80 0.57 635 1.56
A34 refrigerated cargo 17.10 10.80 0.57 636 1.47
A35 ro-ro cargo 15.30 11.10 0.52 655 1.17
A36 passenger/ro-ro cargo 13.30 9.90 0.42 688 0.73
A37 passenger 163.20 | 11.80 0.46 697 0.81
A38 other dry cargo 11.20 12.80 0.39 755 0.96
B11 fish catching 14.00 | 11.40 0.47 678 0.83
B12 other fishing 1330 | 12.20 0.45 721 1.31
B21 offshore supply 13.90 11.00 0.49 677 0.79
B22 other offshore 13.50 11.10 0.44 684 0.78
B31 research 14.10 11.50 0.48 675 0.85
B32 towing/pushing 13.70 | 10.80 0.42 674 0.80
B33 dredging 1410 | 11.40 0.49 675 0.84
B34 other activities 12.50 | 10.70 0.42 716 0.75
Wil other activities 13.40 11.10 0.47 651 0.77
W12 other activities 12.70 11.50 0.20 678 0.80
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(B 22-13) M4 RJYEAZE)S 28t tiE A4 (g/kwh)

oY

LMIU Code Ship Type NOx SO, HC CO, PM
All liquefied gas 10.10 | 12.40 0.60 810 1.50
Al2 chemical 1330 | 12.20 1.00 716 1.50
Al3 oil 1250 | 12.60 1.10 743 1.70
Al4 other liquids 1340 | 12.20 0.90 716 1.40
A21 bulk dry 13.50 | 12.20 0.50 718 1.00
A22 bulk dry/oil 1340 | 12.20 0.50 721 0.90
A23 self-discharging bulk dry 13.30 12.30 0.50 725 0.90
A24 other bulk dry 1340 | 12.20 0.50 719 0.90
A31 general cargo 13.40 12.20 0.50 721 0.90
A32 passenger/general cargo 13.40 12.30 0.50 722 0.90
A33 container 13.50 | 12.30 0.50 720 0.90
A34 refrigerated cargo 13.40 12.30 0.50 720 0.90
A35 ro-ro cargo 13.30 12.30 0.50 722 0.90
A36 passenger/ro-ro cargo 13.20 12.20 0.50 725 0.90
A37 passenger 1320 | 12.30 0.50 725 0.90
A38 other dry cargo 13.00 12.50 0.50 731 0.90
Bl1 fish catching 1320 | 12.20 0.40 723 0.90
BI12 other fishing 1320 | 12.40 0.50 727 0.90
B21 offshore supply 1320 | 11.80 0.50 723 0.90
B22 other offshore 13.20 12.30 0.50 724 0.90
B31 research 1320 | 12.30 0.50 724 1.00
B32 towing/pushing 13.10 12.20 0.50 725 1.00
B33 dredging 13.10 | 12.30 0.50 724 1.00
B34 other activities 13.00 11.00 0.50 724 0.90
Wil other activities 13.30 | 12.30 0.50 721 0.90
W12 other activities 12.80 | 12.40 0.40 726 1.10
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2|2t ME! HIE 7 |QESEO| AKX H2[Let

(E 22-14) M8t QH(Hme)2 12

gt HiE A5~ (g/kwh)

LMIU Code Ship Type NOx SO, HC CO, PM
All liquefied gas 9.80 12.50 0.67 818 1.55
Al2 chemical 1330 | 12.20 1.04 715 1.60
Al3 oil 1250 | 12.70 1.10 745 1.82
Al4 other liquids 1340 | 12.20 0.92 715 1.44
A21 bulk dry 14.00 | 11.90 1.30 698 1.84
A22 bulk dry/oil 13.50 | 11.50 1.20 712 1.74
A23 self-discharging bulk dry 12.40 12.40 0.96 743 1.62
A24 other bulk dry 13.70 | 11.90 1.24 704 1.79
A31 general cargo 13.20 12.10 1.03 715 1.59
A32 passenger/general cargo 13.10 | 12.30 0.92 720 1.48
A33 container 13.80 | 12.00 1.19 705 1.73
A34 refrigerated cargo 13.70 12.00 1.06 707 1.58
A35 ro-ro cargo 12.80 12.20 1.06 719 1.68
A36 passenger/ro-ro cargo 11.80 11.40 1.90 741 1.57
A37 passenger 11.80 12.60 0.97 747 1.71
A38 other dry cargo 10.70 | 13.40 0.86 788 1.75
Bl1 fish catching 12.50 | 12.30 0.85 730 1.48
B12 other fishing 11.90 | 12.90 0.92 760 1.66
B21 offshore supply 12.00 12.00 1.09 734 1.75
B22 other offshore 11.80 12.30 0.95 739 1.72
B31 research 12.10 | 12.50 1.06 734 1.80
B32 towing/pushing 11.70 12.00 1.01 735 1.87
B33 dredging 11.90 | 12.50 1.14 736 1.90
B34 other activities 11.20 11.50 0.96 755 1.69
Wil other activities 12.10 | 12.20 0.89 716 1.51
W12 other activities 10.90 12.60 0.56 740 2.05
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