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AGV(FQI28R}): Automated Guided Vehicle

AHP(EAMA A =35 1MH): Analytic Hierarchy Process

AIS(MEIRS AHA|AED: Automatic Identification System
AMP(SAMYAZZAHH|): Alternative Maritime Power

ARIMA(XIS & +X0|S ™): Auto-regressive Integrated Moving Average
ARMGC(Xts 3t 0F= F2)Q1): Automatic Rail Mounted Gantry Crane
BAU(SAZIFALA]): Business As Usual

BCA(ZZEtAZXH): Border Carbon Adjustment

BTC(w&322l): Bridge Type Crane

CAAAC(HML7 S22 3)): Clean Air Act Advisory Committee
CAAP(EEHZ | S 2): Clean Air Action Plan

CARB(Z2|ZZL|0} CH7|XHSI@3]): California Air Resources Board
CBAM(EtAZAXMH|E): Carbon Border Adjustment Mechanism
CCS(EtAILEXA): Carbon Capture and Storage
CCUS(O|AtatEtA x| 22 - X% 7|=): Carbon Capture, Utilization, and Storage
COM(EEINLAA): Clean Development Mechanism
CFR(O|=2He#EZ]): Code of Federal Regulations

CHE(SI%H]): Cargo Handling Equipment

CI(EtAZEIQF=X|4=): Carbon Intensity Indicator

CMAQ(tH7|E 7§ =23 &): Community Multi-scale Air Quality
CNP(EtAZEEE: Carbon Neutral Port

CO. (0]At&}ErA): Carbon Dioxide

CORSIAEtAMAM -ZA=H|T): Carbon Offsetting and Reduction Scheme for
International Aviation

CTP(Z2IExZZ73): Clean Trucks Program



DERA(C|EHIEZ=): Diesel Emissions Reduction Act

ECA(HIZHI5HS]): Emission Control Areas

EEA(RE&Z%): European Environment Agency

EEDI(OIHX|E8 M A X|%): Energy Efficient Design Index
EEXI(IHX|Z&X|%): Energy Efficiency Existing Ship Index

EPA(D|Z 42 S H): Environmental Protection Agency

ETS(HEH72A]): Emission Trading Scheme

EU(REHAED: European Union

GCMD(Z2HY shiAt ZEtASIMIE): Global Centre for Maritime Decarbonisation
GHGRP(2A7IA B T2 72): Greenhouse Gas Reporting Program
GDP(=U Z44h): Gross Domestic Product

GF(HIEE 7|= &deAl): Grandfathering

GSP(a2lg 2 73):Green Ship Programme

GPP(T2IZEIZZ7&): Green Port Programme

GTP(sX7|=2233): Green Energy and Technology Programme
IAPH(ZXIEZIS]): International Association of Ports and Harbors
IMO(ZH[BHALZ|T): International Maritime Organization

IPCC(7 |2 tH2}0]| 2ot M Z7HECIA): Intergovernmental Panel on Climate Change
JIESO0I8H|): Joint Implementation

KOEM(aiZ&tAEH): Korea Marine Environment Management Corporation
KOMSA((St=oli¥ WS EH): Korea Maritime Transportation Safety Authority
KSIC(SH=2BEZEMAEF): Korean Standard Industrial Classification

LEDS(R7|MEtASFMAMEN: Long-term low greenhouse gas Emission
Development Strategies

LMC(QIZ=l 24K )): Licenced motor carrier



LULUCHEX|O|, EXI2EHA 2 eh): Land-Use, Land-Use Change, and
Forestry

MACC(SHH M| M): Marginal Abatement Cost Curve

MARPOL(GHYH BIX|&2F): International Convention for the Prevention of
Marine Pollution from Ships

MPA(MZIE 2 31280H): Maritime and Port Authority of Singapore
MRV(E11-HSH ). Measurement, Reporting, Verification

MSDB(A7IHEZ aliat EEtASH MEF): Maritime Singapore Decarbonisation
Blueprint

MSGI(A7HEZ2 2I5HQF 0|LIME|E): Maritime Singapore Green Initiative

MSTRS(O|SHIER7|=ZEALH3]): Mobile Sources Technical Review
Subcommittee

NDC(=27} 2&7tA ZA=S=H): Nationally Determined Contributions
NOx(EAASHE) © Nitrogen Oxide

OGV(QI&tMHEh): Ocean-Going Vessel

OPS(EA4™AZZZEX]): On-shore Power Supply
PDTR(ECI2LEHSEE): Port Drayage Truck Registry
PM(O|MIHX]): Particulate Matter

SCAQMDAIRATAE If7|& &2|X|71): South Coast Air Quality Management
District

Sox(&8HE): Sulfur Oxides

TAP(EDt 7]& &™ T2 734): Port's Technology Advancement Program
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EXECUTIVE SUMMARY

A Study on the Improvement of Carbon—

neutral Port Management System

Seung-Hyun An - Chan-Ho Kim - Moo-Hong Kang - Bo-Kyung Kim
- Min-Jeong Park

1. Purpose

= This study aims to highlight the importance of carbon
neutrality at ports and suggest policy measures to achieve
it.

- First, this study intends to examine carbon emissions in Korean

ports and forecast the future amount of carbon emissions by

collecting and analyzing activity data per target cargo.

- Second, based on the forecasts of carbon emissions, this study
aims to establish a reduction target of carbon emissions per time
period by considering the National Plan for Carbon Emission
Reduction as well as the introduction of fully-automated
terminals such as port automation test beds in Jinhae New Port,

Incheon New Port, and Gwangyang Port.

ix



- Third, this study intends to review the preparedness in terms
of domestic management systems for carbon neutrality such as
laws, systems, organizations and principal actors; the structure
of carbon neutrality management system; an implementation
and monitoring system and the role of principal agents of
management. Based on the review, this study analyzed problems
related to the carbon neutrality management system in ports

sector while seeking countermeasures.

- Fourth, governmental policies were suggested including legal
and institutional improvements for the operation of the

carbon-neutral port management system.

2. Methodology and Features

1) Methodology

= Preceding studies and foreign cases were broadly studied

through the review of existing literature and Internet data.

= Activity data were collected targeting terminal operators per
target cargo, and future carbon emissions were forecasted
by applying the IPCC methodology.

- This study utilized AIS data to predict carbon emissions

originating from ships which account for a large proportion of

carbon emissions generated within port areas.



EXECUTIVE SUMMARY

= Taking the National Plan for Carbon Emission Reduction into
consideration including the national target for GHG
reduction, this study suggested a carbon reduction target per

time period in the port sector.

= The improvement measures for the carbon-neutral port
management system were suggested based on foreign
studies, an analysis of systems for carbon neutrality in other
sectors and the collection of a variety of opinions coming
from experts and stakeholders during the process of

conducting this research.

2) Features

= This study bears significance as a comprehensive research
covering carbon neutrality at ports which has not received

its due attention in Korea.

- In particular, this study includes the forecasting of carbon
emissions at ports which has not been performed in preceding

studies due to difficulties in securing data.

= While analyzing the problems of carbon-neutral port
management system, it also provides improvement measures

to the seamless operation of the management system.

Xi



3. Result

1) Summary

Xii

Reduction of carbon emissions is an imminent key task for

ports.

Although carbon emissions are expected to incline following the
increase of port traffic volumes, Korean ports are underprepared
in terms of policies to realize carbon neutrality in ports. It is
time to recognize the urgency of the problem and deal with it

as a key task.

The construction of GHG inventory and forecasting research

in the port sector is necessary

As an initial step towards achieving carbon neutrality, the
construction of GHG inventory for domestic ports is an
imminent task that should be conducted by investigating energy
consumption such as oil and electricity as well as developing
relevant methodologies. Based on this information, research on

forecasting future carbon emissions is required.

Carbon emissions from ports are expected to continue

increasing.

As the amount of carbon emitted from ports is expected to rise
following the increase of cargoes processed in ports, carbon
emissions are estimated to reach 3.7 million tons (730,000 tons

from terminal operation, 2.97 million tons from ships) by 2050.



EXECUTIVE SUMMARY

Considering the port automation underway in Jinhae New Port,
Incheon New Port and Gwangyang Port, the carbon emissions
resulting from cargo handling is expected to show a modest
decline at 710,000 tons

Reduction of indirect carbon emissions is important to

realize carbon-neutral ports.

Most of the carbon emissions generated from future ports are
expected to change into indirect emissions for the following
reasons; conversion to electric-powered equipment, increase of
reefer containers with the expansion of the cold chain market, the
introduction of eco-friendly equipment such as AMP, acceleration

of port automation and fully implemented smartization, etc.

Therefore, preparing measures for reducing indirect emissions
is extremely important to realize the true meaning of

carbon-neutral ports.

The carbon-neutral port management system in Korea

should be improved.

Domestic carbon-neutral management systems have been
relatively well established and operated. The management
system in the port sector was also established in accordance with

upper laws.

However, the management system does not work sufficiently due
to the absence of a GHG inventory and a substandard reduction,
implementation, and monitoring system. Therefore, relevant
laws and systems should be improved for the systematic

operation of the management system.
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2) Policy suggestions and policy-making activities

= Establishing a comprehensive carbon emission information

system in the port sector

- The collection of basic data for the estimation of carbon
emissions should be stipulated into law, and this study proposes
the inclusion of an article ‘Establishment and Operation of an
Integrated Carbon Emission Information System in Ports’ within
the Harbor Act.

{(Summary tale-1) Amendment (proposal) of the “Harbor Act’ Article 00

(Establishment and Operation of an Integrated Carbon Emission Information System in Ports)
Category | Current law Improvement (proposal)

® The Minister of Oceans and Fisheries shall establish
and operate an ‘Integrated Port Carbon Emission
Information System’ if necessary to realize
carbon—neutral ports.

® To establish and operate an Integrated Port Carbon
Emission Information System pursuant to paragraph (1),
the Minister of Oceans and Fisheries may request the
heads of other central administrative agencies, local
governments, and public institutions designated under
the Act on the Management of Public Institutions
(hereinafter referred to as “public institutions”) and port
facility operators to provide necessary data or information.

Newly

Content established

® The Minister of Oceans and Fisheries may designate a
person, which has facilities and equipment as well as
human resources and an organization capable of properly
managing the Integrated Port Carbon Emission
Information System, as a dedicated institution for
managing and operating the integrated information
system.

Source: Prepared by the authors
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EXECUTIVE SUMMARY

= Preparing a guideline for establishing and assessing port

carbon reduction plans

- With the establishment of ‘climate change impact assessment’
scheme following the enactment of the Framework Act on
Carbon Neutrality and Green Growth, a climate change impact
assessment should be conducted in establishing the Port Master
Plan and Basic Plan for the Construction of New Ports.
Therefore, this study revised article 6 of the Harbor act to
include the preparation of carbon reduction plans along with

relevant guidelines

{(Summary table -2) Amendment (proposal) of the Harbor Act Article 6
(Details of Harbor Master Plans)
Category Current law Improvement (proposal)

® A port master plan shall include

the following matters: (Same as the current provision)

1.~8. (Omitted) (Same as the current provision)
Content 9. Any other matter deemed
9. Any other matter deemed necessary by the Minister of
necessary by the Minister of Oceans and Fisheries including the
Oceans and Fisheries establishment of carbon reduction
plans in ports

Source: Article 6 of the Harbor Act

= Activating GHG management system in ports

- By designating a management system for GHG Target
Management System in ports, companies in the port industry
should be incorporated into GHG management systems

including GHG Target Management System and Emission trading

XV



systems to enable systematic management and emission

reduction.

Expanding carbon-neutral port technology

The adoption of microgrids and the technological development
of cranes capable of recovering energy are necessary to realize
highly efficient ports in which indirect carbon emissions can
be most effectively reduced resulting from ports™ use of electric

energy.

It is necessary to discover and demonstrate a variety of
renewable energy sources taking advantage of the location of
ports, such as tidal power, wave power, Blue and Green
hydrogen, and thermal difference generation. Such efforts will
expand the energy self-reliance of ports, reduce indirect carbon

emissions and cut energy costs.

3) Expected benefits including policy contribution

Xvi

Preparing the momentum for policy implementation by
emphasizing the necessity for reducing carbon emissions in

ports

Forecasting carbon emissions in ports would highlight the
necessity for the reduction and able to secure the imperativeness

of implementing relevant port policies.

Contributing to the realization of a carbon-neutral nation

The improvement of carbon-neutral port management system

can contribute to achieving a goal of being a carbon-neutral



EXECUTIVE SUMMARY

nation from a long-term perspective.

= Developing carbon-neutral port technology

- As suggested in this study, technologies can be secured by
carbon reduction, increasing energy efficiency and expanding
R&D in renewable energy and then able to secure practicality

by applying them to ports nation-wide.

xvii
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lold Hulde] & wa wiEsre Adh 3, A8 Ak, ey st
Zgoly 25k Eoly o|F 57 B9 eha uiEFE APgsto] ARH
FolH, 203097HA] AWt oF 19 8¥ivtkgo] oJASIRHAE W& 20

-,

8) 1990\ CHH| 2017\ 37K 8% LHESHE HHE!.
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=220 8019 HEY 2(2009)
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ofle] e EtaSHE oA

H1E olie] el EtAFHE XA

1. O=

n]=0] §AFH A2 EPAE SHCE FAEI 9lon, EPAE 24
7t~ Y 22 13(GHGRP)S &9 At GHGRPE= v 74 40
CFR Part 98914 45k, s 78] ==t uid 25,000&2] CO. &
HiEshe Ald, 3gdhke AlEe] dasHAY Asls= 3¢ 25,000E ©]

_o‘L
o K
5]
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3o ol4lRlAE HiESk= AIA, 1181 25,000 °d9 CO. & AT
Ao A2 2A7EA HiE I A7EIAE AlESiof gt wid
oF 7,600712] A]do] oo siE=m, sig AldES] Hie2 oF 309 &
o= = MA 2A7IA viEFY oF 50%E AR ERL HER F
ARt B AoA 2AVEA Ho[HE AlESHeS sto] #eERlt) ol&
GHGRPZ =3t QHiEd|el A7 ol &= 3o EPAS] 59 HlolH
3’43 A A& = 7N, A wiEsTd B2 ofele Rzl thet skt
4 T A4 9 TS e ARE AlSsh] Hsf wid HgFekar St
125 A AE 2] A stof] FHFR AHoME AUV HiES
5 2o ofgh 4 kst g5k ok 5] AE|xyolsg
3% 20229 1€ BHE 7IE 719 FYH(Climate Corporate
Accountability Act ] =t AujE 109 28 oJAtY 7|92 HE HY
9] AIA HiEFE APy ole Ao Hrsfjof gt 10)

O]S-0. AElH o]l Q Al7LA oM ER]E &3]y LAIVEA HiEERS AL
Aska 9o}, FUFHEO] 2 A7IA &S ML g AMYEHA] ¢t} T}
g, EPAE 9t ofsfaAlbEe] Eabael Bagd 4 g 1 o A
AL I8 APt sfol=kel 52 AFULt 53] 71EA MY 2]
Ae et 3kE ol wE HiE MED,, 57 vt A Bt
" A9 V1) 9 AT A AmE THsty, FEE adAel

[¢]

Y, 10

2, L

[e]
= AR FA FEE 34 o] BEARE AFIAID F7} Gub
ek H7h v o AR iEwe 24 2 AYsL, 3 g das

A 9 ke B AT BY FAE AT Y e 25
t}

2022.08.10.)
2022.6.15.)

[eoNe)
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EPAClA= 20169 "7} %t Ak B@7h oA w= et siEsd=
FAEHOGV: Ocean-Going Vessel), 522 A¥KHarbor Craft),
HX(Rail), sF9AH|(CHE: Cargo Handling Equipment), EZ2%
(Drayage) & & 4702 FE3t0] 205097H4] WiE¥E CO, #i&#S
BAU 7|22 Holoirt.

(O3 2-1) 0= 2SS MA| CO, HIEY BAU MTU(F7t 2t M2 HIh)

8,000,000
7,000,000

6,000,000
o
& 5,000,000 22011
% 4,000,000 w2000
S 3,000,000
= W 2030
2,000,000
1,000,000 02050
0

Harbor Craft Rail Drayage
Mode

At&: EPA(2016), p.38.

E3t, EPAOIAME ¥ - Ao g o] 2AVEA QIHER] 50 7
AlstE] ] kool Balal ko] LA7A QMED T AW A
AlSHIL Qit}. & AZolA= AR, Futd= L osjEAREe] Al &4,
ATEH 5o MES uiAT & LS WHES AT

A *é%’cﬂ AAY, vlxolA e PHEEe] 2AVIA QHIER] 52

o] ofUt}. SHARH YR FRtF=oA= AHES] +59 F
3} 2942 olAely, A ARrE SFslo] oMEDE T2l 7
Al5kar Qiek. diEA Q1 AlE|7F LA/LB3oltt. LA/LBROIA= CAAP A3
o] wehA 2005EHE 2A7IA AMIEDE | =510 Qlow, ol
Ef 7J4E g AH 2AF o= Hujdd 9 e E5AEE &



ASIL k. 24 A RS ] 53, 4] A9 A5, A6 A2
9 e oA ARAF Y 2El AA npg (R A29tE) AH] 9 oAl o
A, AMg = FY(ULSD, 7Hed Ee =), A7) AH], A7k 294

NI

, Bi717ES A e BAL A 7 3 H] 8% Solth

AP SEARE B85t JMIEDE 7J4lst, 734 dxtet HHHE
HiAL 7|& 97 15 (TWG Technical Working Group)@} @25}
of LI} 71EYHLES EPA, ZEEUol o7 A9 A3](CARB:
California Air Resources Board), AR-AIAE th7]d HE|X|F
(SCAQMD: South Coast Air Quality Management District) 59 &
gk 7] A 7189 EAR Y 12)

(d8 2-2) O|= 2o BASE H2|HAQ =48}
EPA - GHGRP4E % 22|20 22 93)

L e

eI E QIHIER) I TI0IE HE
mE AL .
e CAAP 4873 20

s 0eh0 LA/LB &0t  “IEE
2591 g 24 A * EPA
grts-iﬂ%& + 2T

o712l 21]
© MQATAE

o7l

EILTERS

R M A

12) THE PORT OF LOS ANGELES & Port of LONG BEACH(2021), p.1.
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FAHoE AmEH CNP 152 “FANE =3 /M5 712343
20217, TR F-23s} 2] 4o st HE o AT A3} iy
AL, T UARA7|EE o wE “oUA 7| AL A A=A
CNP 752 9ol Ade S EnEA Fu=e viwdS 7ste = =4 A
2 g A4 AF P L T8 FT2 CNP 15418 42 F=Hofof
ofm, A A= HY Aol

CNP 7% Wi 7E2 CNP =A% 4
A9] FtEe} HiX]

4
ol 5 034 ofuix| BT} B AFH0 R LU 9Lo

a5k CNPOE ol ¥Idshs Wgo] Ztslojof Bt

13) A—ARrZa—FZAR—F (CNP) OBRIZAITAET2(2021), p. 2.
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FETEAL olgfst CNP 752 SIat W3 AZ3 W, Pehd CONp
5 golEle] 2] L A, Pk ONP 7EAY S AUshe
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AR AL ARES LT Uk 53], FEDFHL T8 Pute] 1
HEFS o) AN AMPY T Ao e So 2L FtES
el Age AE Folhd),

(& 2-2) HAZEITHCNP) 752 218 2 X2 HE

o YR e e
* CNP 152 9/5t 27} 7|24 E HA| CNP &7
HAPE A Lene, — BE PR M2 EE AR
+8 O ot pajR S BBl B U K2
* 50t 22|RtQ| CNP TEA|E 43 0ot X2
* AMP H| o1& X|24
* £ 2| &0to] &9t QAL 27t HATS K|t
53/t AMPOY CHEt T2 KHAO] Tt S22k
IEwsy | AED)
) * FEH Mot 012 232 QI8 RIZEARIXO] LNG 712
Yot =g 2 A 1= AL K|
w S
2 © EpIo] 417/ TS 93 ES 23t o X2
sz | ° OOIZRIS EMATH 5201 S| XEIA SioHEH| ¢
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oy | A ML AE X O 88 7ISS S OILIX| A
A0 MR E2E 95 AL HZ O K|
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e EL3nadisieE2022.3.3), p.b.

14) B+358848EE(2022.3.3), p.b.
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sle] ol BAFUL A AR 9 FyRel 77 - AR, EPA
FE oHAEE 52 7|Hte® 2AHT ot Fe] 2 w2 A
W43 9 2R 299 g7 AR v FAE 2ot At 3
2 IRt ARGEE BHIY A 5 Y ol FHiEdl Hivt 247kA
& Al B d71_9=E Hinl vlEet AdAoln15)
(B 2-3) ot g o, =2, H|=2 HiE 7
58 oy £ 7Y 29
HlE 2 Cpen “ Tior 4 7 P1A tE B 5o
zing aay | A0 CRPart1039.1065,1068 1, ron cuoia(uisp) M8
« TP IRR} 8717 kA U TR
7|2t 40 CRF Part 1033, 1065, 1068 | * 2015 0[5 HiXHEl AIRISE| K8

* REAEE 23 7Y

MEFC)E QIR | 40 CRF Part 1042, 1043, 1065, | AEE2 C|X HXI0| CHSH Y7 |7t
5 FemE 1068, 1090 AHIE HE 2 Q1B @7 AR

15) EPA(2016), p. 8.
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Control of Emissions From New
Marine
Compression—Ignition Engines at or
Above 30 Liters per Cylinder

« M2ICiC H7 ]2 302E] Of4t 41
ZH O Rl E3ipus

1,000 ppmeZ 74

20|12k 7t 2 off Q2 HIE S|
TH(ECA, Emission Control
Areas)g X%
* ol TS Soffot= M2 HE
5892 0.1% (1,000ppm)S
Zifol= HREMNE ST T

[=a

MARPOL Annex VI

BIZSMY | Final Rule for Amendments Related
to Global Marine Fuel

=hed
Control of Air Pollution From New |« Cj&{ 7}
ZEH| 9, B34 Motor Vehicles: Heavy—-Duty Engine | At
and Vehicle Standards = 43
AtZ: EPA(ZARY 1 2022.8.10.)2 HIEIOZ XAt XHEM.

T3t EPAE HiE A1 HE e AEs A% #82 =9
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glojuel vlAg ol 2+ 14.01kW, 0.03kW=2 Wbttt LNGS] 73
Agloloit sigEH 1TEUY 0.13KG $&4< ¢ 4 Stk
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(B 3-5) +8& T &t 2, /F, H7I, LNG A2

o 25y Q2(KL) H7|(MKW) (LT’(“)S)
HHTEU) HRAGKTON) 2 o7 7 H|7A 7

20121 12,770 40,745 20,400 | 1,023 198,927 | 8,052 -
2013 | 14,422 46,205 23,126 | 1,433 | 215,170 = 10,124 -
2014 | 15,634 48,117 24,175 | 1,333 | 220,196 | 10,669 -
2015 | 16,456 51,882 26,069 | 1,276 | 228,543 | 11,325 -
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=9k AIS 7I5E A} BeARE E8olo] F52 dTHE APt &5
E= APgE dEAE AR It 7| EA e FEE 25 AgACl A
&sto] g g4 wiEFe AR &, AEoly S5 3¢ AT,
FET 3227, AT 1-29A & B SRS "Hold AEAE
< Htgste] s EjmdolA A2leke kel diside ddxEs) By
2o HTHE H8ste] HAgedtt A VIRl A wiede 52 A
o H A YIS ARleta oA FE0] Ao 28510 A
ARttt Eeh, sk ARSSke AY HEE AEthl F52E H8519
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ZRUES] BAU /99 &4 wigds A4

2. o Ko mE HEY Y R 1Y

3 A8 Q= MIPCC
2006 guidelines °ll 3 ‘Chapter 3: Mobile Combustion' 9] B|%=

2 5(Off-road Transportation) $41& Falskc}. o] AFE+= IPC
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IPCC 7tol=eiRla} pAke ¥HS H&akal glom, gt 4
7HE 5 Sle ATt HlolEE &8 A2 diskal 9
= 2578w ARARg] tiet SAHoTE SEt

& AEshs Aol shrgsitha st g,

38) 7|S 510 2Het M5 7 HOIX|(IPCC: Intergovernmental Panel on Climate Change)
39) IPCC =7t 2M7IA HiE S=2(QIHIER]) 2006 X|Z! 2019 JHMETA(2019 Refinement: 2019
Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories)
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H 3-7) IPCC 2006 guidelines®| EtA H{EZ ARIHEAl
e A B2

E = emissions (kg)
Fuel; = fuel consumed (as represented by

Tier 1 E =Y (Fuel;* EF)) fuel sold) (TJ)
J EF; = emission factor (kg/TJ)
j = fuel type

E = emissions (kg)

Fueli; = fuel consumed (as represented by
fuel sold) (TJ)

EF;; = emission factor (kg/TJ)

i = vehicle/equipment type

j = fuel type

Tier 2 E = Y (Fuel,;* EF;)

E = emission in kg.

N; = source population

Hij = annual hours of use of vehicle i (h)

P; = average rated power of vehicle i (kW)
Tier3 B = Z(]VU*}[U* Pij* LE‘;‘* EE; LF; = typical load factor of vehicle i (fraction

ij between 0 and 1)
EF;; = average emission factor for use of fuel
j in vehicle i (kg/kWh)
i = off-road vehicle type
j = fuel type

AI&: IPCC(2006), p. 3.33-3.35.

FRto] sheiApu| 9] whas HiET A ARIE ATEE, SHIE T
(20192)40), =27 75+A(2019b)4D), SF44AHE(2018)42) 5= Tier 3
w29 g4 BHEBottom-up Approach)& &-83I3len, AF=x
AL 28 55 &9 ElolHE SASI o, @A Sdiolls st

[e]
of AuIAL FHHOE AT WEF AV WAL Y Agolm,

i
uf

T — =
SIS o R &g 7hsSl HiEAlet Grlof HEeEH= FYUHE &
¥ A27} FAste], drie] Aol o) dgdTol Bee WaA
22 2235190k SHSAIY(REA)IA A4, 8= &8 Zo] ue} A
40) 2E&AISH(2019a)
41) SEHESH(20190)

42) HAAHR(20

=

8)
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=

AE QAEAE wiE&A 57t dEA e, <l
7183 (EPA) DA A SHIAHE H

ATHCE 3-8) € (F 3-9) ZX). wehA] B ZojlA 3ol e4 v
Aol 71EA 02 20224 7|E2o R 10d¥7F A= dhuke] Hi(gu|y)
£ giAjog A Axd AH] $5 9 g, AR AR
A7 D AR A 2T 59 glolEE &-gstth T 1 9 FufjoflA] ZetE
HolEl7} Qi o1, viEAes APATFoA 283t 39 ArE FAL
o At ujAste] -85kt st

ArE AHEY, AHoHe] 4 A 7MeA ' 8 ARV ¢
H=o] Tier 38 28T = AUg Aoz IUHY, A7 AHle 7FeARE
B =Y FE g4l gule] & wReh A7) ARl tie
Tier 2 Ao 2 &S ST & A4 S5 Ut 5 Wisds +

o
3
re
)
N
o

CEE L
-

N
)’
aft
] [‘E
KU
oL
_~
.
9,
2
ST
N
=
ox
e
19,
>,
<m
A
o

2Jsker] 100% 31 et FYSAo T Wersp] ofzie ol Uk
T A0 R ZIoluiet go] 44, ofs, WF BTAY S| P
A o7k A o, SlApt A4 BHE B FRES A

Tao= ©o = v

NN

.

43) EEA(2017), p. 38-39.
44) EPA(2009), p. 4-7-4-8.
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XH|

o

O

=
Car loader
Chassis rotator
Compressor
Crane

Empty container
handler

Excavator
Forklift
Gantry crane
Generator
Light tower
Manlift
Nonroad vehicle
Rail pusher
Reach stacker
Roller
Side Handler
Skid Steer Loader

Specialized bulk
handler

Sweeper
Top handler
Tractor
Welder
Yard tractor

206

"
15
5

X 013 22 Y012 (O TAE BRYUY

At2: EPA(2009), p. 4-7-4-8.

70

IHE.

o
71SAIZHhr)

500
1,102
607
534

1,864

1,909
1,029
2,641
692
57
273
659
962
2,810
297
1,228
679

1,001

644
1,955
553
155
1,861

4

5k2(%)
0.51
0.51

0.51
0.43

0.59

0.57
0.3
0.43
0.59
0.51
0.3
0.65
0.51
0.3
0.51
0.59
0.55

0.59

0.68
0.59
0.57
0.51
0.65




A
o=}
f}
oy
1
]
=]
nx
oz

H 3-9) ZRAIE HH|of that 28 B (Co) HiEAHIS~(g/kWh)
ATI=ZH (kW) Az HiEAS  AXIEH(KW) il U=+~
(1981 7.00 Stage Il 2.20
o8 1981-1990 6.00 Stage Il A 2.20
1991-Stage | 5.00 56=P(75 Stagelll B 2.20
Stage V 4.80 Stage IV 2.20
(1981 7.00 Stage V 2.20
1981-1990 6.00 {1981 5.00
8=P(19
1991-Stage | 5.00 1981-1990 4.30
Stage V 3.96 1991-Stage | 3.50
{1981 6.50 Stage | 1.50
1981-1990 5.50 75=P{130 | Stage Il 1.50
1991-Stage | 4.50 Stage Il A 1.50
19=P(37
Stage Il 2.20 Stage Il B 1.50
Stage IlIA 2.20 Stage IV 1.50
Stage V 2.20 Stage V 1.50
(1981 6.00 (1981 2.50
1981-1990 5.30 1981-1990 2.50
1991-Stage | 450 1991-Stage | 2.50
37=P{56 |Stage Il 2.20 Stage | 1.50
Stage lll A 2.20 130=P(560 | Stage Il 1.50
Stage Il B 2.20 Stage IIl A 1.50
Stage V 2.20 Stage Il B 1.50
{1981 6.00 Stage IV 1.50
1981-1990 5.30 Stage V 1.50
56=<P(75
1991-Stage | 4.50 P>560 Stage V 1.50
Stage | 2.20 ///

Z: 2ESAISH(2019a)0f] ME2H, Stage I~le= 1996~2006, Stage |ll= 2007~2014, Stage
IVE 2015~20184, Stage V= 20194 0|F = AH|Z W51 US
Xt2: EEA2017), pp. 38-39.
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A AF2E v g oyt viRgely R FEste] IPCC 7tel=
ghRlo]l w2t Tier 3 WA 02 A AH|0] g HiETE APdsiglth. &
BERARE 2012950 SHENY, B2 e S AERE A
o, INGe= Fitg 45 Zgold gujdd gtsf 201737 of= Ed
El9] 7jZ2gio] o]RolF7] wjio] 2017d%H +HE AR HlEgoR
HETS sl A A2 o A 3-11 Zer, wieAes
EEA(2017), #3H&-& EPAQ2009)5 ZaLstqich. gH]|o A4l AgA+
o] Bat A4le METAL 7PYstR e, HAZ SR Stage [ E= 110 £

S} 9lo, 1% WiEA4S A8star.

E= E (N, *H*P*LFEF;) * 10° . (4] 3-1]

E=EtA HH"EF(ton)

Nij = S|t

Hij = &t| i o A7t 715 AIZHh)

Pij = [ i 2 Z=(kW)

LFij = ZH| i o] E5t2(0~1 AL0|g))

EFij = ¢1= j Off CHet & i 2f BiEAI=~(g/kWh)

= 9
j= iz 93

Aol A FA7HA] ALt 2F Arle] &=E wiEAs= ©4(Co)
of *HF = O‘O‘ﬂ & AFoIA AFstaLAt she 2A7RAR
(CO)Y HiEATE ©29 HigAlrol ol talets HeA
+olo] *}%ﬁ‘}“‘:} ﬂrﬂ AR ATFolA Tier 35 283t
&g AT AEle d7129ed F shtz ©2(CO)
< TR @A7HA] Tier 3& #-8sto] w9 4
i e AR Al fleH, ole 7H‘?:I$l wiEAs7

ot o RS 9(2020)0= AYATE Soto] Aut

I e
ro o,
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£
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A BEFS AFYol7] Yall Corbett, Hwang, & Winebrake(2009) ¥
Chang, Song, & Roh(2013)3} Zo] ghi-oJiksletd HetA4=Rl 44/12
£ &8si9lon, B A% o] AEstt

¢

gtH, F5olsH 4|9 293 7R AIRE AR FARE 4P
At 77 AREFOl Tier 2 WA A-83te] ©4a HH%O

At 18kl 719 LNG= Tier 35 #8371 913 3241219
A7t FAsIH, £ Aol wiAste] LNGeF 17] AMFE wtefst]
ojf¥ AZ 1ot Tier 1 WA E85tAH. Tier 1 ¥ Tier 28 4
7l e =7k diEAs7E 2ash] qigel, ole TouAH
P2, & =7 2AVA HieT SEREAILFE) o PAIE HiEA

4,
S APRAS TEIGOm, SAS (E 3-1003 2.

4

[

24}
A

A

- O

o3
=
1o

ol
—_

fijo

EBIECER

==

>y
olr

(H 3-10) 2 HiS2E O] MaEA IS AYHA
= YA =dg  HiEAS

OH | 8%'7|'¢ HH%%F(tCOQ eq)

oz | = Z[AA BMAZAZ(1) x ZLBZMI/ () x Hf 35.2 74,100
> %ﬁl—’#—(kgGHG(COZ/CH4/N20)/TJ) x 10-9 x X7t MJ/L | (kgGHG/TJ)
7|7_(‘|| 8A|7 A HH F(tC02 eq)
oz = ZUIM SMOIRAIBNMS EE ko) x gy | 494 | 56,100

(LNG) (MJ/Nm3 = kg) x HH§71|—|—(kgGHG (CO. MJ/kg | (kgGHG/TJ)
/CH4/N20)/TJ) x 10-9 x X|F2HtX|4]
247IA HIEZHICO, eq)

| = Z[HHAZZHMWh) x HiIEA(tGHG(CO.
/CH4/N20)/ MWh) x X|72Ht5K|4]
Xf: 27 2ATIA HIEY SEEAIA(ZMY: 2022.8.25); RS 24TLA 0|LX| SHR2] 2
o SOf 25t K|E [HE 4] HIEIOR KX} TRk

0.4567
(tGHG/MWh)

46) It A7tA IS EFEAIAR(AMA: 2022.8.25)
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Abl 1570 EmldelA 20214 71 gk 184 6,855E9] ShiH|Zo]
gyom, A 1097 g vjE

o
N
B
(™
<
S
rlr
iy
o
:‘u:
an
RIS
o
w
(o)
B35
S o
KL
2, oN
=
;;;3
e
JZi;;
)
B
Z o

Aol 10¥ B+ 1TEU & 22 21.523kg, 7.476kgS Hi&3to] Bl A
E2 FAE Bt (& 3-14)%} Zo] Hizdgo|v L KA} LAkl
1E& Aokt 47 0.781kg, 0.944kge] ¥iEES & 4 Ut &9F
&g Axo] wet Fo] WAsHA] g=tt.

H 3-11) ZH|0|L Q| TH| Bt HHEZHCO.)

Az Eaei Sk Ol 82% Pty -5
2012 529.6 87,552.2 3,064.4 4,5683.2 207.5
2013 386.6 94,178.8 3,5629.8 4,725.4 209.5
2014 350.8 96,237.0 3,695.2 4,968.3 235.0
2015 390.1 100,810.0 3,635.2 5019.4 253.4
2016 426.2 109,158.6 3,771.4 5,350.9 294.4
2017 451.3 140,344.1 3,58b5.6 5,616.5 360.7
2018 535.1 168,336.8 3,912.2 5,653.9 445.9
2019 613.4 169,342.6 5,437.5 4,663.9 414.7
2020 636.3 169,810.0 3,610.2 4,916.9 414.0
2021 551.2 186,855.5 3,876.4 4,809.6 497.0

Z: ZARE 3470 X2 3 1570 ZIEIO| Ef0[LS CHAIOR APHIGH O|ABIENA HEZ
Rz M A
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AT
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021

FZAE 3470 Atz B 1971 HIZH 0| RE5 o= At

X2 MR 2

ol
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
B

H 3-12) HIZH|0[H42| Tx| E

SLAFSH

4,273.8
4,446.0
4,863.9
4,697.8
4,832.3

(& 3-13) ZIE|0|42] Thef BtA

Eas
13.979
31.800
23.116
26.759
20.991
14.426
14.683
20.727
22.216
26.536
21.523

=23y

2.2
127.4
168.0
191.5
160.2
138.9
136.4

7.476

Ak

860.7
824.6
1,884.7
4,229.2
3,401.9
3,672.9

s | o] 75}
+ By

4.481
4.688
4.792
4.971
4.375
4.061
4.410
6.667
4.908
4.682
4.804

A
od
,E
oy
1
]
=]
nx
oz
o
@

O|x{&} | IEH.CEX|S}
—_L—O

2 HiIEE(tCO.)
2Ate

572.7 14258
1,384.2 14536
1,3025  1,329.0
13180  1,617.0
1,152.7  1,713.2

983.6  1,487.6

9146 14673
1,021.4  2.376.0
1,016.1  2,072.9
1,067.9  2,260.2

oz
o

FOJMBEA HIEEY

HiZ2(kgCO. /TEU)
OIFE e T
6.091 1.052
5.492 0.931
5.030 0.995
4.824 1.040
4.146 1.128
3.212 1.271
3.256 1.342
2.724 1.292
2.660 1.278
2.577 1.305
4.001 1.163

10,171.9
10,648.2
11,625.5
11,389.8
11,354.6
11,529.4
11,609.8
12,097.2

]
6.699
10.081
8.199
8.916
7.651
5.965
6.204
7.815
7.756
8.649
7.793

= ZAE 3470 A= & 1571 ZHIO|H HOIZS WYz ZAE S0 sl 7| L-Yet iE2s 2y

INEEHPSVN RSS!
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(B 3-14) HIZEI0|L12] £Q] EtA HiE2H(kgCO. /E)

GE | PMY By BAY SM3 OFY BY-oIy o

2012 - - - 0.146 0.431 0.254| 0.277
2013 - - - 0.211 0.418 0.259| 0.296
2014 - - - 0.200 0.424 0.265| 0.296
2015 - 0.011 - 0.172 0.458 0.263| 0.226
2016 - 0.011 1.127 0.192 0.451 0.265 0.409
2017 1.198 0.010 0.952 0.165 0.447 0.248| 0.503

2018 0.686 0.013 0.615 0.192 0.539 0.253| 0.383
2019 0.721 0.012 1.192 0.219 0.147 0.256| 0.425
2020 0.650 0.010 0.758 0.218 0.148 0.262| 0.341
2021 0.651 0.011 1.021 0.209 0.145 0.272 0.385
Fous 0.781 0.011 0.944 0.192 0.361 0.260| 0.354

D A 340 Atz F 1974 HIZAH|0|H E5E Y2 A SS0 ol 7| L8t tiEgs Uy
RPN RSS!

Ralh

=
o1 Qiet. opet Qg kel A4, ST Hh

E7°] =7 UetdS € & Sled, €8 EdaId], FALHA

AYATE B30 LD vieFje/TEU B
At tfFEE] AYPAf= 57 2 A7) AR
FS 4 o HiEASTE Foto] APget A7t diF=old, o] 3¢ AA
£ 2.2kg/TEU°IA BAl= 30.37kg/TEU 202 njo}siqirtd0) 2 A
TolA AAE ZAEolY Ende] wiEwk2 Bt 7.8kg/TEUR APA+

46) LHEX MHATO1 Julian, Barbara, & Jose(2019), Muhammad, Muhammad, & Simon(2019),
27K 21(2021), Muhammad et al(2021)S ChAOZ TiotE 4=X[0|Ct,
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g e Solth B AT die] AWATY A9 A4 A/ L 4%
A}g=Fo] obd 47, Frtulet whEAL7} Aolat
A 9149) 8 Bu)d 250 Fo] thzy] tEe] At Aol g Kol

S al
At ESF APALoA= Tier 35 83 o ASHErA BiE3FS 4ot
A7 BAR A e o, HPATe) AhEel $AS MY vwes
H= SHA7E A Ao=2 oAsit
(B 3-15) ZAE|0|L{2| P12 Tt EtA HiE2H(kgCO. /TEU)
ZAHS SRS} o4 QIME  mEH- XIS
=
TE o= x| ING 9= M| 92 M| 9= M| 9= | M|
2012 | 5.93 | 8.05 - 017 | 7.72 1 012 436 | 3.86 | 224  0.15 | 0.90
2013 | 8.21 12359 - 013 1 736 | 011 457 332|217 013 0.80
2014 | 4.21 118.91 - 0.14 1 6.93 012 468292211 0.14  0.85
2015 5.71 |121.056 - 0.18 1 6.81 1 0121485279 203 0.13 0.9

2016 | 5.57 1542 030 0.16 7.16 | 0.12 | 426 2.44 1 1.70 | 0.13 | 1.00
20171448 994 037 015 634 013 393|176 145 0.14|1.13
2018 | 4.42 10.26 0.63 | 0.14 6.56  0.17 | 424 1.77 1 148 0.14 | 1.20

o | LI | MIEINS o commstn)
Mo Simon(2019)
v iy | Dicow e M som o
(Ti%;i%j) 1158 1127 O B 2 03 2784 | 22
47) HEXOZ A& MeiTl= (iR 20| titte DY = BESIE SIS Sl tiE52S FEOINUC,

48) 0E £0{, Muhammad, Muhammad, & Simon(2019)= 21=U|A|O Hatetete| BICTE o=
HiEdS FESIVL, 070 ABE 7| tiEAs ATUAOL =7F IR HiEASL
0.832kg/kWhE Mg, 2e|Liat M7| DRH1EA 4= 0.4567t/MWh(kg/kWhZ BHtolH 52)S
MLt ES Julian, Barbara, & Jose(2011)= 0.3355 ALESIRALH.

49) Julian, Barbara, & Jose(2019)2] HiEZF AP0 = 7| LiH| &2 7|Qlok= BIEZ0] 2.5HH O 4
=2 LIEILL QU= 0l= R5718t2] RTG MHIE AMEdt 7| WE( RTG7t REHIEZS] 63%
O[&2 AFX|), T7| A2 SHA| SIHAEH| 8 OfL]2t BO|'E =, AFRA!, 2| THZHE|0|L A[A0]| CHEH ALS
TR Z2f5t= & Hel7t A0lsH | E0|C.

50) Duin & Geerlings 21(2011)2 ZHZE5t0| 97| HO|LS A 2 OASIEMA HiE2Eo| TS
FHoton, Hilg &4, 12 S0l M2} AYst X0|7t JUSS =E5IAL
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e MY it oYY oMy | ey
s
S5 W ING 88 W 88 W 88 M| 83 M

2019 | 4.95 1578 0.88 0.12 6.66 | 0.15  6.52 | 1.18 | 1.55 0.13 | 1.16
2020 471 1751 093 | 0.11 | 6.68 0.13 477 142 124|013 1.15
2021579 2074 0.95 | 0.11 | 7.08 ' 0.14 455 130 1.28|0.13]| 1.18
¥+ 540 1613 041 014 6.93 013 467 228 173 0.14 | 1.03

2 ZAME 3470 X2 3 157) Z10|L] E{1|LS CHAIO 2 FALE SS20M T3 7| APSH SRS Hil
X2 M R

s 23 ik el M EE-FY
= BRI /R W KF I /R W |F W |F I
2012 0000 0.146 | 0008 | 0428 | 0.008 | 0.246
2013 0108 0.103 | 0003 | 0415|0011 | 0.248
2014 0106 0.04 0008 1 0421|0010 | 0.24
2015 0008 | 0.003 0036 0087 0008 045 0011|0252
2016 0009 0001 0531 05% 0082 0110 002 0449 0012 | 0254

2017 | 0064 | 1.144 1 0008 | 0002 | 0426 | 0526 | 0.054 0110 0003 0445 0011 | 0.237
2018 | 0032 | 0654 0009 | 0004 0463 1 0152 0057 013 0003 05%6 0011 0243
2019 | 0025 | 06%6 | 0.009 | 0003 | 03150878 | 0.089 0130 0008 0139 0010 | 0.247
2020 | 0022 | 0629 0008|0002 0118 0640 0077 0141 0008 0140 0009 0253
2021 0019 | 0632 | 0.008 | 0003 | 0214 1 0807 | 0.082 0127 0007 0138 0010 0262
HH 0030 0751 008 0003 0344 0600 0074 0118 0004 0367 0010|0249

= ZAE 34 A= E 1971 HIZIE0|H BFE Yz ZAE 250 sl 7| -8t HEEs 2
A= KR ARY

B2E RO BT B WEFS o] ) B3 pRE TR
& vt Aok Wefoltish go] ML T AP BB Az
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SR, QNI ORARE Sod sl 4% U sheao] o]
It THEE EHERS SRR Tt UUelE 1ok A
Se} glong Pah Ei oEA(AH Y 39 X3 EFOR Ust)
Foke Zo] virAstoh Besllt AR 2AE 20E uind,
=, Mg, AA, AHeIUE A HEEe] Broll oXstE
U, BT, BA, F2 5 DA B Hejsty gon, 32 5
1 TR Gk £ R ARY AL WEE il
ERoE S5 20EES A olgt webd Wit SO B
o} QSIS AEeA g o)

G 3-17) D G 3-18)7} o] Adoly 9 F2g Helohe 357}
B} B2 ofu] 9919 BEage] %A UEhIT gtk ol B Eo| w3
QFzolut Aol Huldo] A4 H7|2 FEEE AH|E ol Bysti
9lof A7) Mgl 7] uhFolch. EE TheETe ® thE 4L
Aelolo] A9 T ] 0] Theg whEero] AX gt WA
A7) B ING 59 54U o] 8% Au]2 o] APl et 55
oA ek T WiEeo] 25l Hlalstel A Solub op]
Hole 243k,

Lozil-uogmlméﬁ

Hu, YA, G 59 MBS B BF o] 45 A8 It wE
%S wlnlshA Lheha gl ol thio] shelAult A7)z 75
L 971 B, Aol J2e S5t oo} So wis Bt L 2]
A7) of5se Tt mRAA tiolek Taict B3] Au, A
59| Fesl2e BEao] e ot H8 Wot EY wj&wo] A
WA E29E Aog Hel

51) 8= & FR(AHMFER) & MSRHE FRES| 20 2oL, XMz-F0] 0|R01X|X] 2ot i
S LESH| 012 EA0IM HIASHRAL.
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Hhd, 2oy B felo] 77 AR I3 A oR Ha wiEs

o] £t} ol $RE FHUOR S gu] AFLeo] &7] YEolH, 3]
AE e REL B Srdiu] d7]0] ofFt W&ol A7) ujEo]
gEE §5 AL o)A WS BAold). T, Aoy o & E&

1=}
oA A, AR 2 S4o] elsx ik

(B 3-17) Had 2= ©9| HIE2H(1)

oz Z18|0|L4(kgCO. /TEV) Y=(kgCO. /E)
LNG R 7| RE H71

2012 - 0.398 7.115 0.032 1.025
2013 - 0.330 6.814 0.030 1.054
2014 - 0.315 6.432 0.024 1.081
2015 - 0.348 6.343 0.023 1.125
2016 0.259 0.337 6.501 0.021 1.101
2017 0.323 0.274 5.823 0.040 1.108
2018 0.551 0.261 6.057 0.040 1.105
2019 0.780 0.203 6.246 0.026 1.143
2020 0.819 0.218 6.157 0.025 1.113
2021 0.838 0.200 6.510 0.023 1.089
B 0.357 0.288 6.400 0.029 1.094

NSRS RSS!

H3-18) OnE 5S¢ P HEZQ)

oz Ct=H(kgCO. /E) TelkgCO./E)  MEL EHEY S(kgCO./F)
/E T /E | /E |
2012 0.001 0.305 0.023 0.146 0.001 0.215
2013 0.001 0.330 0.096 0.107 0.001 0.211
2014 0.001 0.336 0.096 0.113 0.001 0.210
2015 0.001 0.337 0.087 0.105 0.001 0.212
2016 0.127 0.418 0.086 0.124 0.003 0.161
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. CH= X (kgCO. /E) E3HkgCO., /E) ME 22M S(kgCO. /)
/5 7| 25 7| /5 7|
2017 0.123 0.421 0.055 0.109 0.004 0.144
2018 0.293 0.269 0.048 0.106 0.004 0.151
2019 0.266 0.518 0.033 0.075 0.004 0.154
2020 0.099 0.328 0.031 0.082 0.003 0.153
2021 0.160 0.446 0.034 0.080 0.003 0.154
I 0.107 0.371 0.059 0.105 0.003 0.176
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H 3-19) HiE MUS st 23 HESX|(M= 7|&
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2020 2025 2030 2040 = 2050
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H 3-20) ZiH|0|L] OJttatEtA BES HMY(CO.)

I|E

Su (@) 71 wF LNG A
2020 = 2030 & 2040 2050 2030 2040 2050 2030 @ 2040 & 2050 @ 2030 | 2040 | 2050
SARE 1153,750 | 192,363 | 237,249 292,609 | 8,656 10,676 13,167 10,730 13,234 16,322 211,749 261,159 322,099
oIt 23,048 27,814 35,072 44,223 1,262/ 1,578 1,990 1,551 1,956 2,467 30,617 38,606| 48,680
44 15,208 | 18,828 22,948 27,970 847 1,033 1,259 1,060 1,280 1,560 20,726 25,261 30,788
He-GIRISE | 5,684 6,904 8,679 10,910 311 391 491 385 484 609 7,600 9,554| 12,010
S 3,774 4,340 5262 6,379 195 237 287 242 293 356 4,778 5,792| 7,021
maket 765 961 1,183 1,457 43 53 66 54 66 81 1,058 1,303| 1,604
CHatet 849 851 1,085 1,258 38 47 57 47 58 70 937 1,139 1,385
SRy 4 8 10 12 0 0 1 0 1 1 9 " 13
ol 528 562 575 581 588 26 26 26 32 32 33 633 640 647
I8t | 1,478 1,617 1,849 2,042 73 83 92 90 103 114 1,780 2,035 2,248
= 205,013 254,260 313,867 | 387,448 11,442 14,124 17,435 14,183 17,508 21,612 279,885 345,499 426,496
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2 AolAs Adutoll oJsf WA=l Hi7I7tA HiEE ARSIk
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[e]

(O3 3-10) Y8 F9LE ZH0|HM HeABE Hlu

\ Py B ooy
7 A b 3
L = : ‘ 3 3 it
3 - , .| R o R

Atz MAF AR

(B 3-29) 2 Y0 7AH0|HM HEARY U O[MSIEA HEF
(9] )
AgADEf O AtSEA HIZE AL

41
HI

2019 2020 2021 2019 2020 2021 U

kst 155,979.3 | 178,710.6 1 187,193.7 | 494,428.0  566,482.3 593,372.2| 9.55%
OIat 13,728.6| 15,196.2 14,364.0| 43,5175 48169.4 45531.4| 2.29%
kst 13,543.6| 27,7379 24221.3| 42,930.8| 87,9244 76,777.3| 33.73%
HEN-SIXNISE | 2,340.7 1 3,177.0) 36027 74196 10,070.6  11,420.0 24.06%
S4-0|IEek | 6556.7 ) 156433 63237 20,7836 49,586.6 20,045.1 -1.79%
Lakst 232.6 188.9 721.8 737.2 5989 22879 76.16%
CHARSH 8787 11,1653 7871 27854 36938 249.0| -5.36%
S3-35% - - - - - - -
=5t 12741 2,628.9 125.1 4038| 8333.0 39%6.7| -0.88%

(2) ¢33

o]
7 w2 H3 A 71Q vi7|7EAE BiESHL Qe AoE RAME QL th
So07E W g AT, EIY]} <ol 2
H 0.7% & tiv] 2021 34 o4 FUkoto] 2.4%F & HiEdt o=
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(el &)

AZ AP O|ASHErA HiEEF oAmn

2019 | 2020 | 2021 2019 2020 2021 @ BtE
HAKSH 1922.8 | 40220 36209 60950  12749.2 11,477.7 37.23%
& | 65657 6,668.1 6,390.1 20,8122 21,1366 20,2554 -1.35%
oorst | 10,0485 10,393.1 11,8255 31,852.0 32,9443 374847 | 8.48%

el SIXISH | 6,800.5 | 6,600.4 | 6,738.7 | 21,656.4 | 20,922.1 | 21,360.5 | -0.46%
40|23k | 5129.1 | 6,689.1 | 59274 16,2583 | 21,203.4 | 18,788.9 | 7.50%

Lakst 21253 | 1,9463 | 7,712.2 | 6,736.9 | 6,166.3 24,4463 | 90.49%
CHALSE 103.7 115.2 293.7 328.7 365.2 931.0 | 68.30%
Sofl-53% | 3,670.2  4,525.7 | 4,957.0 11,634.0 14,3457 | 15,7129 | 16.22%
SISt 629.5 570.2 488.1 1,995.3 | 1,807.5 | 1,647.1 | -11.94%
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(R
g CEPE, OAFBIELA HHER oz
o 2019 2020 2021 2019 2020 2021 &7tg
Nl 13,074.4 | 16,4754 | 15,160.6 | 41,4435 | 52,2243 | 48,056.4 | 7.68%
OIXSt 12,4829 | 12,023.0 = 8,696.8 | 39,568.6 | 38,111.0 | 27,567.3 | -16.53%
aefst 25,758.1 | 25,129.0 | 26,455.6 @ 81,6488 | 79,654.6 | 83,859.8 | 1.34%
™ER-SRISH | 32619 | 52509 | 6,457.6 | 10,339.8 | 16,644.6 @ 20,469.6 | 40.70%
SAH-0|2SF | 94,094.1 1 101,759.8 1 99,894.4 | 298,262.4 | 322,561.3 | 316,648.4 | 3.04%
ILSI5E 117.3 137.7 693.8 372.0 436.5 2,199.1 |1 143.15%
CHATSE 19,734.7 |« 25,4829 | 29,887.2  62,555.6 | 80,776.5 | 94,737.4 | 23.06%

s8f-258 | 1136 | 1361 | 1222 3601 | 4281 | 3875 | 3.73%
%55@ 135564 = 3601.8 @ 36549 429714 11,4169 11,5853 | -48.08%

£ 7124 ol TAIG B AYAE, 2050L%7/}X1L —ﬂﬂllﬂ L‘&'
7} glom & 2030WRE 2

o} (E 3-34)9} Zo] 7|&ALE 2020¢0]H, o]E 7]¥ko g 20259,
20304, 20404, 205099 25T S7H< W&ol &) A=d o4t
SlElA HjESRS 2A5F9T)

—i
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ro

ol
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ol

rol

H3-32) FL dUE SSY S

A o5

__I.L

= ==
2020 2025 = 2030 @ 2040 | 2050

ZAEO|H(M TEU) 21,824 26,286 30,057 37,070 45,720

Abst HIAME) 12,944 40,021 14,030 14,367| 14,712
FREEE 7,703 7,128 7,084  7,022| 6,961

HAHOIH(M TEU) 3,272 3,788 4346 5480 6,910

bkl HI(ME) 53,008 59,328 59,447 54,718| 50,365
QRHE) 51,139 55646 56,677 64,279 72,901

AHOIH(FE TEU) 2159 2612 2942 3586 4,370

Qrst HIAME) 102,838 121,060 122,080 127,319 132,783
FRHE) 136,488 154,183 160,785 176,545 193,850
ZAE|O[L4(H TEV) 793 943 1,079 1356 1,705

YrIE HIAME) 68,871 77,090 80,531 85308 90,368

RREEE) 26,473 36,986 37,218 46,164| 57,260

ZEIO|H (M TEV) 536 612 678 822 997

0|2y HIH E) 28,947 31,903 32,405 33,025 33,657
RREEE) 152,368 200,157 225,425 263,793 | 308,691

ZAEIO|L(H TEV) 109 134 150 185 228

a5 HI(H E) 56,451 61,886 64,577 68,380 72,407
REHEE) 294 262 259 253 247

ZAH|0|H(H TEV) 121 120 133 162 197

N HIAM E) 12,342 14,523 10,099 10,121| 10,143
{REEE) 70,813 79,307 86,960 102,089 119,850

ZAEH|0|LH(™ TEU) 1 1 1 2 2

i-S53 HI(H &) 30,082 38,603 41,147 42,111 43,098
RREE) 927 949 977 1,030/ 1,086

ZAE|0|H(H TEV) 78 89 20 91 92

=anacl HI(H E) 21,108 22,798 23,103 22,930 22,758
RRHEE) 1,328 1,249 1,233 1,206/ 1,180

FEBHQUA AN ERY(2021)S HIEFO 2 KA} RHEHY
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(1) ZiEoj4M

Aol BETS 205000 20204 TH] ok 28 5:20] F A
2 )T glon, olkEeta W& T3t ] 2718 Ao Reld,
SaRIT, 20509 HAare] ol4ks

o
T =
4 WSS 1007t E0] H& o= Aistal 9lom, ?lfd%ﬁ BIEY
1=
-

O O

(B 3-33) 2 &THE ZAE| 0|4 O|LtatEtA BEE MY

o o

(9 5)
I|E O|AFSErA HiESEF Mt
?_I:I
2020 2025 2030 2040 2050
st 566,482.3 679,778.8 781,745.6 963,019.9 | 1,183,948.1
e (1.00) (1.2) (1.38) (1.7) (2.09)
- 48,169.4 = 558765 @ 64,0653 = 80,9245 @ 101,637.4
cee (1.00) (1.16) (1.33) (1.68) 2.11)
morst 87,9244 | 106,388.5 119,577.1 1459544 @ 177,607.2
e (1.00) (1.21) (1.36) (1.66) (2.02)
., 100706 = 11,9841  13,696.1 = 17,220.8 | 21,651.9
HEH . CtX| S} ’ ’ ’ s ,
ST o) (1.19) (1.36) (1.71) (2.15)
oaroms 495866 | 565287 | 629749 758674 | 92.231.0
=TS (1.00) (1.14) (1.27) (1.53) (1.86)
- 598.9 736.6 826.4 1,018 1,257.6
i (1.00) (1.23) (1.39) (1.7) 2.1)
At 3,693.8 3,656.8 4,063.1 4,949.6 6,020.8
o (1.00) (0.99) (1.1) (1.34) (1.63)
=525 -
—_— 8,333.0 9,499.6 9,583 9,666.3 9,749.6
aES (1.00) (1.14) (1.15) (1.16) (1.17)
- 7748589 9244496 1,056,531.5 1,298,620.9  1,594,103.6
= (1.00) (1.19) (1.36) (1.68) (2.06)

R M R
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470 rer 30% WER B7H

(&9 5)
2 7= OASIERA HiZ2F MOy
= 2020 2025 2030 2040 2050
12,749.2 | 39,395.1 13,769.1 14,151.6 14,534.1
(1.00) (3.09) (1.08) (1.11) (1.14)
21,136.6 23,673 23,673 21,770.7 | 20,079.8
(1.00) (1.12) (1.12) (1.03) (0.95)
32,9443 | 388742 | 39,2037 | 40,850.9 | 42,498.1
(1.00) (1.18) (1.19) (1.24) (1.29)
20,922.1 23,432.8 = 24,4789 | 259434 | 27,408.0
(1.00) (1.12) (1.17) (1.24) (1.31)
21,203.4 | 23,3237 @ 23,7478 | 241719 | 24,5959
(1.00) (1.1 (1.12) (1.14) (1.16)
6,166.3 6,782.9 7,029.6 7.461.2 7,892.9
(1.00) (1.1 (1.14) (1.21) (1.28)
365.2 431.0 299.5 299.5 299.5
(1.00) (1.18) (0.82) (0.82) (0.82)
14,345.7 18,362.4 | 19,653.6 | 20,0839 | 20,514.3
(1.00) (1.28) (1.37) (1.4) (1.43)
1,807.5 1,952.1 1,970.2 1,970.2 1,952.1
(1.00) (1.08) (1.09) (1.09) (1.08)
131,640.3 | 176,227.2 | 153,825.4 @ 156,703.3 | 159,774.7
(1.00) (1.34) (1.17) (1.19) (1.21)
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FEA9] = 20204 71 60.29F EO| oABIEHAE HiEth= Ao
2 FAEAAL, 205000= 75% 7Koo 1009 £ 94 Ao=w A%
ofal ot Ut 7MY B BAES APt Y= AR
20509 28] S7Fsto] 654 B2 {4 AOo= dietal glow, e -yl
F ESE 28) o]4f SUISE 3.65F £9] o|4lgetAE HiET Ao R 43t
o} g2 BARY} 23e), E2g 52 20259 RE 24 44T Ao
2 Attt

(H 3-35) = S QXM O|AMSIErA HiEZF MY
(H9: E)
o I|&E O|AtSHEEA HiEE Mt
T 2020 2025 2030 2040 2050
o 52,2243 | 48568.6 | 48,0464 | 47,5241 47,001.9
ee (1.00) (0.93) (0.92) (0.91) (0.9)
- 38,111.0 = 41,540.9 | 42,3032 = 48,019.8 = 54,498.7

(1.00) (1.09) (1.11) (1.26) (1.43)

79,654.6 90,009.7 93,9924 | 102,754.4 | 113,109.5
(1.00) (1.13) (1.18) (1.29) (1.42)

16,644.6 23,302.4 23,468.8 28,961.6 35,952.3

ere (1.00) (1.4) (1.41) (1.74) (2.16)
oupojma  322561.3 | 4225654 | 477.390.8  558,031.1 = 6547995
= S (1.00) (1.31) (1.48) (1.73) (2.03)

s 436.5 388.4 384.1 375.4 366.6
i (1.00) (0.89) (0.88) (0.86) (0.84)
e 80,7765 = 90,469.7 = 99,355.1 | 116,318.2 | 136,512.3
=S (1.00) (1.12) (1.23) (1.44) (1.69)

4281 436.7 449.6 475.2 500.9

(1.00) (1.02) (1.05) (1.11) (1.17)

; 11,416.9 10,731.9 10,617.8 10,389.4 10,161.1
(1.00) (0.94) (0.93) (0.97) (0.89)

602,253.9 | 728,003.7 | 796,008.2 | 912,849.2 |1,052,902.8

A (1.00) (1.21) (1.32) (1.52) (1.75)

A= KRt ARY

106



0al
a
i)
rm
k-
=
M
oY
A
od
o
oy
g
J
=]
nx
oz
o
@

@) 42

Zeloldd, MM, 24 5 YoM BAT 3714 Aur 9 o4t
sfeka: wla%S QoksH The (E 3-36), (0¥ 3-13)9 Lk 8
o AoluMi F2HE WA BEFo] Z7Hlo] 20509 o|itshea

e
1

T3 217} 106%, 75% 27 E71 Ao AgE AL,

21% AEE vid A2 2718 Ao o) wetd, Aol

J2A9 oliistes HIES AEF 4 Uk 714 o] Bashd, g2
&

of AMP, A48} 59 AL 94 A §ooF T Ao HIlrh

2
E & oro

o} Teste] 20219 129 FHSH Mepabof 2050 B4FH ZE
9 o A= &gk 7191 #iE3Fo] 101.9%F Eo& S35kl glon o] &
uet Aol A AAE 3ot &t FHAE A o2 Aokt
2 ATe =8 AR ofy2t S} 97 @RkE A&l o= At
T B xekelal Q7] wiiEe] o it EEE

3-36) Met Q&H O|ASIEA HiSE M
(9 E)
o 7= O|AtalEtA HiEE Mt
- 2020 2025 2030 2040 2050
774,858.9 | 9244496 1,056,531.5 1,298,620.9 1,594,103.6
A0 A ’ : A A A
AEOIL (1.00) (1.19) (1.36) (1.68) (2.06)
- 131,640.3 | 176,227.2  153,825.4 = 156,703.3 = 159,774.7
=== (1.00) (1.34) (1.17) (1.19) (1.21)
- 602,253.9 = 728,003.7 @ 796,008.2 = 912,849.2 | 1,052,902.8
T

(1.00) (1.21) (1.32) (1.52) (1.75)
Rz XA 2
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(23 3-13) 7L At @ O|MBIELL HISZ HY 0|
(B9 &)
1,800,000.00
1,600,000.00 1,594,103.60
1,400,000.00 1,298,620.90
1,200,000.00 1056551,
1,000,000.00 924,449.60 1,052,902.80
800,000.00 774,858.30 912,849.20
796,008.20
600,000.00 728,003.70
602,253.90
400,000.00
200,000.00  131,640.30 176,227.20 153,825.40 156,703.30 155,774.70
0.00
2020 2025(p) 2030(p) 2040(p) 2050(p)
—— ZH|0[ {4 (4) EERIES! CESIC
Atz KA 2
4, Mx| 2o BiSE APd 2 MY At
G 2hda AMutof] ot viE AP 2 A AXE SRt W Rt
o] olibsieta: HiE TS (H 3-37), (X 3-38)3 Lt} A olikshea
HiEEo| A HtH o2 gt Aol 9F 20%, AEZ <F 80%E AFA|5HH,
GHAHE 7h50] o|FojAA] & A 5T S0 T S gt
ojAkgletA viEES 20201 9] oF 1.881<1 eF 370 E7HA] A S/
Aoz Hysict,
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A
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o
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(9] £)
== yaer 7|1& O Lo A HiSEF MY
2020 2030 2040 2050
. SOt xIel 205,013 279,885 345,499 426,496
oy A 780,437 1,064,137 | 1307970 | 1,605,580
&3t 985,450 1330,135 | 1638754 | 2,017,361
SOt xiel 135,784 152,335 155,452 158,657
W3 et 174,067 203,402 207,207 211,268
£ 309,851 355,737 362,659 369,925
SiOtEel 87,406 110,717 128,200 148,444
QF | My 657,116 868,521 996,005 1,148,817
Z3! 744,522 979,238 1124205 | 1,297,261
IO RIQ 428,203 542,937 629,152 733,598

e et 1,611,620 2,136,060 2,511,182 2,965,665
gt 2,039,823 2,678,997 3,140,333 3,699,262

=
F11) 23 S22 YU AYOCR Qo IEY F 2H 0|12t RFE FMeleh HiEY, MEr2 I MOl HEH
]

(22 &)

== ymer 7|1E O|AtSErA HiEE M
- 2020 2030 2040 2050
- SOHAY 205,013 265,998 330,784 411,781
OLM Mt 780,437 1,064,137 1,307,970 1,605,580
Z3t 985,450 1,330,135 1,638,754 2,017,361
SOt x| 135,784 152,335 155,452 158,657
H3 Mt 174,067 203,402 207,207 211,268
Z8t 309,851 355,737 362,659 369,925
Rl 87,406 110,717 128,200 148,444
RF | Myt 657,116 868,521 996,005 1,148,817
3 744,522 979,238 1,124,205 1,297,261
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71& O|AFSIEIA HjZ2F Xt

n%i HH7_<_'O_I_J2 —_ O -
= = 2020 2030 2040 2050
SIOHRY 428,203 529,050 614,436 718,882
=3 M8t 1611620 | 2136060 | 2511182 | 2,965,665
=3 | 2039823 @ 2665110 3125618 | 3.684.547
Z: 1) 83 B2O 510t MO QI3 HISY & ZIE|0|L{9t Q22 MBS, Mure H3M0| HiS
S Z3lst 212 ojnf3t
2) 2| A S1710] O|MBIEIA IS FUS 9Joh QA Aot IS ALt SIOHOTY 3101 9lo] 3t
olo| 22 HISS 125101 FH| SBI0| Mot HIE2S =610 Zatat

Rpz: XAt 2P

PR 20509 ©AFHS % 2AVMA SRR A g
S e ARE 7L LA7HA FEERNDC)R} YRR AT
FEER7} lek. SF LA7EA FEEE 201590 20309 BAU ]
37%E FHENA2M, 2021&011 AgRtol 9 dElo] 203049 40%, 2050
LHES O(net-zero)s SHZE Sttt E35| % FEL2 7]& 28.1%°1A
37.8%% W& BEHS /\]‘ﬁc}%}”\q—&),

20224 9% FYPAIRI} LTS A47} 71Tk IR
F4AS (20229~ 2026% ol A= 20304 BjoFL=AtE O} LATIA i

70%(201849 thH]) AZS EHE st} o] 201899 HiEEFQl °F 406
ok EojA oF 2807 B %%6}% Zoln, EF7HE HEO| eghAZSE
B3 B 1067t &, 4k-ojE B 88%t &, S F 195 & A

62) BARXMES(2021), p. 6, 8.
63) ChEHI=r HAE2|T(2022.9.15. (A Y: 2022.9.3.)
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gich Egh 202199 H3E MojAbRof 2050 ©AFH 259 7} of
AR ko] LATRA i ETFo| @hﬂ A| gko}, sS4 2030
2ATIA 5 BRE U H2o] 5YsHA 857 olHth wEkA
£ AtolA= PR grAHE AEEEE 20304= 2018 tiH]

2 20504 ©45HE, 2030937} 2050 2] BAU thy] A=
O QRS Poslo] 2040W9] AEEFE A JB‘}ME} W%XP—%}E% njd

o,
}'4_‘
)
o
N
N,
4
N F)‘
r
Fﬂi
_>|i
_\\L
o
o o
9
X,
_}L
N
=
m{N‘
o
i
N f
i

("9 &)
T= 2018* 2030 2040 2050

BAU HiZ2 HMU(a) 375,289 542,937 629,152 733,598
A - 48,024 54,886 63,219

2 - 494,913 574,266 670,378

4= =8 EtAZE

(2018 CHHJ) - 40% 72% (Net-zero)

BAU Cit| Z=&Hb) - 317,764 525,681 733,598
A - 28,107 45,859 63,219

1 - 289,657 479,822 670,378

Z HiEH (a-b) 375,289 225,173 103,471 0

1201839 HIEE2 20189 S5 (EI=olYp AL SP-QOISMEN(2019) p. 101.)aF 2AA A
T 74/H|7 Q| ERA HISZS MRSI0| ALY
A= KA 2
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(B9 &)

T2 2018* 2030 2040 2050

BAU HiZZf MU(a) 375,289 529,050 614,436 718,882
St - 46,796 53,602 61,951

2 - 482,254 560,834 656,930

2z =8 - 40% 73% HiSE

(Net-zero)

BAU Cit| Z=2H(b) - 303,877 511,379 718,882
A - 26,879 44,612 61,951

H - 276,998 466,768 656,930

= HIEH (a-b) 375,289 225,173 103,057 0

7 2018419 BISS 20184 SE(FRAUSAINLY HDLQUISMEN2019) p. 101.)2F A 41
B /874 T2 EkA BISS KRB0 A
|-§_ X-le- KFA‘I

Aero] ebalE ZEEREE IMO7F 20189 A3t A8t 2A7LA 7t
& QI 271 oA 205090l 20089 THH] AR FE 2ATEA
50% A5 ERE sttt &3 IMOE oUA&-EHAASEEDL:
Fnergy Efficient Design Index), °NHR|AE&X$(EEXI: Energy
Bfficiency Existing Ship Index)2} BEARYFEX4(CI: Carbon
Intensny Indicator) 59| 7|5 Yoo 2A7tA vjET} 3| oA

S AsH, E3] CIIZ 203049714 20089 o€ 40%, 20509
70%7HA A=37] AR BRE £HoI IMO= 59 F7|= 247k
B& RIA(GHG Study)E THEINL 2023W7H] 2714Ze 9T A
goj ZAVIA ASEH A AESHL ok @4 dnke, s 59
82 I7=0] 20509 U-ARE Fgokal Qlof, e AuF o] 247}
A4S Bt AE 7hsAd0l & AoE wddithod

ol

64) Z20|(2022), p. 20.
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BEE 3, 20309714 BEAH, HIH 2 AP
o} ASE 15% 94 BEE SUsAr. B9
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E=3%,[(TA;;— NA;; < FCS);) < 41.868

X CF, x EF,x OF, x44/12x10" %] 77 4 4-1)
E * CO2 BiE2(H & CO2)
TA £ GIZABY(HTOE)
NA . H|04 BAIRZHHTOE)
FCS ° EfAZRIE
41.868 * Joule-TOE K47 4(TJ/HTOE)
CF * MEi(ELEY/5LUEY)
EF * BiE Rt C/TV)
OF . MBS
44/12 o B 71F HEYS ORteEA 71EC 2 Hekkg CO2/kg C)
i LR

Az SETMASTEEME(2021a), p.14.

[

9 Yol A EEsks ot grlolA WAt 'AE Fg5H] Sl
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2 B Aol vl £ TYVHAAU2019a), FARHY}
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(F 4-12) YRHZ0F SATIA SHUATIE T AN HEH(202241 7I5)

co|: &
S Bt HHEE
2019 2020 2021 34 Hd
AEDNE 20,561 21,985 26,635 23,060
B HOlE 25,693 28,540 31,238 28,491
C HOlg 20,491 18,876 20,657 20,008
D HOIZ 50,450 50,233 53,446 51,376
EEHOIE 19,321 21,320 22,384 21,008
F FEAHLYN MY 71E2 8T HIE0| YR 71ZL2 62 E CO2-eq, MY 7|EL2= 12

58 & CO2-eq
INEHPSVN RSS!

Futiole] LA AERTAL THASUT IR, A0 AT4E 14
3ol we} KOEMelolasio} shA/gl, 7|24tz 479 3k o2 28] =
BRI HelsA ok ek

(2) ST20F 2A7IA BIEH N 0IEE

HEYA A17RN= 27t LA A T4 Prolagﬂ agA AL

2 98 39 A% MAUR@E WAYD)E AT 9ler, 1% sh
7} S AARA oI, ) LAkA uﬂﬁﬂﬂixﬂ&h FELEVER
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DEYES B 9 Awolet
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7= NS LS
HH & 724K 2ATIA ZARORI = =T 70| AL 256t
(ETS: Emission Trading Scheme) | HIEHE AIIE & UEE = M
SS0[HA| LR =7t 2A7IA A0l BXI2 QI8 4=
(JI: Joint Implementation) | &8 A=2 ZEE2E 21%st= M

SEHLAA 2= AL 27HS0] HICHA 2719] QAITIA ZEARIS
(CDVE Clean Development Mechanism) | S8 2FHEE LS AAMEHI=
A& United Nations(1998)& HIZ 2 KXt KjEHY
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B 4-14) FOH20} SATHA HISHEY HARIH 820224 71F)

e E
S EtA HYEE
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CEE 20,561 21,985 | 26,635 23,060
B Ef0|Z 25,693 28540 | 31,238 28,491
D Efolg 50,450 50233 | 53446 51,376
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