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EXECUTIVE SUMMARY

A Study on Improving Cargo Handling
Equipment Management Framework
for Carbon—Neutral Port Transition

Hye-Ryeong Lee - Ah-Hyun Jo-Se-Won KIM

1. Background and Purpose

1) Background

= Managing cargo handling equipment is essential as a practical

starting point for achieving carbon neutrality in ports.

- Greenhouse gas (GHG) reduction and carbon neutrality
implementation are now required across all industrial sectors,
with decarbonization emerging as a key priority for ports as

critical infrastructure for international logistics.

- Achieving carbon neutrality in ports requires a phased strategic
approach that should begin with areas where both manageability

and effectiveness can be simultaneously ensured.

- Cargo handling equipment should be a management priority

because port operators can directly control it, activity data are
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relatively accessible, and it accounts for the largest proportion

of emissions within ports.

Korea’'s policy discussions on reducing GHG emissions from
cargo handling equipment have focused primarily on energy
transition, limiting the effectiveness of emission reduction

efforts.

Current domestic policies for reducing GHG emissions from
cargo handling equipment focus primarily on energy transition
measures such as equipment electrification and renewable
energy adoption. However, this approach alone is insufficient
for continuously monitoring and managing reduction progress
and ensuring the stable accumulation of emission reduction

achievements.

2) Purpose

Xvi

= This study aims to propose improvements to the management

framework for cargo handling equipment to ensure the

effective implementation of GHG reduction activities.

The purpose of this study is to propose measures for improving
the cargo handling equipment management framework to better
address GHG emissions, along with institutional reforms to

support these objectives.
Specifically, this study (1) establishes the policy importance and
urgency of managing GHG emissions from cargo handling

equipment, (2) diagnoses limitations in the current management
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framework, and (3) proposes improvement measures to ensure
systematic and sustained implementation of emission reduction

policies.

2. Methodology and Distinctive Features

1) Methodology

= This study employed literature analysis, case studies,

stakeholder interviews, and expert consultations.

- The research methods included literature review of domestic
and international studies, analysis of relevant legal systems and
policy trends, examination of policy approaches in leading
countries, case studies from other sectors, and stakeholder

interviews with expert consultations.

- In particular, stakeholder interviews and expert consultations
were conducted to reflect practical policy needs from the field

and to develop effective and feasible policy recommendations.

2) Distinctive Features

= This study distinguishes itself from existing research in the

following key aspects:

- First, it focuses on establishing the policy and institutional
foundation necessary for sustained GHG reduction from cargo

handling equipment.
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Second, it adopts a novel approach to GHG management
through advancing the administrative management framework

for cargo handling equipment.

Third, it proposes implementable management measures

grounded in field insights and policy perspectives of relevant

stakeholders.
3. Result
1) Summary

Xviii

Improving the management framework for cargo handling

equipment is required to achieve carbon-neutral ports.

The “2050 Carbon Neutrality Roadmap for the Maritime and
Fisheries Sector” officially established carbon neutrality targets
for the port sector, making GHG reduction from cargo handling
equipment, a major emission source in ports, a critical policy

imperative.

However, the current management framework for cargo
handling equipment is designed primarily to ensure safety and
reduce air pollutants, which limits its capacity to continuously

induce and govern GHG reduction activities.

Therefore, to achieve port carbon neutrality, it is necessary to
improve the management framework to enable effective

reduction of GHG emissions from cargo handling equipment.
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Major countries and other sectors in Korea have been

strengthening their GHG management foundations.

Leading countries have strengthened GHG management foundations
for cargo handling equipment. Beyond technological measures
such as electrification, they are implementing complementary
policy instruments including institutional arrangements, data
and MRV frameworks, and mechanisms for sustaining emission

reduction efforts.

Korea's building, industrial, and transport sectors have enhanced
their GHG management foundations through policy instruments
that comprehensively address emission management across

operational processes.

These cases indicate that GHG reduction from cargo handling
equipment should be pursued through approaches that enable
the continuous identification and management of emissions

across overall equipment operations.

Improving the cargo handling equipment management
framework is necessary to achieve effective and sustained
GHG reduction.

To ensure that GHG reduction from cargo handling equipment
is implemented and managed in a sustained manner, it is
necessary to expand the scope of equipment management so
that GHG considerations are explicitly incorporated into

existing management practices.
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- Furthermore, the management framework should be reoriented
to enable emissions to be identified and managed throughout
the entire equipment management lifecycle, thereby enabling
continuous and sustained emission reduction efforts by relevant

stakeholders.

2) Policy Formulation Methods

= The cargo handling equipment registration format in the
Regulations on the Management of Port Facility FEquipment

requires revision.

- To enable systematic management of GHG emissions from cargo
handling equipment, it is necessary to secure basic specification
data on prime movers that directly affect GHG emissions at the
equipment registration stage.

- Accordingly, this study proposes revising the cargo handling
equipment registration format in Annex Form No. 2 of the
‘Regulations on the Management of Port Facility Equipment to

reflect equipment types and prime mover characteristics.
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(Figure 1) Revision to the Equipment Registration Format
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Source: Prepared by the author based on KOTEC advisory consultation

= Legal grounds for strengthening management of aging
diesel-powered equipment must be established through
amendments to the Special Act on the Improvement of Air

Quality in Port Areas and the Harbor Act.

- To enable systematic management of diesel-powered equipment
with high emission contributions, this study proposes institutional
reforms including: (1) establishing regular emission inspection
standards for equipment, (2) providing legal grounds for
recommending early scrapping of aged cargo handling equipment,
and (3) creating legal grounds for supporting early scrapping

programs.
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- This approach builds on the existing air pollutant regulatory
framework, considering that aged diesel cargo handling equipment
tends to experience simultaneous increases in both GHG and

air pollutants due to deteriorating fuel efficiency over time.
- Leveraging the existing system is more advantageous in terms
of feasibility and management effectiveness, given that an air
pollutant management system is already established.
- To achieve this, the study proposes including emission inspections

in the periodic inspection of cargo handling equipment.

(Table 1) Revision to the Special Act on the Improvement of Air Quality in Port
Areas (draft)—Periodic Emission Inspections for Cargo Handling Equipment

Current Provision Revision (draft)
Article 14 (Emission Standards for Cargo  Article 14 (Emission Standards for Cargo
Handling Equipment, etc.) ©-©@ Handling Equipment, etc.) @ -@ (Same
(Omitted) as current provision)
{New Provision) ® Pursuant to Article 33 of the Harbor

Act, port—based business operators shall
undergo periodic emission inspections of
cargo handling equipment at regular
intervals to verify compliance with
emission standards. However,
environmentally friendly cargo handling
equipment designated by the Minister of
Oceans and Fisheries may be exempt
from periodic emission inspection
requirement.

Source: Prepared by the author
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(Table 2) Revision to the Harbor Act (draft)—Periodic Inspections
for Cargo Handling Equipment

Current Provision

Article 33 (Inspection of Port Facilities
and Equipment, etc.) @ Port facility and
equipment managers shall undergo
inspections conducted by management
authority for port facilities and equipment
under their use and management
according to the following classifications:

1-2. (Omitted)

3. Periodic inspection: An inspection
conducted periodically at intervals
prescribed by Ordinance of the Ministry
of Oceans and Fisheries from the date of
manufacturing inspection or installation
inspection to verify the safety status of
port facilities and equipment in use

4. (Omitted)

®-® (Omitted)
Source: Prepared by the author

Revision (draft)

Article 33 (Inspection of Port Facilities
and Equipment, etc.) @ (Same as current
provision)

1-2. (Same as current provision)

3. Periodic inspection: An inspection
conducted periodically at intervals
prescribed by Ordinance of the Ministry
of Oceans and Fisheries from the date of
manufacturing inspection or installation
inspection to verify the safety status of
port facilities and equipment in use, and
periodic emission inspections of cargo
handling equipment pursuant to the
Special Act on the Improvement of Air
Quality in Port Areas

4. (Same as current provision)
©@-® (Same as current provision)

- In conjunction with these measures, the Special Act on the

Improvement of Air Quality in Port Areas and its Enforcement

Decree must be amended to establish a foundation for encouraging

the transition of aged diesel-powered cargo handling equipment

to environmentally friendly alternatives.
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(Table 3) Revision to the Special Act on the Improvement of Air Quality in
Port Areas (draft)—Operation Management of Aged and
High—Emission Cargo Handling Equipment

Current Provision
{New Provision)

Revision (draft)

Article XX (Operation Management of Aged and
High—Emission Cargo Handling Equipment, etc.) ® Where
the Minister of Oceans and Fisheries deems it necessary to
improve air quality in ports and reduce emissions of climate
and ecosystem—disrupting substances, the Minister may
recommend early scrapping to owners of cargo handling
equipment that meets the requirements prescribed by the
Minister of Oceans and Fisheries.

(@ The State or local governments may provide necessary
financial support to port business operators who implement
early scrapping of cargo handling equipment pursuant to the
recommendation under paragraph (1), in order to promote
the adoption and transition of environmentally friendly cargo
handling equipment.

Source: Prepared by the author

(Table 4) Revision to the Enforcement Decree of the Special Act on
the Improvement of Air Quality in Port Areas (draft)-Cargo
Handling Equipment Subject to Early Scrapping

Current Provision
{New Provision)

XXiv

Revision (draft)

Article XX (Cargo Handling Equipment Subject to Early
Scrapping) “Cargo handling equipment that meets the
requirements prescribed by the Minister of Oceans and
Fisheries” under Article XX, paragraph (1) of the Act refers to
cargo handling equipment that satisfies all of the following

1. Cargo handling equipment that has been continuously
registered for at least six months, calculated retroactively from
the time the recommendation for early scrapping is made

2. Cargo handling equipment that has passed the periodic
inspection pursuant to Article 33 of the Harbor Act

3. Cargo handling equipment that complies with the emission
standards under Article 14 of the Special Act on the
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Current Provision Revision (draft)
Improvement of Air Quality in Port Areas and Article 9 of its
Enforcement Decree

4. Aged cargo handling equipment that meets the standards
prescribed by the Minister of Oceans and Fisheries

Source: Prepared by the author

= To establish a systematic framework for calculating GHG
emissions, the Guidelines for Calculating GHG Emissions from
Cargo Handling Equipment should be enacted, and national
emission factors for cargo handling equipment should be

developed.

- To establish a standardized calculation framework, this study
proposes that the Ministry of Oceans and Fisheries lead the
development of administrative Guidelines for Calculating GHG
Emissions from Cargo Handling Equipment, verify their adequacy
through pilot port applications, and subsequently adopt them

as the national calculation framework.

- The guidelines should incorporate calculation formulas, clear
definitions and scope of activity data for calculations, data
quality standards, and emission factors. A detailed proposed

structure is presented in Table 5.

- To this end, this study proposes undertaking a project to develop
Korea-specific emission factors that reflect the characteristics

of cargo handling equipment.
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(Table 5) Structure of the Guidelines for Calculating GHG Emissions
from Cargo Handling Equipment (Draft)

Category Content

* Standardization of GHG emission calculation methods for cargo
handling equipment and ensuring interoperability

Purpose
P * Provision of practical guidance to enable calculation entities to
easily understand and calculate emissions
Basi * Aim for precise activity data—based calculations (IPCC Guidelines
asic ; ) ) e L
Principles Tier 3 level) where feasible, while maintaining flexibility based on
the characteristics of target GHG and data availability
Intended ¢ Cargo handling equipment managers and port authorities
Users * Foreign ports and other port stakeholders may also utilize as a

reference standard

* Scope of calculation and applicability
* GHG subject to calculation

) * Calculation standards
Main Content o .
* Emission factor selection

* Activity data selection
* Quality assurance and data management standards
Source: Prepared by the author

= This study proposes establishing a legal basis for developing
a GHG inventory for cargo handling equipment through the
amendment of the Harbor Act.

- Specifically, the study proposes the amendment of Article 30 of
the Harbor Act to provide the Minister of Oceans and Fisheries
with authority to compile port GHG statistics disaggregated at

the port level and the equipment level.
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(Table 6) Revision to the Harbor Act (draft) — Legal Basis for
Developing a GHG Inventory for Cargo Handling Equipment

Current Provision

Revision (draft)

Article 30 (Reduction of GHG, etc.) O-@  Article 30 (Reduction of GHG, etc.) D-©@

(Omitted)
{New Provision)

{New Provision)

Source: Prepared by the author

(Same as current provision)

® The Minister of Oceans and Fisheries
may establish statistics related to GHG
emissions from ports for the effective
formulation and implementation of
relevant policies.

(® Matters concerning the scope and
methods for compiling statistics under
paragraph (3) shall be prescribed by
Presidential Decree.

(Table 7) Revision to the Enforcement Decree of the Harbor Act (draft)—Legal
Basis for Developing a GHG Inventory for Cargo Handling Equipment

Current Provision
{New Provision)

{New Provision)

Source: Prepared by the author

Revision (draft)

Article XX (Units for Compiling GHG
Statistics, etc.)

(@ The units for compiling statistics
pursuant to Article 30, paragraph (4) of
the Act shall be as follows:

1. Ports

2. Cargo handling equipment

@ Where necessary for compiling
statistics under Article 30, paragraph (3)
of the Act, the Minister of Oceans and
Fisheries may request data submission
or cooperation from the heads of relevant
central administrative agencies or port
business operators.
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Technology development and dissemination programs for
GHG reduction and energy efficiency improvement in cargo

handling equipment must be expanded.

Technology investment for GHG reduction and energy efficiency
improvement is a core element of GHG mitigation policy.
Therefore, government-led research and development,
demonstration, and dissemination programs should be actively

promoted to secure GHG reduction technologies.

An integrated approach linking core technology development,
demonstration, and dissemination is essential. Dissemination
programs should be implemented through public-private
matching funds to ensure practical applicability of technologies
and establish shared responsibility between the public and

private sectors.

A transitional response framework for energy transition must

be established.

LNG equipment belongs to the same category as diesel equipment
in terms of being ultimately subject to conversion. However, it
is rational to prioritize diesel conversion and assign LNG

equipment a lower priority with a slower conversion timeline.

Therefore, policies promoting early scrapping of diesel equipment
should be implemented first, with LNG equipment recognized
as low-carbon equipment for a certain period. Only after
substantial progress in phasing out diesel equipment should LNG

equipment be incorporated as a primary conversion target.
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- Furthermore, when electrification expansion reduces LNG
equipment to below a certain proportion of total cargo handling
equipment, temporary fuel cost subsidies may be considered as
an exceptional measure to support stable operation of refueling
infrastructure. However, such subsidies should be structured to

avoid incentivizing the further adoption of LNG equipment.

3) Expected Outcomes

= Policy effects

- Cargo handling equipment reduction policies can shift from a

project-based approach to ongoing management.

- The management and implementation framework for reducing
GHG emissions in the port sector will be strengthened, enhancing

the effectiveness of achieving national reduction targets.

- The predictability and precision of cargo handling equipment
reduction policies are expected to improve.
- A foundation for designing GHG policies and developing plans

for the port sector will be established.

= Social and economic effects

- Data-driven policy formulation and performance evaluation will

become feasible, mitigating policy risks and social costs.

- Korean ports can strengthen their environmental competitiveness

and enhance their international credibility.
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- A structure enabling reduction investments to be converted into
operational performance will be established, enhancing the

sustainability of reduction efforts.
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(1% 3-1) EPA Clean Ports Program
<EPA
Clean Ports
Program

EPA is funding zero-emission (ZE) port
equipment and infrastructure to reduce
greenhouse gases and air pollutants at our
nation’s ports, delivering cleaner air for
communities across the country.

Ports serve as
vital gateways
for the movement of

goods and passengers
across the country,

Exposure to diesel exhaust Older diesel equipment emits  This pollution can worsen existing
can lead to serious health harmful pollutants heart and lung disease, especially in
conditions like asthma. including air toxics. children and the elderly.

@ =

[ PROGRAM BENEFITS |

&

Decreases Reduces
exposure nhouse gas
to harmful emissions
pollutants
*AMENCan ASSocation of Port AUthorties (AA PA), Mitpi//www.oape-ports. 21150,

For more information, please visit Clean Ports Program | US EPA
To learn more about reducing emissions at ports, visit EPA Ports Initiative

Xt&: EPA, Clean Ports Program Infographic(Z412:2025.4.28.)
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= AABERE. o] 2ERoAE A7FEE Siof 4hY] EERASHE S5 @
T Eud, @ =W AR, @ vl i dE, HADY BE H e,
A7IEE 55 A ® IMO R =4 EHENAY =8, © AN
1 A &4, @ &4 4], B4 34 94 =M F89 770 £oFE 54
o] Yo A5, 1 5 I9E ERlE ZokolA= 20308714 A

P

¢

s

L g B 4459t olF F4s]
SJat 8 HeF F steiguleh WAL, 18 ] AL ofje Al
75t AE) 9] HAS), AntE JelE B @ ARLE o oA ALY
£9), 77 A2 9 AeluA] 2§ St o] 238 Ao}, o] 7k
o AukE JEj= g AAge s, Ea)d

o] oA BEe RYE TSI ofiA] £81E S TElohe ALFL

AAH i BelS o) GeastE Ko o, BY 4 U
Sk 3 W B3 AAS A AYS BEE AN, olF 9
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(& 3-2) 20055 E 2050E7HA| BAUSH 2t E{0|22| SH HHESE H|w

Port Terminals: Total Emissions (BAU vs with abatement)

Electrification of port equipment Electrification of port equipment
Electrification of port
o e equipment (AGVs) Lowjzero-carbon fuel for port Low/zero-carbon fuel for port
Abat " Electrification of port equipment (forklifts, AGVs) equipment & vehicles
preelin equipment (RTG, PMs, Energy optimisation,
pnankad luffing cranes etc) smant grid, solar energy Energy optimisation, smart grid, Energy optimisation, smart grid,
solar energy, green electricity solar energy, green electricity
Green buildings
Green buildings Green buildings
2,000,000
1,800,000
_— 1,600,000
[ 5
v —— Total Emissians (BAU)
O 1,400,000
o —~e— Total Emissians (with abatement)
@  1.200.000
=
.2 1,000,000
@
.2
E 800,000 =
] Base level in 2005
“g 600,000 2 B S ‘At least 60% reduction
= 400000 Rp— e from 2005 level Reduction
to Net Zero
200,000 ——
2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
Year
A=2: MPA2022), p. 8.
cjE0o] MPAL A g4z el Aut 23} 4 3hut 2L =X51= 7|
- = 0O 1w w1 Lo R v o= v -

US ez 1 B JAEEE A5k A2 =132l "Maritime
Singapore Green Initiative; °]3} MSGI)' & <93t Aot MSGIE 5
N 2ROl s FYEY, I F stgaulet A#Ql HHo] e &
29 20249 4149 ‘Green Port Infrastructure Programme’©]

63) Green Ship Programme(&7122 S2 Mdf gl A7HE=st QI5F Muf Char OIMIE|E T2 772)
Green Port Infrastructure Programme(&fat A OIMIEEIE Z272) Green
Craft Programme(217t 71 0|21 CHAL QIMIE|E T2 2) Green Energy and Technology
Programme(&7tZ2 AXf GV |HS ECE FIehy 7|aiid ¥ DS AE X|g Z2O3),
Green Awareness Programme(SH7|1Q] EtA S| L HiE 22| 20F Q1A K| 1 L 2= 45t
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< EX5b7] Y3t Ex A=Q] EEG(Energy Efficiency Grant)E ZE3t
St EEGe= olvAl 4] &7 49 ] AeE fxske b H2o]
ueH, 71 72 & T4 o] wit A58k o] AleEHe 284
glo] AARZ =] qlth. 53] Eudo] ME RAYZES =Ysh=
BF T0%7HA AR Ade B ¢ A=s T2 g0 AAE0] Qi

&3 MPAE ‘Green Awareness Programme’ & S3f a|% 7|49 &
231A 9 Y AT A A3lelr] 3 A Bgstal Utk o=

(3-1) MSGI 2273 5 a9t o 5foia| Bal T2

T2 e MIE LHE
° K| &24 EZX=2(Energy Efficiency Grant;
EEG) X|¥(~2026.3.31.)
- (712) AP SQ1E D& s AH|of ol 7| Z|CH
stot Apeixt 2l @ | S$30,000 X[, S471Y2 ZTH 70%, HISA7 |2
SRtZ faoze | ZIH 30%7HK| R XA
Green Port | & ©2t O|HX| & | - (23) MUK & & BXI2 O 22 MUK §82 24
Infrastructure | &2}, HMOILR| | &H=7|Q1S XY, 7|2 L T2 T St E|CH XI5
Programme | ‘ditS Sot T | = 7)91ek $$350,000, |0l T3t LM s012 2T
HASEHES X Q514350 OJALe) OLX| MZ BT QIS TR 7|12
O|=|L—
Hol= BEIE sso) xipie e O LRI R VI8 AR B
H2 UMUE HE XA
- Y REZO AR UK 28 TE ZHZ|HE TYA|
H|189| 70%7K| B8 X¥ 7t
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5 S Aarioral (Bl SG HEA 60 D28 Era3p U 22| 2
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2! U8 IAF BEH O|LMEIE, ML, 7|2 29 15t
Awareness | A Fmet 5 U= P H34f, && O|LIME] 1|;E, E|E<:31TE
Programme | 2312 X|@iat| 9| - (Y SG MELA 50 O1IS) ElLelAS E‘__‘ﬂoj E
stmz 2 Shof| =RHO0], W51 SUHQI HiE 5/
XX|E et 71 Y BA
KtE: MPA(ZAL: 2025.4.30.); gobusiness, Energy Efficiency Grant(Z442: 2025.4.30.)

90



Al Mo Al 24 03

2. 0|3 CARB, CHE Regulation 7Hd %164)

t]=r CARB(California Air Resource Board, Zg] 1o} tfj7]| X<
3= A o191 F-550(Zero Emission) g ZX& o "Cargo
Handling Equipment Regulation(°]3} CHE Regulation); 7f8& %
5tal Qlct. @9 TCHE Regulation 2 73 stEAH|E tiAloE A|gE]
+ NOx, PM $4 H7129E4 FA=, 20059 A7, 20118 HEE& A
A 2017 A APEJoH, FATR] A7 = A ol EtE]
A =t

CARB= 201849 3¢, st9gv] #&3 A= #t 1178 N A=

oJAtg]e] AlETHH oM, o]F 20209, FFETF N-79-20, 20259 37

P N-27-25& &8l 203587k A= 2YolE Y B|=2 AH]e] 100%

Faofet FRrF SEEA A iR ARA SAE FEII
7

CARBZ} AIQFRE 778 7 Aol w=d, 7%k Af AHlE oty
7Kg, ING, CNG & SRS ARSshe e W7 Brles 75
3 vz Ash= 22 ZeH, A Al A2 20269 OfF-= A|A]
= QAch E3t 4 7ol 7S E 2ATMA A5l 71o9% 4= 9l

2 Zolet vrge.

ESE CARB= 20254, 1A 7i4oll 24l ‘CHE Technical Assessments’
£ AAlsto] 7] T 7|9e] £35) Ve SR Ve 7R 9

64) CARB(ZA1: 2025.11.12.) CARB(ZAMY: 2025.11.24.) A=E HIZQE XXt 2
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Sloltt. ol St Aol W YRk RE Soh Y AW
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o] Zlol=etele selgH|E HlEE o]FoFUOR BRI, MOVES
-Nonroad 23 A8&3}0] vj&ekS AXBIEE 811 Qi) 519AH] 9]
HlEwe A AAZY, BaAL, TFEARE WEASe) 32 B9 4
S A 9Foz su, AulY WS WAS B dMES 7
%2 8l7 9t} EPAL fole 7M84e THele] BEARS Sud 4

65) EPA(2022) AI2E HIEIO 2 KKt &t
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Aok WRAIQl AL, ARt BT Aol 94 o] W B
S o A ARS BENES He IS T S LS
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511 9lom sloiRH|L = mﬂub.q& A&t = gict, g, oFAH]
& A QI3 HolAl, viEAsE st /3, A= /%
A4 5= 7IE2R ASHEHM olF Sl Fr] B4l vt

(1% 3-3) EPA Port Emissions Inventory Guidance £2 LHZ

U5, Environmental Pratection Agency

6. Carga Handling Equipment

6 CARGO HANDLING EQUIPMENT

advance of
'y apees, oS Sricussed in Section 2.

bet
decided that every type of CHE prasert 1 the tacity will e included, but proping u»n.u.m
i the

e

Imventary will M mmmnmmml mmers or operators, o

Pt Emissions inventory Guidance

A= EPA(2022), pp. 83-84.

0 Port Emissivns inventory Guidance.

3t Jlo|=aRRlo e AH] 1EE 271, TAE 58 usio] &
HEFS 5T 4 s W= WA AASKL glod, olg -aﬂ =
A WAAY, A=A, 884 GIE AlEYelAT ¢ _
S vl uED 7|ue] v FA|ALL ol 7]11 =
%7)0] 2215}71 9lon, o= A:Mo] AFdu}l &AL SRE] 9



(2) €2 ZEUSY, UMY 2472 BiEZ 4 RS (Rheo)

YR 2 TEHL FPlolAe] SATA T 4BHE 98 2000, T
Tol 9] SATEA W& A TRAQH, S Thastt of tRge
ghelale} Hud 29Xzt et B ko] MiEwe AALoR A
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rE
flo
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RS AN ek, Shegule] AL 2 2

HA 0] AR (CGE 3-2) F2)Z BT APPFAS A
Ast Qom, 7 AR A B8, BEAR BF, EAS, I8
o[t B2 st A9 APY WP 5 ANSHL Slck. steigule) wiE

66) Y= TEUSY Y= =H - 2F2H2000)(FAY: 2025.8.1.) A=2E HIHOZ XX} 2y
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Al HiE A9 A 5ol &8 4 ALE Y|ty AEEsE e o
ol g ANsH Qe B, CO, TEFG AP WA ) ot
F1 Sl=t, ol ASHAS AR S B9 viEsdH A5 o
S AP ALY HiEF AolE 7R APFSIES ot it E
gt o] miFdat AR 4AHY T Mk SENSA Uk ST X oA
ST A= Helar Stk
(H 3-2) SIUEH| 247tA HIEE A™EE QI8 KB
T= HiZ 2 K| H XNE®
o SHO Mi| 2=2¢
77_-“:—“0“—-' oL :Xﬂ =c o
SIOiH|, . o1z AR R G
| wg s ] HEE YA E)
S | Sou CHAMEY cEMEAN oo * 310t 22|X}t
orgy —~ -
Bl oy c9RER CEHIZRIN o, * E{0]2 2%A
ZHoHE | ° =5 ° IHRIH| Ches
e _
<02 B8

N UE ZEUSY = =H- 2EI2000)(ZAY: 2025.8.1

N

2) HiSE MY &3
(1) 0|2 EPA, MOVES6?)

)=+ EPAS] "Motor Vehicle Emission Simulator(MOVES) = T2
9 H|EZ o]z Y9 HiEHE Aok =7t B Edo|nt, 20244
T 24 HE9] 'MOVES 5.02 7| L9E4 3 2AVMAS ZH6to]
Apgat Au|9] Wi FFobete s AA AT MOVESE ot A
d FHE AFotes Aol oz, =7t HA(defauly), 53 7HH

(county), /I =2 9 A|d(project) T2 ME3}E EAo] 7ottt

67) EPA(2022), EPA(2024b) X2 E HIEZ Q= XXt £y
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EPAS] gt Hlj& QIHIED] 7to|=giel'of AFH AX# MOVESE st
A7) 2A7IA 9 7| B EA HiET AMY 75 AlSet st
Hl&= ¥ 2 AH](Nonroad equipment) ZES 53 W, AH|9
A, A4, 7FeARE E dEw AR 22 5 HlolEE YEste] A
TE As ARESHL, o]F 7|Rte g FHiERE Aok AAE
1€ B9 5Y% AGAER 247 e 7| edEdS &
A A 5= 9loH, N,O2t EH71E9] 79 Hdl ylFof HiEAS 50]

| ot FAE gAoA Ex 4Hgo] Qs HH, MOVESE
AREAL EA43} glolE] B 3o whet IWIER|(Inventory) HLE'68)9t
&4 (Emission Rates) LLE'699] F 71X Ay WEZE A|53ic},

ol

N
N
Ni

ks
30, g
T

[e]

(a3 3-5) MOVES QIE{H|0|A

) MOVES - 1D 16293773830989497203
file fat Action PostProcessing Jools Setings Help

Advanced Features
Preaggregation Optons Input Data Sets.

Tirme Aggregation. Use this feature 10 select an input database created Dy 8 MOVES
too! {le, LEV or NLEV lood) or opional input databases
Year Moath Day ® Hour Defsult Scale or Nonroad runs. Do nol select County of Project
o 1nput GataDBseS eve, 58 Those kinds of GBS Should Do
Regeon Aggregation Seiecied On e Creale Input Database Pane!
" i e
State (A7) Dstabase: | |-
@ Cowney Descripuoa:
o | Betesn
Selections:

A Croate mput Databas|

Advanced features

A= EPA(AMY: 2025.8.1.)

68) =2|(Vehicle Miles Traveled)Lt HH| 7t5AI7t S S28E ZES UHolH ZHO0| (522 S
SYS MSots YA EPA, 2024b)
69) —53 2% Z20A2 o] ZS(0: g/mile, g/hour) & HIEZES MEHFT0U, AEAPHERSH YA
S HIO[HE 2AS0llM 21610 SX2IT 4 AS XIZ(EPA, 2024b)
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W A5 A5 vt 7hsoke s A ok AAl &9 ol A5
A% HjEe 7EEo] 1ot £X8 FAE
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(13 3-7) B SATIA LB MY £, A 2

| CO#HEEEIST |

MAHEN  MEHNiE
1. BAPORE 45, 867 42, 380
2. Wiy (HEAER%) 3,764 2,960
3. Wi (Wl - Y- FRBY) 128 59
4. BE (Y- LS NE) 23 147
5. BAWE (MHSHR) 52 22
6. Wik 38. 600 31.9712
& L1 89, 647 83, 540
(t-CO,/5F)
100, 000
80. 000
60, 000
=
40,000 =
O6. WikENE
o5, BAME (RSN
.09 D4, RBF—bEEE)
03 HRNEN-r—FENY)
Bz BRWERMS)
o 01, #ASDER

PR S LB

M2 U= FEDEN, BBITE T HRENRS REFREEY —(EMY: 2025.8.1)
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3) WPCAP, 22Y 5}HZH| QIHIER|71)

IAPH7} F=5k= AlA &9t 715 %5 T2 13(World Ports Climate
Action Program; WPCAP)Z @4t 879 2A7IA 752 9I5| AlAs
8 Jukso] ApRHo s Hofgt mAdeY e o s 5/ YHIES
TFste] 35 JAE FX6t Aok YHIAES FA= 8e4, BF,
AMP, 1=, 5t97H| AARloA stARIE =8 2|7 gt by
2902 94k 21%% Holgh "9 LAY, LB, NY/Nj&t 7A
utt #FHeY, A1 IElAo) So] F4lo] Hof Frofstal glow, 7t
] 7le AF AYE SR o8 HEeE 359 A4 Wk A

o

oteAy] getasts J9ysh= Working Group 59| 8 &% % sty
MES 500}, ol %U}EQ 7—} FolA 2

Aol A3t 2 ABEes Foat] Y V& AP 2L wWAsl,

NEulg 71E Agcke a2k A F75aL Qi

Rls=S Eii %L-r"@‘“‘% ‘%‘ﬂlf-_ﬂloﬂ“ X“ﬂ]

71) WPSP, Worldwide CHE Inventories(ZA1: 2025.5.1.), WPSP, WPCAP WG 5 - Cargo Handling
Equipment Database Worldwide CHE Inventories(ZA4Q!: 2025.5.1.) AI2S HIEOZ XKt 2H
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71 HEEE ARARZE 7HeES 22 29 HolH, A4, AxAb 53
22 A BEAA gt ARSI
WPCAP AtoflA &g 4= U
o] 43 Agelg Aolehe Mok =77t 2 4 9ok SO 1APH
7

EE AAE Farste] L€ HolH 4

(13 3-8) WPCAPOIA 15 S0l S22 otAHH| QIHIEL GA|

Zero- Other
CHE Type Bl Diesel ] Emissionsf] Hybricl] FuelS
Yard tractor 432 0 0 0
Straddle carrier 3N 0 0 0
Container handler 122 0 0 0
Ship to shore crane 4 57 0 0
RTG crane 53 o 0 o
Forkiift - heavy duty 33 0 0 Q
Reach stacker 23 o 0 o
RMG crane 0 22 0 o]
Equip Engine Engine
Port EquipType . EquipiD . VIN _ OEM . Model _ Year . Fuel . Make - Model . kW _ HP _
Fub-trd Gantry Crane  ZT12 1L51A-04-587 ZPMC RC50.8/66 2004 Diesel Caterpillar 3412 TIE 1043
Fub-trd Ganury Crane  ZT13 IL51A-04-588  ZIPMC  RCS0.8/66 2004 Diesel  cCaterpillar 3412 778 1043
Fub-trd Gantry Crane  ZT14 IL51A-04-589 ZPMC RC50.8/66 2004 Diesel Caterpillar 3412 TR 1043
Fub-trd Gantry Crane  ZT15 JL51A-04-5590 ZPMC RCS0.8/66 2004 Diesel Caterpillar 3412 e 1043
Rub-trd Gantry Crane  ZT34 JL51B-05-1074  ZPMC RC50.8/66 2005 Diesel Caterpillar 34 TiE 1043
Fub-trd Gantry Crane 2735 IL518-05-1075 ZPMC  RC50.8/66 2005 Diesel  Caterpillar 3412 778 1043
Equipment Equipment Fuel Engine Equipment Equipment
Year Type Tech Power Population
Code Rating KW Count
Pick Stacker 200e D T1 194.0 1.e
Pick Stacker 2000 D T1 261.1 1.0
Pick Stacker 2002 D T1 261.1 10.0
Pick Stacker 2014 D TaN 261.1 4.0
Pick Stacker 2015 D TaN 261.1 2.0
Pick Stacker 2003 D T1 182.8 1.0
Pick Stacker 203 D T1 246.2 2.0

Xt=2: WPSP, Worldwide CHE Inventories(ZA1l: 2025.5.1.)
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1) ILX] 283} =X|

(1) PSA 471222, ESS-EiLE I A ADIETZ|E AF73)

PSA A7t 2= 20224, EMA(Energy Market Authority)@ @2 5}o]
FR] AR AHE HYE Pt A5)sty] YRt ESSet g wid
o] X3t AntE JE FE) AAHS FEII PSAE P 294
AIZIE 428 ¥so] Atk Hoj FRkste] EnOS™ Z3E-2 &Y, 49
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HA| #EE HA35lelelt) ol &9l oldA & B4 HiEE E°le
SAlol ESSE &-835to] ko] oA Fohg sk, ESS7F &-8EX
U= 7170l AZIEE 57 AY 71l Fofste] A Bx 9 27}
= A=, IV Y BAGT AE7FsEE BF gEIH o]
< PR 2F9 oYA &S 2.5% MASHl ©aHlEE o
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oAt -84
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it r:iz

72) Bleyt| RHHBHESE, +45HS)LHATMOILIK| BE SHTH S OILIX| HE} 2T LSS Fe

73) EMA(2022.7.13.)(ZA44: 2025.8.29.), UNIVERS(ZAMY: 2025.8.29.), MPA(2022) A= E HIE
o= XA A
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(J% 3-9) IIA|Z2 T E0]Z 9] ESS

A& EMA(2022.7.13.)(ZMY: 2025.8.29.)

(2) PSA HIIRE, AOIE Z2tQ] SHf JHwU74)

PSA AJ7HEE= o3| getast M| gt g tAd V|&d 4
= Z8oto] A7] AntE mekg] FHE Aok Qitt. o] Al 2EE
Ak Boff Aot dewigAs &8, FAsCIY H=gt 57142 1o}
T2 olo o7 ARE Fole ol Ego|HE 7hsolA it E3E Al
£ 289 olvA 5&S =ol7] 9l A&, &k, 7S JH-sleke A
FY 7152 Aot gloH dog A& s b Algolnt. o]t
AT 71s 716k 7] mEke] FH= AR e T Hg) 1
ojY o]sg 2AVIA HIEHE oF 50% EY ¢ US AoE HriHELh

74) MPA(2022), p. 15. Xt22 HIELO 2 XXt 2H
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ol Iot= A Actstd, Ui 0} 3] Hg‘% *?;‘*7}01‘13}0 o=
EMEP/EEA(2023)2] AFEAIAIE &arste] AFg71&Es AlA == W4lo] vt

@78 Bl

101) 2102 EEA= H|=2 ZH|(Non-Road Mobile Machinery, NRMM) HiE2F AHEIAS Tier 1-3
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Slofmu| HHE BRI 4 ot 04

(B 4-2) ZQ 710|S2101H SIAAH| RATIA HISZF ALRAl

= Ly
< HIZR YH|Y HIEY AYACIZ 1K)
Tier 1 EF= Y FCx EF
EMEP/EEA Tier 2 E=Y Y FCx EF
(2023) E= Nx HRSX Px (1+ DFA)x LFAx EF
Tier3 | N=ZHIG AT, HRS=GIZE AEAIZE, P=AIT E21(kW),
DFA=ZalH#= BRI 5 BX), LFA=Eol8 &H
Zr, EF=tiEAS=(g/kWh)
* GIOIEHIY BB AEA(7|2 T)

° E=tiEZ, P=2UIXI MAZ(hp), LF=AUTI 25t=2(%), A=7t=AIZHh),
EF=tiEH2=(g/hp-h)

Xt=: EMEP/EEA(2023), p. 21, p. 28, pp. 34-35, EPA(2022), p. 84 XIRE HIEIO2 XAt Xhy

sh, APAl0] 0 Wl MiEASe} BEA RS WEF g 4
8 95k 04 oIt Theb Aol ailol olelgl 7
o} gtsto] 24| Fol=arele] A

A ZJtE]ojof it o] 2Far s,
EMEP/EEAQ2023)= HI=2 H] HigA+E = 73, AH, A3 7|&
&4, A7 &8 55 VIS0 =R AlEslsto] B2 A|FEIT} 102) o]Hgt A|

BolE AAS &5 5Lt oft EFEZE 150kW-73-9-Stage 1T &AH]
9} 185kW-74-Stage V AH|of] AZ o2 vjE&A+E &85lo] Bt A
2 HiEHS AT 5 Tk o, ST 7t EERlolA= COx= Tier 2,
CHs2 N;O= Tier 37H4] HiEAISE AAlstaL et EPA(2022) HA] o

A M2ACE AR 7, A9, A0 39 /1202 WALE 7
Bajo] Qe £ 71w wE U4 A L4 B4 N9Y 4 YES

AEstd wiEAsE Asstal v 2, Sy Eeed 1-?_349 CO,,

102) Tier 2= 12 QE-ZH| B2-UXI 7|SHHZ, Tier 32 ¢z SE-AUX S 7 |sHAZ 7|
O HiEA+E FEE
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CHs N2O B Tier 3 29 WiEAsE A 79, 9= R3E= AT
ot Qlom ol AF FYYPRE vrget nAA wiEAls: 1est A
T= AP T Qlet.103) o]t Al E alste], 7to]=EiRlo| A= Tier
HE A87MsS AR 49, AE, A7l 7lEdA, A Y 58 VIS
2 MRSt dk siEASE AFstoior gtk ohgt, @4 o= 5t
JH) wiEA7T 7H‘fl-_}ﬂ A Apond w740 2= EMEP/EEA(2023)
9] HlER GH] AGLE 7|E FxRoF AAotE, U ot u] E4S
yHgt By g 7}—*3 < GolF1L, F7H 2= I ol B
3t 1F wiEASE Agste] AAlsteiof gttt ol B = o4
< 123t Tier 3 =59 AW AP} Aulatd 75 A ot 9 =4
H1 gto] anEos fgd 4= Sls Aolth

(23 4-2) HI=2 OIF7 [A(ER)Q AT £, 7|= HAHO TE BHEAIS BI0IS (Tier 3)

Engine Power  Technology NO. Vo CHs co N0 NHs PM PMia  PMas BC FC
(kW) Level

56<=P<7S 1981-1990 8.60 200  0.048 530 0035 0002 1200 1200 1200 0660 275
56<=P<7S 1991-Stage | 11.50 150 0036 450 0035 0002 0800 0800 0800 0440 260
56<=P<75 Stage | 7.70 080 0014 220 0035 0002 0400 0400 0400 0320 260
56<=P<75 Stage Il 5.50 040  0.010 220 0035 0002 0200 0200 0200 0160 260
56<=P<75 Stage 1A 3.81 040  0.010 220 0035 0002 0200 0200 0200 0160 260
56<=P<75 Stage IIIB 2.97 028  0.007 220 0035 0002 0025 0025 0025 0020 260
56<=P<75 Stage IV 0.40 0.28 0.007 2.20 0.035 0.002 0.025 0.025 0.025 0.020 260
56<=P<75 Stage V 0.40 013 0.003 220 0035 0002 0015 0015 0015 0002 260
75<=P<130 <1981 10.50 200 0048 500 0035 0002 1400 1400 1400 0770 280
75<=P<130 1981-1990 11.80 160 0038 430 0035 0002 1000 1000 1000 0550 268
75<=P<130 1991-Stage | 13.30 120 0029 350 0035 0002 0400 0400 0400 0220 255
75<=P<130 Stage | 8.10 040  0.010 150 0035 0002 0200 0200 0200 0160 255
75<=P<130 Stage Il 5.20 030 0.007 150 0035 0002 0200 0200 0200 0160 255
75<=P<130 Stage IIIA 3.24 030 0,007 150 0035 0002 0200 0.200 0200 0160 255
75<=P<130 Stage IIIB 2.97 013 0.003 150 0035 0002 0025 0025 0025 0020 255
75<=P<130 Stage IV 0.40 013 0.003 150 0035 0002 0025 0025 0025 0020 255
75<=P<130 Stage V 0.40 013 0.003 150 _ 0035 0002 0015 _ 0015 _ 0015 0002 255
130<=P<S60 <1981 17.80 150 0036 250 0035 0002 0900 0900 0900 0450 270
130<=P<560 1981-1990 12.40 1.00 0.024 2.50 0.035 0.002 0.800 0.800 0.800 0.400 260
130<=P<S60 1991-Stage | 11.20 0.50 0.012 2.50 0.035 0.002 0.400 0.400 0.400 0.200 250
130<=P<560  Stagel 7.60 030  0.007 150 0035 0002 0200 0200 0200 0140 250
130<=P<560 Stage Il 5.20 0.30 0.007 1.50 0.035 0.002 0.100 0.100 0.100 0.070 250
130<=P<560  Stage A 3.24 030  0.007 150 0035 0002 0100 0100 0100 0070 250
130<=P<560  Stage lIIB 1.80 013 0003 150 0035 0002 0025 0025 0025 0018 250
130<=P<560  Stage IV 0.40 013 0.003 150 0035 0002 0025 0025 0025 0018 250
130<=P<560  StageV 0.40 013 0.003 150 0035 0002 0015 0015 0015 0002 250
P>560 Stage V. 3.50 013 0.003 1.50 0.035 0.002 0.045 0.045 0.045 0.002 250

At2: EMEP/EEA(2023), p. 38.

103) Azl 2(2024), p. 273.
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3. X3
8y X3 ECTIR:
250KN0]4 540049 /CH 402
400KNO| 4 6500Hl 508
BO0KNO| 4 8309 /cH 658
% KB Yo WIS 9l 194

4, AtolLt 8L 1|2t
« Atelofat : 5049
. AR 19, 1. 2(3) ~ GIAHAT AR

'19. 12, 13(3) OITNX| X|YUBE LHOHE| BAHL RPAY VEM HU29E MY
OlLHoll X132 L130] Qs B SUE MUY HHAL F2

1YY - B xofE BURAHRIAN YR YD)

Xt=: KEPCO(2019.01.03)(ZA12: 2025.9.10.)

(33 4-6) LA OfLXZAAY BE XA X|27|E

=

72 |33 | B8 | oaumsszee | NEIT U2

s | 70% | 30% | 500 0l&~2000 olck L1 sopam
2,000 ol #~10000 elet | 1.5 ;l.,wﬂxlf o

= HoS T a
%H 40°/o 60% 10,000 Ong- 2
.« m3} PE 8|8 ASV|o Mol ¥ ofluix BalAAY Tolu]|, MDA,
#alel, Algdd Sol SFHEXTE| H HESAE] 2 H 2

» KEEP30 #0{7|¢ 2 ®e Al KEEP+ M2l A ol X|ALSZho| 2HA|
glol Atgdel zlcistz@EHe) f X2 2 X BlE 10% HEHEA 40-50%,
S 70—80%)

A= S04 XISH(2025.3.24.)(ZBMLY: 2025.9.10.), p. 2.
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20224 68 28Y ° H1AH HES| 71|
20224 82 30Y, 92 30Y | * M|1~2x FZIE 29| 4|
20225 12¢ 7Y * Mi2xt AE=] 7H2|
20234 12 199, 3% 2 * HIBXt YZUIE 5]9| JHA|, MSKt HES| THA]
20234 3¢ 30 * CNP 2135 HM=(Qh)
20234 11€~ ° AlRAA|

20244 38 by, 38 22¢ o MAXt YZIOZ 3|9| WE|, MaXt HES| IHE]
2024'3 93 99, 9& 25¢ ° bt Y& 2/Q 71z, M5Xt HES| Iz

2024 108~ * 7L AIEEA
2025 28 3, 3& 4Y * M6Xt AL1E 1] 7HE], MEAt HES| 7HA]
20254 38 21 ° CNP Q15 M= X0t 2H

A2 Y= ZENEAN, CNP QIS(ZH0|H BO|Y) Mz AHS| X2(HAMY: 2025.9.8))

AL BAQ ABAL 24 FAE B A ﬁ%}_a .
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(O3 4-8) CARB E0A0f| MAIE AE35HE 233l ot

| 2 AE(YR)

Crane

AGV Kalmar Fastcharge'®*

AGV Konecranes Gottwald AGV'

AGY N/A Sany SIGV8850® BE Yes
AGV N/A ZPMC Durapower Battery'®® BE No

Rail-Mounted Gantry |\, Aicrane RMG'S’ GE Yes

gubber-Tired Gantry N/A PACECO {.'-.rid-EleFtri'cB5 GE Yes

rane Conversion

Rubber-Tired Gantry |, Vahle Grid-Electric GE Yes

Crane Conversion'®

Rubber-Tired Gantry Shanghai Zhenhua . N

Crane N/A Heavy Industries g"d'Elef:t"fg, GE Yes
(ZPMC) onversion

Ship-to-Shore Crane | N/A Doosan Vina E:::;;smp_m_smre GE Yes

Ship-to-Shore Crane | N/A Hyundai-Samho Elrjnd;,iﬁhip'm"c’hum GE Yes

Ship-to-Shore Crane | N/A Kalmar Global Elr:ncter‘isoship-to-shore GE Yes

Yard Truck NZA Autocar E-ACTT21
E-ACTT 4x2
Yard Truck N/A Autocar MY2025/2026 Off- BE Yes
Road?™
Yard Truck N/A Autocar E-ACTT 4x2 DOT*" BE Yes
Yard Truck N/A BYD/Ride 8yzs BE Yes
Yard Truck N/A Easy Mile TractEasy?!” BE Yes
Yard Truck N/A Hyster-Yale 182,000 GCWR™® BE Yes
Yard Truck N/A Kalmar T2 BV BE Yes
Xt=: CARB(2025)(AAHL: 2025.11.13.) B-23, B-28, B-32.
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