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AAPA (@)= 3)): American Association of Port Authorities
AGV (F-Q12-414]): Automated Guided Vehicle

AHP (Al1E35} 2-49): Analytic Hierarchy Process

AMECS (34 vi&A| o] A|AH]): Advanced Maritime Emission Control System
AMP (734U 334 A)): Alternative Maritime Power Supply
BACT (HZ%A]7]<2): Best Available Control Technology

BC (E&#714): Black Carbon

BPA (FAFFHE-AD: Busan Port Authority

C.R. (¥3+4 ¥]8): Consistency Ratio

CAAP (33713 5A12): Clean Air Action Plan

CARB (A& Yo} 7|2 Y 3)): California Air Resources Board
CHE (8F=3]5744]): Cargo Handling Equipment

CNG (=" A712): Compressed Natural Gas

CO (YAFsletA): Carbon Monoxide

CO:. (0]AFsFErA): Carbon Dioxide

DB (H]o]E{#|o]A): Data Base

DNV-GL (5]l E 0] Z|A): Det Norske Veritas-Germanischer Lloyd
DPF (t)A v &} ZH): Diesel Particle Filter

ECA (B§&HAI31): Emission Control Area

FEA (- 34 4): European Environment Agency

EEDI (A &-& AAIX]4): Attained Energy Efficiency Design Index



BGCS (8717} M78AA]): Exhaust Gas Cleaning System

FIAPP (1A H7] 2.9 "IA] S4]): Engine International Air Pollution Prevention
EMAS (84 33241 A): Eco Management and Audit Scheme
EMH @3 #] I=H): Environmental Management Handbook
EMP (@Hg#2] A5): Environmental Management Practices

EMS (23 #2] A]2AH): Environmental Management System

EPA (1]=+ 33 3)): United States Environmental Protection Agency
ESPO (-3 &71h): Buropean Sea Ports Organization

GHG (247}2): Green House Gas

GPS (A4 A]): Global Positioning system

HC (&3}=4): Hydrocarbon

HFO (5-): Heavy Fuel Oil

HN&E (&t &3l 2 34 3=]9Ys)): Harbour, Navigation and Environment
Committee

IMO (ZFAIIAF7191): International Maritime Organization

IMO GISIS (&A] &5t E A|AH]): IMO | Global Integrated Shipping
Information System

IPA (A FTHEAD: Incheon Port Authority

LA (24N A): Los Angeles

LB (5H]A]): Long Beach

LNG (A3 A71A): Liquefied Natural Gas

LPG (Y3437 F2): Liquefied Petroleum Gas

M&S (223 & A|EF|o]4): Modeling & Simulation

MARPOL (3]9F2 ¥ ®A&9P): International Convention for the Prevention of
Marine Pollution from Ships

MAUT (th&A4 §-801%): Multi Attribute Utility Theory



MDO (A¥rg- o) A-3): Marine Diesel Oil

MEPC (3}j9k8h4 B S 43]): Marine Environment Protection Committee
METS (1% 8717k A 2] A|AH]): Maritime Emissions Treatment System
MUF (t}:4) 8-835F0): Multi-Attribute Utility Function

NAAQS (=7} th712+4 7]<8): National Ambient Air Quality Standards
NOx (B4AFsH=): Nitrogen Oxide

03 (2=): Ozone

PCA (A& £4): Principal component analysis

PDTR (BF=EE SZAA): Port Drayage Truck Registry

PERS (&4t 8743842 A=A A): Port Environmental Review System

PM (F]AHA]): Particulate Matter

SCR (A2 Zuj2kH): Selective Catalytic Reduction

SDM (3t e #e] A7FITR): Self Diagnosis Methodology

SEEMP (g} ol ] &8 =] A2 A): Ship Energy Efficiency Management Plan
SOx (HAFSHS): Sulfur Oxides

TAP (7]&A= =2 13): Technology Advancement Program

UNFCCC (f<ll 71%¥H35}82F): United Nations Framework Convention on
Climate Change

VDECS (K&l A vj&A| o] AZh): Verified Diesel Emission Control Strategy
VECS (F71%= AloJA|AH]): Vapor Emission Control System

VOCs (34HA /-718FHE): Volatiile Organic Compounds

VSR (A8} &I 27F ZA]): Vessel Speed Reduction

WTI (= s 5 A7-Y): Waterborne Transport Research Institute
WTO (A AL 7]-1): World Trade Organization
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EXECUTIVE SUMMARY

A Study on Management Standards and
Assessment Model for the Atmospheric
Environment of Ports

Yong-Sung Ahn - Young-Kil Park - Sung-Rye Hu ‘ Ju-Hyung Kim -
Sung-Cheol Kim - Sang-Won Park - Peng Chuansheng

1. Purpose

» The purpose of this study is to develop the Standards of
Management Activities for Port Atmospheric Environment (draf
t)% and its optimal assessment model, which corresponds with
the reality of Korean ports, and to explore and find policy

measures to introduce and utilize them.

- These efforts will allow domestic ports to achieve sustainable
management of atmospheric environment, while providing main
agents of implementation such as port authorities and local
governments with policy and technological basis for effectively

implementing and assessing relevant regulations.

5) It presents classification system and major methodologies of management activities
of port atmospheric environment in accordance with concepts, types and attributes.
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(Table 1) Purpose of this study

Purpose Expected effects

Preparing policy and technological

methodologies to identify health and

environmental impacts resulting from ports’

activities and preemptively manage them

and organize necessary works, organizations

and operational systems

— Promoting the sustainable operation of
port environment which goes beyond the
demand of complying with domestic and
foreign laws and regulations

— Enhancing eco—friendly technological and
operational capacity of national port
authorities / local governments

Developing the Standards of
Management Activities for Port
Atmospheric Environment (draft)
and its optimal assessment model,
which corresponds with the reality
of Korean ports

Seeking policy measures for
introducing and utilizing
management standards (draft) and
assessment model

Source: Prepared by the author

2. Methodology and Feature

1) Methodology

» Major methods used in this study include a review of domestic
and foreign relevant literature, focus group interview (FGI) with
experts in individual field and experts’ survey and analysis.
These methods intend to summarize the types and concepts of
management activities of atmospheric environment in ports,
while organizing the present status and trends at home and

abroad.

» The classification system and content of the ‘Standards of
Management Activities of the Atmospheric Environment at Ports

were confirmed after reflecting the opinion of experts in each
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EXECUTIVE SUMMARY

filed on the draft investigated and produced by researchers. In
addition, an analysis model was designed to extract the optimal

assessment model.

- This study also utilized a comparative analysis of domestic and
foreign policy cases and laws surrounding management
guidelines and assessment systems regarding atmospheric
environment in ports as well as an analysis of domestic and
foreign pending issues. These efforts resulted in a draft of
limitations in operating the managerial systems of atmospheric
environment in Korean ports as well as types and concepts of

management activities of atmospheric environment in ports.

— Based on aforementioned analyses, the study extracted index
items (standards of management activities, criteria of
classification by types and items) and content were drawn
after modification and confirmation based on in-depth
interview with domestic and foreign experts as well as
working level groups and consultation meetings etc.).
Following this process, the hierarchy of higher and lower
attributes (areas and types) was established.

- After that, a survey was conducted targeting domestic and
foreign experts selected based on their expertise in individual
sector relevant to port atmospheric environment. Summarizing
the results of the survey, the study extracted and analyzed
relative importance for each type and activity of atmospheric
environment management at ports. Based on this result, it
presented the ‘Management and Assessment Model for

Atmospheric Environment in Korean Ports’.
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(Picture 1) Process of Experts’ survey — Analysis

Supplementing
-modifying
Extractin surve
survey ind%x Conducti questio?w/si Comprehensive
items6) on ,gélmg 4 | Confirming Carrving out analysis’)
(preliminary): interview survey aarrsytlJ?\?ec\)/u &
Standards of - structures, : Management
targeting a ; targeting
management | group of | itemsand P 1 oshic [end Assessment
activities of experts i methods d forei Model for the
port : é)‘e‘ds l? N an oret|gn Atmospheric
atm_ospherig[ n fli\é ll dua Standards 01; experts Environment in
environmen managemen Ports
(Draft) activities of port
atmospheric
environment

Source: Prepared by the author

2) Feature

» This study was designed and carried out as a joint study with
Korea’'s major port authorities (BPA and IPA), a direct consumer
of the study’s results and China (China Waterborne Transport
Research Institute) whose geographical environment is similar

to Korea.

» The scope of expert groups was not limited to Korea but rather
extended to experts in China and Europe in the field of port
operation and atmospheric environment. With this effort, the
experts survey was able to comprehensively reflect external

perspectives and opinions, not limited to domestic viewpoints.

6) @ assessing the priority and weight per each attribute/activity of management
activities of atmospheric environment in Korean ports.

7) @ Utilizing the Fuzzy analysis, it prepared assessment criteria and standard
framework for management activities of atmospheric environment in Korean ports,
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EXECUTIVE SUMMARY

3. Results

1) Summary

» Comparative analysis of domestic and foreign regulations

surrounding port atmospheric environment

-In order to realize the genuine purpose of atmospheric
environment management in ports, this study selected items for
‘management activities of port atmospheric environment
required by main agents of implementation and then classify

them based on specific standards and attributes.

— After that, it compared and analyzed the contents of current
domestic and foreign regulations in the form of reviewing
whether specific item is included and reflected or not, while
focusing on major activity items. And then it identified a gap
in the requirements or levels to achieve the sustainability of

port atmospheric environment.

» Limitations of atmospheric environment management system in

domestic ports

- (Misleading purposes and methodologies of port atmospheric
environment management policy) The ‘Special Act on the
Improvement of Air Quality in Port and Other Areas’ (hereinafter
as ‘Special Act on Air Quality in Ports’), subordinate laws, a
comprehensive plan, major policies that have been implemented
and R&D projects have been focusing on strategic goals for the
so-called mid-point such as emission reduction or reduction

technology development than the ultimate goals
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- (Lack of the basic background data for the development and
application of a policy) Production and acquisition of accurate
data was insufficient which represents the present status of
emissions from domestic ports and ships, the distribution of
pollution concentrations and their resulting health impact on

local communities.

- (Lack of rationale for the role of supervision and management)
There is a lack of legal and institutional grounds for the actual
implementation of major policies stipulated in the ‘Special Act
on Air Quality in Ports' and regulations. This includes clear
regulations in regards to work boundaries and jurisdictions
among government ministries and departments and between

local governments and port authorities.

- (Lack of consistent standards and standardized methodologies
per management activity) Providing consistent standards and
methodologies are urgently necessary to enable main agents
such as local governments and port authorities to implement
policy and technological measures required by recently enacted

Special Acts etc.

- (Sluggish development and introduction of new and alternative
technologies) Efforts for conducting R&D for reducing ‘emission
and pollution dispersion from ports as well as further
developing a new technological paradigm have been

insignificant which can maximize the cost efficiency.
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(Table 3) Necessity for Management Standards and Assessment Model

Limitations of
atmospheric
environment
management
system in
domestic ports

Misleading
purposes and
methodologies of
port atmospheric
environment
management policy

Lack of the basic
background data for
the development
and application of a
policy

Lack of rationale for
implementation
roles,

Lack of consistent
standards and
standardized
methodologies

of Port Atmospheric Environment

Development
and application
of the
management
standards and
assessment
model of port
atmospheric
environment

Improvement through introduction
and utilization of management
standards and assessment model
of port atmospheric environment

Strategic approach considering
distinctive social, economic, and
geographical features of individual ports
or specific regions(selection/introduction
-implementation-assessment)
Establishing management and
operational strategies for port
atmospheric environment

Writing and assessing an emission
inventory by investigating emission
sources of air pollutants in ports and
calculating the amount of emissions.
Building a network for measuring
pollution inside and outside of ports
Pushing forward analysis and
forecasting the movement, dispersion
and impact to local communities of
emission

(National level) Preparing and
announcing requirements and
guidelines (methodologies) of major
management activities

(National level) Providing laws and
systems as a clear basis for supervision,
management, regulations and
incentives

Establishing working system dedicated
to the management of port atmospheric
environment
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Developing and localizing highly
efficient new technologies in the form
of appropriate technology

Developing and introducing a program
to support leading alternative
technologies

Building new technology for analysis,
forecasting and automatic control in the
form of smart connectedness as well as
it platform

Sluggish
development and
introduction of new
and alternative
technologies

Source: Prepared by the author

» Standards of Management Activities for Port Atmospheric

Environment

- The total of 27 specific activities required for achieving the
genuine purpose of port atmospheric environment policies are
classified into 13 activity items and then subdivided into 6 groups
of lower attributes as follows; (D establishing a managerial and
operational system of port atmospheric environment, @
applying smart and alternative technologies, ® investigating
emission sources of air pollutants in ports and estimating the
amount of emission @ monitoring, analyzing and forecasting air
pollution-impact in ports and regions, & managing combustible
emissions, and (6 managing the occurrence and leakage of

non-combustibles.

- Lastly, the highest items in the concept of large classification
include the following 3 areas including: (Mbuilding a managerial
basis at the port and regional level, @ monitoring the process
of ‘Emission-Pollution-Impact’ in ports and ) managing emission

sources at ports.
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(Picture 2) Structural concept of management standards (draft)

Emission-Distribution Management
{Managernent operation}

Laying the Managerial Foundation Monitoring of Emission-Pollution-Impact
(Strategy & Tech.) (Monitoring)

Ship Establishing a Defining scope and Investigating
enmission managerial and subject of management emission
s = S
the atmospheric port air
e ) environment in ports hitants
Switching to eco—friendly and assessing tl-':e ol
L performance
Limiting the access of old e Writing and assessing Cafw!ﬁn:ng
Uﬂlfyl!'lg ] Injeaiohyclpait theanission ]
organizations relevant to emissions output of air
Adjusting the operation port atmospheric pollutantsin
and improving the i< environment ; - pores
efficiency of cargo trucks management Surveying the emitting
‘‘‘‘‘‘‘‘‘‘‘ status of major sources
o measuring the emission,
g Replacing old equipment/ Building a Organizing and { i )
the emission [EEEITENTEEY ublic— operating a cooperative
of unloading [ eI S system of the central
Switching to eco-friendly. government - local
measures governments - ports
Adjusting unloading and =
h'alnsporgaticn pr:cgess Organizing and .
and improving the operating a cooperative
efficiency system of the central
government - port
industry Measuring internal and Monitoring air
external air pollutionin peoliutionin
Producing emission— ports (fixed) ports and
pollution big data regions
Status survey oninternal
Connecting and utilizing and external air pollution |
relevantdata in ports (moved)
Managing  [YENERTTAGTS .
cargoes generation of scattering Establishing an analysis LU EEER ] | Analyzing and
smneto dust from cargos prone and forecasting platform MAR the movementand forecasting
ust to dust pollution for M&S, digital twin dispersion the impact in
poliution technologies partsand local
and VOC Managing the 7 comimunities
eTmiIssion generation of VOC Applying alternative Ar\alyzlng and . .
technologies for forecastmgth.e.lmpactm
Blocking Creating forests for emission reduction and local communities
the blocking and reducing management
dispersion  [IRIUCE TS
Installing equipment

preventing find dust

fromdispersion

Source: Prepared by the author

- Activities for ‘laying the

managerial foundation at the level of

ports and local governments’ are classified into two; one for

preparing the ground for policy implementation which is followed

by @ setting up a strategy and rearranging implementation

systems. The other activity is for ‘building the foundation for

applying new technologies’ which intends to develop and apply

@ smart technologies based on big data, wired and wireless

networks (IoT) and artificial intelligence (Al) as well as leading

alternative technologies capable of innovating existing paradigms.
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(Table 4) Structure of Management Standards: Laying the Managerial
Foundation at the level of Ports and Local Governments

Attribute Activity Activity (detailed) Concept
Establishing a
managerial and
operational Establishing a managerial and
strategy for the operational systems and
Establishing a atmospheric drawing requirements for
managerial and  environment in correction and supplement
operational ports and through assessment
systems for the ~ assessing the
atmospheric performance
environment in Unifying o o
Establishinga L Organizing and unifying a
. ports works/organizatio ]
managerial dedicated department to
nsrelevantto . -
and , . improve the efficiency of works
, ports’ atmospheric .
operational . relevant to port atmospheric
environmental .
systems for environment
management
the o = 4
. rganizing an -
atmospheric 9 , g Establishing a common goal at
. operating a .
environment - the regional and ports level and
. cooperative . .
in ports formulating cooperation
system of the
measures as well as a
central . .
o cooperative system for joint
Building a government-local
o response
public-private  governments—ports
cooperative Organizing and . . .
. Discussing relevant issues
system operating a .
) together with the government
cooperative .
and the private sector,
system of the . .
formulating and operating
central o . .
communication/discussion
government-port S
. channels for adjusting interest
industry
) Constructing big data of basic
Applying - . i . o
smart/ Establishing a Producing information by switching the
. big data emission—pollution basic data cycle of
alternative . . . o,
platform big data reporting—collection” into

technologies . - )
real-time’ collection
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EXECUTIVE SUMMARY

Attribute Activity Activity (detailed) Concept

Building a continued sharing
and connecting system
through consultation with other
departments and organizations

Connecting and
utilizing relevant
data

Building and operating

Establishing an intelligence— based platform

analysis and . .
. for analysis and forecasting
forecasting . . .
driven by policy demands with
platform for M&S, . S
Aoplhi y diaital twin phased-in application of M&S
PPyINg smart 9 . and digital twin technologies
alternative technologies ot
technologies i . o
Applying Developing, adopting and
alternative operating leading technologies,
technologies for in other words, ‘highly
emission reduction | cost-effective alternative
and management reduction technologies

Source: Prepared by the author

- Monitoring of emission-pollution-impact of ports’ consists of
processes for establishing strategies for the area of ‘laying the
managerial foundation at the level of ports/local governments’
as well as securing and producing basic data for technological
development and application. This process can be classified into
the following two; (O ‘writing an emission inventory including
investigating sources of air pollutants and @ ‘identifying and
analyzing the movement and dispersion of pollution
concentrations in the air and its resulting impact to local

communities.’
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(Table 5) Structure of Management Standards: Monitoring

‘Emission—Pollution-Impact’

Attribute Activity

Defining scope
and target for

o management
Investigating
sources of air
pollutants in
o ports
Investigating Writing an

sources of air

pollutants in
ports and
calculating
the emission -
output Wntmg and
assessing an
Calculating the  emission inventory
emission output
of air pollutants  Surveying the
in ports emitting status of
major sources
(measuring the
emission)
Measuring internal
and external air
L pollution in ports
l\/lonlto_rlng.alr (fixed)
Monitoring / pollution in 5t
analyzing and ports and atus survey on
forecasting regions internal an_d
the air ext_ern_al air
. pollution in ports
pollghon—.lmp (moving)
act in regions _
and ports Analyzing and Analyzing and

forecasting the

impact in ports
and local

communities

forecasting the
movement and
dispersion

XXX

Activity (detailed)

emission inventory

Concept

Designating geographical and
task-wise scope of
management activities of port
atmospheric environment and
confirming the subject of
survey accordingly

Collecting and summarizing
the operational status, data
information and activity data
per emission sources in
individual ports through
investigating emission sources

Estimating the emission
output of individual ports per
sources, air pollutants and
periods and make an
assessment

Measuring individual emission
sources to verify and
supplement the accuracy of
the estimation results

Measuring and collecting
pollution concentrations of a
particular air pollutants through
fixed measurement network

Carry out the measurement
through movement (vehicles
etc.)

Identifying the mechanism and
movement pattern from the
2nd order response of emitted
pollutants in the air and then
analyzing and forecasting



EXECUTIVE SUMMARY

Attribute Activity Activity (detailed) Concept

movement and dispersion

patterns in accordance with
changing conditions of
emission and pollution

Forecasting the degree of
Analyzing and danger in accordance with
forecasting the | changing individual conditions
impact in ports and ' and environment by measuring
regional and analyzing the level of
communities health damage having impact
on local communities

Source: Prepared by the author

- ‘Management of emission sources in ports  is the processes of
actually performing direct activities for reducing and preventing
the emission for the purpose of improvement air quality in
accordance with the strategy already established. The process
can be classified into the following two which includes; @
activities for reducing and preventing air pollutants generated
and emitted during the combustion process for operating main
sources of emission in ports such as ships, cargo trucks and
unloading equipment etc. and @ activities for reducing the
leakage or preventing VOCs as well as scattering dust which can
be generated during unloading and distribution process, and
activities for blocking and reducing the movement and

dispersion of pollutants already emitted in the air.
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(Table 6) Structure of Management Standards: Management of Emission

Sources in Ports

Attribute Activity

Ship emission
control

Managing
combustible

emissions Vehicle

emission
control

Managing the
emission of
unloading
equipment

XXXl

Activity (detailed)

SOx reduction
measures

NOx reduction
measures

Switching to
eco—friendly
energy

Limiting the
access of old
diesel cars

Adjusting the
operation and
improving the
efficiency of cargo
trucks

Replacing old
equipment/
Installing emission
reduction devices/
Switching to
eco—friendly
measures

Concept

Applying methodologies for
reducing and preventing SOx
emissions

Applying methodologies for
reducing and preventing NOx
emissions

Switching or supporting to
clean energy such as LNG and
LPG powered drive methods
and drive methods for
selectively combining
gasoline, diesel, LPG and
natural gas with electric power

Limiting the access of
sub-standard old cargo trucks
into ports by replacing old cars

with new cars to meet

emission standards, or
installing emission reduction
devices in accordance with
the law

Improving the efficiency of
movement and transportation
within ports by adjusting the

operation and allocation of

cargo trucks and resultantly
boosting energy efficiency to
reduce emissions

Replacing or upgrading old
unloading equipment with
new ones / In the case that
the replacement is not
available, installing emission
reduction devices to meet
emission standards or
supporting the switch into
eco—friendly drive methods



EXECUTIVE SUMMARY

Attribute Activity Activity (detailed) Concept
Adjusting Improving the efficiency of
unloading and energy or jobs within cargo
transportation  handling areas by rearranging
process and the order or allocation of
improving the unloading and transportation
efficiency process
Applying methodologies for
Managing the reducing and preventing the
generation of generation and dispersion of
Managing scattering dust scattering dust during the
cargoes prone from cargos prone process of unloading,
to dust pollution 10 dust pollution transporting and storing
and VOC cargos prone to dust pollution
emission Applying methodologies for
Managing the Managing the preventing the emission of
generation / generation of VOC VOC (Volatile Organic
leakage of Compound)
non-combust Creating forests for blocking
ibles Creating forests  and reducing the movement
for blocking and and distribution of air
reducing fine dust ' pollutants already emitted into
Blocking the the air
dispersion of
emission Installing Installing outdoor air purifiers
equipment for blocking and reducing the
preventing find ~ movement and dispersion of
dust from air pollutants already emitted
dispersion into the air

Source: Prepared by the author

» Assessment Model for the Management of Port Atmospheric

Environment

- Based on the classification system of ‘Management Standards of

Port Atmospheric Environment’, this
‘Assessment Model for the Management of Port Atmospheric

Environment” with which includes assessment criteria per items

study presents an
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for assessing the capacity and outcome of management activities

of port atmospheric environment (draft) ® as well as weights

(relative importance) as major contents.

(Table 7) Relative weights (priority) between specific activities

Area Attribute
(priority/total)
®-1.
Establishing a
@ Laying the managerial
managerial a”tf_j |
foundation at | e
systems for
the level of the
portg and atmospheric
regons environment

in ports

(2/6)

Activity
(priority/total)

®-1-1.
Establishing a
managerial and
operational
systems for the
atmospheric
environment in
ports
(1/13)

®-1-2.
Building a
public-private
cooperative
system
(6/13)

|/ xxxiv

Specific activity .
(priority/total) Weight

Establishing a
managerial and
operational strategy
for lthe atmo§pherlc 0.0497
environment in ports
and assessing the
performance
(1/27)
Unifying
0.0448

works/organizations
relevant to ports’
atmospheric
environmental
management
(3/27)

Organizing and
operating a
cooperative system
of the central 0.0428
government - local
governments — ports
(8/27)
Organizing and
operating a
cooperative system
of the central 0.0428
government — local
governments - ports
9/27)

8) See pp.241~258 of this study for more information.



EXECUTIVE SUMMARY

Area Attribute Activity
(priority/total)  (priority/total)
@=2=1.
Establishing a big
data platform
(3/13)
®-2.
Applying
smart/
alternative
technologies D-2-2.
(5/6) Applying smart/
alternative
technologies
(13/13)
@-1-1.
Investigating
sources of air
@-1. pollutants in ports
Investigating (4/13)
sources of air
pollutants in
ports and
o calculating @-1-2
@ Monitoring Al = <
the emission — theoequii'o” Calculating the )
pollution ~ (3/6) emission output o

air pollutants in
ports
(2/13)

impact in ports

@-2.
Monitoring /
analyzing and
forecasting
the air
pollution —

@-2-1.
Monitoring air
pollution in ports
and regions
(6/13)

Specific activity
(priority/total)

Producing
emission—pollution
big data
(4/27)

Connecting and
utilizing relevant data
(10/27)

0.0425

Establishing an
analysis and
forecasting platform
for M&S, digital twin
technologies
(22/27)

0.0297

Applying alternative
technologies for
emission reduction
and management
(24/27)

Defining scope and
target for
management
(5/27)
Writing an emission

inventory
(6/27)

0.0276

Writing and assessing
an emission inventory

0.0492
(2/27)

Surveying the
emitting status of
major sources
(measuring the
emission)
(11/27)

Measuring internal
and external air
pollution in ports

(fixed)
(7/27)
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Attribute Activity Specific activity
(priority/total)  (priority/total) (priority/total)

Status survey on
internal and external
air pollution in ports

(moving)
(19/27)

Area Weight

impact in Analyzing and
reqions and - forecasting the
g ® 2 2. movement and 0.0332
ports Analyzing and dispersion
(6/6) forecasting the 20/27)

impact in ports :
and local Analyzing and

communities forecasting the
(10/13) impact in ports and  0.0338

regional communities
(18/27)

SOx reduction
measures 0.0286
(23/27)

NOx reduction
measures 0.0266
(25/27)

Switching to
eco—friendly energy = 0.0199
(27/27)

5 Limiting the access of

@-1. old diesel cars  0.0342
Managing ®-1-2. (17/27)

combustible

®@-1-1.
Ship emission

control

(8/13)

(® Managing
the sources of

emission in - Vehicle emission  Adjusting the operation
emissions | : .
ports (1/6) contro and improving the
(11/13) efficiency of cargo  0.0308
trucks

(21/27)

Replacing old
®-1-3. equipment/
Managing the Installing emission

emission of reduction devices/
unloading Switching to
equipment eco-friendly
(12/13) measures
(14/27)
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EXECUTIVE SUMMARY

Attribute Activity Specific activity
(priority/total)  (priority/total) (priority/total)

Adjusting unloading
and transportation
process and
improving the 0.0260
efficiency
(26/27)

Area Weight

Managing the
generation of
©@-2-1. scattering dust from
Managing cargoes  argos prone to dust
prone to dust pollution
pollution and VOC (15/27)
®-2 emission ;
Managing the (7/13) Managing the
generation / generation of VOC
leakage of (12/27)
non-combusti Creating forests for
bles blocking and reducing
(4/6) ©-2-2. fine dust

Blocking the (16/27)
dispersion of

emission g o4
9/13) preventing find dust

from dispersion
(13/27)

Installing equipment

Source: Prepared by the author

» Introduction and utilization of an Assessment Model for the

Management of Port Atmospheric Environment

- The followings are the ways to overcome the limitations of the
existing system and further achieving the genuine purpose of
the atmospheric environment management at ports through the
introduction and utilization of the port atmospheric environment

management standards (draft) and assessment model.

- Establishing a virtuous circle via the assessment and reflection

of implementation performance
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(Table 8) Introduction and Utilization of Evaluation Model: Assessing and
Reflecting Implementation Performance

Limitations of Existing Domestic Port

Atmospheric Environment Management Improvement Plan via

Introduction/Utilization

Area Description
Focusing more on the Strategic approaches in
strategic goals for the consideration of social, economic,
so—called mid-point suchas = geographical environment
. . emission reduction or inherent to individual ports or
Misleading the : .
reduction technology relevant regions
purpose of port o o
. development than the (selection/introduction-implemen
atmospheric : .
) ultimate goals. tation-assessment)
environment . . . .
management Accepting the domestic and | * Establishing managerial and
.g overseas regulative items operational strategies for the port
policy and

and levels successively or atmospheric environment

thodologi ) . . .
methodologies totaling and aggregating the = — Reflecting them in the

existing major measures for establishment of the (national)
emission reduction by comprehensive plan and (local
individual emission sources. government) detailed policy

Source: Prepared by the author

- Calculating and connecting accurate basic data.

(Table 9) Introduction and Utilization of Assessment Model: Calculating and
Connecting Basic Data

Limitations of Existing Domestic Port

Atmospheric Environment Management Improvement Plan via

Introduction and Utilization

Area Description
Lack of the accurate data of = * Developing and assessing an
Lack of basic | the current status on emission inventory by
background emissions from domestic investigating the sources of air
data for the ports and ships, the pollutants at ports and calculating
development = distribution of pollution emissions.
and application = concentrations and the Establishing an air pollution
of a policy resultant health impact on monitoring network in and out of
the local communities. ports.
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EXECUTIVE SUMMARY

Limitations of Existing Domestic Port
Atmospheric Environment Management

Area

Description

The official announcement of
the statistics on the national
air pollutant emissions has
been delayed for three years.

Improvement Plan via
Introduction and Utilization

Pushing ahead with the analysis
and forecasting on the
movement and dispersion of
emitted materials and their
impact on local communities.

— Reflecting them in the
establishment of the (national)
comprehensive plan and (local
government) detailed policy

Source: Prepared by the author

- Preparing the standards for a joint management with the central

government, ports and local governments

(Table 10) Introduction and Utilization of Assessment Model: Preparing the

Management Standards

Limitations of Existing Domestic Port
Atmospheric Environment Management

Area

Lack of the
rationale for the
implementation

roles, the
consistent
standards and
standardized
methodologies

Description

Lack of consistent standards
and methodologies for major
implementation agencies
such as local governments
and port authorities to
implement policy and
technical measures.

Lack of legal ground such as
work and jurisdiction
boundaries and among
government ministries and
departments and between
local governments and port
authorities

Improvement Plan via
Introduction and Utilization

Preparing and announcing
requirements for (national) major
management activities and
guidelines (methodologies)
Preparing the legal system with
the clear rationale for the
(national) supervision, regulation
and incentives
Establishing a work system
dedicating to the port
atmospheric environment
management.
— Reflecting them in the
establishment of the (national)
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Limitations of Existing Domestic Port

Atmospheric Environment Management Improvement Plan via

o Introduction and Utilization
Area Description

comprehensive plan and (local
government) detailed policy.

Source: Prepared by the author

- Establishing a joint response system for the improvement of

atmospheric environment in port areas

(Table 11) Introduction and Utilization of Assessment Model: Establishing
a Joint Response System

Limitations of Existing Domestic Port

Atmospheric Environment Management Improvement Plan via

— Introduction and Utilization
Area Description

Lack of legal ground for
creating a cooperation and
joint response system among
government ministries and
departments, local
Lack of governments, port
public-private = authorities and related
cooperation organizations and the port
and joint industry
response plans | ¢ Establishing the
public-private joint response
system is necessary to
implement policies
surrounding the port
atmospheric environment

Formulating and operating a
cooperation system of the central
government-local
governments—ports as well as
that of the central
government-the port industry
— Reflecting them in the
establishment of the (national)
comprehensive plan and (local
government) detailed policy

Source: Prepared by the author

- Working on a pacesetting development and introduction of new
and alternative technologies for reducing and controlling emissions

from ports
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(Table 12) Introduction and Utilization of Assessment Model: Developing

and introducing new and alternative technologies

Limitations of Existing Domestic Port
Atmospheric Environment Management

Area

Sluggish
development
and
introduction of
new and
alternative
technologies

Description

Recommending the
extensive implementation of
international standards or
introducing technologies and
products already operating at
major ports, rather than
developing technologies of
the new paradigm or applying
new technologies on a trial
basis.

Existing legislations lack
provisions regarding the
development and utilization
of technologies to reduce
emissions from ports

Improvement Plan via
Introduction and Utilization

Developing and localizing highly
cost efficient new technologies in
the form of appropriate
technology

Developing and introducing a
pacesetting ‘alternative
technology support program’

To analyze/forecast the Smart
Connected concept and establish
the new automatic control
technology and platform.
Building new technology for
analysis, forecasting and
automatic control in the form of
smart connectedness as well as
it platform

Source: Prepared by the author

2) Policy suggestions and relevant activities

» Preparing a ‘guideline on the establishment of the strategy to

improve air quality in ports and regions” at the national level

(Table 13) Short- and Mid-term Major Tasks (2020~2022)

Implementation task

Developing the ‘Management Standards for the Port

Main agent

Atmospheric Environment’ and its assessment model Marine Environment Policy
— Working on reflecting it to and amending the ‘Special ' Division, etc. of the Ministry of
Act on the Improvement of Air Quality in Port and

Other Areas’

Oceans and Fisheries
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Implementation task Main agent

— Applying it to domestic ports on a trial basis and work
on the international standardization

Creating an organization or agency dedicating to

works surrounding the port atmospheric

environment management

+ Forming a presidential/prime ministerial organization
dedicating to the port atmospheric environment

+ Coordinating and adjusting interests among
government ministries and departments

The Office for Government
Policy Coordination, all
government ministries and
departments

Marine Environment Policy

Division, etc. of the Ministry of

Oceans and Fisheries

% Consultation and cooperation is
required with related
departments such as the
Maritime Industry and
Technology Division and Port
Technology and Safety
Division, etc.

Establishing a ‘guideline for managerial and

operational strategies of the port atmospheric

environment’

+ Guidelines (methodologies) by management activities
and reference demand survey, etc.

+ Reflecting the results of implementation assessment
into the comprehensive plan

Establishing the ‘Port Atmospheric Environment

Management and Operation Strategy’ by ports.

— Establishing and announcing (update) the strategy and
disclosing its results on an annual basis

Jointly pushing ahead with local
governments and port
authorities

Building a joint response system for improving the  Jointly working with the

atmospheric environment with local governments  Regional Oceans and Fisheries

and port authorities Offices, River Basin

— Working on reflecting it to and amending the ‘Special | Environmental Offices, local
Act on the Improvement of Air Quality in Port and governments, port authorities,
Other Areas’ etc.

Jointly working with the Marine
Environment Policy Division,
etc. of the Ministry of Oceans
and Fisheries (national level)
and local governments, port
authorities, etc. (by individual
ports and regions)

Building and operating a public-private cooperation

and consultation program for the improvement of air

quality at ports and port cities

— Working on reflecting it to and amending the ‘Special
Act on the Improvement of Air Quality in Port and
Other Areas’
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EXECUTIVE SUMMARY

Implementation task Main agent

Working on the launch of a regional cooperative

organization for port and shipping areas with air

pollution, including Northeast Asia/+ASEAN, etc.

3 Joint response to international current issues, Ministry of Oceans and
knowledge and experience sharing etc. Fisheries

— Working on reflecting it to and amending the ‘Special
Act on the Improvement of Air Quality in Port and
Other Areas’

Source: Prepared by the author

» Producing the basic data for improving the port atmospheric

environment and preparing a plan for connecting them

(Table 14) Short- and Mid-term Major Tasks (2020~2022)

Implementation task Main agent

Marine Environment Policy

Division, Maritime Industry and
Preparing a plan for connecting and sharing data ' technology Division, etc. of the

among related ministries and departments as well Ministry of Oceans and Fisheries
as organizations for calculating the basic data to 3¢ Consultation/cooperation is

monitor air pollution at ports required with related ministries
— Mandating government ministries and and departments and their
departments for connecting and sharing the data affiliated organizations such as
and reflecting it to and amending the ‘Special Act the Ministry of Oceans and
on the Improvement of Air Quality in Port and Fisheries, Ministry of Land,
Other Areas’ Infrastructure, and Transport,
Ministry of Health and Welfare,
etc.
Developing a guideline on the preparation for Environment Policy Division, etc.
emission sources classification system from of the Ministry of Oceans and
ports, an emission calculation system and an Fisheries
emission inventory % Consultation and cooperation is
— Announcing the guidelines, etc. and reflecting it to = required with related ministries
and amending the ‘Special Act on the and departments such as the
Improvement of Air Quality in Port and Other Maritime Industry and
Areas’ technology Division, Port

xliii



Implementation task

Surveying the emission sources by ports and

preparing an emission inventory

— Establishing and assessing (update) a strategy and
disclosing its results on an annual basis

+ Reflecting the results into the comprehensive plan

Developing the guideline and standards on the
measurement of air pollution at ports and the
identification of its movement and diffusion as
well as its resulting impact
— Announcing the guidelines, etc. and reflecting it to
and amending the ‘Special Act on the Improvement
of Air Quality in Port and Other Areas’
Building and operating a (fixed/moving)
monitoring network for measuring air pollution
within the land and sea areas of ports
Incorporating the emission calculation system by
emission source and air pollutants at ports into the
statistics on air pollutant emissions
Improving the problem of delay taking place from
calculation — announcement of air pollutant
emissions from ships and ports

Main agent
Technology and Safety Division,
etc. by emission sources

% Consultation and cooperation is
required with related ministries
and departments such as the
Ministry of Environment (National
Institute of Environmental
Research, National Center for
Fine Dust Information)

Jointly working with local

governments and port authorities

Environment Policy Division, etc.

of the Ministry of Oceans and

Fisheries

Environment Policy Division, etc.

of the Ministry of Oceans and

Fisheries

% Consultation and cooperation is
required with related ministries
and departments such as the
Ministry of Environment (National
Institute of Environmental
Research, National Center for
Fine Dust Information)

Ministry of Environment (National
Institute of Environmental
Research, National Center for
Fine Dust Information).

Source: Prepared by the author
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EXECUTIVE SUMMARY

» Launching a leading technology program for reducing air

pollution at ports

(Table 15) Short- and Mid-term Major Tasks (2020~2022)

Implementation task Main agent
Preparing a plan of securing finances in order to
develop and support leading technologies for Environment Policy Division,
reducing air pollution at ports etc. of the Ministry of Oceans

— Reflecting it to and amending the ‘Special Act on the | and Fisheries
Improvement of Air Quality in Port and Other Areas’
Introducing and operating a leading technology

program for reducing and controlling air pollution at . -
Environment Policy Division,

ports

+ The classification system for port air pollution Port Management Division,
reduction technologies and the demand survey, Port Technology and Safety
setting the priorities of technology development and | Division, etc. of the Ministry of
introduction, etc. Oceans and Fisheries

— Reflecting it to and amending the ‘Special Act on the
Improvement of Air Quality in Port and Other Areas’

Source: Prepared by the author

3) Expected benefits including policy contribution

» Following the concept and type of management activities of the
port atmospheric environment, this study presented the
standards and an optimal assessment model. In the situation
where there has yet to be a comprehensive review on the overall
atmospheric environment management activities at domestic
ports and the methodologies by the activities accordingly, this
study will provide the guideline and standard for the nation or
major implementation organizations to establish and implement

their strategies and plans.
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- Major agents of implementation such as local governments and
port authorities can draw the demand of change and
complementation for their own current operating strategies and
related projects. In addition, they will identify their relative
positions as well as weaknesses and strengths in relation to other
ports and regions by applying the capacity and performance
assessment model according to the consistent evaluation
criteria. These processes will allow them to draw improvement

plans and readjust their existing goals and strategies.

» This study provides a policy and technical foundation for
achieving the sustainable management of atmospheric
environment in domestic ports. At the same time, this study
enables major implementation organizations such as port
authorities and local governments to effectively implement and

evaluate related Special Acts.

- The study identifies health and environmental impacts resulting
from port-related activities, which allows the preparation of
policy and technical methodologies to preemptively prevent and
control such impacts. In addition, it will contribute to the
establishment of work-related, organizational and operating
systems thereof, enhancing and improving the operational
capacity of sustainable ports beyond the demand of complying

with domestic and international legislations and regulations.

» By reflecting the items and criteria of the management standards
and its assessment models, this study seeks the integrity of

related special acts on the improvement of air quality in local
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EXECUTIVE SUMMARY

communities and the nation such as the ‘Special Act on the

Improvement of Air Quality in Port and Other Areas .

- The government is able to accurately identify the demand such
as specific methodologies and guidelines required to implement
related legislations and plans, including special acts, develop and
announce them, while further improving and complementing
weaknesses of the current legal system.
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of H7 agZE 27 M= SR B9 FAES FEAEY
Aol 2A AW she o] RSttt olstolA= HAHEI]
oflA Aet It ti7|eE T THol U= F8 MPS At

(1) 98 7|2 x|2i8)

FHAY FFYYe= 7129 71 #YA™Air Quality
Framework Directive) 96/62/EC; ¥ #dH XS E3slo] "GH

78) IMO(2020. 5. 9).

79) "©7| FEEX| Group A'e TS| IMO 0l (2 £X|; H7| FHAX| Group B'= T
SOIX| 20 B0 ZM0] QAT TS 4= U= ZXL; "H7| 2EEX| Group C'= H|OJE
SAMTL= ATKOI0| RIBHEE & 9l RR|2 1

80) IMO(2020. 5. 9).

81) EUR-Lex(2020. 5. 10).
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82) DIRECTIVE 2008/50/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 21 May 2008 on ambient air quality and cleaner air for Europe.

83) EUR-Lex(2020. 5. 10).

84) Air Quality Framework Directive 96/62/EC, Annex | .

8b) "eE t7|etd XIE, 0iM= 7|1 2ESEe 3715 s=E F7Icte A0t wds tant &
2 7|01l TSt HOlE LS.

SHAIXI(limit value): Q17te] 71 S2 2t TR0l Rohst ks D)X= RS oY E= Y

28 FHOZ HIO| 5t XIAO)| Mt HMAIE X|= =0 7|2F LHOI| SA=I00F 5t Y

Cf SMEH Z0IGHK| 2010F St BA 11420] /B

QA 4F(critical level): IfSHE RAIZ 78O 2 HIA|E £X|2 A

UOLt =, ME S KNGIMENA S UL0I| ZFAMOI 2AZ S 0K = &

SHX|(target value): Q17te| 717 E= 2+ TR0 Ralst F&ka O|Xl= Re oY E=

AAAZ SHOZ HAEH 7hseh FOIT 717 LHo| S-4aH0f o

45 AA gk alert threshold): MA| Q177+ & eSEH 7120] /0] U0 3| &4=0]

FZAHQI XX|E Folof ot =&

86) Air Quality Framework Directive 96/62/EC, Annex |l .
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RI2 % T 2R wE U

ES, 71E9] AHoAM AT o]4telRHS0y), o4t A (NOy), &
24FE(NOx), o, WAl 9 ditstats: 5 oy =29 7S 5%
9 T VIE2 Id R FASe T, nAEAI(PMIO0, PM2.5)°]
deire Mze 71Es AAHS8D AaAeENOY f1d

719k gE(VOCs)3 &2 22} ’E3-9] 7220 dsiAe w7l &
Lo A= ZEA] it 4 AR 19 A AT 78‘4
o] Hi714d EYE P Frto] digt Ha 35 AR VIS Al
A3k 88

71&9] rAet A= 3 XA (DIRECTIVE 1999/32/EC) 0091
2 59 U Aol AR EE S5, AR, A9 FY Hd o8
FEFE ok, FAHES MiEdES 8 SXE o 2012
& o] 443} A ste] MARPOL
Holl wehA, 8 ATS 20124 11€¥ o5 HA 9 Bty
sto] TAur A2-5 &3 A (DIRECTIVE 2012/33/EU) 9222 74

o = 1959 9o, Ak AASG, TAHE A2 A0

DIRECTIVE 2008/50/EC, Annex VI, EUR-Lex(2020. 5. 10).

DIRECTIVE 2008/50/EC, AnnexVII,EUR-Lex(2020. 5. 10).

EUR-Lex(2020. 5. 10).

Council Directive 1999/32/EC of 26 April 1999 relating to a reduction in the sulphur
content of certain liquid fuels and amending Directive 93/12/EE.

1) UR-Lex(2020. 5. 15).

2) DIRECTIVE 2012/33/EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 21 November 2012 amending Council Directive 1999/32/EC as regards the
sulphur content of marine fuels.
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89
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(SOx-ECA)A sk Aute] daf FsHFe 20149 12€¥ 31
A7FA] 1.00%, 2015¢ 19 19HE+= 0.10%5 2YsHA] =5 7t

g BE A& FHSFEE Jot. ol HEo] Y9 oA = A
ol =9 &ghefol 20149 69 18YHE+= 3.50%, 20204 1¥
19REE= 0.50%F 2ok 4%, AHE-S SAIokaL, At A8te] 4
§ 0.10%, SJAH2 1.50%2] FTFS 2ot= ARE AMESHA &
L& 7hse RE RXE FHoEE ot ok EI, =2
MARPOL &A1 VI9] #4180 we}, @A At w4 S5 3A<
PRE FUNsta #eE] A GojA dufE A=Fo T JEE EA
slote s otal lrh.93)

FHF APES 5 7 Qe BEY ARE ARSSte HiA
o 55 adE 7IHE & e 7Ied 2AE AT 5 =S
571stal, olE AlHh2 A&z itk WEdsS olYst==
ot E3H WIS ASS QT E UE dite R Aol Huket A
gho] s/4dolA EEe S AT o AESF U= AHolA
ol HFHsIE® StaL 2L WiEAd7E 52 AIET & U=
= 3gster, ofd wt BEAATIES A8t Aldske A
2 A3 & 181 e ASH R viEedS RYUEPSL AY

93) Directive 2012/33/EU Article 3a 6.
94) Directive 2012/33/EU Article 4c.
95) Directive 2012/33/EU Atrticle 4c.
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92 TESHE A0 FHWG P FEU UES vioR 377
o Saslof G}, 1T ABL 24 BAFES 740 of
27 AE AUES] BB, BA, A4 Aol A o] A
o WA Bk 71 24 T RIAS A 62 302744 A
Z 3ok 3hct9

(3) S M=ol ol X2 XX
FrEx WA Aol ek A7+ A-(DIRECTIVE (EU) 2016/802),99)
A Aol ABHE B, A%, AE A9, A9
of mEE HeY 518 FAE FAAL Yk WEEP oot
971% ol4HBkaHS0. )0l WA A chepd, waE
A 5ol festel, 53 th7] % 234 wgol g nlAwA
A0 2853 Y vlo] FBYch, AFL o] 2 7
24 A= 9 ANE AR U BUAFL AWk 9
o AHAE A8 1999/32/5C % AR 2012/33/5Ce] ¥
A MARPOLE] 54549] 71%0] Gro] ATHSHES

o do J
u:ﬂi

oofh o o rlo
O ox gl ox

N 1o lo to
jS-lNoZ;.jg
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|o
2
g
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il

4 oR
ol M
o
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2

(4) Mt GIRQ BB X|Z 1999/32/ECH| M2 M= U

=l
B 8o EU ALl ZY)
d

96) Directive 2012/33/EU Article 6.

97) Directive 2012/33/EU Article 7.

98) DIRECTIVE (EU) 2016/802 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 11 May 2016 relating to a reduction in the sulphur content of certain liquid
fuels.

99) EUR-Lex(2020. 5. 20).
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9] FU JAHA3] 24 (Commission Implementing Decision (EU)
2015/253),100-2 FA8F A5 FgH=F XX (DIRECTIVE 1999/32/EC),

NA 73t et AR5 FeFo] gt MEY 9 Huel AT
T2& AAstaL

HAT2 vl A8 Ade 39 10% o] Adete] dish Adef o
YA AEH A1l thgt AARE AAIoF ob, 20164 19J JCIACE
Bl ok BiEFAISH S (SECA)T &d3s] Hafile 2ld= oAl
+ 40%, SECA®} FE4 02 Qe 3] =0l A= 30%, SECAS] 345}
A S TP 20%2] Aute] dief Amf MEPI EAS Al

== ot 202049 19 1°”E‘Ei’~ SECAS} =73= FotA] %= 3=
A= 30%2] Adto] s ARF AELF £4= AASoF gt} 10D

O

okga:l

Skl e AEY W BAL ANT 5 Y100 ofo] we
Aot e Aot Ag FEAC ek 2 AN F, BEA 6
o 7ol whe} Ag THA FHE Amf S0 et B4 5
o A AE(por) MEY F SIS At WA LT AF
2 AW AL A T AT AL, BF BUL, A
Mg HE 9 99 5o ARAnE 7o} Beh10d) Ea At
B34, drg TN, PAUA, A= WAYE, Su= Bad
A7 FFYAC B2 TP AARTNES ASHES Pt

100) COMMISSION IMPLEMENTING DECISION (EU) 2015/253 of 16 February 2015
laying down the rules concerning the sampling and reporting under Council
Directive 1999/32/EC as regards the sulphur content of marine fuels.

101) Decision (EU) 2015/253 Article 3.

102) Decision (EU) 2015/253 Article 4.

103) Decision (EU) 2015/253 Article 6.
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o
0
2

(6) =7t tH7|1FSHE HiE &S XIF04)

=71 qi7]1 L GE4 viE 2= A (DIRECTIVE(EU) 2016/2284),105)
& ©]4t5}8H(S02), A AASHE(NOx), HlvWe 84 /713 t&
(NMVOC), ¥HUOoKHNH3), "AHA|(PM2.5)9] &S #A=35H7] 9
S A= QY. o] Aol whetbA, 3= 2025W7HA] QIffH o=
TAsH= d71d=4 HiES AStstr] fs 2ajt 225 FsfoF
gttt BETF AR 2 2020 715-o1H A 7|22} 2030 71F-
oz mJAZ 10604 AAIGH vlE =& AtoloflA AP HT

M Y= AYH #iES Aetstal 571 7| dEd HiE
A5 AR, E1E 245 Y6l =7 A9 tir]ed A =
Z ¥ (national air pollution control programmes)s A& -0]3Y 3]
of gtth107) E3E olE R¥E4 HiEY 1 I¥F HYHY ¢
Hushy #4H" eAdEd s =7} sieS5S A4t mid

7BAISHEE T} o] Y4, 415”}1:1' 3 7H8(spatially disaggregated)

=71 W& B2 g W& E=(large point source inventories)

< 7Y4lstar 2dnteh 2‘5%@"“ "41°} =7} HiET ASAE 74l
F g} 108)

o

104) EUR-Lex(2020. 5. 20).

105) DIRECTIVE (EU) 2016/2284 OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL of 14 December 2016 on the reduction of national emissions of certain
atmospheric pollutants, amending Directive 2003/35/EC and repealing Directive
2001/81/EC.

106) EUE 2020 7|2 - 0|4 X| IH7|X[ @} ‘2030 7|Z - 0|4 K| ZHAULT E 24TIA ZEE ¢
St ZSH7| MO = X{Eotl 9*'7V‘E 2020 7|2 -0l X| {7 | X[ OflAf= 1990 LiH|
20%, 2030 7|2- 0|4 X| ZY¥F 0= 1990 L] 40% Ol ZES AS SHE
HIAL.

107) Directive (EU) 2016/2284 Article 6.

108) Directive (EU) 2016/2284 Article 8.
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2) 8=
(1) 71109

3971 (Clean Air Act 1993),2 2502 HH “HL tfd(dark
smoke) ] HiEE+= AL AL HZO= 1993¢ 54 AF=H Ut
A7 AN 2 7HEE 25004 vdes WA A

&9 Ld=4 HiE {5t RS wedtt

o] 42 A=r|Atet Hutof tisfA e AEEw, Auro] ujd
HiEo] 48& Slutsh= A9 ARte AfAY AAAoA daE
Fiste s k110 o]e} HEo], A2 thifo] He E4 7l
d=dol M= FA3tL At FFFES d71dS 7AsH ]
Qo AFsAt AmFo] 4 SRl et 8= AAlsta, 71 84
o] AIFEH F= oA sid Ad=xo] Ak AP, 75, Y, T,
AHEE FA Be AT 4= Qithii) ojo] mEbA, Hdy = <

Aol ot e ARF] AHRo] AT T S Ak

2) ea3d

F=r9] "e7gd ¥ (Environment Act 1995) 2> F= FHet AFEN
A= oﬂolx 1:10].013111:4 Hobﬁ 7]. x1-7];<4 oz qp]xl 7H/E]_E =
s 4o Ay AdeFE Hed HHor =7 Hi7]d A=
(National Air Quality Strategy), & $~Hot=S stal Ut} sid A=

< W71 b 2, o] § SAcke 54 229 = Al

109
110
111
12

legislation.gov.uk(2020. 5. 20)

Clean Air Act 1993 Part 6, Section 43, 44.
Clean Air Act 1993 Part 5, Section 30.
Clean Air Act 1993 Part 5, Section 31.
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0
2

of tigt £x, o] ERE A5 Asl A S= AR} FH
of & 2% 5& Zlofof grh113)

"S7F di71d A2 AALARHE(NOx), ol4HFEHS02), A A|
(PM10, PM2.5), @, "lAl, AASIELA(CO), &, dEU ol 52 0
292 FH4L19 /1Y AEAT 71ET} BE Do ojge
A AR g2 718 B/E TS AR slof gtth115) o A%
5}711 Hd, A ga2 AGE A9 FA 2 FFof di7]Ee] o

ZAE AATS|oF 3t AR ZH A0 g = Sle AFAES
3o} st} 116

=

4>r

3) Oi=
u=e] 718 HElE et WA=

Ao g Yl EF7IE B F8 23] 52 AAIGE

4
o2 27| I ol STk 4 s

(1) JYEL, JEvId

LOOT)

38719 (Clean Air Act),< vl= W EE SR/ 7|2
A10e) &S FATCRA Brled Dol mus] 98 X
A JA9 Ao R, 19709 A AFH o] A&HH o= A
o] o]Fofx| 1 Qlow Aol WP 1990Wof upx|Eto g2 7iF
Azpgolr.

113) Environment Act 1995 Part IV Section 80. legislation.gov.uk(2020. 5. 20).

114) The Air Quality Strategy for England, Scotland, Wales and Northern Ireland(Volume 1)
(2020. 5. 20).

115) Environment Act 1995 Part IV Section 83.

116) Environment Act 1995 Part IV Section 84.
117) M7412Z20|M T7|1RESZ 18752 @7ot1 ULt Govinfo(2020. 5. 20).
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=2 & ¥ 5o =4 d71ed #E A% A
(EPAY] AT Aottt 8 He= AuEd, ¢4 ]
"7 718 #ENAAQY) = FHSES 3l ol& fIsh,
A 785 d71LAED F 1875 5 A4 2E(level ozone), HIA
HA|(PM10, PM2.5), BAFSFEFA(CO), H(Pb), ClAHBHHS02), o]4tst
AAN02) & & o/ 24 71 29EH criteria pollutants) 2
A A5} Tk 118)

71 714 23,2 Al 223 A3t #5 F 7HA] G328
- Eth A1 & (primary standards)q 4] A ofglo] 9l
LA T A2 NIFHE 9 ARE X3t FF BAS ESoks Y]
Zo] ™, A|22} EF(secondary standards)> t7]19] 7HAA SR
ot 5= -AE 50 i 7o HAE BTt TTEAE ELE5ke 7]
o] 119

(H2-10) =27t 712 BE 7 |ZQEERO 712

QEEZ 1XH2X BEE ™ Hd 7|2t = 7|1E
A7 9ppm 5| O|At
QUABIErA 1% & o _ O“i 1#0
A2 35ppm  ELORA| L0t0F
= 12Kt IHE ™HF  0.15ug/m3 | ZDfoHX| QL0t0F Et
TAIZH 1Y E )
_ 1% 1Azt 100ppb  =E=0 98ein|
O[ttataa HHEO|A 31 I
1Rt/ 2X} 1A 53ppb AL
U Z|CH 8A|Zt
= 1Xt/2%} 8AIZt 0.070ppm = &2 HZF A
A, B 3

118) Clean Air Act A 74092 | 7409, Govinfo(2020. 5. 14).
119) EPA(2020. 5. 14).
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120) Clean Air Act MI1X, H[7410%, Govinfo(2020. 5. 14).
121) Clean Air Act M| 7413%, Govinfo(2020. 5. 14).




(2) KB 2010 CIRAXI HIS XjZieH122)

2010 9A&lz wiE A7 (Diesel Emissions Reduction Act of
2010, ©]s} DERA) ;== 20059 AI78E TolldA] &% (Energy Policy
Act)y & YAQR wiE&tEy #Ad 4o YAMNA wiE A
=2 IH(DERA Program)' ¥ #&ASH W8-S ¥ - 7§7g5to] A9 =3
T}, DERAS] 8 W& AR wiE&Ad Z2AEE FXst=
Ao DERA EZ2FS $UsH= Z2&, 2012~2016 SAAEA]
il o 19 @218 5ok SRU(rebate)S EFTH A2 AH

ALAA olWe Bxe Fhehiz

(3) H2ZL|OtE, A2 ZELIO} iHut 7| MOZRE] 24512 L 2

ofl et Sef EelE A 7IE 2840 et AHEE 124

Aol fi7|X+d Y Y3 (CARB)I125+= 20084 M| Lo} 5f
g3} 7|02 RE 24518 W Ao digt dEs F=F 4 7=
289 A0] Bt FAYH(Fuel Sulphur and Other Operational
Requirements for Ocean-going Vessels within California Waters
and 24 Nautical Miles of the California Baseline) ;< ZH&}o}3Att.
ol U &% AEtY fA ARoA LAsH= PIAEA], Aaiks)
&, AR 5 7| _9Ed WSS A5t s AlRbEleH,

& 98 A8 A=mRfo FtF A= Fil AFHo=E
7|18 -Hi-HYEPE stes g5t Qlth

[©)

122
123
124
125

CONGRESS.GOV(2020. 5. 14).

CONGRESS.GOV(2020. 5. 14), EPA(ZAM: 2020. 5. 14).
California Air Resources Board(2020. 5. 16).

California Air Resources Board(2020. 5. 16).
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H 2-11) CARB 7|& A8 &t st W3}

RI2 % 2ol B o HA

en o 3 B

MELQ(Marine gas oil, DMA): 1.5% 0|ot

Phase 1 1 2009. 7.1. M4 CJ®(Marine diesel o, DVB): 0.5% O[3}

DMA: 1.0% O[5}

Phase 1 | 201281, DMB: 0.5% 0[5}

Phase 2 | 2014.1.1. DMA =2 DMB: 0.1% 0|5}

A= CARB(2020. 5. 16)

(2 2-3) Z2|ZL|0t FHHS 1S

[ R

Figure 1b. Bay Area Detail

‘Area Bounded by ABCD Excluded
|| trom Califomia Regulated Waters®
o Apgirpareeew

Figure 1a. Regulated California Waters

Figure 1c. Southern California Detail
*Califormia Regulated Waters are consistent with the Contiguous Zone except forregion bounded by ABCD in Figure 1c

XtZ: California Air Resources Board(2020. 5. 16)
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(4) AZ|ZLIOIFE, O|SA! &0t SIHEH|O| HiE 7]E126)

Fo|5-4] gt st94H]9] wljlE 7]<(California State Nonroad Engine
Pollution Control Standards; Mobile Cargo Handling Equipment at
Ports and Intermodal Rail Yards Regulations) = &+ ¥ HE, &
&-5t9% SollA AREEE U 5 R st A AR
oA g st= PIAIAR (PM)2}F AL4FE(NOX)S] HiE A A%
TFRC=E, 20159 A= AT

g 71204 k= ol&4] FHAH]|(Mobile Cargo Handling
Equipment)'+= ZAgxEYol g+ 3 EF 54 HolA st E+=
AR 74, BE 52 Y5t o542 FHE, oft EHE,
JFEolojy ZAEF I JARTGO), HH oY HEH, AAA 50l
olof siFEt.

ez o} 7| A ¥3](CARB)= 2006 00= oFH]| 9] &
og oA PMo] A7t oF 200€(0.54E/1¢Y), NOx= 4,890E(13&/1¥Y)
HiZE oL, Tol54] gut staigu|o] v 7], Alg & 20179 &
ZHA PM2 90%(0.5%/1%), NOx= 73%(10E/19)2 43 A=
TR EIL, 2018WFE StHAH| 9] HiE A|=(zero-emission %
near-zero emission)E 274571 Ag 4 AHS HAdll, 719

& 7ige] 75 shogulo] et tieto A% WE 7149 A

oo R rlo

7Y A 87 s A Lol s 202297k ©]
o tiet HEE AA 2026@5H M= A8 5 AL Qliato] 4
e M4 s Ak, ol As) HA, 7kEd, ddvks, =
E® 52 ARE AREShe shgAEIC] disiME Mze old7E

52 AT A7goltt.127)

op

fl

126) FEDERAL REGISTER(2020. 5. 19).
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2) 52

19784 %3 AT 20014 AlAT 7| HWTO) 749 o]F,
2% A9 FARY Fust FEER YASHAA Jure] ojgT
olo] W g AN FEE ZAglo] =gl o
Ho| A ol o] ZletA t7l e @] = @A AzkaFct. ol
o] £ Frr PutoA F]eleks t79do] EFH O tjgsiol
Y712 ANstES B HES AW, sk ok

H 2-12) 329 S35 HEMA

=Ll

0
o

4
b

' (EEU7 12 BE)
GB 3095-2012)

(Fd g7 S8 B7HIE)

= NEQAH
ewTT JTS/T 05-4-2020)
(REHY, H28ME, £ 22 (slag dump)
5it[0]d HIMHX] 2 EX| 7|78
(DB13/T 2352-2016)
Yot =5 ‘él r9'01||—‘|7(| HOFHIE A SEIYS 2ot
AIA|EIOH IEQAE g 7| RLEE HHEAIGHS HA YOt
et ASAE =5 FSEYN &29 3 AHSA =
_.?_Ei_r A= WS2sR B Mu A AHes HHO| st SX|
X7 WERSHE % W2 & =2 U™ S0 st
TEM HEE N
LA = =54 Ol X| Hof HiE Za ‘0| A€
=5 SeP1RIZ el M H sifetd 2] Al
ussE Sltet MeF A M7 T2
5 M MBF OO O[HIE|X
off ety he|aE
o{t|0] 4 TISCHQA| Mu CH7 | O E(X|

127) California Air Resources Board(2020. 5. 19).
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HZ =2l =3lo|0|5 o Of|lEtE| x|t
HE - S35 7 |2F oL EIX|H
CHECH 3|

A= KAt ERY

(1) Ssleleizstz t7|QeuXlY

F3e B4R g710% AHe AAH AFS B F

NRFIE o710 QYA (e ARIHEA ST A 13, 5
% U7l e@uAe A%, 19884 6% 19RE AWt k19
TS 09 9 B e, dadd A2 e
Atk A, BB AES AAL

F71841E ALGSHE 719 L Toln w3, ulo] B 24 %
38, A HAE B A2 i Aashior o, dat

Sl4= A2 sfjof gh.129) EFF Y

ﬂr‘

Muto] AFR3I= dmo] YA E FAsHT Qltl. BE Auto) 7]

| RS |
2ol HUSHE GBRE ABIAST S, WP 1Y 7 A
2

128) &= YEIEZE E10]X|(2020. 5. 10).
129) '&= 712 YR MATE.
130) "E= 712 SYXIY ME3Z.
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Fe= v afo a2 Adtste wiE+AIsiH(ECA)

3, 3 Selo] YT AUk o4 A4Sk B2

& #1793}
2 259

) &3 uoIE 25

ATRHE(GB 3095-2012)) 1 "33 th7] A9 9] Bl 4 2
Asto] 20129 LHE Q13D ZopHE el 2|t ZHFe kA

4 BE S 712 5] BHRIAYE >
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1) =H[GHALZ |7H(IMO)

(1) &2F HiE2E] X|E(Port Emission Toolkit)

7 e

SASAZ|F(IMO)= 2018 49 “Aute] 2AZFA THEof Tt
27| IMO A=H(Initial IMO Strategy on reduction of GHG emissions
from ships)< ZEst] =4 &2 247IA HE&Z 7|50 =
Azotal A7 H o2 = lEAEE FEE A5l oH, ol Ad

P71 AL T4 et WA Pute] Aol FATL PR




ULt olofl, 20184 FHte] tf7| LHEE -2AVEA HiE AT
B A 9 A ZEJYEE N B Aot e =7 A4H9] =
& A Yst7] Y3t A, Port Emissions Toolkit & &7H5tAT.

g AMAE A o 247EA 9 gi7|edE=E mEAT
WAE FHE A oUA] ae /HARAY 7 3 o] A
5H= ‘GloMEEP X &2 E(GEF-UNDP-IMO Global Marinetime Energy
EBfficiency Partnerships) 9] ¥gto g J=+ | YastA+A(IMarEST)
4 FAFUNEIIAPH)O] FHATLE S5 MTEHAH, A1 F
9t 8jE H7HGuide No.1: Assessment of port emissions) X A|2H
it viEA AR 7K Guide No.2: Development of port emissions
reduction strategies) 2. & TAJE|o] Qlt}. o]of W=, ko] 7]
3 A 5 A © wiET A R 571 @ AES 249 )
-8 95 It viESAd Ao $y-o|o] g HiEdE

HEAdos 2 + At

EMISSIONS
TOOLKI
£ St

EMISSIONS
TOOLKIT

ccccc

Al&: GEF-UNDP-IMO GIoMEEP Project and IAPH(2018)
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7D gt HiE T™I7HGuide No.1: Assessment of port emissions)
FAAAZFHIMO)= B&2Q1 F9te] wjEA s A= &4
o7 vj&oFAtol moto] W Q3HS 2| Aty Q) It wiE BHU}
£ A3t AR-AME 24 @ 8iE MIE=] 9] ZF4J(Emissions inventories),
@ H|-&57 wEFY AA(Bquipment, activity and emissions

metrics), @ BE&% dlZ(Emissions forecasts) 0.2 JLE5lo], THAE =
g 4 ¥, WPHE 55 AAlskaL Stk
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Al i JIHMESE 5] HliAe et sed 3 oA
1 Q‘“ d7led9=d 5= 7€ I E7sk, viedd &5
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0% oA 401 4, ol b dason Age) 2
2 e

7HA] A (Scope)?] 7HE| LB 2 FESIES skal Tt Scopel2 &
qko] ‘21 vi&Y(Port direct sources) &2 AT 4= 9loH, o]=
T BEFAE A A dARste] e -5k HiE S Eolet
T} Scope2+= @] THY HiEY o IVt #FA A7 A=
e 290 2% A9 ] 1 1 gt Scope3 71EF % =
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o] 2 A AL offio] b Ff Pt viE AMEL)
Mgl 2§ 7Hsstt.

(B 3-12) Yot 0| 25

oat

HEH 257 StESO|

AAEE

90

Q|5H4HH(Seagoing vessels)
i

S &!H|(Cargo handling equipment)

ol

—

—_
M EHDomestic vessels)

0

SRS XHHeavy—duty vehicles)

7| & XK Locomotive)
AZX= XK Light-duty vehicles)
HHL(Electrical grid)
LEA| A (Power plant)
AMAA|M(Industrial facilities)
H|ZA|H(Manufacturing facilities)
AR A A (Administrative offices)

Xt=2: GEF-UNDP-IMO GIoMEEP Project and IAPH(2018). p. 3
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E3E N iEH7HY] diAdo] He 24 AAAEHENOY), &
JAIR A (PM10, PM2.5), FABHE(SOx), FEA §718F=(VOCs),
AAFSEA(CO) & 712 A=83 ol4tehera(CO. ), W=HCH,), oF
A AN, O) & 2AZIAR FEot, FHEEo)A o529 T
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(Guide No.2: Development of port

=1
=

emissions reduction strategies)

7HGuide No.1) oA AA]
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(Seagoing vessels)

ShA{HE
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2H(Domestic vessels)
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HHeavy-duty vehicles)
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HEH 257 olUR| 7

7| XK Locomotive) C)& XMOITIA F7|
AZXSRKLight-duty vehicles) CJ™ MOJIA D20 5o X7|

Al&: GEF-UNDP-IMO GIoMEEP Project and IAPH (2018), p. 2

A O H71EEd 9 A7 2] 43, @ HiE AHET
B7F 4 524, O HiEsAdE At AR HE, @ o]t ukdA
T, T o]z dES o R o|E9 HiE At HIT HWiEAF
HEHERS) O] 8 FHRAE HAEE AASHt. 3, it o]F
QY a H8 7153 MiEAY RAE @ 7144 22| (Equipment
measures), @ OIHA] HAEHEnergy measures), @ +F-FHF 27|
(Operational measures)2 F-&3st], 7 22]9] 7id & ¥, 7|&
Y-8 S99 1A 5= FAIZLE st Utk

¢

o

AL CHY | QEIS R U X2t 2H o] MK
(Determine pollutants to be reduced & Set pollutant reduction goals)
&
HiZ QIHIER| Hot 2 24
(Evaluate emissions inventory data)

&
HIEAMZE flet MUEXQ HE
(Review programmes implemented by others
& Identify and assess candidate control measures)

¢
O|2Hor orA
(Develope an implementation approach)

At2: GEF-UNDP-IMO GIoMEEP Project and IAPH(2018), p. 9
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2) 0=

(1) O] =HAH(EPA), &2t Ci7|2rdAI=l(Ports Initiative)

o= SR AR S4EY 9 AFE f 22, 1
= W FutH A Ve dEd e A B AL ClE T
S Hi71Ee T4, olE f17 7le % AAH A E sk, ol
S ragh 229 285 At A= 7|eF 7Nk AlEths 5 @
gk gl duk gf7]ehg EoF Aukg FE5kl QU o9 HEo], 74 F
(M) 7 % Alsh 7 93], dUd=, 8 718 2 dA 5 o
ojsiA IF Sl F HV1eF MAS A8 A8 et 2AE
YHEY o5 olFsh] At W, 7lel=El | AR V€ 52

201649 "HH71¥(Clean Air Act); AHEHUI|(CAAAC)= D T
= W IRt B+ 9 Huld 59 tr|ed=d 9 24V HiE
4 tf714d 2UEH 9o, @ EH(EPA) Fo ApEE gt 7S
7 M 220 AR 52 9 Y&OF k= HilA Ports
Initiative Workgroup report: Recommendations for the U.S. EPA'&
ol @A m=e] 7|2 wAIAY 27] H=otdZ AlAlsH
9&1‘4—‘177)

177) CAAAC(2016), p. 6.
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(& 3-4) Ports Initiative Workgroup report

——

PORTS INITIATIVE
WORKGROUP REPORT:

Recommendations for the U.S. EPA

September 2016

K= CAAAC(2016)

AL Y BRaAe et b7l 2419 A dAR AHE &

=H(Port Authority) @ &9 -TeFA4|, AGA] 2= & 4 2
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(d2l 3-b) &3t L7 |&Z4H 1 &l(Ports Initiative)2| CH 71X £ LML A

Technical

Resources

‘Helping Ports
Capiltalize on
Funding for Clean
Technologies

Providing Toals
ta Help identify
Smart Infrastructure
Inwestments

Increasing
Efficiency in Federal
for Effective Planning -

Communications

“Creating a Knowledge ﬂaarln;lﬁusa

Xt&: EPA Ports Initiative ZH0|X]|

(2) D|= 2383, 371 SoHFHIHNPSA)

7t 7HQ

ns S A A Fut o718 A (Ports Initiative) ] 5
8 #4484 F @ ZYUHY 9 HiEAd 5= A HRHE  olE
Agst7] ft AR 59 71e4 RS AT WU ¢ A= g
(Assessments and Strategies) 52 d&o 7 2016W =7} Fut
Z42F 37HNational Port Strategy Assessment: Reducing Air Pollution
and Greenhouse Gases at U.S. Ports) H1AE 7kstich

g HuMe vl i ekl dA) siES 2A-2A510] ol o]

ERAS oSS Auh 9 sl ShEEe 5 WEYE A7
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(2% 3-6) 27} SBIEIEF WIHNPSA) H 1A

.| ASSESSMENT: Reducing Air
Pollution and Greenhouse Gases
at U.S. Ports

A=2: EPA(2016)
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H 3-14) S| BHERE MUHF ALIE|L OflA|

S 25 VS PAFSE,
SIEEH _ _
L5 [MEHO| AEX-Hg Mat
(Drayage Trucks) U2 |

iE"E —_—
. A 59| G| 7i
(Rai) M7 49 T4
St EH| 3 SIETH|(OIEEH, F2{Q1 5)2 FYAR/XY|
(Cargo Handling Equipment) = BfAl X2t

S48 84 EORE, H2lM SO HEME Mt JiE
(Harbor Craft) ’ =< =
NREQ/ING Az XMEt
Qe ZAH 0| M, O 24N, WA O] S47-2d(Shore power)
(Ocean-going-vessels) NE=1

ZAEO|HH, R4 SOi| Sl ZA BiEXZ71E HE

At=: EPA(2016), p. 6

HiEA 4 Bl ofefiel 2ol AR 53], Fie AEUs=
=5 S=EYS ¥Aske 45 M 2Rl wiEAdE 7dE
% e Ao s
(B 3-15) HIZ I K22 AILIZIQ0] T2 ]2 05
BAU CH K7t HIZ(%)
HIS RIS 0 K2R NOX PM2.5
2020 20304 2020 20304
=35 ZRE2S
|A B 7 |=0IR| RSt 19~48 43~60 43~62 34~52
Mz et A o) I 16~34 17~43 22~44 24~47



12~25
28~37
7~16
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2020
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18~37
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H3E =Ly
BAU CiiH| XZ7ts HIE(%)
NOx
2030
17~39 13~25
4~9 7~16

2020

A=2: EPA(2016), p. 7
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(a8 3-7) Environmental Management Handbook

American Association
of Port Authorities

Environmental Management Handbook

American Daaaciation of Por Aummulu
Serving e Ports of Canada, the Carii
Lot Ao v th Unitod Stles

X2 AAPA(1998)
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&
ot

Z#a| X|Z(EMS Primer for ports)

ool
-

(4) DjZalnrs),
7t e
o] S)(AAPA)E 20074, 7129 SATE A AHI(EMS)O]
‘A 374 9] A(Economic & Environmental Prosperity) % Ak
512 A A(Social (Equity) Responsibility) 7Hd-& ®Fgste], &7}
¢ I 29 H EHE =Rsh] A% Rt @482 XM (An

o = =24=

¢

EMS Primer for ports: Advancing Port Sustainability) & AIAI5F
t}.179)

(O3 3-8) &t &gee] X[Fe| 7|2 0/

Economic
Prosperity

Social
Responsibility

Environmental
Quality

XI2: AAPA(2007) p. 3.

179) &9t SA2|7|=2XE(An EMS Primer for ports)2| X|&7H5M2 HX| SHAL S0 =25t

I_OI_
SHR| 11, 25| XE7tsd2 BH|, Al &3 719] o= A AHE 7|50 SEet =

oo O

ol £348 251 Tt
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(12! 3-9) &ntatznE| 7|2 XA

oL 1O

An Environmental Management
System (EMS) Primer for Ports:
Advancing Port
Sustainability

LA

2 v W diFE IRk A AHAIAH(EMS)= A-85ted,
o 2 Y 23 MIS 5FH R FASHA vt Fueh
T AL, SHBHAIAR(EMO] weha] Feto] FHTE EA49
FAES 52 wrdste] A&LARl AAE {8l AL (Plan)-2 ¥
(Do)-H 3 (Check)-ZA|(Action) GAEE A3 P5A S viAsH
L5 Skl QU

SHWAL-HEM)T A&7 de AES v 23
(EMS Primer for ports)< 137}4] ?—’\éﬂ_ii FAEo] 9loH, o]
13714 8452 PDCA Afo|2o] wehA A ‘AlE-HY-HE 2
N FEog FEET 180
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(J3¥ 3-12) 1ISO14001: 2015 74MH

1S0
SC

the revised 15014001
will be even better

#1S014001

2 Better strategic fit

Increased alignment
with your strategic
direction

Effective communication 4 Life cycle thinking

Driven through Considering each stage
a communications from development
strategy to end-of-life

A1&: 1ISO/TC 207/SC 1 SHOIX]|

L F2 U8

B4 Q0] Bak BARE 1S0 140018 TAF GA| Aslo] B
AT AR, S Tl it 87k o) o FAH:

AAAYA 2 ABAE(SO 14001) AZS =57 Sfefaie
D 273 AFGR) FABGALGE e olshet FAYHY 4
3 9 BE 0 TAAY £ 2 o2 YT 5 U A2d 7
= @ 59" A9 ol% L AR} RAVE AA, @ YA 9
st 47149 A 8 A5H9 A4 5o 4B W, 2bhe
2 PDCAZ 7120 3H 87 third 2 AAA] B, A,
44 2 29, Ad L AFEN, BG4 AE 5 go] ZgE]
B e BT BEE AN B
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SENAEI A - HHO| S FeS O1Xl= Q01 &olotd £HoH 24
= Bdole 18s 75
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7). e

w4 SEBAAEMA )= EE 192 220 SFHIE A

31 o]8 AFWE & Y= = RUAY AU $AUY L 7
AAIER, 19939 5 o]418] 74 1836/93°] 18] Ae=l o]F &
FAAH(EOS BER B4 R 124 7)ol P AA
S5 5o] k18

5% BABYAAEMAYY BHL Hage] WA 242 dol 5
Azgel HIkE ToR A47ksT B AAS A Ao

2, AT Asde) 75 U AW, AAEY Auuﬂ 7 @4ps
Ao ofgk Aol ek YR AT, ol uARY HASe] A3
2l o, 23 ARUACIA S0 et o FAH| Utk

Pt 47 g7E 59 Wl— 0**1 AR
(ISO 140012+ A9 Lottt 18y 74 FAA I(EMAS)f Elkcs
ZZo] oA HE]AAE(G], EN 16001,183) ISO 50001184)2] 7k
1 Q135S X|Yst] Yo QA4 FIEA(SRD)185E A5t Slrt.
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FREAGRDYE § A9 B BE 9 422 A}
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'SMART 2H= 7128 £743H1L QIth186) ‘SMART = 33 3+

182
183
184
185

EMAS(2020. 5. 26).
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Sectoral Reference Documents
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Mobile source Emission inventories) o4l o] 24} ‘gt & AW E
2 Aol ad, olF % HAE HE 2 8 V& 5= A
Aoz AAISAL Ut sig Aol w2, © Fet viE verE #
o A BA A, @ viEd EFAA 9 wiEd AP o

A=A Y, ® HiEdE &7 HolH 82 A Hed £

196) "OH7 |2t B, M17E(H7 1L
197) TYTRIAS Of7 |2 740 2t S
198) "YRUXIS TH7[= JHH0l 2ot SEE, M7= (EeAH =2



AL @ +E ARE U R HiEES APEsh] A AR d &
d 59 9AE HIEoE, I HiE JAMEYE 5T 4 Utk

AT AME A dEde O 71 L9EE % A5-=4 (Criteria
pollutants and precursors), @ 247} (Climate-related pollutants),
® o]z Y Hl& SAHEEE FESIo] AASHATE EIF o]
&Y 2 Q] FPAAEHOGV: Ocean-going vessels), T E4&
T AM¥H(Harbor craft), g #4418 Recreational marine), &%t sFFA;
H](CHE: Cargo handling equipment) ¥ ¥7H-s & AFs*HOnroad
vehicles), BEAFRaiDOE FESPLL, olF9 HiEFS A6}
AT "7 ed=2E HEAS 2 AP, siEgE A5t 9
S Dottt &5 Holy 55 % olE 4 #8317 At Wt 5=

FAH 0T AZHL Yk

H 3-28) T HHEY LY OhY OV |22 E S=(0I= EPA)

Tz Sl
J1E g2 ¥ U2 NO,, PM2.5, PM10, SO,, 3|Y R7|518E
(Criteria pollutants and precursors) | (VOC)
2AA

(Climate-related pollutants) CO:, CH.. N.O, BC

0= iE SH=X (MSATs)  CI= PM2.5, C|= PM10
A=E: 0= EPA Office of Transportation Air Quality(2020. 2), pp. 9-10 L H2|, Xj7A.

(H 3-29) 0t HIEE A A 0|54 HiE R 2F(01= EPA)

ET z=

HINM, SISIHIE UMM, AE0|HM, IRX, 0144 (C3), T2l/2
2 /0424 M(Ferry/Roll-on/Passenger, C3), 0{41(C3), Ytt5I= M,
HSITIAREIM, C3 23 7|EMEE, HOK|R/AIFN, REM, 7|Et
MEIAM, 7|EF EIAM, WM 2 2M(Roll-on/Roll-off)

oL 2| Mt
(Ocean-going
vessels: OGV)
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75 R
S0t EA2E Al HEX|[M, S22 2 22 M(Crew and Supply), 244, 0{41(C1/C2),
(Harb ) M, 0§ 2iM(Harbor Ferry, C1/C2), C1/C2 7 |EF 04Z44(C1/C2),
AROTCIETY A, 01/ 28, O 21, et
2l K4t Mg o e af: % HEE 82X QE $MDHAO|Z, 7|6t RE
(R tional A8, 2 ZHSElNE A
ecrea \ % 601 0Af 57H0| EX&BH= 5 100 O]t M4t 13 O[AL S2H0]
anne SHA3H= 100E 0|2 A8 9
7157 |(aerial lifts), &E7|, T2, g 71E|0|H SHS2(Empty
container handlers), 22t7|, X|A|X}, LA /I (Generators/
310t 59 &H| | power packs), 2HE, M| ZE(Manlifts), gﬂggg(off highway

(Cargo handling  trucks), 2| 2% M(Rail pushers), 2IX|AEH7(Reach stackers), &
equipment: CHE) | &, Et0|0{A] ERHATH(RTG) 2 2{|Q1, A0|=3HE2{(Side handlers),
AF|EAE| 2 (Skid steer loaders), MAX}, BehS2], EEBIE/
20/Z2|(backhoes), 7|, OF= E24E

=2 X1 512 XHDrayage Trucks), 72| $4E2 MEHA
=EH

4 A S84 A EY, SBAL 25 Ai(Import/Export
Vehicles), HH| Xtz

A EX}ZH(Rail) SRt

(Onroad vehicles)

Xt&: US-EPA Office of Transportation Air Quality(2020), p. 15, 47, 48, 49, 64, 79, 92, 2 117
LHE e, XA 4.

@

rl:l

XIS 7|Q%-8 BUEEY U 2405

Pge Terely] U3t 70 %
24l o3t gr1e 274, A
WAE Wz W 0 dolge o
59 718 2 ol P4 e}, @ I AT KA 2

=l HAACIA = TH71EE] A9 oA g7l Loz Q17
=

o|7] fIstel P18 H= X ) LA 5 Aok T

ol
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W, 199) 54 XJH]% At A 5= ol8sto] mAYA 5 d7]e
A=Y W7l F LAeES S5k, 11 AdE S/ S Skl

aUeha10 ol Eﬂ%ﬂ, T o)A S A 7Y A 2

otz] tf7] F 22 Bh§ ¥ o] &4k I= st By 9 I
mpota}t TRAT PAIA 4 uheEo] QA Fout 4
£ Hgo g 47149 Hrk-24-

(B 3-30) gor-X9 07 |2F-F ZLEE 2 24-01F $49 85 2F7
e £ g3 2SN
SO LR 7 |2Y &4
&ato) sfobxj  EEXY 07|12 (1H)
HIE-Q%-  [f7|Q%-Hst 2UEE 0 LHL| TH7 |2 HEHRAL
D& DUHY Y ©I3)
2UHE =M-0= 51X ALE| FBt 0|5 -2t 2M-01=
24015 XS] Fot 2401

NERPSIWRI

Lt =L 3 Sigt

0] SPAH(EPAS ‘=7t th718HE 71(NAAQS)2039] A, A
B, 54 590 AS 73451 9= rAY 7 M (Clean Air Act), o]

olor

199) "TH7 |22 S| Th7|2H-E7H M0 2Het l:u NVESHE=SSERNES]
200 FEH7ILPEI?_4919I CH | 270l et S, MBZ(Th712F =2 28 8).

)
)
207) "SUR|GS 7 [E L0 2ot SR I1I9I(*'EHIM 3).
)
)

_llfﬂ dm
ruEE rLIEE

202) THRIKISS T [ JHMOY B3t S, A HISE(ENEA S).
203 Nat|ona| Ambient Air Quality Standards.
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H 3 A LY S0 C)7 3k 2| B0t

|_

Section 108, 109°] e}, @EIES), BIAHA|(PM2.5 B PM10), CO,
H(PB), SO: # NO. 5 & o7l di7|Fd=4ol ot 571 S5 di7]
A 71ee F®sHL 204 WE U AR 59 t71d ZYEH
ARAHEE FEst] 71 AILH(AQS) 209 F5f Lutol 374
3} QJt}.200)

SHIA FG=} LA U= 522 A EZ(San Pedro)
gk gute] 7142 Ak S8 A7 FSADCAAPS 1
5}1l, Superblock Inner Harbor, Navy Mole/Gull Park Outer Harbor
=4 5 VhAEHA 9, Wilmington Community, Coastal
Boundary, San Pedro Community, Source-Dominated #=4 5 4
Mol #ZA(LA FYHE I+ YA Ho| HAste] Federal
Reference Method(FRM)Q] g o] 95t AlE "1} Beta Attenuation
MonitorsBAM)E ©]-&3t A& WAoo 8 th7| &4 gt
714 BYHPE $Pskal e}.207)208)

204) https://www.epa.gov/criteria—air-pollutants.

205) Air Quality System.

206) https://www.epa.gov/air-quality-management-process/managing-air-quality
—ambient—air-monitoring.

207) ttps://monitoring.cleanairactionplan.org/.

208) /bid.
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H ()
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§ ) 3 @ o] A O 2o fo o 100
= ] 2 T T or o R0
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2|y dEmEEom
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te(Pulse U.V Fluorescence Method)
(Chemiluminescent Method)

prl
o

x|

=gy
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§-|-—|E<>

Nl
H|2AH& 2| M (Non-Dispersive Infrared Method

t2t2d(2019), pp.9-10.

4

FRIA(NO, )
=

o

X

il

3

160

209)



M 3% =L Tt t7Iety e BEet

=4 2= S
2Z(0,) KM= H(U.V Photometric Method)
OJMHX|(PM10) H|EFME4=8(8-Ray Absorption Method)
ZO|MHX|(PM2.5) ST E= 0/0] Fote ASEEE
=(Pb) RS Y H="(Atomic Absorption Spectrophotometry)
Glbs] 7tA3 20rET2HEH(Gas Chromatography)

Z: OJMHX(PM-10)2] HIEFAESH SHZATE AR MEHQ0T, 17|2)Z SHtE TR I|e 22t
=2 LI
= 2R - 2HEANSH(2019), p. 13

A, HAHEA(PM10, PM2.5), 2&)9] A7 7| L FEE A,

U, AR AZSET Y210

(& 3-32) Yt 7129 S

5= Hol =xa=
A = NV S0.. CO. O, NO. . PM10,
e AN 55 & PM25 S
. TAZ S8 T K90 SO,.CO, 0, NO,, PMIO,
molty| ZH ety v
. 3jol djsE Mot 9202 9| SO, CO, 0., NO,, PMIO,
EES =X0af
MESE SEE . ooz oo oznm S mof PM25 =

NSA S RSt H2 SO, CO, Os, NO:, PM10,
CFRHE s £ Pb, PM2.5, HC, W& &

210) oloj22|0F &
211) O01=2(0t ZFY FE.
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H3-33) 54 7199 5%

0§212)

o

oI

7| 524

delet V| 2 =2

39

ZAIXIY, FQ At
B ZS SRS S5

Foti7 220 et 2F S Tt

SAIRIS] T ME IR0
S340] of3t QYA Tiot

EAIRINR] QEMAO| OISO
3289 R7 18RS TVOCS)2)
SE2 IloMl0] QERXENS
YOI Q0B 52 93t 7|E
N22 g

o7 |2 QYR TO| ZiEAR

oo

Pb, Cd, Cr, Cu, Mn, Fe, Ni,
As, Be, Al, Ca, Mg
NOx, NOy, OJAHX|(PM10),
ZOIMHX|(PM2.5), O, CO,
VOCs(ethane & 565), &5t
3%, 25, 85, YA,
Ry, 43, 719,
JIEEdslelE
e =0|MHK|(PM2.5)
22k Z0|MHX|(PM2.5) &
02 M2(Cl-, NO, -, S042-,
NH4+, Na+, K+, Ca2+,
Mg2+), 7IAAHNO; , NH, )

At 2ot LU 22 Soj| 95t QESE| | &A: pH, 0|2 AHE(CI-,
SAAIRIZE IfO} NO, -, SO42-, NH4+, Na+,
K+, Ca2+, Mg2+),
HMIHEE, (A
L2 ETAMRS FHAO
SR
X | XPeusies Q&2 MEEo| | CO,, CFC(-11,-12,-113),
§7| & st mof N, O, CH.
Z0|MHX|(PM2.5) 21,
EtAME(0C, EC),
i} QIHHEI} =S Z0IMHX|(PM2.5) = 0|2
ZOIMHX|(PM2. _
PWIERIPMZE) someixipv2sol 5 Tt 2l | AE(CI-, NO, - S042-,
e NEIOIS E5t HIEY 7Y NH4+, Na+, K+, Ca2+,
Mg2+), Z244=(Pb, Cd,
Cr, Cu, Mn, Fe, Ni, As, Be)
XE: BRBATRC 2 0lo{Z2I0t EHY HE

212) OfjofZ2(0F ZFY FE.
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20209 109 @A, FARGRREARE 57 147140157]), A% oA
26710l Ztel5A7] 2 71%@%1&(42&%) 21719 42
Foltt.219) AR FHo|SA 7= FARREATT Helsta, S
Zx Fut vAEA gEA ol 'E%%E}.

QHAR FA] QIHFAA] Abst RAF AT ) 7] 2
4 9 257/MA(=AH7] 202, E2HEH7] 53HE ARG,
F8 47|2AEZLY 7] § LY E SA5Al dlojzieo} /\]g\_
J215) 8l Qg A AR AT SH RS A L

&t Qlth.216)

214) BASILZAL LHEXIR(2020. 10). BAUL(2020. 7. 14), “RASHEHX|IH & 52 0
MEHX| Z=8 K| ®C” &E

To 7

215) Ol0{Z 2|0t SH|O|X] HAIZHTH7|FHE(2020. 8. 23).
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QAFUBARE 271 L AYAA A ] 2 AR 3
]‘j; jjj‘ﬁ 4= F8h AAA 2= 3719 éxéi(g%fiﬂfi;
ke . | A1 He RS A2 et glrkal) olef &

I AHFVBAE P A dR-2AY BT F
AP EFHAR F 430 g71d S4Fe 15T A2 ]E:Zi) i
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=1
10
I‘ I
0>|
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216) ﬂ"‘MOw HASZTLY 5
(Alyc R __I.l. -_o _._
218) A1 2RI(2020. 1. 27).
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% glek.29)
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220) Diesel Particle Filter.
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M 3% =L Tt t7Iety e BEet

2ol gojstA] #ata et
wajo] BAQl wjETIA Uy

A 90% o1 A7 7Fs st

AR wiES At A%k 1+ vt
ok, AERE 23 8HE -85k

FAkekE A= Aol A mlAIA] b

7

g
=
=

(2 3-34) Wt HiS 2 E32 MRS 2R

= =M 25 2SNE)
] ) SOx HIEXZEX|
St HiE < = =
i olAM HIZEH Mt HiE R NOx HHEXZZX|
Hi&E e

FIgH Of %] Rk

Auko] ghatshE(SOx) MiES Aol s Were g, Algsh=
A=RF| FAFS EFo] A W A4z WYste Filske AHA
= 142 Ao sf wi&7ts W Fitskee A5
= A 7le Mg w7k A BAEGCS) Be AT
AAE AA-+8she e 48T + A

%

ol FHsto], FA A= AAFH AL FABHE HiES
A75t7] 8H, TMARPOL, <44 VI Regulation 149] #& 40
wteba] FASHE i EA|E Y (SOx-ECA) B Alute] A=f
FHFE 0.10% olstE Agtetal, 1 & RE sfgolAE 0.50%=
HA ZEF st Qlch

8 BRG] TG HHH, 5 B ¥MPY NEoR ol
Hhgstalom 221 5] Tt tf 7AW, @ Aol whet & A

221) TR PR, RUMAZ(AIZR0 HEY VIF S) U MY MU2E(RIRR0 S 7|
%), TSITRINS T JHM0| et S, K10X(MUE FHIEHSS X% S).
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S| (ECA) = Astal A W Adto] A8E 4= Q= =79
oF 7S YAIoHI T
H 3-35) &el 7|45t M0 M2 XMEEat
7= SOx TSP PM10 PM2.5
HEQ LY 812 0.5% 7|1F X Al
adsw ~75.0% ~75.8% ~75.8% ~75.0%
(B—A) . 0 . 0 . (] . (0]
&7 -83.3% -75.8% -75.8% ~75.0%
(B-B) ' ' ' '
YIACR
1C% -85.7% ~75.8% ~75.8% -75.0%
(B-0)
HEQ LY 82 0.1% 7|1F X A|(HIESTHHIGHE)
adsw -95.0% -75.8% -75.8% ~75.0%
(B—A) . 0 . 0 . (0] . (0]
&7 -96.7% -75.8% -75.8% ~75.0%
©-8) . . . .
YIACR
1C% -97.1% ~75.8% -75.8% -75.0%
(B-0)
70| AT 2 O EZ0R, 2EBIAISII0| 27} IS £ 2 Al M8 £01 Q& HjEH 4
MQLBSAM(EEA)Q HISA 2 £2)
XH2: ok24 2/(2019b), p. 111
L} ZAMSEE WIS =X
Aueto] AAANSE(NOx) H1&S A7et7] QalAls, Kot 7t
H&7] &0 Ftots dMo® WASIAY, %
9] Svjghel

FAE 71€ g9 A
A AA|(SCR)22DE A --g-3fof it
= A A7 += "TMARPOL,

F24 VI Regulation 13914 <A
P uto] Aute] Az dr U 7|Fo] HZAL T (rated speed)] whEt

222) Selective Catalysitic Reduction
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H 3 A LY S0 C)7 3k 2| B0t

ZA5E 714 XV\*B)J% Hﬂﬁﬂloﬁoﬂ(Nox ECA) S FYYol= Aet
o] 7%= Tier Il 84 $5517] YalA= A9E ]
(SCR)9] #&o] "gsiH, o]& H&ol¥S o 7|t 5= U= A

w3 e} 2ok

(& 3-36) 4188 SCR &X|- 280 ME XMzFat

7= NOx - = - -
SCR 4x| -80% - - - -

X2 Lloyd's Register(2015), p. 32

Cf) M8f £EXZH(VSR) ZX|
Adefol] tigt £=AZHVSR) 23 = T Y Al Adre] £25 A
g FE olotz APdto] e A¥E Xﬂﬁ}% HA oz, A AA

’ ¢ )

F9 FU=L Vessel Speed Reduction' &2 ‘Slow streaming &
o Moz 7 £AE =Y -AF Folot. HiFE, A& A

u3 2ARARACAGY BUARGS, Pl Purosy
g 9% A0, 4012 olHelA A% 12:E oldte] SEE A%

Mo
oft, oo "
ol

olr

= A9 2% ARR-E(Dockage rates) = 73 F11 QUct.224)
u

T AEY A A ol 20059 HE =Y F RE

223) "7 |2t B, X1|767‘(’“._1ti|*9| HIE5IE 7|1Z S) & A2 HE0E(ML 7| 2EZE
9| ZR), ofyetd el MASR(HAMEIEO| HHSA)).
224) Port of Los Angeles(’:.“—'“%' 2020. 6. 3).
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S| F7Fskal lom, 20184W 71<&(1/1/2018~12/31/2018) AAH=9]

A2 Zko] o] & (Program compliance rate) th29] ¥} Zth

H 3-37) MAISO| KHrE 2012(2018%)

Sz Tier 1(205H2] 7|Z) Tier 2(403H2] 7|1F)
LB& 95.82% 91.14%
LAS 91.25% 84.88%

X=Z: Port of Long Beach, Green Flag Incentive Program; Port of Los Angeles, Vessel Speed
Reduction Program

e AR QA TR oA | ARl T S E

P
= A5, g gS RFvh= ST 3,000 oF2] AFAd

~

1% 120 oj3lo] 52 A% LstEs ATshy o]F olsl
sol halA] GULAA LGRS AR T 5 BEA A

o Agstn ek

e, 4

AN
1

]

N
o

LA =2 20104 A= 29k A 7] 3=A 8 (San Pedro

=

Bay Ports Clean Air Action Plan); EILA0OA], A8-7<4-2-3HVSR)
ZAE 100% =55t 4% AFAY 717 7I=L= 20508 HollA
DPM, NOx, SOx9] #i&AdaH=E 19%, CO.= 5%, 4052] Uil

DPM, NOx, SOx+= 48%, CO. = 10% A== Ao R o &3]} 220

(H 3-38) M4t S=XZH(VSR) ZX| M0l TE Mgt

= NOx SOx DPM CO.
200l -19% -19% -19% 5%
403H2] -48% -48% -48% -10%

Kt=: LA, LB (2010), San Pedro Bay Ports Clean Air Action Plan 2070 Uodate, p. 82

225) TEXGS 7 1R JM0) et S, M1 1 RS2 KIE
(K223t Metof] Tt K|
226) LA Port(2010). p. 82.
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AEre] ¢ S22 HigHe WA= dS A4ty At Hiet
WA F52 ARt oUAE HEA=
(Zero-Emission) = “A¥j&(Near zero-emission) 7Hg o] Z2H4
oqUAZ AT Folck, H TANSHA Al ket B
22517 Yol AR D AR A Auro] Ayt 9 HF =20
3 HE, o A8 Ae Yolgle] oA, AR JE0R
HPAA7LA, A7 HA], 4 D ARAA], 221 AF
CERERPNE YIS = C L IEEE:
sto] Agel Ao TSk ok ol 7129 Amg o
o2 Az AxdoE RAES
Sohe Wero R, AR 9 BB AeolN AEHes
ARt Sk AL QAT AL L ASH A AL
o s Ayd QA FAs|oF et

l‘_u

Joi xr‘ﬂ—

=
&
)

chul, At FES 3 Ao A, a @ ARAA 7|2
AT Fo=, A A8 7T A A Hik A A
AA(ING) = ASHR7EALPG) HER B 4 9lt. E3], Azhd

A

4] 3],
AZIA(NG)= 7]1& Ak AE-§ HFO @ MDO 59 B3] ouix] &
] T

&0] ¥ W Aa4elkE, MekE 5 H71LdEE B 24T

o] wiEo] Aoz AA YEY, 71eA dijte] nhEA] Xt d

AOlA A = e T Hijte] g AU A = Q14
El_]_—

3 9Jt}.228) 31|

7 B A AR

AR oA Ao 4E T g
A 3t Blwste 7pke wldo] Ald wjETA

r_>d.

227) 284 21(2019b), p
228) 2t&4 2I(2019b), p 81
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229) Alternative Maritime Power.
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(L

Ze] o} ti7| A+ 91US|(CARB)E 20079 A= EYol Ay F
Q Fuk30)o] Hulsk= Ad o] A(container ships), 284 (passenger
ships), YAs}=A(refrigerated-cargo ships)S thatez Aut =9l
Auro] Bzl Ao 93t A4ARHE(NOx), HIAHA(PM)2] Hi&S A
Stoh= Mgul & vi&F4(At-Berth Regulation) 23S -H#3t HE Q1
o 201495 ¥E olF AlY Foltt. 53] tii Autol| S/44HY 35
A AHEE YRSl | Hths, AlF 2710l= Y S HEAZ9] b
& F%9 50%, o1F 2017dN= 70%, 20209 o] FH-El= 80% oJAF
AESIES 5k, o o5ty 913t 7|&d] WHoE S4HY 3+
X (AMP) & tiF7]&(AMECS, METS)S &-<15t3ith.

-2 AFe TR EH7P<‘ 7H**°ﬂ o %‘%%J |4 g
s

L Ao o] g3k ww(ﬁﬂom @%@}u&, azzd A8%
gh232)o] ol SARY FFUHALG HAFES RT3y

SAAY TAYAS AU 3 9B 290w AAY 5 A=
oLl F1& oI, AA] FurEROlA VS GitE 94
317 EIAE B 714d Heto] BRI o|2oiA| 1 ko] £8

230) Ports of Los Angeles, Long Beach, Oakland, San Diego, San Francisco, and Hueneme.
231) CARB(201 5).

232) "SRRGS 1A TR0
233) TSOX|HS 7|1 & Mol 2
234) 2tgH 9|(2019), p. 119.
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(27 3-21) 84 MBI 744

Hut 201 e M9 Yot SOIE B 27148 NS E 206
%*ma.a% e | A S UHIIETNE » QESH S
4- = - — 6.6kV/11kV

|
|
L

K2 SHUARE HEXIR(2019)

ul= 34 (EPA)S] 20179 X314 ‘Shore Power Technology
Assessment at U.S. Ports' = Corbett and Comer®] 2013¢ <+ 2
e F8oto, SAAY TFHHE AREol= FF AE 5 A8k
HEAT a3E o33 2ol AART

(& 3-40) SYTH SSYRIAMP) Ex|0f ME A=
T= Co NOx SOx TSP PM10  PM25
AMPAFE  -92%  -98%  -73% 5%  -59%  -66%
Xi&: US-EPA(2017), p. 4

B & 5 HHEUKIS Y3 (os NS
A AR 84 s
WiEE oA AASH: o] Eut WEAR |&ol AT, WA Ak
ulo} o] 714 A4 87 So| F85| Zulgolol g BE, o2
sl el 27] BApEgo] FUsolok Tt EaF, 7|E Pt
Qlxe} A|He] 27} AMSIAY Axske Hol @A of
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oy
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1z
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ofy
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[ (L

ko] wiE-S Atelr| I8t gut 5 viE+78(At-Berth Regulation),
|2 AEH &S E0]7] Yoo HR

Z19] AHE-E Aot S/3Y Eis iduiEA o] Al ARIAMECS),
S w717k A ] AARMETS) 3 22 tieh7]&S AMEStES |
ZFotal Qi 2008 ‘San Pedro Bay Ports CAAP' 9] TAP(Z|&AE
z2 )0l web AAISE siAEiEAlo] AIARIAMECS) ASAMEA
A, e 5 qFA 9 AAoflA HiEEH= PM B SOx, NOx, VOCs®

2 fo rx
o
=)
r,
9'1«‘
&
r>~
1z
15
ox
1z
ofy
=
N

A des ZAT HF A
(B 3-41) AMECS Hg0| 2 Z=a1
T NOx SOx PM10 PM2.5
AMECS AFg -99% -99% -95.5% -97%

Atz: San Pedro Bay Ports Clean Air Action Plan Technology Advancement Program, 2008
Annual Report(2010), p. 16

et 5 &3 (At-Berth
Regulation ;& <AZ S4AYE o] &F = ¢l& A% a4 w717t
AA 2 AA-METS-1)Y AHEZ 5AFTE METSO w2 A8te] Hj
EAZ A= ZZF NOx 91.4%, PM 99.5%% =7 =] 3]t} 236)

235) 2F2-d 2/(2019), 219 &, p. 121.
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(H 3-42) METS-1 ME0|| [ME #5530

&2 NOx TSP PM10 PM2.5
METS-1 AKE -90% -90% -90% -90%

AI&: Tri-Mer Corporation, MARITIME EMISSIONS TREATMENT SYSTEM(METS)

(2) XSk} HiE2e

7t Mg

HEA BT BFL, FUS FYSHE A5, 55 HREY
g OB O =¥ ABAE HE7IZ0 RIS AR 3
SHAY HollA Aoh= vl mhebA 117:}7%}?1 o2 AATIES ok,
st W 247y BE AR 3
=23 HH x{ﬂ F= H]—x] o]—7] Ho]— 7]
% glh.

"‘%}‘:&94 d7le9=d & § ERolsddRF e Ltz

m{> rf
N
)

N

449 AR} whEwe Hokol A B¢ BelsL 9lo] Ikt g
g U719 el Zelol At 2 Bye WA Rahgont, A 2y
9 @A Aol ofo] by 2 EjETFRE Uedol] w5

a3 Jute] qi7|e9=4d wiEds ddeR FEEA .

H 3-43) QAT A9 3 ROl L7 |2A=F HHEY H|u(20181)
72 CO NOx SOx TSP PMI0 PM25 VOC  NH

rx
[is

>
o 4

473 3,691 1,280 92 92 86 119 0.4
969 | 3,694 58 259 192 123 112 8.8
K= 0tg4(2019b), p. 125

236) Tri-Mer Corporation, p. 7.
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ol
=
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2
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N
1
1o
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)

} 550 L EYAT, a5 A% W 2 714
o] wasitt,

oft %0 ok 2 i ol
x

Wi

]

FRF Fo] gt =Y AFEAL 59 SEEE ] HiEHEE %t
o= SEEY W IO 7|EH0R, O I YRGS &
g5 9% SEAE, @ I ALY =¥ FRARsA AR 24, ®
T e EdALt] dEAA 7= 52 Weor AT ¢ Uk

n)= A zYolo] FH|A| Futgd=yt LA Fug= AHER
I JA 7] 35 A& (San Pedro Bay Ports Clean Air Action Plan),
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of wetA, I 4 A4 53] SFeEF HiEeHHE AT 2

HEZ TZ I (Clean Truck Programme) 2 =9 -85k QUtt.
o= Nt A& AFHE AT I FEEEY SEAAPDTR)

Sg T2 172 19899 ool At =% ER(QIY et &
U2 2008 5H AgFstar, 1992 ool BAtE =% EZ(AA)

S EARGAE AAISHA 7238 Al Lot wiE7]ES ©
s
=

2E SEAAHPDIR) o] 5553 E2o] A5 vl oy
27122 $55H=A] FASKL WiE Aloj7|&0] AR AEsHEA]

104 o|F v 2% AFHEE AL F=EY SEAAPDTR) 9]
Johe 7152 aFska gtk

>,
=
i
%
[
oo
=
fr
)
o
[
3
i)
17
O
o\

237) 3F=2E3 SZX|A(PDTR: Port Drayage Truck Registry)= SF2E2{9| 7|2XH 2 0
NE 89 YHE HIEFHORE XEY #e|# ofL2}, FR0= HR|/2S Hlo|E 7[Et
HiZS&2|= UM 715t 7|HAAE.

238) 1994~2003H At E= CHAL

239) LA% Clean Truck 213 SHO|X|(ZFAHL: 2020. 6. 25).

X
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A
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H 3-45) 317t S12E2 S2 A| HiE Q7

7= HE 278 H| 27
EZAH EZ XX EHZ2H AL NS} Q1A
B BHS(VIN), EY HS T HS, Wall
QUE! HIZEAL, AEIHIZ 0| US Al 1994~20031 MAtE B=
= 21 ofx] A2 Q= VDECS(Verified Diesel SRt SIS E240f 42| ZL|OfLt
_;IE_ - Emission Control Strategy) 7|71, oFHIO| HY7|7HA HIS 7|20
° VDECS 717| MIZ=AL VDECS 717 Al2|Y 2&foh= Level 3- VDECS 77|
‘gH{, VDECS 7|7| MIEZ 01 ZA} 0|5240)
i oletH, )2, F4
KA Mg (ZA|/F, SHAHS, 27}, TEHS)

A= Z2|ZLOf L7 |A A SHOIX|

o]
AR A3FE gepte A9 AEFY 7€ Ef E5F9(Truck
Platooning)’, 121 489 92 FToA &8 3

-
A1 A A AHE(Pre-announcement of Truck visit) 5°] Slth

240) VDECSE 2|22 L{Of Ch7 [ X+ H2|(CARB)O| 2foh Z2{ZL0f 2= w70 T2t PM &2
NOxE £017| Igt T2 2, PM-VDECS= Ml 71X| 2= 71&; ¥ 10|A PM VDECS
= PM &S 25% 014 XM, 8l 201M= 50% 014 XM, & 30 M= 85% 014 Xz
T= 20|32 0rEY 0.01g 0I5t PME HiE 518.
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(O3 3-22) E3 Z2{EY(Truck Platooning)2| 7HE
oOne driver, multiple trucks

Driver in first container truck
leading 3* driverless trucks

Lead vehicle linked to the
platoon via wireless
communications

Coupling and
de-coupling to
allow other road
users to cross
between platoon
vehicles

Incorporates vehicle
detection, anti-collision
and lateral control
technologies for safety

“Number OF trucks in each platoon may vary according to mial results.
Source PSA and Mmistry Of Transpor

X2 labroots

(3) sAZH| HiSH2|

7t 70

BHgH] wiETe] &5 Y] sHlEsS T StAHHIE
doz, @ AA% wjE7]|Ee] FHteE =S wAISHAY
HEAT FA 52 AAStER st @ JEF o|A F5Ae
2 A AY, @ 519 @ 5749 7g AR st Y st

Je]o] 7| e AEA WiES A EE 2

A2 A2 AT 5 Ut

TRt 71 A 2 SIS Rt AARY o AREE = HIE

A oJslar, 24D o]E E:;MAT I QA(Transfer Crane)242), ZHEZ =

241) 7 rx|04 CH7 1 & ZHAof] ket S H2R(F2) I1I4§
242) St9H0| U= ZIH|0|HE S0 22|10 L3N T2 ROZ §7|7{L} Of= EAH, 5124t
o ’é71l—t LH2iz= Eh.

oolI

oin
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(L

Q1 (Gantry Crane)243), AEHE T 9(Straddle Carrier)244), of=
EE?2M) 5 Y 72 2okl Qlrh.246) T3 5tgAgH]| 9] siEd
o]sg% -?4@ HiE7tA 58712 AAlske T, 2 oYy

— =20 =20
e 24 oS 2E(49)
CS | WA/
HH=XZHRER| EAE
%HH%% _ ) B H_§;1DO |‘|‘:/
pame | CAMBEE  steiguvEmel  HEZ UMM
=1

Ao 4
g WAAZY & 90w, @ BAZ BASAG wFgu) ofd
A9 MEATIAE RN WE7 120 RYAES NES AT
A% 5 ot

243) 29| o 2{0f] HX|=|0| MEC2HH A 0[S 2L, 50 A= AH0|HE o
810 203 H.

244) AH0|HE S0f 224M 286

245) ZE|0|HE Z0{M 2Eok= 2

246) "X 7" JHHof 2ot SEY AAWF, EH2.
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ol st A Aol HE7]Eo] ulslolok g 7]%e] B
s 714 % glek. shA, @AY 1Ee 4]

e A= e e 7 dd © F
BH 5= ARG Sl 7129 sHAAHIE AP AZFA(LNG),
USHAZFIA(CNG), A FZAA(LPG), HH'H=(Methanol), 4
(Hydrogen), A7] 59 18 AHAE AMESte AR HAgs
of, stRH| 9] HiErES Hoh g7]Fo® AAd ¢ St

A 72 BF Al ING oF= EFE HFAR' S A&
O}, 9FA] A Hie} o] ASPHAZIA(LNG) WAl EA A&
et B=7A Hijte® & 4= Qi wEbA, et shAH] JA] A7) F
4o AuA] 5 HIEAR Y] oy -5 A 0 &2 Helshe A
2T Fx= AAgsfoF shH, o]2fet QlAsto] $-] FRE LNG A2
¥ FAOl 7] o= EdE Hyg AHARIS ®asto] F1Is)

CARB(Z Z| U o} t7|AHd ¥ 3])= 20054, Az o}
Tho] o] 54 st o] HiES A5l 913t "CHE(Cargo Handling
Equipment) Regulation & A&Hst1l 2006 HF ©]& A3 Fo|r}.
TCHE Regulation ;< BACT(Best Available Control Technology)&
AAsto] A2 of E-E O] BACTO| %= AH HAE 8}
1, 71& ERE O wAE 7}435k5ka 9t TCHE Regulation 9] Al
PO 20041 HH] 20209714 °F 80%2] HIAIHA(PM) BiEe] 7
2% o7 F4bstal Qlch.247)

247) California Air Resources Board 0| X].
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M 3% =L Tt t7Iety e BEet

(8 3-47) Of= E&fE| ¢z LNG 0| [2 4= sat

T= NOx SOx PM2.5 PM10
OF= E=iE] -95% -100% -100% -100%
LNG Hzat
LNG' -99.37% - -100% -100%
LNG? -95% -100% -100% -100%

XI2: Ot2A 2(2019b), p. 131; LNG': dHU4At2 HEXIE, p.4; LNG®: 0|E A

Ygd&e 2H| 293K Port of Rotterdam) Eu|d =35} AFG 9]
Agto = AHoH FF9] £9] o|FAIAH Y] A&FHYS =ATH,
ZH =247 W ECT Della Sealand EjujgdoA+ 5% W M =2
g1 of= Q1 Afe]9] HHOlY o]d2 #Is] AGV(Automated
Guided Vehicle)E EJ3tt.248)

(4) 2214 =2 & VOC HiE2|

o] o Qg §71edRA WEL ofux dad] o
W ololE, B4 B2 9 JA-AAY B2 stel L 2%, A
4 Aol Yehtis vlelay B 2 v B wE o] dHe

248) Port of Rotterdam(2020. 6. 25).
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I 2 EF(Smog
T Utk HgHsoA pdE A

277 =2 B9(Smog Free Tower) 2] 3%, 714374 I3k 11
SHA] ¢kS o =91 ¥ 20m H Lol A PM10 5%=2] 45%, PM2.59
2% 25% AR} e ACE BHiEl §lrh2s5)

rusk ob
in
R
gas)
r
[
u

(121 3-23) AR o2 EtY

e L i
e A
%&h‘}.ﬂtﬁ-‘?ﬁ:

X2 Floornature(ZA4: 2020. 6. 18)

251) k8- 2/(2019b), p. 187.
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