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1A
Al: Artificial Intelligence
AlS: Automatic Identification System
API: Application Programming Interface
ARB: Air Resources Board
AS: Actual Speed
ASEAN: Association of Southeast Asian Nations

iB
BC: Black Carbon
BFO: Bunker Fuel Oil

IC
CAPSS: Clean Air Policy Support System
CCS: China Classification Society
CEQA: California Environmental Quality Act
CHa: Methane
CHE: Cargo/Container Handling Equipment
CO: Carbon Monoxide
CORINAIR: Core Inventory of Air Emissions
CSTDMA: Carrier Sense Time-Division Multiple Access
CV: Coastal Vessel

ID
DARS: Data Attribute Rating System
DSC: Digital Selective Calling
DSP: Data Service Platform
DWT: Dead Weight Tonnage



IE
EC: European Commission
ECA: Emission Control Area
EDB: Emission Database
EEA: European Environment Agency
EEDI: Energy Efficiency Design Index
EEOI: Energy Efficiency Operational Indicator
EF: Emission Factor
EMEP: European Monitoring and Evaluation Program
EMSA: European Maritime Safety Agency

EPA: Environmental Protection Agency

IF

FC: Fuel Consumption
FGI: Focus Group Interview

FMI: Finnish Meteorological Institute

1G
GFW: Global Fishing Watch
GHG: Greenhouse Gas
GIS: Geographic Information System
GPS: Global Positioning System
GT: Gas Turbines
GT: Gross Tonnes

GWP: Global Warming Potential



1H
HC: Hydrocarbons
HC: Harbor Craft
HCFCs: Hydrochlorofluorocarbons
HDV: Heavy—Duty Vehicle
HELCOM: Helsinki Commission
HF: High Frequency
HFCs: Hydrofluorocarbon
HFO: Heavy Fuel Oil
HSD: High—speed Diesel

[ ]

IALA: International Association of Marine Aids to Navigation and Lighthouse
Authorities

IEA: International Energy Agency

IHS: Information Handling Service

IMO: International Maritime Organization

loT: Internet of Things

IPCC: Intergovernmental Panel on Climate Change
ISO: International Organization for Standardization

IVEF: Inter VTS Exchange Format
1K

KOMSA: Korea Maritime Transportation Safety Authority
KR: Korean Register of Shipping



IL
LBSI: Lean—-Burn Spark-Ignited
LF: Load Factor
LLF: Low Load Factors
LMIS: Lloyd’s Maritime Information Service
LNG: Liquefied Natural Gas
LSHFO: Low Sulfur Heavy Fuel Qil

M
M&S: Modeling and Simulation
MBMSs: Market-Based Measures
MCR: Maximum Continuous Rating
MDO: Marine Diesel Qil
ME: Main Engine
MEPA: Marine Exchange/Port Authority
MF: Medium Frequency
MGO: Marine Gas Oil
MMSI: Maritime Mobile Service ldentity
MS: Maximum Speed
MSD: Medium-speed Diesel

IN
N2O: Nitrous Oxide
NEPA: National Environmental Policy Act
NG: Natural Gas
NGMS: National GHGs Management System

NHs: Ammonia



NIER: National Institute of Environmental Research
NMVOC: Non-methane Volatile Organic Compound
NOx: Nitrogen Oxides

10
OGV: Ocean—Going Vessel
OPS: Onshore Power Supply

P

PBL: Netherlands Environmental Assessment Agency(Planbureau voor de
Leefomgeving)

PM: Particulate Matter

PMyq: Particulate Matter less than 10 microns in diameter
PM. 5. Particulate Matter less than 2.5 microns in diameter
PORT-MIS: Port Management Information System
PS-LTE: Public Satety LTE

PWD: Pier/Wharf/Dock

IR
RL: Rail Locomotive
RO: Residual Ol
RORO: Roll-on/Roll-off
RPM: Revolutions Per Minute
RSZ: Reduced Speed Zone
RV: River Vessel

1S

SCC: Source Classification Codes

SEEMP: Ship Energy Efficiency Management Plan



SEl: Ship Emission Information

SEMS: Stack Emission Management System

SFC: Ship Fuel Consumption

SFOC: Specific Fuel oil Consumption

SMA: Swedish Maritime Administration

SMHI: Swedish Meteorological and Hydrological Institute
SOTDMA: Self-organized Time-Division Multiple Access
SOx: Sulfur Oxides

SSD: Slow-speed Diesel

ST: Steam Turbines

STEAM: Ship Traffic Emission Assessment Model

iIT
TEU: Twenty—foot Equivalent Unit
TSP: Total Sediment Potential

iU
UNFCCC: United Nations Framework Convention on Climate Change
USACE: U.S. Army Corps of Engineers

v
VDES: VHF Data Exchange System
VHF: Very High Frequency
VMS: Vessel Monitoring System
VOC: Volatile Organic Compound
VTS: Vessel Traffic System
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c: AEF L BIS(FATI, HZAT)

p: ReSE(=3, Ot H4l)

s AXE 8%

At&: EPA(2009), pp. 2-11 ~ 2-12

- HiEAre 2YFHEET, AH A, A= FFEBFO, MDO/
9

Xiv

of fFECILE,
2 7 Ato] 3t

v
™
5
2
[>
o,
,
[-']I.
Qlj
to
of
[ o
i)
g o



o
Q

A
21

3) 37 B 7t Hlw-EM U YT JHM F

o=

o

- AP 9 Fa AR -2y

(29 T2-2) WS MYDH 71 HlT 24

| #EL H APACh 2 el e H 452 3 H HiEA 28 H = Ar
oM PR B3 REELT
ot AR 33 U 2ok 22 EEA HEZ4
e Port-MIS 212 Aut eypcy EELT
= (Muragrsish AsArgy >4 EEA BHEAH1%
Fu@c  s2MuaAs E30 2 I A Ay #ug
ARMEY 23 (Port-MIS) AZAH|AS 0.79) 0.2)
[
Holge EERTTIEEIEN 32 Myt =
ABARE FH (Port-MIS) X2 AR 2t
[
2gec . EHEMu AL A E=iy AZ LokE - At 28R
LENEETES] (Port-MIS) AZ AU 0.8) (Port-MIS)
| Port-MIS H ARHOH A MY H #s4e 23 HiEA 28 H B3 AHd
Port-MIS 2Hj Aut 2AI912] U SFAIZH 5
@ALIsTE) (Port-MIs) EEAUEEAS
Qiziz2{ RPM 239c 1
(Particular) (&g, Mok, A
A5 Y AL ASIF 1=
(Particular, 2#2!) (BFO, MDO/MGO)
AZRAToRAHE [EE Y
(Particular) (FA, Bz
WASF &
(M4, 24, DHAZ)
AlS H APHCHA 2 el H #5242 23 H A4 28 H BlhE A
Port-MIS 212 Aut WAIRIA| 2 REAIZH
@ALISTR) @) HEAL L
AzIE2, RPM edmc 28
(Particular) (8, Yo, A4

INF=MPSINESE]

45 o oIy
(IS, 3]

ARATorALAUE
(Particular)

ARIF A2
(BFO, MDO/MGO)



[EH W HE THs

e

AIE

b

e

A

ol
=

5t
o

ERETES
- OfA1: BIIQ AS Mgt

- 2N S5 A He

- 2]
* 4 PORT-MIS ZHH

o [HA AIS

o

5

[=:

F A a3 H

o

=

=
SEYE
SEAl

2|
=

SCIOIE 718t

_ HH
E)
PORT-MIS

|
Hl_l‘goﬁ

AlIS
NSRS RSS!

7

F

Muo WO = 0
B < < M
< o Kk T
. kil 2 ]
g f
[ - a
= ml ok o
K g0 L
i Z0
RI = Ho KO
<+ oo B g
N INER:
ny % ™ X 30
| = K ol Mo
mH ol = iod 1o 31 o
ol = T = o= o
wd B B E0 Dum L
L _.rLo 10 E.‘ T~ U D
I O= = o Ol 5o 80
o Ws Lg Bfio 3
o A s W0 B )
A S = Ktz dpo U
& TR oumb 2
Ko o518 w0 Togo MM =
S W I XE O
T Pw B T wBw
= or sr ol ofl @a = I
o FEZF Tz IEEF m
o M o B0 KD %ﬁ o Zm
R oT M Mo M E o
nrny HOZh o1 HO B 3y TE o an
ol < gt X W AEMENZT
m]RC RO BN orjo RO BU o A & RO U
TN N OUE <4 RO X
L] L] L] L] L] L] L] L] L]
< | o &0
0 Lo o H
W = = o o 3T
w| o o 30 40 00
o Mv_ MHU T 100 ol <0
Ky @ o <0 2R
~ ol <~

NSRS W RSS!

XVi



- B AR WL

Eol0, M &5

T2 &
- E HMS HEITY IS, 85 S YENOR £5-X
IEBZR WA HIIS 9IFt YAOR B
(HEV) - B e Y4 2001 S4tE MEE 5603 BEXAL A2K0.79)
- STHENS ATILSHE: FHH20%), £3H80%) 7+
« 2| X1 7+ 25| 94 HII0] OIZPLY, HIBHHQI YRS &
SORT_MIS | TI0l THEH 250 Ci2f st 92

S0 7|8t

FSFAl D5 7) ey ks

ASEA S

48454 - SEYHE AT SE: °+LH +|ﬂ’:é4% HH&HO R 7hgotar Mef KA
Aol 2 1&202 AXLEE T8 IIs

-mgﬁﬁﬂAsﬂwawwg%giawwgn%
X Ijl_)\| X7| 7|—7=1° _|_
AlS ZSH0IE | - pAlLjelS &5t 7
IS EE | - essir axisls:
H%ﬁ#ﬁﬁHEOQ

s

X 7RIS
Satsfel

ot
otO—
9'2
—‘Rm

INI=MPSIN RSO

- AR 28

(0 B-11) HiEA5 Hlw

T2 HE
J|IE EHER Y )
m2) * M4XOo=Z EEA-Tierl $E9| tiEH4 &2
PORT-MIS

SOOI 7|gt |« JFXOZ EEA-Tier3 £E2 HiEH U2 HE
g 2

AIS Z=G|0|E 7|8t | * JHEXO2 EEA-Tier3 £&2| EH4 H&
e 2y * XS EEA-Tier3 4 Er—Wl ISt R HIHO 2 ASKS

NSRSV RSS!

2 tepe oF 8 o] i, Alzt It 2 715

0| 7}—0}&*'

Sao =

[Cfate M8 7t

Xvii



A

(29 H-12) HIEE A ZHE HIEH MY ZiK=T)
el ton
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EXECUTIVE SUMMARY

1. Purpose

= This study aims to construct a ‘data inventory of candidate
source data based on the review of validity and availability
of domestic legacy data pertaining to shipping and ports.
The data inventory is not only capable of estimating national
and regional emissions from ships, but also being linked and

connected to estimate the emission from ships within ports.

= A bottom-up model for estimating the emission is constructed

and applied based on activity-based methods.

- By reflecting a ship’s activities into denser and more precise and
accurate temporal and spatial grids, this model can serve as an
important technical foundation, ultimately allowing real-time

estimation and application.

- If source data is collected and applied in real-time based on
wired and wireless networks and sensing technology, it will
enable real-time estimation of the emission from ships, as well
as real-time analysis and forecasting based on source data in

the concept of big data as well as estimated emission results.
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= Under a ‘Smart Connected’ framework, this study suggests
measures for adopting and utilizing activity-based data with
an aim to estimate ship emissions from high density
spatial-temporal grids.

- Shifting towards a new emission estimating paradigm of
high-density, high resolution spatial-temporal grids will
significantly improve the accuracy of the result of emission

estimation.

2. Methodology and Features

1) Methodology

= This study conducted Focus Group Interview (FGI) with
domestic and foreign research groups that have carried out
preceding studies as a method to collect, analyze existing
literature and research data and then confirm and

complement the knowledge attained.

- After investigating domestic and foreign methodologies for
estimating air pollutants from ships, activity-based bottom-up
estimation models and major application cases, a comparative

analysis was utilized.

- While conducting a telephone interview with relevant
departments in the National Air Emission Inventory and
Research Center (NAIR) and Greenhouse Gas Inventory and

Research Center, this study also held an online seminar with
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EXECUTIVE SUMMARY

the Finnish Meteorological Institute (FMI), and the Swedish
Meteorological and Hydrological Institute (SMHI) respectively.
- When investigating DB of legacy data targeted for reviewing the
availability, this study conducted FGI with those in charge of
managing and operating corresponding data, after collecting

and analyzing existing literature and research data.

= After reviewing the validity and availability of legacy data
((AIS, PORT-MIS, VTS, e-Navigation etc.) pertaining to
Korean shipping and ports, this study extracted an optimal
combination of data set by reflecting the result, and then

confirm a bottom-up model.

= Verification of the accuracy by organizing and applying an

optimal activity data-based bottom up estimation model

O By comparing and analyzing the difference from existing
methods (applied by MOE and PORT-MIS) on the possibility of
occurring errors by estimation phase, the degree of accuracy

improvement was verified.

@ A comparison analysis was performed by applying the
activity-based emission estimation model to ships entering and
departing Busan port as a pilot testing, and compare the result

with that of existing methodologies.
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2) Features

= Departing from existing paradigms of estimating the emission
from ships, this study significantly improves the accuracy of
estimation results by presenting a bottom-up estimation

methodology based on ‘Smart Connected framework.

- This study is designed to lay a technical and policy foundations
for building a smart intelligence-based analysis and forecasting

platform.

{Summary Picture=1) Major content of this study
Extracting the necessity for shifting the paradigm

Reviewing a Drawing implications for
methodology for introducing an activity-
estimating the emission based bottom-up model Extracting limitations of

of air pollutants current paradigm for
estimating the emissions

Investigating and analyzing > . L 2 .

cases of applying an In-depth interview with authors/institutions Presenting the necessity
activity-based bottom-up for paradigm shifting
emission estimation model - pEmissk

I data
egao+/ Data items, forms and applicability per data

Reviewing the validity - AIS, Port-MIS, VTS, E-navigation service G:vanm rz;.-:; T:;:ﬂny

model for calculating
USSR TR S RSl ;¢ Comparative analysis on the possibility of error
Constructing an inventory of 9 occurrence between existing methods and new
available data for the Application of optimal data combination paradigm per step of estimation

M o e i Rl < Pilot appiication of a modelto ships entering
Gl AT model and exiting Busan Port (Jul. ~ Aug. 2021)

emission estimation model

C i lysis of results in jth application of
anindividual model
ivity A

A2, Utz

Comparative analysis on

the level of accuracy
improvements

4

Deducing introduction and application measures

Introduction and Legal and institutional
application measures of improvement measures

activity data-based bottomup 2% o
methodology for estimating - N
the emissions [ BT S

Source: Prepared by the author
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EXECUTIVE SUMMARY

= Designating descriptions by ship (ship and engine etc.)
subject for estimation as well as big-data based activity data
as base, a bottom-up methodology was applied which allows
the period of report-collection-estimation (temporal grid) as

well as location (spatial grid) denser.

- An In-depth review was conducted for the application of data
in order to estimate the emission for target ships nationwide
per region, as well as individual port. In particular, this study
collected description information on ships, engines and
activity-based data, while reviewing the availability, effectiveness
and the possibility of turning them into big data etc.

- For organizing and applying an optimal combination of data,
this study did not limit the data into AIS, but rather reviewed
the availability of relevant legacy data such as PORT-MIS, VTS,
and e-Navigation service, hence, to extract and apply an

optimal combination of data set.

3. Results

1) The inventory of available data for the application of an

activity—based emission estimation model

= Based on the results of review and survey on legacy data
pertaining to Korean shipping and ports, this study
summarized the applicability as well as limitations of an

activity-based bottom-up model for estimating the emission.
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- From the data relevant to shipping operation and entering and
exiting of ports provided by individual DBs, this study selected
and summarized direct and indirect demand data sets for

estimating the emission from ships.

- The data was divided into static data and dynamic data
depending on characteristics. Based on the result of validity
reviewed earlier, the applicability on whether the data can be
applied to an activity-based bottom-up model, relevant

characteristics and limitations were summarized.
= Port Management Information System (PORT-MIS)

{Summary table—1) Classification of PORT-MIS Information

Information item Content and form Type | Utilization | Classification
Call sign Call number of the ship DB O N
Number of control Numbe{a?;:fg;rrci)(l)gurmg 4 DB A Dynamic
Vorge o for | tmber o eportcne | g | [RENREE
Time and Date Time, date of report DB AN Dynamic
Toffosptom | b mficorson og SRS
Barge flag Check the presence of barge DB O Static
Remark Remark DB -
Classification Control classification DB O Dynamic
Outer/Inner Port ou t(élra}?r?:(lacrﬁﬁ?ac—);or " DB O Static
Name Name of a ship DB O Static
Nationality Nationality of a ship DB O Static
Gross tonnage Gross tonnage of a ship DB O Static
Ship type Type of a ship DB O Static
Owner/Agent | Owner/Agent of a target ship| DB - -
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EXECUTIVE SUMMARY

Information item Content and form Type | Utilization | Classification
Time of ! ) :
Arrival/Departure Time of Arrival/Departure | DB O Dynamic
Location of Arrival Location of arrival (name of DB O Dynamic
port etc.)
Port of prior . :
departure Port of prior departure DB AN Dynamic
Destination Destination DB A Dynamic
Time of Entry/Exit Time of entr;/r/;xn of control DB @) Dynamic
Location of . .
Entry/Exit Locat_lon of entry/exit DB o Dynamic
P passing control area
assage

Footnote: O: Preferential activity data able to directly utilize, /A able to utilize for estimation
data when preferential activity data is unavailable

Source: Prepared by the author

{Summary table-2) Result of validity review: PORT-MIS

Applicability

Limitations

* Useful when ‘estimating the emission
from ships within ports’

X Need to estimate missing time and
location in case of applying into a
real-time estimation model and unable to
make correct estimation

* Unable to provide (x) other than
specified time and place of report

* Special purpose ships within
ports are not (x) included to
subject for report

* Useful as a complementary DB when
estimation is made based on
activity-based data

% Providing description information such as
Identification of a ship and license,
registration information

* Not (x) providing descriptions of
engine and relevant information

Source: Prepared by the author
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= Automatic Identification System (AIS)

{(Summary table-3) Classification of Information provided by AlIS

Information item Type Utilization | Classification

Ship name DB O Static
IMO Number DB O Static
MMSI Number DB O Static
Call sign DB O Static

Date and Time of Traffic DB O Dynamic

Location DB O Dynamic

Bow Direction DB AN Dynamic

Ship Speed DB O Dynamic

Footnote: O: Preferential activity data able to directly utilize, A: able to utilize for estimation
data when preferential activity data is unavailable

Source: Prepared by the author

(Summary table-4) Result of validity review: AIS

Applicability

Limitations

* Useful when applying to an
activity—based bottom up emission
estimation model for ships

X Providing activity-based data such as
location and speed per time of a ship

X The interval between transmitting and
receiving periods is short enough to
estimate the emission at dense
spatial-temporal grids.

* When applying to a real-time based
estimation model for real-time
intelligent emission control, missing
time and location between transmitting
and receiving periods should be
detected.

* Not (x) providing and collecting
activity—based data of unequipped
ships

* Not (x) offering ship descriptions and
relevant information

% Need to connect port descriptions by
PORT-MIS and administrative
information related to entering and
exiting ports through identification and
matching of ships
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EXECUTIVE SUMMARY

Applicability Limitations

* Not (x) providing engine descriptions
and relevant information

X Need to connect ship inspection
institutes (Korean Register etc.)
through identification and matching of
ships

Source: Prepared by the author

= Vessel Traffic System (VTS)

- The VTS connects and utilizes current data pertaining to ships’
activities in a comprehensive manner. If available, these data
can be an extremely accurate tool for identifying and

understanding activities of an individual ship.

- Due to security reasons, however, the VTS restricts the
connection and utilization of data outside the closed network
for purposes other than marine traffic control. Therefore, the
system does not consider technical measures to produce output

or connect the outside in the form of data.

= DSP of Korea e-Navigation Service

{(Summary table-5) Classification of information provided in the form of
e—Navigation OPEN-API

Information item Type Utilization | Classification
Latest LTE-M location inquiry DB O Dynamic
Latest Mobile location inquiry DB O Dynamic
Inquiry pf ship d_escrlptlon DB o Static
information
AIS ship track inquiry Function O Dynamic
Port guideline request Asynchronous -
Ship movement forecasting service Asynchronous A Dyreie
request
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Information item Type Utilization | Classification
Marine safety information request of Asynchronous _
external networks
Sea route request Asynchronous A Dynamic
Sea route confirmation Asynchronous A Dynamic
Sea route end Asynchronous VAN Dynamic
Density service request Asynchronous -
Emergency report information DB -
Pilot card inquiry DB -
Vulnerability analysis inquiry DB -
Navigation warning inquiry (collision) DB -
Navigation warping inquiry DB _
(stranding)
V-Pass track inquiry Function O Dynamic
Sensor information inquiry DB YAN Dynamic
Ship fire inquiry DB -
Ship stability inquiry DB -

Source: MOF (Date of search: 12th of Oct, 2021)

{(Summary table—6) Result of validity review: e-Navigation service

Applicability

Limitations

* An optimal DB when applying to a
‘real-time’ estimation model for
real-time intelligent emission control

X Providing real-time activity—based
data such as location per time of a
ship and speed

% Minimizing the delay by utilizing

LTE-M network: able to estimate the

emission in real-time

* Currently operating a pilot project, and need
to construct a DB without missing target
ships and regions

* Not (x) providing engine descriptions and
relevant information

% Need to connect ship inspection institutes
(Korean Register etc.) through
identification and matching of ships

Source: Prepared by the author
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EXECUTIVE SUMMARY

2) Organization and application of an activity—~based emission

estimation model

= Algorithm of the model

- This model follows the 6 steps for data processing that include;
@ identifying a ship, @ collecting static and dynamic
information, ® selecting and determining the data (including
type/classification of a ship, fuel oil etc.), @ summarizing
required data per source of emission (main engine, auxiliary
engine, boiler etc.) within a ship, ® estimating energy amount
and selecting emission factors, and ® calculating and

aggregating the emission amount.

= Required data

{ Summary table-7) Classification of required data

Static information

IHS Fairplay (Engine manufacturer, regional authority, ship owner)

Internal DB
Ship
Identification  description, rf\i?r:uerﬁ;iﬁfe auiﬁ?;rli/r?;gifne Others
characteristics
Maritime Mobile Year of Sulfur content  Sulfur content of Seawater
Service Identity construction of main engine auxiliary engine densit
(MMSI) fuel oil fuel oil y
Reduction .
IMO number Length technology techsslccj)Uthn lied Angular velocity
9 applied to gy app of propellers

to auxiliary engine

main engine
Ship name Width SFOC o.f Main | SFOC of §u><|||ary Propeller rpm
engine engine
Ship type Draft Main engine ~ No. of auxiliary _

model engine
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Static information

IHS Fairplay (Engine manufacturer, regional authority, ship owner)

Internal DB
Ship
Identification  description, ;2?:\“;;22 auiﬁ?;rli/riigifne Others
characteristics

Gross  Stroke type of Output of installed
tonnage = main engine  auxiliary engine
Weight Main engine

- tonnage rpm Fuel type -
_ Design No. of main _ _
speed engine
No. of Output of
- cabins installed main - -
engine
- Hull type Fuel type - -
Wetted Calculated
- surface area  or!SSION - -
factors
Length
- between - - -
perpendicular
+
Dynamic information
AIS System
Instantaneous speed Location Ship type

Source: Prepared by the author

= Bstimation of the emission

- Based on the point of location reported by AIS data and the
interval between transmitting and receiving periods, temporal
and spatial grids are divided. And then, energy amount per each
unit of grids is estimated and aggregated to estimate the energy

amount per section.
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EXECUTIVE SUMMARY

ETrip,i,j,m = Z[jv})A,sZ(P(: X LEZ-S X EF(:,iA,jﬂn,,p)]

p
ETrip: Amount of pollutants emitted from a ship (tons)
T: Shipping time (hr)
P: Engine output (kW)
LF: Engine load factor (%)
EF: Emission factor (g/kWh)
¢: Source of emission within a ship (main engine, auxiliary engine,
boiler) i: Atmosphere pollution matter (8 air pollutants including NOx,
NMVOC, PM)
m: Type of fuel (Burker Fuel Qil, Marine Diesel Oil, Marine Gas Oil)
i: Type of engine (Gas turbine, low~-, mid-, high speed diesel engine,
steam turbine)
p: Type of operation (cruising, berth, anchoring)
s: Classification by grid

Source: Prepared by the author

- The unit grid of individual ships or engine load factor per each

section is estimated in accordance with the ‘Propeller law’.

LF. .= (AS.  /MS)?

8,p,C ENNe
LF: Load Factor(%)
AS: Actual Speed(knots)
MS: Maximum Speed(knots)
c: Source of emission within a ship (main engine, auxiliary engine)
p: Type of operation (cruising, berth, anchoring)
s: Classification by grid

Source: US EPA(2009), pp.2-11~2-12.

- With regard to emission factors, Tier 3 emission factors from
EEA was applied in accordance with conditions of an individual
ship depending on the type of operation (cruising, berthing,
anchoring), type of fuel (BFO, MDO/ MGO), main source of
emission within a ship (main engine, auxiliary engine), type of
engine (gas turbine, low-, mid-, high speed diesel engine, steam

turbine etc.) and pollutants.
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3) Comparative analysis between 3 models and verification

for accuracy improvements

= Comparative analysis of main factors per estimation step

{Summary picture—2) Comparative analysis between emission estimation models

Ministry of
Environment

Designating the
target and scope
of estimation

Collecting activity

data

Application of
emission factors

Estimating the
emission

Passenger
ships

Cargo ships

ships entering/exiting ports)

Ships provided with
tax—free oil

Port-MIS control ships

(present status of

Tax—free oil suﬁply
of passenger ships
(Korea Shipping Association)

Estimation of fuel
consumption by
operation mode

T

[
Estimation of fuel
consumption at —
anchoring mode

Estimation of fuel
consumption at —
berthing mode

Estimation of fuel
consumption at —
cruising mode

No. of cargo ships
entering ports
(Port-MIS)

No. of cargo ships
entering ports
(Port-MIS)
No. of cargo ships

entering ports
(Port-MIS)

Specific Fuel Oil
il Consumption in
accordance with tonnage

Pilotage distance
— between ship
and cargo

Specific Fuel Oil
— Consumption per
engine load factor

EEA emission
factors per type
of fuel

EEA emission
factors per type
of fuel

Average no. of
anchoring days
(0.79)

Fuel economy price
per tonnage

I Engine load factor
0.8)

Output ratio (0.2)

Port-MIS I gfi%gi&;"g&ﬁa |_| Collecting activity | | Applicationof | | Estimating the
0? o data emission factors emission
Port-MIS control : i
4 Control location and EEA emission
shlpfi&%ﬁ%}‘ﬂgmw operation time (Port-MIS) factors
i Classification of
En"(‘sa%‘i:ﬁ‘g;)RPM operation mode (Cruising,
berthing, anchoring)
Ioasc??aetl:jt:rn(dpgrr“tiggalear Classification of fuel
Navigational rules) (o RS MR/YIEe)
Year of construction Classification of engine
or Year of launch (main engine,
(Particular) auxiliary engine)
Classification of engine
type (low-, mid-,
high speed engine)
AlS gfi?giﬁnsgc;hi | | Collecting activity | | Applicationof | | Estimating the
ng’ estimationp data emission factors emission

Port-MIS control
ships (Control entry
List output)

Source: Prepared by the author

x1

Control location and
operation time (AIS)

Engine output, RPM
(Particular)

Speed and engine
load factor (Particular,
Navigational rules)

Year of construction
or Year of launch
(Particular)

EEA emission
factors

Classification of operation
mode (Cruising,
berthing, anchoring)

Classification of fuel
type (BFO, MDO/MGO)

Classification of engine
(main engine,
auxiliary engine)

Classification of engine
type (low-, mid-,
high speed engine)




EXECUTIVE SUMMARY

- Target and scope of estimating the emission

{Summary table-8) Comparison of target and scope of estimation
Classification Content

* Scope of estimating the emission: After producing the national/1
year statistics, and allocating per region/month
* Target: passenger ships, cargo ships, fishing vessels, leisure
Existing MOE | vessels

methods - Passenger ships: Coastal passenger (excluding ocean—going
Manual IV passenger ships)

- Cargo ships: cargo vessels entering/exiting domestic trade ports
- Fishing boats: vessels using tax—free oil
- Leisure vessels: registered leisure vessels

P.OBT_MIS * Scope of estimating the emission: Limited application of specific
activity-based temporal and spatial scope/entirety within port limit is available
bottom-up | T - Port-MIS | shi
model arget: Port control ships
AIS * Scope of estimating the emission: Application of specific temporal

activity-based | and spatial scope/entirety within AIS transmitting and receiving
bottom-up areas is available

model * Target: Ships in AlS vessel traffic
Source: Prepared by the author

- Reflecting characteristics of individual ships’ activities

{Summary table-9) Comparison of reflecting the characteristics of activities
Classification Content

* An optimizing model for producing 1 year/national macro
statistics, hence, relatively easy to collect the data and estimate

Existing MOE | g emission
methods . . . .
* Difficult to accurately divide specific temporal/spatial scope and
Manual IV i o
difficult to allocate the emission
* Difficult to reflect actual activities of individual vessels
* Able to calculate the emissions including record of ships entering
PORT-MIS o . : : :
o and exiting ports and reflecting movement information (7 traffic
activity-based | jioms) within port limits
bottom-up . o o :
model * Available for the division of specific temporal and spatial scope as

well as emission allocation, although limited

xli



Classification Content

* Available for limited application of reflecting actual activities of
individual ships

* Able to estimate the emissions by accurately reflecting real
movement information (location, time and speed etc.) utilizing
AlS activity data transmitted and collected through AIS
activity—based | ® Able to estimate the emissions according to a variety of demand
bottom-up following policy and research demand as well as accurately divide

model specific temporal and spatial scope
* Capable of reflecting actual activities of individual ships in high
resolution

Source: Prepared by the author

= Resolution of activity data

{Summary table-10) Comparison of resolution of activity data
Classification Content

* The Current method uniformly estimates and applies patterns and
activities per group of ships, inappropriate for reflecting actual
Existing MOE | activities.
methods - Average No. of anchoring days: the result of sampling survey on
Manual IV 560 ships at Ulsan port in 2001 (0.79)
- Engine load factor per type of operation: Assuming anchoring
(20%), cruising (80%)

¢ Difficult to reflect the pattern of activities between control points,
however, favorable for roughly representing long periodic sections
utilizing limited information

acl?ESiF’jJ—tglssed - Able to identify anchor_ing of _individual _shi_ps as_v_vell as time and
bottom—-up location (ports) per point of limited activities utilizing control
model records
- Engine load factor per type of operation: Able to estimate engine
load factor based on the maximum speed of ship’s description,
while assuming maximum speed within a port as real speed
* Able to accurately reflect activities between AIS traffic points of
AIS individual ships
activity-based | % The denser the interval between traffic periods is set, the more
bottom-up accurate the representation of activities is.
model - Able to identify and utilize the location and time of all activities of

individual ships utilizing control records

xlii



EXECUTIVE SUMMARY

Classification Content

- Engine load factor per type of operation: Extracting the real speed
between communication locations is available, hence, able to
estimate the engine load factor by type of operation utilizing real
speed and maximum speed on a ship’s description

Source: Prepared by the author

- Application of emission factors

{Summary table-11) Comparison of emission factors

Classification Content

EXEJZ?}?OZASE Aprﬁ)lyintg elrlnission factors at the level of EEA-Tier 1
(Manual V) conceptually
PORT-MIS

Partially applying emission factors at the level of EEA-Tier 3

activity—based conceptually

bottom-up model

Applying emission factors at the level of EEA-Tier 3
AlS activity-based | conceptually

bottom-up model | Still applicable when reflecting more precise conditions than
EEA-Tier3 level later

Source: Prepared by the author

4) Comparative analysis of emission estimation results

= Form of operation: Cruising

{Summary table-12) Result of estimating the emission per model (Cruising)
(Unit: ton)
Classification, NOx =~ VOC | TSP | PMig = PM2s | SOx Cco NH3
PORT-MIS

activity-base 155 550 4776 7714 7714 7.714 48325 17.880 0.003
d bottom-up

model

AIS activity—
based bottom—519.048 16.782 27.307 27.307 27.307170.323 63.019 0.020
up model

Source: Prepared by the author
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- In accordance with IMO standards, if the ground speed of a ship
is over 5knots in an AIS model, it is classified as ‘cruising’.

However, this is lower than the maximum speed in sea routes.

— If the ship movement were ‘cruising in reality, it can be
classified as ‘berthing’ in a PORT-MIS model.

= Form of operation: Berthing

{(Summary table-13) Result of estimating the emission per model (Berthing)

(Unit: ton)

Classification NOx | VOC = TSP | PMig | PM;s = SOx CO NHs
Existing MOE

methods [111.203 3.786 8.694 | 8.694 @ 7.853 ' 28.046 10.377| 0.010
(Manual V)

PORT-MIS
activity=base 17g 195 18563 29.979 29.979 29.973 68.979 25.003 0.012
d bottom-up

model

AIS
activity—base
d bottom-up

model

75.906 | 7.883 | 12.756 | 12.756 | 12.751 | 30.166 | 10.781 | 0.006

Source: Prepared by the author

- It is estimated that actual activities in the form of ‘cruising’
within port limits were classified as ‘berthing’ in a PORT-MIS

model and produced the result.

= Form of operation: Anchoring

{(Summary table-14) Result of estimating the emission per model (Anchoring)
(Unit: ton)
Classification NOx | VOC = TSP | PMig | PM2s = SOx CO NH3

Existing MOE
methods 1944.342 32.153 | 73.833 | 73.833 | 66.687 238.170 88.123 | 0.083
(Manual V)
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EXECUTIVE SUMMARY

Classificationr NOx | VOC TSP PMio | PM2s | SOx CcO NH3

PORT-MIS
activity-base 3g4 919 12.390 24.292 24.292 24.048 180.648 44.747 0.170
d bottom-up

model

AIS
activity—base
d bottom-up

model

433.673/ 13.506 | 26.493 | 26.493 | 26.233 195.780 48.940 | 0.186

Source: Prepared by the author

- If the estimation result based on an AIS data-based model is
very closer to true values, the emissions estimated when
‘anchoring’ based on existing methods were understood as
56.0~124.9% overestimated. (approximately 180.6% underestimated
in the case of NHjs).

2) Measures for adoption and utilization of activity—based

estimation methodology

= Shifting a paradigm for estimating national air pollutants and

greenhouse gases

{(Summary table-15) Shifting the paradigm of estimation

Limitations of current paradigm of estimating the .
T Improvements through adoption

and utilization

classification Content
er ... * Atop—down estimation approach ® The interval and scope of
Difficulties in o o : . .
for estimating the emission for 1| collecting required data, in other
accurately

year or quarters at the national or, words, the denser the temporal

re;‘l(izt;rlwg regional perspective, which is and spatial unit grid is classified,
shiooin unable to accurately reflect actual the more precise estimation

PPINg shipping conditions results will come out.
conditions
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Limitations of current paradigm of estimating the

emission Improvements through adoption

e and utilization
classification Content
* Partially introducing and applying
a bottom—-up methodology,
however, due to omission or
restriction of required data,
estimation based on
assumptions, the possibility of
errors increases

— The most optimal combination
among existing shipping
operation DB to reflect activities
of a ship, hence, a bottom-up
estimation model is developed
and applied in earnest.

Source: Prepared by the author

= Improvements of ship registration and utilization of shipping

information

- Clearly presenting the target, scope and standards of estimating

the emission

{Summary table-16) Target and boundaries of estimating the emission

Limitations of current paradigm of estimating the
emission Improvements through adoption

— and utilization
Classification Content

* Unclear current standards for
classifying source of emission;
Not corresponding to PORT-MIS
Use Code, suggested as the
Unclear standards, generating duplication

* ‘Registration and license’
system of a ship based on
existing laws should be applied
as the standard for classifying

standards of | .4 omission sources of emission (ship)
actual :
estimation of ¢ Clearly designate and present

emission |® Unclear standards for classifying | maritime boundaries for
the jurisdiction among emission | estimating national emissions,
estimation scope (nation) and local  jurisdictional scope by local
governments government, and grounds for
the classification

Source: Prepared by the author
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EXECUTIVE SUMMARY

- Improvements of information items for ship registration and
license reporting
{(Summary table=17) Information items for ship registration and license
reporting

Limitations of current paradigm of estimating the .
Improvements through adoption

emission d utilizati
and utilization

Classification Content

Inadequate * When applying for a ship’s
reporting and * Unable to confirm and collect registration and license information

collection necessary static information as well as reporting entry and exit

system of from Ship registration and of a port, items such as

necessary license information DB such as | descriptions and characteristics of

static the number of engines and ship | main engines, auxiliary engines
information descriptions and generator should be included

as necessary information

Source: Prepared by the author

- A system for reporting and collecting shipping information and
improvement of utilization

{Summary table-18) Reporting and collection of shipping information

Limitations of current paradigm of estimating the

emission Improvements through adoption

. and utilization
Classification Content
* Due to the failure of installing and
operating AIS and location * Expanding the mandatory target
identifiers, there were areas left | for installing AIS and location
Restrictions | out from the target for emission | identifier
in collecting | estimation

activity data |~ cting th £ ship activity " Revising relevant laws to allow
of a ship Restricting the use of ship activity the utilization for the purpose of
data in accordance with article 9 o X
estimating, analyzing and

Zr;cti article 15 of the “Ship Safety forecasting the emission from
ships

Source: Prepared by the author
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= Turning ship operation information into big data

{Summary table=19) Turning ship operation information into big data

Limitations of current paradigm of estimating the

emission Improvements through adoption

T and utilization
Classification Content
* Statistics of the emission from
ships are generated by one year| By classifying the interval of

at the national level, and the collecting dynamic information of
temporal and spatial resolution is| ship as dense as possible, these
extremely low data should be turned into big
Limiting the * With 3 year delayed estimation | data, esltablishing a
Utilization of and a'nnouncemer]t’.the produ.cltlorj—management system
emission datg timeliness of statistical for utilization.
utilization is very low * In a mid-to—long term, real-time

* Recently the demand for specific communication technology
timing or specific point or period between sensing devices, and
has been skyrocketing along building a ‘smart connected’
with analysis and forecasting (hyper—connected) system.
data based on the demand.

Source: Prepared by the author
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EXECUTIVE SUMMARY

4. Policy suggestions

1) Construction and operation of a comprehensive monitoring—
analysis and forecasting platform for air pollutants from ships

and greenhouse gases

= Shifting a paradigm for estimating air pollutants and greenhouse

gases

{(Summary table-20) Short-to mid-term key implementation tasks (~2024)
Implementation item Main agent of implementation

* Developing ships’ activity—based model for . ) .
estimating the emission in real time The Marine Environment Policy
. v division and Maritime Industry and
* Developing ports’ activity—based model for S
S S ; Technology division of the MOF etc.
estimating the emission in real time ) o : .
% Close cooperation is required with
* Developing a real-time movement, diffusion the National Institute of
and impact analysis model for the emission Environmental Research,
from ships Greenhouse Gas Inventory and
Research Center (GIR) and National

* Developing a real-time movement, diffusion Air Emission Inventory and Research

and impact analysis model for the emission Center
from ports
Ministry of Oceans and Fisheries,
* Designating ‘National boundaries for Greenhouse Gas Inventory and
estimating the emission’ for calculate the Research Center (GIR) and National
emission Air Emission Inventory and

Research Center of MOE

* Reviewing and discussing marine jurisdictional

boundaries for spatial allocation by region Office for Government Policy
% Need to establish the standards for regional Coordination, Ministry of the
boundaries and allocation of the emission as well as||nterior and Safety and relevant
managerial and jurisdictional standards for
estimating and assessing the impact of the
emission

local governments

Source: Prepared by the author
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= Expanding information items submitted when a ship is

registered/licensed

= When registering and reporting a ship in accordance with
the ‘Ship Act’ and the ‘Act on the Arrival and Departure of
Ships’, it is necessary to devise measures to include
information as the following as reporting items, such as
descriptions of engines (including auxiliary engines) and
generation information of a ship including type of engine,

maximum speed (horsepower) and the number of engines.

= After designating the estimation of the emission as a special
purpose, the system should be improved to allow ship
inspection information to be shared and utilized through a

certain procedures such as de-identification.

= Developing technology and policy to realize the ‘Smart

Connected’ concept

{Summary table-21) Short-to mid-term key implementation tasks (~2024)
Implementation item Main agent of implementation

* Developing ships’ activity—based model for |The Marine Environment Policy
estimating the emission in real time division and Maritime Industry and

* Developing ports’ activity-based model for | Technology division of the MOF etc.

estimating the emission in real time % Close cooperation is required with the
National Institute of Environmental

* Developing a real-time movement, diffusion | Research, Greenhouse Gas Inventory

and impact analysis model for the emission and. Resea'rch C.en.ter (GIR) and
from ships & ports National Air Emission Inventory and

Research Center

* Pushing forward a project for turning shipping Marine and Fisheries Science &
and ports related administrative information

into big data Technology Policy Division



EXECUTIVE SUMMARY

Implementation item Main agent of implementation

Maritime Industry and Technology
division, Marine and Fisheries
Science & Technology Policy
Division of the MOF and Korea Coast

* Developing and introducing mobile
communication networks and sensing
optimization technology for ‘Smart maritime

transport control Guard

* Developing and introducing mobile Marine Environment Policy division,
communication networks and sensing Marine and Fisheries Science &
optimization technology for ‘Smart port Technology Policy Division and Port
operation’ Management division of the MOF

MOF, the National Institute of

. T . Environmental Research,
¢ Designating ‘National boundaries for
Greenhouse Gas Inventory and

estilme‘ating the emission’ for calculate the Research Center (GIR) of MOE and
emission National Air Emission Inventory and
Research Center
* Reviewing and discussing marine
jurisdictional boundaries for spatial allocation| )
by region Office for Government Policy

3¢ Need to establish the standards for regional Coordination, Ministry of the Interior
boundaries and allocation of the emission as well @nd Safety and relevant local
as managerial and jurisdictional standards for governments
estimating and assessing the impact of the
emission

Source: Prepared by the author

= Establishing a comprehensive monitoring, analysis and forecasting

system for air pollutants and greenhouse gases

{Summary table=22) Short-to mid-term key implementation tasks (~2024)
Implementation item Main agent of implementation

The Marine Environment Policy
division, Maritime Industry and
Technology division, and Marine
and Fisheries Science &

* Establishing a comprehensive monitoring, Technology Policy Division of
analysis and forecasting system for air pollutants |the MOF etec.
and greenhouse gases from ships and ports 5 Close cooperation is required

with the National Institute of
Environmental Research,
Greenhouse Gas Inventory and
Research Center (GIR) and

li



Implementation item

* Establishing a new management department for
ocean atmospheric environment

% Need to separate water environment and atmospheric
environment to provide specialized services with the
rising demand of environmental research and
management, carbon neutrality and air pollution

* Developing Guideline for monitoring and
management of air pollutants and greenhouse
gases from ports and ships (Draft)

* Establishing a comprehensive monitoring and
management system for air pollutants and
greenhouse gases

% Reviewing the integration and connected operation of

the existing the Stack Emission Management System
(SEMS) and the National GHGs Management System
(NGMS) currently in operation

* Comprehensive monitoring as well as establishing

and operating DB for air pollutants and GHGs

Source: Prepared by the author

Main agent of implementation

National Air Emission Inventory
and Research Center

Ministry of Oceans and
Fisheries

The Marine Environment Policy
division and Maritime Industry

and Technology division of the

MOF etc.

The National Institute of
Environmental Research,
Greenhouse Gas Inventory and
Research Center (GIR) of MOE
and National Air Emission
Inventory and Research Center

2) Proceeding with the standardization of an intelligent

management technology for operation and emission of ships

= While making effort to achieve zero emission of GHGs and

air pollutants, the international community is entering into

cutthroat competition for developing and applying optimized

technology that reflects the concept of ‘Smart Connectivity’

and intelligent control.

- By preemptively developing and adopting monitoring and

optimization technology on activities of sources of emission
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EXECUTIVE SUMMARY

(major components of shipping, ports, logistics and traffic) in
real-time and emission and its impact, core technologies can
be secured for the establishment and operation of future-oriented

eco-friendly smart shipping and ports.

- With the development and application of leading technologies,
therefore, it is necessary to develop a technology for optimized
monitoring and analysis forecasting as well as the system for
realize the technology, further to a standards for federation
system by connecting independent systems. After conducting a
pilot testing to major ports in Korea, it should be expanded and
legislated to become technology standards within Asian port
authorities or at the level of the International Maritime Institute
(IMO) or International Organization for Standardization (ISO).

{(Summary table-23) Short-to mid-term key implementation tasks (~2024)

Implementation item Main agent of implementation

* Developing an intelligent monitoring, analysis and
forecasting platform for estimating the emission
from ships

* Developing an intelligent monitoring, analysis and| The Marine Environment Policy
forecasting platform for estimating the emission |division, Maritime Industry and
from ports Technology division, Port

— Establishing and operating a comprehensive Management division and

DB-Intelligent platform for monitoring, analyzing|Marine and Fisheries Science &

and forecasting carbon neutrality and air Technology Policy Division of
pollutions from ships and ports the MOF etc.

— Constructing and operating an optimal platform of % Close cooperation is required
‘Smart maritime traffic control’ or ‘Smart port with the National Institute of

Environmental Research,
Greenhouse Gas Inventory and
Research Center (GIR) and

) ) o National Air Emission Inventory
* A project for technological standardization of ports|  and Research Center

and ships activity based real-time platform for
estimating the emission, movement, dispersion,
and impact analysis

operation’ by connecting and utilizing information
at a comprehensive monitoring platform
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Implementation item Main agent of implementation

* Proceeding with international standardization after
setting multi-purpose criteria and standardization
followed by a pilot project

* Pushing ahead the launching of a regional
cooperation organization for promoting carbon
neutrality and reducing air pollutants with

Northeast Asia /+ ASEAN ports

MOF, Port Authorities etc.

% Joint response to international issues, and sharing

knowledge and experience etc.

— Pushing forward the revision of the Port Air

Quality Act

Source: Prepared by the author

5. Expected benefits

liv

The introduction of a ‘smart connected’ based bottom-up
model for estimating the emission in the form of highly dense

temporal and spatial grids will enable the following;

National and regional emission from ships can be estimated in

the same method as the emission from ships within ports

The denser the temporal and spatial grids are applied, the more
accurate the actual operation of ships is reflected, and hence,

closer to true values can be expected.

When source data is collected and applied in real-time utilizing
wired and wireless networks and sensing technologies, it allows
real-time estimation of the emission. Furthermore, it enables
to sharply increase the applicability of source data in the
concept of big data as well as real-time analysis and forecasting

based on estimated results.



EXECUTIVE SUMMARY

= Technology for the construction and operation of Eco-Smart
Port’ can be dramatically improved as a foundation for the
platform of ‘atmospheric environmental management and

operation of smart port’.

- It is also able to provide eco-friendly operational solution
optimized for each ships and ports with the construction of
loT-based real-time reporting — collection system of big data
for connecting and utilizing existing data and phasing in
intelligent M&S or digital twin technology for analysis and
forecasting.

(Summary table-24) Expected benefits

Purpose Expected benefits

* Through a review of availability and validity | ® Shifting the paradigm of
of existing domestic data pertaining to estimating the emission in the
ports and ships, this study intended to form of highly dense temporal
construct a ‘data inventory’ of source data| and spatial grids would sharply

able to connect and apply to increase the accuracy of the
activity—based bottom-up paradigm for estimation result.
estimating the emission. * Providing the foundation for a

* This study presents a ‘Smart-connected’ | platform of ‘atmospheric
based bottom-up model for estimating environmental management and
the emission from ships in the form of operation of smart port’
highly dense temporal and spatial grids as | — Enhancing external and internal
well as advancement methods for the capacity for the operation and
model’s introduction and application. construction of Eco—smart Port

Source: Prepared by the author
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olF ANARGE Broisto] AP W EiEASE AdlolEstsitt. 53,
SR HE S AESISIel LRAAS AP, 435 Wi
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-
HT

He =

At T

* MEkz QI3H(International shipping), Ligt
(Domestic navigation), H(Fishing)2 2 F1&
otil, 2012EEE 201 737X HFO, MDO, LNG
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APEHH(MEO] 2 F Xt=(Activity data) 7 [EHR2
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Segersson(2013)2 A=l SMHI th7]3d &= A AE(Airviro)] A8}
Hl& DB(EDB-module)ol|A] AIS®} 489X (Ship properties)E ©|-8-5}<,
Aol HAZE viEsF AR “Shipair' & 743, BIERFE AL, A
g9l Ay Al STEAM2, EMEPO] 23t A& vl -Hi—"ﬁ}%"i‘:}. 3,
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0|5 - Tt F= EA5HI

Winther et al(2014)= glut= FA7]|US(HELCOM)2] AIS HloJE
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* (32)) ZHGHALZ|T(IMO), Fourth IMO GHG Study 2020
* (512) 93 SZH(EEA), EMEP/CORNAIR Atmospheric

Emission Inventory Guidebook

* (oi2l) O|= 24H(EPA), Current Methodologies in Preparing

Mobile Source Port-Related Emission Inventories

* (FU) SEEZUSFA(RER), S Aol HEol| 23t 7| EEE

soamoy | XS HHEAR NUR thE (1 0L ) )
=) * (2UY) BAR(Z7 DIMPX] HEME), 27 17| QESA HiE2 AN
° CIEREEY)
|
SI=0|0[E 7|8t
AfSEAl DS
=9 9t
AMAKE E&
INE=MPRINESES]
H1& e Myt H7|QESH ST AYUHE —
1. =H|sHAtZ|7L(IMO), Fourth IMO GHG Study 2020
1) 212
FABPA|HIMO)= Adro g 91t 2A7EA 9 tf7| L GEZ9] v

RS A5 93t 7lol=gelo g IMOE o|E HIEo 2 ‘EEOI(OHA|
88 YA|;#), EEDI(AE oA && AAA|S), SEEMP(AE o|qA| &
& IAGA) 5 7IedAY EYS A&CE =903t H| o]of, 201140
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33 BaAoIAE A Aol BEdlole #49) HHES FA7IE o
W e APY IO RIS Haslhad st 20209 WS
XMX} H3A Fourth IMO GHG Study 2020’2 <A = &3 Al8te]
T 712 4B =Y 5, Hek Jme hE APPEEL A
e

-z
ol

2) 2 e

‘Fourth IMO GHG Study 2020’2 =A] 322 2A47IA, ti7]109E
4 e 9 A ASA AES I8 7ho|=RICE, UNFCCCONA
ToRE 24712, oAESHEEA(CO,), HIEHCHy), oHESFIAN,0)9F
8 t71edEd F4EE(SOx), HLARRHE(NOx), HIAHA(PMio,
PMa.s), GARSIERA(CO), HEAR713RE(INMVOC), ES7FHE(BC)Y 4t
AHE A 9 SlRA o R FFESto] A|AISHI.

(1) A (Bottom-up) WHE

F A Al A&FA(Bottom-up) WHE2] 8-S 95t A7
BA HAle oy} o] & 6HAR AASHL Ut

9) United Nations Framework Convention on Climate Change(7|S #3132
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(d% 2-2) AskA(Bottom-up) HH=0| 434 14
Technical Technical .
specifications AIS data specifications ""’fi;t“;f‘aiﬁ””
database(GFPW) database(IHS)
| |
. 1. IHS data
2, IMOMMSI matching pra-processing !
|
Type 1) Matched with
IHS by IMO 4, Distinction batweean
Type 2) Matched with 3'_"3"3&'@ domestic and
IHS by MMSI RIECpIOCessing intemational vayages
Type 3) Exist in AlS and -Resampling AIS data | —

GPW but

missing from hour,h" ~Detect port stops and
IHS -infiling E"',ps‘?”d allocate voyages
) ATl In i
Typed) Existin IHS but| | oo o MO ~Voyage specific
missing from Al ing ECA f draught
Al ocating s -Woyage specific cargd]
mass
| | -Intemational and
domestic hours
6. Aggregated 5, Emissions
amissions estimatas estimation model
-Opgra tional phase
~Estimating Type 3 and —isel’]'ur;ﬂ:rganiﬁin
Type 4 amissions par SUmaing me
vessal anging powar
-Aggregating results _‘Es‘i‘;"gr”'”g ‘"'L:"'"“" and
per type and size Oller pove
category —f\llom ting
~Annual rasults with instantaneous fual
domestic/international D"p‘.g .
split ~Estimating fual
consumption and
amissions

A2 IMO(2021), p. 32
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2Ll Mef 17| QHSY IS AUz 02

7t 9ol VI MEFE Jks

-4l glolEjHo] 20l FEEAY 77 HAEE A 71ed Al
Eol ditt Bk Ad S st &, A io] ohE EF, WG
A, B2 9 2o iE A FF 59 AEE Eelstal, o4

Lt. AIS CIO|E{Q] OHY

fol

AIS HlolE] AgolA Agoz A¥s Ake 185 = IMO ¥
U MMSII0 H5ZE o]83lo] [HSID glo|guo]A0] Ao} w3k
IMO ¥12.2} [HS &7t IX|sh= AUk {3 1(Typel)’, MMSI ﬂ;gr
[HS A&7} X|ohe A2 FB2Type2) & 27 7ok, YA A
2 MMSI 1S 2 GFW12) go]gHo]Aet Blwsto] o] & FES 100E
< 2ok ARk {33(Typeld) = diﬂ] gt} mpAE o2 THS HlolH
o] Aol A ufjZJo] QF E|X|4t sid Ak FF ‘In service' AEHHE YL
HA FES 100~300€ Aol 4 —.% F4(Typed) 2 F-E3I}.

AN

Al

Ct. AIS ClIOJE{Q] =H| H e

o] TAlIAM= AIS HolE 9] =], EHY H Wods A Z=AIAE
oheE, B4 fid Aol tigt A7t AP B5
F7F Hgo] dagt tpefet MER S AAE M e A= A= o]Fo
Aok, E3H ECAMIEAAISNS) ARt et & 71 77k dite =i E
o] A7}t AIS ©lol8 AES] 7+ AR | Tk

10) Maritime Mobile Service Identity
11) Information Handling Service
12) Global Fishing Watch
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2t 28 Y 3 28 72

AT LP FEIE BYOZ, F1ENe o] FFa Ao] 2]
e -l £ FRsHAOM A B T 9 2 A
o SYHEE thste] oS vlFoR FA) W T LT VLTS 3
itk olS9] AVPRHL SUSHAR, At £5 NN Lk L o]
9= WEge 34 U S oo TRl ANGES sk ek,

gL /AR ojd HiAQ Thlrd IMO GHG
Study 2014’0l 288 A} FARHH, FIA(ME), E2RIK(AE) % 2
ZBO)N izt A7 ti712d=4d WEFHEM) APPTHES oUA 7]

3, ol Anjg 7N ] Walo® PESlel AXst ek U]
o APERA A ERW)3 ofulA] REASER)S FO2, AR &
1% 7 AR G AHIBEORH e MEAGR Fo2 A 3

13) Hydrodynamic resistance
14) Aerodynamic resistance
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=Ll Mef 7 |QHSH sy MU= 02

Weer: IHS H[O[EH|O| AN HSEH A X4
tir AIS HIO[E0M HMSet =2tE

vii AIS CIO[HOIA HiSet =2t £

trer: IHS H|O[EH|OIAMM MIS2t L 4Kl
Vrei,. ;- IHS HIO[EHH|O| AN XSt 1 KX
m: EH|E8 18240.66)

n: £EHIE 1EUQ)

nw: EMLQI0| o] = 2=0] Ciet FekK|s

ni: MH2F0| 8fe| = 220 et I

dw: IHS H|OJE|H|0| A0 M HiSet £ 4

e
Ol_—|OI_—|'I'I'
5;

(14,500TEU O|Ak0I CHE 74H|0]L4: 0.7
AZ: IMO(2021), p. 64

2 37104 Chet A4
32X:0.70; 7|E}: 1.00)

B W B ANBHS At LA Aate] 9 2 A
o|zof we} 17 FAF Fojstal Qltt. AUt 23 FH= At berth’,
‘At anchor’, ‘Maneuvering’, ‘In slow transit’, ‘At sea & T-&E%H,

AIS glofEoA &It o= U= AXFE} FA H sfiehd 7] At

ol ol e o] 29YHlE ASHES st qick

(H 2-1) Mefo] Rt 12
& ZOZI . -
) g A%t A2l Sior Tt 742)(nm)
<1 1-5 <1 1-5 >5
1< - Atberth | Atberth* = Anchored = Anchored | Anchored
(”11 c_I ?:)3> - Anchored Anchored® Anchored Anchored Anchored

3.5 < 0.65 | Manoceuvring | Manoeuvring® | Manoeuwring | Manoeuwring | Slow transit

(incl. 5) | »0.65 | Manoeuvring  Manoeuvring® | Manoeuvring | Manoeuvring c,\rﬁgwagl;
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Py =} =of

L e StA|ef9] & sHorA Lol Hal
E) mapjg A HROm) sHietate] #2|(nm)

< 0.65  Manceuring = Slowtransit* | Slowtransit | Slowtransit | Slow transit
)5 |

Y065 Mercewring O Normel Norral Normel

cruising® cruising cruising cruising

2= * chemical tankers, liquified gas tankers, oil tankers and other liquids tankers 2t s
At=: IMO(2021), p. 66

(LY BHEAGHH(ECA) M=l Algho| ME ¢z Met By

HEFAISI(ECA) ALl] Ao, H42} HaA oA = Auke] Sl7],
HxAx 9 Hdy Amo ATE 1Ee BAARY HA] F7HE
2015 o] A8k Ak 7= HFOZF LSHFO)(E & 1%) 2 tiAlE
om, 20159 EE HFOZF MDOGE} ¥ 0.1%)% tiA=ict.

(H 2-2) ECA AOZ QI5t iz Mt HtY

g otk HZ 92 Q¥ ECA ol oli ¢z R
HFO LSHFO 1%
MDO MDO
1.00% (10,000ppm)
LNG LNG
Methanol Methanol
HFO MDO
MDO MDO
0.10% (1,000ppm)
LNG LNG
Methanol Methanol

A=: IMO(2021), p. 70

(Ch HZ AHZE A
AR, B, B AR & A= AH[EHEC) AP o
3 Ao Al FE AT AE ABASSFC)= FAA, BERA,

15) Low Sulfur Heavy Fuel Qil
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02

U M8t 7 |QE=E HhEY YUY

LLOOo

rhu

HAY 25 Al 7HF W2 SFCY 5ol U= $A(SFChap) 5, I
9 HAHO| 2F Al 7HY B&4Q] ERIEQ FAE &-Esto] it
FC, = SFC, < W,

Wi 2t 220]| That A7t olRISS
SFCi: 2+ 220 st A2t H= AH|K|
Xt2: IMO(2021), p. 70

oltf, SFChare WA -AlLH Y S5 H Alx Ak, AR 7 5o o
2 B 2 7, AAIE Y82 offie #olA gl 4 Sl

(H 2-3) X AHZ U HZE A SFChase

2l g/kWh
AT HZE HE
AT BF e & -
19834 07X | 1984~2000 = 20014 0|
ssD HFO 205 185 175
(Slow-speed diesel) MDO 190 175 165
MeQH** - - 350*
MSD HFO 215 195 185
* * *
(Medium-speed diesel) MDO 200 185 175
MeOH** - - 370*%
HSD HFO 225 205 195

(High-speed diesel) MDO 210* 190* 185

LNG-Otto(dual-fuel, NG _ 173 156*

medium-speed)

LNG-Otto(dual-fuel, | |\ ) ) 148 LNG +0.8
slow-speed)* MDO(pilot)*
N ) ) ) 135 LNG +6.0

LNG-Diesel(dual-fuel)* LNG MDO(pilot)*
LBSI* LNG - 156* 156*
o HFO 305 305 305
(Gas Turbines)*™ MDO 300 300 300
LNG - - 203*
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AT K= S

X ZZ Oz &5 _
1983 0|M  1984~2000E | 20014 0|%
ST HFO 340*% 340* 340*
(Steam Turbines) MDO 320% 320% 320%
(and boilers)* LNG 285* 285* 285*
HFO 225 205* 195*%
Auxiliary engines MDO 210* 190* 185*
LNG - 173* 156*

Z: * Refer to a change from the Third IMO GHG Study 2014.

** The conversion of SFCbase between fuels was done using the following assumed
energy densities: For HFO is 40,200 kJ/kg; MDO uses 42,700 kJ/kg; LNG uses 48,000
kJ/kg and Methanol is assigned 19,900 kJ/kg(International Maritime Organization, 2018).

Xt=: IMO(2021), pp. 70~71

121

A7 A7 AB|RS(SFCyp )= Tt 22 S Bofl =
}.

sk 'E
5
A ()

o,

SFChp.; = SFCy,,pp % (0.455 X Load? — 0.710 X Load; +1.280)

Load: AlZte FAZIR6I2(0~1, W, / AT 2|11 £2)
% AXIRE} X|4= CF = CH2 ot 20| X|H5H7 | = &
CF, =(0.455 » Load? —0.710 « Load, +1.280)

A=Z: IMO(2021), p. 71

7kAEHl QA (Gas turbine) E AEEH] AlZ(Steam turbine)d
SFCyi; a2 RIS AE R b= Ao R 7157 w2, o|zgh
ANA 8H9] SFCyip = A SFCha® 2183} Eoh HEAA 9 By

Qj\] z:—:_'-—l% O]‘PFE SFCbasE‘% Z_‘]]-g-o]—l';]-
FCyp/po, Chasp < WAE/BO i

= SF
FCag/go,: HAAUTI 2 HUZO| A7t HF AH|E
Wag/po,: HEUT L 22| ATIESH

A2 IMO(2021), p. 71
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=Ll Mef 7 |QHSH sy MU= 02

o] Il A, AIF3EC] 7% oI5t % A= Axu|ef FANA
Aole He HiEF2 022 7Pt ol olgA W2 & xRt
© gtz oz o] et e wj EAYsH] mizolH, of=et B A
T4He} HiEFE BRI RdeoArt WSk AC® it

O

) HISE Y

A42F BIA= Adke] llxl, B2zl U HAe o] AFg ui&sF A
Al ofliqA] 7|5E E AR AWEF 7|5k i o2 J18sto] AAlskaL Qlrt.
offiz] 7]t ¥FA]9] AL AW W BHAH] AEH(W) D ofjf=] 7]ke]
71 eA=d WiEAFERE 285t NOx, CHi CO, N0, PM:s,
PMjo, NMVOC & ¥F 7H] H71edEE viEsdS A9 & ol

EM, = EF, X W,

A=: IMO(2021), p. 71

rr

s AHF 79 A2 R S5 2 X /3] wEA fREEE A
2 AHRHFC) ¥ d8¥ ti7|e¥EZ wiEAEF: g pollutant/g
fue)E E-&sto] HiEFS APt WHAlolth &3] <dixlo] el AUk
CO,, SOx ¥ BC Hi&HZ AT &= 9lom, LNG engines, Steam
turbines, Gas turbines®] 7% o4A] 7|9t 402 BC vjE&A+E 4

&oto] AT & ik
EM, = FC,x EF,
A= IMO(2021), p. 71

W2 A4 aer Qs wisAs

7} T2 W8 e 271G o] @A urelsy] 9] ARs AGLDIOS

16) Low Load Factors
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1 glo] WEANER)E 2ASHES Hek. AT AU MCR 7%
ujgtel ol et Aaan] U HjEere BushA EE s ok

(& 2-4) ATILSH0| M2 XS5t H%(LLF)

AXIFEs PM | NOx  SOx* |« CO.* CO CHs | N2O |[NMVOC  BC*
(=2% |729| 463 100 100 | 9.7 2118 4.63| 21.18 | 1.00
0% | 138 1.22 | 1.00  1.00 | 1.97 218 | 122 218 1.00
20% |1.00 1.00 | 1.00 1.00 | 1.00 1.00 |1.00 1.00 1.00

;‘( * LLF 7(-|_C_zop;| o;ro EIXI

E IMO(2021), p. 74

QA AIS Holel] 3 Adeld §B13t fP22 TEE Hue] &4

24 4 g, 1 23S vigos §33
3} G4 A e ST FHIES St Ak BIAE BB
e §9 2 9718 71F0E TR} AT, F A BRI
 SYAE ND)OR AT LY TE}

2017497k4 HFO, MDO, LNG Al 7] 982 AMgat 4=
oA /0GB MEHE AV ST 48 e
FANHAZ7IFHIEA)S] 71 8&5tal et

hints
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=Ll Mef 7 |QHSH sy MU= 02

(O3 2-3) 54l (Top-down) YHE| 3 21

Reviewing the energy fuel
sales data(IEA etc.)

Three types of energy
Three marine sectors products
(International, Domestic, (Fuel oil/HFO, Gas Diesel
Fishing) Oil/MDO, Natural
Gas/NG)

’ Energy Based EFs ‘

Emissions of CO», and
other relevant substances
for each sectors/each type

energy

Xt=: IMO(2021), p. 80

7t ¢m 3 OflHX| A2 HOIE =X

Fourth IMO GHG Study 2020'2 o} & APgRb2] 28 A,
7189 A)22 9 A3A; kel Zo] A | A7 |FHIEA)I)7F AlEoh=
2012¥1~20179 Ato]9] ‘World Energy Statistics 2] A5 ARSI,
NG A Ame Aol F2 ANgshe A=(HFO, MDO, LNG, Motor
Gasoline, Lubricants, 7|8} d&)o] tigt JHE AlFstal lom, o] F
Motor Gasoline, Lubricants, 7|E} & AH[ZFS] gho] MA| A= AH[FF
o] oF 0.1 %ol &2l slid HilA+= HFO, MDO, LNGe| AH|F ARE
-85t

Lt HHEA

A47 BIAE S 44 (Botiom-up) YHES HEsto] AR F
FUE P53 LU7HA U Y| 0GBAY WY 42S vhgoR Ay

17) International Energy Agency
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AE FFHFO, MDO, LNGE t71d=4d WigAs+E o= 4
Stal, o5 IEA BAA A5k AA| A= 4H|F Hlold

Aog dmd AA HiEFS APttt o|gA AT viEAs—= olv]
et g, X 1 B 55 Este] =EE QY] wizol A23ket A3
A} BaAo|A AR 1 viEAsEY o dARHQ] AE AT 5

ol Aoz Brhecti9

13
> il
_oL
rlr
ol

H 2-5) 5l (Top—down) HHES| HHEH|
2 kg pollutant/ tonne fuel
71eE ¢ HN4XtIMO 247tA A5 2020

=2 78 2012 2013 2014 2015 2016 2017 2018
HFO 3,114 3,114 3114 3,114 3114 3114 3,114

CO, | MDO 3,206 3206 3,206 3,206 3,206 3,206 3,206
LNG 2,750 @ 2,750 2,749 @ 2,749 2,750 @ 2,753 @ 2,755

HFO = 0.05 005 @ 0.05 005 005 005 0.05

CHs 'MDO 005 005 005 005 005 005 0.05
LNG 531 600 735 848 1020 1122 11.96

HFO = 0.17 = 017 | 017 017 | 018  0.18 | 0.18

N.O 'MDO 018 018 018 018 018 @ 018 @ 0.18
LNG 0.08 008 008 009 009 010  0.10

HFO @ 78.61  77.18 76.19 76.98 76.71 76.67 @ 75.90

NOx | MDO 53.12 5251 5214 57.68 57.45 57.62 @ 56.71
LNG 560 590 582 599 746 1095 13.44

HFO = 2.84 @ 283 | 284 286 286 287 288

co MDO 248 247 247 258 @ 258 @ 260 | 259
LNG 1.88 @ 207 238 264 310 @ 357 | 3.97

HFO = 3.14 | 313 | 313 317 | 318 319 | 3.20
NMVOC |MDO 216 | 215 215 239 239 @ 242 | 240
LNG 0.81 088 099 109 126 144 159

18) IMO(2021), p. 82.
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ey | ¢z X4} IMO 24AI7tA S 2020
=2 4 2012 2013 2014 2015 2016 2017 @ 2018

HFO | 46.63 | 44.80 @ 45.31 | 4790  50.44  50.83 | 50.83
SOx MDO | 274 = 254 | 2.35 1.56 1.56 1.56 1.37
LNG & 0.03 | 003 | 0.03 0.03 | 003 | 0.03 | 0.03
HFO | 7.11 6.96 | 7.01 726 | 748 | 753 | 7.55
PM MDO | 0.97 09 | 094 | 092 092 | 0.92 0.90
LNG | 0.1 0.11 0.11 0.11 0.11 0.1 0.11
HFO | 6.54 | 6.41 6.45 | 668 | 6.88 | 693 @ 694
PMzs | MDO | 0.90 | 0.88 | 0.87 084 084 | 085 | 0.83
LNG | 010 & 010 | 010 | 010 0.10 | 0.10 | 0.10
HFO | 026 | 027 @ 0.27 026 026 | 026 | 0.26
BC MDO | 043 043 | 043 037 037 | 037 0.38
LNG | 0.019 | 0.019 | 0.019 @ 0.019 | 0.019 | 0.019 | 0.019
A= IMO(2021), p. 83

2. S8 SIAX(EEA), EMEP/CORINAIR Atmospheric Emission

Inventory Guidebook

1) e

FHEH(EEA 9L Y 71 LAE4E viEZ Helsk] s 19964
A5o® t7|eAdEd wiEH AFgS gt Zlol=giklE mhAsH]lh
200940fl= 71 7lo|=REE: Bk 7418t ‘EMEP/CORINAIR Atmospheric
Emission Inventory Guidebook 2009’ & @53}, o]& Edf Al &
ofd 7|2 dEA viEHol et viE 4 WS AR o]
20134, 20169 AP ES JhAdste] AAIE B gloH, 20199 U3

o T

19) European Environment Agency
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‘EMEP/EEA air pollutant emission inventory guidebook 2019°] 7}
24le] vigolct.

_,.
]

(1) B4 et 2 e

‘EMEP/EEA air pollutant emission inventory guidebook 2019'&
A 4191 RopY o] 99 WET AU S ANET Uck. At
REe lRaon AN AN $YER g TRl HETS Al
™, SOx, NOx, PMig, PMy5, CO, NMVOC, BC, NH39] Hj&%S AH4

1 9 e BEds U /1E 5 Beska Sl

(2) MYUYE

EEAS] 20194 7lo|EEL2 =4 71538t Adt &sto|E e 57, =
o webA 7| L FEZ viEH APYUIHEES Tier 1, Tier 2, Tier 3 &
F08 JEoto] AAskal lon, 7183t glojg ¥ 9 o] wehA

A3 PHES HE 9T 5 ok
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(O3 2-4) EEA M UHE M8 11y

Start
{4

Use Tier 3 EFs for vessel

Are data on vessel movements movements stratified by engine

stratified by engine type = technology either as
available? Yes
mass/kWh or mass/hr
{ No

Use Tier 2 EFs based on fuel

Are data on engine profile within N consumption and engine types

the fleet available?

Yes in fleet
& No i)
a8 ey souice o Collect data on engine profile

within the fleet
Yes

& No

Apply Tier 1 default EFs
based on fuel consumption

Decision tree for Shipping Activities

At&: EEA(2020), p. 12

EEAS] 20199 7lo]EE-2 Tier 1 € Tier 2 Al AHsto] lojA],
EAoR B4 2ke] 54 And| Avl BAE B8l o AnS
AHERE ATare] F7t AR iSRS APERHE B SHEA HECR A
1 Siek BHAIRE o= HE ARl =R, 8- HojEe] HHE The {7
weba E Aer B EXY 1710] AR AH|ERS 835} vjEek ALY,

Uo7} o]2 % Fhalels AFGRA A4 9] 7hsslct.
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E, = Y,(FC, X EF,,,)

Eir i SI7H 7|1 EEZ HiEEH (k)

FCrn: olld =7t2] MEF HAZH AH[ZH(tonnes)
EFim: A28 i 7 |2EEE tiEAH4(kg/tonnes)
m: 82 Z2(BFO, MDO, MGO, Gasoline)

i 7 |E=E R

At=: EEA(2020), p. 13

T 2-6) Tier 1 L7|2S=Z! tiEAI%=(EF)

=2l kg/tonne fuel

g K NOx (60) NMVOC &= SOx TSP PMio | PMys
BFO 79.3 7.4 2.7 20 6.2 6.2 5.6
MDO/MGO | 78.5 7.4 2.8 20 1.5 1.5 1.4
Gasoline 9.4 573.9 181.5 20 9.5 9.5 9.5

Xt2: EEA(2020), pp. 14~17

Lt. Tier 2

Tier 2 YHEL A& FF Bt AW 732 71 &2 w2
A= 4| %
F g dw Sl OE HE

B i Gzt 7| 2HEH HiEH (ko)

FCnj 81 AT RHE & SmH AH|Z(tonnes)
EFim AR S8Y, H29 | 7 |QESH tiEA
m: 82 S&(BFO, MDO, MGO, Gasoline)

jo A QE(HSD, MSD, SSDI, GT, ST)

L HIREEE EF

At=: EEA(2020), p. 17
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Tier 19] & -] olo], %19 582 HSD, MSD, SSD, GT, STZ
T8t} o]of wekA NOx, NMVOC, 2 PM(TSP, PMio, PM,5)2] Hi&
AgE AAStL, 71e R7]1 L BED Y] viEASE Tier 1 HHEY Hi&EA
S AR 513l ok ®3E Gasoline &9 AR gt UjojlAqt
E-551= Small boatsOl|A4] o]Fo|x= AL 7PYsttt. Gasoline &
9] AFgOo 2 HiEEE= NH; W& AP Tier 1 WHES 4831t

H 2-7) Tier 2 HiEHS & Sz AHA
2l kg/tonne, g fuel/kWh

ollx| i - ifi
55 PR 00 2005 2010 Py PM25 | comsumetion
T BFO 20.0 # 193 | 186 | 0.3 0.3 305
MDO/MGO | 19.7 | 19.0 | 183 0.0 0.0 290
HSD BFO h9.6 @ 57.7 | b6 | 3.8 3.4 213
MDO/MGO  59.1 | 57.1 551 15 1.3 203
MSD BFO 65.7 634 613 3.8 3.4 213
MDO/MGO | 65.0 | 63.1 60.6 1.5 1.3 203
sSD BFO 92.8 | 89.7 | 8.5 | 8.7 7.8 195
MDO/MGO | 919 | 886 | 865 | 1.6 1.5 185
ST BFO 6.9 6.6 6.4 2.6 2.4 305
MDO/MGO | 6.9 6.6 6.4 1.0 0.9 290

X2 EEA(2020), p. 18

Ct. Tier 3

Tier 1 9 Tier 2 WHEL g7 AH]|

g
A EiER FAAE Pgs] s A gatd 54 7PItH Tier
_1
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ETripA,i.j,m = ;(chnmp X EFi,j,m.p)

Emp: 4189 2E 2YHENOAQ] 07 | 2B = HiEE (tonnes)
FC: Met A= AH|Z(tonnes)

EF: U7 |2E=Z HiEA I (kg/tonnes)

m: & SF(BFO, MDO, MGO, Gasoline)

j AT QS(HSD, MSD, SSDI, GT, ST)

p: Mt 2ESE|(Cruise, Hotelling, Manoeuvring)

i: 7| QEEA Z2(NOx, NMVOC, PM)

At2: EEA(2020), p. 22

EEA2] 20199 7Po]=E-2 NOx, NMVOC 2 PM(TSP, PM,s, PMio)°ll

ot viESAEE o9 72} Zo] AA, 7|EF g7 e EER Q] A=

Tier 1 BHEA AAEH Az WEASE FEsIeS st Qlch
(H 2-8) Tier 3 HIEA (A= 7|21

=¢|: kg/tonne

NOx NOx | NOx

a2 =ESH osn om o000 2005 2010 NMVOCH PM
BFO 200 193 186 03 03
GT | MDO,
DO 197 100 183 03 0.0
sot | Cruiss BFO 596 577 556 09 38
HSD MO, g1 591 m5 10 15
DO, 5 . . . .
MSD = BFO | 657 634 613 23 3.8
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U H8t H7|QE=E HiEg Mgy

0IIL_III_I o5t 011_|I|_| gﬂ NOX NOX NOX
gz 2¥EH o5 oa 2000 2005 2010 NMVOC PM
MDO,
VGO 65.0 63.1 | 60.6 2.4 1.5
BFO 92.8 | 89.7 | 86.5 3.0 8.7
SSD MDO,
MGO 919 886  86.56 3.2 1.6
BFO 6.9 6.6 6.4 0.3 2.6
ST | MDO,
MGO 6.9 6.6 6.4 0.3 1.0
BFO 9.2 8.9 8.6 15 45
GT | MDO,
MGO 9.1 8.8 8.5 1.5 1.6
BFO | 436 | 423 | 406 2.5 10.3
HSD ' mDO,
MGO 43.0 | 41.7 @ 401 2.6 4.0
Manoeuv BFO | 479 | 46.2 | 446 6.3 10.3
ring MSD | MDO,
Hotelling VGO 475 457 | 443 6.6 4.0
BFO 674 65.1 | 62.9 8.2 1.2
SSDIMDO, g0 aao e21 86 | 44
MGO : ) : : )
BFO 5.1 4.8 4.7 0.9 7.1
ST MDO,
MGO 5.0 5.0 47 0.9 2.8
BFO b1.1 | 494 | 476 1.7 3.5
Cruise HSD = MDO
’ | 50.2 | 486 @ 46.8 1.8 1.4
EBX | Manoeuv MGO
AT ring, BFO 648 625 604 1.7 3.5
Hotelling ' MSD ' mpo
VGO 64.1 62.0 59.7 1.8 1.4

A=: EEA(2020), pp. 24~25
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ETrip,iA,jA,m = Z[TPZ(P( S LE xXFE c,i,j,m,p)]

P
Evip: 41819] 2= 2SAHE{OIM S| 07 |2F = HiEZ(tonnes)
EF: i7|12B=H iEA(g/kWh)

LF: AZ 25HA(%)

P: ARIEH (kW)

T: AZKhours)

el AT FLR(FAXI, HARQUT)

m: 82 S&(BFO, MDO, MGO, Gasoline)

jo AR RB(HSD, MSD, SSD, GT, ST)

p: M 2eHE(Cruise, Hotelling, Manoeuvring)

i 7 |2¥2ZE SE(NOx, NMVOC, PM)

Xt=: EEA(2020), p. 23
= ]
olEEe theal o] o]F TS sk et

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

TCruising (hOUT‘S ) =

At2: EEA(2020), p. 23

AYA 719t AAe A8sh7] §13F NOx, NMVOC % PM(TSP,
PM,s, PMi0)9] Hi&Ae}t A= AH|AS= ofge] 19} Zo] AA|staL
o™, 71 9] 7| A=A HiEAE Tier 1 HECNA AXE A=
HiEA S &83ttt E3E Tier 2 WHEAQ}F Zo] Gasoline &9
ARE-2- Gt Yo Aut E53= Small boatso|4] o]FojR]&= Aoz 71
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5t9ith. oW, Gasoline 989 AFEC R H|EEY: NH; HIES AHFLS
Tier 1 YHES H&ol=S Fh

(B 2-9) Tier 3 HIEAOILX] 7|8
=2l g/kWh, g fuel/kWh

QIR °.ﬂ’.:_| ﬁ% NOx | NOx = NOx NMVOC  PM Specific fuel
7= A S8 S8 2000 2005 2010 consumption
BFO 61 59 57 01 0.1 305.0
6T MOM®O 57 55 53 0.1 0.0 290.0
BFO 127 123 118 02 0.8 213.0
HSD MOOMZO | 120 116 112 02 0.3 203.0
Crise | MSD BFO | 14.0 135 130 05 0.8 213.0
MDOMZO | 132 128 123 05 0.3 203.0
BFO 181 175 169 06 1.7 195.0
SSD MDOMZO | 17.0 164 158 06 0.3 185.0
BFO 21 20 20 01 0.8 305.0
ST
ozl MOM®O 20 19 19 01 0.3 290.0
o BFO 31 30 29 05 15 336.0
MDOMIO 29 28 27 05 05 319.0
BFO 102 99 95 06 2.4 234.0
HSD MOMIO 96 93 89 06 0.9 223.0
Manoeuvr BFO | 112 108 104 15 | 24 | 2340
-ing, | MSD
Hotelling MDOMGO | 10.6 1 10.2 | 9.9 15 0.9 223.0
BFO 145 140 135 18 2.4 215.0
SSD MDOMIO 136 131 127 1.8 0.9 204.0
BFO 1.7 16 16 03 2.4 336.0
ST MOMEO 16 16 15 03 0.9 319.0
Criise, | HSD BFO 116 112 108 04 0.8 227.0
EX | Manoeuvr MDONMGO | 109 105 | 10.2 0.4 0.3 217.0
QI -ing, BFO | 147 | 142 137 | 04 0.8 227.0
Hoteling MSD "\ yn by 139 135 130 04 | 03 | 2170

At=: EEA(2020), p. 25

Aite] gabedefo] mh 2N} BR1R1e] Q17 RSARLE ofeiel
2t
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(& 2-10) Tier 3 AUl 25}A4

&S A FUZTILF(%) AR 2Z AZHH|[E(%)  ERAUX LF(%)
Cruise 80 100 30
Manoeuvring 20 100 50
Hotelling (Tankers H|2l) 20 5 40
Hotelling (Tankers) 20 100 60

At2: EEA(2020), p. 30

3. O=

Mobile Source Port—-Related Emission Inventories

|'l0|-

tAH(EPA), Current Methodologies in Preparing

1) e

o= $P4(EPA)S FRHe] 50 = WAt ti7| LdEd wiET 4
A& st TlojEEklez  2009¥  ‘Current Methodologies in
Preparing Mobile Source Port-Related Emission Inventories & %
#s}L, o5 B9l AU W st AHE, Ak 5 IR Ul =8 HiEe

2xe ek Wade el oY PEEe ANSc

o= ARl Aejxujols HE= T8 -A7|HoE QA A%l
FE vA = 71 LdEE digt 718 F5kaL,20 EPAE o8 Ed
% 9% 7N di71L¥9E-(SOx, NOx, PMyo, PM,s, CO, HC, BC)
2 Al 7HA] 2A7EA(CO,, CHy, N20)9 HiET APSHREES AlAISHI

20) EPA(2009), p. 1-7.
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(2) WH=

EPAS] 1A= 8 B F AukZ FA3P42H0OGVs) et W
22 M¥KHarbor craft)o 2 FE5}T 9Jon, ZAPAEHOGVs)2]
&S ARG o2 ofS3) Zo] i Aukel Xl &8y}t EEtolHE
E85k= ol|A] 7|8k AgHEAlE AlAISkL ot

E=PXLFXAXEF

E: U7 |QEEE HiEZHg)
P: AT EHHALZEZH (kW)
LF: QIR E5PA4=(ME MAIEH 2| HIE)
A: ZH=A|7Hhours)
EF: HiEH4=(g/kWh)
Xt2: EPA(2009), p. 2-1

7t. HO[E{e] =X
EPAE U] 9o =3 AHre] visw AP fis 2 Qs HolHE
Marine Exchange/Port Authority(MEPA), U.S. Army Corps of
Engineers(USACE), Lloyd’s Register of Ships(Lloyd's Data)2] d|o|€]
Hlo| Aol A =45t Al olso Wit FH= Coast Guard Vessel
Traffic System(VTS)¥} AIS do|E& &8s}t
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(ad 2-5) 27 X5 =EAA|
Marine Lioyd's Register
Piot Data Bt ™ | matching of Ships
pammaters
-Ship-nama {m===m==m===} | ~Ship name
MO number | {—=——-=====} [~IMO number
~Vassal type (=) :g'“ﬂr_"”m
-Distance ~[WT S FI: .
batween docks -Flag of Registry | {~==——-——-—=) |~T@Q OF negIstry
-Average speeds -Viassel Spead
for each -Vassal Spead ~Engine Type
ime-in-mode =Date of Arival ~Engine Power
-Tug assist =Time of Arrival ~Engine Speed
speeds and ~Date of -Build Date
behaviar Depariure
=Time of
Departure
Calculated Avarage Vassel
Average Vessal Charactanstics
Movements
-Cals ~Ship-type
~Shifts ~Engine Type
=Tima-in-Moda ~DWT
~Cruiss ~Engine Power
~Reduces Speed ~Vassel Spaed
fone ~Engine Speed
~Maneuvering -Build Date
=Hatelling
A&: EPA(2009), p. 2-2
(7)) defo| MiEe
L ox
A2 35701 vieh 59 941 AL-A90] ollot, EPAL 84
uf B AA A
& 73 5ol WA o3y 2ol Ad BF 71E& AAISHIH:
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M2 g9
Auto Carrier | ZAHIO|H™ XISAIE 28tot= A4 7zEM
Barge Carrier | HIX|E 74QI5t= Ri5e4) A4t
Bulk Carrier 22X 328 25k XAl A5 EM

Container Ship | ZiH|I0|HE &f5& 2biot= A4 HeEd
Cruise Ship NS w
General Cargo | LIt 71X 3tEE RUEoh= A4l a2

Miscellaneous | Bt 498} R0 SEX| §IALE ABEX| ©F

rlo
>
3

Oceangoing Tugs, | 550|1 uix|xe 7101/LOJLYS OIQIM(XIZEAl Tal)

Tows
Roofer | WE/HS 0| BR% B85S 2Usl= KA 2Z 8424
ol o oy O | 217 0I5 5200] U= BB H2lotis AT HuK0P1 28
e | SEISEN NQHESEM, AHAZRIN 5 EHH KA O
HEN

A&: EPA(2009), p. 2-6
(H 2-12) ME ARl 22

Ax B2 QEI AP 8t s

i

=
od

Gross Engine Power > 37

1 kW Displacement { 5 liters Small harbor craft a.nd (1,000 kW
. recreational propulsion
per cylinder
Displacement > 5 and { 30 OGV auxiliary engines, 1,000 - 3,000
2 liters per c_ linder harbor craft, and smaller| KW ’
percy OGV propulsion
. > :
3 Displacement > 30 liters OGV propulsion Y3.000 KW

per cylinder
At=: EPAR2009), p. 2-6
(B 2-13) Mef o 72

&L 25 QAIZI RPM(revolutions per minute) AT Y
Xi%(Slow) (130 RPM 2

& (Medium) 130 - 1,400 RPM 4
1#(High) > 1,400 RPM 4

A=: EPA(2009), p. 2-6
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Yok 7 1ALISI(ARE)S] 24} 2}
gl

e FLsict. o] 4% 74 Fe
Ael FEE HRA S8R E SEskE= Zlo] 7 Adsh, g A
KOl =3o] ojg2 H{o= ol AlFE ARESHES okl Ut
(H 2-14) Muto] HEXAXI ZHAH(ARB XA}
_ HARAX Hat K|
iy o | U AZIE : . - Bxom
== TS (kW) T M2 BFH WEE zayg
T (kW) kw) 72
CAUFO 10,700 2.9 083 2,850 Medium = 0.266
arrier
Bulk .
gt 8,000 2.9 612 1,776 Medium  0.222
arrier
Cogtkﬁ'p”er 30,900 3.6 1,889 6,800  Medium = 0.220
csrﬁ:;e 39,900 4.7 2,340 11,000 Medium  0.278
Gg’”era' 9,300 2.9 612 1776 Medium  0.191
argo
RORO 11,000 2.9 983 2,850 Medium =~ 0.259
Reefer 9,600 4.0 975 3,900 Medium = 0.406
Tanker 9,400 2.7 735 1,985 | Medium 0.211

At2: EPA(2009), p. 2-7

(Lp At 2sfieto] 2

A2 Aeto] ek okfe] Hoh o] Hosha, ole] webx T

:
s st ok

62



2Ll Mef 17| QHSY IS AUz 02

LLOOo

H 2-15) M4f 283Efo| 72

7 Hel
Call MEPA 2| HH0AQ] UES 3l
MEPA H2| JH0iAQ] Met 015
Shift (22 ME2 MEPA 22| FY0|A] 1~3H M 0|S0olH, 0|5 HE/H 2
= MEPAOIA 7|ZEX| 222 H R9))
. QutMO 2 MUt &7} F|) 22| 94%, MCRE| 83% 2 LIEH= 2%t
Cruise o
hr/call) .
(hr (2t MEPA 22| Q99| &1t ZANIAN LIiK| E= 244 FH9THK)
Reduced Speed | 412} 28 &7t Cruise2t Maneuvering ALO[0]] LIEF = 28 H
Zone(RSZ) | (Muj0| &2 0|0{R[= 2 U H2IE ETt5H= O AL5H= Z|Tf OFF &
(hr/call) TE EE0 XM 9~12E B2 MX)
Maneuvering | MEPA 22| ZH2| kA2t PWD(Pier/Wharf/Dock) AMO0IIA] 23 HA|
(hr/call) (M} &= BHE 5~8LE M, HRI2 HEE XE6H= AE)
Meto| EZATITH ZE5HAHLE 2E 010]|0{H(Cold ironing) £
Hoteliin PWD L= BFH2IX|0AQ] HA
(hr/ ”)g (HZAZIS Mut 20| HEE AJZI0j L5511 QUOLE K OAHS A|
r/ca

BRQUTIO| Bt 7HE =00, 2 010|0d HAMME EXAXIO S
2 CJA0)| SHOH SO o M7 |12 22

= o= = od

At2: EPA(2009), p. 2-9

Lt QIElo] S514(LF)

Auke SRe} e WRow 9 A Aule] A4 SEi A 4o
A 35 S8 Aolsio 50, sinet v Wakow 93 A] Aldh &0
S5 £=2 Hojof gk, ofn), FAHe] RalAs Aute] & ANEY
o] MR ge ofujs}n, (s L AX Bl A4S A&t} EPAY)

HyAE=

AR FlALe] HAXE 2%2 7o

)
=

LF=(AS/MS)?

LF: ARl S5 (ME MAES] Q| HIE)
AS: AX| &% (knots)
MS: Z|CH £E(knots)

Xt2: EPA(2009), p. 2-11
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HRAXO BopAlr= Aute] 59 9 23 e ol wt th=A] 484
ofgltl EPAL H XA HHASE oo He} Zo] AT ot

H 2-16) Mut HXQUITIO| 25HA|4

Mt 23 Cruise RSZ Maneuver Hotel
Auto Carrier 0.15 0.30 0.45 0.26
Bulk Carrier 0.17 0.27 0.45 0.10

Container Ship 0.13 0.25 0.48 0.19
Cruise Ship 0.80 0.80 0.80 0.64
General Cargo 0.17 0.27 0.45 0.22
Miscellaneous 0.17 0.27 0.45 0.22
0OG Tug 0.17 0.27 0.45 0.22
RORO 0.15 0.30 0.45 0.26
Reefer 0.20 0.34 0.67 0.32
Tanker 0.24 0.28 0.33 0.26

At=: EPA(2009), p. 2-12

Ct 7 |QESEE HiEAIS

EPAE Entec UK9] 2002 92D AE #8510 A9 432 Al
7HA] T AQIR(SSD22), MSD23), HSD24) & A= ERI(ST), 7+A ERI(GT)
A 50z 7o 22 RO, MDO, MGO 5 A 7IX& F&sky, =
zLu 4, H2AA 9 d79 H70] g wjE&ASLE ofe] B} ¢

21) Whall, C. et a/.(2002)
22) Slow-speed diesel
23) Medium-speed diesel
24) High-speed diesel
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H 2-17) M8t FATIO| BiEH

=2|: g/kWh

aF AR o 7| HS TS BHE72(g/kWh)
f8 88 7% NOx PMy PMzs HC CO SOx CO, @ BC
RO | 2.70% | 18.10 | 1.42 1.31 0.60 | 1.40 1 10.29 | 620.62 & 195
SSD MDO | 1.00%  17.00 | 0.45 0.42 0.60 | 1.40 3.62 | 588.79 | 185
MGO | 0.50% | 17.00 | 0.31 0.28 0.60 | 1.40 1.81 | 588.79 | 185
MGO | 0.10% 17.00 | 0.19 0.17 0.60 | 1.40 0.36 | 588.79 | 185
RO | 2.70% 14.00 | 1.43 1.32 0.50 [1.10 | 11.24 | 677.91 213
MSD MDO | 1.00%  13.20 | 0.47 0.43 0.50 | 1.10 3.97 | 646.08 | 203
MGO | 0.50% | 13.20 | 0.31 0.29 0.50 [ 1.10 1.98 | 646.08 | 203
MGO | 0.10% | 13.20 | 0.19 0.17 0.50 [1.10 0.40 | 646.08 | 203
RO | 2.70% | 6.10 1.47 1.35 0.10 10.20 | 16.10 | 970.71 | 305
arT MDO | 1.00% | 5.70 | 0.58 0.53 0.10 10.20 | 5.67 | 92297 | 290
MGO | 0.50% | 5.70 | 0.35 0.32 0.10 10.20| 2.83 | 922.97 | 290
MGO | 0.10% | 5.70 | 0.17 0.15 0.10 10.20| 0.57 | 92297 | 290
RO | 2.70% | 2.10 1.47 1.35 0.10 10.20 | 16.10 | 970.71 | 305
oT MDO | 1.00% @ 2.00 | 0.58 0.53 0.10 | 0.20 5.67 | 922.97 | 290
MGO | 0.50% @ 2.00 | 0.35 0.32 0.10 | 0.20 2.83 | 922.97 | 290
MGO | 0.10% @ 2.00 | 0.17 0.15 0.10 | 0.20 0.57 | 922.97 | 290

XtZ: EPA(2009), p. 2-14
(E 2-18) Met HRATIO| HiZH|%

=2|: g/kWh

R [H7| Q2R B A4 (g/kWh)
f8 %% NOx PMp PMgs HC CO SOx CO, @ BC
RO | 2.70% 147 144 132 040 1.10 11.98 72254 227
MDO | 1.00% 139 049 045 040 110 4.24 690.71 217
MGO | 0.50% 139 032 029 040 1.10 212 690.71 217
MGO | 0.10% 139 018 0.17 040 1.10 042 690.71 217

At=: EPA(2009), p. 2-19
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RO(Residual oil) ¥59] A}go 2 WAsl= NOxO| 3t vj&A4=
IMO2] A 5ol W& AR 74 733tof| wha} ol Zo] A

42 AgstEs sk 9k

(E 2-19) NOx Z8AI+

g o S22 ECA

ot EEC ot PR
2005 0.9024 0.9060 0.9024 0.9060
2010 0.8750 0.8767 0.8750 0.8767
2015 0.8020 0.8059 0.8020 0.8059
2020 0.7565 0.7478 0.5958 0.5842
2025 0.7319 0.7173 0.4278 0.4108
2030 0.7149 0.6955 0.3184 0.2989

At=: EPA(2009), p. 2-16

HIEHCH)T OHIBFIAN,O)S 2 47HAS] AR 97 2
Azl FRE theat Zol AT ek

(2 2-20) 247t~ SHE HEAS

91 g/kWh

oIzl 93 RO MDO/MGO
CHa N20 CHg N20
SSD 0.006 0.031 0.006 0.031
MSD 0.004 0.031 0.004 0.031
ST 0.002 0.080 0.002 0.080
GT 0.002 0.080 0.002 0.080
A 0.004 0.031 0.004 0.031

At2: EPA(2009), p. 2-16

EPAS] & T2 XA ‘Analysis of Commercial Marine Vessels
Emissions and Fuel Consumption Data’o] =W/, Al8ke] Mzl Hshs

20% ostollAE Fol&o] Aades wigAr7t S7eke A= YEL
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=Ll Mef 7 |QHSH sy MU= 02

3 glow, EPAE ofF ®tYsh] ¢l AFskec] et 28AG(Low
Load Multiplicative Adjustment Factors)E 7fdole] -85}l QJct.
olof wk2™, MSD, SSD, GT ¥ ST H] 7}4] <%lof] 5% wiish W g7t
9lo Diesel Electric(tlA7))Y Gas Turbine(7}A EHI) S A7] <l
Aol #-E5HA] et 247k E2191 CHLF NoO= 272 HCoF NOx2]
ZAATE 8IS skl o, HEAZL Fo}h 4o JFe T
b= 208 B gtk

S‘lo

T 2-21) FAZIQ| Low Load Multiplicative Adjustment Factors

Load | NOx/(N,O) = HC/(CHa) (60) PM SO, CO;
1% 11.47 59.28 19.32 19.17 5.99 5.82
2% 4.63 21.18 9.68 7.29 3.36 3.28
3% 2.92 11.68 6.46 4.33 2.49 2.44
4% 2.21 7.71 4.86 3.09 2.05 2.01
5% 1.83 5.61 3.89 2.44 1.79 1.76
6% 1.60 4.35 3.25 2.04 1.61 1.59
7% 1.45 3.62 2.79 1.79 1.49 1.47
8% 1.35 2.95 2.45 1.61 1.39 1.38
9% 1.27 2.52 2.18 1.48 1.32 1.31
10% 1.22 2.20 1.96 1.38 1.26 1.25
1% 1.17 1.96 1.79 1.30 1.21 1.21
12% 1.14 1.76 1.64 1.24 1.18 1.17
13% 1.1 1.60 1.562 1.19 1.14 1.14
14% 1.08 1.47 1.41 1.15 1.1 1.1
15% 1.06 1.36 1.32 1.1 1.09 1.08
16% 1.05 1.26 1.24 1.08 1.07 1.06
17% 1.03 1.18 1.17 1.06 1.05 1.04
18% 1.02 1.1 1.1 1.04 1.03 1.03
19% 1.01 1.05 1.05 1.02 1.01 1.01
20% 1.00 1.00 1.00 1.00 1.00 1.00

At&: EPA(2009), p. 2-18
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ot 229 7 |RY=E METY MY

HAHE £3HCruise) B= A45-3HReduced speed zone)2] ATE(
A= AHESHA] oY) wZof], HUel9] 7Mso & QIR ti7|HEd e
Aeke] HQHManeuvering) @ ¥ Hotelling) ATEjOA] EAYSICT.

H 2-22) M4t QH HAUZ 9| Of|{X| 5t

= kW
Mk R Cruise RSZ Maneuvering Hotelling
Auto Carrier 0 0 371 371
Bulk Carrier 0 0 109 109
Container Ship 0 0 506 506
Cruise Ship 0 0 1,000 1,000
General Cargo 0 0 106 106
Miscellaneous 0 0 371 371
OG Tug 0 0 0 0
RORO 0 0 109 109
Reefer 0 0 464 464
Tanker 0 0 371 3,000
Tanker — ED 0 0 346 346

Xt2: EPA(2009), p. 2-19
o2 A§3 HU| wiET APES ST $4L thewt 2k

E(B) = BEnergy < STEFX T

E(B): E&219 7 |2E¥SE HiEH(g)
B Energy: E2] IL4X|(kW)

ST EF: STAUEIS| HIEH4(g/kWh)
T: M4} &5 AlZH(hour)

At=: EPA(2009), p. 2-19
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=Ll Mef 7 |QHSH sy MU= 02

H 2-23) 22| BiEA

£l: g/kWh

I T P 7| QST BHE2g/kWh)
8 ®¥ °°° NOx PMp PMys HC CO SOx CO, BC
RO 12.70% | 2.10 1.47 1.35 0.10 | 0.20 1 16.101 970.71 | 305
ST MDO | 1.00% @ 2.00 0.58 053 010 0.20 @ 567 92297 | 290
MGO | 0.50% | 2.00 0.35 0.32 1010 0.20 | 2.83 1 92297 | 290
MGO | 0.10% @ 2.00 0.17 0.15 010 0.20 | 0.57 | 922.97 | 290

At=2: EPA(2009), p. 2-14
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H2E =W Me t7|*ESE HET HEUEE

1) 72

LA ISHANIER)S =71 71 AL AAEI(CAPSS)2S H 24
7kA A AIAEF(GHG-CAPSS)Ol 282 viE&ES AP 7j49]
d3toF 2014~2016E71A] 37Rdo]] AA "=l ALl Agto] gt gi7]
LIS W A7A wiEAle T wiET APY, IS APt

(B 2-24) A&}

re
_>'|_|
re | Lk
4
Jio
FH

= U 2ol W0 o 20y o1aaHofA] 2BHS01 A8t LR |2
ot 8 8rH 70 So|[7|QUSA U AT HES
H71QHSE X MOl Met HiZ 5187|% MHOR 58X %

SMTIA HEAA | J[Et X e
TN} HISEE M o T 7| Q B AR K| ZIA|ABI(CAPSS) 2 SAITIAKZX|2IA|AE
|~ (GHG-CAPSS)0l| ME = HiS22 ANuS HEST, YRADH K|44
S QR[EH 4 QI BE X7 Fe £ KR 22HH L HISS2HH 715

Yot =&
° G ZNS 2E, MU0 AtV |QESE H 2aA HEZ ME ALY
=

25) L7 | 2= E! HIEZ2Z(Air Pollutants Emission Inventory)Ofl 2718 CH7 |& 22| SSA|ARIOZ |
AXQI 7 |= A2 7 - H2E Sot0] U7 |2HEEH 230 Bt HiEY SANEE Y- -HS
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=Ll Mef 7 |QHSH sy MU= 02

o
THOIY Ao IR S|} 2R E 2 AV |2 HEE 7t

o
St S5 2710 M2 32 7|9 HEZ 05
7 @ore o |° AL R B S0 U SloIi| S SR o U S S &0l
ST B * EETER A 71, SR TR TiRiOr U KT S St o
ey e At © RME(ES X/l AIZH SHATO) T2 HHESY 2AS Sot 33 1o
" ESSE]
- S0t K| HEEAS Sot 7| QUBT U SAILA HISY 4 7t
0|C210! =5 % Ch7| SHMKIRAIARYCAPSS) HZot AA
A= e akstel(2014b, 2015b, 2016b) pp.2~3. FESH0 XA 22F M2

A9 LA A WS AL TR A= SEe BACIIAAAATY,
SRS Ade] 9 2F ARCLEAANE e B0
Ssdt. 9 2% AEE o8k 4%, Aue] e3yHs Hut 4
Qrozmt TEsHs 5, qaroz ATshe Ato] clt LS
o5}, 414 2k o, H¥t H)ol gt Wi EAS valsha] Foke o

SHA7E AT 20)

7t 9t HiIEE ERAA

Rk 2EEA] oA, Ad] R SHAAE o4, eE fEA,
A4S A 5 mASH Eoka, Aee] ookt Al At 23y
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o] —
2P wAlo] MR WAL K8,

ANBFEAS] B9 Het L a4 I} 0F A MiEFoE T
ShaL, e W A A HETE o Fuo] Aot % AEA9E e
S Ase] gurd o)-2F vEe] wet e FRS FHOE I
Aoz stk £ A &S TR Lol Wrkel AR
QKA O] S QlokelEAle) ehaeAl U F5ep TSk YAl
283t} olAle] 9ol £ B MEslel 29 A o]
95t o5 Al WiEF 3} 2 Al HEF O FHAA oj4le] o A
HlEFe AA 2AAAY o FA= L olFAIZF 5o P 70| @A
#og ole}g], T olghE ol 55 WFL Testel ol 71E
o A3 110749 o ofgo] ke Estar. 29 A Hawe o
M2 I 4 Uk T HYHES 2o 27 i AEH,
AsjEoR FHeky, ot MiEwe 2ds T Tt

(O3 2-7) Wet 32 32 LS (PMio OllAl)

X2 2ESAEI(20150), p. 197

28) = EGHYEAI(2020a, 2020b, 2020c) A2 LY HHA| HRIFHE &8
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(37 2-8) M HHZSE ASAIAY Ol 1
1.DASH 2 HiEE 4 NER
R
BOARD = S& 2|
I T I
| 1 I
2-1. 3-1. 4-1.
Qltofet Pitoli M} EMIEHE
[ [ [
2-2. 3-2. 4-2.
1ot0] 24 giorod 2 =]
[ [ [
2-3. 2-3-1. 3-3. 3-3-1. 4-3.
Qlotel=E el QlotstE =2 HiEA 2
L | 2-3-2 3-3-2
ot Het ot Ht
2-4 2-4-1. 3-
oM I2H0IM oM
| [ 2-42
oo M
| [ 2-43
7|EfoIM
|| 2-4-4
2401

X2 22SADE(2015¢), p. 189

o] IAoflA, OpenGIS tool?l GeoServer v2.4.8& o]-&sto] P+
o 24 9 Zyojg), 27Kt ghuby, o AR 52 vrodsiint of
e B S d71AFe V2 A= Alse As GIS AXAAE
4kmx4km= /g5, AP wiET 31t &G WHES 285t A4
4] BEFS APY, EESHI30

29) =g&g
30) =g&tg

Fd(2015¢), p. 210.
t512(2015¢), pp. 189~190.

ni
ni

74



=Ll Mef 7 |QHSH sy MU= 02

ch. Mel HiEH BIEANAE THiEE SEREEHE), 2y

P ol edd Wed B4 Ao o U AT FHe I
WoLoR MR o] Azl el AyA BAAAE AN
% A7le @iy Wagnel Bobe WIS s rhesl Hot e
71062 HhEY B5 LSOO Heliek 35
P,

ro
o,
N
N

S
1>
e

T 2-25) HIE XI2 7t 2EUA

Ve g

7|Z S XIAO| H, B, 0[S0 i3 S 22 M7 012
I 22 FCE Hsit

HIEE oI o HiEH HIES ME AUt HiE 7|6HES Jelsit.

3. MEYEE HiEA =2t SAO1Y BiEE SOl KRS Helstt.
1) tiEA2| LhEut TS Bk St

4. BiEA 2 2) 2=/ I i Rt ME K

HE I 3) AlEE FL& 02

4) Control/ Uncontrol 045

5. Reference HiEA 2t ME WHE0| 2EE SIS He|stt).

6. B=C X2 HiEA+~E 280tV L‘r‘|3|_ 29 et LE O 10 HEE 84 K=
ot WX S8 ’éﬂﬂl?_ﬂif.

7. A7 Profile iﬂogl X2 o| A|ZHY SHAEE =0|7| 5t S St ut St Hla=(2Y,

, Al *t”)% geleit

IS Atz 0| ST Al oy =E =017| fIet 29 Y8 A+
(&9, AAH, HAE)E FelBith

9. (22 Profile) | HiE A=0| 2ISIEE M2 E S5} HIEHIS0 et Y=E

10. HiEA+ S8 | 7IE HiEASO MEE B7H S5(AP-42 Quality Code)S F2I2iTt.
1. 2= 7t 21 S A= 22 7 200 MRyl SARIE g2leitt.

# S K20 DlHIE T 25 WS4 MEYe 12 ot Ze
B Af2I2 F2lsict,
13 54 U 4 AR} BT YA ASEOE 47 BT 4 TS IYURIS TS 3L,

==

8. &7t Profile

12,4

rx
1]
o

AF

ofh

A=2: &F71(2018), p. 88

31) Source Classification Codes
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g BIAE HEE 050 FATER)C AHGEER) s3] 285
HlEUOR AotelAM, ABHEA, ofdl, 4w §EAS TARAL
2718 47 AR5 B e Bow WS o) iE Y BEa@e
BE st

(33 2-9) W B2 HiE X2 S (DARS) 7t SSYAI(CH)

A% - A FE-AE
72 e 7 e
* St + 08030100 08030200

1. Wae & 2= + AMHCAPSS #HAAe] M ELo| 2.8 Sl 49 1. W2Y 2 2=

B ELelF e Fitfel 43
L EEEREE R ETIUEY)
2011 A4 TE A GER AT 0 o " ALTEUASTAR G e
2. 3% 43 lco-573 NOX-0,286 SOx- 4489 Pu0-232 2 ARy ] ) b
0126 085 163660 025 e - —
. (P, * SFOCyy # LF * Ry # 1) # EFiy)
T By = 2 (FCy * Bl s THE 9 298 14 A A2%tonme]
By A3 el lh—& ol 91 Wl@5Htonne] Pyt AFie A4 29[kW]
i FCut #% k A% jo 95292 {tonne] ©oolglels) a, AAN2Y bel AP i) A4[g/kWh]
3 Awiye By : 3 k 2984 iol 4344 kg/tonne] I T
A EREASA, A%, A, B, 244, A5 3. A3gHE Rt $HEE mel et AE ol 2wl #16)

ki % $5F03f, B-Af, B-Bf, B-C#)

AZEFAZhr/yr)
1 AHFAF W& Be

254 i9) ##A%kg/tonne]

cS cdelAqel BE WsZk: BY R MBAS o fexl, A% FHANESFA, el ewll, PRAFATFEA,. eto)
EMEP/EEA 29824 w2453 84 ¢ A $H0IE, B-CH)

codelAs dedEA MBS oA A4d dug ¢ egdEAgen m: $RRC(EY 80 %, HA/AY 20 %)

A (ke/tonne) 0 -uﬂr REEad]

Fpiiesimu O S A B3 A0 B ARE AT desd, %

EMEP/EEA 284 w344
- dekshEe] d7ledEd ﬂ%"l = osheAldl Agd QAug B edEARen
A (kg/tonne)

2) 913/30 Ak ol A3UE

)
- EMEP/EEA(2013), Internat
national fishing

nal navigation, national navigation,

AMRASS BB | sqansea 010, S a2 A 9 dredEd 9 es W

9%
A% At W3 47 - EMEP/EEA(2013), International navigation, national navigation,
- AES 9(2014), ol EFAAYE SAbx WEF PPdEel AT national fishing
- 314 31(2010), AP £AK: AR B4l B A7 4oEAss aasy |3
- FRAPHR010), 7 PAskib] AR AR $ATR 2 ABARAE - BRI, F 429 A 1B Ao TR L LA AR
- M 010), SEERAA, D, A6l $549 50 A LA A% et e 4
A a7 - A% AR0LN, oA LA SE: AR U B AT
- o " - 34 S1(2010), PR SR R Bl B A7
¥ '"g:,f :,;ﬂ?:;i::;ﬁ;{“”- w2 T - FEAPH010, AFshi] A2 A2 $ATE % AP

4) Control/Uncontrol 9% : Uncontrol
* EMEP/EEA, Emission inventory guidebook, 2013
IR, A7) e84 APy A, 2013

3 AF B T AFOMZIEY, T
4, h2 "‘fr/’{'l’é%‘ Av 244
b 7, SREE(E4, Je/A 72

5. Reference

. T 24 W AR 2 4) Control/Uncontrol 9% : Uncontrol
ﬂ,ﬁ:g‘ig ?zgll;ﬁﬂl AR AR SR S Bk ATAT A ~EMEP/EEA, Emission inventory guidebook, 2013
8. Refeséiice S YWY, A7l ed w2 AP AR, 2013
201149 QHAEFALY (DA E2, l“ﬂsi AR E UFE ARE B . S FYsteg, S A3a) Al o d71edERE Y LA MEAS AL
6. 9FmAL CAASY, 9601 B AFAR B W% 44, 2014
-6 et AR $% 24 AR !.H» T AP ESATTRGA U AEET, 1900 24T E U5E A
EE %
7. A% Profile CHE R 6, BEEAL Y, $REENEY, A%, AW) JLAEY
] SdelAie 2 $Est MELE G, AN SYYL Bont g AL AR A T ::‘“
8. 7% Profile SAlol W B%E - MIS) AS ¢
Sl e 2N W 7. 4% Profile had )
TAHEAE £8 A PHE ARe L FOUTE 9, A% % A% A 2L K
9. #4W Profile 8. ¥7 Profile 2 A% % A (284, 180 A¥A) AR Bidto) WRYE B
s oAdshE i Aeggos Wit
10. #25 Yrhas 9. ¥4 Profile

10. #3t5 Yrhast

1144 9 43 944 1144 9 474 4

8121(2015¢), pp. 213~214
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=Ll Mef 7 |QHSH sy MU= 02

(2) ZLH SHZof| Melo]| ofsH CHY |[RQSZE! L 2AITIA HIEAIG= THEL HHES
ARSI

2016\ 33 3APAE AFoM = AdEf Qo] Frte] Ty HiEee @

g

ST H A= N W AHIE A S|, siPdRE Esigith A
g HHO] Q1 T o] - Hot 52 A ¥k Adl

Al(Tug boap L2, S/ 1= 3=33%H](Cargo handling equipment),

7]13xKRail locomotive)2} 3FExHeavy duty vehicle)® F-&-35}ich.33)

—1 0

WlEw AP Al AR EES 8P 9B WAt 8% duz,
-

sot u 5o S X2 ZA U8
- ME/SE0| 2 HERE S5 QY0 U5 5548 HEHz 24
YYMOGY)  + MZH AF 2 K== NI HIIO| SAH2, SISO HAISHs
Mite| SE4 22 018510 AT 52 £
OOIM(HO) | QIFSH RS2 I3k SE0f 2 019! Xg) S2 KISk Adt ZAf

32) ZEALEI(2016a), p. 92.
33) ZEEASH(2015¢), pp. 213~214.
34) YA EH(2016a), p. 28
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HTI|BRRD | 7| 8xIe| 7tE EH?, FATEH, ATIFoks, YH|E Bt 7ISARE A

EAHA(SFOC)S 28510 LUSH HIE LY
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HH M2
o-d 1o
SIEAISAIC & T2t RS E L= HiEA S 28010 2F
=22 WEF Y

SHEAISAKHDY)

R ZBLE(20168), pp. 33-58 HASI0] HA At

Lt 2Tt HiS 3O 32 &Y

=Y FRlA viEss d71Ldedd 2A7EA ETY A9E b

= A% 3 g VIS EHSIAH. olF fs A oR MY Uz
AYoks 17 ¥ FAE GIS 1kmx 1km AAAAZ FFHEY
£ 245t wiEF A 2HE 33 gEsile, B 3Rte] Feolk
A 2 Fiz Adske F=A s HEF D2 AdsHn:3S

Atz: FYSAISH(20164a), pp. 88~91

35) 919 M, p. 87.
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1) HQ
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20079 #z AL ol = wiEF AP = 3
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Hi&eF HIHIV)A AAGE ‘CAPSS HIEY EFAA = 49 43
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(H 2-27) W7 |E=E iEZ 2 F XA

HER H=2F HER =25

sce (20074 OJ) St (2007 0[3)
01 O LAKIALQ] BIA 01 O LAX|AR GIA
02 HIAY ¢4 02 HIAYE 4
03 HIZEY %A R HEY oA
04 MAEE 04 MAEE
05 O X|s 3 XZE 05 O XS 3 XE
06 RIS AE 06 RI1EH A
07 CR0/52¥Y 07 [T
08 HIER 0|52 08 HIER 0|5
09 7|2 72) 09 7 |2x2]

10 Xo10e2 10 =0

1 =0y 1 7|EFHO

12 12 H|AHK]

13 13 MEH HA2011H)

A2 270N HXIEE ME(2020), p. 7

2) F2 W8

HET BHIV)Y F8 ARG AT skaAle] EFAIAS] H7
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=Ll Mef 7 |QHSH sy MU= 02

HHSZF TI) HYSE T(V)
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08030100 et/ 0803000 st/
08030201 | /ofiAtMEres Qg | 08030100 JAGEL
08030101 | /UiEMHEiR4 o424 08030101 /o HOIM
- - - 08030102 JGEL 2IaM

Riz: FESZ0er(2013), p. 176; =7HIMHXIEEME(2020), p. 177

& HE (V)= A4 LA R0 net &S TFotes ofo,
713A19] 7% oA ol TFEo] FHTGE wiEHFe =, 7|FA 7F 3
of 2 WEe it HjEFOR FEIALI0

(O™ 2-11) 624M 2AZH| M2 S 37+ &Y
B 7“_‘_2‘_” ‘‘‘‘‘‘ 20 min 5 min 5 min 5 min 20 min
(&2 20%) | i i l |
i | | | |
o | | | |
E 14 37 2 37 34 =4 £
................................ 7184 7184 7134 7134 7134
23 A st it
(& 80%) b e YO\ — |
2 F IS HICH &= AX0| &Y
Er- NS %7*7|°*X| E"”I"*XI HH%E’ ozigol &g
EHY T1Y: AF Al 20%, 28 Al 80%

AZAIZE 7S ELTIERI(208) / SIVIZRI(5R) / EA7([8X|(202) HE
NS 37}D|A1|EHXPHEMIEKZOZO), p. 179

36) =70IHHXIFEMEN(2020), p. 179.
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of oA AXE HL, A T PAS Hgstel 4t

=

(8 2-29) Mu} SlEM 2RAA|
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s

RHZH, 7HAN, 4702
oz g2
A2 SeE0sE(2013), p. 176; =7H0MHXEEME(2020), p. 180

TS, MY, IV SR, SRR, 1B ale

37) =EetEnera(2013), p. 176.
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F21(2013), pp. 176~181; =70 MHX|IHEAHIEI(2020), pp. 180~184
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HhEg HYWV)E o4l % 94 e Edos ey
49 F529) Bak 7o oleig) AEE F2S AN egto
o4y

A Addtol] diside ZEEEQOE 1R, LFEEQGOH
E0E Hih, gLEHol9 2 AR 7IEo R FEolES 8‘“‘%38)

Al

(H 2-31) 014 ! 2l el HYEEF L 70

] o 2% et
HER - ZYUOISOI LR AN S | © £ ARASYS THOR AT
AEYE | ol 202 I HE) 2 IR0 W2 HiE7+ 12

- GIRAIBR: O TIHIR XF R
(+-EEY5)
sEAe | HIES OISQetE-tet-0pay
SUsH ST M2
- 221 HE0| Yxs 2102 JF50]
FZEECEE

X M SEUEIYEERT)
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A
s
e
%
F

EEA 8iEH 4"

= Ot2|L(Marina) gt YIXI-E

A[Z7t sty i 174 IS 7|5)2 226101 1
CEEC o LI 5%, A 95 OfRIEE ;EF127|1H°J 1_+E| <5>+E|:rE HO{
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1) o

7% £ 2AISY: IYYWSAA0150), p. 44
** EEA HiZEA|%: EEA(2013), pp. 16~17
X2 2710 BREIE]2020), pp. 185~188

38) =7I0IMHRIFEHE, 2| M, pp. 185~187.
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o HE B 7IE2 A HiEs Aol 7S wol &85 o

$A IMO®Q] ‘Fourth IMO GHG Study 2020’2 SOx, NOx, PMio,
PMzs, CO, NMVOC, BCY & ¥% 7HA H7|1@=4d3 CO,, CHy,
N:09] Al 7HA] 2A47kA 49 HiEs AP WHHES AXskaL 9lom,
EEAS] ‘EMEP/EEA air pollutant emission inventory guidebook 2019’
2 AEkg m3lel= uiEE SOx, NOx, PMyo, PM;s, CO, NMVOC, BC,
NH; 5 58 7| @E49] vi&=F APgHHE AAlskaL Qick 2HH, EPA
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A 3FFA] A AXBIAL = IMO2] ‘Fourth IMO GHG Study 2020 1A
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A3RolA= AHg Axte] Fete /S Asf 22 Aled HE Sle B
glolel 7|ute] A4 miEAtd Yol F8 Aol dist 2AF 23E Ht
gow F8 A3 9 o & S48 o] JANA, A4 B A+
oA 713 EstA IEET Q= STEAM % Shipair 39| /ST
o] N Auju Al2|2398 agsto] g ARle] AT 9 A8 Al A,

ATt

(O™ 3-1) SSHI0IE 7|8 Y& 2 719 - HEA 24

ZLYQ| bt

7 |QE=H HEY Rl HIEE A

LE HEE AR TH2{CHUS| BtA| B

- A% 17 KiXY/7 |2 M5 B

— ~STEAM(FMI) l

LSH|0lE 7|‘ﬂ:r ~Shipair(SMHI) HRicre) Mato)
M HiEAY 249 = O
HEAR EA Y 24 » | EESHA

NSRSV RSS!

39) Jukka—Pekka Jalkanen(FMI), David Segersson(SMHI)Z} ZHEX{Q1 22101-AM|0|Lt A|2|X THZ|
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12 2SH0lE 7|9 HELFE 2 718 X HBARE 24

1. STEAM

1)

T 1315}04

olste] A4 LS 7Pt A4 WAL o] FuRe A 7
97 B4 2o wet 2AY 5@0] sk ARE S AIS 3

2] AR dolde Aol dA Sk, fA]9] Hs), wiE A7
RO, STEAMZ 117*7]
S =5k, AlEe] ofFo] F= mIA

“
A5 4ue %—%W e whEo] AT Eitsto] 749l it 5 o

1o
)
ofo
2 o
_EL
FU
:“é
NA
oft

40) Finnish Meteorological Institute
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H 3-1) STEAM HZE JhM &=

STEAM H{& i o=
STEAM ° STEAM 7= 2112|155 THE
° PM, CO A8 i3 &7t
STEAM2 * Hollenbach(1998) W2 L QI510, S20IM2| F7HME =

5t
o

o MEN =20 2EIHENE 125 HRT S =TS Y

o M= 2 IS Tt

o 2542 MM 2112|E(Route generation algorithm) 22

XtZ: Jalkanen et a/.(2009), pp. 9210~9211; Jalkanen et a/.(2012), pp. 2642~2643; Johansson,
Jalkanen and Kukkonen(2017), p. 405 ZZ5t0{ XXt X4

STEAM3

2) =9 LHQ. al Iiﬂ*l-a:"

o X 1O

(1) 5% Ay
7t 2go| YnRE

STEAMS] Hlof8 He] 49 @A: @ 4 &8 9 dol i3, @

A0 % W7k, @ AR Al P fEer APge) SEAR PR, WA

o1 dlolejHo] o4 4HE Al BE ARE FYoHe] ARKe0E A
Bk ololH, ST Hlolelo] FR AL 217 Selskir, STEAM3E
o YN LFAZ Y TALES £ BT,

o, SYHE Y LTAZL A% T AP AlS X B
(Position report)7t 45e A ol HolAL} T 93] Apole] §417}
98 ) 7MY dARle] eaRe Agstel MAUAe Az 44 st
=8 gk

41) Cherkassky, Goldberg, and Radzik(1996), pp. 11~13.
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(23 3-2) STEAM 2O L|0|E{X2]| =& TtA o o

Online Ship Activity
sources Database " data(AlS)

|
Techmc.al Activity state
properties
Sk |

Onboard !
Equipment Aux. Main

Power Power
Fuel grades & FSC

L

Data assimilati

Vessel state

Fuel consumption Engine loading

Emission factors
Emissions (g/s)

Fuel consumption & emission state

XtZ: Johansson, Jalkanen and Kukkonen(2017), p. 405

ol /N WAERE AuEY o} Lot A Auboa AAZE AIS
tlolElE $AI5HA =9 o]F F#yste] IMO 5E/E, siidolsdTF 4d
HZ(MMSD), A8t o] 52 AREste] s AulE: A8 4= itk A|AF9
U5 dlolEHo] A0 s Auto] SEE 1A gRleta, i FHE
miefo] o3& AL [HS Fairplay®} 2ol AF Alo]EQ} 72 QJHL9]
AdZgE. go[efufo]A0)A] o]F ERlsto] Wi dloEjo]Ao] 22 Aluk
H FEE FUIRIth AEE AHo| wet Aute] F7 W Ato]=, FAllXwt
S B e} 22 Auto] 71&d Al AR Zof o] F uiXgi:
Aut T 9 &9 52 27900 SlojA, Hold += 5o= w3 £Vt
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>
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29 S Ak 2940 R Fpgai delie) R 28 Bl
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Lloyds 4= 2ol
A 2ol = HolH

=0 T

HO|A0| M2 52

AIS F2 Ag 2
At =2

== OTr,
S 7,
7LD}
=t

ofet Z2 B2

2t A

@A ZEOF!
Kt 53

@K A 2t A
A% o2 7}
3

A Z5 LYFe] U 2GS AN, viAEto R, ol 2 o
O[S &E3t] HAAAT A= LHFH v 2 Altsta AEidt
ARE 2H43 TR Aol disiA siEFe] e skl "o
(Od% 3-3) STEAM2 4F8 T Q2 L&
He Aol
AIS B S|~ |Mars2xgsoll > (715 MEAY | » |9 S7 2F| > | M
Al
=2
* AIS FE si= * AIS BIAIRIRf IMO -« LS EO[E{H[O] @OLS CIOJE#OlA  « Hollenbach
2 Ry =l SE0s2 UL o 209} Lloyds A1 M YHE HE
IMO S2¢5. O[E{H[O20f 8t ol 27| @Lloyds &2z
" e SEEE &0 . gl= 7o h

!

=3t 5 = A=z AH|ZF XOIX| Al22H =
IS B | < | e AM S EiAt I |« BEAE A8 o Jomse A
= T o
o MEHSH AZF 7424 « NOx HHESZF At = gt - D2 =4
SU IPEHE L sox sy A R T
HiE & A o2 & stoamm) ooo mE Y - AR st ARt
al 3
2z BA olZ AH[ZF J|gt A s

* Lidolod, 22i=

+ CO, HiEZ it
- CO B2 A
- PM =8 A

Xt=: Jalkanen et al.(2009), pp. 9211~9212

* IO ot &5
Aot FHEN)

.; Jalkanen et a/(2012), pp. 2642~2644. Z7o10] XXt 2t
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Jalkanen et a/.(2012), p. 2642.
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43) Jalkanen et a/.(2009), pp. 9210~9211.;

42) Helsinki Commission
44) ITTC(1999), p. 5.
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P

transient

=(CF+ CR+ CA+ CAA)( 1% S)
0

S: A—|Hr0| &35 B
e FT A=
Xt&: Jalkanen et a/.(2009), p. 9213.

$7F EUE AN Q8 ARSI Wl B AYCH, BT AF

(CR). %718 AFHCA), B7] AHCAN), T4 Ap(e) H2 Ut Blole]

S % QU Al R PSS BRItk STEAMS

S8 b e shgele] Desiela Uk B8, & AAd

F7 £ 80%z SR AASEAMCROINS] F7 512
= &

_4—'

€

A, 0.8% 7143} o] vtgste] Ueshel AA0] 27158 APAL of
dhet 2k
kvianszen € Pitalte
Ptransient : 3 ! ]f = 05143 X rr e
’ 0.514 (Vdesign + Vsafetz/)
P: &7t EH.(kW)
Pmstalled E | X._‘l)('" _7'<_0|ﬂ7(|_|9 ’“Eﬂ(k\/\/)

et FAUTIC MCROIMS| AT 25}
VdeS|gn 7:” %—E(m/S)
Vsafety: Ol_l‘xl_-l O=I%¢—E(m/s)

Xt&: Jalkanen et a/(2009), p. 9213
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(H 3-3) e Z29
= 2SAEY
02t
(Cruise = osts
’ 2E 2y
RoRo/passenger, f
Yacht)

dss=d

#=3H(cruising)
™
ZAH|0| L4 =

Het(hotelling)
Hokmaneuvering)

#=8H(cruising)

Het(hoteling)

E2Kmaneuvering)

-
rx o

=13
=l

Ct
Xt&: Jalkanen et a/(2012), p. 2646

(Lp &= AHZ

HE AHEHSFOCO)Z 1719l &

750 kW
1000 kW
1250 kW
750 kW
1000 kW
1250 kW

H 2 2EZ3 AAL 160~200g/kWhe] dEE AL
2L 180~250g/kWh AEE AHSlo] 2 AERET QR 9] HF AH|FO]
4 2ERF QX Axm AHFET 2 45) ERL AR A= A7 Foke

Qe womz QA

5jo] ofst EEAle]

Fw bt

MO 3 kW 574
AH|

20IE TEU Z4H|0]L
£ 25 RXIZ 94l
4 kW AH|

Z59l| wat Aolsitt. IMO EAfof w2
AQET 4 AEZT

@ % Itk ofehe)

4g B9 ARG 4v1S HaH] Ao F 70~80%2] AR 23t
O

LR SR > 9lon, ol AR 4¥] % A 4

2 oot o] 4

FHEL & 5 A AR AT

45) IMO(2009), p. 138.

9% ZHlolA] Aol

o 5 A
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SFOC: SFOCRelativeSFOCbase
SFOCRf:lutiz;e = 0455EL2_ 0.71EL+1.28
_ Prowa

Ppng

SFOCbase SFOC 7| ﬁ( "‘)Ik‘)

EL: QT st

Prow: A AT &7t £
Pe: MXIE QI S| MCR
ne: SXE ATIOf 4

Xt=: Jalkanen et a/.(2012), pp. 2645~2646.

(Ch HHEAISEF)

& AP0 AR MiEAlS 3 QA 71 QLAEHol wet 2.
NOx9] A%, 179 viE B4 wehA] W& 2
o2 Yepdtt. NOx9 HigAlse 9= v 59808 tEH,
A &=t IMO curveE o&sto] E&EshH, ol fldf APAS ek
I HE(rpm) AEE off 9 71Ee] wet AREST

H 3-4) NOx HiEA s

HHZ7|=~(g/kWh) FYI= 2 31%(rpm) £
17 130 rpm O[o} QX
45.0xn 02 130 ¢ n {2000 A, n=A1Fl rpm
9.8 2000 rpm Of& 1%l

Xt&: Jalkanen et a/(2009), p. 9212

SOx ¥ CO9 HiEAlT= X9 A= LB|FoRRE thait go]

A% % otk

98



n(s) = m5) _ SFOCOX5C
M(S) M(S)
_2009/kWh % 0.015

© 32.0655¢/mol

= 0.09356 mol/k Wh

n(9) =n(S0,)

m(S0,) = M(SO,) xn(S0,)
= 64.06436 g/mol < 0.09356 mol/k Wh
=5.994¢9/kWh

SFOC: 912 AH|ZHg/kWh)
SC: dz2f & Z(mass-%)
M(S): &9 = Z&Hg/mol)
M(SO,): O|rtatetel 2 Z2H(g/mol)
n(S): &2 =& £(mol)

n(SOy): O|At5tEel & £=(mol)
m(S): &2l HEH(g)

m(SO,): O|Atatatel Z2kK(g)

XtZ: Jalkanen et a/.(2009), p. 9217 HZ510{ XX} 24

m(C)  SFOCx CC
M) M(C)
200g/kWh %< 0.85

= 12.01g/mol = 14.15487mol/k Wh

n(C)=

n(C)= n(C’Oz)

m(CO,) = M(CO,) xn(CO,)
= 44.00886 g/mol X 14.15487 mol/k Wh

= 622.94¢/k Wh

SFOC: ¥=Z AH|2ZHg/kWh)
CC: 929 EtA 22 mass—%)
M(C): Et29l = E2(g/mol)
M(CO,): 04t if EtA 0l = EZKHg/mol)
n(C): EtA9| & £(mol)
n(COy): OIMSIEtASl 2 £(mol)
m(C): EtA9] EZK(g)

m(CO,): OJLSIEFAS| El2K()

o &
A12: Jalkanen et al.(2009), p. 9217. HZA6I0{ XX} &y
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PM9] Hi&F2 PMS Td5hks 249 vigdtew & &
Az AHF o7 99| WIS whgsto] offiet o] 4T 4= Utk

EFpy = SFOCpuive (EFso, + EFy 0+ EFocOCy, + EFgc+ EF )
3.333, FL <0.15

OCEL{ a
, EFL > 0.15
1+ be L

EFg, =03128
EFy o =02445
EFec: 0.08 gkWh'

EFoc: - 0.2 gkWh™
EFash: - 0.06 ng\/h_W

a: 1.024
b: -47.660
c: 32.547

S: RS & AIY%)
X2 Jalkanen et a(2012), pp. 2648~2649.

CO9| &=k qxIRote] Frof webs] A depiict. STEAM 23
< 712H 07 Sarvi et al(2008)2] CO9| HiEAITE 8513t O
SIS ol off AHA9] a BE A4t tis] 5USE ACE 7gsta,
71 2 ] ARAC e 5828 7=}t ?HH, STEAM Eg-2 Qlzlo]
HaEm Yok A A (Natural deceleration) 3 %12 ARE-5Ho]
145l= 55 Als(Active braking)' & F-26HA] Zol7] Wiz, A &
9] 4% CO9| HiEwo] I mojd 5= Urk= AL Ut

oN

1

EF(VO - CObaseABC
ABCZmaX{a [Av] ,1}

At
ABC: Acceleration Based Component
Av: Met &5 sstg(ms )
At T ASHOI QIX| H19| AjZh 7k2(s)

o« PR 2

XtZ: Jalkanen et a/.(2012), p. 2650
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Mot S A TRiky Fiol e

0x
o
@

2 HE Ak

7t. A modelling system for the exhaust emissions of marine traffic and
its application in the Baltic Sea area(2009)

Jalkanen er al(2009)2 20079 1~12¥, LES|(Baltic Sea) ¥ sfiH
P7H(57.74N, 10.6325E)°11A A1) NOx, SOx, CO, HiE® AF % &

HES oM Lok AIS SAIVIE BAIRE 9,4974 AlHte] HH=, o]52
A Ha FEE F 29 1,0009F 7 o] AE HARE A

19

(% 3-4) 671 7M1 7t Hizg AH|Z H|W

40000

35000

30000

25000

20000

ies, repar
ines, predicte
poi -
ies, predicte
15000
10000
- 44{:} AJ[:} 1J
0 2 o

RoPax1 RoPax2 RoPax3 RoPax4 RoPax5 RoPax8
Ship

Fuel consumption (tons)

Xt&: Jalkanen et a/(2009), p. 9216

s Aol W=, 744 (RoPax) 639] AdF2iE 153 A4 A=
BTt STEAM 20| o3t A& An|Eke vlwet 23} F 63 53
29| A A= AHF P AA drAH|Fol FABHA UERT
HEAZ Beole gt ool dd F4E Ao YehgoLt
+ 4] 287t STEAM oA g eiet TARle] o214 Bl
dEHoT 22 A FFKW)rE 283137 fels Helr.40

B
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Lt. Extension of an assessment of ship traffic exhaust emissions for

particulate matter and carbon monoxide(2012)

Jalkanen et al(2012)= HES|ol|A o w89 HET} =2 v}
A3 F(Danish Straits) 20099 &FAEY] CO, PM Hi&HS STEAM2E
APgstal, olE EMEP4NY QIMEz|el Hlwsleitt. s ¢Atol wEw,
STEAM2E &3t vi&d AP A3t AW o= EMEPET =4 UE
woh 59], dE(Malmo) 9 ZHsoHl F39] 21 d(Oresund)zt B2
EE4Bornholm)9] &A= 11 Apol7t A IA YErstTh

(J8 3-5) EMEP(Zh2t STEAM2(R)2] 4P Z1t H|w: PM

I - R B i e s“ibﬁf&'&ﬂéi‘éw@s#
wgfim?

XtZ: Jalkanen et al.(2012), p. 26564

46) Jalkanen et al.(2009), p. 9217.
47) European Monitoring and Evaluation Program
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o e FPFIEPIPEFHSS ﬂ*byﬁf&ﬂ"yfé&'\“@ﬁ
I

4?
wer T

Xt&: Jalkanen et a/.(2012), p. 26564

PMO]| 1HiE A HO] B Adl 27t 7P St 319 26}l ofE]

BE(&H), ZA(ETE), 2(EY), FAHAEY), RAEA(E),
ALHA(FY), Aol ARl /FAIRERE)A AFE ] et

2. Shipair
1) 7448
A9l 74} 2 ALA(SMHIA9E Auto] wio] oJ3t tj7| & 6&
THIAE A gt BE o= ALS HlolEe} 7|20 Aul AEFEE &
7H‘ﬂ ool

&5k A4 (Bottom-up) A HiEF A E P (Shipainye

48) Segersson(2013), pp. 1~2.; Segersson and Holmin-Fridell(2014), p. 8. &X&t0{ XXt Xtd

49) Swedish Meteorological and Hydrological Institute
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Shipaire #i& 9 olE -4 AlEHC1A 715t di71d A A=Q]
‘Airviro’509] W& AR 9 B4 wEZ HiESTF APY IPYoflA Q4=
Autke] o] E, & AIS HolE= &5-9 HolEH|o|A = AIS YIEH
3 FAVE Bl Aok, Adte] 7led AYRFEE g e AT
tlo]EHjo| A Z-83i

(2 3-7) Shipair 712

((« >>>) (i

Ship properties

_,

IMO-nr IMO-nr
position Emission factors
speed Installed power
thp type / \_Design speed //
Real time On demand
data collection from online
sources
~
Airviro |

Emission calculation
Scenario evaluation
Manage ship inventory
Dispersion modelling

. Etc. )

Xt&: Segersson(2013), p. 2

78X 0 CO, CO, CH4 NOx, N;O, SOx, F-gases, PM 59| H7]
LAEHY HiEF 4 9 BAF A 52 95k, o]& fls AHtY] &
AR A AE= AIS HlolHE AMESH| wieoll AIS $5-417](AIS-
transponder)7} A2Hg A8to] Shipair &9 AHY-E4 diito] FHc},

50) SMHIOIA ZH&t5H $4) ApertumOflA 25t
dl

AOEQ 0= Mef HiEE A0 2 E Lot 2
E(C0H 8, 715, 85, Al ZH S)g % pe

3
—
5ol A
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Shipair Z&9] 8 AA7ES g9kt A 4GAZ 5 5= it
O M2 Adlo] A5t AIS $541S Bofl E AR RE7 Y& o
olg|H|o]A ‘EDB(Emission Database) o] &7F=ch @ F71E AubygR

L oAz dlole} Ml W5 Hlolele] AA, e delee] ¥7k 9
25, 2919H 24 5)e AR AGEt @ WEF Ao a7 371

[o]E1E Airviro DB ¥ 9% DBoJA 4 AFect52 @ vi&s
g, oloiA] o5 &4t Ko ofgt AL 5 84 e AT

(DAY}
ro
o

x

(& 3-8) Shipair 2E2| H|0[E X2| 2] 1Y

Static Data e e Activity Data
(External DB, AIS) (AIS)

Usage of "
b Vel
N Engine N
E

Power of Emission ] A

= Consumption
Engine Factor
Factor

Engine Boiler Refrigerant
emissions emissions emissions
J

| |
v

Total
emissions

XtZ: Segersson and Holmin—Fridell(2014) ZZ6t04 XAt X-d

Engine

power
when MCR

SFOC

51) Segersson and Holmin-Fridell(2014), pp. 9~49. ZZ&35}0{ XX} ZHd
52) Airviro DBO U2 50| LR8H BREO| 0[2) 1 AEI0f 210{ M 5 Al o B
E251H, 2 DBRE IHS Fairplay S &2

iy

105



L. 27 Hl0|Efsd

87 Hloje= ZA SHAPE(AIS HolH 5)9F FAgE(F DB %

o 1

AI9E &7 & don, AR g 9 42 ot 2k

(B 3-5) Q7 H0[E{2] 714

HHY

LHQI= X7 DB % AIS DB

Al AMef X, £ QIEIHE, £ HiZ A
SHAO|SHRAEHS HE ol 2ot ot CHe

(MMSI = (load limit)

IMO #H& oz == QEl Th4 CO,
MeHy ZES HEEUEE N.O
=5X| FH Y HZAH| A NOx
EUX HA & ATINESH PM

et 2 - - HFC

- - - SOx
+
SAEE
AIS A|AE!
A2t AR &£

F SHYEHE AIS MSE £Foi, HHYE= AISeH /% DB,

M3l A7 A 52 BE
Xti Segersson and Holmin-Fridell(2014) &Zx510{ XXt &4

A1dto] ¥ (Identification) 7|24 202 AIS Ho]g o] X3 = o] Q)
Sl sd T AEHES(MMSI)
7t o= gttt AdEtel 59

==
RS T o

g Z&stv, 2o 4 IMO HSE
4 FRE SAH0R ALS HlolH Y ¥

ru -|>n rlr

Foof mEt EFotH, AR &2 9% DBE AR 7hset 3% s DB

oF #¥E EFHe AR

53) Segersson and Holmin-Fridell(2014), pp. 9~33. &X50] XAt X4
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e

|

A
QI

o WeAM 03

2t

sl AIS

q

()

)= 7|55}

A=, AF HlolH

o]
=

1=]
pun

O

=5

Q-
ol A R

=

=

FH

o} A A" QF&E AIS Al57) FEEE 7t o
Shipair E-E°]A

Airviro Al

7o) &

O
°
o
e

T

of-

)
—_
T
__OH

SEELE]

AolB &2 Airviro A|AHL o] Fr|Ho=

—L
L

wet

o

=8

o

oF

ojm
%o

w

X
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tof ol

%gs

=
=

o] Hi71
HRAIXI

g}
1
|

Shipairs Al
@ FAE 2

1 9t} CO, CH4 N,O, SOx, PME A7 AH|EF AHH.

54) Segersson and Holmin-Fridell(2014), pp. 9~33. &ZXo6t0] XXt X4



E, = Px SFOCx EF,

Es: L7 |1REEZ iEE(g/h)

P: AXIEZ(kW)

SFOC: =] E215 A= AH|H4(g/kWh)
EF,: &A%

Xt&: Segersson and Holmin-Fridell(2014), pp. 8~9, 35~38.

CO, NO= ofgfie} 2 wyo=z Ay

rol

o

E, = PxEF,

Es: 71222 HiE(g/h)
P: ATIEZH (kW)
EFs: BIEA S
XtZ: Segersson and Holmin—Fridell(2014), pp. 8~9, 35~38.

o] IFgollA A S AdHre] SFFHE o wekA 2 2851 H

ps [e]
Lo, B mPe Ao SYFEES thaat Zo] B thil 7R 8-

skal Ut

2 7IE
&el(cruise) Mefo| HICIol A 220111 QS
- 0l2Kmanoeuvring) HEo] S2/0|12 ey, - 0|2t FH0| %]
1¥(anchored) A210| S20|X| 11 U0, HICHI| K|
S4MHIZ(OPS) A210| S2I0|X| 11 OPS 0| |
=

25 Hei(at berth) | 41910] $X0IX| 411, -0Iot 7% 5 OPS 7240] 0t 20} #I%|

1 4810| 52 LH 10m DIEtCE 2X0|= 42, SX0(X| Y= A= 2t=et
XtZ: Segersson and Holmin—Fridell(2014), p. 13 ZZ5t0{ XX} 2t
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55) Jalkanen et a/.(2009), p. 9214.



Ex V3 (cruise)

ME ME
Piicr Xusage,, . (man)

P ME

P{l{g}z X usage%fel (anchored, atberth,)

0 (OPS)

(k’ =P ﬁyg}z/ Vz%fCR)
PVE: ZROIFI Z24(kW)
k: ASH 24
V: 84X £ (knots)
Vier: Z2IU¢IEES] Al 2 (knots)
PYE cr: ZRAUITIQ| Z|CHAHSERA(KW)
usage": STIHENH FAUTI AR H 4

Xt&: Segersson and Holmin-Fridell(2014), pp. 19~21.

WA AREAIS = 2l webA <didlo] AAR Thstke AEE
Hrgotr] S5t A, XY £ 89S HQEHoR Yol 11T ¢
Utk H-oIqk A9 MR AMEAIG 72 Whall et al(2002)Y] A+ 2t
£ 8019 20%%, 17 2 B5F Au Aoz dRtdo s XS A

SHAl gromg % 2-835HAc}.50

56) 0]2l: Diesel electric vessel2 EZXAFI0| S0 1

oz
=)
I

% B Het A0 FAT 1S

J
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PMCRXusage AL (cruise)

cruise

AE AE
PAICR X Usage yan (man)

Pﬁ,gR X usagefﬁel (anchored, at berth,)

0 (OPS)

PAE: QIR Z2H(KW)
P*uce: EEATI Z[CHHSE(KW)
usage’": 2THENE HEAUF AL %

oo

XtZ: Segersson and Holmin—Fridell(2014), p. 21.

£ 9 25 Y &5 A HERQAZQ] AR AREAS 3+ Dalsgren et
al.(2009)7} AAIgE vtof] w2 31(otee] & X)), A -0l Aol= Whall
et al(2002)9] A+ ATE Fxolo] 50%= &8skl ATt

o
T2 A 2 HEAZI 23K SEHES L)
HIM 15% 20%
ZAE|0|4M 15% 20%
EHF 15% 40%
UdtetEM 15% 20%
ey 7|Ef MH|AM 10% 20%
o2 e ; ;
x| 2t M 15% 40%
oM 20% 20%
dss=EM 15% 20%
RoRo Cargo 15% 20%
7IEt 10% 20%
SHUAURIA 0 o
9 (Offshore supply) 10% 20%
Of| Q1M 10% 10%
oM 10% 20%

A= Segersson and Holmin-Fridell(2014), pp. 14~15.

(B 3-7) HERAUT AT ABH (2, BF '—H)



‘A=AHARSFOC) = £ AR FolgolA & 289 dmaH|F
< 9ujsH, oo} Zo] AbYgitt. ojuf, CSROlA ARAHAS FH2
Buhaug @ er al(2009)9] A+ Z23E F8ot, ARHEsRE FFAR=
Jalkanen et al(2012)°14 AAISE BF4lo] meta] AAFSHES ).

SFOC= SFOC, X SFOC,
(SFOC, = 0.563 X EL*—0.857 < EL+1.33)
SFOC: H=AH|A=
SFOCy: CSR(Continuous Service Rating)Al Y= AH| A%
SFOC:: AITIR5HE Fatk Q1A
EL: AIEIEsHe

Xt=: Segersson and Holmin-Fridell(2014), pp. 22~23.

T & L &

71 PE AFTI2 SYUSIHAIl engines are equal).

ey Xl AE S0 AIZIS] EHE RF £Z0| Yok HEE0] AT
o

(The power is balanced equally among the engines in operation).
QIFIRSIE0| EF YARIE EOMH, CHE AIXI0| ASEICE

74 3 (If engine load supersedes a threshold value,
another engine is put into operation).

Xt&: Segersson and Holmin-Fridell(2014), p. 21

P

BL=—"—
Pirior X1y,

EL: oIR8

P: 1Y A7l S2H(KW)

Puucs: 19l IS 4174 S2(KW)
oyt A0 X5 501 AE 4

=T

Xt=Z: Segersson and Holmin—Fridell(2014), pp. 21~22.

112



&A= ] duaadd B 99 &899 2924 s 7id
o7 FEHY T FTH, AR, dX FF 5 "=t HEA
Z-gofof st dutdgoz B4 27 4 oo mE FEI|EE AlEsHE

: £ 232 CO,, CO, CHy,
NO,, N;O, SOy, F-gases, PM9] W& AHYs7| 5t viEAl+E 5
8 A% A7 & W] Ao =285t U

" 3-9) IjH§7=II

b
DE
_>|,
HU

CO, IPCC(2006)
CcoO Jalkanen et a/.(2012)
CHa IPCC(2006)/CORINAIR
NO Cooper and Gustafsson(2004), IMO ZH|0|X|
N.O IPCC(2006)/CORINAIR
SO, Buhaug et a/.(2009)
F-gases | * Schwartz and Rhiemeier(2007), IPCC(2006)
PM Jalkanen et a/.(2012)

Xt&: Segersson and Holmin-Fridell(2014), pp. 23~28.

(L) 2z

HAFo| o5t L AEA wiEF2 A &gl vlg) uu]gt 2%0]%]
g, ol fofRet Aog IEA vt & 2P Port of Los
Angeles(2010) ¥ EPA(1999)= 5&-5 tof, A=AH|F viEATE &
&oto] Adrel 9] 7hao mE LAdEd HiEsds AFIRT &%
o= HYHE ARESHA g 2R 715stn, B HiEd APgo
gt HolH(AuAnE, HEAP)= oF AHED 55 &8Il
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E, = fuel_cons® X EF, (cruise, OPS A €] )

Es: L7 |1REEZ iEE(g/h)
fuel_cons®: 22| AZAH|2Kg/h)
EFs: HiIEA

21 S0x2| % OPS =gt
Xt&: Segersson and Holmin-Fridell(2014), pp. 35~38.

(C) Sz

Ak ) BZEAAo]| AFLES 1401 Yol Als A ESFERA(HFCs)

9} JEHEEIEFA(HCFCs)7} 9loH, ol Wul7| Al Avr Wzhald kg
IGoA LR FEE o] R=E HHEQE} Shipairo|A& A ) WzhA]

doflA AgElE Wui7IAE 5% HFCs=2 7Pgetaltt. E3t, dZAldof
oRt HiEFS ARt TRt Aom 7Hsi, &Y AR wiEEol §
Foke HiEATe 7€ AR AF57NM ANl ghe E83.

==

09%

(B 3-10) M8 RYE SZAL HHEAS

aoe | WEBE e (JOU onzs  omEme N
TIE wo o ST raam @ (BT
sEM HFC-134a 0.0068 8.8.| R-404a 0.00046 1.5
CELS HFC-134a 0.011 14.3) R-404a 0.00046 1.5
wEM HFC-134a 0.14 182/ R-404a 0.0091 29.7
da n/a - - R407c 0.017 25.9
R-404a,
Of : : - R-507, 0.041 122
R-407¢c
WEEH | RdO7C ) ) )
sz R-410 0.000031/  0.050
S B16H 24| HEC-134e, HFC-134a,
aop3t R-404a 0.0023 5.2 R-404a 0.000057 0.13

57) Schwartz and Rhiemeier(2007); IPCC(2006)
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TR RN Es M PEAN
TTE L wo | o T aa s @ (JEEE
TELE

oot n/a 0.0011 - - - -
7|E]

IEt HFC-134a 0.0068 8.8| R-404a 0.00046 1.5

(FEMS)
At=: Schwartz and Rhiemeier(2007), p. 26.

2 HE Ak

7t. A dynamic model for shipping emissions. Adaptation of Airviro and
application in the Baltic Sea(2013)58)

Segersson(2013)2 A9dl &9j9] Aut viZz Qg 7|9 Y ogs
motst7] 9J8) Shipair 28-S vlgo 2 WES) U Auke] A7 uj&s)
AP ESIT. 2 AGA A= A 7V AEA(SMHDS] H71E
TAIAE “Airviro' Q] Hlo]EHo]A(EDB-module)olA AISeF AEte]
ARBEShp propertesd AABIel SeleiS #4912, Ko £
Hi&AS dlojg] 52 SEI(Ship Emission Information)59E AAA5}o]

S BRsI9

W o

Shipair 28& &-85t0] 2009¢ 33+ F 632 A
T T A, AA AsARES ARt - 23 ATE YERo]
=2 AYEE EHooh Egh 20119 % SAGHAEE des
Shipair 2 @& A-&slo] viETE 4% 212} ALS Hlols 7]9ke] AaFAl
HiST APJE Q1 STEAM2E A-85to] eait AUt vied 58412 Blust

58) Segersson(2013), pp. 17~23. AZ=6t0 KXt 24y
59) SMA(Swedish Maritime Administration)0ilA] 25tz FAHIAZ, AIS HIO[HOIM= 22 2 &
= AT EY, HiEAS 52 ZEE M3

60) Stena Line2| HZT|2|(Passenger ferries) E= stEH|2|(Freight ferries)Z 20094 St g0 &
&5ICKin traffic during the whole year).
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(2 3-10) Shipair 2 M8 A= AH|E FYX|} MK ZHX| B2

M Fuel, measured [ton] ¥ Fuel, calculated [ton]
20 000

18 000
16 000

14 000

12 000
10 000
8000
6000
4000

Fuel consumption [ton]

2000

1 2 3 4 5

=]

Xt&: Segersson(2013), p. 21

(3 3-11) Shipair 2 ¥ STEAM2 N& HiE% FHX| H|u

400

aso

250 |

200 -

150 -

100

30

0o
NOx [ktan] | 50x [kton]

m shipair 335 | 74,5
B STEAM 373 | 78,7

CO2 [Mton]
175
189

Xt&: Segersson(2013), p. 21
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(I8 4-1) 2SH(0|E] 7]Ht HEAPY 2ol 74 - X

o o

=L 7|ZtA T|O|E| AL
+
254 ZE - AIS, PORT-MIS, VTS, E-Navigation service &

cHOEE &=, &8, 28 S

=2 o™,

| Hji- 24

o > ESOIO[E 7|8t AT SOl
712 Bl0|E} QIIER| xpy T
!
!
HaiE 44 "
HZ-HE
INEEPS IV

HN1E ZSC0IE 78 HiEPY B MBS Flgt 718 C0IE
HIEC

ro

1. = 7124 HOolE2] Red HE
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20 Mefol HiEY AMNS St ZSHOH JEt AN 2y 04

2S5
8f 25 0H|0[H HEEA A HE &8 DB/AIAH
MEF IQHS AlS AlS
AR N V-Pass N O SEE AL
& MF/HF PORT-MIS
A2 VHF VTS
A2t LTE-M e-Navigation AfH|A

(1) sHI FHSL(MF/HF)

S FAEAL AdolAe Z8E glon FASAINA 85t
FOEQMHZ)Z, 9 km 9A 29 sjg7HA] SA4lo] 7ssitt. STHME)
+ 3 100~1,000m H9°ll = F1= 300~3,000kHz Ate]9] A=)
TS Rt Suhe dubkEn Ao Qg Ao, ojof we w7oflAf Afut
B4, A FPIF-E 5o EEE Qo HiHP)E 3~30MHz tHth
Foo] AP, F2 AeSH AVde] WA Hut Hhafo] ofgt A5ut
(skywave)d] A0 2 AAT FA4lo] 7hadt £S5 7HA7] dlzeol =4
g eE 59 == AREEHA QU

T2 FTHD-MF/HP)] 4% 100km o4 Boldl sl ss 84
B2 7Rs5sht dlojel B4lo] oleiy oj4le] YR 5L skoz o
L 29] o]l Tel] §o] WAVE USLOL, HT SPRARE 0] AR
3ol S44 100km o1 Holzl shejol = ofe] Az 93] eolat
AT ZHENS T 5 Uk THANES P SEF v ALk ool
2020991 5}, A3, Wil QUESE okl 9] 374 Aol %541 714
T3 LHE 5 DAY WY O FAG Qe 75 At
64) AIS(ATES AHAIX)2| S AU 51 At HES A0 SRS, SA0| +EHE DB Y

28 AA0| §7o2 28 F0|c}
65) YA HEXZ(2019. 5. 29.), (A 2021. 5. 13)
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H 4-2) UXIE SHIKD-MF/HF) 7IXI= £1%

CXIE ST

o 7 A A1i xl'_+_
LT H 2118
saot | aMA 1 A% 9717 200l 2122) 165-4
Maet AMA OIZIA| 24512 AT SLY2| 8349] 241X
asfer  aMa 1 M B2 2A OH2| A98-519] 28X

(2) =HI fHASL(VHF)

Ejo} 4}, Al Al 7 9408 WA SE AMgak glom, 20

Hreo] WololA wAlo] sty oleiet 2uuh SAEAl] S
F83to] B3], 29 ol4l Fo 2, NFARG WA A $4 HES 2w
A, 9% 59 ARs} OxY Az $AsE OAE AY 324
(VHF-DSO)E R8s XSS sk ek,

VHFQ] 7%, ZAH A8t S4171& gt &, s VHF dY ©lolg
w3 A|IAE(VDES: VHF Data Exchange System) 67)7]&9] Ao u}t
ohA S71H0E &g Higko] gid Zo R Helrh

(3) MEHHA(V-pass)
A A(V-pass)= 01419 4-&3 AIE AFo=2 AT & U&=

A HAFR R, 897MHz Q] FupE ARERITE o]49] AT

A, &9, A=, 714 59 HHE RS Foll Ao,

g A ofAe] X9k S 71F TEAS(S0S)E WG

66) Very High Frequency System
67) VHF S 2510 ot Q- KOt Sl 3ol 22 HEE 1102 S0 5Fa Qli= Skl CIX[HSA AIAL
68) "MEIHA(V-Pass) x| S2| HX|7|& ¥ 2F S0 &st JA,
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e-Navigation AH9J'®] $ 0%, Auhf20] SANA A FUHOR
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H 4-3) 09 YX|LLIYX|Q ME HEH20171H)

T V-Pass VHF-DSC AIS
AR 57,621 20,031 6,952

A= sHYEEH HEXt=(2019. 9. 23.), (BML: 2021. 5. 13)

(@) =14 oy FHSMU(LTE-M)
= Qo2 HE o 100km NFE Follok= Ak
WEAKR AH|A(e-Navigation)s Al5oH7] ¢

AA HZ2 A4A 0% $A7149] LTE SA7142 gl =9t

20149 A93S ZA}F o]F =7} ZHLJ- | tulsly] 95t Bxog 2 &
o} IS =57 AlRbelgion, 3
SENER] FE SYT(LTE-R), g4t
(LTE-M)2 700MHzS] 5% Fut55 o83l 94, Ax, sjiel H‘&OJ
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(3 4-2) LTE-MY AH|A Bz
- LTE-MBH(ZcH 100km 344%)
. MBS NBY(Eh 30km)

Et Y i3
(RAN-Sharing)

@ SUME, SA1ME
& SL24g

O HME

) LTE-M 7|XI2

— S HE YR}

Kia: o +=At5(2019), &2
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98} 725 ERHR AAoI 0

(d% 4-3) PORT-MIS 5 -2Y 55
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.

PORT-MIS

| =sHat \ J  deRIdETEoIH
=5FF7tMB~ HLIEEMEA

A2 HRENSIHEAA, TPORT-MIS, (AA: 2021, 10. 13)

Lb AJAR 22 A7)

PORT-MIS= ", ABOX(FUEFERREAA L] +5-29) 4
Y ABE ABBR(FUEFELAFEAAY +52%F 4 oj8)2 A=
AAEE 5 9 9gska Qlom, 1996E FHzxE AH|AE JHAlskL
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o]

Xelohes: shn ik 9 A5
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En goter: At Al 222{(Boiler)2| 2HSE HiZEZ(tonnes)

INESPAW RSS!
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p Me,i,j,m Z E J\Ie X LFA[E X EF’\Ie i, ,m, p)]
p Me

Ep,Me,i,j,m: T|_|I|_|9| QA= H% (tonneS)

T: 2&A|ZHhn)

P: ARl E2(kW)

LF: AT £25H2(%)

EF: BIZEA2(g/kWh)

Me: FAUZI(Main engine)

i QASZE(NOx, NMVOC, PM S 8I{ L7 |2EEE)

j. AT SROARY, K&, B4, 14 QAT ARHEF)

m: HE ZF(Bunker Fuel Oil, Marine Diesel Oil, Marine Gas Qil)
p: 2SS, FHoh

Ep,Ae,i,jﬂn = Z[TpAZ(PA() X LFAE X EFAe,i,ij,p)]

EpAel]m EIOJIJO' 904‘:'XI HH% F(tonnes)

T: S%}\Pf(hr)

P: AIXI E24(kW)

LF: AX 25H2(%)

EF: BiIEA4(g/kWh)

Ae: BERAUTI(Auxiliary engine)

i QAZEI(NOKx, NI\/IVOC, PM S 8Lf th7 | 2= Z])

j: AT BE2(ES, 114 CIR-AT)

m: ¢z xTEr(Bunker Fuel Qil, Marine Diesel Qil, Marine Gas Qil)
p _3_3 o:IEH(_'_ol- I‘iOr X‘Il:ll-)

,Boiler,i,m - Z[Tp Z (PBoileT X LFAe X EFBoiler,i,m,p)]

P Boiler

EpB oiler,i EO|E1O| 904% 2 HH% F(tonnes)
T: 2A |7f(hr)
P: 2RI S (kW)
LF: AT 25H2(%)
EF: HIZEA2(g/kWh)
Boiler: 25y
i QASE(NOx, NMVOC, PM & 8C{ LH7|2EEE)
m: 92 ZF(Bunker Fuel Oil, Marine Diesel Oil, Marine Gas Qil)
p: 2EHE(TL, HE

IN=RPSINESES]



I Asfol SR AES oI5t $S

ClOIE 71gt &Y 2% 04

WHE AR A A u nlel 222 59 AT 4 ot e

4 cgol A BE 4] TeEY HuE 4 HEeHE RS

setng, el & M e B9 S 4 gtk 94 THS
El

Markit 5 A& "lo|gHo] Ao A 7E AHte] S<il%l
29 JRE 1T & o} o sfhs FETEH(EEA)NA A
Y A Auhe] 2E4(GT) JHE E85ta] 319

tii
(e,
>
‘ 1o
(2,
)

@
rr

Container
General Cargo
Ro Ro Cargo
Passenger
Fishing
Other
Tugs

2.9165xGT0.8719
5.56482 xGT0.7425
164.578x GT0.4350
9.55078xGT0.7570
9.75891 xGT0.7527
59.049x(GT0.5485
54.2171xGT0.6420

1.3284 x(GT0.9303
10.5639xGT0.6760
35.93x(GT0.5885
1.39129x(GT0.9222
10.259xGT0.6919
44.324 x(GT70.5300
27.303xGT0.7014

AF ks 4ot BRAZL Adte] SFEE AAE A1 A
229 oy Bz A2 g H8Y 4 9ot
(B 4-29) ZES(GT)S E23t T 24
. . Mediterranean
Ship categories | 2010 world fleet | 1997 world fleet Sea fleet(2006)
Liquid bulk ships 14.755xGT0.6082 29.821xGT0.5552 14.602xGT0.6278
Dry bulk carriers | 35.912xGT0.5276 | 89.571xGT0.4446 47.115%xGT0.504

1.0839%xGT0.9617
1.2763xGT0.9154
45.7x(GT0.5237
42.966 x GT0.6035
24.222xGT0.5916
18.18x(GT0.4028

Xt=: EEA(2020), p. 29
(B 4-30) M4t 2 FoIF| AFIS] ] HEANKIO| AFE H|S

Mediterranean Sea fleet

Ship categories 2010 world fleet

(2006)

Liquid bulk ships 0.30 0.35
Dry bulk carriers 0.30 0.39
Container 0.25 0.27
General Cargo 0.23 0.35
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Ro Ro Cargo 0.24 0.39
Passenger 0.16 0.27
Fishing 0.39 0.47
Other 0.35 0.18
Tugs 0.10
At=: EEA(2020), p. 29
HAHO| 2 EPAOA AA[sh= AH Hdeo] B+ 292 tid A
sof Mg} ERE2 2§tk
B 4-31) Mt 524 22 BF 5243
. Transit | Maneuverin = Hotelling | Anchorage
Ship Type Subtype (kW) g (kW) (kW) 9 (kW) 9
Small 0 50 50 50
Handysize 0 50 50 50
Handymax 0 100 100 100
Bulk Carrier Panamax 0 200 200 200
Capesize 0 200 200 200
CLZF;SZ'SZS 0 200 200 200
Smallest 0 125 125 125
Chemical Small 0 250 250 250
Tanker Handysize 0 250 250 250
Handymax 0 250 250 250
1,000 TEU 0 120 120 120
2,000 TEU 0 290 290 290
3,000 TEU 0 350 350 350
) ) 5,000 TEU 0 450 450 450
Container Ship
8,000 TEU 0 450 450 450
12,000 TEU 0 520 520 520
14,500 TEU 0 630 630 630
Largest 0 700 700 700
2,000 Ton 0 250 250 250
Cruise 10,000 Ton 0 250 250 250
60,000 Ton 0 1.000 1,000 1,000
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WY Moto] uEF AHS 9B FEHOE Tl MY B 04
. Transit | Maneuverin | Hotelling ' Anchorage
Ship Type Subtype (kW) g (kW) (kW) 9 (kW) 9
100,000 Ton 0 500 500 500
Largest 0 500 500 500
Ferry/passenger 2,000 Ton 0 0 0 0
(€3) Largest 0 0 0 0
Ferry/Roll-on/P 2,000 Ton 0 0 0 0
assenger (C3) Largest 0 0 0 0
Fishing (C3) All C3 Fishing 0 0 0 0
5,000 DWT 0 0 0 0
General Cargo 10,000 DWT 0 75 75 75
Largest 0 100 100 100
50,000 DWT 100 200 1,000 200
Liquified Gas 100,000 DWT 150 300 1,500 300
Tanker 200,000 DWT 300 600 3,000 600
Largest 300 600 3,000 600
Miscelaoous | all 3 Mise. 0 0 0 0
Offshore All Offshore
Support/ Support/ 0 0 0 0
Drillship Drillship
Smallest 0 100 500 100
Small 0 150 750 150
Handysize 0 250 1,250 250
) Handymax 150 300 1,500 300
Oil Tanker
Panamax 150 300 1,500 300
Aframax 200 400 2,000 400
Suezmax 250 500 2,500 500
VLCC 300 600 3,000 600
Other Service | All Other Service 0 0 0 0
Other Tanker | All Other Tanker 100 200 1,000 200
Reefer All Reefer 0 270 270 270
5,000 Ton 0 200 200 200
RORO
Largest 0 300 300 300
Vehicle Carrier | 4,000 Vehicles 0 268 268 268
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Transit | Maneuverin  Hotelling | Anchorage

Ship Type Subtype (kW) g (kW) (kW) (kW)
Largest 0 268 268 268
Yacht C2/C3 Yacht 0 0 0 0

Xkz: EPA(2020), pp. 168~169.
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| Qlof, & Lol A= THS Markit®] jo]EjHo]AofA] o
oI5ttt Alute] AA| &8 AIS HloJgH|o] Ao WAIE thA]

S~
=
K} I
o,
=2
:%L"
ofl
_o|lr‘
rir
pa!
il
%
J
©
—"T‘L
uj
gl
o)
ox
HT
i
N

I e ol

A

LF. .= (AS.  /MS)?

$,DsC s,p,cC
LF: AXIESHE, Load Factor(%)

AS: MBro] MX|£2 | Actual Speed(knots)

MS: Metb K24 222!, Maximum Speed(knots)
c: e L BISR(FAUTI, EXAT)

p: 2SEN(=EL, ot HH)

s 7K 2%

Xt&: EPA(2009), pp. 2-11 ~ 2-12.

HiEArs 2FBHEET, A9, A9, A= SFEBFO, MDO/ MGO),

T ¢} il O
A SEAGAR, BEAR) 2 AR FHRCIAE, A B
T4 AR, AEE 5), 0QTAEE AP Aol B 2700



I Here) BB MY I3t

ka\

SSC0[E Jjut AY 23 04

wtebA] EEAY] Tier3 HiEASE 2830t dR9] T5F ¥ dxIe
(Cr2EH], gAdA 5) HHE [HS Markit go|ej#|o] 204 gHolo
SO, Bt ZAgE AR XS] FRE ERlst] 1 FRE FEofoF
gt E9] gAY A& g FE2 X 2 HIAe
(RPM)E 71222 7Fsoltt. o= 7|2& oz Adto] mtejgdE 5ol &
QIS 4= Lo, Hi&E=F A8 diidol sidols e Adte] wejge] JEE
A HEolk= Aol @A dgolxe FAFoR oyt & dAtollAe
[HS Markit®] glo]elo]2oA Aubd Qlzle] B 3] Hd-=RPM)E
glotal, o|F Higo R ool 7]l wEhA e

(& 4-32) CIZATIO| RPMO]| E 27

T2 =9 Z|tH3|Z~(RPM)
Slow speed, K& 130 RPM OJ2t
Medium speed, & 130 RPM OAF ~ 2,000 RPM 0|2t
High speed, 1< 2,000 RPM O|Af

A=: IMO(2021), p. 23

(& 4-33) SEEH(EEA) Tier3 BiEH >
NOxEF | NOxEF | NOxEF | NMVOC TSP PM10

Engine| Phase E{‘gige Fueltype| 2000 | 2005 | 2010 EF |PM25EF | fuilF/iWh)
P (g/kWh) | (@/kWh)  (g/kWh) | (g/kWh)  (g/kwh) O
BFO 6.1 5.9 5.7 0.1 0.1 305.0
Gas MDO/
turbine . . N . 290.
VGO 5.7 55 5.3 0 0.0 90.0
High- = BFO 12.7 12.3 11.8 0.2 0.8 213.0
speed | MDO/
diesel | MGO 12.0 11.6 11.2 0.2 03 203.0
Medium-  BFO 14.0 135 13.0 0.5 0.8 213.0
Main | Cruise | speed | MDO/
diesel | a0 13.2 12.8 12.3 0.5 0.3 203.0
Slow- | BFO 18.1 17.5 16.9 0.6 1.7 195.0
speed | MDO/
diesel | GO 17.0 16.4 15.8 0.6 0.3 185.0
BFO 2.1 2.0 2.0 0.1 0.8 305.0
Steam
; MDO/
turbine . . 1. N . 290.
VGO 2.0 1.9 9 0 03 90.0
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NOx EF | NOxEF = NOx EF | NMVOC TSP PM10

Engine| Phase Et“gige Fueltype 2000 = 2005 | 2010 EF  PM25EF fuif/iWh)

i (9/kWh) | (a/KWh) ~ (g/kWh)  (g/kWh) | (g/kWh) 9

BFO 3.1 3.0 2.9 05 15 336.0
Gas MDO/
turbine

VGO 2.9 2.8 2.7 05 05 319.0
High- | BFO 10.2 9.9 95 06 2.4 234.0
Z‘fg’;‘f 'K'ADG%/ 9.6 9.3 8.9 0.6 0.9 223.0

Manoeuvr Medium-  BFO 11.2 10.8 10.4 15 2.4 234.0

-ing speed | MDO/

Heteling | diesel | GO 10.6 10.2 9.9 15 0.9 223.0
Slow- | BFO 14.5 14.0 13.5 1.8 2.4 215.0
speed | MDO/
desel | GO 13.6 13.1 12.7 18 0.9 204.0
S BFO 1.7 1.6 1.6 03 2.4 336.0
team

. MDO/
turbine
VGO 1.6 1.6 1.5 03 0.9 319.0
High- | BFO 11.6 11.2 10.8 0.4 08 227.0

Cruise speed MDO/

o Manoor diesel | GO 10.9 10.5 10.2 0.4 03 217.0
Y -ing Medium- BFO 14.7 14.2 13.7 0.4 08 227.0

Hetelling | ¢
peed | MDO/
diesel | GO 13.9 13.5 13.0 0.4 03 217.0

Z: BFO-Bunker Fuel Oil, MDO-Marine Diesel Oil, MGO-Marine Gas Qil
Xt&: EEA(2020), p. 25

EEAE 20059 #@¢€e]e o+ 25 RH9ste] NOx9 HigAls
2 Ae] AL Aol wEkA tEA AASHAL e, A2 HEoA
20109< 7Iee® At Aer) 220 7k s =5 AED NOx
HiEA7E E2 ghoz AAE e AZ FRIT 5 Utt9D ool m=
W Az A Aol wet WiEASE E}f—ﬂﬂ Z-g-3foF sit, dA= <l
o] A Ak FHE BRIT 4 gle AF A Az d=(Hsd =
Alsted A8 4 3o

91) EEA(2020), p. 25.
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(60)
88.12

SOx
28.05
66.69 | 238.17
266.2
Fote= Hjoi| 012

7.85
745

1=3

8.69
73.83

PM10  PM2.5
825

TSP
8.69
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20 Mefol HiEY AMNS St ZSHOH JEt AN 2y 04

(28 4-19) 7= SRS YAl Mg A1}

1200
1000
800
600

400

200 J
0 we H M = A

NOx VOC TSP PM10 PM2.5 SOx co NH3

mRE 1112 3.79 8.69 8.69 7.85 28.05 10.38 0.01
mZet 94434 32.15 73.83 73.83 66.69 238.17 88.12 0.083
2 1,055.50 359 82.5 82.5 745 266.2 98.5 0.093

2 KMRF &Y

AR S APFAL Ado] HEF RS AP 729 F 5
LRl Alute] ARk AR} BriEA ob] Wol, Ao A&dt 4ot
et W EAAE AEre] S 9= Aze 2gal
Hr}. Aue] 91&% 45 PORT-MIS HloElHlol A5 B-a3t0] 474 that
717ke] Ak A2} 2 Agolglon], EAAE A B 2,
g, Aol W Al 6kmE EAAR A4S

E5 712 AY 9 23 Pol T BE Aulo] pEolq AAlsh
& Tierl 29 2442 98408 283k 9]

AGH, o] Qg Rat, Aute] Y5 Fs| v R 9lor, of

© AP 239 AFEE JiAdske dol £9% A= AH8skal o
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(2) PORT-MIS ESH|0|E 7|Ht AlSHAl B8 M Zin}

PORT-MISS] HlolelS 283le] 4ute] BEulo|8E ARao £9
SHe A4 BEL Y P Q2P Aol BT B ARE
285H o, Ade] WAL ANHRE Besle] LFAZ Y

BAMSY 52 FY0HL HieTe APERT.

7 A%, RAge) AA B W Pz Zolam) F oF 2.9%= £
YA 77.1%5 Weos BRHY,

H 4-35) PORT-MIS ZSH|0[Ef 7|8t &8, Ot 72| 712

e nm

. et =3 HotH|g 2% H|S

T | e Tnm Ol | 1nm X1} (1nf; =1 ; (%)lE (%)IE
Biet2 3.4 1 1.2 1.2 64.7 35.3
gelg=z 2.4 1 0.7 0.7 70.8 29.2
AR e 1.2 1 0.1 0.1 91.7 8.3
ez 1.6 1 0.3 0.3 81.3 18.8
Bt 2.2 1 0.6 0.6 77.1 22.9

INE=HPSINESS]
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20 Mefol HiEY AMNS St ZSHOH JEt AN 2y 04

A A AEke] F SFAITE 9F 90,312417E02 242 423 1,6834]

2 3
2, At 2,265417), A} 86,364417k0.%, Hulo] Gk W A5 A7
Vg e RS AASHe 202 FHrhoY AF Bahee I A
gt wlo} o] mzme) o] webA] Alue] Hrjseint 44 SEgto.
2 %43 % 9louk, PORT-MIS Hlo|eulo] 2ot Aute] 44 &g
g 4 glo] I= | FU HuSES A4 £20 sty Ay
e skt
(H 4-36) PORT-MIS ZSH|0[E 7|8t &&Al Ry XME At
™ ton

= NOx = VOC | TSP | PMiyg PMzs SOx (60) NHz

HiEE(=3) 156562 4776 7714 7714 7714 48325 17830 0.003
HiEEH(ZR | 17849% 18563 | 29.979 29979 29.973 68979 25003 0.012
HiESEH(EE) | 394.919 12390 24292 24292 24.048 180648 44.747| 0.170

HiES &4 7289761 36729 61985 61.985 61736 297.953  87.631| 0.18

93) = A70f| 1" M0 Yt Rt BX|, HR|0f e AlZES gtol] FHef o2 ERoIeH, £
A E H7IE0 Dt 2RIE @A T2t B X1 12 FA

[MYe)
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(O3 4-20) PORT-MIS ZSHI0|F 7|8t 48 RS Mg Zut

800
700
600
500
400
300
200
100
0 . . - - ' -
NOx VOC TSP PM10 PM2.5 SOx CO NH3
(ton) (ton) (ton) (ton) (ton) (ton) (ton) (ton)
=23 155.562 4.776 7.714 7.714 7.714 48.325 17.88 0.003
= ot 178.495 18.563 29.979 29.979 29.973 68.979 25.003 0.012
8t 394919 12.39 24.292 24.292 24.048 180.648 44.747 0.17
Al 728976 35.729 61.985 61.985 61.736 297.953 87.631 0.185

PNT=MPSINESEH|

& SFFH|, A3 Fokg 59 HEE #4275k, Bottom-up 4
o= g Ad A9 siE®E AFdske EEAQ] Tier3 &2 oUAIH

94) O L{X[2E 7|8 AFEEALR EEAQ| Tier3 =Z0IAM, T AlS 2 HeIF12HE AR AIS HIO|HES 22 -

o
YUY 2 e 2 MEto| ZSH0IHE 28510 HeAIZYE FHoiM HETS Fots Y
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0.006
0.186

NHz
0.020
0212

CcO
10.781

t

58 21
SOx
30.166

4

[s:
o

g

A3
PM; 5
12.751

b

—

H
12.7%6

PM1o

SOI0[Ef 7]
TSP
12.756

]

2
=

16.782 | 27.307 | 27.307 | 27.307  170.323 | 63.019

7.883
13506 26493 26493 26.233 195.780| 48.940

108627 | 38170 66555 66.555 66.292 | 396.269 | 122.740

(B 4-37) AIS
VOC

NOx

%)  519.043
HhEH(EE)) | 433673

HHEEH(
INF=MPSINESE]



A

(2 4-21) AIS HIZ2F AX D8 XM Zi7}

1200
1000
800
600
400
200
0 - - - - I- [ |
NOx VOC ISP PM10 PM2.5 SOx (€6) NH3
(ton) (ton) (ton) (ton) (ton) (ton) (ton) (ton)
=53 519.048 16.782 27.307 27.307 27.307 170.323 63.019 0.02
= et 75.906 7.883 12.756 12.756 12.751 30.166 10.781 0.006
A8t 433.673 13.506 26.493 26.493 26.233 195.78 48.94 0.186

2 1,028.63 38.17 66.555 66.555 66.292 396.269 122.74 0.212

FAuky 2 Auke] 55 55 gt ‘Auf 8% F T o4 AukS 8o
wehA] F 54F0F FESIAL Ity B Ao A ARESE PORT-MIS, AIS

TP 54F02 HFso] Qe At & FTof fE wj&TF 4Ago] 7t
SOt AR wiEAd B ol thE ERAAE -85t o]
Z7F2Q1 ujA] 2HQo] Wasitt TS SgH0] Adl EFAA A= oA,
A, =4, 334 59 et 7he|arert E2AekA] ¢7] dizol, ARy o

\
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HIZZ 0|52
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tjulste] Z+zF 29.4%(NOx), 17.4%(VOC), 63. 2%(TSP) o APgst 2
YWE =E5H H= ZAoloth ol Hf Ay e 7AEY Be S
7IERl AR AS o AX= AL offio] oA gld 4 Qlrh

—_

(B 4-42) A7 R A Az SR T2 HiEAH S Hl2

—= NOx VOC TSP
=l of|X| =2 QSISEl g =2
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(B 4-44) HHE AH 2EE S AN ZIHEE
=2 ton

T2 NOx | VOC TSP PMiy | PM2s = SOx = CO NHs

PORT-MIS
SHEO0|Y 7|8 | 165662 | 4776 7714 7714 7714 48325 17.830| 0.003

M3 23

AIS SO0l
7|t ASHAl D8 519.048 | 16.782  27.307 | 27.307 | 27.307 | 170.323 63.019| 0.020

INF=MPSINESE]

il

37N B Agsto] [l FH &5 Al viEggs 47 AP 24,
29l 871 7] FEZ 2] PORT-MIS dlo|g 7|8k ®go] o3t uj

g 19t m3gof] Hle] 5 230~240% = Zheh
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(B 4-45) HIEE LY 2YE
=2 ton

-_rL—E— NOX VOC TSP PM10 PM2_5 SOX CO NH3

YA 111.203| 3786 8694 8694 783 28046 10377 0.010

PORT-MIS
SSHolH
7|6t A
23

AIS B=
GOJE| 7|8t | 75006 7.8%3 12756 12756 12751 30166 10781 0.006
314 23

17849% | 185631 29979 29979 20973 68979 25003 0.012
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= ton
-_r,'-E- NOX VOC TSP PM10 PM2_5 SOX CO NH3
7|1ESHER
24| HMA3A2 | 32153 73833 73833 66.687| 238170 88123 0.083
(HZV)
PORT-MIS

SSHOE 7B 394.919 | 12390 24292 | 24292 | 24.048 180.648 44.747 | 0.170
M3 2

AlS &0

B 7|9t &fek 433673 13506 26493 26493 26233| 195780 48940 0.186
A 2

X2 M A
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