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I. INTRODUCTION

1.1 Background

Korea : "SPECIAL ACTION THE
\/ 1

Increased demand for enhanced management o
- — OF AIR QUALITY JI PORT

o T : IMIPROVEIVIEN
Of: Ship air: pmﬂuu nts in port AREAS, after 2020.01.01
* Particulate matter is classified as highly hazardous substance by * Special Action The Improvement of Air Quality in Port
International Agency for Research on Cancer due to the mutagenic Areas entered into force on 1 January 2020 as a part of an ongoing
and carcinogenic agent national program to reduce air pollution from shipping and port
* Portion of air pollution from vessel in the Port-city occupies the activities. The act introduces a series of measures, some of which
largest will have direct impact on ships’ operational practices, and we
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* International Maritime Organization (IMO) has addressed
beneficial implementation such as sulfur limit of vessel fuel oil,

GHGs reduction and determination of emission control area (ECA) bl B =
- -

—_—rT Ty AAERNIa

Five beneficial changes from

i imi ips’ i *——-—L-—-—-q”-l
IMO’s Sulphur Limit for ships’ fuel oil Su I h u r ] : —— B e
7 e __ELULLE

1= e us
~ %
— IMI©® 2020 o
Taking bold action to clean up shipping emissic o e
by rocucing the auiphur cotent I ahipe”fuel o
Cleaner air Posnhve impacts —_—
77 % drop in overall sulphur onhuman health % vowr - & e
| oxide (SOx) emissions from Premature deaths, 3 oo 3 ue
\ ships - annual reduction of ¥ cardiovascular, resplmtcl’y / 3 e
approximately 8.5 million /\ and pulmonary diseases Y S
\\ metric tonnes of SOx will all be reduced 2 =
— N _—— f —
ﬂ/ 8% L a7
A0 = ».
S | Qs
Ship operators, / I.a‘
Higher quality fuels owners + refineries Changes for W wud
The majority of ships will | have " '.6
switch to higher quality, low | Flag and port State
control will be making /. G -
sure ships are compliant. /* o

‘Guidance issued by IMO and
sulphur fuel ol to meet  \ oter stakeholders to enhance
shelimit, preparedness ahead of the
entry into force of
Sulphur 2020

Incheon National University / www.inu.ac.kr


http://www.mof.go.kr/eng/article/view.do?articleKey=25360&boardKey=41&menuKey=485&currentPageNo=1

I. INTRODUCTION

1.1 Background

National guideline - Fuel based (Tier 2) Estimation
— Overseas-bunkered foreign vessels / other-port-

bunkered domestic vessels (sailing
overseas/other ports) are excluded to estimate
ship emissions

Inner harbor limit

Outer harbor limit

Domestic
vessel

Counted!!

Foreign
vessel

Unknown 1!
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2.1 Characteristics of study area

(Unit: kg/year)
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2020 PM, s Emission Inventory from
Clean Air Policy Support System (CAPSS), Republic of Korea
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II. METHODOLOGY
2.2 Ship Emission Estimation Methodology

Apply “Tier 1”
default EFs based on
fuel consumption

Fuel & Activity-

based estimation
...... p— G

Fro

YES Collectdata on engine
profile within the fleet

TNO l

Are dataon
engine profile within
the fleet available?

2017 27} U7 ISATH WEY 2016 37t U7 |QBEH =Y
NATIONAL AIR POLLUTANTS EMISSION ATIONAL AR POLLUTANTS EMESON

Is this a key source?

YES Use “Tier 2”
EFs based on fuel consumption
and engine types in fleet

Use “Tier 3”

YES EFs for vessel movements
stratified by engine technology
either as mass/kWh or mass/hr

Are data on vessel
Movements stratified by engine
type available?

AIS activity-
____________________________________ based estimation

(Ref: EMEP/EEA air pollutant emission inventory guidebook 2019)
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IoI. METHODOLOGY

2.3 Port-city Air Quality management system; PAQman®

Port-city Air Quality management (PAQman®) system

Port Air Quality management system
PAQman®

Customizing  Read various
Report Emissions
Emissions in Analyze
nationwide Emissions

PAQman®Analyzer

PAQman®Watcher

oy

PAQman® Collector

M Incheon
W Taean

_Gunsan 4"‘

Inventory Visualization

Google Google
Map API Chart API
PAQman®Web Ul
Calculate Search AIS

Emissions data

Track the
target Vessel

Process large
AIS data

PAQman®Processor

Ship PM, « emission based on
in the Korean
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= Setup communication
= Receive real time AlS data
= Manage regional AlS station

= Import AlS file, make DB

= Calculate real time total emissions

= Search AlS data

= Process large AlS data
= Simulate AlS data file
= Track the target vessel

PAQman® Processor

= Support GIS

= Analyze emissions
= Customizing report format
= Emissions in nationwide

= Read various emissions

ent (1 b mest) = Print analyzed contents




IoI. METHODOLOGY

\Vessel real-time movement data
Automatic Identification System (AIS)

2020.06 ~ 2020.07

Container ship’s AIS data in Busan
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2.4 AIS activity-based ship emission estimation methodology
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Container ship ‘XXXXX’ AIS & Specification variables

Variable Sample data_n Sample data_n+1
MMSI 212348000 212348000
(un?t?ﬁ " 13.4 13.1
Latitude 34.25618 34.317167
Longitude 128.869983 128.913233
Time 2020-06-10 5:57 2020-06-106:16
Vessel Specification Variable Example
Ship Name 212348000
Ship Type Container ship
G Toros
M aln(lljz:igzlr:(eWF)’owe r 68.520
Auxmazn:in%r\lg Power 12,540
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2.4 AIS activity-based ship emission estimation methodology

= Ship Emission Estimation Methodologies using real-time vessel movement data by AIS

Ship Static Data Ship Dynamic Data Literature Review
’ . . AlS Dynamic Data
Lloyd’s Resister & Fairplay Ship location/Real time IMO / EMEP / EEA / U.S. EPA

1
i * Equipment

Maximum Speed
(knot)

Actual Speed - Main Engine
- Auxiliary Engine
(knot) - Auxiliary Boiler

b e e e

¥

Rated Power

Loading Factor

(kw) (%)

1
1
4

* Vessel Type
* Fuel Type

Actual Power

AlS Time Interval

(kw)

* Equipment

T
I
1
]

- Main Engine
- Aux. Engine & Boiler

;
SFOC
(Fuel-g / kW*hr)

1

1

i * Pollutants

i - €O, NOx, $O,, PM
1

----- * Equipment

- Main Engine

- Aux. Engine & Boiler
* Fuel Type

Emission Factor

Estimated Emissions

(Pollutant-kg / Fuel-ton)

(Ref: Air/Climate Group, Incheon National University)

Vessel’s engine machinery
= Main Engine
= Auxiliary Engine
= Auxiliary Boiler
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II. RESULT AND DISCUSSION

3.1 Validation study of AlS-based estimation methodology

; . . Hotelling mode Arrival mode
= Monitored vs. Estimated the Fuel consumption 0 "
20 £ ¥ y=ro6x-002 S Bl y-lix+042
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II. RESULT AND DISCUSSION

3.2 PM, : emissions of Container ships in Busan port area balu el am]

INCHEON NATIONAL UNTVERSITY
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Cruising
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(a) General operation modes in
Busan port area
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(b) Ship PM, 5 emission based on the vessel movement (1 km mesh)
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II. RESULT AND DISCUSSION

3.4 Reduction potential of ship emission regulation

Scenario for reduction policies of ship emissions

= Scenario 0 VSR area = ECAS
- Before 2020/ No Regulation

= Scenario 1
- 2020.01.01 ~ 2020.08.30
- IMO 2020 — sulfur content of marine fuel oil
(3.5% — 0.5% m/m)
- Vessel Speed Reduction (VSR) program
— container ship max speed limit 12 knots

= Scenario 2
- 2020.09.01 ~
- Emission Control Areas (ECASs) in Busan

-> sulfur content (0.5% — 0.1% m/m)
- Vessel Speed Reduction (VSR) program

= Scenario 3
- 2030.01.01~
- Emission Control Areas (ECAS) in Busan
- Vessel Speed Reduction (VSR) program
- Alternative Maritime Power supply (AMP)

Ship air emission estimation area
In this study
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II. RESULT AND DISCUSSION

3.4 Reduction potential of ship emission regulation

= Reduction potential of ship emission regulation by scenario

100

95 %

90 87 % 87 % Ship emissions (ton)
80 Scenario
0 | NOx SO, PM,, PM,; CO,
e LA Scenario 0 343 303  2.68 242 1347
50 |
40 38 % Scenariol  21.8 3.7 069 063 1214
30
20 | Scenario2 218 163 046 043 1,214
10 } )
. Scenario 3 14.9 1.44 0.35 0.32 831

NOy PMy, PM, - co2

B Scenariol ™ Scenario?2 Scenario 3
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II. RESULT AND DISCUSSION

3.4 Reduction potential of ship emission regulation

- ngh -resolution map of shlp emission by scenario in Busan
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IV. CONCLUSION

dals i

I [EON NATIONAL UNTVERSITY

« Toestimate qualitative ship air emissions inventory applying AlS activity-based approach in
Busan port area

» Tovalidate ship emissioninventory methodology with monitored data for reliable city-level
ship emission inventory

Objectives

» Asaresult of AlS-based estimation, the result was about 1.1 times higher than monitored
data

= Asaresult of ship emission estimation by CAPSS, the result was about 2.5~ 2.9 times higher
than monitored data

» Asaresult of reduction potential, the most of air pollutant was reduced through the policies for
reducing ship emissionin Busan port.

Results

= General outcome of this study provides better ship air emission inventory
methodology for beneficial management of port-city air quality

= Also, we can analyze precisely political effects for reducing ship emissions
Conclusion based on the AlS-based ship emission inventory.

= Finally, a mechanism of ship air emission inventory methodology need to shift
from based-on statistics to AlS-based real time ship emission estimation
methodology

Incheon National University / www.inu.ac.kr
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APPENDIX

2.4 AIS activity-based ship emission estimation methodology

Preprocess of Automatic Identification System (AIS)
= Remove the error of location coordinate from GPS
= Interpolate linearly missing data
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APPENDIX

2.4 Validation analysis of AlS-based estimation methodology

\alidation study of AlS-based estimation
Standard : Monitored fuel consumption
= Comparison : AlS-based fuel consumption

= Vessel’s operation mode

20
£l n : Example
e . | Slope:037
R S
e Coefficient of
7 Oy Anchorage E ;: ' determination (R?) : 0.12
0

0 ; 1I0 1\5 ZJO 25
Monitored Fuel Consumption (ton)

= Operation mode

= Hotelling mode

= Maneuvering-arrival mode
(Maneuvering + Cruising)

= Maneuvering-departure mode
(Maneuvering + Cruising)

Cruising
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APPENDIX

3.3 Validation study of ship emission estimation method in CAPSS

= Ship emission estimation for central government by Clean Air Policy Support System (CAPSS)

50

40

30

20

10

Estimated Fuel Consumption (ton)

y=2.68x+0.5
R>=10.36

10 20 30

Monitored Fuel Consumption (ton)

40

50

Estimated Fuel Consumption (ton)

50

40

30

20

10

Monitored Fuel Consumption (ton)

y=297x+0.5
R>=0.52
R +/ +
.-:'-l‘é*H | | | |
10 20 30 40

50
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APPENDIX

3.3 Validation study of ship emission estimation method in CAPSS

= Ship Emission Estimation Methodologies using Arrival/Departure statistics by PORT-MIS
(PORT-MIS; PORT Management Information System, Ministry of Oceans and Fisheries, MOF)

Operation
Phase

Low resolution PORT-MIS DB
Method A

High resolution PORT-MIS DB
Metheod B

Fuel Consumption(ton) = N X SFOC (ton/day) X

* N ! Number of Ship calling in the Port

0.79 (day/N)|*|0.2

+ SFOC : Specific Fuel Qil Consumption in Maximum Power according to Gross Tonnage (ton/dav)

(Ref- EEA(1999), EMEP/CORINAIR Emission Inventory Guidebock-1999)
+ 0.79 : Average number of Berthing day (day/N)

(Ref: Result of sample research of 560 vessels arrival Ulsen port in January and December 2001)

+ 0.2 : Assume 20% output at berth relative to maximum power (Loading Factor)

(Ref: EEA(1999), EMEP/CORINAIR Emission Inventory Guidebook:- 19899)

Maneuvering

Fuel Consumption(kL) = N X|Cruise Distance(km)

= Fuel Economy({km/kL)

+* N ! Number of Ship calling in the Port

* Cruise Distance ! 3bkm of sea breeze Impact in batch

* Fuel Economic : Fuel economy data by Gross tonnage

(Ref: Eorea Energy Economics Institute)

Fuel Consumption(kl) = N X Pilotage Distance(km)
= Fuel Economy(km/KkL)

+ Pilotage Distance . pilotage distance by port

+ Fuel Economic | Fuel economy data by Gross tonnage

(Ref: Korea Energy Economics Institute)

Fuel Consumption(ton) = Engine Power(kW)
X SFOC (g/kWh) x| 0.8 [x HRS(h) x 107

+ SFOC ! Specific Fuel 0il Consumption by engine power
(Ref: EMEP/CORINAIR Emissicn Inventory Guidebook-2009)

+ 0.8 | Assume 80% output at berth relative to rated power
(Ref: EMER/CORINAIR Emissicn Inventory Guidebook-2009)

+ HRS @ Record of Arrival/Departure in PORT-MIS

(Ref: National Air Pollutants Emission Service)
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APPENDIX

PAQman-watcher

s PAQman-Watcher system

CLITiTEin g

Stationary Mobile Portable
PAQman-Watcher PAQman-Watcher PAQman-Watcher
(Rack mount) (Pelican case) (Pelican case)

Incheon National University / www.inu.ac.kr



APPENDIX

AIS ship activity data

\essel real-time movement data

Automatic Identification System (AIS)

B Incheon
B Taean v
Gunsan . -
: 4 ) ) -
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Vessel ‘XXXXX’ AIS & Specification variables

Variable Sample data_n Sample data_n+1
MMSI XXX XXX
« nsit?kcz " 17.1 17.2
Latitude 36.24382 36.24814
Longitude 125.8553 125.8578
Time 2021-11-1521:36:30 2021-11-1521:37:30
Vessel Specification Variable Example
Ship Name XOOXX
Ship Type Container ship
G Torrs
M am(Er?i?;lr;(e\/vF))OV\B r 11,720
Auxnlagn:ingklvr:/(; Power 3,660




APPENDIX

Ship air emission inventory using PAQman bl o]

Ship PM, 5 emission map
in Incheon

emission map g
in Taean

Ship PM, 5
emission map
in Gunsan
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