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Methodology for Emission Inventories of Air Pollutants from

Ship based on AIS data and Air Quality Simulation

Takeshi YOKOI, Hideyuki SHIROTA

Abstract

In recent years, a greater interest has been taken in global environmental issues and also, ship
operation has needed not only the efficiency improvement for fuel cost reduction with the introduction
of new energy saving technology but also reduction of the emissions of exhaust gas. The International
Maritime Organization (IMO) is also working for the further advancement of regulation in Nitrogen
Oxide (NOx), Sulfur Oxide (SOx) and Particulate Matter (PM) emission reduction from ship’s diesel
engines. According to the IMO regulations on harmful gases, ships built after 2016 need to reduce NOx
emission (Tier III) by 80% from the Tier I regulation when ships run into ECA (Emission Control Area).
All the ships are also required to use fuel which contains less than 0.1% sulfur content in ECA from
2015, and less than 0.5% sulfur content in other sea areas from 2020. In order to assess the
environmental impact from ship’s emissions, this study proposes a method for estimation of the
emissions from ships, based on the messages provided by the AIS (Automatic Identification System)
data. In addition, the spatial concentrations of air pollutants and the contribution ratios of the ships were
simulated by an air quality model.
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B EERE (IMO) 128\ C, AT 1 — B DU m b SN A R E Wb (NOx), ikt (SOx)
BLOKHIRE (PM) Zxt5l 3 28EHHINER I TN D, 20 H H NOX 2OV TIE, 2016 4FLARRIC &
& ST AS B R (ECA, Emission Control Area) Z #1719 2 8A121E, NOx Tier I B L T 80%0 NOx
PEHE (NOx Tier I ZHIET 2 Z L AERENTWD. £72, SOx/PM IZOWTIE, T XTOMMAIE, 2015 4
PABEIZ BCA (B TRE G A 3 0.1%AT, 2020 - LAREIZ — ekl 236\ TSR 3 A 28208 0.5% A0 OB 2 Z 1
FIERT DM ERH S,

2. HIROERRUVEH

A ERE K Ol 2 VEBh S 20k LCIE, — RIS OFRS IO/ M MEDIL TN D Z ST,
FEBRRBERFPE IR U C, AfmT B S E-OMIZE & 0 b KRED OEIRIE O KKIEIME 2 e LT\ b, KR
NOx, SOx M UNPM IFERETH Y, T OIFFRGE I EZ LT L, £ REPHICILR L 72358 13 rER 72
EOBREEBIEN Z 5.

2005 45 A 19 HIZ IMO MARPOL 73/78 550K B E VI 233650 L= 2 & 2500, BIfE, 400 #8 b Bl L3~
TOMAD DHEH SN D REIGAWE DB HFI ORISR & 72> T, LR OV L ML 2005~2006 412 SOx
ECA I[ZHE S TLLK, SOx MBI b S TR0, 2021 451X NOx  ECA & LT NOx3 Sl D%t
Gl D TETHD. KE - F X OWF 200 HERANOWHEE X OSKEFED U 7RI, 2011~2013 (2 SOx
ECA K U'NOx ECA IZHEE &4, 2015 4F X 0 EREHRTE S (SOx) OEAHEN 0.1%LL FICHHl S 4, 2016 42>
5 1F NOX3 SBHI @A ST s . FIETIE 3 DOMRIZEWT 2017 £ LV 1 FATOEEHE B ORi
D 0.5%LL TITHIGI Z 41, 2018 220> BIZEREHRO SURBIZABIGIEH S Tnd. 20X 912 IMO & HEIC
K DBIHIDEA S TODIRPUTINT, $Z < OfFEE A A3 2 303 E CIImsnc Bk 2 KRG B I
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B9 % SRR 2o BRI BT — Z ORRCBR BB T STV D LITEWVER. T ET, FEOITHM
MaEhEET — 2 O 2 OFGFHERHIEE D S PR ET —# 23 UE D29 LT&E 7Dy, ZEMOMRe OBRCFEER D&M
RBUHT L HEEL TWARWEFEORIER b 7. AT, L0 EWZEiafEes AL, X0 IEFEICEE
WU M S - BE &7 — # OFERk A HEE L, AIS (Automatic Identification System) [F¥#: %G H L CRIBED
fiRR % [ o T AR ST ALS 1FERICEED < IR R UG Y E O PR &7 — 2 OVERFIEIC DWW T 5.
F1z, KEETNVRORK[EET VEAWT, YEHET — 2 FICESERTIGEWEORE S LA L, L
(ZRET D AR OHE B 5 2 HER L 72 R IOV T hiR 5.

3. AIS T—42 ZFIA L= RAREERMEDHEE T — % DEK

3.1 RRBERMEHE T EDOHE

—MRIZ, ME SHEE SN D RKIGIE OPEHEE, N3 PEHWTEILT 22 N TE 5. BIRFRHY -
DIZRT DREIGHEDE O, Ml (227708 U —5%) - il (b %) Zeoffnimsis, Ab
PREHHE B & RTGYME 2 & DY E ORFETRO L Z LR ARETH 5.

E = ZZAU ><FSij 3.1)
i

- )=
[N SN

E . BRI T2 ORKIGHE S OPEHE [ke/h)

(Y

Ay - BRI D7D OfRE T, R j OTEEIEL [ton-fuel/h]
Fy o MR, R ICH1T B REUGUE S OHFHAREL [kg/ton-fuel]

\

AT TIL, BEE AIS 77— ¥ ZEROZERAEEE L, AR LZFHTNFERD 50 VRN OWEHR A i
BAOHATIEIE 3 5. x5 & T DM ~ % (GT) EMFEIZOVWTIE, UTD LB ThD.
(1) AIS $5#HUH
PIAAG © 500 GT LA L, AMBTAE : 300 GT AL, # b B L 5P RTORMEM. ALS JEHEH OBEMIT 65 &
L7au.

(2) M
—REs, 2 h— (iM% v —& LNG/LPG % v h—%Ete), A7 Xy V7, =277, PCC (H

EhEIEM) , RN, - OMOMMA.

(3) ¥ h % (GT)
0~500, 500~1,000, 1,000~3,000, 3,000~6,000, 6,000~10,000, 10,000~30,000, 30,000~60,000, 60,000~
100,000, 100,000 LA k. {H L, [FEWNE N Bl EESKE b 23z Ba3 2850307 > T,

3.2 AIS T—R [ZE DL MMEBIEDIHEE S

AAREEORE EAIS 7 —2%E R &0 LT — 2 IZEDW TG B R 2 5651 2 HIEEZ K 1 ITRT. £
7o, EFTIEORFIEOBEIIUTOLBY THD.
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K0T 5. SAEMEOCHMIIIE TN E L, BAMEOIANT 3.3 Hi ik <2 FEE AV TN &
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3.1 fi Tl _RIZRREICHSE, BAER CIL2 KA v 2 (]9 10kmX 10km PUJ7) BIZ, EEPETEE CIL3
KA v 2 (K 1kmX1km lUJ) Z & IEfOAERHR, MEER AORSHE#RE AIS 7 —# L fiHd
L. IDIT, BA YTV allBITAMET L OB, SEARATRR & M TIEEE BRI A B L CE
5.

500 GT LR D AIS FEFAHM OIEFEN ROV T, JEfTIFZE 9 1I2H5-25% 500 ~1000 GT @ AIS #45E O E)
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~1000GT LRI UfEEZ WS DO ET 5. F£7-, WA (FH) M T 500 GT LUK & 500 ~1000 GT &
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I L OO ESIE#REZ AIS 7T —# L0 i L, BSE#R O N BEHEET 5. S HIZ, THS Fairplay
ORI ZZE R T — 2 Z VT, R N s ERERH IR OENF IR A RO 7%, kR - D
LITHEPIAMTRAHEET 2.

BDDOFERIEESE, BA v v 2 BT DHATHOFT + —EBNLOFHH R T 5. £z, fiET «—
VLR EEDOERE S L AMRICTOVTL, HEHEEDYEZHWTHAZEHT 5.

PREHROFRIE Z 212, KA v o« HATRERERY 72 0 ofEfsoRERE S B2 HH 5.

6)DEEFFERA, GIS (HFERS 2T L) ZHNWTA v a7 —F 8L, SiHMELEHTS.

3.3 MREEDHA

BRI ORNEE 2 H5E L COMIUR & PITINICIR 0 2010 5728, ABFFETIE AIS 7 — X I8 £ 5 MMSI (Maritime
Mobile Service Identity) =— K%\ % HiEZEH L7=. MMSI 22— RIZERIZAH G S35 9 HTOE T ) HAERK &
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MMSI 22— RO~y X —Z AARMEEZ R~ T 431 & LI 432 NEEN, 230, AT L OV HS Fairplay |12
SMii & L THRE SN TO D MEMNCOWTIE, BAMREEOSME & L, ZEELSMEI T~ TRAMEEOHMME L

7=.

F72, MMSI 21— RiZ2431 & L< 432 DIANDOT —Z DEENTO DRI OWN T, X THEREEDOSMIT

e L.
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4 HMILZ I DR b oL ERERS ) & DB

FHOARBIZONTIE, —IHE GBEORATHE) O3 FL I —ERHED 3 Rl DITIHHITHZ &
i, X3.29% v \T?&m_ﬁ“é. =B REEINZOWTIE, AIS 7 — & QAR M 72 V) O OTFHRIZES X,
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LT, PR UMD — BRI 1T D & B AR & OBIfRE, X5 KO 6 IZZNEIURT.

L. =8 +85; (3.2)
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3.5 MFEHBEEDHTE

FHET 1+ — B VBB R O T ¢ — B VR EREOBRERE R I oW CIER 33 ZHNWT, RA 7 —DREREE
ICOWNWTIER 34 ZHWTENZILRDIZ D . Wil T + —ENAFEH, FA 77— & T ¢ — BRI DR
THEHIZOUW T, IMO GHG 2nd Study 2009 252 K54 U 7= SCHk D OfEZEHH Lz, 72720, BREHEERI3HKE
BREROEENC L O —EHEE L, KLY — I OW TR E R4 276 [g¢-HFO/KWh] Y& R E LT-. £7-,
T ¢+ —ENIEEOER T, RA T — DR R L TE DAMBIZONTS, [FSCRY OfEEZHEH L.

F,=SFC xPS ,x LxT (33)

Fb=73.48><PS£'41><L><T 3.4

\—)—&7
— ey,

F,: T ¢ — B AARBI L Wik T« — B VIR ORERHE R [g]

F, o RA T —ORRERH# & [ton]
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PS, : T 1« — BB LMl T« — BV REKO TR T kW]

PS)H L RA T —DER R [ton/h]

L: AR [%]
T YEHRFFRT  [h]

F - ARWFZECIE, AU S OV OBRENSE B2 SV G, OIS B &2 4 L CiA EIF R cEH LT
WBH, TRV TCIE, MU Z OV F—HEEN T O LN TV AFHERNH L DT, Tz Hn
T hy P2 FETRENE T BOBEHEIC R L THIIEZTT 72, —77, AMic W T, 4L s BAERN
THEMT 2 L IXBR B 7228, SN BT 2 = L X —1HE ORFHERHIFIE L2V, 16> T, M9
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FEEE 2 XBI U2, REHIC S SN DRSOV TIE, FMITI Cid HFO: 2.7%, Pt CliZ HFO: 2.53%, MDO:
0.61%9 LT L=,
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