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ship speed A L e T el

installed main engine power A LA R

RPM £ LAKEH TR

main engine consumption A Lo leTingE

total consumption A LA S =
propulsion type z £
number of screws z #
date of build ® #

keel laid date A TRk nEE P Y
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334 RAEEFERA A NH 2

Ship class 4 4af&4F

Capacity bin % £ § &

Capacity units % € 8 =

Bulk carrier

0-9,999

dwt (£ 7¥)

10,000 - 34,999

35,000 - 59,999

60,000 - 99,999

100,000 - 199,999

200,000 - +

Chemical tanker

0-4,999

dwt

5,000 - 9,999

10,000 - 19,999

20,000 - +

Container

0-999

TEU (20 < 53¢ [ 1)

1,000 - 1,999

2,000 - 2,999

3,000 - 4,999

5,000 - 7,999

8,000 - 11,999

12,000 - 14,500

14,500 - +

Cruise

0-1,999

gt (R i)

2,000 - 9,999

10,000 - 59,999

60,000 - 99,999

100,000 - +

Ferry - paxonly

0-1,999

gt

3-6




2,000 - +

Ferry - ro-pax 0-1,999 gt
2,000 - +
general cargo 0-4,999 dwt
5,000 - 9,999
10,000 - +
liquefied gas tanker 0 - 49,999 cubic metres (cbm)

50,000 - 199,999

200,000 - +
oil tanker 0-4,999 dwt
5,000 - 9,999
10,000 - 19,999
20,000 - 59,999
60,000 - 79,999
80,000 - 119,999
120,000 - 199,999
200,000 - +
other liquids tankers 0-+ dwt
refrigerated cargo 0-1,999 dwt
ro-ro 0-4,999 gt
5,000 - +
Vehicle 0-3,999 vehicles
4,000 - +
Miscellaneous- fishing all sizes gt
Miscellaneous-other all sizes gt
offshore all sizes gt
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Service - other all sizes gt

Service - tug all sizes gt

Yacht all sizes gt

312 #daB R ARM AT B S 2
GHG3 ¢ = @ 1+ ehiz B #7a]> % — B4 B L5 B AJZ 2 5 %k ALS

TR s E o JEAIS TR A A dpda & iE £ o IMO GHG3 @ *

TR AJEARN L KR R ALS TR R B AT 0 iR

PR G R AEOE R (P HP RS SR S T - MMST 2

7!‘3&

FAE ) A BcF 4 & MIDxxxxxx #3%) » B % ™ MMSI ~ IMO 5% ~
FRLEER g ud v RSP

W RIE T B AP e - R e el ISR T i R

7\
|+
.
o
[N}
=
o

HA5) A MR BN e SR o et R

€
\\'Q
o
_
ETTRS

2 LRIT Tt 4e F e g enip 5 8 (M 7 4p g gt
SRR LEE) LRIT T A% ffie a2 &% 34 4 fid4g
B AL o gy 4% (Emission Control Area, ECA) &2 4%
FZHmEZFFENRE FIPL i EEREBSAL )L D ECA T

B AR FEELA AT RE = MMST~ IMO BLAS - FALPE Y« $ 3 Sug -
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BEEID 5 F MMSI ehe & ¢ & abiren MO B85 7 % > 2Zds ke - &
I AISHR 4 Fre it F % B MMST > F]2t IMO GHGS 365 — ity da i3 kiR
s ALS Tt o kg MMST S A3 & IMO 578 5 % > &£ & 2 H - IMO 52
Berfh R o ok 3 MMI&&% 3 3R % IMO 5Lrg - )ik MMST 5 4% -
Flobm G  IMO BLARRE 11 2 & MMSI ik i s HF M e

ER G LRt ik TR R R R LR Rl F

~ A E B o B b drd 35 e

2 8-5 AISHpinia iR 2 TR B R

TP B R

g MPER AR E o Bl BT $0kud
S P B ko x B
BEASW (PEHEFaoE-L
ki | Bl Ry - £

PR is o - ALS dpdaia e TR S A da R L TR T e R 1

e INO LA 2 MMSTH i > 2 & % L1t ehk o
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AISFHRAOREFFHFE ZF L hPR B K0 & 5 E 2K
DEOPRE  FERE MRS ) P R B KT B R & HIE
ML EES S F S FIAAT A S R L (RATHTHRRS >
TR E WA ) 5@ fFh ALS TR Bk o iF 14
dad 2 P B o o7t IMO GHGS = ¥ &0 2 s » & chigdodp £ 27 4 =
LBeniuE o BB RB/GpREE  SEIEE  ERIEE O i
z B A o 'za#ﬁv?ﬁ:iijﬁﬁw £PEELN R A EAT o JF B 2 G

Z BREER AT AL 36

% 3-6 i T HELFTEZH = BEFRROTA

dpda A B PR B | E i MR B R A

b B Leip PR B | S B & T

A6/ EHSEE TN 90%EuE B 2 3 & (nm/hr) > ®

AT I E

EARTER | KA hB i S T I R IR R B




SRR S

o

4, A BT ABRE  BEERFEGSY R ETR
R o

5. Fl TR T AT L P RN o BE TP B B
FIEN B TR il ¢ T -

6. Fid 4 TR R AL N T E ) 0 BT B o
AAR BB A 0 BT R N R 2 bud (4TF R P RSB
kg B ik o

T. & @ FABAR A - BE LRI # R ETALE R
SQﬁ%ﬁﬁﬁél’%ﬁ%G%ﬁﬁfﬁaéOO

\MP ;‘ﬁ; P J: —fujwﬁ_ E)ift%f?uﬁ,_[ P#@m$
E’@ﬁﬁﬁﬁﬁéﬁﬁiﬂwﬁﬁéﬁ%o

AR A endi s X feo

313 W R&GRH F F LhER

[HSF erdpda B prd TR R 3 A0k 3 975 dpda 2 “T 3 F = bilde
WSS LB T TR o AR B E LK LB e 0 IMO
GHG3 41 * % & Starcrest’ s Vessel Boarding Progarm(VBP)i%_% i &
CEPEREFDERT N BREERE RO T AR 2R AR
HEAdpdg o H e dpfEpliR* VBP & i § %47 7 %7 (Finish
Meteorological Institute, FMI )2 2 2009 # =0 IMOGHG2 #= % = i -

IMO GHG3 i * ehif 4 fi 44402 3T &b'h § £44r% 3-8 -
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# 3-7 IMO GHG3 i * e 48 f §* (2488 #05%)

Auxiliary engine load (kW)

Ship class Capacity bin At
At berth anchorage Manoeuvring | At sea
Bulk carrier 0-9,999 280 190 310 190
10,000 - 34,999 | 280 190 310 190
35,000 -59,999| 370 260 420 260
60,000 - 99,999 | 600 420 680 420
100,000 -
199,999 600 420 680 420
200,000 - + 600 420 680 420
Chemical tanker 0-4,999 160 80 110 80
5,000 - 9,999 490 230 330 230
10,000 - 19,999 | 490 230 330 230
20,000 - + 1,170 550 780 550
Container 0-999 340 300 550 300
1,000 - 1,999 600 820 1,320 820
2,000 - 2,999 700 1,230 1,800 1,230
3,000 - 4,999 940 1,390 2,470 1,390
5,000 - 7,999 970 1,420 2,600 1,420
8,000 - 11,999 | 1,000 1,630 2,780 1,630
12,000 - 14,500 | 1,200 1,960 3,330 1,960
14,500 - + 1,320 2,160 3,670 2,160
general cargo 0-4,999 120 60 90 60
5,000 - 9,999 330 170 250 170
10,000 - + 970 490 730 490
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liquefied gas tanker | 0 - 49,999 240 240 360 240
50,000 -
199.999 1,710 1,710 2,565 1,710
200,000 - + 1,710 1,710 2,565 1,710
oil tanker 0-4,999 250 250 375 250
5,000 - 9,999 375 375 563 375
10,000 - 19,999 | 625 625 938 625
20,000 - 59,999 | 750 750 1,125 750
60,000 - 79,999 | 750 750 1,125 750
80,000 -
119,999 1,000 1,000 1,500 1,000
120,000 -
199.999 1,250 1,250 1,875 1,250
200,000 - + 1,500 1,500 2,250 1,500
other liquids tankers 0-+ 500 500 750 500
Ferry - paxonly 0-1,999 186 186 186 186
2,000 - + 524 524 524 524
Cruise 0-1,999 450 450 580 450
2,000 - 9,999 450 450 580 450
10,000 - 59,999 | 3,500 3,500 5,460 3,500
60,000 - 99,999 | 11,480 11,480 14,900 11,480
100,000 - + 11,480 11,480 14,900 11,480
Ferry - ro-pax 0-1,999 105 105 105 105
2,000 - + 710 710 710 710
refrigerated bulk 0-1,999 1,080 1,170 1,150 1,170
ro-ro 0-4,999 800 600 1,700 600
5,000 - + 1,200 950 2,720 950
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Vehicle 0-+ 800 500 1,125 500
4,000 - + 800 500 1,125 500
Yacht 0-+ 130 130 130 130
Service - tug 0-+ 50 50 50 50
miscellaneous -
o 0-+ 200 200 200 200
fishing
offshore 0-+ 320 320 320 320
Service - other 0-+ 220 220 220 220
miscellaneous -
0-+ 190 190 190 190
other
% 3-8 IMO GHG3 & * erépyp f §* (x4 8 #0554 )
Auxiliary boiler load (kW)
Ship class Capacity bin At
At berth Manoeuvring | At sea
anchorage
Bulk carrier 0-9,999 50 50 50 0
10,000 - 34,999 50 50 50 0
35,000 - 59,999| 100 100 100 0
60,000 - 99,999 | 200 200 200 0
100,000 -
200 200 200 0
199,999
200,000 - + 200 200 200 0
Chemical tanker 0-4,999 125 125 125 0
5,000 - 9,999 250 250 250 0
10,000 - 19,999 | 250 250 250 0
20,000 - + 250 250 250 0
Container 0-999 120 120 120 0
1,000 - 1,999 290 290 290 0
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2,000 - 2,999 350 350 350 0
3,000 - 4,999 450 450 450 0
5,000 - 7,999 450 450 450 0
8,000 - 11,999 520 520 520 0
12,000 - 14,500 630 630 630 0
14,500 - + 700 700 700 0
general cargo 0-4,999 0 0 0 0
5,000 - 9,999 75 75 75 0
10,000 - + 100 100 100 0
liquefied gas tanker 0 - 49,999 1,000 200 200 100
50,000 -
199,999 1,500 300 300 150
200,000 - + 3,000 600 600 300
oil tanker 0-4,999 500 100 100 0
5,000 - 9,999 750 150 150 0
10,000 - 19,999 | 1,250 250 250 0
20,000 - 59,999 | 1,500 300 300 150
60,000 - 79,999 | 1,500 300 300 150
80,000 -
119,999 2,000 400 400 200
120,000 -
199,999 2,500 500 500 250
200,000 - + 3,000 600 600 300
other liquids tankers 0-+ 1,000 200 200 100
Ferry - paxonly 0-1,999 0 0 0 0
2,000 - + 0 0 0 0
Cruise 0-1,999 250 250 250 0




2,000 - 9,999 250 250 250 0

10,000 - 59,999 | 1,000 1,000 1,000 0

60,000 - 99,999| 500 500 500 0

100,000 - + 500 500 500 0

Ferry - ro-pax 0-1,999 0 0 0 0

2,000 - + 0 0 0 0

refrigerated bulk 0-1,999 270 270 270 0

ro-ro 0-4,999 200 200 200 0

5,000 - + 300 300 300 0

Vehicle 0-+ 268 268 268 0

4,000 - + 268 268 268 0

Yacht 0-+ 0 0 0 0

Service - tug 0-+ 0 0 0 0
miscellaneous -

fishing 0 0 0 0 0

offshore 0-+ 0 0 0 0

Service - other 0-+ 0 0 0 0

miscellaneous - 0-+ 0 0 0 0

other

3.1.4 A 21 1 YR N ehiEk

IMO GHG3 4>t 3 s 4 i * chWbplflisg » £tk Phdydaerid (% 18 4

T oAy dl w2 poo F AR gy dlw 2 o > R HFO/MDO/MGO % 35

A

?

e A AT IMO AR E R E 2007~2012 & el B RIS 5%

-

K

£




e RN RN VR § AR B RIS S A Tt AT

7 AR L o

315 £ B2 3§ BPHER
BEAXIL L ¥ AIS S R L F R TR T R L A

’ 2

PR R AR ET D 2R TR 2 & Ut 5 F

)
{or
M
)

i+ 2 ¥ i3 5 F]pt IMO GHG3 & & %51 * é)]?ﬂ‘ [#Fwarm 7 2% (%
Py et g A bafmar st A F FEan S-1T5 Bl 0 Bufg T e gL T
FORB L B 5 0 15%) AT R AR A0 e 10%4L 0 B 0 3
i ALARL{T g ] R 4e 10% o
316 & Ta tantEmEE

IMOGHG3 & T @ F engtaic g+ 8 & 02 Matlab# B e d 4 fg;t e

IR ARNR T A E ok 30

%2 3-9 IMOGHG3 d Tm F ez 2 5 &) ;“E!?;—"E-H),EF

Bl Az L

BN g Apha i e TR R SR TR TR

Read_fleet
N

O 3405 B0 R R TR B AR TR
A

R

Read_status




Emissions_in

g 3 FARAT YRR AT g
i

Type_size_match

PR A BT 4] 2 A R 0 R

TR O T R

EF_match . :
- emissions_in Fria i F ot ax ik
HE sy TR T ALy > 1 BAE ] PFaER T
Active_calcs Fo o = kI BIAR R B ] e g R
VAR R P
%ﬁ~%ﬁﬁ%§”%%'?ﬁ B R R N
Power_at_op

,,,':3 %Jﬁ m;% m‘: ‘j\

Emissions_at_op

,#£/~%ﬁﬁﬂﬂﬁ?uﬁﬁﬁ*ﬁﬁw%Lﬁkﬁﬂﬁ%?i

2§ (9 1)

;I,L;,Ja s Fe R endpdg 0 R E - kA ek # r—}%\z‘; ko
Assemble e a e

L RS R B RE R

BrFTORE $§J MBI AR BRIEE Y
Output y

a s Fogn

=

VAR RApdgands 4 F ke gom A R KRR RAE S

ok s R E R RS e R A R R RS R
s & drdg eni® F RO (Fuip 4 b &uim % ) m 2o Power_at_op

g,,],gi;(u «‘:;J— EN a3 ﬁ&;;&

g deha s (B Admiralty formula) 407
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He

P, Vel toa w8t A 2P chnd 5 ~ ik ~ v ok

Pres B B_fr g = Veer ¥ ¥4 'R=trer (¥ B~p [HSF) e # & & ;

n A 4ag 83t 2 B thedp B Prn=d;

Nk BE TR § EAEOR RS $HE 4 2 F R B o

Poxg ety e a2 E 2 e e e a.siz (ot
FLp A= E ) r# 5~ SFOC & pe B 5 2> 18 R R (i i (Emission
Factor, EF ; iﬁ;COzﬁv % &_Carbon factor, C:) -

I HEE M R B g d plaEst

Emissions_at op 3+ & o

Hr B Ot eh N 4o
CO, =P, xSFOCX C;xt  (3.3)

H v
P& _Power_at op &2 & {Fent g # f—?"ﬁ%] A (kW)

SFOC #_%: 431 4= & (specific fuel consumption) » i #$7] ~ %t
ff a2 HixE (g fuel/kWh) ;

CAAmFF (%pa z) » ¥ =2 (g /g fuel) ;
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t A5 ﬁ-%l Ba¥FPopFEF LR (h) o

FRIN T g ol O N 4T

}w«}

RS b

g fuel g
Emission (g) = P.(kW) x t(h) x SFOC( Wh) [EFpaseline (m) X
FCF] (3.4)
By g pN I agmE > d Pxtzr 8 Ui 4£enit £ (kWh) > £

sk 2 SFOC 7 1244 4« & (g fuel ) - EF & 3 #c (gpollutant/g
fuel ) s ECF Q\Tkal?u% el B EF R % B el e i (Fuel
Correction Factor) o fA#E%4LE 7 & 2. 1% HFO -

Pox R o 52k ded 3-100 4 3-11 1 % 3-13 £33 47 3

hAp B R o

3-20



% 3-10 #t2<i%# (Emission Factor, EF) st & 3 &

LZ R e

ﬁi“}ﬂ’& ﬁ"ﬁiﬁ”}%j—% B EI:baseline » ¥ i ?’f 19 4o 3 7@
v R AR B B AR A e 2 th i EF (g pollutant/kwWh) ;

vl e B 5 2k A etk th Bl EF(g pollutant/g fuel)

P Sor el ‘/‘ﬂ’%;‘ £ & @m'#kii 7% B EFpaseline -

EFpaseline (g pollutant/kWh)
SFOC}eeline (g fuel/kWh)

EFbase]ine [g pOHUtantV{g fLIE!” =

SFOChaseiine = SFOC (Specific Fuel Oil Consumption) associated
with the cited emissions factor

e % ekl f"«ﬁc(Fuel Correction Factors, FCF) » )*I,%%I i 2
*j;, JJJ,,}__ B ﬁ'r EF m-ﬁ m

EF,ciual (2 pollutant)/l(g fuel) = EFp . jine (@ pollutant)/(g fuel) x FCF

# : COy, CO, CHs, NMVOC 17 i¢ * FCF

1% SFOC s §4w R 1S fi 433 § 715 3 f SFOC
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2311 & Ta b R R ER 2 2 g itk
Marine HFO Marine MDO Marine LNG
Emissions species | emissions factor (g/g |emissions factor (g/g| emissions factor
fuel) fuel) (9/g fuel)
CO; 3.114 3.206 2.75
CH, 0.00006 0.00006 0.0512
N,O 0.00016 0.00015 0.00011
NOx tier 0 SSD 0.09282 0.08725 0.00783
NOx tier 1 SSD 0.08718 0.08195 0.00783
NOx tier 2 SSD 0.07846 0.07375 0.00783
NOx tier 0 MSD 0.06512 0.06121 0.00783
NOx tier 1 MSD 0.06047 0.05684 0.00783
NOx tier 2 MSD 0.05209 0.04896 0.00783
CO 0.00277 0.00277 0.00783
NMVOC 0.00308 0.00308 0.00301

4312 & 2@ 5 AR F M2 SOx 82 PM erpt e th il

z B %T o (k35 IMO MEPC 1 il # 48 )

Fuel type 2007 2008 2009 2010 2011 2012
average non-ECA HFO S% 2.42 2.37 2.6 2.61 2.65 2.51
SOx EF (g/g fuel)
marine fuel oil (HFO) 0.04749|0.04644 0.05066 |0.05119{0.05171|0.04908
marine gas oil (MDO) 0.00264 |0.00264 |0.00264 | 0.00264 | 0.00264 | 0.00264
natural gas (LNG) 0.00002 |0.00002 {0.00002 | 0.00002 | 0.00002 | 0.00002
PM EF (g/g fuel)
marine fuel oil (HFO) 0.00684 |0.00677{0.00713|0.00713|0.00721|0.00699
marine gas oil (MDO) 0.00102{0.00102 |0.00102|0.00102 |0.00102 | 0.00102
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natural gas (LNG)

0.00018

0.00018

0.00018

0.00018

0.00018

0.00018

% 3-13 23k gt 2 T35E (IMO ERIE %)

Fuel type 2007 2008 2009 2010 2011 2012
HFO/IFO 242 2.37 2.6 2.61 2.65 2.51
MDO/MGO 0.15 0.15 0.15 0.15 0.14 0.14

SOX et ot (h#ie B /i3 A M4 » Bk L ¢ A 8% & SO,

F 8 > 2%75 = SO043g 4>

2L
F

EF(SOx ) = (SFOCuase/SFOC) x 2 x 0.97753 x %z /728 (3.5)
GHG Study 2014 % SFOC shigiik 4e4 3-14 -
% 3-14 4, &5 4 SFOC A& # & (g/kWh)
SFOCpase  (9/kWh) for Marine Diesel Engine

Engine age SSD MSD HSD
before 1983 205 215 225
1984 - 2000 185 195 205

post 2001 175 185 195

2 * SSD & MSD » # #83d % #_MSD & HSD

3 e SFOC SE 433 Bt B 5 N de

SFOC(load) = SFOChase x (0.455 x load’ - 0. 71 x load + 1.28) (3.6)

#9 load 8_0~1 5515 § 44+ SFOC b i8R B f $4=80%PF -

% 3-157~p IMO GHG3 % 50 > 5 SFOC/§ 3% & sehs g o
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% 3-15 Fihid > g 2 W8 SFOC A ¥ & (g/kWh)

Engine type HFO MDO/MGO HSD
gas turbine 305 300 225
Steam boiler 305 300 205
auxiliary engine 225 225 195

# 4 4 1 SFOC @ * %] % 18 1305 g/kWh; 3 #6» F % * & 3-15

$1SFOC A2 8+ 3 5E f 430 4F

% 3-16 NOx # ¥t hfcdk * (hSFOC B3R &

E3 Yot IMO Tier Ead R SFOC (g/kWh)
ER | SSD 195
| MSD 215
I SSD 195
I MSD 215
s | MSD/HSD 227
I MSD/HSD 227
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3.2 AR AR W3- & #Hs e enig 5 2

~t

AT E- & (2013 %) ¥ FRP Hapda g chip B2
5 R ?'L,%”%é AR EF B9 E TERTF TR
WP EE R E ARG R Qi@%“@ﬁiﬁp’{ BB FA P S
Bl00 R 4N imen T EBBRERN R ZRA 27T ) v &2
F oI ERPFEAFTRE T o RPN R S B R Y
R 3 & SR E R Starcrest BE K = @ % Port of Los Angeles (& #&
POLA) £ long Beach (#j # POLB) # i © 347 cngtac @ 4 o

BR AR E DA AT NS RPR B R ERE AR
SRR o A RE RSB R dpda R FAREIRF R T
FlF EERFL R RTINS BFEL A A

E =EnergyxEFxFCF (3.7)

Energy= MCRxLFxAct (3.8)

HY AR REHE o™

E : Emission > 3l &Fept2c g (HE = 25)

MCR : Maximum Continuous Rating Power > & < 31 & &4 (kW)

LF : Load Factor » f 4%+ (@& * chil&Fd4 1t b » g H )

Act : Activity > ## & (H = hrs)
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EF : Emission Factor » #-x#c (¥ = @ g/kW-hrs)
FCF : Fuel Correction Factor » %*#l$e o ik -

A ehiE b & g da dfT ) R

‘\
\
u\\f
H N
o=
\3‘ %‘*’
W
2&3
fais

—~\\
J‘ N
Vq,
T_L
Bt
7
W

B SIEFANE WG Mo A T

dpdg2 Bk dpid 3B 5

<Y

9

E’\Eﬁﬁﬁﬁ”’ @_ﬁa—g}]?( ILL-H-
VL R e i
G R i G AEA A BB 3 1 2 W 3,203 F kA o

A3 a2 f %3 (Load Factor) &7 # 2 (Activity Hours)

Speed (actual) Speed (mazimum)
Trip duration
L J
Power, W X Load Factor X | Actrvity Hours| g
EW-hrs X | Enussion Factor

l

Emission Estimate

W) 3.1 440 g chi Binse
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Survey Data

A J

Power, BW| X Load Factor X | Actrmity Hours|e—- Trip or dwell
’ duration

EW-hrs ¥ | Enussion Factor

l

Enmussion Estimate

W] 3.2 43 dadf i B 4 & n e
RIS OEEE R R TS LSS ERL T

EE S RN ey R ESE T SRR S
Al EFaEd AL SUEER Wgéﬁl?mfé%ﬂ AlE_ B R P
FAciz G RRF o LR G oo e pFor® = 2 ik ?;;a“l\fiﬁlxi*’?‘f‘“
dpdads f G MeE S R A5 f TS o s enE e Lrdpdan
B te b iap B iv s Higdg o f {477 &4 ?/*Jr" 5
— g dg s IR ITE oo
T i ot d B b iR A adR 2 TR BV E 2 4R 0 B A g
LR REEL S ASfE s A - B s - B~ BUAAREE T RRERRE 2
-2 A N ;{ﬁ“d P ORI B A dg SLiTEEAE 2 (g BF 1R p e
PEFR o B 3.3 TR 5 o B 4 g B ayideT 5 B o
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AR | |SHEEA | | BHESOR HEAN | |31k
##) #4) ZH HetizE

| | . l
v 'y
TR | |G

| |
LA J v v

) 77.kW =L 14 {EH). hrs | e sfF S
[ | J

&8 & kW-hrs PR

[ |
L

ELSIe

F 9

W 3.3 BiFF L ardaR g e

BAR DA A B A B p B ER R BEABE T AR
PP ianfinip i lieh S ORI G TERE o B 2 BT F T
B fie & 4pdadnim Bt > GREBRFL 7 L D7 ERA > T
A RAFROT PR B TR T PR A hs P 2 B TR AT
7R AR o

dpda A L AR o o dody 4o~ Apet 5L S IMO B~ A K~ Ap R4
AR AP E s B ApE > 2 BEE (B4 AL Hig s
& T A R e TR RArdart BL A P BT o $NH 3 FI R

Shigda > UZET A Pl aa TR A 0 B RGN A B T
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RAERE o B Adpdaiip R R FESTIE R 27 0 BB MR
PR 2 mdpdazip ALY o B0 o prigde A -
BRI ARY g A i@ A e R EAcR 31T
F 3-18 Al EpA Y o 100 &7 £ BB R E N FRCE R 277 (1/4)
PR R ST E
2319 LA B En ARl Pt il Lk TBAR
(Maneuvering) ; Edp4p 402 B (5P| e A MG CHE D > & ERFEEF
FINEEHEY B @ T pfid e 20f 435 B9 ~gf s
PAEMNEEE > B ~ BRI A R B
Frip o 4 3-20 Ry da 8 e & o & 3-21 A pend 4 2
fAVERE > & 322 A e A IR E - & 3-23 AR A4
Ag R i ficd o & 3-24 AR A A dad et e g P ik o
MARPOL 2 ) %371 45 48 ¢ B 2B > F)pt £ B POLA 2012 i 7
MATI R g et i o BT 0 102 #3F @ %% POLA 2012 0 #-
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2 31T BRFFFRAFRT LHBEAHLF 2 A PRES IFRE

i fh Bt dpid (&) L84 (kw)
s 24 2060
Z 4y 22 42717.8
R R 19.5 14515
R R 19 14124
AR 19 15785
AR 18.5 7900
A 18.2 9829.6
E R R 18 10549.1
LRy 18 11401.4
b (57 %) 16.3 5600
B+ BTy 15.5 3883
B F 15 3494
KRB A 14.9 9626.4
Cil EEie 14.8 8572.8
Gk YRR 14.6 10973.3
Sy 14.4 7987.3
ThR Ay 14.3 8275.3
2L AF A 14.2 8365
A 14 5884
b 4 13.8 5341.7
e b4y 13.8 5098.6
T Ay 13.8 6105
5 13.7 4087.3
iER iR 13.5 4148.5
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KR B r gy 13.4 4428.4
it RgAp 13.3 3003.4
et 13.3 3354
ER S g 13 5296

4 12.8 3589.6
ZE -BUE- S 18 12.8 1765
TR I 12.3 5300

% 3-18 B¢ w101l #3-F & 2 L2 EERE

NRES N U P
o iyt j(fpf) Cx i:) #fi;f o
(kw)
1 /& @ 4 (AutoCarrier) 112 13,042 19 3,161 51,756
2 7 40 (Bulk) 123 8,373 14 1,486 31,027
3 b %4, (Containership) 107 32,082 21 6,100 40,942
4 % 45 (Cruise) 174 21,848 19 6,752 35,915
5 |- 4 p 4 (GeneralCargo)| 178 4,540 13 1,195 10,966
6 # 45 (1TB) 240 5,195 14 823 1,202
7 H i (Misc) 171 4,934 12 1,455 9,022
8 % g4y (Reefer) 202 3,843 16 1,382 4,703
9 &+ % 7 4 (RoRo0) 159 8,805 19 1,175 12,407
10 4 45 (Tanker) 156 7,055 14 2,179 20,052
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ARSUERS Y 3 TR R 3

By A s i fd » % A1k
1 /< @ 4 (Auto Carrier) 0.04 0.06
2 7 &40 (Bulk) 0.04 0.05
3 b 1% 4, (Containership) 0.03 0.03
4 Z 4 (Cruise) 0.03 0.04
5 - 4 b 45 (General Cargo) 0.03 0.04
6 #4:(1TB) 0.04 0.06
7 H i (Misc) 0.03 0.04
8 4 i 4 (Reefer) 0.02 0.03
9 H + % 7 45 (RORO0) 0.02 0.02
10 24 4 (Tanker) 0.03 0.05
7 %k © Pugest Sound Maritime Air Forum, 2007
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F 3-20 B4y dad R hikcd

Year type Engine NOy|VOC| CO [SO; [PM19|PM,5DPM|CO,| N,O|CH,4
=1999 | Slow speed diesel |18.1| 0.6 |1.4|105] 1 | 0.8 | 1 [620|0.03|0.06
=1999 |Medium speed diesel| 14 | 0.5 {1.1|115] 1 | 0.8 | 1 |670|0.03 |0.04
2000- )
Slow speed diesel | 17 | 0.6 {14105 1 | 08 | 1 |620|0.03 |0.06
2010
2000- _ )
Medium speed diesel| 13 | 0.5 |1.1 115 1 | 08 | 1 |677]0.03|0.04
2010
2010- )
Slow speed diesel |[14.4| 0.6 | 1.4|10.5] 1.5 | 1.2 | 1.5 [683|0.031{0.01
2015
2010- _ )
2015 Medium speed diesel|10.5| 0.5 | 1.1 (11.5| 1.5 | 1.2 | 1.5 |683|0.031|0.01
all Gas turbine 6.1101|0.2(165/ 05| 04 | 0 [970|0.08 |0.02
all Steam turbine 21101102165/ 08 | 0.2 | 0 [970|0.08 |0.02

ok kR POLA, 20125 ¥ =: g/kW-h

Slow Speed Diesel 4p 3! & & = #i# <3 130 rpm 31 & ;

Medium Speed Diesel 4p3!& &~ f&i# % >* 130 rpm 7351 & |

Gas Turbine Hp # #iFdmis 3l & ;

Steam Turbine 5 7 /* ifF#sl & -
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30321 Hipedd 2 PERE

BHE| L RTR®) AR (kW)
A A & 4

(KW) AL | BERAR BB | BERMBAE| R

/& @ 4 (Auto_Carrier) 2,850 | 15% 45%  |26%| 428 1,283 741

T 7 4: (Bulk) 2,850 | 17% 45% |10%| 485 1,283 285

b 1% 4, (Container-1000) | 2,090 | 13% 50% |18%| 272 1,045 376
b 1% 45 (Container-2000) | 4,925 | 13% 43% |22%)| 640 2,118 |1,084
b 1% 45 (Container-3000) | 5,931 | 13% 43% |22%)| 771 2,550 1,305
b 1% 45 (Container-4000) | 7,121 | 13% 50% 18%| 926 3,561 1,282
b 1% 45 (Container-5000) | 11,360 | 13% 49% 16%|1,477| 5,566 |1,818
b 1% 45 (Container-6000) | 13,501 | 13% 50% 15%1,755| 6,751 |2,025
b 1% 45 (Container-7000) | 13,501 | 13% 50% 15%1,755| 6,751 |2,025
b 1% 4, (Container-8000) | 13,501 | 13% 50% |15%|1,755| 6,751 |2,025
% 41 (Cruise) 3,900 | 15% 45%  |32%]| 585 1,755 |1,248

— 4% | 4y (General Cargo) | 1,776 | 17% | 45% |22%]| 302 799 396

1% 745 45 (Ocean Tug) 600 | 17% 45% |22%| 102 270 134

H # (Miscellaneous) 1776 | 17% 45% |22%]| 302 799 396
2 w4 (Reefer) 3,900 | 15% | 45% |32%| 585 | 1,755 |[1,248

H + % 7T 45 (Ro/Ro) 2,850 | 15% 45% |26%| 428 1,283 741

45 (Tankers-All_Small) | 1,911 | 24% 33% |26%]| 459 631 497

o 45 (Tankers-Panamax) | 2,520 | 24% 33% |26%| 605 832 655

 4u(Tankers-Afranax) | 2,544 | 24% 33% |26%]| 611 840 661

45 (Tankers-Suezmax) | 2,865 | 24% 33% 26%/| 688 945 745

7% 45 (Tankers-VLCC) 3,388 | 24% 33% |26%| 813 1,118 881

24 4 (Tankers-ULCC) 3,667 | 24% 33% |26%| 880 1,210 953
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Tankers-ElectricDrive 1,985 | 24% 33% |26%| 476 655 516
£ -2 WeagTELERERE
#es g 4 B E (KW)
4 A 5]
= BN ARE i p
/< @ 4 (Auto Carrier) 0 371 371
37 %45 (Bulk) 0 109 109
b 1% 4, (Container) 0 506 506
% 41 (Cruise) 0 1,000 1,000
— 4 b7 45 (General Cargo) 0 106 106
1% /%45 45 (Ocean Tug) 0 0 0
H 8 (Miscellaneous) 0 371 371
4 Ay (Reefer) 0 464 464
&+ % T 4 (Ro/Ro) 0 109 109
7% 45 (Tankers) 0 371 3,000
% 4 (Tankers-ElectricDrive) 0 346 346
FR &k Puget Sound Maritime Air Forum, 2007
3
4 3-23 BEdpdad e hikd
Year . PM;
type Englne NOX VOC|CO SOZ PM,s| DPM COZ Nzo CH4
0
= Medium speed
. . 1147104 1111123| 15| 1.2 15 |683|0.031|0.008
1999 |diesel : Residual oil
2000- | Medium speed
. _ .| 13104 |11|123|15| 1.2 | 1.5 |683|0.031|0.008
2010 |diesel : Residual oil
2010- |  Medium speed
. _ /105|104 |1.1|123| 15| 1.2 | 1.5 |683|0.031|0.008
2015 |diesel : Residual oil

TR kiR 0 POLA, 2012 ¥ =: g/kW-h
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% 3-24 BiFApdafetdppP itk

Engine NOx | VOC | CO | SO2 |PM10|PM2.5 DPM | CO2 | N20O| CH4

Steam boilers| 2.1 | 0.1 | 0.2 | 165 | 08 | 0.6 0 970 | 0.08 | 0.002
FAL %R POLA, 2009 ¥ =: g/kW-h
3 3-25 W RED hikk

EeeL NOyx | VOC | CO | SO, | PMyp|PM25 | DPM | CO, | N2O| CH4
HFO(1.5%S)| 1 1 1 0.56 | 0.82 | 0.82 | 0.82 1 1 1
MGO(0.5%S)| 0.9 1 1 0.18 | 0.39 | 0.39 | 0.39 1 0.9 1
MDO(1.5%S)| 0.9 1 1 0.56 | 0.47 | 0.47 | 0.47 1 0.9 1
MGO(0.1%S)| 0.9 1 1 0.04 | 0.35 | 0.35 | 0.35 1 0.9 1

lzjygw kA Y s EHFE 2 Py

dgptic g 0 2

BRI X oP = i

-

iE 1

P e

a ik g (B )

cAFE 0 AP R TR

2012)#% menficle > B EM RN AT E 2. Thitk s o
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Wit B A A R 4 iip e P IE S H iR
Frdge o f 4515 R4 é/,?%t‘ (FFrckedr =% 0 2010) & 7 4 24 51 &F cndfe
Ff 7 o 1395 POLA 7 = #% @ F 0 & * chlficdy > et 31 5 e S0k #%c
“#c i 12, 3g/kW-hr -

WeidhipH g R iid 2 /,?% B2 % > $* Puget Sound 2007 %

SrdR it B pip ) 4L 0 B FE K B 0 ¥ 4995 POLA (2009/2012) i@ * &h

¥ o 4 2 4 SOx % 83 16, 5g/Kli-hr -

33w Mg it AR %ERE
SILHEMEA L ¥ wendpia e R E T H L

R B RIE_2008-2009 = BB 4e e AIS ' Bagirdpda g SR
W T L o TP g EFF T ¥ w(Joint Research Center, JRC)**
2010 & 153 - > & 2" Regulating air emissions from ships - The
state of the art on methodologies, technologies and policy

options" éh$-F4f2 o df 2 @ dp i 2 Tigdadae g 5 b = 2 OB EEF) R

s bl gdpdadp T P - BT T 2 R R 2
FohdpdanA AT pdpdgE R G P AT L ABER V(2

CARFEREY) ¥ R BA P REAFNI LY (N R

ERBEAGP- ELBMBT A AR E  BE A mAEE



T0%) 4 o GdpdaPrl kiR G o JRC T 4FL4pd AT R
* 5% Lloyd’ s Register Fairplay # #:World Merchant Fleet

Database 2 % Lloyd’ s Marine Intelligent Unit (LMIU) database

hadrdgidedria Pl e @A 3 G 0 JRCI S ¢ ALS Hig &
PR AIS BT R A eE B 0 0 T ¥ R A da

# R edpda TR ¥ hservice speed A4 da g 8 H ¥ fLinT iS4 o

B EApdgad L8R > 2 7 service speed B Z & operational

speed > F]t AIS FH T A Fezd /a3 P L PR F 2 Gt o

JRC = dg v 4k #* AIS ehh ' 4 & fid F 5 0 @ dpdpdachid § 5 &

SN L B emE R BN T L LR T KRR o e

A

ow) i gk 3t(Long Range Identification and Tracking, LRIT)

332 M AIS#FR 4p4az F % E H STEAM #-3)

i # %% 97 J.P. Jalkanen % % ¥ University of Turku &
£+ 2009 £ 4& 41 Ship Traffic Emission Assessment Model (ff #-
STEAM model ) 1% AIS3=fe4pdaff #g > i g i el LA
o B MR o R A KR 6 HR A E B iR 2007 £ 2

EPDHEEFTEREEGE B o 4ol 3.4 B 3.0 T AP o
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Fuel (tons)

Hourly fuel consumption (kg

40000

35000 . Main engine, reported
. Main engine, predicted
30000
7 Aux. engine, reported
£ 25000 - | | Aux. engine & bioler,
[= L -
S predicted
‘s
£ 20000 -
=
7]
c
Q
215000 -
[
3
w
10000
- I i II
N m N

RoPax1 RoPax2 RoPax3 RoPax4 RoPax5 RoPax6
Ship

W 342 i R rEDHEELER STEAMBEAURGE %%

W Real consumplion
90 ——{H Predicted, wave sffect included
W Predicted, no waves

5000 -

4500

4000

H With waves
3500

W Without waves

3000

2500

2000

1500

-
=}
=]
=}

5]
o
=]

15.00 16:00 1700 18:00 19:00 20:.00 21:00 22:00 23:00 000 100 2:00 300 400 500 600 7:00 800 900 10:00
Local time

B 3.5 12 58000 % ¢ RoPax2 %t i 4= § W iR Hmc

STEAM model &% & i 424 3.6 °
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’ Receive, decode and check validity of AIS transmissions ‘

o v Ship not in DB
Ship in DB ﬁ Collect MMSI/IMO code pairs m

Lloyds register web service

Update Ship DB with current MMSI/IMO pair ‘ ’ Add new entry to ship DB

Q Find technical details of each ship %‘

| l Insufficient data

\
Determine ship type Use AIS info. and /or type specific averages
1t:ship DB entry for ship type, physical dimensions and

Last: small craft Determine main engine stroke type and rpm
Primary: Ship DB/Lloyds data

2nd:|_loyds Register main & aux. engine power
3rd:Use shiptype in AIS

Determine wave

height & direction i | iNOt found
Calculate instantaneous propelling power | Assume medium speed
Estimate performance penalty due to waves (optional) diesel @500rpm
T Estimate auxiliary engine use (incl. boilers) W
_ - Other ships:
Passenger, RoPax, Cruise shlps: -Cruising (>5knots): 750kW
400kW regardless of operation mode -Manoeuvering (1-5knots):1250kKW
Do not exceed max. installed aux -Hotelling (<1 knot):1000kW
engine power -Do not exceed max. installed aux engine power
| |
v

Apply measured emission values or emission abatement
If neither is present, take NOx emission factor from IMO curve

|

Calculate NOx emission and fuel comsumption (kg/sec)
Calculate SOx emission based on fuel S-%, consumption

}

’ Sum up emissions by grid cell during selected time intervals ‘

’ Plot ships’ route at selected time intervals ‘

J

’ Assign emission to grid cells by interpolation and accumulate emission sums ‘

W 3.6 STEAM Model &% & ;2 (J.P. Jalkanen et al, 2009)
STEAM model m@?] * F e
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Identification Physical properties  Main engine properties Auxiliary engine properties

Ship name Length ME, Fuel sulphur content  AE. installed kW
IMO registry number  Breadth ME, abatement technique  Number of AE
MMSI code Draught ME, SFOC AE, Fuel type
Ship type Build year ME, design AE, Fuel sulphur content
Gross tonnage Design speed ME, model AE, SFOC
Deadweight tonnage  Number of cabins ~ ME, stroke type AE, abatement technique
Hull type ME, rpm
Number of ME

ME, mstalled kW
ME, Fuel typel
ME, Fuel type2
Measured EFs

# @ MMSI="k b 76 %

”‘Li%

2w 7g ; ME=- #(Main Engine) ; AE=#f
# (Auxiliary Engine) ; SFOC= %% ij" 4= & (Specific Fuel 0il
Comsumption) ; EF=NOy, SOx, CO, PM % &t 2x 2 #(Emission Factor);

STEAM model #“it & e g B enfld ApF > Y oo 84T

Pransient = M k=0,5143* 8,v"}‘Pinstalled
ransient — 3 3
0.5147 (Vaesign + Viatety) (3.9)

EpRAWadk < PE 4 (MR £ BK s 0.8 7 e,%
Pinstainea=MCR (H 2= KW) © Viesign 2 Viarery & W] Z K3 @ R B2 X 24F > H
=& m/s > STEAMmodel # 3 ® 4= #7% 4y da Varew 3K 5 0.25Tm/s (48
3 0.5 &) o Vowsien B~ AIS 4R 2 chipid > 4o % 4 5 i 5 Y 1

suig B B AIS R 2 ey o

82 2% STEAM model 2 & * 49 stmenabl » FHT B » &7 % I

FREFL TR AR B EE R A F IR/ K e bl
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HBapfaw) 2 & 2 IMO5LAg Aiadpda TR L 0 4o iy IMO 5L78 R B~
BOAIS3REZ > mE 23w AR5 [ 4 (248 2380kW) ;5 2 8% 2 A0
FEFE R A VIR S LA s h gz anen R A v ARk 5 0. 5%;
e 45 S gmaEk 3 200g/kWh o

& F AIS U BLia F 40 B 7 a0 § 44 v R R > 4y e ek g7 bl
WAHEE ¢ Ry AISUB TR 3> Riok @ Fa & AISH 472 2
FAZE T2 ] PF > RIZEPFR P P83 5 228 o dp P B € 1Y
AR L 2 PR Tiog Bk B H £18 4 o Pacg §
ton/gridcell 4 % 5 g/mME M & BREBCoAE 2 0.08 (X 5
9km) o

STEAM Model = NO«ft 2z T fic & 2 4k * IMO »+ 2008 # i 372
Marpol ®*% = % (International Convention for the Prevention of
Pollution from Ships) Annex VI #;4a#% NOs# 2x & 24| ¢ ehTierl 22
T oTierl g #2000 # 1% 1 p 22011 & 17 1 p2 @Fdz i
P gendt b 1 (O130kW) 2011 & 12 1 p 216402016 # 1 2 1

P2 ts AT 4y ek b 51 H O130kW) &4 =l * Tierll &2 Tier III 9
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Regulation NO; limit (revolution per minute)

17 g/kWh n<130

Tier [ 45 x %% g/kWh 130 <1n <2000
9.8 g/kWh n > 2000
14.4 g/kWh n <130

Tier IT 44 x 0 g/kWh 130 <1n <2000
7.7 g/kWh n > 2000
34 gkWh n<130

Tier IIT 9 x ™ g/kWh 130 <n <2000
2 g/kWh n > 2000

B EEFREE S92 MR THINOX R gk o F g
#)4- : Carlo Trozzi[Emission estimate methodology for maritime
navigation, 2010k 4p4a31 &2 Hp 25 & » 38 F& & 53 4% 0 2
E NOX 2% vk § 5 17% 0 B 2005 & e NOo 2 R e 3% vt

2000 = *% < 5x4%x17%=3. 4% -
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3.3.3 v jF ey dadt i g F P

J7= i hEmission Register ¥ 4xim i+ & #3x | 5 § ~ F ook
01350 48 % 4~ «r#cdy o & Emission Register 3+ & » > fmjf ~ Mk
KBk R cndpda B B d F s 477 1 MARINOMari time
Research Institute Netherlands)# 7 - 2008 & MARIN & & A 42 &
2007 £ 7z 7R B4 AIS T 52 A# A Fdpdaz F g
Rty > 2000 ERAIE S LA EEE e BREFRECE -

i ¥% MARIN 2012 # 7 Sea Shippings Emission 2010 3%+ - # =
AR IR R A G RGeS ) s B /2R
TP SRR LR 127 & 1270 0 R e @ en T AL E_ALS

dpda g T4 R (Lloyd s List Intelligence s )£ % i fic o
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MAFEERE

MMSI%E 28 ~ IMOSE % ~ 5% ~
BLZ - LR

MMSIR 5 ~ IMORE ~
wFIE s ALE -

GT. type, size, Service speed,
G HE-RE (GT. type, size, peed.

installed power)

A B ey A Ak AR
MMSIE 2 ~ IMORES ~
R ALE ~ AbREAEE
(GT.type, size, Service
speed, installed power)

process, substance, Emission
factors, Factor per nm for
forward speed, Factorper
GT -hour for at berth

MMSI$% & -~

HE -
BRE-HE

LB > ReyssiE

|

W 37 pEEaE s« TTREZ H M A0MARIN, 2012)

M

MARIN & 5 424 8 ez & 4o ff1 8.7 4 = 7)1 (65 p o 4 -

(IDFCALS T = & e BR) F) iy 4 fe 45

(D F b i B TR A 2 Bk e

(BHCALS T g da et TRt AL & 2 Ao da g 5

(D4t e FHREA S & pfeing o

LS TR A 4 & 3 4 0 BRI TP L5 2 A 45587 £ 4y Gt
B o B % B~ 500mxH00m 415 5 H 4 % 3B BB~ Skmxbkm e o (& F it E

PR PR T Bd AR T - R R - R
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VLt R T B oenpian g @R B ALS qrin kiR TR R
o FHAASAF SR EFF Gy BRFE S TS A

B2 o #t 5 MARIN 7 Sea Shippings Emission 2010 384 7 & & 3¢

CRE )k T R ENE SR T Y S
Tiochg B dgnis FFRA DT L & 0 R Aendp it
ek g 4 g ffic 4o 3.8

FOOABLEE S o e AIS K R FLERERE o B

B & R 15m v jad % % ALS o

T O O O O F O O L O I
)/ 1 O VIV L T R T
K TR Y 5 [T
4 % -y HEEE s i
it K . VO I T T |
(T TR R T B . AT - o i
R [ | : L T _ s
5 M5 47 B4E 5 i, hm e
0GRl A0 & A0 B oo : g
T /I N g A
L5 1 O - Er et
¥ 1o ; - .ﬁ%hm
- N
Line 2 2 '
] § -
Eﬁf}iﬁﬁ # * . | Line7 |
MRBE G E e 1

W 38MARINH#& Z AISTHEEF e 27 LW
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334 A FB RS LB i fa Pl
# W3k FF (USEPA) > dpda 2 € enig & 2 02 » 2302009 & 4
PoengoprsE 2 ¢ "Current Methodologies in Preparing Mobile Source

Port-Related Emission Inventories" » 1+ # # USEPA 2009 - USEPA

2009 5 B dpda g ard FTALRRE S 2 40B] 3.9 o

_ Marine Exchapgel Lloyd’s Register
Pilot Data Port Authority of Ships
» Distance between » Ship-name €---oooo oo > + Ship name
docks * IMO number €------ =t >+ |[MO Number
* Average speeds for » Vessel type €m s > = Ship-type
each time-in-mode = DWT €mmmmmmas > <« DWT
» Tug assist speeds » Flag of Registry <--------- » * Flag of Registry
and behavior » Vessel Speed * Vessel Speed
= Date of Arrival * Engine Type
= Time of Armrival * Engine Power
= Date of Departure * Engine Speed
= Time of Departure * Build Date
Calculated Average Average Vessel
Vessel Movements Characteristics
» Calls + Ship-type
* Shifts +» Engine Type
* Time-in-Mode « DWT
+ Cruise » Engine Power
* Reduced Speed Zone » Vessel Speed
* Maneuvering » Engine Speed
+ Hotelling » Build Date

W 3.9 % Mk R % i B drdqpt 2 g e 2 (USEPA 2009)

USEPA 2009 #Hciivdf £ o dpda— X2 B e E B €358 % 4 &

-~
S
—

+iesycruise) ~ it % (reduced speed zone) ~ # 43 &
(maneuver) ~ 7p A-(hotelling) & = B HCS » A W35 A& 4N chpf

B (f%"time-in-mode" ) -~ #% 3| time-in-mode € = |4, 4a < i R
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RS ETRF R AR ERIPE AR F R Ity

PERNBETFF Rt P B2 EET EEERA ) TR

" E XIS N Rl 2 o £ 3-26 A_US EPA 2009 HjisaR 4 g g

% 3-26 ¥ MR in% 2000 & HirfF2 7 chid ¥ da 2 ER &

Main i Total Auxilliary Engine Load Factor
Engine Cruise Aux. Assumptions
Ship Type Speed AU_X' Engine
(kW) Engine _
(knots) Speed | Cruise |RSZ | Maneuver | Hotel
Power

Auto Carrier | 10700 | 18.7 2850 | Medium| 0.15 | 0.3 0.45 0.26

Bulk 8000 | 14.5 1776 | Medium | 0.17 [0.27 0.45 0.1

Container Ship| 30900 | 21.6 6800 |Medium| 0.13 |0.25| 0.48 0.19

Cruise Ship | 39600 | 20.9 | 11000 |Medium| 0.8 | 0.8 0.8 0.64

General Cargo| 9300 | 15.2 1776 |Medium| 0.17 [0.27| 0.45 0.22

Miscellaneous 13 0.17 |0.27 0.45 0.22

OG Tug 145 0.17 (0.27| 0.45 0.22

RORO 11000 | 16.8 2850 | Medium| 0.15 | 0.3 0.45 0.26

Reefer 9600 | 19.5 3900 |Medium| 0.2 |0.34| 0.67 0.32

Tanker 9400 14.8 1985 |Medium| 0.24 (0.28 0.33 0.26

TR F SRR s R AT B B - A
AR P ER R L A B AR R DM R T A

830 o PP g R AN HLERS F R NG R I K 0 f fHT
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LF = (AS/MS)* (3.10)

He LFEFFFF (FAr) "ASEFH4E (i &) 2 NS
L Adg (Ee: &) o

US EPA 2009 223k 2 582+ B e LF &)+ 2%PF » fuzk & 2%

o B ER A f % 20%0 FARAR S B RE 0 f 40 20%88 0 2
liBR B gMEE L P EMA AR 0 FY UM PAETFEEN
& e

R ApB % 5% HPOLA 77 % 8 iP 25 T 2 B2/ p
2007 & 44 17 2005 £ g F P PR ¥ > H I P H PR gt Y

oA G AeR] 2,17 82 218 -

Liloyd's Vessel Speed Technical
Data Reduction Data Literature

MarEx Data Pilot Data

Y l r Y kL

Speed (actual) Speed (mazinmim) Distance / |Actual Speed, knots|
I r
Trip duration
3
Power, kW| X Load Factor X | Activity Hours| o I
I I Lloyd's Data |Power, maximum speed, actual cruising speed
3 ¥ (Validated by VEP survey data)
| EW-hrs | X ‘ Emission Factorl Vessel Speed |Actual speed (knots)
| I Reduction Data
Technical
.ec e Emission factors
- Literature
Emission Estimate MarEx Data |Travel distances, number of calls, vessel ID
Pilot Data | Trip duration for maneuvering

W 310 # MR mesT 2 1P R
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Lioyd's Technical
: Survey Data X e MarEx Data Pilot Datal
Data . Literature
Distance / | Actual Speed, knot:
Trip or dwell
v r duration

Power, EW | X Load Factor X | Activity Hours | g |

‘ | Lloyd's Dara |Kilowatts, number of engines/vessel, speeds

v I (if available)

‘ EW-hrs X | Emission Factor Survey Data |Aux. Eng power (W), Load Factor, speed (knots)
Survey data is from Vessel Boarding Program (VEP)
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(1) IMO Resolution MSC.255 (84), Adoption of the code of the
international standards and recommended practices for a safety
Investigation into a marine casualty or marine accident (Casualty
Investigation Code), adopted on 16 May 2008.

(2) IMO MSC-MPEC.3/Circ.4, Casualty-related matters reports on
marine casualties and incidents: Revised harmonized reporting
procedures - reports required under SOLAS regulations 1/21 and
XI-1/6, and MARPOL, article s 8 and 12, 28 August 2013.

(3) IMO Assembly Resolution A.1075 (28), Guidelines to assist
investigations in the implementation of the Casualty Investigation
Code (Resolution MSC.255 (84)), adopted on 4 Dec. 2013.
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% 4-1 IMOsa 323 & 49 B 93 2 &

Event An action, omission or other happening
AN T~ H 4
Casualty event The marine casualty or marine incident, or one of a
B number of connected marine casualties and/or marine
hIRE 2

incidents forming the overall occurrence (e.g. a fire
leading to a loss of propulsion leading to a grounding).

AEAA VT AV EMF AT Apd kB
AR [RE P Tk - (blhet VRERL L $
g AN )

Accident event
- SE

=

&

An event that is assessed to be inappropriate and
significant in the sequence of events that led to the
marine casualty or marine incident (e.g. human
erroneous action, equipment failure).

il a2 g it > ¥ A ERBIPN A T e
A FEY L ER (blde A S HFE T XA
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Contributing factor
B B R £ 7]

A condition that may have contributed to an accident
event or worsened its consequence (e.g. man/machine
interaction, inadequate illumination).
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Safety issue
X > KA

An issue that encompasses one or more contributing
factors and/or other unsafe conditions.
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Safety deficiency |A safety issue with risks for which existing defences
PP aimed at preventing an accident event, and/or those
‘ aimed at eliminating or reducing its consequences, are
assessed to be either inadequate or missing.
TRk enE 2RAE O - : AL L S R
R BRIy AR S G &
4 o
B s BN EH %#F S5 EH B 5
A A BESEIFCE A e /BHEBMCE
Diesel Fuel sprays Fuel Em{;;g;r;cv
generator onto hot Fire supplies generator N Vessel \ Vessel
pipe turbo isolated fails to blacks out Grgundg
failure charger start
=S .
CF - N

Lack of
maintenance

Loose
coupling

Lack of
N maintenance

Lack of

= CASUALTY EVENT
= CONTRIBUTING FACTOR

= ACCIDENT EVENT

= EVENT
= SAFETY DEFICIENCY

planned
maintenance
system
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Ships involved Incident date | Type of casualty o
£ i 31 h 4y
SHIH HUI 31 (-) 2015/9/18 Very serious
(A Tk = B iT)
OCEAN RESEARCHER V 2014/10/10 Unspecified AT
(IMO 9614098) (fgeimin)
HAI HSIANG NO 8 (-) 2012/3/19 Very serious A 2N B
OCEAN GLORY (-) 2012/3/19 Very serious e
OBERON (-) 2012/2/19 Very serious R
(BB
JUI HSING (IMO 7400041) 2011/10/2 Very serious e 14

2011 # 117 02 p it chsg E > HF B & A p 5 40T



javascript:__doPostBack('ctl00$bodyPlaceHolder$advancedSearch$incidentSelector$gridIncidents','Sort$IncidentDate')
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Type of casualty:
Very Serious Casualties

Initial event:
Stranding / grounding

Summary of events:

After departure from Keelung, duo to poor weather condition, the ship anchored in coastal waters near Keelung,
which caused this ship to ground. With strong swell striking, the ship was broken and finally foundered, tumed out
that 8 of 21 crews were dead and 2 of them were still missing

2012 # 3 7 19 p it eha s A B B4 B Ak ) B 4o

Type of casualty:
Very Serious Casualties

Initial event:
sinking
Summary of events:

On 19 March 2012, at 0430 hrs (local time), the ship HAI HSIANG NO 8 loaded with 4,000 tons of soil and a crew of
15 sank off Keelung harbour. At 0426 hrs, the crew informed Keelung harbour authorities that the ship was listing
and of their intension to return to harbour. Rescue authorities and other ships in the vacinity were immediately
alterted by the Control Centre and requested to help with rescue efforts. The ship sank quickly. Six bodies were
recovered, 7 were rescued by searchers, who are still looking for the 2 missing crew members. An initial investigation
shows that the ship's first engineer was not aboard during the incident. According to customs data, the ship should
have had a crew of 16. The cause of the incident is unclear, however, local media reported that the ship may have
been overloaded. Heavy fog and rough seas may have also caused the accident, according to local media outlets.

2014 & 10 * 10 P fRRITIL A ATT HE B R FE P F o

Marine Casualties and Incidents » Incident Data
Initial event:

Stranding / grounding

Summary of events:

THE RESEARCH SURVEY SHIP 'OCEAN RESEARCHER V' STRANDED ON A REEF AND SUBSEQUENTLY SANK IN THE
TAIWAN STRAIT 3 MILES EAST OF PENGHU, TAIWAN, CHINA IN LAT. 23 33N, LONG. 119 44E., AT 1644 HOURS LT
ON 10/10/14 IN HEAVY WEATHER AND POOR VISIBILITY.

THE SHIP SUSTAINED SEVERE DAMAGE TO STARBOARD SIDE OF HULL, TOOK WATER AND LISTED PRIOR TO
SINKING APPROXIMATELY 3 AND A HALF HOURS AFTER THE INITIAL STRANDING. NAVAL AND COASTGUARD
SHIPS, AIRCRAFT AND HELICOPTERS ASSISTED WITH SAR OPERATIONS. ALL 43 CREW RESCUED AND TAKEN

ASHORE TO HOSPITAL. 24 CREW INJURED, 2 OF WHOM DIED BEFORE REACHING HOSPITAL. THE ACCIDENT
INVESTIGATION DETERMINED THE CAUSE OF THE INCIDENT TO BE NAVIGATIONAL ERROR.

2015 # O " 18 p FlAA TR - Bpidg a UL 0E 31 BEA B
HEEHFE AN F AT

Marine Casualties and Incidents » Incident Data

Initial event:

Collision

Summary of events:

The 48-tonne fishing vessel SHIH HUI 31 en route from Chuwei (a port near Taoyuan city) capsized after colliding with
an 8,000-tonne cargo ship ASIA CEMENT 2 on Friday, 18 September 2015 off Taiwan, China's northern coast.

Four bodies were recovered and five are reported still missing.

A search and rescue operation was deployed to search for the missing crewmembers.
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generic B¥MEFH TR AL

Name Type
Al_id varchar
Marine_safety_investigating_State varchar
Number_of_ships_involved int
Actions_taken text
Safety_recommendation_focus_(loop for m¢ varchar
Safety_recommendation_acceptance varchar
Safety_recommendation text

Voyage data MATHAFHELEH

Name Type
Al_id varchar
A2 id varchar
Type_of_cargo text
Packageed_dagerous_goods_or_marine_po fext
MNumber_of_crew_on_board int
MNumber_of_passengers_on_board int
MNumber_of_other_persons_on_board int

generic_casualty data G Fatp TR A L&#H

Name
Al_id

Summary_of_events

Date_of_initial_marine_casualty_or_marine_incident(local)

Type
varchar

text

Time_of_initial_marine_casualty_or_marine_incident(local) time
Position_of_initial_marine_casualty_or_marine_incident-latitud double
Position_of _initial_marine_casualty_or_marine_incident-longitude double
Location_of_initial_marine_casualty_or_marine_incident int

Ship particulars fsse# T HEH 245

Mame

Al_id

A2 id
IMO_number
Mame_of ship
Call_sign
MMSI_number
Flag_State

Type
warchar
varchar
int

text
text

int

text

Type_of_ship(drop_list_to_include_high_spe« text

Cross_tonnage float
Length_overall float
Claassification_society float
Registered_shipowner text
Ships_company tet
Year_of_build year
Deadweight varchar
Hull_material warchar
Hull_construction varchar
Propulsion_type warchar
Type_of_bunkers varchar
Mumber_of_crew_on_ships_certificate int

Mumber_of_passengers_on_ships_certificate int

W 454
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Table 2 Z2FHFTHEAAE

[ table_2 @marinecaseinternationa... lilﬂu
File Edit View Window Help
I Import Wizard [ Export Wizard »
index descript chinese -
» || Carriage of cargo ENEE
2 Electrical installation Ez=n |
\ 3 Fire protection/fire-fightin B5X/i4R582ME |
4 Human factors ABRER |
{ 5 Life-saving equipment ~ TERE K
" 6 Machinery L 3] !
N 7 Operational practice EEEE L
8 Radio installation =RERE |
e A7l 2E SR 21 9 Safety of navigation no=e |
Table—z XE ;g"%‘ L] ;H-ﬁ"'ﬂ *% 10 Seaworthiness e !
T 11 Stability BEE
Name Type Length 12 Other Rft
> int 11 U 13 No safety recommendatic EX2@E - .'
. a :
descript text 0 M oA M F = a1 A
chinese text 0 Record 1 of 14 in page 1

W 46 ATRET o FTHLBHEAPM F-F 2EW

table 685 table 95ERE

Name Type : MNam T
xternal _environmental data ame ype
» int S T e ;
index | e bt » EEE
descript text descript text
chinese text Name Type chinese text
b Al d varcha
= FH|
table—?ﬁ[‘ﬁ Sea_state int table_lo%ﬁ‘ﬁi‘
Name Type Wind force ik MName Type
VR~ €™ e » [
descript text Visibility it descript text
chinese text chinese text

Type_of Weather  int

table 85253 lce it table_117K7

Name Typ Name Type
»

descript text descript text

chinese text chinese teut
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generic_casualty_data;G$f=R i AHER table 3F4£ERIE

T
Rlame pe Name Type
Al_id varchar .
Sum m:rgfr_?-i_mm? — t:xt descript rext
Date_of_initial_marine_casualty_or_marine_incident(local) ate chinese e
al_marine_casualty_or_marine_incident(local) time

Paosition_of_initial_marine_casualty_or_marine_incident-latitud double ta ble_'q‘ﬁﬁi'?ﬁﬁﬁ
Position_of_initial_marine_casualty_or_marine_incident-longitude double Name Type
Location_of_initial_marine_casualty_or_marine_incident int index int
Overall_occurrence_designated_casualty_event int descript 1 text
Overall_occurrence_severity int descript_2 text

chinese_1 text

chinese_2 text

table SEHEREE

Mame Type
descript text

chinese text

[ [P
[ table_ 4 @marinecaseintemational 103) =

File Edit View Window Help
[ Import Wizard [ Export Wizard ' Filter Wizard | | Grid View [=] Form View | |71 Memo Hex [EImage ):
index descript_1 descript_2 chinese_1 chinese_2 2
» il Collision ownship not underway ~ BifE FRFETET
2 Collision with multiple ships BiE s2£8
3 Collision with ather ship HiE £
4 Grounding while drifting Bz b
5 Grounding while under power = EHAOT
6 Contact with fixed object Eisg SEEN
7 Contact with floating object i s2FEn
8 Contact with flying object Eiag ERTH
9 Fire/explosion fire Sk RN sk 3
10 Fire/explosion explasion FEK/EIE RIE
11 Hull failure HBEE
12 Loss of contral loss of containment SIS 2R
13 Loss of control loss of directional control FZEE] FEEFEE
14 Loss of control loss of electrical power  FZEF] KEEN
15 Loss of control loss of propulsion power  SZEH| EEEED
16 Ship/equipment damage Bf/RESE
17 Capsize/listing capsize BE/Es HE —
18 Capsize/listing listing BE/Es s
19 Flooding/foundering flooding Bk/g Bk
20 Flooding/foundering foundering Ex/R =3
21 Ship missing BARASCEE
22 Occupational accident  body movement under or BESA LEENTHSBEY (—SS5HAE)
23 Occupational accident  baody mavement without : RS RETEEEENTHSBED (—HSERHNER)
24 Occupational accident  breakage, bursting, splittir == B EE . 4F RESaHEENEE
25 Occupational accident overflow, overturn, leak, fl FE=ET HBlgEE - EE - 2R R ER - Bn
26 Occupational accident  electrical problems, explo BE=E ESEE BE K
27 Occupational accident loss of control of machine, BEE=aT e ERTEANELE  FSEIIE 44 InE=EE
28 Occupational accident  shock, fright, violence, age BEEL e =% Bh G 28 5L
29 Occupational accident  slipping, stumbling, falling EE=E AEEE - HE - BRESN
30 Occupational accident  slipping, stumbling, falling == AEEE - #E . BEESEKT
31 Occupational accident  Slipping, stumbling, falling EE=&1 AREE - #E8 BRER—KT
32 Occupational accident  Others EES Eif
33 Other Eify
34 Unknown ES] -
<« 3
4 4 > M = a7 Q@ M1 wow

Record 1 of 34 in page 1
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Incident Reference: C0ono4
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EiHIE:

e Bartie B R ()

VGG L BTSSR (R ).

BT - YMEE E A MU E:

BBPE - YMEE FBarEE FEMHUE:

THEE L EEERE LB R ATR:

ittt = e (e

Ry BEEE:

clear next

] 4.9 # SEF R R JRAET

Analyze

Ship Reference:

Analyze

4-16

Ship Reference:

B

» 2

£

=

2

AIS

AIS

B ek

<>



Marine

Welcome  Incident

Add Generic

Incident Reference: COO029

Ship Particulars
IMOMRRE:
9614098

HipaK:

OCEAN RESEARCHER V
L
M ERRE:

RN TRl
Rergart i Survey Viestel

Marine

G, Classification Society:
Welcome | Incident - - o S
| 10. Registered Shipowner: NATIONAL APPLIES RESEACH LABS (IMO 4181946)
Add Generic Factual Ship
11, i TORI (IMO 4181950)
- . Town Manager/Operator: o
T 12. Previous Names:
MATIONAL APPLIES RESEACH LABS (MO 4181946) .13l- P.TE'UI:Duf r.lag.: .
Halea e 14 Previous Class
TORI (MO 4181950) * Society:
W o B
20120701 e
HEE: 15. Date of contract/keel laid /delivery:
1050 16. Date of major conversion:
[ T 17. Deadweight (t}:
18. Hull material:
Heamit: 19. Hull construction:
ft L . D.ther: e R B .
e 20. Propulsion Type (type, fuel, etc.): OFEE_r S
i 20.1. Bunkers:
21 Nature of cargo (e.g. oil, dry bulk and goods
[r— " under the IMDG Code):
22. Building yard:
P o 23. Hull number:
94, Dateof total loss / constructive total loss / 2014-10-10
scrapping:
25. Number of crew on ship's cemﬁcatp: [-HG G ISIS HCI

W 410 AFpFHET

AIS

Ship Referente: 1

Factual Analyze

SHIP IDENTIFICATION AND PARTICULARS

Administraticns aré urged ta supply the ship identification information Ested in this annex for
submitted to the Grganization.

1. IMO Number: 95614098

2.__Hame_uf SE: I D_CE&N_RESEAR(EER \f_ S
SOLAS or non-S0OLAS: Unknown/unspecified

3. Flag Administration: China

&,  Typeof Ship: Research Sufvey Vesssl

5. Typeaf Service: Nat reported

Other:

6. Were any voyage related restriction limits placed on the ship? Explain:

7. Gross Tonnsge:
Length Overall (m):
feers = A LR mons i drsder i) - DM Al 15758

BEC

Marires Camaibes, el et = et D
B 7.6

o cmspemmnsocey.  IMO GISIS MCI

pedpdau g Em TR (3R TR
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Marine

Welcome | Incident

Add Generic Factual Analyze ATS

Incident coon Ship Particulars Ship Referance: 1 -
VoyageData

Voyage Data CasualtyData

EiTELE: Consequences

v L EERRREYSET M

w
Glln=p) =N
Clla=RE RN
fo FEIRG A S A8
~% = ) IS b = L (i? 3(.»)
N 3 - Y Y
B 411 AEEFTHRET o -Hufg R
M i
Welcome | Incident
Casualty Data
BT (fEIR R — A BTSN )
- -
BT AR
PRELIMINARY CASUALTY DATA IMO GISIS MCI
s HATEEE -
" 2g, Dateand time (local 2014-10-10
° onboard): 16:44
ST 29. Position/location: TAIWAN STRAIT 3 MILES EAST OF PENGHU, TAIWAN
Latitude: 23° 33.00' N
(B GMDSS: Longitude: 119° 44.00'E
30. Initial event 1: Stranding / grounding
R 31. Consequences * Total loss of the ship; Loss of life
32. Summary of events:
L.
A THE RESEARCH SURVEY SHIP 'OCEAN RESEARCHER V' STRANDED ON A REEF AND SUBSEQUENTLY SANK IN THE
TAIWAN STRAIT 3 MILES EAST OF PENGHU, TAIWAN, CHINA IN LAT. 23 33N, LONG. 119 44E., AT 1644 HOURS
LT ON 10/10/14 IN HEAVY WEATHER AND POOR VISIBILITY.
4£HVDR/ S-VDR:
THE SHIP SUSTAINED SEVERE DAMAGE TO STARBOARD SIDE OF HULL, TOOK WATER AND LISTED PRIOR TO
) SINKING APPROXIMATELY 3 AND A HALF HOURS AFTER THE INITIAL STRANDING. NAVAL AND COASTGUARD
TRI{SVDR/ S-VDREH: SHIPS, AIRCRAFT AND HELICOPTERS ASSISTED WITH SAR OPERATIONS. ALL 43 CREW RESCUED AND TAKEN
ASHORE TO HOSPITAL. 24 CREW INJURED, 2 OF WHOM DIED BEFORE REACHING HOSPITAL. THE ACCIDENT
INVESTIGATION DETERMINED THE CAUSE OF THE INCIDENT TO BE NAVIGATIONAL ERROR.

ETF#VDR/ S-VDREH:

W AL SRFHET S-FRFHTE (FRFH)
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RN TSR B L BERIEE R R BAT YR
IDRERC 2R ARER (A SR L

441 SRR AT @

"4 8% (Ocean Glory) ; 2012 # 3 % 19 p #F B p KB 1k
PALTEE R R S QLR A S R R R
FRATIE ARIEE o A Al b 6 R i o Ay 15 4 5 13 A e (H ¢
6 A A=) 24 (eisE) Ao HagHp2 39 my At
IR F A RAeT TA R - ARt B BoREALR S LA L
482+ B B3 e B (R4 BEFT R R B B4R S A )
A DA £ n'n?f LR e d A DAL H T RA 2T E B
LB AR E S AERFTEFBEEY 40k
ARF AR ABEGA AT E%F'“{W 101 # 3% 19 p 5§
FR A5 F S AP R 6~7 B e R A R R
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s ST REEE ) T3 o d 3 AaFgnear miss £2¢ > ¥ L near
collision £ near grounding & > A yt4F2 ¢ B TErnardE g ) 2 o T4 B

MgrirpigE | e T TN | 457 near collision ¥ near grounding e

2008 #" B % % ‘= (International Maritime Organization, IMO )
ik X 24 f €8 A ERBEFELER G E R S
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GPS Global Positioning System 2z z_i % &
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ITU International Telecommunication Union B "% 7 i 55 B
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Navigational Telex to broadcast Maritime Safety Information in
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IHO Universal Hydrographic Data Model
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IHO Transfer Standard Maintenance and Applications Development

TSMAD Working Group
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