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A Study on Air Pollutant Emission Characteristics of

Ships by Vessel Speed Reduction

Sungchul Jo

Department of Marine Engineering
Graduate School of

Korea Maritime and Ocean University

Abstract

Recently, with increasing interest in environmental, human and
social hazards caused by air pollution, regulations are being
strengthened to prevent air pollution, and IMO is also working to

reduce air pollutants from ships.

Efforts to reduce air pollutant emissions from ships include not
only tightening regulations, but also countries and ports implementing
incentives based on voluntary participation of ships, such as use of
onshore power supply, vessel speed reduction or use of low sulfur fuel
oil.

Recently, air pollutants generated from ships are attracting
attention as a major cause of national air pollution as well as in

ports and communities near the ports where ships enter and leave

frequently. The "special act on air quality improvement, including

- vii —

Collection @ kmou



port areas" was enacted and is expected to be implemented on January
1, 2020.

It 1s important to reinforce regulations of ships, but also I think
1t 1s necessary to study and review incentive system based on overseas

cases.

This study examines international and regional air pollution
regulations for NOx, SOx, GHG, PM, etc and national incentive systems.
And examines changes in ship emissions through Vessel Speed Reduction
among incentives to reduce air pollutants. The actual cases were

examined and their impact was evaluated.

The ultimate goal of this study is to look at ways to minimize and
effectively manage errors prior to decision making and enforcement of
these management systems by focusing on emission reductions at vessel

speed reduction.

First, the types of incentive schemes implemented by ports and their
benefits were examined. Environmental Ship Index implemented by the
International Association of ports and harbors applied to over 70
ports worldwide, Greenport Program in Singapore, Vessel Speed

Reduction Program in various US ports, and Eco-ship in Panama.

For the sake of confirmation the effectiveness of VSR among several
incentive schemes, the speed reduction operation of case vessels was
conducted arbitrarily on the actual operating vessel, and the data was
reviewed on a case-by-case basis. However, the case-by-case analysis
was different. In the case of relatively short distances, it was not
possible to confirm the change in fuel consumption according to the
change of ship speed. On the other hand, in the case of relatively

long distances, constant changes in fuel consumption and air pollutant

— Viii —
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emissions were observed while the ship speed was changing. In light of
this, the actual effect of VSR needs to be measured over a distance of

20 nautical miles.

In addition, the ship's automatic identification system (AIS) data
was obtained for vessels entering and leaving Busan port from February
to May 2019 to examine the characteristics of each vessel. In order to
analyze the air pollutant emission pattern, the fuel consumption was
estimated and the emission was calculated when operating at the
average speed of each ship type and reduced speed of the ship with
Busan port data. As a result, the emission reduction efficiency
according to the low speed operation of the ship was confirmed on the
all vessels and the largest reduction effect in the container ship,

and relatively small in the general cargo ship.

However, when the ship's speed reduction program is applied, the
operation time is extended due to the limitation of the ship's speed.
The results showed little change. This seems to be because the ship's
emissions are compared with the estimated value proportionally, and
therefore, 1t 1s necessary to collect and review the data of the

actual operating ship.

In addition, it 1s necessary for the government who make the policy
decision about the VSR management system to conduct vessel speed
reduction at sufficient distance from the land in consideration of the

results of this study.

KEY WORDS: NOx, SOx, GHG, PM, Incentive, Vessel Speed Reduction
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Table L1o]4 ®e] F5o, Fo Rue Eahais 24, AH, 24 SolA
10 HRY e FuclAA dEdn Aom, X3 o B A A
Z oiul Alubolesd WEF WlFo] AAiEE 4

HA 15.5%, =vAMA 37.8 %= UERIT1]

Table 1.1 Comparison of air pollutant emissions in main port area (2015)

(£ - 1,000 ka)

T NOx SOx P Phis VoC
S 43,755 10,659 6,607 2458 42,207
RN 49,460 12,864 8292 2730 54,211
T B =t 47,506 47.979 5910 2987 98,781
FelE 104,037 64,649 33.854 16,740 86,226

1,010,771

e} e
gl == ge o] ;
e} UHEHEE =t i : 7.9 03
(%) = i 26 4.9 1.4
T - 3.0 6.6 2.1
Beko] 2019 49 29 =3
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A 71&

2.1 A 44+8HE(NOx)

2.1.1 IMO2] NOx H|Z A

A A A7) T 8 kA B 5943 (MEPC)7F 1997 MARPOL 97 YA A S =)
B350 2 4 MARPOL H-4A4 60] AAEQITH o]F 2008 @] NOx 2 SOx Hj =
81E Zslsl= MARPOL #4546 718 2 NOx Z=& AA 7|2 AA st
FATH2I.

20083 73" NOx HlE 7dE vy & A

- NOx % 7]& Tier I €@ 1l 7} MEA F7}

=,
=

o,
%0,
2

- A& gAdR e NOx Tier | 25348 71F #d(=Y 5,000kW 2 A4
|2 908 H o] Axd H8)
- FoME A AL 7|E AlESE
TUA FE AR WA Z2 F7F AA| A - FA NOx #lE 7|+
2@z W7 32 MCR 10% °l4 =71 A
0 2000.1.1. A A=z - Tier 1
: 2000.1.1. o] F HAxA - Ax FA JF
D FeF #4
- MARPOLY] HAeE wlE 742 Ad ARIAE 7|22 F 304
=

il

GAEE Tier [, I 2 1II o]g}x REt}

- Agde 9 130kWE 233tE 4 o,
(rpm, rated engine speed)ol] wel 7]Fo] AlEHTH

- AAME A, EE3dEEE ajE AgHA
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Table 2.1 IMO NOx requirement

RPM Tier 1 Tier Il Tier III
(n=Rated engine | 112000 = K/L | 1.1.2011 = K/L | 1.1.2016=K/L; or

speed) < 1.1.2011 < 1.1.2016 1.1.2021 =K/L
n < 130 rpm 17.0 g/kWh 14.4 g/kWh 3.4 g/kWh
130 rpm = n

¢ 2000 45.0n°? g/kWh | 44.0.n°%%® g/kWh gn%? g/kWh
Ipm

2000 rpm = n

9.8 g/kWh 7.7 g/kWh

2.0 g/kWh

- o, Tier Il o] A% wiE%FA3

3l 9 (ECA, Emission Control Area) &3} A]ol
Tk A8

S5 A8 G(ECAS Fig. 219 A=o| Moz FAH AYo|n, o] A
E9] Tier I A& 71ZYA= o3 2}
. Bolg]7), Fo2ED I XY - 201613 1€

19 o] % Az An
- B, wele) - 20219 19 19 o] % Az Alu}
) ¥
:[':5""
H_ :‘:e' {:fir_: after Jan 1512014
INI:I‘{H
keel-faying after Jan 1512021
Fig. 2.1 NOx emission control area
* JACCSEA, IMO NOx regulation, https://www.iaccsea.com/nox/imo-nox-regulation/
- IMO MARPOL AZA4tstE 74 AA W& 75 144 FAg + Ut
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2.1.2 NOx vl& A% 71

(1) SCR (Selective Catalytic Reduction) : A €12 3+ Zwm] &3
SCRE oAM= §4 %5 2 4dA #AdteA o
ZH 7l€olH, NOx HA =] oF 80%~90% =S =
SCR A& FHdHE SdAlo 3 dAAES daet 22 E93H
IAARE FE 245 rea)7t AFRET 84E Eujo F g,
g el 285 98 dEYol FHE FiAEHH 7EH] 3etage oy
3} 2}
4ANO + 4NH3 + Oy — 4N, + 6H,O
6NO + 4NH; — 5N, + 6H,0
ANO + NO; + 2NH; — 2N, + 3H,O
6NO, + 8NH; — 7N, + 12H,0

300C ~ 400C Afolol A B3ugo] Yojuhy L=t UR EE A5
NHy= NO &€& NOo} WHgsl7]uchs Bl Zlolth, 2571 W% &g A%
Nhgo] Aol dolubA @A Hv gEUol Fude] $Ho Zust &4
Atk W7)7ks So) FYHE asdrea) FUFL A7 Fajo] wE NOX

Aadn) ol wel AxE Hol =dHY.
Fig. 2.2 2 Fig. 238 Z}7 & 7]&# 2 vz 7] dRo] SCRE A X3+ 4
O30 2 BoZu

i

Fig. 2.2 Installation example of M/E SCR
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Fig. 2.3 Installation example of G/E SCR

(2) EGR (Exhaust Gas Recirculation) : ®]7]7}2 &38-4%
Fig. 2.4= 71222l EGR ¢ 985 HoFEo}
w717 2 =%

o

FX(EGR)E= &7 202 Hi7|7F2E A&d AA &7 Y

& RHFTOEA NOx 2 FE
Aol 12 w) TS 257} =

2
2
2
he,
o

—

] 483 FHo] 24q4x31 JAT durg
A= o M 7] @A oW, EGRTFS. 2 NOx WA =S Tier I 7]+

[}
s

Fig. 2.4 Principles of EGR
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(3) 7F2=d s AF (Gas fuelled engine)
b2 AR AR AHEL Ao mRE S 3 JEFEs TAE] EAE
NOx, SOx, PMe] A7+ & o} 247t~ % oF 20 % A7 71+ &30 Aok
INGE Adt d5=2 AHE A AHE AR, &7 F5°] 7Fssta =
-162 C7kA] Bz A A ZA o] 6002 12 ZFrolxH AA|, LING d5+= 714

Ao = FAHo] Ut
., LNGY| 2 xe} Fujg g ko)
AUA7L A& & don, HHEA

71NN F-50] HoA ol 7t2dR

Mg AFRTHE Aol e ol
b $HEY wd obdx A A
of FAZ Arte A

O

Ao} AR Au olelolE FARH S FAGE 5
=
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2.2 341+3=(S0x)

2.2.1 IMO SOx #j& A

1997 d MARPOL 97 9784 & WA, FEA 604 FASE AE+ %
ShaaF 71ES A AA 45% m/m 2 ECA A 1.5% m/m oAt} ©]F 2008d
of NOx ¥ SOx wl& 871-& 73lst= MARPOL H-4:4 6 /18-S A3 tH3l

7

il

o] 9t

rlo

2008\ A3tH SOx wiE &4+ vt 2
- SOx Hj& 7]&o] MEA F7H
- A AA - 45% m/m — 3.5% m/m (2012%d) — 0.5 % m/m (20203)
- ECA : 1.5% m/m — 1.0% m/m (2010@) — 0.1 % m/m (20153)
- A AA 20204 0.5% m/m FFFF 7R AHEZXT
- AE7E dAFdA AE & BHIA AE, d3dA HIAE HIEOE
Algo]l ol AeE A AfLS 202590 E WA e

- A5H U FEHF 7IES AAsA B2 A2 shd Table 2.29 22
2

Table 2.2 IMO SOx requirement
Area SOx limit on fuel oil
2012.1.1.~ 2020.1.1.~
Global
less than 3.5 %m/m less than 0.5 %m/m
North sea & 2010.7.1.~ 2015.1.1.~
SECA Baltic Sea less than 1.0 %m/m less than 0.1 %m/m
North American & 2012.8.1.~ 2015.1.1.~
US Caribbean sea | less than 1.0 %m/m less than 0.1 %m/m
- A AA AEF U FEHHF HES MO AAFEFA mid SSSEH RS
(o3

A3(MEPOE Ha g
- SOx ECA A 9(Fig. 2.5 #=x) &3 Axte] 71 8.4
CAES AF AxlA v H

l>,_\'l_l

Collection @ kmou



% 1A ECA XY A A8H AE 4EAH P ECAIA e F o
B A" A AR Aol Aduke] YA, EA, ARE 8 4 ’=e] &%

f

Fig. 2.5 SOx emission control area

- IMO MARPOL &4tst= 14 A U&& H5 204 &g 5 3ok
2.2.2 SOx W& Az 7€

D Ar& A5

FH Aol ol BHAY U BAH ABHol A
LR

Al 71720 1SO 8217l #sh# 2

o g 7IFol wtdEo AA &7] wWZold. ¥
A FAZEZE7]FISO) A= @A 1SO 8217 HA3F 2ol X8 Fofl &

W, 557 A7HAe 4 AFAPEE A e AR" dERe 449
zpol o] A kel Qlof zHAA Aol EAL FHbel Ao
A& AHgol wE FAF -‘?—lﬁ“qoﬂ% = dEFe A, =84,
A

A g, A%, s, 3y, SvlEZcat. fine) 53 B2 ARFE] Aok
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AZH ARG A= 50% ZA= 710% o1 =& 7HAg 7 A2 Ao
gt Hwstal ot Fig 2.6 TAH AL IS A 43 A5/ 7HAHE
ez oltt
Bunker prices$/ton
ToD
B00
500 .AI this driferential
$13510n  TESIdual il will remain
00 availabie
—8FO Vion
300 o&o‘!:::oﬂ
00 A sharp drop oft in
BFO dermand in X320
100 e 1L
QYR F PPy
Fig. 2.6 Expectation of bunker price change
e ABH MR B7ET fos AFES ARIARS A4S F
af 2020 0.5% m/m AEF FIFHF AHS USTE AR qHET
UBS F#HolA+= 2018 Fig. 2.7¢F #o] 2020 A&7 FFHF 44 U

NG AFe] JFS ASBES u} ok

Switch to LNG Dthers

Install scrubber gl
0% P
P 4
4 e

Buy low sulphur
74%

Shipowners' intentions post regulatory changes

Sourcer UBS

Fig. 2.7 Available options to meet 2020 sulphur
limit
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(2) w7172~ A& AR (EGCS, Exhaust Gas Cleaning System)
D EGCS de 2 28 &
EGCS& Hi717}2~ Wl SOxE EF et wiES JAlste X2 A w
2 A AAH FAo=Z yd F QU
A2l Af F4sds(Cal0Ols Hi717F2: ol =& A1A SOxet Hbg,
3 bgaEs wreo Wt 54 EGCSeh+ 2 w77k~ &
m R ¢Fol NOx A7l SCR¥} 74 AL&3l= Ao] 4
AATE AASHA Fethe Aol Atk AN, FasdEd 3o 2
A FidEs AU BEsh] g A ALV BQsta, oo
stdaES At EYHI7 HIRTHE B o] T
S W77t~ E EHO)F §h3A7E Wlola, ol E9 &3 o

el AR AAY, o F BAL HEAZ sholHs YA o ok

b
Ll
ite)
2

4»
o
H

7N3& EGCS(Open loop system)& 349t &4 SOx7t2=E HEZAIA
3let 8o F3 SOxE FAto 2 HIAAI L, HHA = FZ 7|E 29 E
AL Hojul= Wolt. AdF o2 IS g dAFE o)L 4t
23S FIAA F da, AU B AFa e 38k oFFo] "ax
gths Aol e WA, EGC AW E WA UL 35 ded WAE 9
3 A=, g%, PAHS(THEE WS ghslga), Aidss 5 OFY 29 &5
Aol Z3tEo] k= GHo] Tt Fig 2.88 /NE w77t AAAA A
2" /N8 E TIg3 Fig 295 AX 9 HX FAE BAET.

Scrubber

Fig. 2.8 Open loop scrubber system
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#H8 EGCS (Closed loop system)= Ae]e] |45 nl7]7tel] HEA7]
= Zo] oy}, HAF T sl F2 HAFE AL cFAA 7]
x];]]i

B R R = P =t

.

717 2o A Y LEEAL HEY AHYZAAE FI AFLe EE F F
FAAAE AgEth 83 =AL w77kt AF § okl 2EE dF
°of d wEE I 2EE UETh W4H S5 EE I AR S
el =% AT, dF= A4y 2 pHAM Y =AAAH S AXA A=
Wi E A2t} Fig. 2102 #H3E w77k AAAA Alz" ALE a8
Fig. 2112 AX]¢] HAXA] A& BHoAEH
-
ne

Fig. 2.10 Closed loop Scrubber System
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o
Scrubber f et
asover | i 4 scrubber
Scrubber .

— ‘Sitence —
> «|
Smbbert | | Exhaust gas
intiet boiler

Upper deck

2nd deck

ard deck

/ 4th deck

‘Floor deck

T Tarktop

Fig. 2.11 Arrangement of closed loop scrubber system

solnel= g tgeld Bd & ASols AFHoE ATl A
ok et MRS MERe FAZ FBE AL FAG AolE AN
o2 HEst= WA o =Z, EGCSY Hoh {fAg 9ol 7}

ofr

3lth. Fig. 2.12=
stolHe = Hir7b2 MARR A2E eSS g3 Fg 2138 Fxe A

T

a5 of
Gas / water
B i
xhaust Gas in

Washing water
at clased loop mode

Scrubber

Cooling water
at closed loop mode

Fig. 2.12 Hybrid scrubber system
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Fioor deck

e S

Fig. 2.13 Arrangement of hybrid scrubber system

2) AAe] A W As AAF (Scheme A 2 B)

IMO9 A 7k EGCS A% A (Res.MEPC.259(68))l] w2 EGCS <<%
o= 27FA17F ok w717k wiE7) 71, Rd e )& AET AdEH oA
Adee ASEA 28t &3 Follv 2 7HA syl se BUEE e
Scheme A<}, Adute] HX] & 23 F A&GaA 7|7t e SOxEFES A
&}+= Scheme B7} dth.

AARAZANA & W o] F ®WEY 7P F Aol HEE w7k W
SO,/CO.9 Ml &S HE3= A
Z 8 fFoltt. Scheme B& AE7|71E RE=Al AX|, A&EHQ ASFo] o] F
ojZoF ka1, Scheme Avx AZE7] §lo] ¥4 wiNHTFES BUET sfioF &

© Zeolth. I wiZise, EGC vl 47 & AT 493 77, EGC
] dke] w77k bE, Av] ke

| 23
23}, EGC Avl /EF & w77t &5 & Tt

=7]71(CMS, Continuous Monitoring System)<]

L

—
L
—

—_

i,
_|>i
kr
2
N
P
ol
ol
2
ol
ox
o>~
ol
)
olN
o
L)
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(3) 7F2=A5 AF (Gas fueled engine)

7t A AL FAEE wEFS A 100% AAYT 5 o, Ax

sk, mARA Bl oojikstea wiE o] @A Aok = LNG dRE
7% HFO o uls) @] 20% ol %71 WEol, 9= 2mFo] Hon
ATZRE Ay 3 AXNE BP9sinz A L8us AL F
At

223 AF9E SOx W& A

(D A=t <

S 3EHF A
D A xyo}

g el A EYol = FY L s|MozRE 243
ZAEs] AutollA 01% m/m ©]3le] F3HFEFS FHAE=

OiD

TE= MGOMarine Gas Oi)gHE AL

125°00W
42°C'0"N

1230

oW 121"

W

1nyro'w

nroew

B

il |

42°00'N

41700 N (
40T D0

T & Legend
Califomia’s Oce

41°0'0'N

40°C'0"N

ing
El Vessel Regulatory Znne

P

1

9°0'0"N

F38T0T"N

[-3rtoUN

r36700"N

-35°0'0"N

HOON

30° 00N ]
\ K S "'\Sl_ N
By =
38° 00N
L LT .

370N s \%
o 0oN g e

b T \\ L o

Regulatory

35°0°0" e <
34400" :
33000 N
2400

125°00"W

123°00"W

121°00W

Haroon

00V

L Lopepon

A 5 A (California ocean-going vessel fuel regulation)

Ao}l t7|akd Y3 E 20149 1€ 1¥HEH Fig 2140 ZAE 3

olfell A g5

MDOWMarine Diesel

SIES ffAlS) 231 Aok

Fig. 2.14 California low sulphur regulation affected area
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2) EU d5# 1%

HAFED= 20109 1€ 1€4FE EU A= Ff Ak A B YFF=E
7‘*% Adutel A 01% m/m olste] FFFIFS 7HAE ARFE AEIES
A 23 vk U Auboldk HHk, Aldd(on buoy) e szl BA
glol Fetsta e RE AHE 233t
3 E7 87 7A
H7l 2012\d 1€ 1478 fFEAge] 4% sdsiA B7) i gRt
A Al 0.1% mim olske] FFFFS M ARFE ASIHES F
Asl e Ak Fuf Brke o= FUsA BHE, AlAd(on buoy) EE= S}
J21qfo] Al HAFHL Yt BE FEE TP
4 T AsF 14
23 2015 7€ 19HE Fig. 2159 AACE FANE 359 W B9
A el A 05% min ol3e] FBFFE T ARKE AEHES I
As) o3 gk G gel ovie FHATS FHS SLsA wu, A
Hlon buoy) E Aol BAel At U= RE JHE TFT
o ALAE A 5 1A F5E 3 1A A74A ot
CHINA
et D,
‘// ¥, Taipo \
- Tuen New Territories \\
b Yl MY he oo \
“(M o) Tingh 4 & \
] Intecnati-Al p.\-r - «Kowloon
I = B :
J Lantay Hong Kong “.7 :
,/ lsland Abo deen-.‘su ng |
|
|

0 5 10km
[ ..

Fig. 2.15 Hong Kong waters
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3o Fig 2169 F342%, SABE4F @ w9 A 28 A4 u)
STANGECAHLE A3 2017dHEH 7S dAZoRE Fsls]oa

£

i

) &7 Pl

Pearl River Delta ECA [ Yangtze River Delta ECA Bohai (Bejing-Tianjin-Hebei) ECA

Fig. 2.16 China ECA

2 A" oA 2019¢d 1€ 1¥FE 0.5% m/m ©]

Kol
shel FRRFS M ARAE AGAES FAS ox ATk

2 MEE w717k ZX(EGCS) AA G vlE A
HZ MY EGCSZHE wiE= = AATY sl falded ds s/ 5

b3 i,

l
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Table 2.3 Ports of prohibited from discharge scrubber cleaning water

ol
k)
p‘ﬂ

£l

N
{0
AT
N
>
o
i

L
olN
iz}

il

2

—

Hets A fagel 9e & ks Zolw, ol
oA A7 ARt A= guE 2EL WP o
240] MOsIA 715 of gk,

o

rr

® o
Mo S

3t} H2 HA=™ IMO MEPC 743 322019 59) A
sNoF fal Aol Tl Bhs) m]

G
a2 7N EGCS AMA T2

o AU &
A AR wHlE A =

2718k A A3-S Table

A A%

239 2t}

9ol A fALL ¢

}

olf

-

G

4 F4E vhstel AR

Nations Ports/Area Remarks
Belgium All ports
All ports and inland
China
waters
Estonia Sillamae
Finland Porvoo
Port Jerome
Seine River
France Le Havre
Ambes
Montoir
Bordeaux
Weser ports
Elbe ports
Germany Kiel canal ports
Rostock
Gibraltar Gibraltar
Ireland Dublin Notice To Mariner No.37
Italia Ravenna
Latvia Ventspills
Lithuania Klaipeda
Netherlands Temeuzen
Norway Glomfjord
Heroya

—
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Portugal

Lisbon

Sines

Leixoes

Aveiro

Russia

Primorsk

St. Petersburg

Singapore

Singapore

from 2020.1.1.

Sweden

Brofjorden

Gavle

Norrkoping

Umea

Sundsvall

Skelleftehamn

UAE

Fujairah

Notice To Mariner No.252

United Kingdom

Finnart

Hull

Immingham

Avonmouth

Cardiff

USA

California

Connecticut

Hawaii
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2.3 24712(GHG)

2.3.1 IMO9| CO, HjZ A
AT HYS2RE B2 UAE B Ao g WEsted, ti7]
o AT~ T} o] F Fet AFREHY 257 LA FAHEE S
ow, o]#g 2HaHr} v ATY HiE 2E= -1I8T7HA HH A A
A7y A 5 fA %E‘r. sEAIRE o] 23k T ARl FES T 24T A
, ARZRE WE5
QM-S A= O]/*OPO_E_ Fete] AF2dstE fdskA HAu
N 7F2==2 A4 CO, CHy N,O, HFCs,
PFCs, SFs7} 19_13% 0] FolA CO, & TE& 247l Hlg)] WAE = ol
9B %ol o5 AR W] wiZo A7 2dstol rA = FFe] 7P A
713 M 3bo] B3 AR 7+ ) d(Intergovernmental Panel on Climate Change,
[PCC)e] ZA}o] w2 7FA 9% 2471221 COx= 197043 20043 Aol
of ofF 80% F7tetRa, 247t &% 7 5 E=3F #A(1970~19943)
Hoh #H2(1995~20040) 28 o]F © &3kt
19949 3¢ waEE 7]$dse] #3 UN 3 2K(United Nations Framework

Convention on Climate Change : UNFCCC)& &7t~ 25 83 AgF ¢

(e rE o 2 of\

oN r
N
Qﬂ
2
kl

of XA FEOE MGIAIIE AL TFHA FEE s FAZHA 9
2 AAEIL Q3 Fo=mo] 247~ Tl e WA FEHo] glth of
of me} FAAE = “FFY Ty xpEIE FY(Common but differentiated

responsibility)” @] wig} L7}~ kA ZhEolRE WEE 3 nEoH
A (Kyoto Protoco)E =l &3} 4t

ol G oA A NA|TFIMO)NA = Aol A wlE5 = 24725 A%
st7] 9 #FAE AAS}RH, o F oAUAASAHEAAS (EEDL Energy
Efficiency Design Index)= 71 7= A=A 20139 149 1¢4FH A= A
ofe] = A& EEDIe S wHEetofof Qlx gl H3o| 7hsdirh

MO A= 2t AFER ortstea wlE A=Y 7IEe AAsta, 449 7]

Collection @ kmou



o

= 202537bA @AIF 30% A=e HEE AAsta lom, & 2 A
stol A AAA o2 teft AN Ee] EstAl o] F AL Ut

D FeF 74
D ol =] & &4 A A <EEDD
20139 1€ 1¢¥ olF HAxAY #H RE AL dUAESHEAASF
(Attained EEDDE Alqtstoiof star o] A3 g2 AR ESLAAAF &
# (Required EEDDE w+=3todof gtt}. Attained EEDIE Al4bs)oF st= A S
2 HIAd, gAM, HdHoHA, dutstEAd, WesESA, HEA4,
AN, EEEAH, EEIFJENAAEAETA), EE2AAT 9 ZF2A4oH
Required EEDI7} &5+ A4FS Attained EEDIZ} 2 &%+ Auty 5d3s)
U o dLe A QAT
Required EEDI & #of 74 21423 #Zo] <F 0d 9= 10 %» A=
7} shE o] 3
Ak AxE "gidete 2A4AE EIAYE 9 AIRAE Fal Attained EEDI
£ AlAtsta ol A a8 AAASF 7le3<d (EEDI
T}

A A]
technical file)S 2FAdste] F=AH O &S wrolof sk

2) Aut oA && #e]A 8 A(SEEMP, Ship Energy Efficiency Management Plan)
BE Adure At ag aAdAgAA= Al HIASteiof gtk SEEMP

= A uUAEg Be)E 9% ALRCart DI A8 A8 A& ol
3 9% A2FPart D UhH™, o F Part [ & 1 &3 olajo] Au
AR Ade] LA Qlow, Part I 49 2 oW Fo] 1FE F of
o} i},

3) At Ag-F A& dolE 3 B A2=E(DCS, Data Collection System)

e AdkE wid ARt A ALg St #EE AdERS AMEEe FHs L
=1 ofF &tH, 7= Hid HolHE AFsaL o] =
73¢- At A 3+E2l A (SOC, Statement of Compliance)S wid waj 3ic}.
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DCS & A=9 A& 1 &AA|7} 2= ou R} &
S 2247 AZES 93] HE AAR WK EI)DNES ZAAHIE 7w

T U =

sz &gty fgolth

B
=
@)
)
o
L]
o
fru
z
Au)

- IMO MARPOL Aol A= &8 778 AA W& F-530A4 &l = At

2.3.2 GHG A< A% FHR=X
IMO oA+ 2018 Auto = HE ] GHG ZH4AE A% 7] Ags sHsd
A FE AN T 2AES AESAT. IMO= o 7] AES Tl FF
IMO DCSE Sl 5" A=E Ed= 202330 HF e $HL Aol
=
=

=

o s 2459 #HEAAE A IMO oA ofH =X E Al
o lon, 71 FHEL GS3 2}
1) EEDI ¥ SEEMP 7] % 73}
- EEDI 7§/1-78-21/4(EEDI Phase IV)¥ SEEMP Part 19| Z3} =+ 7343}
9) A& a9 =3

Adtel o] GHGE £017] #3F Wete] 23]y Ao g &
o A4kEgw HAHAA ¢ B GHGE Y < 9}3}{— +

ARAANMFE HF AHEA7IA O] BE HA oA GHG A
5) Al&7]HE 23] (MBM, Market Based Measure)

A, F7A4, EdAHA, JAEE A= o] A=
i

B
ot
r2
4
=

s
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o
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o
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2.4 v A8 A (PM)

241 MABA wWE 7

IMO oA mAHAPMe] #a FAZF glovt Ha AL E A oE
MARAE AT sl B /FEMsE fles 99F sz 94, shots)
T oolo] gay] NS Z4E 22X 2 AFe £9 ol Ytk L FANE &
A7hRol g3 U] 98 FAel tia BasiRe fal4de 7t
Hoz spetsla 79 Fol Utk

71% 2 AFd7] FHA CCACE 2016'd UN 7| Ewsldof DAt 230
N LA, vg, FoREws ol Az
o A%, 54, AeAd kAT MAT ATesel s FHstel s
WA oo AZE 96 BAlEuE Az Qe AL 2 weE A
7 wdo] 2T AL E7aA,

o] % FARALEPISICCT) oM Mute] BaAAR WE AZe AT
79 WS AASNE Fig 2179w Bz 2y 2@ 0E

AF A7 RTAT B 20179 49 BT

mﬁt
iy

rE
Lot
2

Black Carbon Messurement Methods snd
Emission Factors from Ships

Fig. 2.17 Report of black carbon measurement methods and emission factors
from ships (ICCT, 2017)
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Wr1e9d F b FEUT gt PMe e obnn 442 9¥sE 2
A2 o ANWA THNFE ol AL g8l 20169 HANA B SET)Y
& g g

S AR qE T A AP AENEBE JAARE SAglow, 7
&

242 PM AZ7|<=
- w717k FAE Ve
D 2==38H
Auk v 7)7k2 Yol wA|A 2 23 88hkeS B3 uAuAs} He
SOx, NOx7b EAlgttt. ~3ejMe F2 SOx Mg AT A ALY
o] &A1& &3l PM Azt E3 7H5stnt
2) &2 #7132 (Wet-ESP, Wet electrostatic precipitator) 7] <
4 A7/ A =" wi717ke S uARAE AAsH7] s AAE Al
o, dA AL, HE SolA =&HL A

]I

nl
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600

=——191 5min-1

§ 500 | —a—167min-1
- 400 - +132m|n-l
=]
- @000 || =—t.=- propeller curve
B 300 +
E
@ 200 +
o
Y 00 -
1]
=
o 5 10 15 20

Ship Speed Kt

Fig.2.18 The relationships between fuel
consumption and ship speed

2) F71H, RE7H 2 HExRY
dAdRle A TAst= viEdFS AZstr] fa d44d i = AEA 7]
% (Direct Water Injection, DWD), dE5-& 315 (Fuel Water Emulsion), &
71 W &% Aloj7]<MHumid Air Motor), &< F<U(Continuous Water
Injection), &€&teo]l= WE=(Slide Valve) 5o &4},
Al Auk Az A z=AFS] MAN B&W o] mt2d £golcins A&
& 5 ARAEE 30%, MIAIMA 25% A7 &E3UF ko g

at)
2
2
L,
x

253 B@NT PR Fut 71 AM
FRANAE FuAeie] Bl AHE AR Y
20189 7 U] ELIZ Ak FVAY 5 hr1 Ao B

o
]
e
o
1
iz
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2.1 VSR

Table 3.1 Research method
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< 9% I A E A= FRole =AFRE I ol A
317 A v}k 2] (Environmental Ship Index, ESD, A7FZ A Al
gt A= AFEF AHE, SHIAT ToAA Adsta s A ALHF
(Vessel Speed Reduction, VSR), s}unl FolA Algista Q= HolH B &
o] 3Utt.

of AellM= 24 AAMEE A=so] U3 A FES d¥Ey, & 4
TolM AED Aut AEF teiA F H FAHeR Ad¥E oot

3.1.1 3874 AHux ¥ (Environmental Ship Index, ESI

= A &9 3] (International Association of Ports and Harbors, IAPH)= 2008
W 2472 Ae HHoE IS AR RESDE vhEs A

Az o z2gRWoF MO wi7|7t2amE 71ES A3s
e A PR FE H(ESI Score)Z AlAHSTE H7HeE-S NOx, SO,
CO, % OPS(Onshore Power Supply)Z ESI "ol we} A AMA 50978 Fut
ANA S AFee 5 AT

1)

rr
H
K

L 2o

1) ESI Score A 4F
- AR = ESI A2 AAES YEely, Hr7igrE<Ql NO,
SOx, CO, ¥ OPS ¥H= ofge}l 2 ALkl 93] A4tsle] 4tE T,

ESI Score = ESI NOx + ESI SOx + ESI CO, + OPS

ESI NOx = (2 X NOx sub points) / 3
ESI SOx = SOx sub points / 3

ESI CO, =  5~15

OPS = Ax A 10
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- NOx Sub points

* EIAPP &4 7 HI°olEJ(NOx Mi&%) A&

« NOx Tier I 7%
EIAPP $A47} fle Addh 0" Fof, &, o]yl Ao NOx Tier I
NS FHY A" BAE e A A8 Ve

100 (NOx limit value - NOx rating) x Rated Power
Rated Power I of all Engines NOx limit value

- SOx Sub points

© AERF W FEFl wE tF HA VIELE SEET
: High (0.5% ~ 3.5%), Mid (0.1% ~ 0.5%), Low (0.1% ©]3})
© dEE Aduks d 23] A
+ EGCS A Aute] B¢ 5= AABH= F&FF AHS s
« AY A 6703 E3E BDN #o] 49 ot

ESINOx =

I of all Engines

SOx sub points =x~ 30+ y ~ 35 + z* 35 where:

= x = the relative reduction of the average sulphur content of HIGH
= y = the relative reduction of the average sulphur content of MID

® z = the relative reduction of the average sulphur content of LOW

- ESI CO,

- d 23] Aube] EEOI HiolE] BRI Al 7|E 54 1

« 3379 HolEHE dld Aute] 71&X AHA, vjd BaEolE et vl
© NNEX AN FAEE UANEEXE ESI CO, H=2 74t

© B AFPEA FE Al 0

c Huds 15yew A

1
|

2)

ok

Fok 9 Qe E
A2 Z(ESD) =2 Fodstal = w2 Table 3.29F Zth

e T

o]
g

o

¢

Table 3.2 ESI participated ports and their incentives

Nations Ports Incentives

Argentina | Buenos Aires | 30~50 5 %, above 50 10 % ship rates discount
Port Botany

Australia &Port 20~35 $1,000, 3.5~50 $1,5Q0, above 50 $2,500
ship rates discount
Kembla
A 30~50 5%, 50~70 10 %, above 70 15 % ship
ntwerp :
lei rates discount

Belgium Zeebrugge above 30 10% ship rates discount

Ghent 20~30 10 %, 30~50 20 %, above 50 50 % ship
—_ 31 —_
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rates discount
20~30 23 %, 30~50 35 %, above 50 47 % ship
Canada Vancouver :
rates discount
Estonia Tallinn 65~80 3 %, above 80 8 % ship rates discount
Finland Helsinki above 80 3 %, above 60 2 % ship rates
discount
Le Havre above 34 cruise, abovg 40 contginer/ ro-ro
maximum 10 % ship rates discount
Paris maximum 10 % ship rates discount
La Rochelle | 30~35 10 %, 36~45 13 %, above 46 15 % ship
Cedex rates discount
France Rouen above 31 maximum 10 % ship rates discount
Marseille above 35 maximum 10 % ship rates discount
Lg Port above 31 maximum 10 % ship rates discount
edex
BordeauxCed | 30~35 10 %, 36~45 12 %, above 46 15 % ship
ex rates discount
Hamburg above 20 10 % ship rates discount
Bremerhaven above 40 15 % ship rates discount
Kiel above 30 5% ship rates discount
Brunsbuttel | 20~30 5 %, above 30 10 % ship rates discount
Germany Rostock 40~50 5 %, 50~60 7.5 % above 60 10 % ship
rates discount
Oldenburg 20~30 2.5 %, 30~50 5 % above 50 10 % ship
rates discount
Hamburg DNVGL Eco Insight program installed ship
ECO insight 50 % ship rates discount
Israel Ashdod above 31 benefit given
Ttalia Civitavecchia 0~10 6 %, 11~20 8%, 21~SQ 11 %, above 31
15% ship rates discount
T 20~30 30 %, 30~40 40 %, above 40 50 % ship
okyo :
Japan rates discount
Yokohama above 31 15 % ship rates discount
Korea Busan above 31 15 % ship rates discount
(South) Ulsan above 31 10 % ship rates discount
A above 20 benefit given, above 30 additional
msterdam .
benefit
Nether above 31 10 % ship rates discount, ESI NOx
lands Rotterdam above 31 IOPA additional discount
Delfziji above 20 5% ship rates discount
Velsen Noord above 20 benefit given

Collection @ kmou
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Terneuzen above 30 15 % ship rates discount
ZNeW Nelson 20~30 5%, above 30 10 % ship rates discount
ealand
Oslo 25~50 20 %, above 50 40 % ship rates discount
Kristiansand | 25~50 20 %, above 50 30 % ship rates discount
Alesund above 50 100% ship rates refund
Stavanger 25~50 30 %, above 50 50 % ship rates discount
Alesund above 50 30% ship rates discount
Bergen 30~50 20 %, above 50 50 % ship rates discount
Norway Flam ESI Score % refundable ‘
Floro 25~50 10 %, 50~75 20.%, 75~100 40 % ship
rates discount
GamleFredrik | 15~60 (ESI -15)x30/45 %, above 60 30 % ship
stad rates discount
Haugesund | 30~50 25 %, above 50 50 % ship rates discount
Drammen above 25 30 % ship rates discount
Trondheim | 30~50 20 %, above 50 30 % ship rates discount
Oman Sohar above 20 5% ship rates discount
Panama Panama 35~80 10 %, above 80 20 % ship rates discount
Portugal Setubal above 30 3 % ship rates discount
Spain Barcelona above 20 5% ship rates discount
Sweden Goteborg above 30 10 % ship rates discount
UK Gravesend above 30 5% ship rates discount
Los Angeles 40~50 $750, above 50 $2,500 discount
USA New York 40~55 $1,000, 55~65. $2,000, above 65 $3,000
discount

312 Aw¥f AHE

D) A7+E J-M2E =237
A7VES 20119 %E 20163714

Program, GPP) A3 %3

g 1.0% m/m w9t

+=) FH 15 %E 2

AR

5@z OdUxE = Z73W(Green Port
FU 4= Adto A EGCSE AF&3AY 3
+ AFE Al (2020Q@71A] 3.5 % m/m7ZF =A] 7]
A

42 Aas) stk

20161 J7HE AR GPPE Zstste] LNG 9= A, i3 05%

m/m o)&} A

AAS A& 3 ATHE]
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1) GPP A=
- 25% 3w 7

CING 95 AHE, 3% 0.5% m/m o3t AF3F A8, EGCS A&

C U AR 5YE A8, 5Y 2HURYH AW £V}
- 55

. Marinet 7tY< &3 Ad 55 (13 %)

: EGCS A8 Aute 55 A #d AR AF 8
- o 71E A A

o gAY AR Aw ma

- A} Al 1= PAN (Pre-Arrival Notification) &8 =& 472 ¢138k2

DA mle = At vl AARAL HA S A Y =7

- A5 B2y

: EGCS AR Adub2 Ala AH 7]&
A

2) T2 24
- AVE ARA T Z2 A e Fig 313 &

1 Particulars of ship and contact details

1.2 * Name of ship: [ |

1.3 * Port of registry : [ |

1.4 * Flag State : [[Flag List] M

1.5 * Type of ship : [[Ship Type List] A

1.6 * Call sign :

1.7 * Length Overall (LOA) : metres (e.g. 115)

1.8 = Arrival Drafts : Fu c[ | metres mid [ | metres aft| | metres (e.q. 10.5)
1.9 = Air Draft : metres (.. 42)
1.10 * INMARSAT number : :l * MMSI number : :l

v v

4.4 Maritime Singapore Green Initiatives

Will the vessel be using type-approved abatement/ scrubber technology, clean fuel, or LNG, to ensure that the sulphur
" emissions remains at <=0.5% m/m throughout the stay within Singapore Port Limits?

[ 1. No, not using

2. Yes, using. If vessel uses LNG dual-fuel propulsion system, please proceed to 3 below.
3. Please indicate which of the following applies to the LNG-dual fuel vessel:
[ vessel will be burning LNG
[ vessel will be burning clean fuel

Fig. 3.1 Singapore PAN program
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3.1.3 A8} <43 (Vessel Speed Reduction)
(Vessel Speed Reduction, VSR) Z 21318 W JrLEo)A A
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=
o
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z
o
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kA AFAA FHAA 5 vj71A Aol B SEH 1xolA 8 G54k
Re A% eddde A4eT A%LRe AnT 4 Jon, Avol fE A
uho] Tjste] AMERE AZY 5 YL s 7] WEel Sdeel= A
ok 24 =

Evaluated Active Innavations/Challenges/Barriers
Ve VSR  Start Distance Implmn. to
Implementation

Port of Los Angeles NOXOPM ¥ ¥ 2001 2040 Valfinc Dockside work gang assignment moved to VSR
Port of Long Beach NOX/DPM v v 2001 20/40  Vol/Inc Marine exchange/USCG participation; Green Flag. Program
Port San Diego NOX v v 2000 20 Vol/Inc  Set Cruiseship Speed £0 15 knots & all others 12 knots
Port of Oakland NOX. v Ships already slow to 10 knots @ Bay Bridge; Strong currents
Port of Seattle PM v Ships gradually slow naturally; Added costs; Strong currents
Port of Tacoma PM v Ships gradually slow naturally; Added costs; Strong currents
Port Authority of NY & NJ NOX: v v 2010 20 Vol/Inc Set VSR speed limit to match right whale
Port of Houston Autherity NOX v Ships in nonattainment area already constrained by ship channel
Port of Seattle Port of Tacoma )
Port Authority
y of New York &
|
' 7 New Jersey

t of Los Angeles
= - Port of Long Beach
~ - i
L -3 26 p,

Fig. 3.2 Active VSR program by ports
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3.14 "ol R
(1) e} Eco-Ship IAEE A=
—4‘%‘3} OH/‘}74°1]/‘1“ guut F249 247 ZEel tie Ales Z
ar

D 24712 s W QJAgE AA
- Attained EEDI7} Required EEDI thH] 60 % ©]4<1 A%, [EE A4 ==
27 "B tig RO AHAE AEFoEA AAHE 4AH 7
- ING TS 9852 A8
- EEDIE 4F43&tar, IMO EEOI AR Afol wiel EEOIE Al4tétal ©]E RO
]

=

ERE HAST A5 AT =A AAEE LA T
2 AT 2w P2
- Me AH s 9 E&2 Table 3.3 F=x ni&
Table 3.3 Tax incentive for data reporting
. New registered | Existing registered
Kinds of Tax ship ship
Annual Tax 50 % discount -
Annual Consular Fee 50 % discount 50% discount
Registration Fee 50 % discount -
Annual Inspection Fee 50 % discount 50% discount
Casuality Investigation and o A o/ A
IMO Contribution Fee 50 % discount 50% discount
3% Per Net Tonnage 50 % discount 50% discount
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32 H¥ A% B A Atd B4

Eodd s 4 ASEY QD Z2d, $ANT) 2T

2B olst2 7&e v g BAe dFe A A & 7

2 Zzadoly 1d ¢ 90% ol 4 A BAS siEth 408 2elA 12

ER $5F 530 $ELIe 2adAdsge A9 0% SHxwe A
25%% FAWL F AL, AN £EE =F AP F T BF 5%
T + Atk S5 Zh T o)A Aue] HE& Az o3 10,

=63 2490, 2 5019 77 Yol 24

15, 20, 25, 30, 35, 403} vit} 7]
d S50 &% 7Y B 2% S22 24700,

2015 Y=gk Huk 37284 F 92 %71 2082l QklA 12 ER 7ZFH, 80%
7} 20~4080 2] Atelol A &S Al & RbE Folgo] ¥4 Ax Alde T3l
2005 Bl 2 109 EF HAAAE EFPM) 87 %, SAtstE 97 %, GHG i
= 25%, 2813 NOx 31 %E Z&A1F TSI

Fig 3.3& i/\o]]xin]gﬂ)\e‘ﬂ- UJ Eulx]zﬂ-_,] VSR :llod,O_ 1/]_1:/].1411:_ ;q_g:_o]u:],
Fig. 34+ 22dAH 239 VSR At @R 1A RS A3 Aolt}. aof
HuMES B 40rpd oA 5FE VSRS Aldste= AHS 84.88 %olH, 20mtd
A FE] VSRE Aldstes At 91.25 %9 S 1 o+ JTHTL

South Coast
Air Basin

Santa Cruz Island

Pacific Ocean 8

Santa Catalina Island

40 Nautical

w+s
Fairway = entire area outside of Precautionary Zone s

Fig. 3.3 LA & LB VSR zone
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A Vessel Speed Reduction Program

% Operator Summary Report 0?)3;191:,3
HE poRY Port of Los Angeles - 2018 B
Non Non
Compliant Compliant Pct Compliant Compliant Pct

Operator Name 20 20 20 40 40 40 Total
Seatrade Reefer Chartering NV 14 0 100.00 1 3 7857 14
Shanghai Zhenhua Shipping Co 2 0 100.00 2 (] 100.00 2
Shoei Kisen Kaisha Ltd 1 1 50.00 1 1 50.00 2
Silversea Cruises Ltd 1 1 50.00 1 1 50.00 2
Sinokor Merchant Marine Co Ltd 6 0 100.00 6 13 100.00 6
Sinoker Petrochemical Co Ltd 1 0 100.00 1 13 100.00 1
Soki Kisen Kk 2 0 100.00 2 i} 100.00 2
Songa Shipmanagement Ltd 5 1} 100.00 5 1] 100.00 5
5t Shipping & Transport Pte 2 0 100.00 2 1] 100.00 2
Stad Amsterdam By 2 0 100.00 2 o 100.00 ¥4
Star Tankers Inc 2 0 100.00 1 1 50.00 2
Stasco 3 0 100.00 3 0 100.00 3
Stealth Maritime Corp Sa 2 0 100.00 2 (] 100.00 2
Stolt Tankers BV 9 1 90.00 8 2 80.00 10
Straits Tankers Pte Ltd 6 0 100.00 6 0 100.00 6
Super- Eco Bulkers Management 2 0 100.00 2 1] 100.00 2
Tachibana Kaiun Yk 2 0 100.00 2 1} 100.00 2
Thorco Shipping &/ S 1 0 100.00 1 0 100.00 1
Tokyo Marine Asia Pte Ltd 2 0 100.00 2 0 100.00 2
Toner Technical 8 Marine Ltd & 0 100.00 8 0 100.00 &
Torm A/ S 21 0 100.00 21 0 100.00 21
Transatiantic Lines Ll 1 0 100.00 1 0 100.00 1
Tsakos Shipping & Trading Sa 2 0 100.00 1 1 50.00 2
Tsurumi Kisen Co Ltd 2 0 100.00 2 0 100.00 Z
Ultrabulk Shipping A/ § 2 0 100.00 2 [1} 100.00 2
Uni Ships & Management Lid 2 0 100.00 2 (] 100.00 2
Union Commercial Inc 1 1 50.00 1 1 50.00 2
Unison Marine Corp & 0 100.00 1 1 50.00 2
UsCGE 1 0 100.00 1} 1 0.00 1
USNS 1 0 100.00 ) 13 100.00 1
\ Ships UK Ltd 1 0 100.00 ¥ 13 100.00 1
Valero Energy Corporation 17 2 98.17 106 3 9725 109
‘Vane Line Bunkering 2 0 100.00 2 0 100.00 2
Wiking Ocean Cruises Ltd 4 i} 100.00 3 1 75.00 4
Wah Kwong Ship Management HK 1 0 100.00 1 0 100.00 1
\Wan Hai Lines Ltd 26 0 100.00 26 0 100.00 26
\Watanabe Print Co Ltd/ Wpsd Sa > 0 100.00 2 0 100.00 2
World Logistics Service (USA) 52 0 100.00 50 2 96.15 52
World Tankers Uk Ltd 4 0 100.00 4 0 100.00 4
Wyzsza Szkola Morska 2 0 100.00 2 0 100.00 2
Yang Ming Marine Transport 183 6 96.83 170 19 89.95 189
Grand Totals: 3066 294 91.25 2852 508 84.88 3360

Fig. 3.4 LA VSR summary report 2018

322 w&/wAA I

TE/FAAE AAE 20093588 HA dir] dge] d¥ o2 Clean Vessel
Incentive(CVI) Program= A3t itk CVI = %]
(Territorial Sea Line)& 7]&< 20318 "tollA 10=E o|3tE &3 Al QUAIEE
£ Ws F ok T3 ESI 29SS B3 ARE vig o R F7} HAfo] T}
%3PE}[9].

T JAEHE AR EBo|de MAEoq AFgthed JoH, ols AAb
rag } AL S0 E ST Z2OF FAE ] AT Aok
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Fig. 35 /544 o] VSR 7e¢ e A %otk

Port Authority PANYN]

of New York .
& New Jersey < Clean Vessel Incentive Program

Verrazano Narrows
Bridge 5 <

Territorial Sea Line

20 nm Arc Point
(40.508, -73.965)

20 Nautical Miles

Legend o
Il :ricipation Zone (VSR Zonc)

M P reicipation Zone (Non-VSR Zonc) "%E

Bl Ambrose Channed <

B PANYN] Terminals o255 i

This map s

Fig. 3.5 NY/NJ CVI zone

(D CVI A g E
1) CVI Score
CVI Score = ESI Score” + VSR Points™
* ESI Score : Ak 3] (WPCD A AldY = ESI A&
% VSR Points : ME2] 7]&ol] W 20~404 o
2) VSR points AHA 7%
- CVI =23 #ZogYgo)A AISE 53l Ssllelvitt A4 E A& oet 3

FEES 417
- QT 2Y A A7 2O J)FE BE ol Rl weh 0LAE A S
Atk F YT A FIES BE A 0%, YEF A VEF A 40
4e 958 4+ A

3) QAlE L

CVI Incentive = CVI Score Incentive + Engine Tier Incentive
- CVI Score Incentive : Table 3.42] CVI d4d JQAEH IFx
Table 3.4 CVI incentives

40= CVI Score <55 55= CVI Score <65 CVI Score = 65
$1,000 per voyage $2,000 per voyage $3,000 per voyage
—_ 39 —_
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- Engine Tier Incentive
EIAPP 54 7 IMO NOx wWi&& Tier Il 7]+ WtZo] S =E ¢
&k $5,000
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Fig. 3.6 San Diego VSR zone
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324 AZAA 22 9 Aepututet 9

20189 1195 A#d Ad Fo] Zgagor Huty FETRVE w9
g BEs] A BHoE AYHAL HE FNA YelM FREE 12w
EE Q714 e Aol 10mE ofste $3% AME AMENE AT
ASE, 43 F UM FF, 2 F, Avtolol2 AT 20189 T2
Aol F 309 ek HFoR AFHUCL FFL AT ok 10002 o4
35,0002 (e 5EF 49| A5 T oA BrsirHllL

Hupe] £EE AS HoEE WgoR ZPHn TR H§ TS
bl 1Y 2 AT I AQow TIU FoI B HYss MAe

o) g A (Letter of understanding)S 2HAd3te] Al &3l oF AL
Fig. 3.7 ¥ Fig. 3.8 Ztz} MZA~5 D Atebnpulelsi g el VSR 7+9&
YE = A =oln.

—— Y [ VOLUNTARY VESSEL SPEED REDUCTION
TO REDUGE COLLISIONS BETWEEN SHIPS AND WHALES
ot

2018 Vessel Speed Reduction Program
Santa Barbara Channel Region

map nt o be used for navigational purposes

Fig. 3.8 Santa Barbara chanel VSR
zone

Fig. 3.7 San Francisco VSR zone
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A4F A AT TR A NEBE GFH B

olE 3 TUAE=E

L FPadgetel A 20158 HAH U7l edEd )
Aot WHES 2T 8

on, g EE IMO GHG Studyol A W&

¥

Table 4.1 Emission factor for non-road transport

25 scc o =5
7|2t C7 |t 08020101 4%
1= MOt2 S MER 08020201 EEE ka/l
St
23at WEat 08020202 ag
Al Qg 08030201 B-CR{4.0%)
Mg s ka/kd
25 101N 08030202 B-CR(4.0%)
#27| 08050100 242(0.05%)
Sute! 08050200 H2(0.05%)
22715 08050300 ZA(0.05%)
EE] 08050400 2R(0.05%)
SY71AF Kka/hr
et 08050500 #R(0.05%)
ns7| 08050600 22(0.05%)
=] 08050700 B%(0.05%)
o247 08050800 22(0,05%)

)
X{zdrhxhof BBF H(IN)(1999)
quidebook(1999)
star PM E1 Workshop(200d)

UBTARR, TR
* &%’ . EEA EMEP/CORNAR emission inver
* &A1 US EPA PM Overview and Sources
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SRR AN B D oA B MEA TS Autel A AL
ARHE BC § WAZ B4 olo] B kgl THIZ BT 5 Y=

TE vtHEstTh Table 41 ¥ Table 4.2004 = HIEEo|532HAY Hj

EA%E YL glom MEE Mo 7% o] Huke HjEA ol

Table 4.2 Emission factor for non-road transport 2

co NOx SO« | T | PMo | P voc NHsa

0.02636 0.06436 0.00184 | 000416 | 000416 ‘ODD’.)H?F 0.01066 0.00011

0,01507 0.03775 0.00108 000268 | 0.00268 0.002466° 0.0062 0.00011

0.00587 0.01569 0.00043 0.00114 0.00114 0.001049" 0.00122 0.00011

a4 a7 208 6.7 6.7 €.164000" 24 0.1

74 87 205 6.7 I 6.7 6.164000" 24 0.1
0.0068 0.0136 0.005418¢ 0,00136 1 0.00136 O_Db! 251" 0.00204 0.00004

0.00344 0.00636 | 0.005358° 0.00077 0.00077 0.000708" 0.00075 0.00003

0.0068 0.0138 0.005418° 0.00136 0.00136 ‘ 0.001251° 0.00204 0.00004
0.0068 0.0136 0.005418° 0.00136 0.00136 \ 0.001251° 0.00204 0.00004
0.0068 0.0136 0.005418° 0.00136 0.00136 0.001261% 0.00204 0.00004
0.0068 0.0136 0.0054187 0.00136 0.00136 0.001251° 0.00204 0.00004

0.00248 0.00784 0.005358° 0.00039 0.00039 0.000359" 0.00048 0.00003

0.0068 0.0136 0005418 | 000136 | 000138 0.001251° | 0.00204 0.00004

IMO GHG Study 2009 ¥ 2014 oA+ AXFIWQL, Bz, Bd), AR5
FAHE, $%, 15 @ JdEHF3FHFO, MDO, MGO 2 LNG)l wat F4 =)
o AsfE WMEATES WLEEEEE A tH14&15]

Table 4.3 IMO GHG Study 2009 2 2014 ¢ 7| S FEA WEAFE vl
3 F2 Folw, W3 FANE FV|E FEL 200997 HlwS wf 2014l

TabledlA] WEHow AFHE SSD ¢ MSDE  zHzb  # <4t A ol 2 (Slow
A Az (Medium speed diesel engine) o] ¢Fz}o]
oh,
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Table 4.3 Emission factor for air pollutant

MO Correlation

Pollutant Study Engine Tier Fuel EF! 201472009 Correlation
type type EFs

CO; 2009  unk unk HFO 3130

2014 all all HFO 3114 099 good

2009 unk unk MDO 3190

2014 all all MDO 3206 1.01 good
NO, 2009 SsD 0 ? 0

2014 55D ] HFO 92.82 1.03 good

2009 55D 1 ? 78

2014 55D 1 HFD §7.18 112 good

2009 MSD 0 ? 60

2014 MSD Q HFO 65.12 1.09 pood

2009 MSD 1 ? T g

2014 MSD 1 HFD 60.47 1.19 moderate difference

2009 Baoiler na ? 7

2014 Boiler na HFO &.89 0.98 good
S0, 2009 unk unk HFO 2. 7% 54

2014 55D 0 HFO 2. 7% 22.77 0.98 good

2014 55D 0 HFO 2.42% 47.49 0.88 as modelled for 2007

2009 unk unk MDO 0.5% 10

2014 55D 0 MDO 0.5% 9.76 0.98 good

2014 55D 0 MDO 0.15% 2.64 0.26 as modelled for 2007
P 2009  unk unk HFO 2.7% 6.7

2014 55D 0 HFO 2.7% 7.28 1.09 pood

2014 55D 0 HFO 2.42% 6.84 1.02 as modelled for 2007

2009 unk unk MDO 0.5% 11

2014 55D 0 MDO 0.5% 1.82 1.65 significant difference

2014 S5D 1] MDO 0.1% 1.24 1.13 as modelled for 2007
co 2009  unk unk unk 74

2014 55D 0 HFO 277 0.37 significant difference
CHy 2009  unk unk unk 0.3

2014 S50 0 HFO 0.06 0.20 significant difference
N0 2009 unk unk unk 0.08

2014 55D 0 HFO 0.16 2.00 sipnificant difference
NMVOC 2009  unk unk unk 24

2014 55D 0 HFO 3.08 1.28 significant difference

Notes : kg L HEA/AR] & unk=25; 3+ =] 10-25%; FHI =Fo] >25%

Collection @ kmou
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HEADS A A B2 07| 2P BA wEA 59k MO GHG Studye] )
Sg vlas|nE NOxsh ol Ae) §Ag #g Mol FEEo] ot

grledEd WE Barel A
g MEE A Eolth

Table 4.4 Emission factor for air pollutant 2

. Emission factor

Air pollutant (kg/ton-Fuel) Remark
CO; 3,114 HFO
NOx 87.18 SSD, Tier I, HFO
SOx 52.77 SSD, HFO(2.7 %S)
PM 7.28 SSD, HFO(2.7 %S)
CO 2.77 SSD, HFO
CH,4 0.06 SSD, HFO
N>O 0.16 SSD, HFO

source : IMO green house study 2014
412 A VSR A% 4+
M A&ede AYse Fre PA AR @ ) G Boln, avpAE

3T
A A ge R R 3 Aolr] wWE

o, 4@l Aet HolE 3ol 4
e,

SAT Mt &5 Wit whE AAH wETIs U egBAe] WaE 3
Fotaa st AT B 4 AT o Hute] el WAL B8 4A
WolBl g stusta $4e AWsE At

B OAZHAEE T b pHoE BosA AdEdL. R A =44
S4 AIF WAS e B9 6w TRAN Fe TN BAH &
S A8E B8 YPHS BaA Bk F WAL SHA $4 A/F 9AE 20
Hhe W9l 4BAE TEAA HmA 1 FhMe] AN S W5 4
B Bt
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H
Fig. 413 o] 1@A%H 3dAl= dF Al SAA £= W3, 4gA5E

Test Concept 1 (RE Al)

«— f2knots ———— s+ 10knots ———— s+—— FHAAMIEST

1 1 o
I 1 1 1 A =
Step 1 Step 2 Step 3
15 mile 10 mile 5 mile Filot boarding Arrival at port
Pilot boarding Pilot boarding Pilot boarding position

Test Concept 2 (EZ N)

T = 7 s

+«—— 12 knots - 10 knots. —————s+——— CHAL S M7 ==
le ] le ] ‘P
™ ] r !
Step 6 Step 5 Step 4 —
10 mile 5 mile Filot disembarkation Departure from port
From Pilot From Pilot
disembarkation disembarkation

Fig. 4.1 6 Step 5 miles speed change method

AP A =44 4 A TR

al il ~3 step), & Al ZAA £ & #1038
(4~6 step) A&ES g&sted HRE SN, F 4T3 24 434 &

&g Al dlolHE F3AT
D A7 gidder A
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Table 4.5 Fuel consumption & air pollutant emissions

Fuel Emissions (kg/h)
Test ship | dista time | €008 M/E
speed | nce (h) umpt | SFC

step Ko | (uile) ion (kg CO; | NOx | SOx | PM CO (H | NO | SUM
™/
1st voyage
Step 1 - - - - - - - - - - - - -
Step 2 - - - - - - - - - - - - -

Step 3 | 5.08 | 559 | 110 | 053 | 4% | 1M | 627 | 20233 | 292 | 116 | 24 | 64 | 53286

Step 4 | - - - o045 | - - - - - - -l - -

Step 5 | 1252 | 3.75 | 0.30 | 0.257 | 8238 | 2499 | 2064 | 232 | 5843 | 2223 | 48 | 128 | 1618

Step 6 | 1251 | 6.25 | 0.50 | 0.36 | 69343 | 2159 | H£1%6 | B5R | 5048 | 1,921 | 42 | 111| 9L743

2nd voyage

Step 1 | 8.03 | 4.82 | 0.60 | 0.31 | 44945 | 1,400 | 29268 | 23717 | 3,272 | 1,245 | 27 | 72 | 59464

Step 2 | 16.91 | 6.20 | 0.37 | 0.41 | 94559 | 2,945 | 61577 | 4989 | 6,884 | 2,439 | 57 | 151 | 15101

Step 3 | 9.40 | 3.45 | 037 | 0.26 | 604.13 | 1,991 | 39341 | 3L380 | 4,398 | 1,673 | 36 | 97 | 79,924

Step 4 | 7.25 | 290 | 0.40 | 0.49 | 10849 | 3,374 | 70557 | 57,176 | 7,888 | 3,001 | 65 | 173 | 14338
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Step 5 | 9.39 | 3.75 | 040 | 0.28 | 650.09 | 2,204 | 42334 | 34305 | 4,733 | 1,801 | 39 | 104 | 86,004
Step 6 | 15.01 | 6.26 | 0.42 | 0.26 | 600.97 | 1,871 | 39135 | 31,713 | 4,375 | 1,665 | 36 | 96 | 79515
3rd voyage
Step 1 | 14.07 | 4.69 | 0.33 | 0.15 | 40450 | 1,260 | 26,341 | 21,346 | 2,945 | 1,120 | 24 | 64 | 53524
Step 2 | 742 | 544 | 0.73 | 0.35 | 380.86 | 1,186 | 24802 | 2008 | 2,773 | 1,055 | 23 | 61 | 50,392
Step 3 | 6.68 | 6.57 | 0.98 | 0.50 | 421.15 | 1,311 | 2745 | 224 | 3,066 | 1,167 | 25 | 67 | 55,722

Step 4 - - - - - - - - - - - - -
Step 5 - - - - - - - - - - - - -
Step 6 - - - - - - - - - - - - -

4th voyage
Step 1 | 592 | 592 | 1.00 | 0.56 | 471.92 | 1,470 | 30,731 | 24903 | 3,436 | 1,307 | 28 | 74 | 62436
Step 2 | 713 | 4.75 | 0.67 | 0.32 | 390.06 | 1,215 | 25400 | 20583 | 2,840 | 1,080 | 23 | 62 | 51607
Step 3 | 5.16 | 4.30 | 0.83 | 0.45 | 427.62 | 1,332 | 27846 | 2565 | 3,113 | 1,184 | 24 | 68 | 56573
Step 4 | 450 | 2,55 | 0.57 | 0.45 | 662.84 | 2,004 | 43164 | 34978 | 4,825 | 1,836 | 40 | 106 | 87,684
Step 5 | 12.87 | 558 | 0.43 | 032 | 71121 | 2,215 | 46314 | 37531 | 5,178 | 1,970 | 43 | 114 | 94,094
Step 6 | 11.12 | 4.45 | 0.40 | 0.29 | 698.25 | 2,174 | 45470 | 36847 | 5,083 | 1,934 | 42 | 112| 9237
2 7l ed=4d WiE &4
7 GAE
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Air pollutant emissions for 4th voyage
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Table 4.6 Fuel consumption & air pollutant emissions 2

Fuel Emissions (kg/h)

ship | dista | . cons | ME
Uit speed | nce g? umpt | SFC

step &Y | (mile) ion 0e) CO; | NOx | SOx | PM CO | k| NO | SuM
M/

Step 1 | 10.20 | 20.2 | 2.00 | 3.12 | 1,3649 | 4,250 | 88832 | 72026 | 9,936 | 3,781 | 82 | 218 | 1MI®

Step 2 | 10.0 | 14.80 | 1.50 | 2.19 | 1,2488 | 3,889 | 81,32 | 65899 | 9,091 | 3,459 | 75 | 200 | 1639

Step 3 | 9.60 | 18.90 | 2.00 | 179 | 6422 | 2012 | 42081 | 34100 | 4704 | 170 | 0 | 103 | 84,829

Step 4 | 14.60 | 19.80 | 1.40 | 355 | 22858 | 7,118 | IB&I | 162 | 16641 | 6,332 | 137 | 366 | 300066
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Fig. 4.10 Fuel consumption by consumer
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IHS Fairplay ] ®|olgjmjo]z=o) A =3 HolElE Faf Mute] I3, MF,
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9 Aol M(B48 %0 T B

Ut
Table 4.7 Ships operating in Busan port
Ship type No. (%)
Bulk 45 0.5
Tanker 534 6.4
Container 2,905 34.8
General cargo 406 4.9
Ro-Ro cargo 405 4.9
Passenger 553 6.6
Fishing 168 2.0
Tug 3,020 36.2
Other 311 3.7
Total 8,347 100
FAHe 23 dA Adute] Wi =5+ 181 LEOH, AFHEEE A4
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Auk Agfo F AEAE F7H, RE7@ 9 BRdgoly, o] F AL W
3} Al v & o] Mdlste T AT A EEE S5

AIS A4t glolg ¥ IHS Fairplay At8E5 ®lw E4Jsle] Autd EHEW)E
FAtRoH, F4E S-S VWMo R WEATE wotd AE V9 E
A W& AR AT
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Table 4.8 EPA emission factors for diesel engines

Gasoline Fuel Diesel Fuel
(SCC 2-02-003-01. 2-03-003-01) (SCC 2-02-001-02. 2-03-001-01)
Emzisgiﬁg E}jdm En}%%ﬁcmr Emﬁmgn Factor Eml.i';;siou Factor Eg;;ﬂg%lé%q
hp- i)
Pollutant (power output) ((fuel ill‘pl'lt)) (pon?rlgqum) {( fuel mnput) RATING
NO, 0.011 1.63 0.031 441 D
co 6.96 E-03¢ 0.99% 6.68 E-03 095 D
SO, 5.91 E-04 0.084 2.05 E-03 0.29 D
PM-10° 7.21 E-04 0.10 2.20 E-03 0.31 D
coSs 1.08 154 115 164 B
Aldehydes 4.85E-04 0.07 463 E-04 0.07 D
TEE
Exhaust 0.015 2.10 247 E-03 0.35 D
Evaporative 6.61 E-04 0.09 0.00 0.00 E
Crankcase 4.85 E-03 0.69 441 E-05 0.01 E
Refueling 1.08 E-03 0.15 0.00 0.00 E
D HHdEE &3 A
7t Ad B 2719 Aol HHFEEMCRY 70 %= 3 Al A
Wl &3t LA EZA Y F& Table 4.99F Zth
Table 4.9 Estimated emission for each ship types
Ship Size | Spedl I?lciv&/e)r Emissions (kg/h)
type M/T) | (knot) at 70% CO, NOx SOX PM CcO
Container | 68,687 | 22.2 | 33,841 | 23,682.9 | 638.3 | 42.2 454 137.6
Tanker 4,042 12.0 1,596 116.2 30.1 2.0 2.1 6.3
LPG 3,180 12.0 1,902 1,330.5 35.9 2.47 2.6 7.7
General | 15614 | 125 | 4500 | 31440 | 847 | 56 | 61 | 186
cargo
Car 150560 | 194 | 7584 | 53051 | 1430 | 95 | 102 | 308
carrier
Passenger | 56,139 | 24.3 | 25,759 | 17,969.6 | 484.4 | 32.0 344 104.4
Fishery | 2,771 12.5 2,787 | 1,955.5 52.7 3.5 3.7 11.4
Tug 115 12.5 956 672.3 18.1 1.2 1.3 3.9
—_ 57 —_
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Table 4.10 Estimated emission for each ship types with VSR program

Ship Size | Speed Power Emissions (kg/h)

(kW)
type | MDD | &nob) | ;"700 | CcO, | NOx | SOx | PM | CO

Container | 68,687 | 12 | 18,292 | 12,795.6 | 344.9 | 22.8 24.5 74.3

Tanker | 4,042 10 1,330 93.0 25.1 1.7 1.8 5.4

LPG 3,180 10 1,585 | 1,108.7 | 29.9 2.0 2.1 6.4
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General
cargo
Car
carrier

Passenger | 56,139 12 12,720 | 8,897.9 | 239.8 | 15.9 17.1 51.7

12,614 | 10 3,750 | 2,623.2 | 70.7 4.7 5.0 15.2

50,562 | 12 4,691 | 3,281.4 | 88.4 5.9 6.3 19.1

Fishery | 2,771 10 2,229 | 1,559.2 | 42.0 2.8 3.0 9.1

Tug 115 10 765 535.1 14.4 1.0 1.0 3.1

0E WEF vl
FEEE & Mg VSR A& Ao dizled=d wiEFe Aole HH

Table 4.11 Comparison table with or without VSR

Ship : General | Car :
type Cotaner | Tanker | LPG Cargo | Carrier Passenger | Fishery | Tug
FisE &3 A

M o 564 | 1567 | 1,379.2 | 3.259.0 | 5.498.6 | 186248 | 2.026.8 | 696.8
g/l |~ | " A e Sy |

VSR & Al

132621 | 127 | 1,149.1 | 2,718.8 | 3,401.1 | 9,222.4 | 1,616.1 | 554.6

daw 23

A | 11,2843 | 29.7 | 230.07 | 540.2 | 2,097.5 | 9,402.4 | 410.7 | 142.2
A% 46 19 17 16 38 50 20 20

9 A= AT WETFe AAE e gRle
= 203|812 AAStL HAEE &
S Table 4.129} o] 4FA 3] Xt
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Table 4.12 Emissions by operating time in 20 miles VSR zone
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