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Abstract

Recently controlling of greenhouse gases emission from onboard ship as
well as on land have become more important issue. The 1997 MARPOL
Conference convened by the IMO adopted resolution 8 on "CO:2 emissions
from ships”. As a follow-up to the above resolution, the IMO study of
Greenhouse Gas Emissions from Ships was completed and presented to the
forty-fifth session of the MEPC 45. MEPC 55 agreed to update the "IMO
study of Greenhouse Gas Emissions from Ships” from 2000 to provide a
better foundation for future decisions and to assist in the follow-up to
resolution A.963(23). MEPC 56 adopted the Terms of Reference for the
updating of the study, which has been given the title "Second IMO GHG
Study 2009”.

A number of policies to reduce GHG emissions from ships are conceivable.
Those are as follows :

1. A mandatory limit on the Energy Efficiency Design Index(EEDI) for new

- viii -



ships

2. Mandatory or voluntary reporting of the EEDI for new ships

3. Mandatory or voluntary reporting of the Energy Efficiency Operational Indicator
(EEOI)

4. Mandatory or voluntary use of a Ship Efficiency Management Plan(SEMP)

5. Mandatory limit on the EEOI value, combined with a penalty for non-compliance

6. A Maritime Emissions Trading Scheme(METS)

7. A so-called International Compensation Fund(ICF), to be financed by a levy on

marine bunkers

As such, the current situation of the study is that the efforts to reduce carbon
dioxide have been mainly focused on EEDI for new building ships, while those for
old vessels bring less attention with their studies and investigations being stood at
initial stages. Thus this study has been investigated the Energy Efficiency
Operational Indicator (EEQOI) for operating ships.

Oprational Ships were applied by EEOI of the new concept that indicates the
energy efficiency through studying the currently suggested EEOQIL And Those
results analyzed effectively to indicates energy efficiency of operational ships. Also

it has been investigated that their practical use.

In conclusion, it has been identified that EEOI of the new concept that is obtained
through gauging ship’s engine load can better indicate the efficiency of energy
than the existing EEOQOI that uses the quantity of cargo. And also it has been
suggested that establishment and organization of Ships Greenhouse Gas Trading &
Consulting Center(SGTCC) as independent agency in order to perform management

and policy of reducing about greenhouse gases in marine industry.
In the future. the more study will be needed to research about the
relationship between EEDI and EEOI, Spreadprogram GHG, NOx, SOx and

etc. from ships in port.
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A= &S A Aoy,

Table 2.2 Effect summary of global warming

Z}8 IPCC H.3LA]

T | 2020 T (1Cs) | 20500 (2~3C75) 2080 (3T o] &5)

22219] | 401~70] W B HE |.]pod-900] W B 2=
T]—L 4"1 7"1 o = T 7 10"1 20"1 o = T ']]01?1/5017\0]':8:%:05]@:
AT IF ATAE GFE 2
AEfA |- 2bs st A& 20~30% EE 917]|-clitbstEA viEE A=A
AE T uYgd W) ¥ Ws
gy | SAE FEF DA S
1,000~3,000%F ¥ 7]+ 919
_ [ o7t 30%01 % F
go} | &4 EZO = ol W 2= 93
'GH ST, =T 07]' 3009k ] OTHU 150013]_ 0]@'%—’?%@
- gy 27] 2 ALY ST, AuEd, AT #- é_‘% =7}t
R g9, F5, HEoR A% A St

2.4 GHG wWi&=F At s APATES

[PCCAM = =7F 247k wiE IMED S dAste] sidedd e 247125
AMEEN FAEEY] F A AR RS dow, N0 [EA T AV TFER
Aubo| A & E = 2A7tAE FALEY Aged 2 ojgBdFoR U] HolHE
o] 20051 531 Y EollA]l 2007
5329 Wk Eo g FUFSE Zlo R Hgkom 9 Table 2.3% o] oy HAPAFoA L uj

=T AFHor S/E Zor AYHdY. E AsanF v 0, e
1

N
)
QL
fd
30,
)
E
o
=2
2

Ir
o)
2,
Ho
oy
o
o
&
=
HH (
oft

pul

2]
A-41% AR A mEHEe a8 =4 A YER 0

9) IMO(b), Prevention of Air Pollution from Ships: Updated 2000 Study on Greenhouse Gas Emissions
from Ships, Phase 1 Report, MEPC 58/INF.6 (IMO, 2008), pp.5, 7.
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Table 2.3 Fuel consumption, CO; emissions from ships & rate of estimated increase

by precedent studyll)

(9 Ak E %)
Z
Z =gk A OE; zﬂ o &
od?x]' 7] T_'T]d—l— COZHHE (e /\H] =k d_»!—'—-J—HI [¢] I—HH] 57}%
vl =2k (%) °
IMO Update _
Study(2008) 2007 843 277 3.1
IMO/Group of 20203 7}4]
Experts(2007) 2007 1,120 369 4.1 +30%
MO GHG
Study(2000) 1996 419.3 138 1.6
TEA(2005) 2005 543 214 2.0 -
TRT Transporti | o 1,003 NA 3.7 -
e Territorio
77} x
En;]r 6(5250%“7 )et 2002 634 200 2.3 2:)15(?052 0}0%}
. 14 77} x
;l(dzeo oe7ta : 2004 704 220 2.6 2:)15(?052 0}0%}
Eide et 20503 7} A
Al (20070) 2006 800 350 2.9 10022006
Corbett et
1 (2003) 2001 912 289 3.1
(5k9): Wuk = o)
J|E}
Ropax 2=
XS XHRORO
Hos
2ig014 =<
"laes
SEICE .
E=]
25
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Fig 2.4 Yearly CO2 emissions by ship's type & emissions ratio

by ship's machinery partsl2)

11) UNCTAD(a), Maritime Transport and the Climate Change Challenge, Multi-year Expert Meeting on
Item 3 of the Provisional Agenda (Geneva: UNCTAD, 2009), pp. 4,

Transport and Trade Facilitation,

Table 1.

12) IMO(b), Prevention of Air Pollution from Ships: Updated 2000 Study on Greenhouse Gas Emissions

from Ships, Phase 1 Report, MEPC 58/INF.6 (IMO, 2008), pp.49-50, Figure 14 and 15.

-1

4 —



O 2~ O
g5

]

1
R

18] Fig 2.4

T
0
—_
o

el
o
A

aF= €0 v

= Ay
oM A5

3t o5l

i

b F4le] =l 7]

+ IPCC~

R

<

ok
o

-

fu

AT

i

0
pul

A 247k o

ZhR iAo A™ A

o

LA WlEE 2FE(2004d 7))ol 9

o

o]
PR

=5aL

off ofajA i

ol o] ZheHl oF 77%%1 3709 =o] C0.= uf

vA
)
o]

o
o

o] =(C0: %

CO2

-
o

%

=
=

SN

SEE

J’

A
]

mek 2obitkabd A (N0) 7F

-

o oF 57%¢1 2809 Eo| 3}

o

RN
Vi Eas=t

€O, 7+

-

e

=
=

™,
oltt.

waL 3l

=
=

3=

Jo

<

<]

ZFA]

=

=

o] 21.0%

)

I
pisl

o

=
=

f

of we} 2A7FA WMEFS

H

==
RLE

o] 7]

-
.

714l A

=

=

Joll A 2004d 7155 AA] CO, W& oF 2/3 7} FHEF
=]

S
™

c&o o
Falom ofe] uet

|

R

9

a

&

U TSR

13}

L4

N

LA o] MEUS FEER Avnw oy
=i}

ool IPCCAIME B2 A9t =9

A A
2l A

P

T35
]
A
=

O

=

—_
1o

0

X

200611 IPCC 7}o]

T

k<]
gl

S7h eavks Qe A4e 9

15

N
el

27FA Tier &9

2.5 =

_15_



CE ME 121 BZ A3 (proy datz)

Ho > EUI-ST?C.} 3‘1}% 2=
™
Yes
;
3 CZ2 F2d 7259
A2 7 Y2} 24 A0ld . gl
= v Hi * AAg = EX3F
A& LE 217 : E'qllr%}w%a‘i;e)ﬁﬂé

Tez —m

FHE 3L 9

POCZHEALE

TH,& HO920 Tier 12 212
I“Iro Bm 2
|24 o2 agms
NETO (ST A2
POC 715 MEALE AL 260
T, RO WSS A
Bed

Fig 2.5 Decision trees of water-born navigation emissionsld

(7F) Tier 1

s
b
r>
i
o
kl
&
<2
1)

o
o
k%)
&
<2
%)

o
o))
=2
=
i
)
5
N
)
24
o
it
i

HEH = 3 (AE4HFab - W EF A ab)

13) = 7F 247k JIWME=R A4S $1g 2006 IPCC7Fel =kl 2¢, 372 &3, 2008, pp.3.59

_16_



4714 at AREFR U4, 4D, 06, BA 5L YEhIT b LS B,
Z o) EE wE, 9 b5 A1 FFE el Tier 204 A FRER

ATFES A AFLSIERE Tier 194 E bE FAIE 5 ).

Table 2.5 CO; emission factor
(410 kg/TI)

AR 7] s Gl

== 69300 67500 73000

718F 71900 70800 73600

7}~/ A 74100 72600 74800

TR = 77400 75500 78800

oM 314 5712~ (LPG) 63100 61600 65600

A A7k 2~ (Refinery Gas) 57600 48200 69000

7€ Paraffin Waxes 73300 72200 74400
CH Wf- & SBP 73300 72200 74400
71 EFA] f A 73300 72200 74400

HeA7F~ 56100 54300 58300

Table 2.6 Basic emission factor of CHs and N0 at water—born navigation

CHs(kg/TJT) N-0(kg/TJ)
AF oA 7(+ 50%) 2(+140%, -40%)
(Y}) Tier 2
Tier 2 W X3 AR FTFo wE ASAHFS 7|EHoz ALgsit)h, x|k A
B F5, AR 5, a9a IRl SR Eirel mel ake] 5448 VR 57 5
ol 9] H 25, 98 57,
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(A}) EEDI -Meaning of the parameter
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3.2.2 Energy Efficiency Operational Indicator (EEOI)
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A1: Rapid economic and A2: Slower

technological development technological changes
A1FI - Fossil-fuels emphasis and economic growth
A1B - Balanced emphasis
A1T - Non-fossil emphasis SRES Scenarios
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Fig 3.5 UN-IPCC scenarios of economic growth
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st EEOI dlolElel]l 71 Zxate WF A 83 37 242 5 SlojoF ot
(mh) A& o

MO A F-F o2 AlF3stal U= EEOL Al WS Avnw vhga) 2.
Indicator(gram CO2/tonemile)

Y
-+
E ”Lazrgo,i ><D1
[

oJ71A FCie AFEAE(E), Ceamo Table 4.19] A5, Moo 3= %5 @9
(¥, TEU ¥ sX42049), Dix 5748 (Nautical Mile)E YEeFT},

(FC)4+ (FCy) + (FCy) + ...
(Meargons X D)+ Mgz X D)+ (Meargos X Dy)

:Ccarbon X = Ccarbon X

Table 4.1 Ccarbon Value about used fuel-oil at ship

Type of fuel Reference Cr(t-C0s/t-Fuel)
1. Diesel / Gas 0il ISO 8217 Grades DMX through DMC 3.186
2. Light Fuel 0i1(LFO) IS0 8217 Grades RMA through RMD 3.151
3. Heavy Fuel 0il(HFO) [SO 8217 Grades RME through RMK 3.114
o 2006 IPCC Guidelines Table 1.2 and
4. Liquid Petrol Gas(LPG) 2.985
3.5.2
2006 IPCC Guidelines Table 1.2 and
5. Natural Gas 359 2.693

ALE FAf 2 7 w9 ARARYg/SFHE =T, A4 FdeE A A
1 1

Auk Fo] HolHE 233 A8 E Table 4.20] Bl o A9 o] 2

Table 4.2 Report example for EEOI preparation

Name and type ship

Fuel consumption(FC) at sea and in port | Voyage or time period
in tonnes data
Voyage or
Cargo(m) | .
day(i) | Fuel type | Fuel type | Fuel type Distance(D)
(tonnes
(HFO) (MDO) ( ) . (NM)
units)
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1 20 5 25,000 300

2 20 5 0 300
3 50 10 25,000 750
4 10 3 15,000 150

0{1
O-

919l #o] Table 4.25 & I3 T A8 IS, B @99 35, IF3vid (s
1,852m) 2 AP} ¢ka W 212 olg Table 4.3% U},

Table 4.3 Calculated EEOI value based on Table 4.2

100 ¥ 3, 114, 400 + 23 X 3, 206, 000
(25,000 X 300)+ (0 < 300)+ (25,000 X 750)+ (15,000 < 150)

13.5(g CO:/t - mile)

EEOI =

A Marg 0% 2 B FANNE Goshs B A58 ARE TPao} sk
| ol A 3]
gatel A skl

4.2 EEOIY] H&EAH I FAH

HAA7EA] EEOTO ot A5+ EEDI Bl3|Al &= A9l o]FoJx]x] ¢&a dvf. AlxXA
A8 oAl EEDI+= x4 At vj&E 7] L9 &E2el NOx A|ety) e Ha
A5 Azl AgE shedol Ak, oirk Nox FAl e A9 <ddelnt =gkE

flo
oL
1z
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oo fll 2
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Distance(D)
(NM)
3,446
3,806

data

Voyage or time period
Cargo(m)

153,571

153,571

153,571

(tonnes units)

171,743.00 DWT
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port in tonnes

Fuel type | Fuel type | Fuel type
(MDO)

Fuel consumption(FC) at sea and in
(HFO)
481.4
42.2
602.6
53.9

b

[e]

kel

3

]_

]
 General cargo ship(Bulk carrier), DWT :

: M/V ADONIS

LP :
DP :
Voyage:
28
LP
LL - LA
DP

[)

BL - BA

Sample 1
A




1180.1 x 3,114, 400

BEOT(L) = 4§53, 446)+ (153,571 % 0)+ (153, 571  3,806)+ (153,571 < 0)
= 6.29(g CO-/t - mile)
BEO1(2) — 698.7 X 3,114, 400
(0 X 3,446)+ (153,571 X< 0)+ (153,571 < 3,806)+ (153,571 < 0)
= 3.72(g CO:/t - mile)
Fuel consumption(FC) at sea and in Voyage or time period
Voyage: port in tonnes data
2938z} | Fuel type | Fuel type | Fuel type Cargo(m) Distance(D)
(HFO) (MDO) C ) " | (tonnes units) (NM)
BL - BA 560.9 0 3,804
LP 44.3 153,534 0
LL - LA 580.9 153,534 3,777
DP 58.6 153,534 0
EEOI(1) = 1244.7 < 3,114,400
(0 3,804)+ (153,534 < 0)+ (153,534 < 3, 777)+ (153,534 < 0)
= 6.58(g CO:/t - mile)
BEO1(2) — 683.8 X 3,114, 400
(0 < 3,804)+ (153,534 X< 0)+ (153,534 < 3,777)+ (153,534 < 0)
= 3.67(g CO:/t - mile)
Sample 2

1w M/V BLUEBELL
X< : General cargo ship(Bulk carrier), DWT : 148,668.80 DWT

Fuel consumption(FC) at sea and in Voyage or time period
Voyage: port in tonnes data
1098}=} | Fuel type | Fuel type | Fuel type Cargo(m) Distance(D)
(HFO) (MDO) ( ) " | (tonnes units) (NM)
BL - BA 46.7 2.3 385
LP 6.8 5.0 124,525 0
LL - LA 49.4 2.2 124,525 362
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DP 22.1 8.5 124,525 0

(125 X 3,114,400) + (18 X 3,186,000 )

BEOI(L) = (0 < 385)+ (124,525 X 0)+ (124.525 X 362)+ (124.525 X 0)
= 9.91(g CO-/t - mile)
RROL(2) = (78.3 <X 3,114,400) + (15.7 X< 3,186,000 )
(0 < 385)+ (124,525 X 0)+ (124.525 X 362)+ (124.525 X 0)
= 6.52(g CO:/t - mile)
Fuel consumption(FC) at sea and in Voyage or time period
Voyage: port in tonnes data
1108+ | Fuel type | Fuel type | Fuel type Cargo(m) | Distance(D)
(HFO) (MDO) ( ) " | (tonnes units) (NM)
BL - BA 618.0 30.9 4,736
LP 40.7 20.7 124,510 0
LL - LA 643.3 27.8 124,510 4,693
DP 16.9 13.3 124,510 0
FROI(1) = 1318.9 < 3,114,400 ) + (92.7 < 3,186,000 )
(0 X< 4,736)+ (124,510 X 0)+ (124.510 X 4,693)+ (124.510 X 0)
= 7.54(g CO:/t - mile)
RROL(2) = (700.9 < 3,114,400) + (61.8 < 3,186,000)
(0 < 4,736)+ (124,510 X 0)+ (124.510 X 4,693)+ (124.510 X 0)
=4.07(g CO:/t - mile)
Sample 3

Ay o M/V BEGONIA
X% General cargo ship(Bulk carrier), DWT : 180,265.00 DWT

Fuel consumption(FC) at sea and in Voyage or time period
Voyage: port in tonnes data
443z} | Fuel type | Fuel type | Fuel type Cargo(m) |Distance(D)
(HFO) (MDO) C ) " | (tonnes units) (NM)
BL - BA 548.9 3,569
LP 37.6 170,059 0
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LL - LA 618.1 170,059 3,085

DP 33.4 170,059 0
S (1238 < 3, 114,400 )
(0 % 3,569)+ (170,059 < 0)+ (170,059 < 3,585)+ (170,059 < 0)
= 6.32(g CO-/t - mile)
—— (689.1 % 3,114, 400)
(0 < 3,569)+ (170,059 x<)+ (170, 059 X 3,585)+ (170,059 < 0)
= 3.52(g CO:/t - mile)
Sample 4

7 ¢ M/V GLOBAL DISCOVERY
X< : General cargo ship(Bulk carrier), DWT : 28,404.00 DWT

Fuel consumption(FC) at sea and in Voyage or time period
Voyage: port in tonnes data
953F2} | Fuel type | Fuel type | Fuel type Cargo(m) Distance(D)
(HFO) (MDO) ( ) " | (tonnes units) (NM)
BL - BA 543.7 2.4 7,682
LP 24.0 0.1 26,000 0
ML - MA 430.7 1.9 26,000 5,904
MP 19.2 26,000 0
LL - LA 29.8 26,000 512
DP 20.0 26,000 0

. (1067.4 < 3,114,400) + (4.4 < 3,186, 000)
(0<7,682)4 (26,000 < 0)+ (26, 000 < 5,904)-+ (26, 000 < 0)+ (26, 000 X 512 ) + (26, 000 < 0 )

20.01(g CO:/t - mile)

EEOI(1)

EEOI(2) = . (523.7<3,114,400) + (2.0 < 3,186,000 )
(0<7,682)+ (26,000 % 0)+ (26,000 < 5,904 )+ (26, 000 < 0)+ (26,000 < 512 ) + (26,000 <0 )

9.82(g CO:/t - mile)

Fuel consumption(FC) at sea and in Voyage or time period
Voy‘age- port in tonnes data
963} .
Fuel type | Fuel type | Fuel type | ... Cargo(m) Distance(D)
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(HFO) (MDO) C ) (tonnes units) (NM)
BL - BA 74.4 1,268
LP 8.4 27,221 0
ML - MA 212.1 0.4 27,221 3,004
MP 11.2 0.5 27,221 0
LL - LA 777.5 3.9 27,221 9,956
DP 45.5 8.1 27,221 0
EEOL(1) = (0%T,368) 5 (37,221 % 0)&%3?}2?1&%%%&4%?(457(,13591i%)f(ﬁé?.o% 0.956) (27, 221 X 0)
= 10.08(g CO:/t - mile)
EEOT(2) = s smsprion, 221x0)J(r9(§97;(52§13’xl:31,%()44())(2;gé?ézfi’ol)iﬁig%)21x9,956)+(27, 531%0)
= 8.78(g CO:/t - mile)
Sample 5

™ M/V SILVER BELL

X< : General cargo ship(Bulk carrier), DWT : 207,671.00 DWT

Fuel consumption(FC) at sea and in Voyage or time period
Voyage: port in tonnes data
16638+=} | Fuel type | Fuel type | Fuel type Cargo(m) Distance(D)
(HFO) (MDO) ( ) (tonnes units) (NM)
BL - BA 498.9 3,569
LP 51.7 197,985 0
LL - LA 531.4 0.3 197,985 3,580
DP 43.0 20.9 197,985 0
FEOI(1) = (1125.0 < 3,114,400) + (21.2 < 3,186,000)
(0 % 3,569)+ (197,985 X 0)+ (197,985 < 3,580)+ (197,985 < 0)
= 5.04(g CO:/t - mile)
FRO1(2) = (626.1 < 3,114,400) + (21.2 < 3,186,000 )

(0°X3.560)+ (197,985 = 0)+ (197, 985 X 3.580)+ (107,085 < 0)
2.85(g CO:/t - mile)
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Fuel consumption(FC) at sea and in Voyage or time period
Voyage: port in tonnes data
1673x} | Fuel type | Fuel type | Fuel type Cargo(m) |Distance(D)
(HFO) (MDO) ( ) (tonnes units) (NM)
BL - BA 476.9 3,630
LP 68.2 204,804 0
LL - LA 512.3 204,804 3,542
DP 54.8 204,804 0
BEOL(L) — (1112.2 < 3,114,400
(0 < 3,630)+ (204, 804 < 0)+ (204, 804 x 3,542)+ (204,804 = 0)
=4.77(g CO:/t - mile)
BEO1(2) — (635.3 X 3,114,400)

(07 3, 630)F (204,804 = 0)+ (204, 804 ¥ 3.542)+ (204,804 < 0)
2.72(g CO:/t - mile)
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The required design CO2 index shall apply as follows:
1. for ships built on or after [1. January 2012 and before 31 December

2014], X is equal to [p];

.2 for ships built on or after [1. January 2015 and before 31 December
2017], X is equal to [q];

.3 for ships built on or after [1. January 2018] X is equal to [z].

Original Baseline

~[2]-%

Fig 4.4 Baseline for CO; emissions reduction(MEPC58/4 ANNEX6)
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itk el 719 Seb oje] 74X el wel AN WenE AR 43
sl ArE 717} ol
JAE AsEA ke ¢ 4 b HESugE g9 43S ¥EE 4+ e
718 Hh ghe AL 00, WARS YEhlE Aol F o Agettha R,
=

ol7lel M= 71#e) Fat T 7P 2 A

W, F71% F8t ghs AbEste W oY 7RI AARE R = F7) 3ol
X AEHow AFgsA Fas Axteris 44X 2. a8y ggo BHS o] 43
| A e Fr1He] FIE vuA 2R 7 5 .

(7h) RPME o] &3t Wy

71¢e] Bk 3 o 713 RPNE o] &3t sk Aol /Mg S FE Al
W F shuelth. Fig 5.12 S &of 7|@Reizte] #AE vERd 21 o] a1HEE
o] gafA WHE 7hdka TR S o] f3slo] RPM W kWob 1o wE dAgsnss 1E
T ST}, Table 5.1 8S60ME-C Mxlell thal] Excel £E o] &3l kel AsARZFS T

o= ZmIse] ool

Engine shaft power,

110 | 100% ref. point (A) =

:‘:;" Specified MCR (M) y = ,o,r -
= : S
P P r
S0 —] - —- ~u—,r/ -
» i
:2 A Al
= e AT -
= A
7O =" i
- |
Rl I |
-

&0
e 7 irg
= Bald Ay
/ 1
50 |:H:1
P
*

&0 &5 7O 75 a0 85 S0 o5 100 105 110

Engine speed,

Line 1 2 FPropeller curve through point A.

Line2 : Propeller curve for propulsion alone heavy running, recommended limit
for fouled hull at calm weather conditions.

Line 24& Engine service curve for propulsion (line 2) and shaft generator (SG).

Line 3 & Speed limit.

Line 4 e Torquefspeed limit.

Line5 : Mean effective pressure limit.

line & 3, Propeller curve for propualsion alone light running (range- 2 / § 0%).

for clean hull and calm weather conditions.

Line 7 - Power limit for continuous running
Line 8 = Owerload limit.
1) Mote - The propeller curve for propulsion alone is found by subtracting the actual shaft

generator power (incl. generator efficiency) from the effective engine power at
maintsined speed.

Fig 5.1 Load diagram
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Table 5.1 Calculation sheet example

of kW & fuel consumption—volume

; ENGIME SPEED 105 [rpm
: |
: LOAD 100 1)
4 POWER 18,080 [kw
r (Fuel eansumption 3219 [kg/ml
+ specific Fuel consumption 178 [g/kih]
3
(W) Engine Performance Monitoring Systeme ©]&3}+= HHH
- Torque Meter System
713 dEEE AR} Fo AdA = 59 oUAE AFHor FAHE 7|7=
A 90l FREEYH Axd AxRAS TR VELAAE Ede A AX a9l
o Azdolt, JEA FAL AZE s ANZRE £3 2 59 Aw
Zzuge A5 2 2E A4, WY $E A5/ 9PHY FFHoR AN
o WS Au2RFE UaZdolstn 44T & Y FH ol Fig 5.2 o
2 HAEAs RUEYS FAsE Al2He] doo)a Fig 5.3 A Aulof] Az
H wgolt,
i
Shaft Ring Terminal
Ship
Stationary Unit T speed in
—————— M/E F.O Flow
M/E F.O Temp B
Analog signal
out to central
monitor
Fig 5.5 Engine performance monitoring Fig 5.6 EPM picture at operational
diagram example ships
- Azxp Ao} e =4
FTAo 7IAAQ Wl oF AEEFHW AdFoA Al AAE Fa AR AR
9ol EE, AE, AdY 99 FHE AEZeE Axwo] 42w <izlo] 2000



Ao o] Az AAFa v EAQ] AR o= WARTSILAARS] RT-flex<llzl
I MAN B&WAFS] MEAR S & 4= Sirt.

WARTSILAAFS] RT-flexqll %l o
B2 AA S IDC I9 AXAE S8l A=t wirErEe A5 55 1

W o
iAol AxdS S8l ARE FRE FESIH. ofAH XS VEEE
=

AMNopan Module Bus
or ModBus

Crank Angle

| B 3
3x EFIC $SiBus I o ‘g r:{
k. h T 2 oy " » 1

Flex Engine [ LD_]

Local m?anel

Turning Gear Disengaged (Dig. In) | .
i

P Charge Air (4-20mA) 1

Local MCP (CAN Module bus) ECR MCP

- ]| . - o ]
[ | 11 1T N
CONtrol i
| Il Il
Control Qil Pumps (Dig. Qut)1 i 2 = f TDC Pickup (Dig. In)

L - i

Autom. Start Valve (Dig. Out)

)
@ @ é Fuel Supply Actuator 1-1-2[';*0f
& Wirtsd3 | WKR-SP 07082008 WARTS”_A

Fig 5.4 WECS working diagram of WARTSILA RT-flex engine
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VAN B&WAFS] ME <17l 3+ Fig 5.50014 H.zo] WARTSILAAFS] RT-flex <% ECS
(Engine Control System)ollA] THIAFZE ZAA AA A AES =23 AEZHH
a3t HEYAH AlxHl AeE g dF dIgrt A, Em=e FAAL
2 AR AYAE BUEY 3 = s AA= CoCoEDS FA7F AR =7 % dh=
o o)} ZL s Fgstd vlaA |t}. Fig 5.6
2 e FaE g dzdoltt,

1-

o
o

|

Qekd Fa1=4o] b Ao

ME Engine Control System

i linder Control Units.
o

Auziliary Control Units

Fig 5.5 ECS working diagram of
MAN B&W ME engine

= = O =] -
(th) =713 Az gA9 4 &9 ALEE o] &5k W
e e d
ESTIMATION OF EFFECTIVE ENGINE e 1T
POWER FOR 7L6OMC R F
&0
55 = 1
T | 1
TAC SPEED / 100 RPM 50 A I
1|.5 125 135 145 155 165 175 185 = &5 i T
HEREELEER L EATE? . i [
| 0 5 5 W UL P . W L Y e [
EENEEAE R N EW o |
L T (g A
'l'l'l\\l\'t\\ IERNEW R 3 10 11 12 13 14 15 1B 17
L T L O \! SRR o vEP (bar)
A : | 125 @
bl l 1 1155
[ . ———— r \055
> L] los 2
. i 3 ] et = il
1 T L1}
1 = 11
1 I i
| o |
| | L 1 | | 1
770 750 730 mmHg

DI AMBIENT PRESSURE H

Fig 5.7 Estimation curve of effective engine power (MAN B&W)
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MANJUNG — SULZER

POWER ESTIMATION CURWVE

B ps) — Feaza = Ll 2] = 1681

R IIE

1ii

L2 = AP

Fig 5.8 Estimation curve of effective engine power (SULZER)

Fig 5.7, Fig 5.8¢4] X.zo] MAN B&W, SULZERE ¥ & F7]#S Al#tsl= A

e &4 2 e A7|e%, B R-xA 9 RPM, d85BZ QAo Ha <
AHor & Axsts WS A s ol

AolE, dRAEYE & o83t 3t
H
H

5.1.2 A4 A& oA
5.1.114 A FA A EEOIS] kWSS (Fh)WAls o]&sto] AAEe 5 o=
3 A|47golA] AR o] &P ME HE 27 (0, TAES T8l HESF sHlH.
g . M/V BLUEBELL
% : General cargo ship(Bulk carrier)
DWT : 148,668.80 DWT
MWE 718 AR
B&W 5S70MC-C / 17,193BHP < 88.0RPM(MCR) / 15,700BHP < 85.0RPM(NCR)

| dAEARE(Ton) . a5 57| Data
Voyage: Loading
. . + ¥
10983} Fuel type| Fuel type sl & HAIZH Ave. BB Ave. Load
(HFO) (MDO) (Hour) | RPM (kW)
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BL - BA| 46.7 124,505 245 | 7873 | 7169 9,195
LL - LA| 494 Tonnes| 973 78.40 70.73 9,072
_ 96.1 < 3, 114,400
New EEOT = <5705 % 24.5)1 (9,702 < 27.3)
= 610.63(g CO./kW - h)
g ARk . &= F
Voyage: - &(Ton) Loading 1% 571 Data
11032} Fuel type|Fuel type SRS SHAA T Ave. B 5% Ave. Load
(HFO) (MDO) (Hour) | RPM (kW)
BL - BA| 618.0 124.510| 353.3 | 76.46 | 65.62 8,416
LL - LA| 643.3 Tonnes | 360.0 | 78.93 | 72.17 9,257
_ 1,261.3 < 3,114, 400
New EEOT = <2116 = 353.3)+ (0,257 < 360.0)

= 600.72(g CO/kW - h)

A o M/V ADONIS
A

1l O
DWT :
M/E 7] A}

B&W 6S7OMC-C / 25,320PS < 91.0RPM(MCR) / 22,790PS > 87.9RPM(NCR)

% : General cargo ship(Bulk carrier)

171,743.00 DWT

= 439.

41(g CO/kW - h)

| dAEA%E(Ton) . &35 7] Data
Voyage: Loading
[e}
ogalap |Fuel type Fuel type SR AN Ave. BB @) Ave. Load
(HFO) (MDO) (Hour) RPM (kW)
BL - BA| 446.9 153,571 2605 | 76.62 | 58.85 | 10,967
LL - LA| 5654 Tonnes| 92850 77.74 62.28 11,606
i 1,012.3 < 3, 114, 400
New EEOT = 957967 = 260.5)+ (11,606 < 285.0)
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) AFZ AT (Ton) . g3lF 7] Data
Voyage: Loading
—
993} 2} Fuel type| Fuel type s 2 e SAAZH Ave. B (%) Ave. Load
(HFO) (MDO) (Hour) RPM (kW)
BL - BA| 522.2 153,534 2580 | 7801 | 6294 | 11,729
LL - LA| 544.7 Tonnes| 2810 78.32 63.83 11,895

1,066.9 < 3,114,400
(11, 729 < 258.0)+ (11,895 < 281.0)

521.74(g CO:/kW - h)

New EEOI

ol qlxlFstel] we AninE AdE =Y9ske] EE0IE 7
A

a1 Aol v]5=3 CO, viE
£ ol ke Holth. oA mob WA} 3+ £ AHt A LTS A
g+ 9
@ Auke F Gae] Awsh Bgol Ar1A Aoz B 5 qld 0, HEEE
Aol 7t ol vheh, o2l Ak 7k £ At dolges AT & Ar)
AAY HFEF A WIS EYFORA G PaMEe] ofd AnsHES (0,

5.2 New EEOIS £3 3 1A
5.2.1 #e] 2 &&
7F) AA Z=2A4 &
EROIo] & 23kl 9l Mute] oUA &84S Uehs Aoz 7 Auk 2A9 T&

=
wAel7] wiel, ER0IE Fal Aubzte] oluiAass mlushr|sd ol 7hA ekl

i)

Hlolzgkels Aol st ol FuEA] st WHES A gH ook vt vk EEOI7F A
7

A gaeAlelZ] AIRE 21 EEOIE #hEfshr] 917 Aake S o ® oo}
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U} Table 5.2, 5.3 EEOIE #E]3l7] 913 ANbEAAE SA==2 A3},

Table 5.2 EEOI maintenance procedure by marine officer at ships

[ 1] staE 7| £2 2 Ballast, Laden, FulEc =z 22

[ 2] 01.01 00:004] 7|2o2 ohf¥ T EEOL 4HE AF

[ 2] =rajdT ajabto] @Hap=7hol® 0 M 24:009 dlolHE FWE o2 WS8R =3
[ 4] 2F FF Fitnict de AT HAE EMM, AN B Ri=4 doje d=H
[ 5] TEAFE Ey e A g 2 #Ire die]lHE o] E5ke] EE0l Al4E

[ & ] #ha}pbrh EEOI f&@.&%"ﬂ ZAZ3 S ¥

71 FEOIZHEl -5 [sM/IS0 el B 2la} =7

HEN S abE dra) AE & iﬁiiﬂiﬂ Hg U FHad s

HER 12.31. 2400 7| &0 2 l%*?HEjE EEOL 3= mpgt

[ 10 19 7| £28 o ?EHC.l%J = F oz Bl ) 4

{11 ] 19 P& 2 A= coz b H%’_E% dEAFZH e B0

(12 ] EEOIo] AMEE BF dlojes ot @A B

Table 5.3 EEOI maintenance procedure by class or shipping company

[1] soHa Bhofl EEOL =3 7 /Al 3 el

[2] Aubod 9=l FEOL TlolE 524l ¢l
[ 3] TSH/1S0 W= o o] 2 2] 14 #rape EEol AP A2
[ 4] THE A WA AFHE EW
[ =] =5 Ao ot Stesn el U 3y Sie =9

v
[ 6] 19 T E T durolq B uE FEOL HlolH 24
[z 1 FHANES EUE sddure] oy 58 WA ureh A4




oSl A &A= 9k S Aol o ISM/IS0 Al=Hlell A Zh duke] EEOI7F
d A ke A A 8o] 7hed Bloltt.

(1)) &8 et

(7he} 22 Alz="lo = ERoI7F #edvta & uf oy 22 &8 Weks st
At

Ship Greenhouse Gas Trading & Consulting Center 4
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e Ul —F2AAAD

gt [][=[=In]
_HR S |

AI’“AID'EJ_

—Incentive Al2

—Consulting
HAHD S

-HOIEED | FEAEAD
-SHSL| HIUXIES
AIEArSIR | | 2]

,_r.ﬂ-"ﬂ:l-\!m_ ‘_D;,_._ HL'.\_ ' ‘_-

Fig 5.9 Ship Greenhouse Gas Trading & Consulting Center diagram example

Fig 5.991A4 oAl g5ze] Autat sfeitqle] e47t~g Sd9 o fEjstur v
3 AMdS e = A= 7F4 Ship Greenhouse Gas Trading & Consulting Center
7

(SGTCO) & A Hat=

7 Aol HAEE BOL lolEE e A%d, 71, SesapE, w2 ey
ol iEEs MEEA g An B L e V)sr sAFenA T ols @



ARES] BEE G

e
ol AlEld e T8 HA Fol stues sl Al M-S =dshe Ao
[}

x| Argr
vl + 5% O|LID
3l Penalty Sl =

-A & == vl -63%0lsl =4
= Incentive M=2%¥=

Fig 5.10 Trading method example based on center
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5.2.2 ¥ wurek

=27 o
(7h) Az EA3te EYAE o] &3 S e
5.1.2014 A AlE et 7)ol A aflAFg Y SA7Fs wiEss 284 0R e
st7] 91sfiAM= EEOI #e]& TRy Mutal 3)xb, AlHE 7|4 o2 ddste
EQA Al=gle] dastrt. 19k & A2 o 2A oux el gl A gt
A A7 EF A WA <8 (Greenhouse Gas Emission Information System)< 2Hy

B Fig 5.11% #Zt}.

AEEEEEEE ZAA WSS 2 Al Y @ EEEEEE - Microsoft Internet Explorer

DO EIE 20 SAENE D SERM ]
Q5iz-©Q HNREAG Lauashmmm @ -5 w- QK

Z2(0) [ hte//colgas.col/ ~ Bos

28 HEDIY  CONTACTLS

@ 28714 MY B Aaw
LA Lk

NP9 7138012 of Th2 g 1%t .
24712 B79) 718 DIAOMALIC

Greenhouse Gas Emission Information System

" pveEeR?  GEISH? ER LI

"N

aNEWS ey

» BRAZEULL [2006-10-16]

TR @
5505 (RPN 81 i op »
0 B P T
2 507

M!H’qéage NK [======SITE LNK===]

Fig 5.11 Greenhouse Gas Emission Information System homepage

Qe vt s e A2ElS FAlA S EE dlRSAbE IYALR TH)S ko] B
fraul 9 sate] A e Ak 5o JHe; FE0lE B3 Co: WiEE & das Y&
S AT, AgdA s AAHGAD S Aak B2 dA WE, A% 247k g
AE, AT doleel g B3 22 A 5 ATToRA AT A5
S F e FYAQ HAE e

P w2olal e Aute M= bkl A2 o] Fig 5.129F #2 449 221
Holl GA Aste] ARE T wS 5 AS Aotk 2 FRIEe AubeA] &
T e TradPo] syl FEE Zukejol A ER0IZF 28w ojok dtl. Fig 5.12%
F A s WEST SolA SATERARA AR &t st TR
2, Mulo & o]e} o] FFow ity TR o] FQslal o]e]dl R 3o A
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9
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(CEE28 ) 1918
£715
| TonC/Ty
| KaCHa/TJ
| KaN2/T)
I EoEDL. | (D a0 )
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SHEE
5
ce NEAL HEE AMEI e
0 DAL uiER A
JEaE

wENEz (EEIII i
ENET [E

AEAMBSY 078 Ty
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e T
A2 | CHe |3 KgCH4/T1
- N20 | 06 | KgN20/T)

CO2 CH4 NzO
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Fig 5.12 EEOI calculation program example at ships
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Al FalEal B ELT Ao R s duke] 9% B dHlo]EE AARe

2 Il g e AHlEo] JidE o] Advbe] A7 Ha vk, o]y E FH|EL S
Wd, BHEET T SHAA FLA H3laL M0 Al ofs Al ow A7t
Ha 9l NEAQ] Al 2~vlS s HH Mukxbs 28 22 (Automatic Identification
System:AIS), A7 2] 9 %524 A4 = (Long Range Identification and Tracking:LRIT)
ol Jdon oy FAE Tl FuEs A= s dA A8 (Vessel Tr-

affic Service:VIS)o] <A<tz =@ oA 8= Ak, 24 Fig 5.13% Fig
5.14001 A9} o] dAA A= o] d AlxE 58 fU|HoRE AAsIe] #HEE 5

o)== Mube) x] A x] 4~ (Vessel Monitoring System:VMS)S FAFste] $dste]a A g

D, Location,
Date & Time,
Course, Soeed

Flag Ships

T e VS Center  [RIT Center
Date & Time,
Course, Speed

Fig 5.13 VMS diagram!5 Fig 5.14 LRITS} WMS<] < A|16)
ole]gk WSeF AAste] AIS "oyl 7]#e] AAIZF Fal L AnihREgo] o]
Hol RYEEge] shssittd ol Fig 5.167 #Zo] WSk AlEE dAsts Al2~ds

HgHew Paslor @k olel@ Alsde] THEG T PuE Fa Lustx
of U FHA Bt F o FEH W S 9 Aol wF AW doly 7

W g Ed bssA 4 ot

15) (ARSI U E 2 A

A% A HE 8, AIS AlPYE, 20090526, p4
16) A5, LRIT Al=®le < , AIS

S AW, 20090526, p23

Ll>
1 5=
2
X
=
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A6 AAdAE

AF3k vk} o] Mul 7o) A7~ AHS 9%k o] A3l Energy Effici-
ency Operational Indicator(EEQOI)E HA3] H ki 19 7Nd o] EEOI 9}
H

F§ WerS AQHAh. o] AN ojzl AE soFshu vhet gk

=
:(n)L_',
:é
r—lo L

(7b) @A EROI= @ &2k E= @k el 3hzo] /% wat 0, wiEEe] 43

3 Aok @ 4 wrel gl Aol ol AM 5Ho| A% Anmw 3]

PN
T R -T.

e

(b ¢@3a g Ave) ARanFe BB f/7, wi HEF t/rd O
G Wk ohe W A, 914 BRE AN JFL B v Bgd @
&8 wedstel Aube] olux] EES YERlY] 9@ A2 el B0 Aaste,

(th AZ& BRI Ak 7)we] FaHde =skel [C0, WAZ/kih] Fels
stgom T Ho) 4ael Fgstel ngn, Avs Aes EF] v

o o/es el W Bah @ dEaE@el @ Aueldi Ae B, T
& AWML Be Aol7l WS, ol B OIS gl ohdl RaAdo

= dbgeloF &7 oh= Ao ouA aES yEhd ¢ deS Eelsit

(2}) EEOI&= Zt7he] Adute] tigh oA a&S YEles =72 skl o7&
L= ARE AL FEEH VINlelA #eE & U=

Greenhouse Gas Trading & Consulting Center (SGTCC) A HE A|etslar o] AME Y &
2 g8 etel] digh &S Al

(1}) o] AFE =3l Energy Efficiency Design Index(EEDI)S] 7]5ol A3kS w3l
CO, wlo]2=ebls 7o g 3fo] M o] % Aol Aud wE EE0I9] Abs2<l

A4S 9ld] EEDIS} A2 EEOI dAIE 913 Ao oA lsd=d o= &
Sk o] 227k Aol e AEo] wE wE7]E AAS e Zasi.
(vh) Alzte] ZE S &Atde] E5e v gts] @ utel gloy o]y dFe A
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