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NOx Emission Limits
(for diesel engine >130kW)

NOx Limit, g/kWh
Tier | Construction n = engine's rated speed(rpm)
n<130| 130 £ n< 2000 | n 22000

= - 17 45-n?? 9.8
E fisr ] 144 44 - n°% 7.7
=
) 3.4 9:n?2 2
&=
g Year 2011
3 =y 0l = WORLD
T — Tﬁ@t” 000 - N@z2 ECA - Al - North Sea & Baltic ECA | gl
2 - \ p [SOx Only)

o — [NOx ECA] ¢
200 400 600 800 1000 1200 1400 1600 1800 2000 2200 from 2021 %

Rated Engine Speed, rpm

(=]

USA & Canada ECA

ECA (for NOx) :
Baltic Sea & North Sea (from 2021)
North American area

United States Caribbean sea area Figures source : hiip:/www.guif-marine.comserviceftechnical_detail'11
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Which Tier Il
technology?

Space
requirement in
engine?

_ How long time
Operation in ECA?
cost?
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=
< Dual fuel
3 Internal EGR SCR engines
6 -3 Exhaust gas Selective catalytic (gas mode)
=2 recirculation reduction
D -
10
20
IMO Tier Il global
30
o
, [ 1 50
60
70
80
IMO Tier Ill ECA
I Already attainable
Potential using additional measures
2021/8/26 55T
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$# * EGR ~ SCR2 Dual fuel(4r
WIinGD XDF)+ # & NOx Tier Il
{3 o

https://www.man-es.com/docs/default-source/marine/2366382_technology-for-ecology 21082020.pdf
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NOx Tier Il ehF) g ex  SNeaedionien

® SCR (Selective Catalytic Reduction)

® EGR (Exhaust Gas Recirculation)

==X
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... SCR (Selective Catalytic Reduction) R#=8HE:

SCR Principle :  Selective Catalytic Reduction

waste gas

4NO+4NH,+0, . wem==p> 4N, +6H,0
Nitrogen Oxides Ammonia; formed by Nitrogen Water
( NO and NO,) q ¢ urea soluti

%+ Panasiat #F 3 8
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, SCR (Selective Catalytic Reduction) GX#E#ReEE

HP-SCR

1. SCRF B EX £t iF
RS2 W g R

2. B4 Xdbar, &) 1 T8
7 310°C (for 0.1%S)

v4
V3
DG
sa(scR)eat> | p_SCR
1. SCR F s B% % (i
HOR S 2_ {8 en iR ] o
2. /B SCR 4 sl ¥ 404

HP-SCR LP-SCR e -
L ©
Pollutants Measure 1 Measure 2 3 }i 3 %]OGbar,ﬁx’J 1 ﬁ:—(g_
(DO 015 Sulenen "o & 230°C (for 0.1%S)
S50x - Scrubber
MO LP-5CR or HP-5CR or EaR HP-5CR or EGR

2021/8/26 %4 WInGD# =5 42 9
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, SCR (Selective Catalytic Reductlon) CREDEOMIR

If this is important, you will lean towards:
Certification (Scheme A/Scheme B)

LP SCR HP SCR

om wmp

Urea consumption

()

SFOC penalty )
CAPEX <:|-
Combination with SOx scrubber

Fuel oil flexibility

Compact and engine-close design

No OPEX increase for exhaust gas temperature increase

No need for separate catalyst regeneration strategy

Free installation position in engine room

Less complex piping/less gas forces

Engine with more than 2 T/C

Tl

4 MANSE 42 10
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1, SCR (Selective Catalytic Reduction) S AR o

® SCRi: " NOx£t 2§ :£80% 1 + o
® irig:e ~ ECA T 3 A P‘%Q;ﬁ%f'& Kﬁupg E"f?%‘:%@ﬁiﬁ‘: TR R L 2 4(%@;’5'1 SCR g i1 1

TR R o

® LM aSTMEFRERE VA2 ARG REIRRL ) FIS RS AT R E R
0 £ R g éi&%%&«"ﬁ 0

® - v E AR LG 5.& » ¥ %‘ﬁaiai’gfﬁﬁig He o It FEALCE LU R A do R e L &
FAET R BRI E L R 3 4o SCR KR 38 7 245 e d o

® SCR%® » 175 R R glmf}\%,pu’% e zpﬁx’;*“%fkﬁﬂﬁﬁ%ﬁ R R FEF AR E o R

F R AFEES A B R F P 10% =+ o FAEESCR ESAFE R o L xR
% o 3‘1’4&}%‘5{« BREERLE o
® ﬁa%i%i&ﬁﬂfééﬁﬂiﬂ“%i#%?iﬁ)i » 2 200C g BT
Rk VR 3RS L ES o fj\% ¥HaR sh ~ féﬂ‘f’”ﬁ 5
ek - 55 @ g R RIR N d H A 4w R PR ‘@la\
v ® Tier &4 #3554 LSCR 2 2 & Tier lll » 2 #xfs 2. NOXFHTE 432 4 g%}‘&&é/ROPMP °
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SCR (Selectlve Catalytic Reduction) R

SCR s 3t 323 = ;¢ = SCHEME A

IZ|:EIDD[]DD

IAPP endeorsed after
parameter check

A B % A B

MEPC.291(71)

T}

CR CLASSIFICATION SOCIETY
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. SCR (Selective Catalytic Reduction) X¥R#EHEE

I
4 r E :
. . = !) e —

SCR % 3v 333 > ;¢ = SCHEME B

SCRE R4 E 5% SCRF R HE ¥ i#8kh1
(2 8 ~F &4t )2 fkﬁ”\{mﬁvm /Q‘f%'lfj'ﬁ@‘}&g‘? E'Jﬁﬁm—‘!-
A R a1

l_.s_‘ 1

000000
;]  =IMOTier3?

3= %”-i ;L;'ﬁ NOXx
vl -

it B i g

EIAPP
H(% % #+SCR)
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B f £ ) B(EGR):
| R S0 HENOXEE i H Jyﬁﬁ#kf‘
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I IR YR B N B 9T Y E -
| iﬁ%lé$ﬁﬁﬁﬁamﬁﬁ%o
— I N N N O
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____ HP-EGR vs LP-EGR 2 BTN T

e L'PEGRm%+mﬁ%%ﬁ@ﬁ,ﬂ
1= 1 ﬁ-}%}ﬁé @7‘ ﬁi'i’fm@.ﬁilio

kDEGRVafve 2. r‘lﬂ‘i«f 7 ‘}ﬁ%i‘?{@%v};)\@x -
[+ % :HEGR 3B #53 % 4% HP-EGR o

I 3. LP-EGR* # - 4§ HP-EGR % 4L < »
Gurs ﬂpl‘ﬂfigi‘aét*fﬁgﬁﬁio

(a) Low Pressure EGR
Economizer

ToFunnel4 4 :"'\' j‘ﬁ*'ﬁ '&éﬁ‘ °
Economizer
TIC
iDEGRV“"" t@‘ 1. HP-EGR %/:\,:'f? iR gh: Fﬁ’ft‘r’g w o
PS[ cBv o s . : 5 5 A8 X
g c&vy TiT %’;‘j‘a‘é i % %ﬁh"‘}%}ﬁg‘g%’fﬁ—ﬁiﬁ Fe o

N

d 3B R FRMHEAR] K s
_ @Q@ﬂﬂ*hﬁGRﬁ&%%#%@
R ETT Y SRR
:AirCooler  CBV: Cylinder Bypass Valve

PSs [ Pre-scrubber : EGR Cooler E: Scrubber E; Demister
20 2 l / 8 / 2 6 : Water Treatment System : EGR Blower G : Water Pump

w

# 5 MHI$ 7 4 16
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HP-EGR vs LP-EGR

- <OPEX (operation cost)>

<Life Cycle Cost (internal estimation)>

60,000

50,000

I
o
o
o
=]

r

LP-EGR has advantage !

OUrea/MaOH

== After T/C SCR (for reference)
=8 Low Pressure EGR

=d—=High Pressure EGR [By-pass)

= =Low Pressure EGR (Target CAPEX)

} ?UECEDLSE-Eco-LZ

7560ME-C8

Urea cost
is high

B Maintenance
@Sludge

| Air

OElectric
BFOC

r

29Million $

[
o
o
o
o

»

OPEX [US$/year]
S
o
(o]
o

{111} \llll“ll

Difference in
FOC penalty

Great Advantage of LP-EGR
in Life Cycle Cost !!

HP-EGR L A A
Running hour: 6,000 h/year, including ECA 10% (600 h/year)

LP-EGR=>» CAPEX 4r OPEX 'FK 1> HP-EGR -
Life Cycle Cost # 4 » #] 5 SCRi¢ * - T & gz o

10,000

Life Cycle Cost [Million$]

2021/8/26
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P 2nd deck

T T T T T ! NaOH bunker

Scrubber

Cooling Control FW
water air  supply

L&

—_—
: Cooling water

|
| 4——— FWsupply
4—— Control air

,,,,,

1l .
[5nED

WTU

Clean water
outlet

4th deck

NaOH tank

Sludge tank

021/8/26 £5 MANSE T £ 18
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I

T % 22 23 e AN

Water Treatment Unit
(WTU)

Control

| t Waste Water Monitoring
2021/8/26 el |

Sensor Unit (WWMSU) 19
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- Yy B £ A% : SL(EGR) | CRme

o ————————
®100%Load © 85%Load L
. W 75%load x 25%Load Bl Shop test result
A 50%Load Of[boxed] 45LSE
_.-20 X | ‘Sl.s-?‘; .
£ \ 5 SFOC increase rate
£ i DeNOx 3 within approx. 1% 1%
: performance @ o Sea trial
3 p 1% | 4, 09%
)
fo ;
: :
z _w . BN SN BENNR. SN NN SN S e l_ DIS%
-1m : ; l
0 10 20 40 50 0.0%% |
EGR rate [%] [Test results of 45LSE] o
| | oud [

1. EGR } #% & (recirculation rate ) i&35%, j* > NOx$t < £ i£80%14 } -
2. &% LP- EGR,,‘ B ) 45 A 4 9 1% o

2021/8/26 %4 MHIFF AL 20




SCR vs EGR (Remsmss

%-‘Ei'\iF_-t] vk Rl G R) SCR % su= d\ EGR kx su= &
F¥E) | (FH4)

LR 13,500 1.26 94 usp/kw  1.31 97 USD/KW J % L
1 5 3 L% .
| EEERL 25,900 1.90 175 = AR R
| BEAEYE T 29500 2.90 2.35

' 78,500 3-86 153 yspkw 291 37 uspiw
SCRE@EGR@VEEEZMZBF% %@@?

2 DEGRAZ 4L F & Avs F > REY & A
X *>SCR ,:‘ﬁ XU o

X

X

SCR & § & & g+ 04 £ hif 45 o

2021/8/26 21



SCR vs EGR

Example — 6S80ME-C9
SCR versus EGR

= SMCR 27,060 kW x 78.0 RPM
= Fuel sulphur0.1% S
= Tank margin 33%

= NaOH/Urea bunker period 6 times/year.
= EGR Sludge discharge frequency 12 times/year

= ECA 2000 h/year - ISO 8178 E2 load weighting
factors

3% S Tier lll

] SCR

Main components
approximate size
(without service area)

EGR unit enlarges engine outline.
WTU 5100 x 4000 x 2600 (mm)
CTU 2400 x 1400 x 2200 (mm)

SCR vaporizer and reactor
enlarges engine outline.
Reactor 4000 x L 6700 (mm)
Vaporizer @1800 x L 6000 (mm)

Tanks Sludge 32 m? Urea 133 m?
NaOH tank 50 m?
0.1% S Tier lll EGR SCR

Main components
approximate size
(without service area)

Engine outline smaller than 3% S Engine outline smaller than 3% S
WTU Smaller than 3% S Reactor smaller than 3% S
CTU Smaller than 3% S Vaporizer smaller than 3% S

Tanks Sludge 7 m3

NaOH tank 2 m?

Urea 133 m?

(R #BE AR

CR CLASSIFICATION SOCIETY

160
150
140
130
120
110
100
0
80
70
60
50
40
30
20
10
0

Sfkw

EGR-SCR CAPEX
Tier Il on Low sulphur (rough estimate)
Excluded: Electric work; Storage tank installations (Urea, NaOH, sludge and piping);
EGE by-pass; Engine room design cost; NOx certification; Commissioning

# SCR Low Sulphur HP

 EGR Low Sulphur

J

— e Em

&

N i\ .
l/ EGRBy-pass | — | EGR TC Cut-out Li,,,i 2xEGR uml-‘
]

0

5000 10,000 15000 20,000 25000 30,000 35000 40,000 45000 50,000 55000 60,000
Power kW

¥t ke & JFSCR kL Bk

22
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SCR vs EGR (R pmsA s

If this is important, you will lean towards: EGR

Low First Cost *

= Low Operating Cost
i Many ECA Hours

Fuel Flexibility

No Sludge Production

Same Technology for ME and GenSets

Tier lll Engine Outline

No Overboard Discharge

Possible New Tier Il Modes
WHR Possibilities

- 2021/8/26 S AN 23
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: EEDIR & 5 @ = «owg E,}v’
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dr e

Total: 50 % red.
Intensity: 70 % red.

2008 as
baseyear Intensity: 40%red. | .=
_é Peak asap ',-—""
£ e B e Emission gap t— 4 Zeroemissions
. asap within
0 i
v} ’ this century
2008 2020 2030 2040 2050  within 2100
Short-term 2018 - 2023 Mid-term 2023 - 2030 Long-term 2030
' Tighter EEDI & SEEMP 1 Energy efficiency measures for new and  * Development of carbon neutral /

existing ships, using new indicators zero carbon fuels
» Carbon pricing / MBM

* Plan for low carbon fuels

1 Energy efficiency indicators
* New/innovative emission

v Speed reduction
reduction mechanisms

v National Action Plans

26
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IMO JEa R

i o
ﬁ June 2021 First annual, intermediate
MEPC 76 Nov. 2022 Saaaz0es or renewal survey
EEX|I .2 3% & 7 &, B ) () — )
t
/ﬁ

T

t

L e e e orce EEXT_I = of EEXI
%| EEEDIEE :
| _ I 202311
: EEDI phase 0 Iil—l{ﬁﬁf
1i IAPP
: ~Annn, By
I EEDI phase 1 I 5
: PR I
S — =12 1 11 - - S
g e i i | PN Lok-—3 R T
U EEXHEES THAEMEEDIME Y M , o SR N ot | 55 SH 2
- BEEG ) 12023 L1LIEME—RIAPPATIRERAT s, IS AR
HALRRsasTeE AN BEET4)4 "TEEDI Phase 23 15 8 BEEDI phase 3 FRAREES
|  Phase 3 (BRERKAEMEIEE , : e,

2015 2020 2025 -
W 1.1 1/1 27




IMO BB K v2

. Attained EEXI

* EEXI value is calculated by an individual ship.

c//% Required EEXI

Required
EEXI is not
applicable

(R #BE AR

CR CLASSIFICATION SOCIETY

EEXI [g/ton-mile] ©®: Good X: NG
A

— | Required EEXI is specified for each ship type and size.

Attained EEX|I = Required EEXI|

» For ships with a certain size of specified ship type,

-~ case of EEDI.
* Ships not propelled by mechanical means

» Category A ships as defined in the Polar code

Attained failure
"0 EEXI
(&) ( x
Required
© — EEXI
pass
>

Capacity [ton]

EEXI requirements shall apply to all ships of 400 GT and above which are engaged in the
' international voyages regardless of ship’s delivery date, except the following ships as with the
* Platforms including FPSOs and FSUs and Dirilling rigs, regardless of their propulsion

» Ships which have non-conventional propulsion such as diesel electric, turbine or hybrid
propulsion system (except LNG carrier and cruise passenger ship)

28
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IMO 5B ik 13

The “calculation of EEXI (Attained EEXI)” and “conformity to the required value (Required EEXI)”
shall apply to the following ship type and size as with the case of EEDI.

s e f Calculation of Conformity to the
e i Attained EEXI Required EEXI

- 2021/8/26

Bulk carrier

Gas carrier

Tanker

Containership

General cargo ship

Refrigerated cargo carrier
Combination carrier

Ro-ro cargo ship (Vehicle carrier)
Ro-ro cargo ship

Ro-ro passenger ship

LNG carrier

Cruise passenger ship (hon-conventional)

1 Passenger ship

400 GT and above
400 GT and above
400 GT and above
400 GT and above
400 GT and above
400 GT and above
400 GT and above
400 GT and above
400 GT and above
400 GT and above
400 GT and above
400 GT and above
400 GT and above

10,000 DWT and above
2,000 DWT and above
4,000 DWT and above
10,000 DWT and above
3,000 DWT and above
3,000 DWT and above
4,000 DWT and above
10,000 DWT and above
1,000 DWT and above
250 DWT and above
10,000 DWT and above
25,000 GT and above
Not applicable

29



Reference line value

elerence

baseline) shall be calculated as follows:
ine value =a =b <
where a, b and ¢ are the parameters given below:

(R MEE ARSI

CR CLASSIFICATION SOCIETY

Table 3] Reduction factors i
;e ;EDI reference line

in percentage) for the EEXI relative to

Ship tvpe a b C
Bulk carrier 961.79 DWT of the ship 0.477
Gas carrier 1120.00 DWT of the ship 0.456
Tanker 1Z18.80 DWT of the ship 0.488
Container ship 17422 DWT of the ship 0.201
General cargo ship 107.48 DWT of the ship 0.216
Refrigerated cargo ZZ27.01 DWT of the ship 0.244
carrier
Combination carrier 1Z219.00 DWT of the ship 0.488
Ro-ro cargo ship (DWT/GT) 7 * 780.36 DWT of the ship 0.471
[(vehicle carrier) where DWT/GT=<0.3
1812.63
where DWT /GT=0.3
Ro-ro cargo ship 1405.15 DWT of the ship 0.498
Ro-ro passenger ship 75216 DWT of the ship 0.381
LNG carrier ZZ53.7 DWT of the ship 0.474
Cruise passenger 170.84 GT of the ship 0.214
ship having
non-conventional
propulsion
Ih—13 77 N ATy 4 > N2
EEXli}i/{ﬂﬁ"s ¥ 2R 24 FE;}% I @»1’7@ g ‘gf&? s T
=@ o1 ’< jr A EEXI-@ «}\' 21 a7z 3
AR fei B A b oo Feed sxp P is
A

47 X E B e Bk
w2023 & p >

"L KB AT
EEDIE -

B S A

O
R MR e ATEE

H—'Eé; Pﬂ—)

Ji EEXI:&

P ke i e R
i
4 (IEEC# %,

= O

Ship type Size Reduction factor
200,000 DWT and 15
above
R 20,000 and above but less
Bulk carrier than 200.000 DWT 20
10,000 and above but less 0-20*
than 20,000 DWT
15,000 DWT and
30
above
. 10,000 and above but less
Gas carrier than 15.000 DWT 20
2,000 and above but less 0-20*
than 10,000 DWT B
200,000 DWT and
15
above
20,000 and above but less
Tanker than 200,000 DWT 20
4 000 and above but less 0-20*
than 20,000 DWT
200,000 DWT
50
and above
120,000 and above but 45
less than 200,000 DWT
80,000 and above but less 35
Containership than 120,000 DWT
40,000 and above but less 30
than 80,000 DWT
15,000 and above but less 20
than 40,000 DWT
10,000 and above but less 0-20*

than 15,000 DWT

30
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5 Attained Energy Efficiency Existing Ship Index (EEXI)
5.1 The attained EEXI in accordance with regulation 23.1is calculated taking into account
guidelines™ developed by the Crganization...................cccceeiiiieenei. O
The attained EEXlis:.................... grams-CO;/tonne-nautical mile I EEC%?% W f,__
52 The attained EEXI is not calculated as:
= 521 the type of propulsion system is exempt in accordance with regulation 19.3....... 1
5.2.2 the type of ship is exempt in accordance with regulation 23.1........................ 1

9 | EEXItechnical file |

9.1 The IEE Certificate is accompanied by the EEXI technical file in compliance with
FEgUIAON 23, e e O

R ired EEXI
e I 9.1.1 The EEXI technical file identification/verification number..........c.ocooiviiiiiiiiinn.

Required EEXl is:.............grams-COz/tonne-nautical mile in 2

: 9.1.2 The EEXI technical file verification date.........c.oooiiii e
regulation 25

9.2 The IEE Certificate is not accompanied by the EEXI technical file as the attained EEDI

The required EEXI is not applicable as: is used as an alternative to the attained EEXI..............ooiiiiiii e, |

the type of propulsion system is exempt in accordance with regulation 19.3........ Il
the type of ship is exempt in accordance with regulation 251........................[10

the ship's capacity is below the minimum capacity threshold in table 3 of
regulation 25, 1. (I

31
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Carbon Intensity Indicator (ClI) :
® CII% 4y damtd s & 4q - & 44007 25,0000 & 2 if » EEDI 2] - % 114

|_,\

EY

ApdgF F Y R AR R o B E L Cll 2 75 > BR300 Cll 2 5

A AR D 63 R RRLG Y R R e
413 6~ dyda i 2 23 4] (SEEMP) -

o —.~ F25Cll > & § 8% SEEMP enfz72 g %52 {75 4] - SEEMP Part | j& & -

HeImA K= —E”erﬁmﬁ)i&?ﬁ{ )iip’f%”—( 1) > 3 @T“TﬁmﬁEE%C”m?
*47%*%'1 » A p i\;% fr»z:@-mﬁﬁ
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L 3|(SEEMP Part I)ﬁf T H Cllit &2
2024 £ 17 1BiL E: e N
Loh o g - ;z:t; B E(Z)RAR K
Bl RIAHITHLDL L £ HTiE
EEXI
certification
SEEMP verification
Required ) ED . Cll annual declaration .
1 |
2:2:J:tional g — T =
cll N — s
m .......... * The pathway is
represented linearly
b
S
2008 2023 [2026) 2030
[2027]
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IMO BB K v2

® Required annual operational Cll = (1 — Z/100) x CII,..¢) » Zis the
annual reduction factor » CII,..f Is the reference value -

yie Table 1: Reduction factor (Z%) for the Cll relative to the 2019 reference line Table 1: Parameters for determining the 2013 ship type specific reference lines
Ship type Capaci a c
Year Reduction factor relative to 2019 - pivp pacity
Bulk carmier | 579 o pWT and sbove 279000 | 4977 0626
2023 5%"
less than 270,000 DWT DWT 4977 0.626
2024 7%
85,000 and above DWT 23B4ET 1.910
2025 9% Gas carrier
less than 65,000 DWT DWT 8032 0.638
2026 11%
Tanker DWT 5118 0.607
2027 -
Container ship DWT 1963 0487
: 2028 ) 20,000 DWT and above DWT 61293 0.854
b 2029 e General cargo ship
- less than 20,000 DWT DWT 381 0.336
—— 2030 - Refrigerated cargo carrier DWT B736 0599
bt Combination carrier DWT 131891 0.930
Note: LNG camier | 150,000 DWT and above DWT 9.560 0
i i * Z factors of 1%, 2% and 3% are set for the years of 2020 to 2022, similar as 65.000 DWT and above. but less than 100,000 DWT owT 1966E10 2438
U business as usual until entry-into-force of the measure. less than 65,000 DWT 5 000 1988210 | 2498
» **  Zfactors for the years of 2027 to 2030 to be further strengthened and developed - - —
taking into account the review of the short-term measure. Ro-ro cargo ship {vehicle carrier) GT 5831 0.833
| Ro-ro cargo ship DWT 154958 0677
|
\. Ro-ro passenger ship GT 7691 0.586
M, %
Cruise passenger ship GT 904 0.380 34
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® Attained annual Carbon Intensity Indicator (ClIlI)
Mass of CO2 emissions (M)
Transport work (W)

B9 ipaj PE R - EHEKALH
requwed Cll #icie 5 10
gCO2/(dwt.nmile) » Bsuperior
boundary ~ lower boundary ~ upper
boundary+ % inferior boundary 4 %|
%8.6,9.4,10.6 and 11.8
R gCOZ/(dwt nmile). & %4, 2 attained
= Cx e e Cll 29gCO2/(dwt.nmile), pz% 4, &
—& ;a~ B}; @s °

Attained Cll,;, =

® Width of the rating mechanism

$ MCI® A~B-~C D2 Es% §37%
£ (dd vector)= 3¢ » 12Required Cllik &
FTERGECT R

Table 1: dd vectors for determining the rating boundaries of ship types

E Capacity dd vectors
i inferior boundary - - - t—- - - or boundary = - Ship type ncl | (after exponential transformation) |
— ] = superior boundary = exp(d, )- required CII calculation | exp(d1) | exp(d2) | exp(dd) | exp(dé)
- upper boundary - - - -+---| d . Bulk carrier DWT 0.86 0.04 106 118
— d: lower boundary = exp(d, ) - required CII  [esooowTandabove bwr | o079 | 089 | 112 | 138
-€-1)7---J¢- Required ClI - Gas carrier
I bounda | a. ) [ ess than 65,000 W DWT 0.85 0.95 1.06 1.25
ower boundary ..} | ¥7_ & upper boundary = CXp(d; )-reqmred Cll Tanker DWT 082 | 093 | 108 | 127
B v Container ship DWT 0.83 0.94 1.07 1.19
[ | superior boundary --- 4 ¥ ___ . . iy —— General cargo ship DWT 0.84 0.95 107 119
U A "]fenor boundary i exp(d4 ) ,eq“” ed CI[ Refrigerated cargo carrier DWT 0.77 0.90 1.07 1.21
Figure 2: dd vectors and rating bands Combination carrier DWT 0.88 0.95 1.06 1.26
’ LNG carri [ 100.000 DWT and above DWT 0.91 0.98 1.05 1.1
CAMET " [iess than 100,000 owr 077 | o001 112 | 137
Ro-ro cargo ship (vehicle carrier) GT 0.86 0.94 1.06 1.16
Ro-ro cargo ship DWT 0.67 0.90 1.09 1.37
Ro-ro passenger ship GT 0.73 0.87 1.10 1.37
Cruise passenger ship GT 0.85 0.94 1.04 1.15
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. ® SEEMPRA » TR 3
_ ¢ 1. i Attained annual operational Cllsf3- & = 2 2 #3- 5 B4R 4 S 7 M i dE
M L
— | 2.7 M4 da A % = #(2023-2025# A& ) Required annual operational Cll i -
3. 47~ BF kK ek LA k = & shRequired annual operational Cll & -

4. 4% - B p A BEHFELEPRSE o

® 4r2023/01/01z {5 { #4prEst {7 > dpdaiv B E RS 218 B2 L
AL ARELY1p 2127 31p chx 120 mattalned ClT 8 7 3775 o
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w38 i $5 Bcdh < B (DCS) 2 SoC#-3 » Cll 32%

2 The data was collected and reported in accordance with the methodology and
| processes set out in the ship's SEEMP that was in effect over the period from
. (dd/mm/yyyy) through (dd/mm/yyyy);

3 The attained annual operational CIll of the ship from (dd/mm/yyyy) through
(dd/mm/yyyy) was: ...... pursuant to regulations 28.1 and 28.2 of Annex VI of the
Convention, for ships to which regulation 28 applies;®?

4 The annual operational carbon intensity of the ship in this period is rated as

JA [OB [1C 1D LIE,

in accordance with regulation 28 of Annex VI to the Convention, for a ship to which
regulation 28 applies;®? and

5 A corrective action plan has been developed and included in the SEEMP (for a ship
to which regulation 28 applies, rated as D for 3 consecutive years or rated as E )82
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Required EEXI

Survey & Certificate

B _ 14
| Existing ship
Calculate energq 12
efficiency performe my
10
=
g 8
26
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d
26
i T R o
*f%?- N S EaNE - o 3’% WA
S %@f"é’f L
BN

ESE EEE EEE
aco,sy | | NN
HEcE :ntoperation
O COx([F##) Certificate |
=¥z 0 e
of Energy
lization of
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4 IEERGEERER 20% 2 FFEMEB CO, HIELEER

Figures source B HIF T = 1/1& S IUBIEBUITR I AR R BUE B AT . S8
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® MEPC76 % %2 3+ 5 Ep|g & :

1. 2487 K (Pyg) - EEDI?@ B i "?ﬁéﬁ A1 ¥ F (MCR)175% » & 9 *# Engine power limitation (EPL)
LT 0 EEXIRE B P E(Py) & B PUA] a4 5 (MCR),,) £983% 5% B+ 3 0 5 (MCR) £
75% > '/ﬁhv&*a;%

2. drik (Vref) :

1) 5EEDIza% 2 4;44(EEDI ships) @ #EEXI2 %4 & d Lo EED'/“?‘ LS (R

2) EEDIH z_4 »zw &3 2 45 4a(pre-EEDI vessels) : 2 EEXIz. %% i B ¥ o #7433 %
(model tests)“r JE 19 2_speed/power curvei:-z_ > B R FRT V@ * 5 E2 i
+ CFD# & et »

3) EEXI calculation guideline 7= # szgw A PEHENE I RE LS F xpufr 2
AR R R 2 EIE 0 A iEd At fm’e % #(margin factor of 5%) =l
TR RBERERT o FRTIUHT F;é:%} CRZRIRA L4 o

W

\\\Xr -—\\

7
~

4) FaAnt R ER A BPER D THERT U R YRR 2
(sea trials after installation of the device) 2 /&% & * -7 &% (dedicated model tests)

Z |3\ #c® 2+ ¥ 72 (numerical calculations) o a1
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dr e

i»i
. . . . s . Frincipie; limit engine rower

~Engine Power Limitation (EPL) /i %

electronically or mechanically

" @ lE ¥ "'% (EPL) §.— #8338 #4540 605 8 7 3094 e P
Bed BB N R B A dai o pneh kS o @ X PIRAG] o e
® EPLd—fﬁsﬁgﬁimv}tﬁg’Ba\’“’uxa'ﬁpgsfﬂal?g_ﬁ;.],; éjb__p
efuel index* L4 B U e+ 31 8 2 5 > | IFROEAF Jeen S o
. J:C»EEXIT‘F’ -‘E:‘, ’ EI:)L—\:—"I J‘»( '}l’ f%—a‘% r‘—g E_,#ﬁ -é;.;—lié E‘; \}g‘( 12 H’J’)g 7‘ #FIL _ngmopo:ch(aPoUorehcuonicEPL
2~ o i i
® pinil WEEXIes&k 2 100 d 1§ M A RO%KFEEPLS =
T BILAE P E I AP R A %x}i hdr bR o T W
‘mf ® Az:ifz 4 BAR G REH P S (Power reserve) » — HLFRT &

=S T I 14 ’i_aﬁ‘;ir%ﬂwaﬂ F(bl4e & 7 /%%~ S B
w0 ~ 8185 :ca)‘r it 7 4%~ (overridable) i@ * » § 8 3] F if
g BEA P FEE M ST 23 waRd M
%2 RO -

o Mechanical Stop Screw/ /
~

Mechanical stop screw sealed by wire Engine side control console in the governor
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Eagine * Chif Limiters 20151112 132618
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BTN BT TR ST

ST

Lt Vo v atiom
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WARMING! Batore stop. 20%
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from MAN Energy Solutions
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PIFEPLIS § & P Afhene B/@P 7
BT =it EPL:
1EPL% = E2 4phiA2i (4 18

rated installed power (MCR) and engine speed (Nwmcr);

B ) o

2. EPL % £ {5 chmshipfrigshdnd o o - - - - - - mT Do TR O

3- EPL ? /;.;:;J_ _g]'J . I 3 technical description of the EPL system; :

: 4 method for sealing the EPL (mechanically controlled engine); |

1.5 met_hc:»d for locking and monitoring the EPL (electronically contmlled:

e EPL {-‘;‘f’ g %if’/(-ﬁ 21 ‘.}# 1F X ’EEO : engine); |
7 \;,,;. 53] ,;H 3;4 & %;, E%:] 5’.\{3’-’ Kﬁ%j’ﬁ? e ﬁﬂ % ]}g] e I 6 procedures and methods for releasing the EPL; :
w ¥ 'FH ’ ,3"’? Evl’lﬁ f‘ ﬁ:’gﬂ W ﬁ; %- J,:l % '-Bi‘ : i procedures for survey of the EPL system by the Administration/RO; |
‘/‘;:‘ ’ %El %‘ *#-E\‘ ’}}f‘}i’#"%ﬁ?i‘ﬂ A MJ % I 8 procedure for the report on release of the EPL; and :

‘Q }'@’;f ‘}‘—'— %ﬁ ﬁf‘ilé d;;l u ﬁ #E Fﬁg \":L 'lé ° 9 administrator of the EPL system.
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