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The Licensees Reported Order Book

Two-Stroke Low Speed

Gw %
75 4 GW on Order End Month — Licensee Countr Status Reported end Mar 2016
- Month Korea Japan China Europe Total
70 2015 March 175 4?4 10,2 0‘1'] 32,2 29,30 GW
- April 17,3 48 10,0 0,1 32,2
65 Mpa] 17,0 48 10,0 01 32,0
su - [Juni 17,0 45 9.8 01 314
[July 175 58 9,9 01 334
55 - August 17,6 56 98 01 332
September 17,8 55 9,6 0,1 331
50 4 October 18,1 54 95 01 332
November 18,5 55 91 01 33,2
4 December 16,9 54 8,7 01 311
5 2016 [January 16,4 53 8,1 01 29,9
February 158 53 8,0 01 29,3
40 . March 15,6 51 8,4 0,1 29,3
35
30 0,5%
25 29%
20 17%
15
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As of end August 2003

Bryansk
Yichang
Alpha
Uljanik
Manises
split
Dalian
Cegielski
s [l
Kawasaki | |
Hitachi |
Hudong

Mits ui

Status End August 2003 l

Doosan |
Hyundai ;
1,0 2,0 3,0 4.0 5,0 6,0

7.0 8,0 9,0 10,0
GW

MAN Diesel & Turbo Licensee [ Author ]

p—— | [womn <+ >

11-Apr-16

2



[Optional entry]

MD Licensees’ Reported Order book

Low Speed

Split | Status Reported end Mar 2016 ‘
Cegielski
cMP
utjanik ||
QuD |

Other China

Hitachi |
Yichang ]
DKD
Kawasaki ]
Dalian |
Hudong
oo |
¢MD ' '

Mitsui

Doosan
HHI-EMD
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On Aug 3rd 2004, Shanghai Zhongchuan Lingang
Construction Develop Co., Ltd. was officially established.

On July 28th 2005, the 1st phase construction project
started.

On September 16th 2006, CSSC-MES Diesel Co,. Ltd.
(CMD) was formally established.
(MES: Mitsui Engineering & Shipbuilding Co., Ltd.)

On September 7th 2007, the 1st engine (CMD - MAN
B&W 7K90MC-C7) was delivered successfully.

On July 24th 2008, CMD-MAN B&W 8K98MC 6, which
was firstly made in China with the largest bore in the world,
was delivered successfully.

On October 17th 2008, the cumulative production of CMD
exceeded 1 million BHP.

On October 20th 2011, the cumulative production of CMD
exceeded 5 million BHP.

Attheendof Se p t emb e r 2012, the cumulative
production of CMD exceeded 6 million BHP

At the end of 2014 the cumulative production of CMD will
be reached approximate 10 million BHP.
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FHEHE 1.0g/kWh

$24,644,315; 91%

$400,000; 1% u
$200,000; 1% ; :
$1,000000:4%  § 718,598; 3% s IUUVRTER
B ARRTHEA

H7 93,360 BHP (68,640 kW)
(7,800 BHP/cyl.)

F1EHE 0.7g/kWh

$24,644,315; 92%

$400,000; 1% m RELREA
$250,000; 1% m DUV RER
o RMEEHA

$1000000;4%  § 503,019; 2% B TUUVRFHA

B AmRTHEA
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R HBEREBRDRDEE

Sy ES)
WX ar/kW+h Reference Condition (ISO Ambient) Blower
35 inlet temp. 25°C Blower inlet
240 -E press. 1,000 hPa Cooling water
3 | E — HEBBIE inlet temp. 25°C Lower
230 F calorific value of fuel 42,700 kd/kg
E VTBF
220
VT2BF | o
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Now All Engines are ME for lower SFOC

MC vs ME Engines
MC (DSOs) [ ME (DSOs) =—e= MC(MW) =—=— ME (MW)

100%

80%

60% |

40% |

20% |

0% -E

MAN Diesel & Turbo Author Current topic 00.00.2012 | < 15 >

?&5‘)]%‘/17".& TES (Thermo Efficiency System) m

12K9BME/MC with TES

PRI RILF—ZIE0 L THRERICARG L SMCR : 65,640 kW at 94.0 rimin
- RN —_ - N —_ 1SO ambient reference conditions
2 'v v E 9—- dA—— 7 ?- 6 DS T -[A TES : Single pressure (Dual pressure)
Total power output 54.2% (54.8%)
Shaft power El. power production of
output 49.3% TES 4.9% (5.5%

Shaft power 12K9EMEMC Standard enging version
output 48.3%

EMCR : 68,640 kW at 84 0 rimin Gain = 9.9% (11.2%)
IS0 ambient reference conditions

5 L g ol Lubricating oil

¥ cooler 2.9% cooler 2.9%
Jacket water Jacket water
cooler 5.2% cooler 5.2%

Exhaust gas Exhaust gas and

condenser
25.5% 22.9% (22.3%)
T o N AT cooler

14.2%

Heat radiation
0.6%

Heat radiation
r — oo Fuel 100%

Fuel 100% (171 g/kWh)
(7o) TR TES
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MDT Engine Layout Diagram

Power
x:‘gou Layout diagrams of new Green series of G-ME engines
160 , Compared with existing Super long stroke S-ME engines
80 . SHOME-CE
4 GASME-CO 2 SPOME-C10 . .
60 1 Potential fuel savings of 4-7%
40 SHOME-GS
GB0ME-CO -
— - - LTOME-C8
20 4 STOME-C8 — ,.--'"
- SSOME-B9
= *
10 - GTOME-C9 . 1‘ q'
8 GEOME-CH - . i

6 GSOME-B9 [ I 4
] GEOME-CB — Fuel and
GASME-CH - =
4 4 CO, savings

GAOME-CO -

o

S3ISME-B9 -

24 S30ME-B9 -

1 — Speed

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 r/min

MAN Diesel & Turbo Japan | td

MAN Diesel & Turbo Author Current topic 00.00.2012 | < 17 >

Comparison between K-type and G type

Stroke =2600mm Stroke =3720mm
Bore =800mm Bore =800mm
S/B =3.25 S/B =4.65
Piston speed=9.01m/s at 104rpm Piston speed= 8.93m/s at 72rpm
Power/cyl = 4530kW (6160HP) Power/cyl =4710kW (6400HP)
abt15m
K8OME-C
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Engine Programme 2013 2014 vs.

Engine Programme 2015

Power
xl“.‘l‘m Engine programme 2013
k]
L Engine programme 2014
“ Dot 5
0 21 engines
10
&
L1
4
2
T w m % 0 1o v 0 1 0 160 170 1 10 200 e Power Engine programme 2015
W
#1,000 Dot 5
100 19 "
= Some models gone p erames
. 0
= Derating methods Changed l
2
= Layout area stretched . P
= Weight reductions still apply : -
= New ECS Control strategy !
. 2
= Some aux systems down sized
» Shaft |ine |ay OUt tO be evaluated ! S0 60 70 B 90 100 110 120 130 140 150 16D 170 18D 190 mm
MAN Diesel & Turbo ‘ MQthbE 333027Ea0166.02 00.00.2012 | <

Engine Type Designation

10S90ME-C9-GI-EGRBP

Tier Il technology (EGRBP, EGRTC, HPSCR, LPSCR)
Fuel injection concept (G, GIE, LGIM, LGIP)

Mark number

Engine concepts (ME-C, ME-B)

Diameter of piston in cm

Engine series (G or S)

Number of cylinders

10S90ME-C10
10S90ME-C10.5
10S90ME-C10.2
10S90ME-C10.5 Tier Il
10S90ME-C10.5 GI Tier 11l
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 ECONOMIC
\ CRISIS:

H Hyndai Heavy Industries Co., Ltd. D& ¥l kY
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Emission Control Technology cannot be
ignored anymore ---
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Outline of Emission Control Method m

| Emission from Diesel Engine

Reduction of SOx + PM

Reduction of NOx

Trade—off

Reduction of GHG (CO2, ---)

= Increase of efficiency

<TierI[ > ---»

<Tier > -- -a:r EGR (Exhaust Gas Recirculation)

<EEDD>

Improvement of efficiency

<EEOD>

Reduction of SFOC

Conversion to clean fuel

' . ! VT, EGB

--4 Slow steaming !
T i —> TC cut
pooTTTmmmmmTT T ! Sequential TC
: ME-GI l ECT
] |

1 2-Stroke Miller Cycle

' Optimum Fuel Injection Profile E

i New Component Design

' SCR (Selective Catalytic Reduction) i
2-Stage Turbocharging :

'
'
|
b e e e e

New engine (Dot.5, Mk10, G—engine) i
! WHR (Waste Heat Recovery) i

|‘ - ".L Scavenging Air Control Technologies

MAN Diesel & Turbo [

Author
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LNGC NB market share in Korea

120%
100% 100% 100% 100%
92% rgz%
80%
——5T
65% —&-2 Stroke
60% 59% —&—DFDE
57%
X-Df
49% =P ME-GI
45% N
43% 40%
40% 39%
36%
33%
20% 19%
5%
89 7 9% 8%
3
0% +— B ettt ——i——— ,A.—.—.—Mx 0%
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
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HRA 2z a (G) BEEIEERER

E 22t GRS TS L T . 20,000 hrs
2B K AR B EEr xRN

2012 8S70ME-C8.2-

Wil

MfkipE B K &R ER (Type Approval

Test) =X

7 AR EER D P THEME RIS EGLEEEE T D !

Gl / HHI

RREER £

EFHI R (ME) G KA LT
ME-GIZa R AT

2013 6S70ME-C8.2-Gl / MES

B RIRME-GIIZHUT. BRELTOSE

MAN Diesel & Turbo

I e I

Current topic
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2-stroke DE Production in Japan

The first of the two 6S30ME-
B9.3 for delivery by Makita Gl
in August, 2014.

7S50ME-B9.3-LGl
The first of the 3 x LGI engines
To be delivered by Mitsui in July,2015

Two car carriers ordered from Kawasaki
H.I. by UECC, United Europe Car Carriers,
a joint venture by NYK and Wallenius.

ME: Kawasaki MAN B&W 8S50ME-C8.2-

, which will run mostly on LNG in the

Baltic and North Sea

Imabari SY 2 x 173Km3 LNG for Elcano/Spain.

ME : Mitsui MAN B&W 7G70ME-C9.2-Gl x 2
Gen: MAN 35/44DF x 4sets per ship —
Engine Delivery : 2016

2 x 2400TEU Con-Ro from VT Halter SY
for Crowly in USA.
ME: Mitsui 8S70ME-C8.2-Gl x 1

Engine Delivery : 2015 i

3 x 36K cbm. LEG Carrier ordered from
Sinopacific SY by Hartmann Reederei.
ME : Mitsui 7G50ME-C9-GI-Ethane with
400 bar injection pressure

Alpha CPP with Kappel design

Engine Delivery : 2015/16

MAN Diesel & Turbo

| Author |

Current topic [

[ 00002012 [ < 28 >
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1. IMO MARPOL 73/78 Annex IV MIERA
2. BERFII=x T BAMAN B&WHEES ) Eu#A
3. IMO NOXx 2% 38 il >t it ¢ i

4. IMO NOx 3% R $l 3t it B i

5. B DFE T DB (CO2H R fHT)
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MARPOL 73/78 HBZVI REFRLUVIZSHDOTFTE ®

MARPOL 73/78ft/&Z VIt IE K U'NOx#3 il
20054 5A 1997 FEDEEE ((TEEVD) DHEMN
2008% 4H MEPC57 IE E &R
20084 10 MEPC58 IE EHER
2010 7R IEEFZN (BEA A6 #IE b F45)
20114 1R NOx 2 #R il & i B R
20124 NOx 3B HI DML E 12—
20134 58 MEPC65 NOx 3IRH DSELEHIDIRE
20164 1R NOx 3R il & i B iR
]

SOX* E’ %J Global#R ECANFRHI

EIZEVN 45 % 15%

2010478 1H l 1.0 %

20124F 35% ! -

20204 0.5 % ! %o BAREBEEOGRERDS,
MAN Diesel & Turbo \ Author \ Current topic [oooozmz < 31 >

IMO emission control

20 10
z 18 17.00mm 9

16 8
d :
214 14, 4/k¥h i
g "
2 12 6 2
210 o 5 3
= (0185 Lk 3 — RIS »
=g 13.,,‘ FUEROIRIESY) 4 E
2 — =
E g 3 %
£ s =
b ; 10 NOr=NB (M) 1 -
= 0.1%

0 0

2000 2005 2010 201 2020 2025 2030

&
.
2016~ Tier Il will be started
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$R #8318 (ECA: Emission Control Area)

| | Exlsting

Possible future ECA

New ECAZ

W

SOx,ECA

MAN

New ECA?

Mew ECAR

T —ILA REHIB AT DAL
SKARHRX (LNG) . T2 UFEDREFHMAY) v b

Current topic
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NOx R HIE (Fr &)

BIT(IRIEH) 2 AR AR
1 FR B A 2000118 L% | 20111818 LIEE | 2016FE1R1HLIE
IO I DM T DA
NOXxHI| & =& Ref 15%~21% 80%
)7 25 i Hh 15 #R %l
TRk BIREY HIREY HREY
HA40)L
L EH+50%D
LIREZREFY
*f 5 1 B 130kWELE 130kWLL E 130kWEL E |
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NOx 235 il + 3 35 il

18.0
IXGRH 2kRE 3%
160 || «15% 2000~ 2011~ 2016~
1 n<130 17.0 14.4 3.4
140 | 130<=n<2000 45*n?02 44*n02  g*n02
120 L n>=2000 9.8 7.7 2.0
< ' n : Engine speed min-1
i 100
x 80 [ .
o
4
60
L Tier 3
40 L HbIEEREI(80%)
20 |
0.0
0 500 1000 1500 2000 2500
Engine Speed min—1
MAN Diesel & Turbo Author ‘ Current topic 00.00.2012 [ < 35 >

EEDI —Principle

EEDI —Energy Efficiency Design Index

Definition:
EEDI = CO2 emission = XP x CFx SFC
Benefit of ship  Capacity x Speed

Unit: gram CO2/(Ton*Nautical Mile)

Reference: Requirement:
EEDI reference line, container ships 2400 gt

60 @ Fairplay
1 = \\
n 40 . e
3 - -
g 30 ¥= 186,522 R
z -,
& 20 R*=D.6191
[
10
o DaTmoKT
0 20 40 60 80 100 120 140 160
Thousands
Note:
CAPACITY (DWT) Nautical mile= a sea mile=1.852km
Knot=1.852km/h
MAN Diesel & Turbo [ Author Current topic [ 00002012 [ < 36 >
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Technical Measures —EEDI

Requirements on EEDI — entering into force on 1 January 2013

Regulation : Attained EEDI < (1-X/100) x Reference value

X = 0 for ships built after 1 Jan 2013

X =10 for ships built after 1 Jan 2015

X = 20 for ships built after 1 Jan 2020 (X = 15 for some ship types)
X = 30 for ships built after 1 Jan 2025

EEDI

2013 - Reference line
2015
2020
2025

Capacity

Regulation has been adopted at IMO on 15 July 2011!

An administration may wait until 2017 before new ships of their flag shall meet the requirements

MAN Diesel & Turbo Author Current topic [ [ 00002012 [ < 37 >

il B4 - iX-EEDI

= EEDI {E35~f3!

-HEEER
w HSEESY BT 5 EEED] FRHRA 1 0ME - I E KE<T AN ERDEMABE
Capacity x Speed [R:Ei1=E
BEEAEIURIZ &Y 10%IE R

HRBRI DY
LNGHAR DAL, ECO2HEH BRI &Y 234K
TARSEEK
TARSEMRETO DU EERHIERICLY TORSHER £
R = 2%
IUPUDTAL—TAVTIZ&Y5-10WER-To O —U U AN E RN D AT REE
-ReFORSOREE
MAETORSDORBILIZE D, EMBOBRE
RETY—) 89— o
AN, KBEITRILFE, CO2EPHLANT Y —2/8T—

BAMBEEDISREL. ChETIYHADNSLEERERAT D,
-EERAERIORSLMA ALY THRENRE LIPS0, ERERROENEREMERTS,
- EHESORNE(REHRE) ZRET D,

-EROBRERERY, THRHIERRBOREHREELET S,

RBEE D LRBHRNEGERT D,

) AEH - C16H34 — 16C02 +17H20 + Q
KRHAZ - 12CH4  — 12C02 +24H20 + Q
[EEDI - CO2{&ig, —20~25%)

MAN Diesel & Turbo Japan Ltd

Current topic 00.00.2012 | < 38 >
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2. IREIR&| =39 AMAN B&WHEEI ) 4R
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Technology of emission control

® EGR

® SCR B P
- i k-:]] | A0

@® SOx Scrubber & SOSZ"‘"e-fni

= i1
® ME-GI | |SOx érﬁ‘l;é@f“d“n controk & |
+ for EEDI(CO,reduction)
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SOx Scrubber layout

NV FLATL
é
Fresh water
ﬁ
Sea water
IS rusy b %
MAN Diesel & Turbo Author Current topic 00.00.2012 | < 41
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e Miller Cycle

Std. 2-stroke cycle

2-stroke Miller cycle

Pst
Ts
Ps*, Ts =1 -

Miller-
Soav portclose " ater)

EVC

(Pe, Tc)—(Prmax, Tmax)

(Pe,Te™)—(Pmes,T*max)

TDC  Expansion end

Medium & Low
Speed Engines
e

7

NOx Formation [ppm]

- = é _g g

C]
:

103 102 10! 1 10 100
el Reaction time [s]
Ps*>Ps (Higher scav. press. Ps*
for Miller cycle)
(Scav, temp. Ts is same.)
Tc*<Tc (@TDC)
T*max<Tmax (NOx Reduction)
* marks are for Miller cycle
; Alr mass for combustion is maintained
[ by raising scav. press (Ps—Ps*)
despite of smaller vol. at Miller EVC.

‘Same expansion ratio as Std. cycle
keeps the same thermal efficiency.

Ref. CIMAC Paper No. 205, Prof. Takasaki

MAN Diesel & Turbo [

Author [ Current topic [ [ 00002012 [ < a3 >

Optimum Fuel Injection Profile

Increase of power
Increase of
power and
smoke

Increase of power t
and HC

Decrease of NO, Reducti
eduction

of smoke

Injection rate

Reduction
of HC andl
noise

cranke angle

4TSOME-X: Step-profiles 100% load, fuel-pump pressure 2006-12-22

=i

; 500
“00
Reference
300 Step-profile: 10ms
Step-profile: 13ms
200 Step-profile: 17ms
100
-
N —
o I 190 20 210
pre - main - post - injection deg aBDC

Fuel injection rate

>
cranke

control can improve

Injection rate shaping -’oRfﬂ%iﬁon E;gﬁiign SFOC-NOx trade-off.
Reduction of -3g_/kWh at 100% on
Multiple injection Egg:ftril%lof Tier 11 Com_p“ant
ME Engine
WAN Dissel & Turho aor Coren e T Tooozore [ < >
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4, IMO NOx 23R $ 5 s B fiT

uuuuuuuuuuuuuuuuu

NOx 3R HI~ D>t

- Tier MIND IS
SCRGEZR TR IHA IR RE1E)
EGR3EH ABEIR)
JK{E AT
Water Emulsion, JKREST ., #& S IN'E

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘
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SCRE: i/ @G AT EZ E 5 (MAN) (re)

Temperature sensor after SCR

SCR System B VBB (1LK9BMC(MKT)./ISOZkHE)
450
1 SCR reactor NI, AEsOrE -
350 /}‘T
:25 Turbocharger bypass 300 7
4

Large motors for
auxiliary blowers

o

Urea injector

6 SCRbypass o 20% 40% 60% 80% 100% 120%
Eng. Load (%)
7 Temperature sensor HIEE ﬁ]
before SCR

8 Additional flange in exhaust
gas receiver

SCRI= & & NOx{EMA &
SCR ERE

MAN Diesel & Turbo Author Current topic 00.00.2012 | < 47 >

SCR Components on a 6S46MC-C7

SCR reactor

SCRinstallation on board

MAN Diesel & Turbo Japan Ltd

MAN Diesel & Turbo Author Current topic | 00.00.2012 | < 48 >
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SCR Arrangement before/after T/C

MAN

SCR location: SCR location:
After Turbo-charger Before Turbo-charger

Vaporiser / Mixer

TiCbypass , RBV

cav.

RTV: reactor sealing valve

CBV: cylinder bypass valve
RSV: reactor sealing valve

RBV: reactor bypass valve

WMC: water mist catcher

MAN Diesel & Turbo Japan | td

MAN Diesel & Turbo Author Current topic 00.00.2012 | <

49 >

BEH R B ER (Exhaust Gas Recirculation)

NOx/SFOC crossover
120

. 1:21 pr g

E 60 ;‘
BAZD— 8T SIS BREERE § o] =hl
. K02EBEDIRELCO2DF L L SFOC f 3
BICEYBEBE -V REZRBSE 0
é*ﬁﬁ-‘io 0 10 20 30

EGR (%)

NOx Crossover eq. to -20% per 1glkWh

MAN Diesel & Turbo

I et e I [oosomrz [ < 0 =

11-Apr-16
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Low sulphur EGR outlines

60-70 bore engines - Changes in EGR engine outlines

 Outline width reduce.
+ Height of EGR unit reduced. mores space below. i

Layout considered without reduced flow area of EGR cooler.

HFO LS

6G70ME-C9

EGR units

MAN Diesel & Turbo Author Current topic 0002012 | < 5>

IKFI A Al

KITILOa k¥ (FEW)

From centrituge.
a 0N

T ————

"
I

Vertting box

e } ponieee i WS35
T W T e A
_ 110 — won Lo RIS
= i o9 n
S 1.00 Fuel 0il B o i ;
© . 1.05 A‘
8 0.90 N
o e 104 O eeeeede 057 woerfeveaeee
5 0.80 " P
& o0 108 .
< « 100%Load o~
ERS ¥t ~
a oa
< 0.50 ] + 25%Load 101
0.40 —1 0
0 10 20 30 40 50 60 70 80 0 0.1 02 03 04 05 06 07 08
(Water) / (Fuel) , v% HNOx
MAN Diesel & Turbo ‘ Author Current topic 00.00.2012 | < 52 >
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5. G DFEMDEBAN
(CO2HIBH T - T A EEME-GI)

rrrrrrrrrrrrrrrrrr

WHR (Waste Heat Recovery)

Exn_gas
turting

gﬁ\\ﬁ :

TurbochargerTurbocharging effic

72
0
L

2 68 - = Turbocharger -Jlbcﬂ.‘m\'.
= available max.
> L === Turbocharger efficiency
% Available for other use  awilable min.
E \ —Turboc,zwgirw_l afficiency

62 require

E | 1

60 -
o
58
1975 1980 1985 1990 1995 2000 2005 2010
Yoar

Waste BRBOREIT R
Heat [> IWEX—%FHT S

Recovery ' IRifi&fziEd

[ Author [ currentiwopic
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Mr. Diesel (HP ) vs Mr. Otto (LP)

1

Mr. Diesel’s Process Mr. Otto’s Process

[Fuel in cylinder before gas [Gas in cylinder before fuel

[1Diesel process maintained [Otto process gas-air pre-mix
JUnchanged Power Density [1Power reduction (>15%) = more cylinders
[JLoad response unchanged [JLoad ramp needed

[JNo pre-ignition / no knocking [Pre-ignition / knocking risk

[Insensitive to gas mixture [1Gas mixture important

INegligible methane slip [1Methane slip significant -up to 4%+
[IME-GI retrofitable on ME-C. [Retrofit?

MAN Diesel & Turbo [ Author [ Current topic [ [ 00.002012 [ < 55 >

FGSS (Fuel Gas Supply System)

GSS Engineering maker

‘; h
MHI Wartsila Oil&Gas HHI DSME
(LNGpump by MHI) Systems (LNGpump by Cryostar) (LNGpump by ACD)

\ @s compressor supplier \

Burckhardt
MHI ACD Cryostar Compression MES

MAN Diesel & Turbo Author [ Current topic 00002012 | < 56 >
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28



[Optional entry]

Conversion to Clean Fuel — Gas Supply System A5

Gas Compression to Liquid Compression

Gas Compressor Evaporator LNG Tank (150 m3)

L. Mitsui Thomassen

Buffer Tank HP Pump

Evaporator

MAN Diesel & Turbo [ Author [ Current topic 00.00.2012 | < 57 >

Technical Comparison Otto vs. Diesel’s

X72-DF Vs. 5G70ME-GI - combustion principle of Otto MAN

2-stroke low pressure dual-fuel concept X-DFIE

The main merits

Low gas pressure < 16bar

= Simple and reliable gas supply system

« Simple gas sealing

= Wide selection of proven compressors,/
pumps (piston or centrifugal)

Lean Burn 'Otto’ combustion means
IMO Tier lll compliance:

+ Without additional equipment (EGR/SCR)

- Without additional fuel consumption

+ Without compromised component reliability

Scavenging Compression/ Ignition =
gas admission expansion

‘Pre-mixed lean-burn’ combustion

e Wi s
= Reference: from Win GD material
MAN Diesel & Turbo Author Current topic | ‘ 00.00.2012 | < 58 >
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Scavenging Air Control ]

BAEROV) U FFIE

ERERV

R = I I(Pmax)Z &S E 52 &T,

IMMBERETOAE

v BiaE v (RAZHERS)
v VTA (Variable Turbine Area)

vV o= )Liakatg (DUET)
vV RN R
v BFHIEHERS (ME Engine)

MAN Diesel & Turbo

Current topic 00.00.2012

< 59 >

B H v MEER

Delta SFOC and NOx emission of 1 T/C cut out test based
on Normal running on 12K98MC-C6 with 4XTPL85-B15

— ANOx
—ASFOC

[g/kwWh]

ASFOC and NOx emission

S e A No N A~

N
3
B

BIATEE
15
2&
3&
45

T
35%

T T T |
45% 55% 65% 75%

Engine Load [%]

RAA# EREER
15% X
50% X
67% O
75% O

MAN Diesel & Turbo

00.00.2012

< 60 >
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VTA(Variable Turbine Area)

VTADF| =

o dg/KWhETHRELEE REKR
e A—rRURE—VHHEER
o CO AR

o WA FHEH AR

o TCARIBIAHEIZES

o LEATAYRINVHT—D

o LR EEUNHERS

Engine Load 75% 50% 25%

g/kWh | g/kWh | g/kWh
MC/MC-C/ME-B Standard layout 2 2 2
Part Load Optimized 1 3 3
ME/ME-C Standard layout 1 2 2
Part Load Optimized 0 3 3

MAN Diesel & Turbo Author Current topic 00.00.2012 | < 61 >

THS (Turbo Hydraulic System)

I Under developmen

Why hydraulic ?
» Lower initial cost
(Compared with Generator system)
» Engine integrated system
» Compact

Hydraulic Pomp is mounted on Turbocharger
Hydraulic pomp is driven by turbocharger
surplus energy, and the power recovery
through the hydraulic motor which is mounted
on the crank shaft.

Further planning...
Long term test with our Test engine

MAN Diesel & Turbo [ Author Current topic 00.00.2012 | < 62 >
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TGU(Turbo Generator Unit)
=EHEMO R
200941 A TCA88ELJH
SHERSEHE (~ 1300kW)

A [maso] |

Boiler

Pt U TG
AD DTN RT L)

RARE

mi [E= ] e
WERA DL GEE Flvlj_rldﬂ.‘ﬁé}ﬁ!%
FARERMWEE) ZEEIHNER
- BEARS2D ns s BT K HMETEIMAGHD
Main
. S r4am)
8_ Engine i T Fs%
= ToHmLnS
MET4ZMAG/ 1) v F BN EE
MAN Diesel & Turbo Author ‘ Current topic 00.00.2012 | < 63 >

<3 :TCEV and FBIV DO#Ef+

- ...with the exhaust valve
| with integrated actuator

e
| 6S50ME-C |

TCEV: Top Controlled Exhaust Valve
FBIV: Fuel Booster Injection Valve

A4
MAN Diesel & Turbo Author Current topic U

00.00.2012 | < 64 >
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FBIV

Fuel Booster Injection Valve

Slide valve technology =~ Fuel plunger Hydraulic piston 4Connection to control oil

00.00.2012 | < 65 >

MAN Diesel & Turbo

TCEV and FBIV

Service test on 6S50ME-C8 Top Controlled
Test on G95ME-C planned Exhaust Valve
Introduced on G9OME-C10.5 (TCEV)

Fuel Booster

Injection Valves

(FBIV)

MAN Diesel & Turbo JORAHDF 3 333024280 1406.02 00.00.2012 | < 66 >
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TCEV + FBIV /‘\
Service test on 6S50ME-C8.2 Torill Knutsen (mamn)

MAN Diesel & Turbo uthor 00.00.2012 | < 67 >

TCEV inspection after 580 hours
All parts in good condition

MAN Diesel & Turbo Author Current topic 00.00.2012 | < 68 >

[Optional entry] 11-Apr-16 34



[Optional entry]

= HEMT ANERI4S50ME-T DFAIT ml

Further Development in ME Engine
Test Engine, 4S50ME-T, at Tamano Works
Many tests are planned aiming for

improvement of fuel consumption of the
engine system.

Engine Specifications

Bore Stroke Output Speed Pme Pmax

(mm) (mm) (kw) (rpm) (MPa) (MPa)
S50ME-B9 500 2,214 7,120 117 21 17
4S50ME-T 500 2,214 7,460 117 2.2 20

Completed end of 2010

MAN Diesel & Turbo

Author [ Current topic

00.00.2012 | <

69 >

=HEMTAMERI4S50ME-T DB ml

Emission Reduction Development

Current topic

00.00.2012

< 70 >
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=HEMTANERI4S50ME-T DRI

)

(man)

MAN Diesel

| & Turbo

Current topic

00.00.2012

< 71 >

[(man)

00.00.2012

|
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