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0945 1015 Kaffe
Forelasning MAN B&W ME-GI
1015 1145 motorn

1145 1245 Lunch

Visning av produktionen samt promenad till
1245 1400 Test centre

Visning och testkorning av
1400 1500 motorn

Transport till Diesel
1500 1515 House

Kaffe, kdrning av motorn (om mojligt live korning,
1515 1645 annars video)

Buss Diesel House -
1645 2030 Goteborg



Market Shares

Contracting Four Quarter Moving

70 /\

/W

60
/ —MDT Low Speed —\Nartsild Low Speed Mitsubishi Low Speed
>0 ——— Other Low Speed Unk. Low Speed ——Other Eng Types
0 Not registered
30

20K . o

10 -

2006 2007 2008 2009 2010 011
Ships Larger than 2,000 DWT/GT

RSL./ December 2010 © MAN Diesel & Turbo - <3>



Market Shares

MAN B&W Propulsion Engines
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Marine Engine Programme 2010

Prefered for Tier || Compliance

Two-stroke Propulsion

Power
kw

x 1000 Electronically
140 3

120 5 controlled

80 K98ME7

K98ME-C7
KOOME-C9
K80OME-C9

60 — K90OME9

40 S90ME-C8
30 S80ME-C9

S80ME-C8

20 - S70ME-C8 / STOME-GI8
S65ME-C8 / S65ME-GI8

15 -4 SGOME-C8/ S60ME-GIS / SB0ME-BS

K80OME-C6

L7OME-C8
L60ME-C8

S50ME-B9
S50ME-C8 / S50ME-B8

1:3)5 S40ME-B9
6 S35ME-B9
_ S46ME-B
4
2 7 All ME Engine Types available as Dual Fuel
1 Designated ME-GI (fuel: NG ) OF ME-LGI (fuel: LPG or DVE)
60 70 80 90 100 120 140 160 200 250 i



New G-engine type of engine

Also availlable as dual fuel

Layout diagrams of proposed Green series of G-ME engines
Compared with existing Super long stroke S-ME engines

Main engine

SMCR power
kW Potential fuel savings of 5-9%
40,000 +
30,000 +
20,000 + ey
8 cyl.
SeoME-Co.2 [
S
10,0004 iy —
{ \ [ |
78 r/min ‘ 91 r/min | 100 lr/min { 117 r/min | 146 r/min
68 r/min 83 r/min 97 r/min 105 r/min 130 r/min
0L | ' f f = i f | i = f ' i = i ‘ f I
50 60 70 80 90 100 110 120 130 140 150 r/min
SMCR speed
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ME-GI
Many Applications MAN
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LNG has Become HOT as Future

Fuel

LNG fuel supply system / $7 N f)

LNG tank / _ _
ME-GI main engine /

Reduction with Reduction with
Reduction with ME-GI ME-GI + WHR ME-GI + WHR+EGR

CO, (gram per tonne mile) 23% 35% 33%
NO, (gram per tonne mile) 13% 13% 80%
SO, (gram per tonne mile) 95% 95% 97%
Particulate matter (mg per m?3) 37% 37% 48%



Coming LNG Terminals Around the

Baltic Region
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Plant start-up- 2011
Project: Oxeldsund
o

=RIGA
Oland
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NORTH . Plant start-up: 2013 F,Zi LITHUANIA
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Project: Lithuania LNG
Sk Plant start-up: 2010-2013
Project Withelmshaven LNG
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Zeus Virtual Energy Library - Liquefied Natural Gas (ING)



ME-GI
From Gas Tank to Engine

* Optional 'J'
To Engine

e j N = =



MAN B&W ME-GI/ME-LGI Engines

Powered by NG, HFO, MDO and LPG

Simple modifications enable two-stroke
gas injection

Proven engine design
- High fuel efficiency 50%

- High fuel flexibility
- High reliability

Dl - © MAN Diesel & Turbo

<l1>



ME-GI Concept

Fuel Injection System

Product basis: o |
ealing oil system
= 12K80MC-GI-S, Chiba (1994-2003)
= BL55GFCA, Navion Viking, T =1
H T Sealing oil
VOC System Gas block = unit
ME-GI Concept NEW! 1 . e
i [ —
= Window function b | 1 &=
= Leakage detection @—}w ¥ i
= Safety concept / PMI-online T AT T
= Minimizing pilot o e
= Stable low load operation on gas H Taglo dan @a booster
= Performance optimization 1 ese ELF
. . _— ¥ 21 DY K] #
= Design review (reliability and cost)
FRT - Hydraulic oil
¥ w Hydraulic oil,
H pilot oil,
sealing oil system



New components

REREE




From ME 2> ME-GI




Dual Fuel High Pressure Gas
Injection Engine

ME-GI/ME-LGI

Background : % ‘

: : | - L
= Dual fuel experience since 1994 4T50|\/|E Gl ready for type approva|
= Well-proven ME technology test 20%1 ‘,“" -

e e

New components

= Double wall gas pipes /i
/ F 4
» Gas Injections valves | : ‘s
= | arge volume accumulators -
» ELGI valves 3

Control and safety system

Modified components

= Cylinder cove ‘



ME-GI Concept

Fuel Injection System

Low pressure fuel supply -

Fuel return |\

Injection

Measuring and |
limiting device.
Pressure booster
(800-900 bar)

| '+

Position sensor

- - .
WAYRA o= 800 | Barabs
300 bar hydraulic oil. 7 = Pilot oil pressure
. FIVA valve

Common with ' 600 | Py
exhaust valve actuator L1 ,\/.\,-1—*\] : LXIZ

=51 N _

‘ ELGI valis 400 Control oil pressure

L

. 200

The system provides:
Pressure, timing, rate shaping, I / Mreseeeganserenzes ]
main, pre- & post-injection 0 0O 5 10 15 20 25 30 35 40 45

Deg. CA



ME-GI Concept
Gas and Pilot Oil Injection

RSL/ December 2010



ME-GI — Mechanical Design

Design Specification of
7S60ME-C8-GI finished

summer 2010
Gas accumulator volume

Connection piece

. ‘ ‘ .
ot - N\
\‘“W\_ i

-

Non-return
valve

Control valves

Same design used for gas test
rig in Copenhagen and on our
test engine Q4, 2010

Face for gas contr

333r%00.2eteradb€£y2010 (SUK/LEL) © MAN Diesel & Turbo <18 >



Gas Injection Valve

(a pilot oil and a gas injection valve)

Control oil inlet
Gas injection valve o 7 Sealing oil inlet

Cylinder cover—

Connection to the

% N ventilated pipe system
~ Control oil
Sealing oil

Gas inlet

Gas valve spindle




ME-GI

Service Tests

Gas injection valve temperature/deposit resistance: Test carried
out in order to evaluate gas injection valve condition during long term
HFO operation. Gas injection valve showed excellent condition after
1600 hours testing, installed on a 7S50MC, without deposits or
thermal overload. Next inspection will take place after 6000 hours.
Same result is expected.

Gas injection nozzle



The double wall pipe
Support & Flange connection fjaan




ME-GI/ME-LGI

Gas Injection - Engine Control Syst.

Gas Injection — Engine Control System (GI-ECS)
Principle diagram

Gas Control Units
. Control network Gas Safety Units D
GMOP Gas Main Operation Panel ——  Wiring to control units
GECU Gas Engine Control Unit ——  Wiring o safety units GPSU Gas Plant Safety Unit
GPCU Gas Plant Control Unit - GCsU Gas Cylinder Safety Unit

GCcuU Gas Cylinder Control Unit
GACU Gas Auxillary Control Unit
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Auto-tuning: Potential Fuel Reduction.

Additional benefit free of charge. man

Reduction in fuel oil consumption / CO, emission

1 bar increase in average p,.x => 0.20-0.25 g/kWh decrease in fuel oil consumption

Reference

Pmax___

Pure p,,.x level increase _ _
Potential 5-10 bar Balancing + p, level increase
Potential 1-2.5 G/KWh Potential additional 2-5 bar

@ potential 1.4 — 3.75 g/kWD

Gain even with engines already being
operated within recommended limits




ME-GI

User Interface

Gas System b Operation

Fuel Index %] Speed [RPM]
Main State (Start/Stop) Index demand Gas System p
Not Purged 20 Operation

Not Ready Fuel Oil Gas
Ext. Gas Shutdown 5 “ 50.2
I Process
Information
Load Condition
Low 150 - Auxiliaries...
100- - -

Maintenance...

Gas Supply Sealing Oil

50 -
192 Bar {1 175 Bar -
60- - .

400- - 400- - 0=
300 - g - 300- - -
40- - 50

200 - - 200- N - N B -
100 - i - 100 - il - 20 - gu - LU
o-1- o-18- 'I' -
-150 -

MOP Off @

WARNING: Access

External Gas Shutdown X

from Safety System.
- | ovANDesel&Tubo | | <2a>

Gas Operation

Standby Purge




Visualization with light sensor and
high speed imaging MARN

NIR (_ Mirror

S R Movie: pilot approx. 3.4% of MCR fuel/stroke

Cold mirror

Borescope

Sapphire window

Fuel nozzle 2 cut-off during imaging to enhance
the view of the flame from nozzle 1

RSL/ December 2010 © MAN Diesel & Turbo < 25>




ME-GI/ME-LGI

Concept

Fuel oil only mode:

100%  Fuel %
90%

Operation profile as conventional standard engine
80%
70%
60%
50% i

Gas mode "Minimum fuel"

Dual fuel operation modes:

Gas mode “Minimum fuel”

¢ Full operation profile available 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
: Full load acceptance available Load %
Full power range available

® Load variation is governed by gas injection
® Pilot fuel can be MDO, MGO or HFO

® Minimum pilot fuel used at load > 25 % (5 => 3 %) | _| RN !_' ]
® Increased pilot fuel at loads < 25% load - Mixed mode "Specified gas”
® Dynamic mix. of gas and fuel at loads < 25% load —

100%

Fuel %

30%
80%

0%

60%

50%

40%
30%

Mixed mode “Specified gas”

20%
10%

Full operation profile available
® Amount of gas fuel is specified on Gas MOP o mtigidlierel e o
Load variation is governed by fuel oil injection 0 5 10 15 20 25 30 35 40 45 50 55 60 85 70 75 80 85 0 95 100
Load %

0%




ME-GI
4T50ME-GI-X Design MARN

Gas installation on 4T50ME-GI-X;

1 ME-GI Components designed and delivered

RSL/ December 2010 © MAN Diesel & Turbo <27 >




ME-GI

Fuel Gas Supply System (Cryostar)

Control of Gas Delivery Pressure
Process flow diagram /

75
Engine Load[% of MCR]

NG Damper
Cryogenic
LNG tank HP Pump ME-GI
i ‘ m @ U - @ Engine

LNG Vaporizer

n
o
o

Gas Pressure Set Pointlbar]

A

Cool down & mini flow line

LNG Storage Tank FGS System 4T50ME-GI-X

- | ovANDesel&Tubo | | <28>



HP Pump from Cryostar

5 o E—— i | -
High Pressumm'-
- HPP3.60/110 Trlplex- -

f,_—a—mlrh &[‘:{,_
W L e
-m-ﬂw"i ,fi\

--_Ws- 7’-.‘

L _M‘ A Trm
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ME-GI Engine

Example of the power consumption for a LNG pump

Engine type: 8S90ME-C8.2-GI Output : 45.760 kW

LNG Flow is based on 100% load and a LCV value of 50.000 kJ/kg

HP fuel gas supply

LNG
HPP
Flow
5587 kg/h 200 kW

Less than 0,5% efficiency reduction



ME-GI

FGS System Layout from DSME

MEGI FGS System

Pulsation Damper Silencer

Suction Drum

1 (1) 3
s b2\
- g 'h
' . , £ A Electric Heater
HP Vaporizer ‘ )
4 ! | / "v. p ‘
1] <P f
) p 14
”; R I AUy ﬂ
y ;
(TN
‘ .



ME-GI
FGS System photos (MmAN
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5 Different Gas Supply Systems available.

Cryostar Burckhardt Compression
LNG Pump System Laby-GI Compressor

DSME

LNG Tank & Pump System

TGE

LNG Tank & Pump System

Hamworthy Gas System
LNG Tank & Pump System




ME-GI

Tier Ill = EGR (Exhaust Gas Recirculation)

Engine
Integration




Tier Il

EGR — Exhaust Gas Recirculation

Turbocharger

Sludge Clean
out Brine out

Scavenge

Air cooler ) J h
I ;
] )




ME-GI
Tier Il = EGR (Exhaust Gas Recirculation) (A

EGR service test on Alexander Maersk — installation

NUR | B \“‘
L T

IS

Installed EGR unit — scrubber, cooler and blower

RSL/ December 2010 © MAN Diesel & Turbo <36 >



ME-GI Tier Il solution

EGR operating cost

= ME-GI Tier Il solution : Fuel Optimised Main Engine

Fuel optimised engine — NOx 21.0 g/kWh
Area NOx request NOx reduction EGR % SFOCgain SFOCpenalty SFOCchange
g/kWh g/kWh % % g/kWh g/kWh g/kWh
ECA —Tier lll 3.30 17.60 84% 42% 3.30 2.10 -1.20
0, 0, -
Non ECA - Tier Il 14.40 6.60 31% 16% 3.30 0.79 2:51

= Also requires extra electrical power consumption, additional
maintenance, and possibly a small amount of NaOH,
depending on the sulphur content of the fuel.

= For operation on GAS the NOx emission is in comparison to
HFO approx 15% lower . The EGR recycle and SFOC figures
will therefore become better than shown in the table. Actual
figures will be measured during the scheduled ME-GI test.

» For operation on GAS the sulphur content is zero except for
the sulphur coming from the pilot oil. Consumption of the
NaOH is therefore neglectable.

_ RSL/ December 2010 ® @ ®8 ©MAN Diesel & Turbo -



9000 teu Gas Fuelled Container Ship
DNV & MDT Quantum 9000 Teu project

0 E— g "
i ik ;
el b0 . n n

LNG tanks /

Dual Fuel ME-GI



Low pressure tank
Fuel Gas Supply System — HIVAR

Solution from DSME

. : : \¢
Schematic Diagram - HiVAR JoNE pate®
>MEGI
HP
Vaporizer
/J: _____ @ S _:_I_ T : * HiVAR comprises HP Pump, Vaporizer and
BOG Ylagup ook Recondenser
Compressor Cooler . . . . .
'I ; * HiVAR is Efficient and Cost-effective solution for
;{\:)?age _________ I HP Fuel Gas Supply.
Tank Recondenser T .. .
an \5' * Very Competitive compared with HP Compressor
v T P T (less power, less capital cost)
S FGPump —> ~, Pump - BOG is Recondensed. (Reliquefaction plant is

®
~
Cd
N
7

not necessary)

v
®

% HiVAR: High Pressure Pump, Vaporizer and Recondenser



170,000m° LNG Tanker

RSL/ December 2010 CNCN) © MAN Diesel & Turbo <40 >



Propulsion Power Demand

DFDE Solution

= Power requirement at propeller = 25,265/ 2 = 12,633kW

12,633kW
12,633kW 13,981kW
Propulsion Frequency € Transfomer [¢Switchboard ¢ Generator [¢Aux Engines
e Motor Converter
’ 96.5% 98.5% 99% 99.5% 96.5%
12,633kW
12,633kW 13.981W
Propulsion Frequency <+ Transfomer [¢Switchboard ¢ Generator [#Aux Engines
2~ o Motor Converter
4 96.5% 98.5% 99% 99.5% 96.5%

= Engine power requirement including transmission losses = 2x 13,981KW (includes losses at 100%

load as shown)

RSL/ December 2010

® ®@ ®8 ©MAN Diesel & Turbo




Propulsion Power Demand

ME-GI Solution
= Power requirement at each propeller = 25,265/ 2 = 12,633kW

12,633kW 5S70ME-C8.2-GI 12,760kW

DF AUX
G- e ]
M Ly DF AUX
il
12,633kW 5S70ME-C8.2-Gl 12,760kW DF AUX

L
L L]
. s

DF Gensets with ME-GI Main engines 2x 5S70ME-C8.2-Gl
Engine power requirement for propulsion = 2x 12,760kW (including 1% shaft loss)

RSL/ December 2010 ® ® ® © MAN Diesel & Turbo



LNG Carrier with fulll fuel flexibility

Hybrid System (Cryogenic pump + BOG compressor)

» BOG 3 stage compressor with 100% reliquification capacity
= Cryogenic heat exchanger

= N2 compander

= Separator

= Low pressure pump

= High pressure cryogenic pump
= Optimiser

= Vaporiser

» Brine heater

* Brine pump

RSL/ December 2010 ® ®@ ®8 ©MAN Diesel & Turbo -



LNG Carrier with fulll fuel flexibility

Fuel Gas Supply System (BOG compressor & LNG pump)

NITROGEN

COOLING ! . 1
WATER T

NITROGEN

CRYOGENIC
HEAT D

EXCHANGER |

BOG PRE HEATER SEPARATOR
ANTI SURGE VALVE
COOLING :
\TER - | LP PUMP Vi
]
lyy!
gy STEAM
- EXPANDER
B BY.-PASS m ’= bine heat exchanger
a o
Va2 V.12
1 —
3 vaxp
EXPANSION
TANK
. X
SUSTION THRETTLE ) PULSATION
va X BR‘N DAMPENER
/ pumie
LNG FROM SPRAY PUMPS NERY L HPPUMP
W @,
y V6 \ | OPTMIZER [ | we VAPOR\ZER
T Vg }{ :‘- A
CONDENSATE RETURN N T - V.10 TO GAS ENGINE
o

. a V.13 g

Ve v.a

CARGO TANKS

Hamworthy process diagram

RSL/ December 2010 ® ®@ ®8 ©MAN Diesel & Turbo -
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Shipowner Considerations

$9.000.000

$ 8.500.000

$ 8.000.000

$7.500.000

$ 7.000.000

$ 6.500.000

$ 6.000.000

Annual Operating Costs US $

$8,65 M

3x 12V50DF

RSL/ December 2010

2x 5570ME-C8.2-Gl

® ®@ ®8 ©MAN Diesel & Turbo

Annual Lube oil

B Annual Maintenance
mmm Annual FCS

== Annual Operating

T



Shipowner Considerations

» Emission Control Area (NOX)

ME-GI requires EGR operation for
NOx compliance in :
I.  Transit — 50km x2 at 5kn = 17.5hrs
ii. ECA-370km x2 at 18kn = 22.2hrs

Assume 4x per year...

- DE"I::';':E" Oakdale
ol o Ville Platte Batc
Sam Houston
&'} Ciional Forest Eug.ce o Opelousas RC‘H!
e 5
Eulphurﬂ Jennings Ral‘y}ne Louisiana Sher
ing Beaumont d a =
r T
Qrange arl o Mew |beria
ston Q. ille
3 Fort Arthur Thibod
g Bayiown )
na
2
City
~ 2 Galveston
=&
an
Q
eport
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Shipowner Considerations

lle L. Derﬁlder S
he, (= »; cakdale g \lile Piatte Batc
# \(ational Forest 1852 g Opsioues — Rou!
e )
Sulphur Jeanings Rayne | ouisiana e’
ing Beaumont d =
: Orange arl © Mew |beria
Q. ille
. . -3“:: © Baytowm garl AetiuL L
= Emission Control Area (SOx) ha |
=]
. City
» ME-GI requires MGO for SOx ) 9Ganeston
. . =0n
compliance in: 3
eport

I.  Transit (MGO only)— 50km x2 at 5kn
=17.5hrs

ii. ECA (MGO as pilot oil) — 370km x2 at
18kn = 22.2hrs

=  Assume 4x per yeatr...

RSL/ December 2010 ® ®@ ®8 ©MAN Diesel & Turbo -



Shipowner Considerations

Annual Operating Costs US $

$9.000.000
$8,65M Extra 41tons only of
MGO required for ECA
$ 8.500.000 - SOx compliance with
described profile
I Annual ECA SOx
$8.000.000 - ‘_I
[ Annual ECA NOx
» $7,51 M Annual Lube oil
5  $7.500.000 -
B Annual Maintenance
B Annual FCS
$ 7.000.000 -
=3 Annual Operating
$6.500.000 -
$ 6.000.000 - .

3x 12V50DF 2x 5570ME-C8.2-Gl 2x 5570ME-C8.2-Gl ECA

RSL/ December 2010 ® ®@ ®8 ©MAN Diesel & Turbo -




Shipowner Considerations

» First Cost (USD)

Main Engine - 7.8M
Gensets 18.9M 6.5M
EGR - 1.1M
Electrical systems 10M -
100% Reliquification 11.5M 11.5M
Fuel Gas Supply system (tanks not included) ~3M 3.8M
Total budget price USD $43.4M $30.7M
CPP (option) +1M

Gearbox (option) +1.5M

Redundancy (option) +6.6M +2M
SCR (option) ~+1M



ME-LGI engine powered by LPG MARN

)
]

B ey g P -
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LPG is a by-product of LNG production, so

LPG production is not driven by demand

LPG seaborne export

By load region

2 45
< 40
s 35
20 rease of LPG
)5 production is
Americas expected in 2013.
- ] P
o wafr
15
10 How will this affect the
5 LPG price?
East West

INGE STEENSLAND AS

SHIPEROKERS



Press Release

LOI for a DME fuelled ME-LGI engine

Press Release
MAN Diesel & Turbo

Liquid Petrolaum Gas

Mew Liquid ME-GI Engine Signals Expansion of MAN
B&W Gas Portfolio

ariant of prowven ME-GI engine targets significant LPG sector

MAN Digsel & Turbo has announced the Introduction of its Liquid ME-GI
[Liquie Gas Injsction) engine. The Liguld ME-GI ks powsred by LPG
(Liquid Patrodeum Gaa), @ maller market than LNG but of significance In
certaln ssgments such as the small tankers that ply river framc ang
coastal shipping routes.

The Liguid ME-GI s a varlant of MAN Diesel & Turbo's ME-GI enginz, whose control
and safety system Is based on the experience gathersd since the mid-1090s at
WOrKing 35 i, INGUAING 3 12KEOMC-GI-S In Japan, and the development of 3
WOC (Wolathe Orgaric Compoung) enging In the [t 19905, The announcement
foliows ciosaly ON e COMPANTY'S ANNOUNCAMAEN |35t SULMN that 3 ful-5cae type test
for ts ME-GI conoept would takie place at fs test enre In Copenhagen In 2011,

The Liquid ME-GI sngine

All MAN Digssl & Turbo electronically controiled ‘ME-engine fypes are avalaie In
dus-fuel versions with the LPG-fuslled version designated ME-LGI The Liquid ME-G
engine’s performance Is equivalent In t2ims of outpul, efficiency and rpm b MAN
Diesel & Turbo's successil ME-C and ME-S senes of engines. As the Liguid ME-GI
engine’s fuel system has few moving pars, 1t Is aiso more tolernt of diferent fusd
types and accordngly can run on DME (Diethy Ether).

DME can act 35 a clean fuel when bumed In sultadiy optimisad engines. For example,
In Sweden — one of e largest paper manutaciurers In the word — | Is estimated that
DME produced from "black liquor’ (3 by-product of Se pulp-making process) alone
©OUK replace 25% of 3l petmi and diessl consuMption. Accomngly, DME dispiays:
signincant potential as It N3 the 5ame EnvioNMENtal benants 36 LPG, I fully mixabie
Wi LPG, 34 ¢an be produced from biomass.

12011

Gand

CODEnnagen,
280011

M Dissel & Turdc 52
Taghoigads 41
DE-3HI Copantagen SV
DERMARK

e rncliasalrb oo

‘Group Markstng

Patm: Cn Pacaress
Tal: 42308814 TO
st patwmangyTan s

Sz wad g
M Sarborg

Tal: 4530281500
T gErpTan &

mperiznce safs and rellable running wim
033 valves and O35 pipes are smaler ut
bine.

Ir Injecson al the way from tank to enging
Enarans INe FEqUIred PIESSUTE, COMNISng
= from & Iarge NUMDer of SUPQIETS Winin

=ngnes are superior In fuel eMclency,
bnomy. By Infoducing LPG a5 Tuel o me
benefits can be ootined, espedaly wih
iewate matar. NO, amission reouctons
| A= operation I combinad with efther an
LI s a7 naturaly minmal.

o Promotiors: and Sales, MAN Diessd &
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Liquid Gas Supply Station

Guiding Specification for LPG, DME etc. MAN

General Data for
Liquid Gas Delivery Condition:

Pressure:

Nominal 550 bar
Max. value 600 bar
Pulsation limit 3 bar
Set point tolerance 5%

Temperature:
Approx. 25°C -> 55°C /tolerance 10 °C

L/70020-5.0/0299



ME-LGI Injection system for LPG or DME

operation

Low pressure fuel supply -

Fuel return | |\

Measuring and |
limiting device.
Pressure booster
(800-900 bar)

Position sensor

N\
300 bar hydraulic oll. b
Common with
exhaust valve actuator L))

i

The system provides:
Pressure, timing, rate shaping,
main, pre- & post-injection
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Injection
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FIVA valve
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ELGI valve
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LPG/DME supply
Pressure 550 bar

Pilot oil pressure
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Gas Injection Valve &

Valve Block incl. accumulator

LPG /!\

Control oll i

N\ Double wall
ventilation system

j I Sealoil

Ventilation
system

L
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Double wall
ventilation
system

LPG accumulator

o B UV
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? Blow off

li Gas
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Gas Ssupply System from HGS

Using LPG as Fuel

Pset point —

LPG tank m ‘

M 4

! .
@ Heater/cooler . Pl
———— - m .| q*
> 0 engine
Booster pump nghpr:lr;spsure

ME-GI engine




On Board auto-thermal process

High-pressure At start-up

pump Methanol or only!! Catalyst
— V’ ethanOI \\‘~—\-:_.---_.--_,...- A \\\

- 'S 4 \ \

; g2 Pump/ \

f e X ,// \Hot alcohol *
:! : z , - > N \
¢/ ¢ Feed tank / \ \\‘ Reactor

% R % L Feed \ \
Exhaust > H} preheat 1 \ l\
Return from cold fuel \ 1
the common-rail mixture 4 Feed Yoo
Product tank /! // preheat 2 preheat 3 S
/) —1
] /I ’
OBATE ’, Product cooler +2m2 v
fuel ¥ [ I AR
Hot mixture
Lubricity additive alcohol/water/ether

The process is auto-thermal: the OBATE fuel has 1" < H:CH+ RO

the same heating value than the original fuel!!




Conclusion ME-GI for short sea

operation

O Over all efficiency. © Equal

U Operational cost © Better with gas price of today

0 Reliability © Unchanged

U Emission © Fulfilling Tier 11 /alt. Tier 1l with EGR/SCR
O Emission © 95% reduction on SOx

U Load response © Unchanged during gas operation

Q Pilot oil amount © Improved during coming test

O Gas operation © Gas operation during full load

O Auto Tuning © Available

0 Gas Supply system © 5 different solutions available

U Power range © Down to below 3 MW.
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