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AAn engineering company with more than 50 years of
experiencein the designof the Membrane CargoContainment
Systems

Hellman &
Friedman
30%

GDF Suez
40%

Alndependent company witktrong
shareholders

Total
30%

AA 370 people company constantly working on on-going
projects and new developments aiming at proposing
technologiedor the developmentof the LNGmarket

ANO96 and Mark 111 are the leading
systemdor LNGCandoffshoreunits
AGSTsystemfor on-shoretanks

APLUTOI subseacryogenigipeline
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2. Brief Overview of Membrane
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Common Characteristics of membrane

A Completedouble hullvessels (bottom, sides, deck)
A Transverse cofferdambetween tanks

A  Containment systemanchored to the inner hull

A Two membraneqsecond able to hold LNG for at least a fortnight as per Int. Gas Carrier Code)

A Two layers of insulationgsecondary able by itself to keep temperature above design parameters of ste

grades in worst conditions)

A Insulations spaceserted with Nitrogen
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Mark Il

Primarystainlesssteelmembrane

Corner panel

Hardwood key

<—— Top plywood
<€—— Primary insulation layer (RPUF)

<€—— Secondary insulation layer (RPUF)
<€—— Back Plywood
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Complyingwith new regulations regarding gas emissionsreduction
and remain competitiveX

+

for those operating nearly exclusivelyin ECAzones,the decisionmust
betakenrapidly

A Thealternativesare known :
A Runningon HFO+ scrubber+ SCR
A Runningopn MDO/ MGO
A Runningon LNG

A Parametersof the businessplan equation:
A Technicalfeasibility (retrofit, newbuilding), reliability, CAPEXQPEXJoss of
earningx
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Why LNG?

A Ecologicabenefitsare obvious straightcompliancewith anyenvironmentalrules

A Economicbenefits still to be demonstratedbut in Europe one can reasonably
expect a price at an intermediate level between HFO and MGO (energy
equivalent)

A Otheralternativesare either not completelyprovenecologicallyScrubberst SCR)
or muchtoo costlyin OPEXMDO/MGO)
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LNG Fueled ship

Parametersof the economicequationfor the ship-owner:

Priceof LNGfuel ;

Costof supplychaininfrastructure;
CAPEX

OPEX

Reducedavailable cargo space on an LNG fuelled ship as comparedto the
equivalentconventionalship.

o Do Do To Ix
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Small scale LNG infrastructure development

Early Days (since 2000 abt)

A Initiation of LNGusedasfuel for shipsinitiated by Norway
A SmallLNGterminals and local storageon the coastline

A Smallvolumes(onferriesand PS\< 500m?3)

A Very local and dedicated logistics (trucks, very small LNGships,e.g: Knutsen

Pioneer)

A TypeCtanks (pressurizedanksall alongthe supplychain)

@so years of membrane 4/19/2013
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Small scale LNG infrastructure development

Next phase (starting 2015 and onwards)

A Infrastructure building up in USand Europe(variousdriversfor that)

A Volumesgetting larger and larger. more shipsand larger shipsusingLNGas
fuel (not only ECAareasdependingon the LNGpricetrend)

A Largertank capacities
A Needfor better efficiencyin the supplychain

Greater use of low pressure containment system
Particularly membrane technologies
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Membrane Type Bunkering Solutions

Retrofit of a Containewessel

New sectionncludes

-a 5.000 m3 LNG tank,

- agaspreparationroom and
- additional100 TEU

Newbuild Ropaxvessel

-1.700 m3 LNG tank
- Gaspreparationroom

>GTT
@;O yoars of membrane
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Membrane Type Bunkering Solutions

@;g ; GW Shipto-Shiptransfer system 16
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Small andMid-scaleLNG Carriers

In Service Under development

16,500 m3ShallowDraft LNGCs
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Main advantages of membrane technology

@;ﬁ y(‘.v.'; -:-fr "1:'?/1![!:.;!1;.‘ 4/19/2013
nnovation

CONFIDENTIAL



Main advantages of membrane technology
Cargo space reduction on LNG fuelled ships

Rules imposing constraints on location of LNG tank onboard :
A Distance from side shell (B/5 as basis from IGF code) ;
A Requirement for cofferdams ;
A No LNG directly underneath passenger accommodation space.

Increased volume of required liquid
A To achieve same autonomy as conventional ship ;
A Equivalent onboard energy stored ;

A => Require4,6 to 1,7more liquid volume compare with HFO or distillates.

Space for :
A insulation
A inspection
A Fuel Gas handling and supply system (FGHSS).

The larger the ship and/or the storage tanks,
o , the smaller the relative loss of cargo space
@GIT
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Example of loss of cargo space

LNG fuelled 16000 TEU mega container ship
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Fuel CS & HS space occupied onboard

Volumespaceon board

mHS

m Deadspace, inspectio
mCS

m Liquid

HFO LNGtypeLNGtype C LNG
A/B Membrane

Source: GTT

- Main assumptions: Tanksintegratedinside hull, sameenergyequivalentstored
(sameautonomy)for atypicalpassengeferry.

- In reality, if running on DF engines,some HFO/MDOcapacity + associated
systemsshallremainonboardincreasingurther the wastedspace
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Weight Advantage

Bunkership
4000 n? LNG; 1000 MMDO

LOA
LBP

Design Draught
Cb

V LNG cargtanks (100%)

Maxfilling level in LNG tank
V MDO cargeanks (100%)
Service speed (85% MCR, 15% sea margin)
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Depth 0 N m

51m
0,75

Lightship weight
Design DWT alsTa Ry

4080 m3
98%

1000 m3
12,0 knots

2740 kW

4080 m3

98%
1000 m3
12,0 knots

2420 kW

Q : MCR (propulsionnly)
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16,500 m3 LNG #

16,500 m3ShallowDraft LNG carrier
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