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CPF (Central Processing Facilities)?

Gas / Condensate Production for Dawin LNG Project (AU)

Darwin Onshore LNG Plant
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Design process

i

Subsea production system Topside process design

@ Wellfluid characteristics @  Slug catcher & G/L separator design

@ Flow-stability free of erosion & corrosion @ Gas sweetening unit design

® Flow assurance study (multiphase flow) ®  Mercury removal unit design

@ Chemical inhibitor (HI, CI) consumption @  Gas dehydration unit design

® Analysis on max. liquid surge volume in ©® Gas compression unit design

slug catcher ® Oil/lcondensate stabilization unit design

@ Oil/ condensate storage tank design
Produced water treating unit design
@  Utility design (Hot oil / Fuel gas)

Export Pipeline Design

@

@ Flow assurance study

Flow stability (ex. Two phase formation?)

® Surge analysis

Sale Gas & Sales Oil
(enough for sales spec.)




Form Reservoir To Products

Reservoir

/

o

Oil Fluid

~

(Black / Volatile Oil)

J

-

\_

Gas Fluid

(Dry / Wet/
Retrograde Gas)

~

Wellbore

/ Crude Oil \

Associated Gas

Produced Water

J

o /
4 N

Gas

Condensate

HC Products

/ Stabilized Oll \

Sales Gas

Re-injection Gas

Water Disposal

kRe-injection Watey
/ Sales Gas \

LPG (C3 & C4)

Stabilized Condensate

Produced Water
\ %

Water Disposal

\_ /




Typical CPF : Oil Field

S Peimectionforiors
EOR or gas lifting

For Dew Point Control I
. Gas A Gas R Gas | Gas Sales gas
Sweetening Dehydration Refrigeration Exporting
oilwell-|  Slug Compression Compression
— —
fluid | Catcher to HP to M
. MP LP De-salter Oil Stabilized oil
> B > — .- »
Separator Separator System Stabilizer to tank
Gas Stream

Liquid HC stream
Well Fluid Stream




Typical CPF : Gas Field (1)

For Dew Point Control

Gas - Gas Gas Gas Sales gas
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Sweetening | Dehydration Refrigeration Exporting
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Gas Well- Slug
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fluid Catcher

Compression
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to HP
> Inlet > Conde.r.]sate — Stabilized condensate to tank
Separator Stabilizer

Gas Stream

Liquid HC stream
Well Fluid Stream




Typical CPF : Gas Field (2)

\ 4

For NGL Recovery

A

Gas Well- Slug
—_—
fluid Catcher

Gas Gas R Gas | Gas Sales gas
Sweetening Dehydration Refrigeration Exporting
NGL —> LPG
) Compression Recovery
to HP
Inlet Conde.r.]sate — Stabilized condensate to tank
Separator Stabilizer
Gas Stream

Liquid HC stream
Well Fluid Stream



Design Process

Client Requirements & Onshore or Offshore?

Main Product (sales gas / stabilized oil / LPG) &
EOR (Or IOR) &_ CCS? 1) EOR : Enhanced Oil Recovery

2) IOR : Improved Oil Recovery

Block Flow Diagram

Completion

Process and Equipment Design / PFD & PID ...

CPF Design Completion



Project comparison

Project Relfliri‘éo” Product IORV/EOR?  CCS?
SARB-4 ol Stabilized Oil Y
. i L
(UAE_Abu dhabi) Reinjection Gas (Gas/Water Injection)
Sales Gas
T‘A‘fatc?az Gas N Y
(Algeria) Stabilized Condensate
MIDYAN
(Saudi) Gas Sales Gas N N
Sales Gas
ATKAS Gas N N
(Iraq) Stabilized Condensate
Sales Gas
RHIP N Y .
)
(Omen) Gas Stabilized Condensate (SG Injection) Y
LPG

Note 1> IOR means “Improved Oil Recovery” as technology for 2" and 3 recovery
2> EOR means “Enhanced Oil Recovery” as technology for 3 recovery
3> CCS means “Carbon Capture & Storage”
4> RHIP process includes CO, EOR facilities for another oil field. CO, EOR plays a role of CO, storage role as well as enhanced production.



Ex. SARB-4 (Client : ADMO-OPCO / Abu Dahbi)

;EE !!55%@ EEOC\—GSSIHQ
= aﬂTm é@)a _. Work-scope

k.f" \ 1. Process Design on CPF (Zirku Island)
)

- N 7. s

N, 3. Hydraulics on subsea pipeline
{ Approx 20 km

2. Process Design on Artificial Islands

4. Flow assurance on subsea pipelines

@kaue

0il/Gas Production S1 Product (CPF)
34 km | Gas Injection S1
Water Injection \ 1. Stabilized oil (200,000 stb/d)

2. Reinjection gas and fuel gas

I
44 Wells | 3. Reinjection water (sea water)

0Qil/ Gas Production

Gas Injection Approx 7 km
Water Injection

Water Injection

0il/Gas Production S2 ) 2
Gas Injection S2 |

42 We X Artificial Islands play a role of WHP.

Water Depth In SARB Field
13.2m to 15.7m




> Gas _ — Fuel gas For IOR
Sweetening
172 barg 414 barg
1st Gas Gas . 2nd Gas - 3 Gas Re-
> . > . v . > . —
Compression |70 barg Dehydration Compression Compression  |injection

A

30 barg * Condensate Gas (< LP)
Ol Welll  Slug Compression Compression |  Processing

fluid | Catcher to HP to MP « L 03-05barg

Vapor

) Recovery
7 barg
1 OmP ML p De-salter e Stabilized oil
Separator Separator |  System .| Stabilizer to tank

— Injection Water

Sea Water Treating for IOR

Produced Water Treating




Oil FPSO

» Processes hydrocarbons from subsea template into oil, LPG, sales gas, etc.

» A converted tanker or purpose built vessel — may be ship shaped
« Eliminate the need for costly long-distance pipelines, which is effective in

remote or deep water developments
FPSO

Shuttle Tanker . Drill Rig

Support Vessel

North Subsea Template:
Production Line
Production & Test
Water Injection

|
Gas Lift

/
Anchor Chains

Water injection

West Subsea Template:
Production Line East Subsea Template:
Production & Test . Production Line
' Production & Test
h Water injection

Water Injection . =
= % Gas Lift

Gas Lift
Anchor Piles




Oil FPSO topside facilities
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FPSO in West Africa

 Girassol (TotalFinaElf)
. Located of NNW Luanda, Angola - 1350m of water
. Producing 32° API crude oil from 23 wells
. Total storage capacity 2 million bbl of crude oil
. Liquid processing 180,000 bpd
: 3 million m3/d gas lift with 8 million m3/d gas compression and dehydration

se;;r:fattor FPSO § Riser tower T
‘—— \\_,- 23 oil producers
y _Manifold 13 Water injectors
ot LL A 3 2 Gas injectors
opside
chokes Xma tree
Umbilical -
Riser base )
gas-lift ~— &

For activation & stabilization

Bund/

roduction loop for
hydrate preservation

2x8” production lines e 5%



FPSO in Western Australia

* Vincent oil field
: Located offshore Exmouth in Western Australia

. Water depth 350m, 17° API crude from 8 wells

. Oil column thickness 8.5 ~ 19.0 m

. Total Liquid processing capacity 120,000 b/d with
total storage capacity of 1.2 million barrels of ail

. Water (150,000 b/d) & Gas (80 MMscf/d) Injection

: Dual sided hull and disconnectable mooring




LNG value chain

V\Explomﬂon& .\\Productl \ -~ Liqualification \ \psviwtionf& . Marketing
Beicaidanat / on/ 'n-ansport/ o LNG / Transl)ort/ ‘Regassification ) Pmasion / &sel D

Exploration &
Development

Liquefaction to LNG

Conventional
O canes Regas terminal Power plant
} 3 Road
e Lkﬁ T
‘ - ‘l" “ ;
3 h_' ING rrailer truck ING refuelling ING fuelled truck
/ : ! S = station
/ [LES R
Small-scale liquefoction TIW = = Marine
(e.g. MMLS, bio-ING) \ﬂ NS
Small terminal
NG bunker vessel ING fuelled vessel

-

Small ING carrier



Why natural gas?

- Sufficient reserves: onshore and offshore
- New solutions to non-conventional gas development
(FPSO, Shale gas production)

Supply
7N

Natural gas will be the bridging energy
to the next generation
at least for several decades

NS

Demand

- Greener: Less CO2
- Less polluting: Negligible NOx, No SOx, No PM
- More economical: Cheaper than crude-driven fuels



Why LNG?

Short-lead time for LNG infrastructure LNG




FLNG opening more gas to development

Accesses gas unsuitable for baseload development
Eliminates pipeline & loading infrastructure costs
Reduces security and political risks

Constructed in controlled

shipyard environment

Can relocate facility
upon field depletion

50 - 100 Tcf ;

Large-Scale LNG

5 - 50 Tcf E

1-5 Tcf \
0.5-1 Tcf

Mid-Scale and

Floating LNG

0.25 - 0.5 Tcf
0.1 -0.25 Tcf E

< 0.1 Tcf

~4,000 fields




Two distinct development paths emerging

Characteristic Small-scale Floating LNG Large-scale Floating LNG
Liquefaction capacity: less than 3.0 mtpa 3.5t0 6.0 mtpa
Required reserves: 0.5to0 3.0 Tcf more than 3.0 Tcf
Hull: Ship-like Barge-like
Storage capacity: up to 220,000 m?3 more than 250,000 m®
Liguefaction processes: Simpler processes Baseload-type processes
(e.g., Single Mixed Refrigerant (e.g., Dual MR,
processes, dual expander processes) Mixed Fluid Cascade)

SBM Offshore 2.5 mtpa Shell 5-6 mtpa concept



Prelude FLNG
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Prelude FLNG in operation

Legend

——————— Subsea Production System
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FLNG process overview

Feed Gas
From Turret




Field specific and pre-treatment systems

FIELD SPECIFIC PRE-TREATMENT SYSTEMS LIQUEFACTION
SYSTEMS
N2-REJECTION
LIGUID HC
STABILISATION Mote 1
SOLVENT DRYER
LPG 77 €5 HHC N2
A CTIONATION | REGENEN. .: REGENEN. 5 ‘ .
reen| | [ Sonon s i
> > | LIQUEFACTION i
MEG INJECTION/ HHV of 1060-1140 Btw/scf
RECLAMATION Nitrogen < 1.0 mol%
Methane =85 mol%
e C5+ <0.15 % mol
COMPRESSION
PW HANDLING SECONDARY SYSTEMS
OTHERS BOG FUEL COOLING HEATING
HANDLING SYSTEM MEDIUM MEDIUM Note 1- Incl. LPG




Field specific and pre-treatment systems

through the process system.

* Fiel ific and pre-treatmen
eld specific and p e-treatment SYSTEMS FPSO  LNG FPSO

systems are conventional and not new
to the offshore environment. e e X X
Energy optimization is required to :::Z"_'Sf'“"_" ) ) .
. t
integrate the heat- and energy P
demanding systems in the overall e e X X
topside. system

e - Acid gas polishing vV X
Optimize and include the pre-treatment | g qem
and field specific systems in the fuel Molsieve dehydration Limited X
gas balance. system
Tall columns with internals must be Mercury removal 5"'5:""' - x - i

: : e LPG fractionati imit

carefully designed in order to minimize stabilisation syatem. e
flow maldistribution. Produced water X X
Avoiding stabilization issues of the reatment
condensate or recycle of middle N2-Rejection
components like propane and butane BOG handling X X




Liquefaction choices far from mature

Black & Veatch PRICO SMR Process

* Need simple, robust and compact
liguefaction solutions
Single mixed refrigerant cycles
Gas expander-based cycles

« Concerns
Process efficiencies
Scale-up performance
LPG refrigerant storage
Marine performance and reliability Mustang NDX-1 Process (patent pending)

GAS

Source: Black & Veatch
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LNG
FLASH LNGTO

Source: Mustang Engineering $ STORAGE




LNG Properties

+ INGE HAUZIAE MY 50| O0[St=5 M= HEAZ A

« LNG2 MATIA 2T H|= 1/600 (- 162°C, o =HO|A Mzt

+ LNGO| 02 W2 2 &2 213 cryogenic liquid 2 FH S =M, 72 S 93l S5
713t )7t 2 7.
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LNG composition

« VAL S 22 7taTHe Edut ME| sd2 SFO mEr ZEk.
- GUIHOZ | NG Y0 AAEEl= M7t A = O EFaL OB =2 ¢ 28 2| 2a
29| heavy Etet+2 2 O|RO{X|= 27T,
. E2ERE a0} OMBIErS, Hotea U B 50| B 5 UK B At
&8 Ho| 25 M=, HEO| 8 d22 2 E& 85 vol% 0| 4.
- Chemical :
Chemical T Low High
Methane CH, 87% 99%
Ethane CoHs <1% 10%
Propane C-Hg >1% 5%
Butane C4Hig >1% >1%
Nitrogen N, 0.1% 1%
Other Hydro- Various Trace Trace
carbons




LNG boiling point, density & specific gravity

« LNGO| Z=8F2 =g waf Heh 5= UX|TH LH™H O 2 .162°C (-259°F).
« X290 LNG7Zt II5eot 87| B 20 =255 4%, FH 2271 LNGe|
oo EL 7] 120 LNG ﬁmow 7|24 7F AL




LNG Carrier

» Which type of tanks in it?
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Cargo handling and fuel gas system

P4
@—p Engines
{LP gas — 6 bara)
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BOG liquefaction technology

Collection drum
- BOG
Coldbox

Refrigeration
cycle

LNG to Cargo Tanks

» Effective to treat continuous BOG

» To treat the BOG during LNG bunkering
» Considerable capacity: 40 ton/hr to treat 40 ton BOG for 1 hr
» Intermittent operation: 1 hr operation + 9 hr stop




LNG-fuelled ship propulsion

LNG-Fuelled
Ship
Propulsion




Regulation on fuel quality within emission control area (ECA)

Currently, the seas around Europe and the North America are ECAs.
« ECAs are expanding, ultimately all over the world.

Possible future ECAs EU proposal to
IMO (1/2011) to
ban heavy oil in
the Arctic

Coming ECAs — SOx & NOx:
Arctic Marine Shipping

North American Coasts — SOx from
15t August 2012 / NOx from 2016 Assessment 2009 called
for reductions in NO,

SO, and PM in the Arctic

Arctic Circle
Y‘ Current ECAs — the Not only ECAs —
re- Baltic Sea and North regional emission
Sea since 2006/2007 control
. Year Future Possible Scenarios for ECA
2015 Norwegian & Barents Seas
2016 Panama Canal
2018 Japan
Mediterranean & Malacca Straits
2020 (Singapore)
2022 China




Regulation on fuel quality within emission control area (ECA)

Regulations on emissions from ships, especially for SOx
 Stringent regulation on fuel quality
 Effective from 2015 for ECAs (emission control areas)
from 2020 or 2025 globally

Revised SOx control on
basis of fuel loaded
11.1.2020* 11.1.2025

e A

1.1.2012

| |

2016 NOXx
Tier 1l

Fuel oil
sulphur
limits

1.50%
1.00%

0.10%

* Depending on the outcome of a revi 1 oil ilability, to be
completed 2018, the 2020 date could be deferred to 2025

¥

LIFE MATTERS

MARPOL Annex VI Requirements - SOx




Impact of LNG fuelled propulsion

» World Energy Mix (BP Energy statistics 2011)
o 1%-
50/4- 1/ /o-HydI‘O

Renewable
Nuclear i

LNG = 9% of Gas or 2% of total

Shipping is consuming 3% of total world energy.
=>» 300-375 million tonnes, 250 billion US$/yr

= LNG-fuelled shipping will consume 1.5 times the current world LNG trade.
=» The world LNG consumption will increases to 250%.



LNG fuelled propulsion growing

* LNG fuelled propulsion: in service

Year Ship Name Ship Type Ship Owner Location Tank Engine Fuel Type Ships Note
2000 Glutra Car/pass. Ferry Fjord1l Norway 2x32m3 Mitsubish : LNG 1
2003 : Viking Energy Offshore Supply Eidesvik Norwaysea I 1x234m3 Wartsila LNG (DF) 1
2003 Stril Pioneer Offshore Supply :Simon Mokster: Norwaysea #1x234m3 Wartsila LNG (DF) 1
2006 i Bergens fjord Car/pass. Ferry Fjord1l Norway 2x123 m3 Rolls-Royce LNG il
2007 Fana fjord Car/pass. Ferry Fjord1 Norway 2x123 m3 Rolls-Royce LNG 1
2007 Raune fjord Car/pass. Ferry Fjord1l Norway 2x123m3 Rolls-Royce LNG il J:e
2007 : Stavanger fjord Car/pass. Ferry Fjord1l Norway 2x123 m3 Rolls-Royce LNG 1
2007 Mastra fjord Car/pass. Ferry Fjord1 Norway 2x123 m3 Rolls-Royce i LNG 1
2008 : Viking Queen Offshore Supply Eidesvik Norwaysea #2x234m3 Wartsila LNG (DF) 1
2008 Viking Lady Offshore Supply Eidesvik Norwaysea #2x234m3 Wartsila LNG (DF) 1
2009 Tidekongen Pass. Ferry Tide France 1x29m3 Mitsubish : LNG 2
2009 Barentshav Military Vessel Cl\cl)(;g:vgilaa:d Norway 1x234m3 Mitsubish LNG 2
2009 - RO-RO Sea Cargo AS Norway #2x216m3 f Rolls-Royce LNG 2 Bﬂ:’lgf;g
2010 Molde fjord Car/pass. Ferry Fjord1l Poland 1x125m3 Mitsubish LNG 4
- - Offshore Supply - Norway 1x210m3 Mitsubish LNG 1







