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Potential Gas Markets

[MloTeHUuManbHbIe PbIHKK CObLITA rasa

Market determined by product value & gas volume / cost
PbiHOK onpedersisiemcsi cmoumMocmbio ripodykma u obbemMom / ueHol 2a3a
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O61beMm rasa, MnH. cT. Ky6. pyToB

100 (Potential)
Xnakne yrnesogopoabl
50 Gas-to-Wire (noTeHuman)
(Electric Power)
25 Mpou3BoACTBO 3NMEKTPO3HEpr
Gas-to-Ammonia/Chemicals
10 NMpou3BoaCcTBO ammMuMaka u apyrux
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Distance from Market (km) PaccTosiHne g0 pbiHKa cObITa, KM

Source/ UcTtouHuk: Zeus Development Corporation KB R



Energy Density YpenbHas aHeprus

« Natural Gas/ lNpupoaHein rasz: 1,000 Btu/ft3

* Qil/ HedoTb:
« Coall Yroneb:

* Pipeline/ TpybonpoBoa;:

« Hydrates/ 'mgpaTbl:
 CNG/ cxaTbin ras:

* LNG/ CxXunxeHHbIN ras:

1,000,000 Btu/ft3
500,000 Btu/ft3

100,000 Btu/ft3
200,000 Btu/ft3
300,000 Btu/ft3
600,000 Btu/ft3

Btu/ft3 - ky0. pyT
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Conversion Efficiency Comparison

CpaBHeHue 3p(heKTUBHOCTU NnepepadoTKu

Typical Thermal

Option . Remarks
Bimam EffICIenCy, % MprmeyaHns
_ _ Tennosou Kl _
Plé)ellne >95% Includes compression
Tpy6onposoa Bkntoyas komnpumMupoBaHue
CNG 93+ Includes loading of natural gas to
CXaTbIf NPUPOIHbIA ra3 ships Bkntoyas norpysky rasa Ha cyaa
LNG 85 — 91 Includes losses during
CXPKEHHbI TPMPOGHLIA 133 transportation and regasification
Bkntoyasi noTepu npmn nepeBo3ke n perasvgukaunm
FT GTL 60 — 65 For fuels based GTL plants
Knpkve YB MepepaboTka Ha 3aBOAAX B XMOKOE TOMNMBO
Methanol 63 — 66
MeTaHon
Based on conversion of gas to
ower. Does not include
Gas to power 30 - 60 P _
3,1_,3Hepr,,,f transmission/other losses

MepepaboTka rasa B anekTpoaHepruio. Bes yyeta notepb Npu nepenade u T.1.

Thermal efficiency is the ratio of LHV of product and the LHV of feed
TennoBou Kl — oTHOWEeHMEe HU3LWIEN TeNSIOTBOPHOMN CNOCOOHOCTU NpoAyKTa

K HA3LWWEeWN TeNnNOTBOPHOM CMNOCOOHOCTU CbhIpbA KB FI



Typical Field Size

Texyuiue / THIIOBBIE 3anacel Ha M/p, JImana3oH
BapHaHT HepepaﬁoTKn MOIIIHOCTH YCTAaHOBOK, TPJIH. Kyﬁ- 3amacoB Ha Mlp,
rasa ThIC. T/CYT. dpyroB TPJIH. KY0. (pyTOB
Gas Utilization CurrentlT_yplcaI Fl_eld Field Size
Option Plant Sizes size Range
MTPD TCF TCF
Ammonia 2000 0.4 0.2 to 0.6
AMMMak
Methanol 3000 0.7 0.3to 2
MeTtaHon
6000
FT GTL (50,000 BPD) 3.1 1.5+
Kuakue YB
14630
LNG 5.5 3+
CIIT (4 MM TPA)

KBR



What is LNG? Y10 Takoe CIII?

 Liquefied natural gas (LNG)

— Natural gas cooled & condensed to liquid at -161°C
& atmospheric pressure

— Transported via ship
— Regasified at receiving terminal

« CXWXeHHbIn npupoaHbin ras (CIr)

— [NpnpogHbIN ras oxnaxgaeTca U KoHOEeHCUpyeTcs npu
Temniepatype -161°C n atmocdepHOM AaBrneHum

— [lepeBo3ntca cygamm
— [NpoxoguT perasndukaunto Ha NPUEMHOM TepMUHanNe

Photo: Courtesy of Malaysia LNG Tiga Sdn. Bhd.
doTo npepnocraBneHo 3aBogom CII «Tura», Manansusa KB R



Definition of Liquid Products

OnpepeneHue Xnaknx npoayKToB

96%

3% Ethane '

1%

0.1%

LPG - Liquid Petroleum Gas CHI — CxunxeHHbIn HedpTAHOM ras3
NGL — Natural Gas Liquids LLUPITY — lupokasn cppakumsa nerkmx
LNG - Liquid Natural Gas yrnesogoponos

CINI — CXMXeHHbIU NPUPOAHbLIU ras

KBR



The LNG Value Chain
[lponsBoacTBeHHO-cObITOBasA uenb ClIII

XpaHeHue Regasification )
Perasundukauunsn ﬂeKTpOCTaH ns
¢ Power Station




NIGERIA LNG SITE - early 1990°’s 3aBopg CII B Hurepumn — Hayano 1990-x rr.




NIGERIA LNG FACILITY _- Trains 1-5, 18 MTPA LNG _Capacity
3aBopg CIIN B Hurepum - TexHonornyeckue NMHUU 1-5,18 MnH. T. CINI B rop,




LING raclities Are Large
3aBoabl no npoussoactey Cl1I saHumaroT

oonbLyo nnotanb

1 TexHonorn4yeckas NIMH1A 3

aeT nnowaab, paBHyO Nnowaau 6-7 nonen Ans amepukaHckoro dpytéona

~~~~
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LNG facility plot area™ _mowans, pasHylo:
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amepukaHckoro ytbona



orage i1an Are Large
EmkocTu xpaHeHus CII' umeroT 60onbLive pasmepsbl

LNG tank

e
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. TexHonornyeckas IMHuUsA
LNG Train npoussoactea CIIIr
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Site Selection/ Beibop
NoLaaKu
Labor Rates/

CTtommocTb paboyen
CUnbI

Feedstock
Compositions/ CocTas
CbIpb$i

Specifications/
Cneundukaums

Plant Layout/
KoMmnoHoOBKa 3aBoaa

Schedule/ 'paduk paboT

LNG Train Capacity/
[1lpon3BoanNTENBLHOCTbL
TEXHOSIOMMYECKOU NMUHUU

crr

Type and Number of
Compressor Drivers/ Tun
N YUCNO NPUBOOOB
KOMMpPeCccopoB

Heating and Cooling
Medium/ TennoHocutenb
N XnagareHT

Process Technologies/
[lpnumeHAemble

TEeXHOJ1I0TU KBR



Slug Catcher/
YnoBurtenb
KOHAeHcaTa

Acid Gas
Removal/
OtneneHue
KMCAbIX
rasos

GAS

Acid Gas
Disposal/
YTunnsaums
KMCNbIX

3N1IeKTpO-
3Heprumn

Condensate
Stabilisation/
Crabunusauusa
KOHAeHcaTa

Local Domestic Gas Supply/ MecTHble NOCTaBKM rasa fisi 6bIToOBbIX HYXA

Other Trains/ lpoune TeXHONIOrMYECKNE JIMHUN

Local Gas Supply

MecTHble NOCTaBKU rasa

LNG

Dehydration
OcyLika
rasa

One “Train”

OpaHa nuHua

Fire Fighting/
POTUBONOXKaPHbIE
CUCTEMBbI

Fuel Gas System/
Cucrema
TONJIMBHOIO rasa

Drainage &
Effluent
Treating/
ApeHa)x n
O4YMCTKa
CTOKOB

Mercury
Removal/
YnaneHue

pTYTH

Process
Heating
Medium/

TexHonor.

TEenJIOHO-
CUTEJ1b

Nitrogen/

A3oT

C)xnxeHue

Closed
Loop
Cooling/
3aMKHyTas
cucrema
oxJ1aXKA-A

Fraction-
Ation/
PaspeneHue
Ha ppakummn

Refrig.
Storage/
Oxnaxa.

XpaHunuwe

Storage
& Loading/
XpaHeHue
M OTrpy3Ka
cnr

Flare
Systems/
dakesnbHbIe
CUCTEMBI

C3 Condensate
Storage
& Loading/

XpaHeHue
M OTrpy3kKa
KOHAEeHcaTa




Technical Issues

HSE

Site Evaluation
Feed and Product
Specifications
Plant capacity
Fuel composition
Integration with
Other LNG/LPG
Facilities Nearby

TexXHn4YeckKue
BONpPoOCHLI

[TpombILLIEHHaAsA
be3onacHOCTb U OXpaHa
OKpYyXarLleun cpeabl
OueHka nnowagku
TexHn4yeckne TpeboBaHUA
K CbIPbO 1 MPOAYKLUUN
MOLLHOCTb YCTaHOBKMU
CocTtaB Tonnuea

MNHTerpaumna c apyrumm
o0beKTamMn NPOM3BOACTBA
CHI / CIT,
PACMONOXEHHbIMU

MNoOSIN30CTU
KBR



rojec JCHOBBbLI NMpPoOeKTa
Fundamentals npounssoactsea CIIIr

Pre-treatment Processes TexHoNorum NoAroToBKU

+ Feed Gas * Cocras
Composition CbIpbEeBOro ra3a

- Acid Gas Removal « OTneneHue
KUCHNbIX ra3os

* Sulphur Recovery o

° Dehydration YNCTKa OT Cepbl

» Mercury Removal . gcymka
. Product 4MCcTKa OT PTYTH

Specifications » TexHuuyeckue
TpeboBaHUA K

npoayKunn

KBR



Liquefaction Processes Mpouecc cxuKeHUs

ypical Block Flow Diagram  Tunosas 6nok-cxema

TOIIJINBO
FUEL
C2 T T C4 By PRODUCT
GASOLINE/
HYDROCARBON NONYTHBIN
FRACTIONATION/ TOIIVIMBO
PA3JIEJIEHUE _]]_P_Q_Zp’KT FUEL
YIJIEBOAOPOAOB HA| BEH3UH
®PAKIINU
NATURAL T l & l & l o
GAS
COZ & st DEHYDRATION & CHILLING NITROGEN OFFSITE LNG
ﬂ REMOVAL/ | ocvuxan OXJIAXKE LIQUEFACTION]  resECTION/ LG STORAGE/XP
OUYHNCTKA OUYHUCTKA OT C KNXKXEHUE OYUCTKA OT AHU-JIAIIE
OT CO, U H,S PTYTHU HUE A3OTA CIIr CIIT
MecTopoxaeHue

rasa

SYSTEM/ SYSTEM/

CUCTEMA CUCTEMA

KBR



Liquefaction

TexHonormyeckuun
npoLuecc CXMXeHUs

Process

Cooling of gas to -161°C using
mechanical refrigeration

Three main types of liquefaction
cycles

— Cascade, mixed refrigerant
and expansion cycles

Key process differences

— Number of refrigerant system
circuits

— Type of refrigerant(s)
— Type of exchanger(s)
Key equipment issues

— Compressor and driver, type
and size

OxnaxpneHue rasa oo -161°C ¢
NOMOLLIbIO MEXaHNYECKNX
CUCTEM OXNa)aeHus

Tpl/l OCHOBHbIX TUMa LNKITOB
CKUMXKEeHUA

— KackagHbin, co
CMEeLUaHHbIM XflagareHTom
N pacLUNPUTESNbHbIN

OCHOBHbIE pa3nnyus B
TEXHOMOrM4YeckoM npouecce

— Yuncno KOHTYPOB CUCTEMBI
oxnaxaeHus

— Twvnbl xNnapgareHTta
(xnagareHToB)

— Twnbl TENNOOOMEHHMKA
(TennoobMeHHUKOB)

OcHoBHble dhakTopbl BbibOpa
obopyanoBaHus

— Komnpeccop v npusog, tvn

N MOLWHOCTb ‘ KBR



Liquefaction

TexHonoruun

Technolo

« Single Mixed
Refrigerant (SMR)

* Dual Mixed
Refrigerant (DMR)

 Propane Pre-
cooled Mixed
Refrigerant
(C3MR)

« Cascade
* Nitrogen
« AP-X

. AP-X

CXKNXKEeHUA

« OQHOKOHTYpPHOE

oxrlaxgeHue cMeLlaHHbIM
xnagareHTomMm (SMR)

 [OBYXKOHTYpHOE

oxslaxaeHvue cMelaHHbIM
xnagareHtom (DMR)

« OxnaxpgeHue cMellaHHbIM

XfagareHToMm c
npepoxnaxaeHuem
nponaHom (C3MR)

« KackagHoe oxnaxaeHue
« OxnaxpeHue c

ncnosfib3oBaHMeMmM a3oTa

KBR



Liquefaction TexHonornu

Technologies CXWUXKeHuSA
Trains % Capacity %

« APCI C3/MR 63 78 (7) 143.9 80.5 (30.8)
« APCI APX (5) (39)
* Phillips Cascade 7 9 (2) 23.2 13.0 (6.4)
- TEAL Cascade 3 4 1.1 0.6
- PRICO 3 4 3.6 2.0
« TEALARC 3 4 2.9 1.6
* Shell C3/MR 1 1 (1) 4.2 23 (4.2)
 Shell DMR (2) (9.6)
« Statoil / Linde MFC (1) (4.3)
 Axens Liquefin
« BHP N2
TOTAL/ BCEIO 80 100 (18) 178.9 100.0 (80.2)

KBR



LNG Contractors One'T noapaaumkos no

NPOEKTUPOBAHUIO, NOCTABKE U

EPC Experience crpoutensctBy 3aBogos CMI

Trains % Capacity %
« KBR & JGC 36 45 (5) 87.8 49.1
 KBR (Kellogg Brown & Root) 30 38 (5) 79.8 446
- JGC 26 33 (9) 72.8 40.7
« Bechtel 24 30 (2) 48.4 271
« Chiyoda 16 20 (9) 41.3 23.1
* Technip 11 14 (9) 219 12.2
* Snamprogetti 9 11 (2) 29.9 16.7
 Pritchard 6 8 4.7 2.6
* Procon 3 6 6.5 3.6
* Foster Wheeler 3 4 (1) 9.9 9.5
* Linde 0 0 (1) 0.0 0.0
» Tecnicas Reunidas 1 1 5.0 2.8

Alone and in Joint Venture ( ) under construction | K B R



Liquefaction MoLLHOCTb 3aBOOB

CKNXKEHUNA Ta3a

‘ ‘ ‘ Egypt SEGAS 1
I e e e e L R LLLL DLt Locssssosg Atlantic4- - - !
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APCIl C3MR Process/ TexHonorus

LNG

& <} cnr
—

Feed C3 Pre-Cooling/
MpepoxnaxaeHue
o m nponaHo M B
CbipbeBoM «_
ras 1
I é
Mixed Refrigerant
CMeLlaHHbIN XnagareHTt |

KBR



AP-X" Process

LNG
I cnr
\_ )
Nitrogen
_____ Expander
—>q-, A30THbIN
Feed C3 PreCooling/ AeTaHpep
Mpepoxnaxa.
CbipbeBOW fporanon - _
ras sk
?
e
Mixed
Refrigerant I—r
CmMellaHHbIN
XnapareHTt

KBR



Theoretical Knaccu4yecKomn KacKaaHom

CUCtTémMbl

Classical Cascade

o

thylene
!z 5%1.4 Ba -100 C
TUnNeH

Methane

Natural Gas
NMpupoaHbIN ras
1.05 Bar\

-155C

LNG
1.05 Bar cnr

KBR



PRICO SMR Process

: : Treated Feed Gas
High Pressure Refrigerant/
XnapareHT BbICOKOro AaBrneHust OymLEeHHbIN

Low Pressure CbipbeBOM ra3s

S

Refrigerant
XnapareHT

HU3KOro
AaBJl1eHuns

.
Condenser/
KoHpeHcaTop
= g
(| Sepavator ]} Fractionation/
PpakLMOHNPOBAHUE
: LNG to Storage/

efrigerant "

Com s?'essor \) CNI" B xpanunuuwe ‘ KBR

Komnpeccop xnaaoareHTta



Mixed Fluid Cascade

CMeuWwaHHbIM XUOKUM

Process XJagareHTom

Natural

Gas P

Mpupoatr bin 4
ras
[ ] . O

i =] K—

[ ]

£ M ‘
[— | :

[ ] O O
we | [ &

cnr N

KBR



Axens DMR [Mpouecc DMR

Process KOMNnaHuun Axens
OuumLyeH. TREATED |:|
cbipbeB. ras | FEED GAS
&
11 . ‘ .
| e -
| \
. ;% PRE-COOLING
() | | I'IPEJII!IISDVIT.
| I OXNAXOEHUE
| L CMELL. XITAOAFEHTOM
J Fq---- [ [
FRACTIONATION He — — — = |
N e LIQUEFACTION MR
NG G CKWKEHUE
Xpanunuwe Cr CMELWWAHHBIM

XNAOATEHTOM ‘ KBR



Equipment Bbi6op

Selection obopvaoBaHuUsA

Equipment selection  Bbibop n Heobxoaumas

and desired MOLLIHOCTb

capacity are the obopynoBaHus

primary factors for onpenenstoT BbIOOP
pProcess technology TEXHOJIOMM4YeCcKoro

selection for any npouecca Al

particu|ar LNG Ka>KOoro KOHKpeTHOoro
project. NnpoekTa
CTpOUTENLCTBA
3aBoaa CI1I.

KBR



OcHOBHOE

Major Equipment

« Compressor Drivers * [1lpuBoabl

» Refrigerant KOMMpeccopoB
Compressors « Komnpeccopbl
N Exchangers XJagareHrta

e TennooOMeHHUKN

KBR
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