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SUMMARY

I. Title
Project No. 3 : Development of large scale LNG plant
II. Research Objectives
The objectives of this report are to draw reasonable sub-research projects of
the core technology project No. 3 and to plan detailed aims and contents of
research the projects.
III. Research Contents
* Analysis of the technologies trends related on the Project No. 3
- Survey of technologies on LNG

- Define of hints and key technology

+ Establishment of research objects, contents, and strategies

Planning of sub-research project objectives, contents and strategies

Proposal of embodiment strategies of sub-research projects related to the

test-bed application

Proposal of sub-research project contents and objectives with stages

Specified and quantitative the research objectives

Assessment of the research fund reliability

* Preparation of request for proposals
- Selection of sub-research projects
- Proposal of research objectives, strategies, methodologies, contents, and

applications



IV. Results

Project . - . R&D
Sub-project Objectives of each projects
name type
Development of |+ Development of FEED package of LNG
design plant Applic
technologies of |* Development of system control ation
LNG plant technology of LNG plant
Development of
construction . )
) * Development of construction Applic
The 3rd | technologies of ) )
technologies of LNG plant (test-bed) ation
CT.- LNG plant
Devel- (test-bed)
opment of : .
) i Development of | + Development of integrated operating
FEE SEAE] onstruction environment for LNG plant Appliq
LNG plant , . .
technologies for | * Development of Web-based maintenance ation
LNG plant management system
Devel ¢ of * Development of LNG storage tank with
EVELOPMENT O Jolume of 250,000 kI Applic
advanced tank o )
* Development of advanced monitoring ation
for LNG storage q
an

V. Application of the report

The application of this report are listed as follows:

- A reference for selection of principal investigator of the core technology

project

No. 3

- A reference for research management of the core technology project No. 3

- A roadmap of gas plant technology
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Instrument

Rotating Equipment (Gas Turbine and Compressor)
Static Equipment

Column and Vessel

Fire Fighting

Electrical Engineering

Pre-commissioning, operation & performance test

Sub-total of distance consulting for Benchmarking

*Heat exchanger design
=Gas Turbine, Compressor

= Distillation column design

= Fractionation column design

*Process design and engineering
= System Design, P&ID, Hydraulics

=Dispersion, Safety Design Philosophy
«Consequence Analsis, flare stack
*HAZOP, Hazard & Operability Study
*Process Safety Evaluation

= Fire protection design

«Fire safety calculation, Safety design

AlA-E
ARLIN &

= Control system engineering
= CFD{Computerizes Auids Dynamics) modeling,

= Multi-phase fluid simulation, Transient Liquid Analysis
* Dynamic simulation

*Project management L. *Discrete simulation of LNG storage capacity
= Contract management, Logistics « Transient liquid analysis
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D 71y 2o Hdgu|o] 2307 7t &AL - 1A Blgo] AL A
@ 7t2=Fo A AAtE 7FAE LNG ZREJA =535t A aAYd A4
H|-& st
® EHIT iy S7HE T AEAA 23
@ LNGF$A9 Hds 9 54 AXIJAIEY Ao 2 AxuE sg
© A AAAQ AFE FHAZ F8HE 7L
® 7lswgdy Asldn]e] ¥F3E LNGZZAE 47|70 T
<H]7}4 291>
A AAL] AA FHIALSFo] FrIetA HWA, AMgo] 7HHESE A8l A
7hzo tig Asx, 5 AYAZY Fdi7iA7E F71E Aolgte A A AT
d3t BAE A3 V1FAsg ey o2 AHA) SAAIE sk Aol
= Aol
<HAMA LNG EHE FQ ">
A A #HolAHEL LNG 8 7o tuls] i vldo] YAz o
H, 13 2-20] ZAI3F nie} o] m=F ExxonMobil< 2015 LNG 87} 39
8000Rt=71A] 7k Ao =2 osta sl
LNG Z¥E? o= 20043 1¥930007HE o4 2010 29]50005H=C 2
solual, dA7tE AAANA ZAAetE BlFEE 7%NA 11%2 Fobd Aol
20037 $150/TPA ZEAHE nH]Lo] 2008 o]|ZToe Ha ZEAE
EPC ®]-&o] thek $400~1200/TPAC.E o AHo] wi}, LNG SHE Ad F8
B2 vgS B, 20153 A7 102UolA A7 302 FEo o34
o} webA, Hg o g 20159 Aole A3k 20299 LNG ZHE #AAdu|go] &

Ad Ao A5 &

AT},



100 0= 1x=A

3000 35
2500 | 730 o
& 2000 | 125 g
S ©
b 1500 %JI
Al 115
& 1000 | "
| - 10 g
500 | 1s
0 0

P
2004 2010 2015
—— —— —

a9 22 AA7A, INGS LNG ZHEAL £8 o=

Feed Gas Condensate NGL
Ezgiﬁlt\iltlar;g/ Condensate :  NGL &P Refrigerant Vapor
Slug Catcher Stabilization | ; Recovery - System Recovery

H,S/CO, ~|—pp| Dehydration f—py Coanei\r?é > e —pl NG
Removal Ag Removal Rer?mval Liguefaction Storage
H,0, Ag ._....!...;.....: .
*Fractionation : LNG - Marine
= Refrig. Stor. Terminal F§C|I|_t|es
: : (Pipeline)
LPG LNG
Consumer Consumer

a2 23 AFPAHQ ING ZHEY FAHIEL
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19 25 Loopd pilot FA] - &2 [FP

<NGL 34>

aod dAvtes A7 diygosg ¥EH™, LNG SWHE 3444
2= olitgtera AAALN], 9 529 AALY], A, EFAE], Wuje] A
FH B dH FoE FAHT

AA7tx F AAHANAE BEEEZE CO2, H2S, 83 20|t} ol&
of AAE 7tE= WS o83t WEo| og o] FAE H&  (Heavier
Hydrocarbons, HC)& &8sty AL A& 7F27F £89 712y AR F
Z vgeln, o] ¥ staE FAL (162 T A%) ¥4 S B3t dgHh

A3tE HAZFE (LNG)= tH7Ist stollA & =0 Agea, ¥

Z} 37 oA
ToE FAL 7t AR A9, Z29 a9 Fee A7 29 v4e T
o 3gEd. Jdee dutdor vA] FAHo dstHEY. @I RS F=2
LPG (Liquefied Petroleum Gas)Z ZZHth ywzA o]F Ro ¢ FAL A&

o
A

Agh o] de) 7t 7HEY AFoE duEnh
EWE T/ a7 HAAAE FEHHEES 1) A

2) YujA (E =2 F71), 3) 7IEWA (&FH 2 2%

3718 d4E F49

AHe HE LNG EWHE oA 1) 438+ (Liquefaction)

517] (Heat exchanger technology) Z12]3l 3) Zglo]H e} =glo|He] F4
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21 A|7]1a, olatsletae b9 EFF (heating value)S Eojxzal HA
= 49 stolA P37 WEolt.
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AR A2 7t g2 A (35 F AAAel s AR FE F
Hk7} 2 (associated gas)”7} 3l H)l= NGL (natural gas liquids) FE|Z 3]F3l=
5780l XXk o NGLE 3FH= 497 oldyat= &d/3 4
S S3M doix BAL AES 7l2E LPG (C3 + C4) 59 a¥77kA AFEL

=2 AgE7|= 3.
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Z4zke] Aol mE =14, 7l v, dAAd Hlus & 5 3l
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71 A AAdS Brkste e 9T et Aok

7Fs/del B2 LNG Aol oyIA= aglsojop Ft}. oo we}
Heavy & Trim offolf 2 AALS AESH. ALE NGLS Refrigerant® 33
st=A19 o B7F NGL Extraction A¥] 9] Specificationd g3t 8.3k @40|t

HAZbs Agh Pzha) A3l FAHL2 LNG SHES o=z AE giyg ¢
Bdel & vy goldlz Aol Ao WulE AR Atz Wzha o
319 7]-& LNG ©9 AAFEF thH] A& 49 oyA|7t S F A= B 49
stqo g a2 F4HS A= Aotk

MN3}F (Liquefaction)> YHHE S Z LNG A ZHE Hu]lgd9 30 ~
40% A=E AAsIH, AA FH E& (efficiency) =X 8°]4 (operability), 21
E|A (reliability)s Z27A8st= FH 8ioth. FH AH gxo=z 1) WnsE &8
Al7171 $18F compressor ¢} 2) compressor driver 123 Wwjzte] dwdz 7}
29 Wz R3= 93 dugkrvh
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# 23 71¥9 U3 LNG SHE

Total Total Start Largest
. Process - % of market .
Licensor Technolo number Production roduction up train
9 | oftrains [MTPA] P date [MPTA]
PMR 53 107.5 88.1 1972 - 3.3
present
APCI
SMR 4 2.6 2.2 1970 0.65
Teal (dual
pressure 3 2.85 2.4 1972 0.95
Technip- SMR)
L'AirLiquid -
Classical 3 1.2 1.0 1964 0.4
cascade
Pritchard Prico (SMR) 3 3.6 3.0 1981 1.2
ConocoPhillips | Con LNG®Y 2 4.3 3.6 1969 — 3.0
P (Cascade) ’ ’ 1999 ’
Total 67 119.05 100 - -

3# 2.4 2004~20061d Atol] LNG EHE A4

LNG plant Countr Selected Process Largest Train Planned
Project y Technology (MPTA) Start Up
Atlantic LNG Train 4 | 'nnidad and 5.2 2006
Tobago
Egyptian LNG trains IDK U, ConocoPhillips 3.6/3/6 2005/
1/2 Egypt CoN LNGSM ’ 2006
Darwin LNG Australia 3.7 2005
Northwest Shelf Australia 4.2 2004
Expansion, train 4
RASGAS Expansion 2004-
. ’ Qatar 4.7
train 3 and 4 APCI PMR 2005
Damietta LNG Egypt 5.0 2004
Nigeria Plus, train 4 Nigeria 31 2005
and 5
Snohvit, Hammerfest Norway Statoil-Linde MFCP 4.3 2006
process
Sakhalin Russia Shell DMR 4.8

A5 LNG ZHE A|Fo2ZA, NZL 7|&EL vlX 4 (Barge) oy 44

(Ship)oll FHS AA3t7] ¢ste] &FE38t (miniaturization) 31 31t} Statoil



Linde®] MFCP #42 Ad<s &olstA &17] A3 niAd 9l dX== (Barge
mounted) o] HEFQ A2 7t o] Aol SlojA npAAde] &2
o] JFHQl 7|27} "t} Power®} Process heat 35S 9|38 aero derivative
gas turbines©] AF8-F|1l compressorZ+< electric drive compressors”} AF-&F T
Shell& ¥ LNG Z9E (FLNG)°|l DMR ¥4 =3t star At

LNG technology licensorE°] &84 THALE #AS Ze W& 4
Zt 8 FAAM aFH A= A5 (Compression)@ W7 ¢8 34HS &%
3l7] $13F Power 18]l F H3txFo] HEH= dugr|o Adz dA F A
ZhAte ol

Kenai plantE A&t Ao E& %7]¢ ZHE A= steam turbine

ol g}l

driven compressorgE AME-3IATH. A= combustion gas turbine (CGT)S Ywt

Aow AREStIL vt AR oAM= AW frame turbines ARE-SH = Wb
Hell i+ LM6000H Rolls Royce Trent?} #-2 aero derivative CGT7} 118
HolAa gtk ol9t yEol A% (flue stack) HE IF A|AES 0] 835}

steam turbineS TE3l= AE HIFH AR Qo)

Al Vel A8t Blazed aluminum plate fin heat exchangers
Mz Adgatgde=s Ao dHolal 9lth. BankollX ZHE 4 U=

A= PFHEx 334t golA] HEx=2E HAARE HAS=E 742 processing ZHE Y =
A Wz A AEHa ok

LNG EHE 44 (liquefaction processs A FA)o] A= AAYHAH

=3
i
-y
4
N
N

7k HStERES] EPC 4AY gL 7lsAto] whet om| Abdd] szl B¢
7F tiFE 02 Phillips® Optimized Cascade 7]&°¢]4 Statoil Linde® Mixed
Fluid Cascade (MFC®) 7]%¢ 79 EPC Contractor® 2Z}zt Bechtel#}
Linde/Aker2 Aajx A= ol

A APCI 34 71E2 t9 EPC contractoro] Al glolAl A7) H-of F
U, o] A% JGC/KBR¥} ChiyodaZ} @AgH 7F=2"o| ol & EPC FAY
71EAHE AA7E o8 e Aol



Other
3%

Bechtel
19%

JGC
5%

9%

ST . =z = = o hyA
LNG ZHEHY licensors FE contractorE A A &9 7 259
2.
— - . =
¥ 25 LNG ZHEY licensor®} ¥ contractor
. . Start . Liquefied Productivity
Location Client Year Train # process Contractor per train
Arzew —GL4Z ; Cascade Technip /
Algeria SONATRACH 1964 Train 1 Teal Pritchard 1.1
Kenai . . Cascade
US.A. Kenai LNG 1969 Train 1&2 Phillips Bechtel 1.3
Marsa al Train Bechtel
Buraygah 1970 1,2,3&4 APCESMR Snamprogetti 0.6 (0.75)
Skikda GL1-K
Algeria 1972 Train Teal-SMR Technip 0.9 (1.0)
(GL2-K SONATRACH
Expansion) 1981 Trainl Prico-SMR Kellog 1
(GL3-K 1982 Train 1&2 Prico-SMR Kellog 1
Expansion)
Lumut . Train 1,2,
Brunei Brunei LNG 1972 34&5 APCI-MCR JGC 1.3(1.1)
Das Island 1977 Train 1,2 . 1.2
Abu Dhabi ADGAS 1994 Train 3 APCEMCR | Chiyoda 2.5




1977 Train A,B Bechtel 1.6 (2.0)
1983 Train C,D Bechtel 1.6 (2.0)
Badak (Botang) 1989 Train E _ Chiyoda 2.6
Indonesia PERTAMINA 1993 Train F APCEMCR Chiyoda 2.6
1997 Train G Chiyoda 2.7
1999 Train H MW Kellog 3
Arun 1978 Tra!n 1,2,3 Bef:htel 1.5
Indonesia PERTAMINA 1983 Train 4,5 APCIMCR | Chiyoda 1.7
1986 Train 6 JGC 1.7
ﬁ'fgtg‘r’i;ia GL1-z 1978 Train Bechtel 1.5
. SONATRACH APCIMCR
(Z'?(pa”s'o" GL3- 1981 Train Kellog 15
Bintulu Malaysia LNG 1983 Train 2.7
Malaysia -
MLNG DUA Malaysia LNG | 1995 Train APCEMCR | JGC/Kellog 2.7
DUA
Karratha Austrailian 1989 Train 1,2,3 JGC/Kellog 2.5
NW Australia NW Shelf 2004 Train 4 APCEMCR | kaiser) 42
1996 Train 1,2 Chiyoda 2
1998 Train 3 APCFMCR | cChiyoda 2
2005 Debottlenecking Chiyoda/Technip 1
Quatar Gas -
Ras Laffan 2007 Tra!n 45 Chiyoda /
t 2009 Train 6 Techni
Qatar 2010 Train 7 echnip
1999 Train 1,2 jgggs 2.5
RASGAS 2004 Train 3 APCI-MCR Chivoda/S 4.7
2005 Train 4 vedaEna a7
1999 Train 1 Phillips 3
. . 2002 Train 2 Bechtel 3.3
Point Fortin . . Cascade
Trinidad Atlantic LNG 2003 Train 3 3.3
Under Construction Train 4
1999 Train 1,2 Technip-Snam 2.95
Eli"rg:?g's'a“d Bonny LNG 1999 Train 3 APCFMCR | KBR-JGC 2.95
9 2005 Train 4,5 (“TSKJ") 4
Qalhat . Chiyoda
Oman Oman LNG 2000 Train 1&2 APCI-MCR Fosterw heeler 3.3
Bintulu Malaysia LNG 2002 Train 1 3.8
Malaysia Tiga 2003 Train 2 APCEMCR | JGC-KBR 3.8
Damietta Spanish Eg yptian ;
Egypt Gas Company 2004 Train 1 APCIFMCR | JGC-KBR 5
Qalhat . . Chiyoda
Oman Qalhat LNG 2005 Train 1 APCI-MCR Fosterw heeler 3.3
Sakhalin Sakhalin 2007 Train 1 Shell — Chiyoda / 4.8
Russia Energy 2008 Train 2 DMR Toyo 4.8




A 8ok}t JGC/KBRY 5 WHRrs 1532 HY v 2o

LNG Train 182 LNG Train 182

Das Island Das Island
Abu Dhabi, URE Abu Dhabi, UAE
1976 1976

Train 485
Arun, Indonesia
1984

Nigeria LNG Project
Bm'|‘r_|y Island
igeria

LNG Plant
Trinidad & Tobago
1995

LNG Expansion
Das Island
Abu Dabi, UAE
1991

Abu Dabi, UAE
NG ™ S|

RasGas Expansion
Ras Laffan, Qatar
2000

Train 182
Qalhat, Oman
2000

Ras Laffan, Qatar
1997

LNG Train 3
Das Island | 1si&2nd LNG Plant

Badak LNG

Train 1,2,3
Debottlenecking
Ras Laffan, Qatar

(2005)

Train 4
Ras Laffan, Qatar
(2005)

Qalhat LNG Project
Qalhat, Oman
(2005)

Reliability
Enhancement
Bontan Ir;jurl:sia

Failities Project

Sakhalin Energy
LNG Project
Sakhalin, Russia

Train 3
Ras Laffan, Qatar
(2003)

U
51 RED PROJECTS = EPC by KBR/JGC rovrseors @
Ras Laff Sakhalin
tralia 4 Norway
ustralia O Snotve
4 Malaysid Tiga
< Nigeria 4-5
}_ Eg}{pt 5G4y 'I'angguh
o Atanigs o
2 Oman 3
3
Nigeria3
lantic 1
G
Bladak CDA NS 2 A hrgas 3
2 afiak E Badak F Qatargas 1-2
Badak A-B Arun1 P35 Arun 6
LyaiaBrUHEI 1-4 .. Y
® /| & bu Dhapi Arun 45 O Air cooled plant
1 Alaska-Kenai I Arzew
—7% Algeria-Skikda O Gas Turbine Driven
——— | Algeria-Skikda
A Steam Turbine Driven
Algeria-Camel D Elec Motor Driven
0
1960 1970 1980 1990 2000 2010

a9 28. A% 7]d KBRS LNG ZHE =+



Hoe 9527y =dHe 7e &

1=13
9 2FANE FEOIW, F WA P FOERE A&/ AANGL

T o] LNG SHE #d 7|s/d Alele AZEYAE 9 A47]1A 52 A
2 st a8z I GA19] LNG Z#3H
A2 AtGo] FHoda P&e FUolA LNG Sl7]A 2 AAa = Soly, 3

“
o= FH A3l FAHS A9t FH A AA(sub-contractor) F A F

= ZAE AFEe LNG A2 Hhs
FAH U= olF = FAZIA LNG A 2o digh

O dAgEA: el EPC FA M= v Z2HAE FAdS Hid)
NRem, AAE 7129 7S Dehydration 3302 glojar CO2, H2S F9 &
TES AASE FFo2 IitsldE 7]&(Open Technology)Z 7} t}.

@ d3tEd: Il A= A7 Aol g dd7le &4 A

Kl

71wl #g AFAZ o] glomn, EPC Z2AHE F3) HFo] MFsith. @A Ay
AQE FHo g F3PH a1 = LNG Auto A ¥ 3l= BOG (boil-off gas)2] A
Al A =Flo] TeNd Abdo]l FolA FHAE LNG ZHE &4 7]/ AL
goltt.

® AR ING A Aol = QA A, A% 2 9% 4
Al AA FHAdE AY 2 o]E ulgto g A AHQ yEAA SHL 2tE JA =
ot dejHes ofd tE ARAA AFol o|FlAA e} .

N L
AA F8TY FFHoR [t sf9] AF 26 oHwe A e ARt
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ZHE AHAG A 7FXAFE (value chain)’doll A 718 2 7|27,

'IQI_
Ae] Hope FEA 0|7t A ole] tig MH Hoo] AFHh A7 AM -
Auels dAlE WA AAAES GEE GHE B wAe, 548 947)%
(A7 &-AGARAY =59 F)2 FE sho] T2 o4l tel, 7| BA
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Equipment LNG Process Technology

and Cost Aspect C3MRB Cascade DMRB SMRB N2 Expansion

Rotating Precoolng  |GE-TEA 2GE-5C GE-TEA NIA GE-5C

Equiprment gas tubing | [ +efrgerator) {+helper) {+helper) (+helper)
Frecooling 4-gtage 2 3-stage J-stage N/A 4-stage
compressar | centnfugal centrfugal centrfugal centriugal
Liusfaction  |GE-TEA 2GE-5C GE-TEA 2GE-TEA GE-TEA
gas tubing | (+helper) {+helper) {+helper) (+helper)
Liuefaction  |Axial plus 2 stage |Ethylene 23 stage |Axial plus 2 stage |2 Axial plus single | Axial nitrogen
compressar |centifugal in centrifugal centrifugal in stage centrfugal | compressor

tandem Methane 124 stage |tandem in tanderm 3 expander
centrifugal COMpressor sets
Jcasings

Cryogenic Preconling Kettls Corg=in-ketil Spool-wound  |Plate-Fin Ketile

heat- gxchanger

gxchange Liugfaction  |Spool-wound | Core—in-kettls Spool-wound  |Plate-Fin Plate-Fin

equiprment gxchanger {Pate-Fin

Electical generation” nurmber

of 20-MW turbo-generation 20 3.0 3.0 3.0 3.0

Daily prodution per LNG Train

in tons/day excluding process margn 11.900.0 10.000.0 13,1000 11,3000 6,540.0

Train sfficiencies (%) 829 02 027 916 a0 4

Indexed CAPEX Corpanson 100.0 1190 116.0 970 850

Plant availability (sdia) 3400 3360 340.0 338.0 335.0

Annual Production

imllion metric tonsfyear, 2Trains) 79 6.6 87 74 43

Indexed specific costs [-) 100.0 143.0 105.0) 103.0 175.0
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F 28 AAVIEASZHE 20 AA/AHH 8 FF B oS (9d/9)

HATIAMSIEHE 22 AiA|/MH| 2002 2003 2004 2005 2010
Actuators 19 28.5 28.5 28.5 66.5
Cold Boxes 5415 5814  7039.5 9158 10,659
Cryogenic system components 2375 2403.5 2451] 3486.5 3562.5
Electric control units 19 28.5 57 47 76
Expanders 6764 7505 7714 8550 11,400
Fittings 19 28.5 28.5 38 66.5
Flanges and piping 95 114 142.5 161.5 190
Gauges 38 47.5 38 57 76
Heat exchangers/heat transfer technology 12,949 13,205 13,471 15,039 19,285




Hoses 133 161.5 199.5 247 323
Instrumentation 199.5 218.5 237.5 256.5 332.5
Insulation systems 1330 1444 1558 2622 3249
Metering/measurement systems 38 47.5 47.5 57 123.5
Pipe supports 114 123.5 152 180.5 266
Pressure vessels (Cryogenic) 693.5 950 741 912 1330
Pretreatment systems 256.5 294.5 351.5 361 418
Process components 627 655.5 826.5 893 1178
Refrigeration/Liguefaction systems 6707 7505 7657 9405 11,438
Safety equipment 4845 5434 5700, 6868.5 8645
Sensors, detectors, monitoring systems 123.5 142.5 133 152 209
Solvents, lubricants and other chemicals 104.5 114 123.5 152 190
Tanks (field—erected storage) 408.5 541.5 779 912 1168.5
Tubes/tubing 237.5 503.5 551 636.5 712.5
Turbines 4750 5054 5310.5 6849.5 8550
Valves (Cryogenic)/Regulations 133 142.5 1520 180.5 218.5
B
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LNG Storage Tank
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] ORV 8 180 ton/hr/unit

Vaporizer
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Co-generation Facility 3 9 MW /unit
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5,600 15 3 28.5 3 285 | reduction, Thailand, 2007
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Brazil by Praxair including
32,850 | 100 19 | 180.5 38 361 .

gas processing
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Including Gas storage,
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-AAAEAANE 2 A/ AAAY 50 50 100 R&D |H71gd| O
35 50 50 100 R&D |H71gd| O
A2 EHAEWE HERY 60 60| 120 R&D |t71d| O
27 770 730| 1,500| 5.00
349 HIZEME oike] FASZA - AlUEL 1(HEZENE FEFXHHA)
" of A& g FETE
T A% 294 [ [ aa ] @A | % | 8% | 54 [ReD
Ch HZEME BREZH(FL7]7))
1. Fo4u /22 A= 2 )
1.1 A ey
- NGL Fractionation 325 105 430 AA/zR| /5 | O
- BOG Compressor 458 193 450 643 1,101 24 /R&D| W/E | O
- Heater & Cooler 250 50 300 AA/ZR| H/F | O
12 AL AstF A
- Column, Vessel 288 63 351 AA/ZRE| F7 (0]
- Cold Box 688  263| 630| 893| 1,581 9]2k/R&D| W/Z | O
-Heat Exchanger 493 88 550 638 1,131 22/ R&D
-Cooler 263 88 351 AA/ER| d/s | O
-l Compressor & Driver 2,600] 1,400 3,500 4,900( 7,500 2H/R&D| W/E | O
-Miscellaneous 225 75 300 AA/ 2R S o]
13 Wil A= 1,500 500| 2,000 AA/z"| W/F | O
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2. A7 H
-Alo]dH] (DCS, PLC %) 338 13| 451 AA/ZR| W/F | O
FAZAZ 5 550 250( 800 AA/z-| F7 | O
3. vl & ¥](Pipe, Valves %)
SZA LW /LT WE 150 150 300 AAALA| d/F | O
ZALeg vlo]x 100 100{ 200 AAANLA| d/F | O
-7]€} 50 50 100 AAANLA| d/F | O
4. A7)0 317 106| 423 AA/zR| H/F | O
5. 2%, HVAC, R =% 316 106 422 AA/zR| H/F | O
6. Chemicals({d" %) 422 141 563 AA/ER| F71 | O
7. 71E}7)7]- A A, A P8 = 329 176| 505 AA/z-| H/F | O
27 9,662| 1,944| 5,130| 9,147| 18,809 62.7
% 410 HEEWHE o3ke] FAIZA - AU 1(8FA]FHH)
o o 2+ 3 IETE
- AR (284 | 3| A | FqA | % % | F4 |R&D
et AGAE
1LES3A
-7) B Z AR (R AL 57 57 EXZAH W19 | X
-EFAHI(E 7], HH 7] ) 56 56 EARZA | 719 | X
-?E%E—A}H (ZIZYE, = 7F) 237 237 EQFA o7 | X
4T Z AR (H-beam A2}, A3 5) 130 130 EAFA (A7 | X
%%%A]—H](PHC‘Q—%‘%, e 5) 105 105 EXTAH | 19| X
-ERFA(Z2AYE TZFAL 65 65 EARAZA | 719 | X
2.4 34t 564| 564 EAFTA| 7l | X
3.8 ZAH AW, HVAC, B, =3 140 140 280 FAMA | d/F | O
4.71 A4 2 FAt 564 564| 1,128 FAAH | ANk | o
5.8 A 420 420| 840 FAMA (dAAd | O
6.7 71 FA} 494 494| 988 FALA (dd | O
7. A7 4 8] FAL 450 450| 900 FAMA (dd | O
8.7 FAL 141 141 FAAA [ dAd | X
27 2,068 3,423| 5491| 183
% 411 HEEHE o2ke] AAZA - AlUE 2 1(A&3 & 7]el#a)
. of 2k & FETE
i A [oad o 9] a4 | % | 8% | ¥4 |reD
R
1A= FH] 250 250 500 FTREA | W7 | O
2484 200 200 400 FTAEA | g | O
3485 2 A5 riaE 100 100 200 TARAA | ANd | O
vk el 24 A RA A8 0
1.5 /A 1,000 700| 1,700 TARAA | Y | O
2FA RS 450 250 700 TR | ANY | O
3. 7t AAFAA A& 500 200 700 FREA (WG| O
27 2,500 1,700  4,200| 14.0
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i 413 HZREHE ik GATA - AU L 2(FTH)
S of 2h & 8
g5 28 4] 9|2k w3k 7 %
AANFHF & A 1,050 450 1,500 5.0
H2EWE REZY(F27]7) 15,235 1,389 5,130 3,574 18,809 62.7
AN F 3,102 2,389 5,491 18.3
A2 & ATMA & A H& 2,940 1,260 4,200 14.0
H2E=E &9 #A 2,500 500 3,000
A 24,827 1,389 5,130 8,173 33,000 100
% 414 HZEEWE o3k FAIZA - AU 2(F & A #A)
o2k 8 TETE
T - 5 :
AR (o34 [ o [ 9z [ @A | % 3% |34 [R&D
A R
1. HZEWERAHA 2 FH 2
L. A7
1.7124 7
- /A=A 224 9 320 R&D 71 O
ZQ7)7] AFFEY 69 29 98 R&D W71g o
244 A A 0 0
A load dHlolE 23 98 42 140 R&D W71y o
AN B T2/ A A DA 238 102 340 R&D W71d O
ER/AF/AE AA 197 85 282 R&D Wi71d o
3.8FAA @ AAWZA 0 0
-AAAEAANRE 2 A/ AAAY 70 30 100 R&D 71 O
AsAA 70 30 100 R&D W71g O
A2e A HAEHE HEAY 84 3 120 R&D W71g O
27 1,050 450 1,500 5.0
# 415 HEEHE oite] ZAZA - AUE L 2HEENE B2y ad)
o EREE FETE
- Ay [oad [ o [azx [ 34 | % 3% [ [R&D
o HZEWE RBEXH(FL7]7])
1. o488 /A A A= L v
11 A Adn]
- NGL Fractionation 322 108 430 A/ ZH /5 O
- BOG Compressor 863 13845073 F- 238 1,101 ]2/ R&D W /5 O
- Heater & Cooler 225 75 300 A/ ZE /5 O
12 22X A5344H
- Column, Vessel 263 88 351 A/ ZE F71 O
- Cold Box 1,185 1886304 39 1,581 ]2 /R&D /% O
- Heat Exchanger 1,068 6355074 - 63 1,131 2] 2F/R&D
- Cooler 263 88 351 AA/ZH /5 O
- vl Compressor & Driver 6,500 1,00035004% 1,000 7,500 2] 2H/R&D W /5 O
- Miscellaneous 225 75 300 AA/ZH F71 O
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1.3 Yo A Aey = 1,500 500 2,000 AAl/EZH W/E O
2742w 0
-Ae}4H) (DCS, PLC %) 338 113 451 A/ ZEH /S O
AZAZA] 5 600 200 800 2A/EH $71 O
3. v &) (Pipe, Valves %) 0
SZALW B /LT WH 225 75 300 QLG /5 O
ZAL g go|z 150 50 200 AAA LA N /S O
-71E} 75 25 100 AAANEA N /F O
4. A7) AN 317 106 423 A/ ZH /S O
5. 2% HVAC, He 5% 316 106 422 @741/&% /s O
6. Chemicals (W™ %) 422 141 563 dAA/zH F71 0
7. 7184717]-A HAA, A E A dHl 5| 378 127 505 AA/ZzH W/E O
27 15235 1,389 5130 3574 18809 62.7
3 416 HIZEHE o ike] GAIEA - AlvE]l L 2884 H-)
e o ahe g TETE
Az oo [an [az[aAa ] % | #% [54[ReD
gt @RAF
1LESZAL
71 B2 (A HkE A} 57 57 EATAFH7IYE X
-EFAM(E B, 9 $ ) ) 56 56 EATAA7IY X
FREFA(EIYE, BT 5) 237 237 EAFAUI7IY X
5 ~EEE A (H-beam A, A 130 130 BB 1Y X
-HEZAE|(PHC 2, 3 5) 105 105 EXAZAUI7IY X
-ERZFAR(ZYE TZFA 65 65 ERFAA71E X
2 AMTA 564 564 EAA U X
3490 FAH (A, HVAC, B&, =%) 210 70 280 44 W/F O
4.7 A4 X F A 846 282 1,128 AR W)Y O
5.0 B ZA} 630 210 840 422 W71 o
6.4 7] 5 A} 741 247 988 444 W71 o
7 A A 8] BAL 675 225 900 g4 d71Yd o
8.7} ZA} 141 141 TRAA W79 X
B 3,102 2,389 5491 183
417 B 2EWE dake] AT A - AYL 2(AH 2 7EEE)
ou o 23 5 TR
" 3% [29g [on [wa @A [ % | 3% [F4 [R&D
v A7
1.A]-& 2 Z ) 350 150 500 FAEA di/F O
R 280 120 400 444 d/s O
3AFE 9 QS siAE 140 60 200 344X W/F O
vk s A/ A28 A Al 8 0 0
1.5 AA 1,190 510 1,700 FAHEA v/F O
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2.GA RS 490 210 700 4482 d/F O
3.2804] J3}=2& 490 210 700 784
7l 2,940 1,260 4,200 14.0

k>

am oAb & FETE
. JR | 284 | 94 | WzE | FqA | % % |FA4 |R&D
AL HAEWE 2-9H] 2,500 500 3,000 R&D HI7I4| O
A 2,500 500 3,000

LNG Z#E EPC (engineering, procurement and construction) H|-& ¥
=1

Qupatge ot 2ok ol @ Algel tiE olslE BlaEWE AXu &g 7}

2) Escalation

- 20029l E 25% Q3 1 o]lFolEe 15% AEIFL, 2003
9~18% ©o]il, 20051 o]Foll= 11% o] Fo =, T A& F77F «dd
oh ol A2 20153 A Y HFE ASE o gE

- HRleEE, A Fart SUtsta ey A dedt g XYoo e
EPC gA19] #5, As7te] 3453 dudy], 457 59 AL gAY 75

S ot
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aa | 1

1/4 | 2/4 | 3/4

A=

Engineering
FEED (2124 )
HM2 A

Procurement
Main Equipment
Mechanical

Civil Works

Electrical/
Instrumentation
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1) 43} &=F : 100 TPD
_CH
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Q1
2
ko
2
-
z

7} 33 A FA| o] AF-H|
3 ANIA A/ LHI= E 513 Zo] F 488979inidoln AR EAF
359009 vk, WIZtRE5 A5 1,8579 Y, dE 11,1409 v olt}. 334 A
N REES F47I9 VIEeE AAsdd. Wk REse AA ATEY
266%5 AAsIRoH, A W FEm T AE 857% V=7 143%E 7|Fo=
sttt 2t AF-HA 9] Hge HAo JF W&ol wet o e iR ' OAHF
HIE AFEsto Aot
3 51 3 A A AF-FHAE o4k (G - k)
HZL
ANAA | HANE A F-2A Zhs 7
d5 | A&
31 LNG ZSHE HA 7% A 8200 | 360 | 2,159 | 10,719
HEF | 30 ING SHE 7A47]1% 7w 23,000 | 1,252 | 7,513 | 31,765
Lgijf 33 | LNG ZHE 9 2 §xX&7|& /AL | 2700 | 155 | 928 | 3,783
Ads)e | 34 ZUE% ING Ag9= 2A71e L | 2000 | 90 | 540 | 2630
7 35,900 | 1,857 | 11,140 | 48,897

52 33 4TA A3, WS e (B9 ke

5|

= 19 287 3 A
- s [ 23d = [ 33 s [4xpd e [53d s [expd =
78] 390 | 1611 | 7102 | 4708 | 1853 | 1390 | 17,053
sq | BWAEW | 277 | 1800 | 13221 | 8917 | 3323 | 1,091 | 28629
AE | g | o8 | 349 | 1190 | 70 | 512 | 326 | 3216
S | - i j : . ) 0
iz 765 | 3,760 | 21,513 | 14365 | 5687 | 2807 | 48897
. b 567 | 2847 | 15726 | 10515 | 4177 | 2068 | 35900
A
zg | ., |85 | 28 130 | 88 | 550 | 216 | 105 | 1857
" lEz ] 70 | 783 | 4959 [ 3300 | 1294 | 634 | 11,140
2 765 | 3760 | 21,513 | 14365 | 5687 | 2807 | 48897
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SEP EEE PR

1) 3-1 AlF2A A4

¥ 53 3- 1A F-FA MAEFGAE oA (T - ok
:1b4s
AIA | AR S Al F-ZHA| A5 - - Al
H= A=
ING =] 311 | FEED/7|¥, BAEA 7% AL | 5702 | 28 L711 | 7,698
E A7
= 7 3-1-2 34 A e A 2,498 75 449 3,022
A 8,200 360 2,160 | 10,720
3% 54 3 1MF-IA AxE, v E5E oS (T - k)
1A 2HA 3HA|
T A
1R [ 2219 |33 YE (439 % |59 % |6x}d =
A0 ol An] 357 1,156 996 852 632 632 4,625
ok | AHAIGH] 339 1,703 1,393 703 499 498 5,135
ZHH AT G 1] 68 169 167 216 169 169 959
AEAFGH] - - - - - - 0
SHA| 765 3,028 2 556 1,771 1,300 1,299 | 10,719
AHx 567 2,295 1,945 1,364 1,015 1,014 8,200
A
zg : =y 28 104 88 58 41 41 360
w7k
HE | 170 629 523 349 244 244 2,159
SHA| 765 3,028 2,556 1,771 1,300 1,300 10,719
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3t 55 3-1AMFTA AFINEH] YA (G - k)

T = <
ATL@HY AL,

o171 e (; i u'z) 4,625
71 (EH,AE,5H)

Z=H

Hl ol B ATE]
7IZA | 87 AlEE ol 1,700
- Aspen Plus 10copy

- Proll/Hysys 10copy

- Hysis Dynamis 3copy

- D-spice engineering 3copy
- Zycad 2copy

Rl - Aspenlcarus 2copy
FRAA DB 15/29
71} A A 2], A 8 H
A Elja% E(H%E,] &= % 9 5) i
TE Alo] ol olH
FEED #7]#] 47
= <Y
BSU(lkg/hr &) Al2~H]
71 | oMl F8H], V1B HETH, AFEEH T 521
& A 5,135
AT 0
R A, ATAEERE T 959
& A 10,719
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2
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Q1A TEAL A, 9,657
7Ned(EF AT, TR)
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4) 3-4 AFZA ATH|

¥ 5.12 3-4AFA] A AREZAE o (9] - 9TEe)
214
AN TA | AN RS AR - 7
A= A=
ER R Z2U-8% LNG A4 dA7E 7
2HEd | 54 e y ‘1 dA71E 1,400 60 360 | 1,820
LNG A% .
B3 A7
oy | 342 | LNG AAE I FuHs) e 600 30 180 810
71e 7
7 2,000 90 540 | 2,630
3£ 513 34AMFZA AxpE, v 5 o th o (9]« unk)
o 15 26 38 ”
- AR [ 29 E 339 [449E |54 E | 6ahd =
1714 0 388 212 261 249 172 1,283
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29
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srebarein | - i i i i i 0
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37 0 732 389 561 560 388 2,630
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% 61 LNG ZAE o Aul/RF/ /A0 37 A% F2} 201039 64 A

A8 ApA| /A8 2002 2003 2004 2005 2010
Actuators 19 28.5 28.5 28.5 66.5
Cold Boxes 5415 5814 | 7039.5 9158 | 10,659
Cryogenic system components 2375 | 2403.5 2451 | 3486.5 | 3562.5
Electric control units 19 28.5 57 47 76
Expanders 6764 7505 7714 8550 11,400
Fittings 19 28.5 28.5 38 66.5
Flanges and piping 95 114 1425 | 1615 190
Gauges 38 47.5 38 57 76

Heat exchangers /

heat transfer technology 12,949 13,205 | 13,471 | 15,039 | 19,285

Hoses 133 161.5 199.5 247 323
Instrumentation 199.5 218.5 237.5 256.5 332.5
Insulation systems 1330 1444 1558 2622 3249
Metering/measurement systems 38 47.5 47.5 57 123.5
Pipe supports 114 123.5 152 | 180.5 266
Pressure vessels (Cryogenic) 693.5 950 741 912 1330
Pretreatment systems 256.5 294.5 351.5 361 418
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Process components 627 655.5 826.5 893 1178
fyesf;f:ration/ Liquefaction uo7 | 7505 | 7657 | 0405 | 11,438
Safety equipment 4845 5434 5700 | 6868.5 8645
Sensors, monitoring systems 123.5 142.5 133 152 209
Lubricants and other chemicals 104.5 114 123.5 152 190
Tanks (field-erected storage) 408.5 541.5 779 912 | 1168.5
Tubes/tubing 237.5 503.5 551 | 636.5 712.5
Turbines 4750 5054 | 5310.5 | 6849.5 8550
Valves (Cryogenic)/Regulations 133 142.5 152 | 180.5 218.5
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