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SUMMARY

I. Title
Project No. 2 : Development of high efficient LNG process technology
II. Research Objectives
The objectives of this report are to draw reasonable sub-research projects of
the core technology project No. 2 and to plan detailed aims and contents of
research the projects.
III. Research Contents
* Analysis of the technologies trends related on the Project No. 2
- 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 LNG liquefaction
high efficient

ING process and cycle optimization Appli
liquefacti * Research on property of refrigerant cation
iquefaction
a and natural gas

process

Development of | * Development of integrated NGL

2 CT- )
pretreatment process Appli
Developm . g :
technologies of | * Development of inhibitor technology of |cation
ent of .
natural gas gas hydrate generation
high
efficient Development of
LNG heat exchanger

* Development of plate-fin type heat Appli
process for LNG . : :
exchanger for LNG liquefaction process |cation

technology |liquefaction

process

Development of

compressor for | ¢ Development of compressor for LNG

. . Appli
LNG liquefaction process _
cation
liquefaction
process

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. 2

- A reference for research management of the core technology project No. 2

- A roadmap of gas plant technology



o

Al

i

or

- — = N <H O O

o
2

7. A HA Ao

SR PERE

2%

Ko
v

10
12
14

(3) /\]_tﬁla-jq_xﬂﬂ_g (?iy;ﬂ/\é

1) AF-=2A T4

16
17
17
17
20

23

23

=0
=

X

%

23

25
7

(1) Zﬂ?ﬂﬂ-.’: @;‘qaﬂ%

[0

)
=8
fuze]

wK

Ay

27



) A

(B) AL MBFA T] L woevereeesseessres 35

(4) U QATFE ZHEE TFF e s 50

T} 7]£400 T SRS i s 51
(1) S A] QBB F AT T] G cveeeereerenerserse et 51

(2) FUN THHFSZE B AT oo 55

3. /q]l?_jq_xﬂgq 23 9 LH_g. ................................................................... 61
Fh AELITFA] Q] JEAT vt s 61
Ub, AJELTA . EE ED LB e 61
1) AIAFEZLA] : T8-S LNG ZAHT]E TNHEE e 61

@) A2ARZA : HATFZ R F]E TP s 66

(3) ABHFEZA : LNG ZHE Q7] FPE s 70

(4) A4 BTA] : LNG ZHE §FE 7] TPHE v 74

Th AJBELTIR] A TEA] oorrevssmeesssesessssssssssss s 77
(1) FAETF 71 B] QG rovvrrmrrrrrmsssssssiss s 77

2) NEQTY] FHuA-AA TG HFOF HEAT oo )

(B) BB TE AT et 33

. ATFET T R T e s 107
1) A4 D AEDAE AHEE, ATRIE AT e, 107

(2) /\éjl]_%}}_ﬂ_ ;(]u }éxé Equ g_; _i-.xé Ho]"?-uj ............................................... 110

4. 28 ﬁ_—rLu] ........................................................................................ 113
7} 2B A TA] €] G TLH] crvriniiiiii i s 113
L}, AR IFA] Q] GITLH] i s 114
(1) 2-1 AFETEA] QITEH] soorreessseems st 114

(2) 2-2 AFETEA] QITEH] soeveeesseems s s 116

(3) 2-3 AFETEA] QITHH] revveesseeesssssriss s s 118

(4) 2-4 AFETEA] QITEH] soorreerssensssiess s 120

5. 7=/ a3 2 ’%]34'%% HEOF cereeeeeeeiientiiniiitiicntiininesienieennne 123
b AE A, AAEA, 71 F, ADA TP E T e 123



123
126
126
127
127
131
131
132
141
164

Ho]'?_].'

o

o
AR A 5=

=

(1) /\‘|_§;].7§zﬂzj' 1—4_% ;5'_37/]_
=1

7}. z‘_;ll]/]\:]’j,]_xﬂ REP ZFAJ 7] T8 veeeveerneeneesntesittnit i
L. A A RFP(
tF. Al F-2A] REP(

6. /M F-AA RFP &
2. 847

...167

2
il7
]

.ZU



* 2

147

=

[l

2
2
2

i 13 A

)
It

11
16
17
18

6Hﬂ 4 U T

gl

[—— N - ——

140 7}

3
oh

—_—

14 A

-
It

19
20

T

=

ARTA 74

140 7}

e

[l

1.5 A

-
It

Ho

2%

.05
27

937]_5*: 100_'4m3)
.38

al

2z
vl

¥ 22 AAA INGFeAY (29 :

)
It

44

45
46
50
51
58
59
59

714 TP A SWOT AT covereemeiiii

el
I[N

2%

A

61
63

A7)

il

[l
24

o] 8 LNG 2
2.11 2004~2006% AFo]l9] LNG 2
212 AR2MAAA FHH I 7]

=

3.1 A2 A A AF-HA T4

2.9 Cold Box & U
210 7]
2.13 A28 A 1} A

3__}‘_
3__}‘_
3__}‘_
3__}‘_
3__}‘_
3__}‘_



67
67
68
71
w71
73

=)

64

75
75
77
78
78
79
80
81
.82

=)

A9 A7)

A9 A7)

A2 A7)
A7} A k] FHy

=]

T

=]

T

=]

T

A7 AoE % FAHS
e

zte] B 2EH

Aol HZEMW|
o A7 e % FAHL == A

o A7 e % FAHL == A

thH] A1A
thH] A24]
thH] A3A

ER S

Al
A
A
A
A

T}
T}
I} %
T}
T}
}%
T}
g
g
g

=]

T

B
B
n
n
B
B
n

|=]
\=]
\=]
\=]
\=]
\=]
|=]

1A
34

314 AEADAS ] Fo 9

3.11 A4A)
3.15 AFA 7]
3.16 AFA 7]
3.17 AFA 7]

3.4 A1A
3.5 A2A4
3.6 A2A4
3.7 A2A
3.8 A3A
3.18 7]

33 A

3__}‘_
3__}‘_
3__}‘_
3__}‘_
3__}‘_
3__}‘_
3__}‘_
3__}‘_
3__}‘_
3__}‘_
3__}‘_

85

- 86
o)
109
109
110
111

=W/ =) -

TH

=
) .

-
It

2379 wA
239 wA
279 ©A
239 wA

3.21 A1 A
3.22 A2 A
3.23 A3 A
3.24 A4 A

3__}‘_
3__}‘_
3__}‘_
3__}‘_

112

&

Lo

np

A AA

—_—

112
113
114

(=l /=r9])) 112

ATA] AR IIA) woevveeeeeeensssssnnne

3N
SH

=R (2

=

114

)

—_—



)

=< R =< B~ R << R < < I - I = I - I - S - = ¢

]

]

]

]

B

333 AHAR A oA ¢ LN (V& FFS A9 Jsauf A5 114

41 23 A TR ARIAE A (TS HTEL]) o 115
42 2H A A AR, B EEH o AP G (T9] ¢ M TEYD) e 116
43 2-1M|F-A] AAFEGAE o aF (Y] 0 BTE) e 116
4.4 2- 1A FEIA AP, v EE o ARG 0 MR e, 117
45 2-1A R TA AT NI AT A (G 0 BRE) e 117
4.6 22M| F-A] AAFEGAE oAb (TS 0 MTEY) e 118
4.7 22/ 5 A AP, v EE o AP (T MR e, 119
4.8 2241 R A] AT NI AT A (G 0 BRE) e 119
4.9 2-3A1FTHA] A (T 1 HIEEQD) oo 120
410 2-3A1 - A AR, HlEE o AP (Y ¢ HTER) 120
411 2-3A1 A A RER] AP A (G ¢ HEE) e 121
412 2-4 AFEFHA] A (9] ¢ HIEEQD) e 122
413 2-4AF- I A AR, Bl E ¥ o AP (Y] ¢ M TER) 122
414 2-4AF-I A A RER] AP A (G 0 HEE) e 123
51 ABZAES £QFE Fo Au/RE/ AN B G FR}

2010 ¢] oq] A} ;1] ................................................................................................ 127
6.1 xﬂZﬁ_l'J/]\:]’jl]_xﬂ REP  coooreeeeeeemmmsreeetii i 134
6.2 xﬂZﬁ_l'J/]\:]’jL].xﬂq ,q])%y,]_zﬂ %’-E'_HJ'?} (1 ~ 5;]<:-] ;3'_1;._) ........................................ 171
6.3 xﬂzf_ﬂ'}/ﬁ]’jq_xﬂg /{.]]_1_:[1457/]_}]] %ﬁ_{l\_o (1“’3;](5] 21_1;._) ........................................ 171



H KM

N

S U U
I | RS\ | R N | N R |

H

[ Y
I o o A o o R o P o\ o\ D R o\ |\ S

N

N

o
ot ot

aY A

1.1 AA7LA A3 A A] AZA7LA Y B FAT AH] e 1
1.2 A2 ATIA] 7] 7PEE] HIF e 3
13 %I%Q LNG ZHER ].tﬁ g_g ﬂ_‘__‘,:o]: zloq/\]_gq] ......................................... 4
1.4 EPC FA RIS} 7] SALY] QT QAT o 13
15 LNG ZHE FEED X} e 14
1.6 SNAVTIATF AFB QA A orreevsseressssessssssesssssssssisssssssss s 15
17 YR TET} ZFE O rrrrrrresssssssnssscssssssssssssssssssssss s 20
1.8 AAZ)E N EE ] i 727
1.9 AA] ATFEIEE] i s 73
21 ING ZWE EPC H|E& HE Z20] s 77
22 AA7F2A, LNGEF LNG ZHEAA F8 o= v 28
23 A Z Q] LNG ZHEQ FAHTE I, coerverremms 29
24 Lab. TFE A F A 0] ZFEEID oo 32
25 Loopf‘é pilot FER] - SEEFZS JEP creereeeeeesenesesesete s 32
26 2|2 AA ] TPTA Q] Sequence e 36
2.7 ABIAFOIZ F]E FPUIE e 41
2.8 AP-X FA T DMR EA  creeereerrmersmemmieisietiesie s 43
29 W LNG £B1&3}F (2005, AHLA G A SA], AFGAFQEL) vy 52
210 C3MR F JH BFIE ceorererereeeee 54
211 CBMR FAL HATFA TEL e 55
212 C3MR FAL] C3 Wrl] TE I oo 56
213 C3MR FA L] WH] T E T oo 56
214 AX EPC 7193 W71 2po] AAE B A s 60
31 ATHET A Q] 712 /MEFE T 0] i 66
32 ATAETA Q] ATFFE T H] oo 66



[ e '
I o A o Ao o N R\ o D o PR o\ PR AR R R |\ S

A
ot o

3.3
3.4
3.5
3.6
3.7
3.8
3.9

3.11
3.12
3.13
3.14
3.15
3.16
3.17
3.18

51
52

A2 BT A 2] Z] S NI R T H] o 70
A2 ETFA] ©] A THEL T T cevvrerereeessensesissss st 70
A3 D A ETFA 0] 7] P EF R T 74
A3 D A EIFA 0] AJTFE T HL v 74
MET1S TEETFA] o 84
FEZZQZ HE LNG FA7]|E FOFY Y X] e 89
EFHGE 2 S8 E FTEZFQ FA v 90
271 EF o] AZA S @ AIF BFHE e, 91
22 QT7}e] F]ET R FR s 91
ZQFT}0] TS AT Z20] e 94
HA72A AT BE 7T E BA e, 103
AT 7]E EF Y BE e, 104
HATF2: BFTA 7)SBE BA s 105
HATF2: BFTZAHESG] BE e 106
7L AFTE B 7]EBE A o 107
HAT}2A BEAE HAHES] BE v, 108
AAD TFZ2T B BE coveeeeeeeee 126
Z3 Weizhoud @] LNG plant F7 e, 132



1. AHA Ha

7h A A Aol B WA
1) A FAA L Ao
AANF7IEATNEAG AN AR AE AHdE FAAE FAstE FF
HAE ousir, 2 ARddeA A2 HATA = LNG ZHES] 4Rk HA
7k AAY 9 AT AFE T4 dWALRE st o
ol# g WFoAM AFHHIA = AL FG AtolE=
R EFY A T8I HAVEE QAN oy A B 223 F
A= 224 AA F olE&e sty dAVtE FAHTAHS AN
2 Aeojdd
olzlgt A2 HAA= BH7 &
W, 43 Alo]FY A& 2 dFe A= 4 VIANE dudr] 3 Y <
=7 =ks ES 29
A7k QFZWHE ARkl T4 742 28" 1104 Hol= utet
ol A, Az, A dAE AANA HW, AHHAANM = AA YA}
HolF Aol g AF/NES Sttt A2 A HA AN AAHE T 712 Ho
= A3 FA oA F=3P5t= HAEWME 2 48 ZHE scale -up FEED 43
o Fag 7|NS AFgh

o
[

HOJIA HA2| HOA mg}

Add Gas . D;lll?idl‘ihon . Heavies I. Lic |||~" ‘Hon
Removal e“'“’ Removal

U °|IILI0IEI

a9 1.1 A7k A5 Aatol A AG7EA e B FAI AH|



A2 ABA AN F 110 HEF mle} o] rEfE Roke AXYTH
ol A 72~ sto]=# o] E(gas hydrate) ¢ A 719} NGL(natural gas liquids) 34 %
A AA7=S 7]]13;6‘}14_

3 A0E PR 1R A FHL AVSHE WES LIV B AT
48 FANE 94 AR A1 PEIE AL 0T

# 1.1 ARFYAIGA] AFH

3l A A 7] & B o} A ¢
- & F LNG ZHE H33 1789 A

A7l M3} Alo|Z FA T TR

- LNG £ ES] 7|2 53 AA =A

(Basic Process design package)

18& LNG ZHE | o .
7B AA 7 & _ iiﬁ R A R wE
3
- Cold Box AA 2 A& 7]& (100 £/Y)
+ HZ2EHEZ= HE 2 5MTPA # LNG
ZHE _9_ A 4] )\474])
1EE - 7k stolEdolE A WAYS A
LNG = ol 7|ZE Adx] dg DB
E 3471 LNG ZHE dHg |- 7t= st=dgolE A AAZIY 2 7AE
7N 7= sl Alsol 8714

- LNG 93 7dAA wAlst= NGL 34
g Ajol& T ATAALH

A du 2A ]/xﬂZJ( (plate-fin A§ 2}, ?ﬂ’é} X—qu% )

7 - T HESST] R
(=71 &8, 7144 &4, =g 42
WY )




() ¥
HA S -3, +d 53 98 LNG, GTL 53 22 LNG ZHE

A=A AT ole] HrE gate] B A, N&A FAS FAs ok
LNG ZAE 949 2 S47)% 4518 Agd A H2de 3

=
4w 9ol Feage] AT WSlol AFw A A - S}, v 53 2l
¥

il

ol2d LNG ZHEAIY ] lolA F& 7|z By 2 #4
of &z FAY AXNE HAH ZHEE %
AES] Y5 S, 1§ SUA IS FuE 9T e 2 AY Pors)
7} A3 B3 Ao

HZole 1/}, duA R By Soz sty Y, F

oz Age] FYsm o, o] FLNYE A 3]

A2l ATAe] WAL 20139 olF AVALH AAe] 7}

Lo

Value Creator

a9 1.2 A2 AFA 7sEe HA>



- FRGA: 334, 61 (2008-2013
1974 (2008-2009): &4 7%
S

A2 A A o] G824 F

~—"

29HA] (2010-2011):
ATEAANA SHE Q47]ess EWHE A2AAAY 7 es FH

shedl d#FS JFske] LNG 34 5345 S Rt A

i, ol
N

N

v

of

ot

oX,

ofr

fot

22

39Al (2012-2013): LNG ¥4 2% % Sx7]& g1

AGAl Y FHE FH7]&S 7o 2 LNG 349 HAEHE A=
o]
=

R EA7e2 SAste @A

3) A FA FPe] B

AA 2919l LNG F9d=d FHutz2Ax = AlA 199 ING A=< <
o] A E HES & Jart At

AR 1970dthHE A3 A7FA (LNG)E 7|2 A Poez 939
T F7FAo] Ao M Y BT A YPS vR o R ING ZHE Fofo| dH

Watar, A Wi AAY Y ZIdEe] SRE AA /AR /A4

Tokell Fofste] dAS] ING #¥ EHE AMA 7] HAgdte] n59S
=3

. o

&=

—_—

N
o
N

Lo
2

]_

o3
o
ol
Kl
32

SIS HE A [LNG Engineering
EPC Chiyoda Corp.
Toyo Engeneering
/ JGC Corp.
ﬁ?_*,k:}'g-EJgF LNG Tanks |Pipelines |LNG Vaporizers Cryogenic Heat Exchanger
2T/ E/2H| | 1shii Iron Works Nippon Steel Sumitomo_Precision Kobe Steel
Toyo Kanetsu JFE Holdings —
Sumitomo Meta LNG Pumps
Insulation Nikkiso
Meisei Industrial

I8 13 4EO LNG ZHEAY 92 FHFof oAl

I3 LNG ZHEE A 7)< HA7FA AAy 2 A7)ES 98 %



AYAt BP0 wasty Utk W] odY HAE hF TR A4A)

71 AtElZE flen, s Al Fele] Aol Ay, FAAA A2A
W W a4 Qo] 2ol

9] AlgelA fEvEre] ERE AU G/ Add 7ol FAHeta Ae

W =27 (nutcracker) &S FEF7] Y e LNG SHES} 2 9 AFY

Ropol  HAFAH7IEH o]  HXAEW| E(test-bed) 4%, FEED(front-end

engineering design) 58 FRE T3l 7|& AAHES FH37] A FH7IH

T, 2std FE ol Ve Ao FXo] E e st
3 A
5)

A2 A HA = LNG FHE T4 7IEAE 2t 1/ 7eid S53=
st Aok ZBIFHHAAASG (8, EEFAE e VBIHAA HNA)H
ZAZEnET| e} 22 dHardn e HA/AR VES METoE A3 4
Ao T Ex2 LNG ZHE EPC 32 93 7HS A Fste T3 7]
<ol

S, FAHES Ndshe SHol ofd, 979 J|EAIZHE £ license
2 FHE AAV|E MEws Ysd, ”7154 e ﬂxl o8 A 24L& gH3}

R JEE

J

A A AFHARJ] A5 FA AR ?<ﬂ3 6“*‘4?%]?1 =9
o] A WEEA] F Qg Algholtt

LNG AsZWHE= oA A Aol AFstia, FF LNG A A
Z A, o]l (license)7t SR EZA] S AH A LNG ZHE EPC A9 =
S AHHo R FE o go] EAgTH

M3 ZRAM A ZAE ‘F%O] Sl 5‘3—7]1% 7& (open art

T
o)
-\
"
o
N

%1047} %3] Xﬂff}ﬂ% of ]E]' i 1.2°ﬂl‘1: 5H94 LNG /\]%}
ASE ASwe Z2AAE 7HAA AAY, 71 5 e
LNG EHE EPC A9 wietA] A3l tiAst=s =
o =229l AsFAHL JfEste] o]F gho] Al X(license)d e TGN
dostH, o5 st Al HsteA s HAle] ago] st
A2 A TA o] FF T B} v Aol g HwE £ 1.29



1.2 A2 A A F

3
ar

_ —_— e T of wm  ®h X B
ok o " T X X0 N TH ~
T "oy < % = R ) = o o
= T N Ho o B W g K
= =K To N T N o To! T o7
+ Mo W N & I
v Gl gl I T - G
m = Gell = R T oz oy mj ~ dr e . el B
R BE o, @ g TAHAY b gRT
— m_-ﬁ_.n_an) ﬁ_ﬂ% | m " ﬂﬂ@.@.%@i ﬁﬁﬂﬂ%
) — N ™ o = = —_— N ~ = T i =
N _— BORR o X B W oo xr N X ol — %0
W oo P T |Fawmedox S RS
o) K] N = N S i N A o o
. g oo 22 5 gm e PR _Sent _Kxe o®
Y N o — o ~ 4 N D
R & §hwxn E8 R Qe A s TR ®
B N ZT " X s % K KV NS :.L T __LmE TN RN HT_ ol ,A_.# R \:, .
—_—T = ’ : : . . i of W »
U Tl 100 = =y = iy = = X <o M
BT~ BO ~a A Lol
_ 1:.& O X o % e — N ~ N ™ - ﬂ«ﬂ/
qT N ) N iz ™ =~ 2 of B No oW oy
e <R & N N ®oyw T2
i X m X N N X W= S <
PG wooa o @ T Woo & ow B
é.e e = —_ X B of
| — uz U = B M_o na B ~ ot | M <R = N =
G f W £ =T mr W ~3 %o Hu N ooy B S Ham
Tl o W E o
Fae ST gl k PR B w5
wm A S S8 qim | — oS —_ e - N o &
3 > oF o < o N T N <° o N p
c 95N = X T =~ ~ ol x o 3 o
g =F W ke B R~ g W ~ _
LRl B S 5 N A S ¢
3w R B o] T N T BE N o M oor < N ® N BN
HT_ s © s &H xH = ~
T = o K = K X o’
_:_I " e KO E-L a‘_ =




Hojg @=A1719, =7F 71 g o AA] =W 719

K

stz ehol

oN
ol

171 913

I Zo] E8

°

ole} o] 7w NEH} ole HAAYSE YA AFHE S}

& s SAd B3

147

zal

= EdE v+

o

7] &

Ho
)

b ot
- OiE, 287714 SAEARIR) ING, GTLE e

ol 7192 7]&A

7hs

Hlo

Ep

3t =

184, FAEA, Algiok 2o Wdo] o+

A

il

fel Ak el M

[

Ho

AN AFAY SA4A)

PN
=

=357

of At BA/
- Chiyoda (Z}H):

g

—

2=
=

H], LNG 1An] 247

A A 2471 e =4

- JOGMEC (&A): GTL 7N 7 AA]

S|

=
[}

- JGC (@ #)): Biomass, DME

GH

i
o

3

d

ol A Ae] A

A

s ko) oA A



Z1eAF, AHERE 2 A 2

- AU CIH= A 718, AA, 29, AlE, +9/F
FHoZ 275 «= HOlHY

- FE FAMNES wiASHE L TIsAAE &
EPC 7]/ #AHoA 7EH oz & Sl gls

- 7o AN BATVIE NES Foke AXARe
TE Aes A A%y =72 289 davt Sle

7es



& (A8aE 2% o) AA7tE d5F
g elH, Aol AEsE % AAHYVIed dudr] g 4571 NE
1

300 GAFA AT BE 2 AP ZEES R

HASER Al 5= %
- WE&F LNG ZHE At vmse ddrie A3
Abel g N
- 7123 AAA (Basic Process Design =- Basic Design)
H&F LNG =3 | 3712 A=
Ed Age = .
- S =i E o] 2= vk
g =R AW NGL 35 2 AFdA 7= N2

- 7k stolEd o E A oAl 7% A

AAdEEs HA7E A3 712 dHolH, plate 49 dudr], &
Fdrl =71, NGL 3=7ls 3 ATdAZIs, sEAAETY, =42 (cold
A

box) pilot FHA, Bl2EME A3 dolg Fo|th

o A2 TA F L7 AT
- NURABEE 5% T
- AR 8 10% A7



5 Mt/ya LNG H43}+4 scale-up = d

Ad7s AHTH

99.9% ©]73)

)

!
oy
N

(& 995% ©l%, 718 &

Ho
i+

A

NGL 3]

Tl
ol
o
o

]_

T

©
S

(plate) ®

E
vl AL 7

Mach No 0.85 ©]

#l o]
=7] 10% Az

FAEFA QA

3T

=
=

N

A]

FA RS A

<

o A&

Al (Basic Process

AAEHH} NGL 3)+F

Z} scale-up 7|

R LN

=]

PN
T

o

T—

bl

I H o] H

°
pal

[

RS

|

S
Aaid

A o]

H & Z s #A o A3 Ert
7 pilot plant 427

)

kel
=

A2 A shAe] AT 7|7

lod 3EAZE Yo
Design -2 Basic Design)

_(ﬂ



olo

N
"K
22

8 =

1.4 A2 A7) 9] @A

-
It

)

T L

A5 3g Abd

- 7]

o dezw 44 His

O

Ho
o

golll
o}

o

[N

;OU
<

0

i

pa—

0

o
B
B

-‘ﬂ

Hlo

- Yo, LNG

dlolg A&

F 7%

<]

- FEED 7}
- 7t~
- 7k

=

A AYS

E

gl ©]

-

sto]

sto]

‘mo

Tk
xr
i)

s
B
B

| SAZA ZAF 2 HZF A

7

F=

(e}
H

xr
o
Ho
o
Bl

- Cold Box

o

A=

ol
=

- AbolE A 7171 AA

2=
=

7}

o

]

A 271
3

=i
=

=i
=

- A2 A3} A}o]F pilot scale AS

- Plate A7)
- 4=7] A=

AN

27|
Hr

)

PN
=

]

|4

1A

7

A 7] A (Basic Design Package, BDP)




- FREAATAE AL
- NGL 3|4

s
=
- Pilot scale A=

- G g =7 BReTle
- HZEHE J3A 9 A=
- ] B 457 Aes)

(3) At A £}o] AAA
o 3 Al FA) o} AAA

a9 149 =AIE nRe} o] y|EH o2 LNG ZWE EPC Azl &
FAZRE AA 9 - B3 LFAS AT won, o)lF EYE HAg 7]
=5 AAsH I

T3 3 VAR RH AA VIEES vtReE T HAE 9% Heat &
Material Balance®} #& A A5 E A&, PFD, P&ID, A3+ Heat &
Material Balance 2}, =8 7]17]9] Load sheet, Driver 417, Heating /Cooling

Medium A4 25 AA SHE 24 AdS FYoh

JISAI} AXILINIS/HAARE AT 18

HI284 A1 DL
23
IS SRS SPAR
N S
XI384 AL TERI
SHE i/ Hi29y a1 kul M3 alkul
ddJIENE DIEBE L AL

(8,224 85)

ENSgn)| B2
JlEXA

SHHSES




NaHA &
Z o, H#He 7=zl W
Design (FEED)°] 3] ®t}. 2 A8 3 43" FEED+= AA| %< Z2AE 213
o A& S7MYIH, FASFES =Y g
EPC ¥oko] Sy 2l ARIP7FA] ALY &Eok2 F45a ok

wetA FEEDOIA s x= JFE olslste Zo] ZHE 24 7|« e
o] e Ads Totslr] #1g E 8409, FEED package 84 9 A|ZAx=

a9 1594 Bt

Engine=ring
Design Package

sHA, A HAA G FH7EA AAdEE, dAYY dFasst 59
A AT/AFE Zta on, AFIFS Y5 Ve FHME A~FH BE
st, AA7IAAZA BHE 2] HAHs 2 38§, vy AAVEZA vtola
2 Qg 7|6k AHE dug Fx, AL i@ @ Pz wjx 3 WS #
HdS z2ta ot



Stv TS AE Efs TA, WY = 223 Ay, 281 LNG A
M A= oY .&é’:%ﬂl st AAHA AFTE FYPs=E A Q.
]213 EPC 7]&9 4=S YsiA Bl 2EW =d 3+ EPCE 33t= 3
e EPC 71&Wa ol A 349 45 FAse BPoz, AEE 3
T ARG A 9FE o of AP AN oY s FeAA GgE o
¥k AA AAZo] A7 3 AT oW A§L s, AFHOE LNG 4
Aol oW GF MRS FAD 5 Aok
F34 T QARAe} HAENE ZeAEe] Y88 45 AN 2
Y 16914 el Atk ING 2o} 71 gaA £aL danE ars 2 3
of 719 7 ARNY FAL BH FF A, A77Ee] D5 ol
HIBAA 1 HIS O A 1202 HIFH A 2HIS IHHI test Bea 2120
T — : T BlAsHE 38 38 80 A5
Ellg] Al AR 24 S8lE AeF dolg £FH
z=Q 3—.“’.%! H|e| S AF =& | 28 #3171 HE
HATEA Fala] AAH 14 IEREEE
ZdlE A3 - FEED, 21243, AAMlE3] e HE AH/AEH U 2HE2}
HSi=dieE 3 244 =2 . HIAEH|E 28 2 SX| 5
-SA7|F, LNG ®IZ AL, ol4X| AR S i 373 okMeF | A A At
=4 32 € Al ).il’é'
OFH, 48k EX, ﬁ?é Ef%!,ﬂl’éh Hof, i S +
HIZo A J19 =00 IS Okl
2-1-2. ING/ANIAIAE 24 A7 9 o @ 7 , HI2 S St
2-2-2. Z}ASH0|ER|0| E MAHT U AF|7|2 2| i
2-2-1. BHEABY A7,
HIA JUD 22 IS 0HH
. SEH o & A 4 2-3, 2-4 F8 A Hv] A+
SHEAIZlE AR 2-1. 2|2 3- &
O3 LNG M &3 AA7| 2 | 2-1. 4 158 23 A=g A7
Jeng BR 22diole
a9 1.6 AAGATT T AAA
o A ATA e 74
1) AlF-2A 77
%" 14004 dAISH AxYoly/AdAe] FF W8S 7Ivte =z, ARz
AL QY NG XA Weld Axd, g, 9471718 hges g



15

22!
ol

i
A

A7k AAE 7 A

- AAF- A
- ARA A

|

- A3AMF-2A): LNG

- A4AMF-ZA): LNG 3

el

A28l A TA ] A RHAE H

%

I, HZEWE 3o

S

H4g 53

oh =g m)

°

7_:1' o] A

A1 A BA A )

T

A=

[

b 9

uebA A1 A Q] ZRt7|E 3 A3 A Q] A/

NeRAAEL gu

To-

o]
0

]

)

Br
"BI

—

)
X

o
=

1.5 A2 A A AF-A T4

-
It

ol | ut! a) a3
m f Mo | Ho Ho Ho Ho
B || W 0w W W
COR: i i i)
el
=
o
o | = %
M Mo i
%0 _ el
| Mo K = =
Mo .104 —_—
_ |7 A ~ ~
® | & |+ ~ | — i~
| _ B = ™ L
H;l =K X \_ﬂv_ﬁ ol
= | . a'a} R £l
Jal e A =
< 70 O Ll 30
= | M alyl o} ojo
X ~ T
e R I = T
Mﬂf NG = | e
w|oEk ol | oo =
= 9| 3 |
Hi et o 2 u_/r
2|2 g|y| 2|8
= ~ O 3
63 3 3 3 =
(- = - N B N s R = S
| oo G O O
3 3 3 T 3




(¢

e ARFAES 133 AE ZHE E 169 &

1
=3

ING 2AL A5/ 37 AlolZe] i@ Mm PZ
o ANE=ZY A HA3 34 (EGM; Entropy
Generation Minimization ¥+ exergy 3l4)

- FEED 7} 24, 249 B4/3%

° LNG vl ## zgtel og @93 Ato]2 A7
o 7k stol=d o] E A wiAYUE FH/ N

c Atz B, Bt 5 BAY ™A
- AFH D A AA/ AL 27

ol
I

~—

I

D 1
o o
ol

|

,ﬂ
> | o

° LNG 43} Afo]2 H A3} AA(HH
> Cold box €& 34

o HAZEE, WA, £t T B A
° T,r_zﬂﬂ-a—ﬂ 7H al-

e

=)

i)
—

N
N

=
o
-+
o,
QO
]
=
e
ofo
X
i3
N
i
X
ofo
o,
N
N

- LNG 93 34, dusty], 4=7] 5
c H|ZEHWE dAA A= HE A" X

°5 MTPAR, 5 Mt/y 7}2ZHE H3iAatolE
(EFR] && 2% °|)

o FEAAZTH AL V&

« NGL 31* 2 534 2837

o ZHO|E dudr] H83 7

o A7}~ oﬂﬁ} =7 83
- Mach No. 0.85 o]4}

)

PN
=
7

LA

5

4




Al

-

T

HEA 253} thi 55
e, g4 ZIAAE o

=4

Aoz A ATAN A BY & =
ol

Ly

d o]

LNG AX 2 &4z

T

T

SEE IS REE

)

A

A Al

=

B
oy
03
63 wo 3
Jlo
2\ = Wr =
W el g e <
. = @ B
o L IO I = s
o 70 AL I 70 oo of Ar ax
,._A.Uﬂo ThS N OL m_x ﬂ_—lﬂ
B o o N L | B A
R RN 5D E | e
I ! Ry 9N |
ol N i 3 Mg W 5o
Eo T o) To ﬂ_u _ T B .AT.C
o T B~ T | o ol
T N T N Koo | N i wol oA
- ~ T S T T T
. _N/u ML Ho Mo N @ N <N | WR
ﬂ;l ﬂwn = \9 1 1 1 1 1 1 1 1 1
S o
[n7e) N
o oy mO P o
R ow 4= | o Nlo =
No = .@. ﬁm 7o NE nr
—_ e T
oy N ) X ‘_IIH X0 ‘.ﬂvyl
O M ™ x N+ (ril < oo
o oWy X J < R <
‘ﬁl Mu_.n_u 1_,A_|1_ ;HIA,VI o o o
N R
X o %0 e olo
NI SO ) - o
X = gl X - = = cy
) o X N
TR g N
2%




B/

8
Ho
Ho

w7
N

2] v}

Ho

Jvl% R FEED A %5

)

Z9)o] SINTEF, NTNU, "|=¢ GTI &

) .
S I

AALE /- AL WA (

A

ol

, AA 3 7]

FIT

ksl
pul

- AR 2ASh S5

- LNG&4 7]

Ho

- AAvts A

o

s

sfel 71a

ks

=l

qe A

o

ﬁo

G

Gl

| =

~ | T

1mr ﬂA_l..m_vXX

il _iHT_uwr&r Gl
L] T £ -
lab o Tyl |00 ylan| |
d;]écﬂmoﬂﬂafﬂf ﬂo X
A po || 2| || T
B | R 2| By b Ky 2R |2
N | R ol | T | T |7 (e | | 7 | R | Ho | o
% TR T E || 70| T
N|=| o |elelno/nn Q||
NN A= Rl S IS I RS S I D I
[ L) | ||| 0N ]| \O .
W S| © |B|6|S|s|8| NIxD
= 2| © |2|e2|e|ee|e|S|f
LR i

P ik

N B —~
RPN g

S5 < EEE 2w

W E 8 |m| &l 1:”.,
— Y S | Y0 X4 |0

N2 .S 2=~ —= o
w5l E 852 DTS
= £ |2 ﬂLmO.._UYmmem
Sl =T - L=t g A A e
s E (RS |T T Bzl
5 =2 vl §IXISIHITIZIEIR
T © |DlA ™ MRTIE ST
%Ll SN TR IN-RE SR - N R




-the] ol A A

k]
_\‘l_‘
ofr

ARARRA  FEa

AR Ak 94 A BEo] 2HE QT
AR Heh AR 28

&g e =
7Fe A PR E = il
pakt A AANZE jle 7

-HE AT scoped] E &

-5 o =Sy Ne)

AN A LAY 2T BA| S 25 Sﬁiuﬂi

A —

FaAe W3 98 A A HAPAE A FTol WE
A2 &A1

de AkMY st

Ak 7% Aol d AFH o9 A BHES AP HE

%
- A9Hown A5l Asd N1E 34 AE L AT $F A

*Process design and engineering -Heat exchanger design

! . =Gas Turbine, Compressor
System Design, P&D, Hydraulics -Distillation column design

= Fractionation column design

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

= Fire protection design

= Fire safety calculation, Safety design

Q.

AR

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

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

*Discrete simulation of LNG storage capacity

* Transient liquid analysis

* Project management
= Contract management, Logistics




- Process

- Dynamic simulation

- System engineering

- Process Safety

- Process Control

- Instrument

- Heat Exchanger

- 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

cHzEWE H§ W PF

)
e
i)
2
il
o
)
i
=2
32
2
of
o))
rf
o~
re
-
=
i
-
-
o
2
D)
a2
N
i
=
i
oX

3

ar

=
197 247, 24 A8 $39 24 B AWIAY A
Asta, Wrl, LNG 59 4 s
A3 FHL UL o]

23 Aa=ss ASHAIGA A AA A

i
ot
N
e
o>

AN
Fo
i
R
1o,
2
x

>
>,

0,
o o©
ki
e
ro
i)
ke
r
e



S~

AE HRE I

1EHA| 2k 3CHA| ACHA|

1:1th55| s | A | 4:1th55| 5:-':}',—35' 6?:|-l,—jE| 7:1th35| BIH—jil

R EE Ay - ------{------ m=mmmm e e it St === HYSE
D08 20095 20104 20114 20124 20134 20144 20154 2016
6 T AEEF A _
Feedback -HEE NG EH
Eol HEE 18
2 HHMA Aol
. ﬁl% . Scaleup 4 ARO|S P
_T’___‘é'__% x.igj’fi gg Az =2 _7| = -lfl;t“
S d TR "_
(basic process
UEZE Z2 Y Pilot plart design or basic
=EE SRS _
design) TH7| A H|
- =H2 wzfto| =
- WA B

Feed gas =4 24

=)

/DB =

—EHAZECE
7h=B10|S2I0|E Ha 7| = o7y e
T EEA | SENASEAE j -NGL 2| 8§ AlS
-agAuE A2 Ly3) @AI71= 2h
HAHTL F < b=y 7H"' e
7|§ 7H%" d B}

HE AR D3 HA
- - Pilet HEI|H H A
NGL HU\M MGL & ==2% MGEL F =D HE/IH
A Ec'r g2 27 |~ 34 28 e H plant | —— (8 EE A2 S
| I LNG ZWE o |
A layout 7H e

IO
w27 Cold box
o 27/ -xFe gng|
— = = AT OE R A
LNG BUE @ EHEy  -EesAoUEER a=o | SasaAn {plate type) Hgr
& S5EA oenE
ug| e Taza g4
|REY =5 @.
Scale up
MHE = Hal M
HE7 e B HAH 7=
=
-=ZEE =0
7he
LNG EHE & nt
=7 N
28E
s EHEH EE A

%(3) :syam o

a8 1.8 AAZ s 2=

204 237e 19AGA E2E APE EYE 38 MAAY

a =

Rl

14 =53 37 pilot plant 24 2 HAHES F3td T87=Y Hes B7s
=4k8t T e, ¥HAT AE3E 93 7L stol=dolE AAlE



43 NGL g o] /s a3

a9 19 A A z=R



2. T - 9 AFAE, 7

194,750
427,500

125,200
127,100

2609Hx3A &
2009Hx2A1 4

e o] 4o}
I =

S

JGC~Kellog

2 2 t8}s

T R W W Ao TR T N i
A - T P v R of — Uy = d?ﬁ
g X e Rm NoT K 2 o —~ 0T
o P T W w = R ) Ho B fo % 1N o
S o O M = <o U © o %o LA
N 1o Z, T ) O palll o
/N\ﬁHLwE Ewny SR o’ L
T e T E g WRE

m o (- oF — ‘DF mu o ZTM(«@

do M T ° o T o B ® g% g &+
= S TR R T B T

=& s N 7 o Y ™ B <)
ooxEY n_®mEixex 2 D%
ﬂ,mﬁ%urm?% o W _ & - 4 SRy ~
ny N " T B T - o " I EHN
B2 o W T T TR B o =

O~ B s oo 4N T o mooo o0 o z
- R PR i+
Pl eTd 4 EuwEP5EL - T
o B 1 <+ ., oR —

,:1_ E._,._ 1__/| or ﬂ._ — O_ —_ ,.:L EO ° J:NO ‘OIL 7/ 1~./|
O % S T N N 5% r = -~
7, O s Hi <) = o W.l o Wl o B N N
= o8 LEFZLERNZ = o i i

— —_—

Mﬁ _ﬂm =) M_ﬂ ol ~ ﬁ.e wﬂ o Mm m wj mﬁ ME Njo W o

ROy W@ ~ < w0 x = T
G T = NG = SRS =g a y
M D g g XS ¥ v Ny P S . T g
- G@1ﬂﬁ_am%g%a5% " g
NI IS Z o N T U %%l@kaﬁm = 5
< H S « g Rox Z o s ox )
P LSy g PR AT RE Ry W

- « — = 0 T

KT 242 Lo rgERTUTaT g9
" T o e ~O S B . 9 G ~ oo o m
wmoo T o & o @ T TRl e 7o =
o T o NS Jo Mook SR
= ©TOHSW T T o g o TR o <
v I = SR T O S I < MRS S B S A

19924
1993.5




1995.8 E R A=A R R 7}l = 200+ 5,700 285,000
JGC~Kellog

1996.1 Technip~Snamprog | Yol A&l | 500 139,000 194,750
etti

1996.3 JGC~Kellog 7}l = 2509Hx2A1 4 9,500 190,000
A atstE a8~ o

2uk 3 =

1996.6 ) Foster- Wheoler 5 350%Hx2A1 4 9,500 144,400

1997.6 JGC~Kellog 7}el = 2507+ 3,800 152,000

1999.8 JGC~KBR T o)A o} | FAFAL 3,800

2000.1 JGC~KBR 2 o] Ko} | 380%F 133,537 356,250
2] Q SL3L Zﬂ 29~

0014 | JEHEHEA Fbet= 235927 & 5700 | 121,600
Snamprogetti

20014 | JGC~KBR s =9 nomong 9872 | 235,600

2001.12 | JGC~Kellog o] HE 250%kx2A1 4 9,120 182,400
JGC~Kellog

2002.3 Techn1p~8namprog 1’]’ ] ]E]O]' 200‘3_]'><27ﬂ§ 9,500 95,000
etti
=2 9 3l 3 A A~

2002.3 Sﬂlampmgegﬁ <7 | Flet= 2359kx2A1 4 5,462 114,950
PR R e R I <

]_
2003.1 3 Foster-Wheoler 7l = 3304} 4,655 138,700
<HFBAA 7HE s AAYo] B ot Z2AE u]8-9 A (2005611~)>

SO 20039 4~5%, 2004%

2, FF A&HHd ST o%lﬂﬂu}

wg7], <t

==
:‘1‘]'6‘

dAey k=
o 184 Baw 2
o xﬂ =z}

%%% 0] 20023 el =

o

N
?3 A

Ao Z 4
ol

e, Wl
F AAYoje} EPC FA|e
= SOl

=]
T =

S=E=

H =z
==

25% R 1 ol|AHo= 1.5%
18%/\)\_1_ 2005]’ﬂ O]?Oﬂl& 11% O]}E}g

A

-

, A



AvHoz, a9 214 =AE ve} Zo] 20037 $150/TPA

H|-&0] 20053 $275/TPA o] o2 A5dar
EPC H|-go] th2F $400~1200/TPAL.Z o AE T}

120

20081 o] o=

=

o =

= =
1 L

Specific Capital Cost,
[% based on $tpa LNG]

20

1966

B Capital Cost
—®-Train Capacity

1978 1985

1993 1995
ELHG MLNG NW3 HNLMG

Ra=
Gas

1% 21 LNG 3 E

(2) LNG
<ZHAA LNG

=4
Saxn

E JAANA

i}

>

Oil & Gas Journal (2002)] »

2~ 0 =

LNG T8+
201037} A =

20023 9] 2.4~3.54] 9|
A LA G 9] LNG

g Aoz Awsta un.

A

o~

(e}

wk T
S e

1933

1933

2000 20035

o

[
Train Capacity, [MTPA]

L2

2007

OLMG OLMG GLNG Segas Ggas

EPC H]-&

H FeRAY u=w,
g3lE 3.69m’~5.29m’9

F8 FHEe] ol/UAYe $237ES 3

HE

R

olE AoZF

K

I
=

[H

%

L

)
[t

)
[t

202013 o] A A

o}

o -

ot

X 22 AAA LNGFLAY (29 HA7E2 109m))

2001 2002 2010 2015 2020
AAA LNGS 8 143 150 | 245~320 | 298~428 | 363~521
o}xlo} B H % LNGF L 102 104 | 136~184 | 165~246 | 201~300
WA SRS F8 (AR 41 44 109~136 | 133~182 | 161~221
ob-B) A 8 SVt - +2 | +34~+82 | +29~+82 | +36~+53
WA EFE A 8 57t - +3 | +68~+95 | +24~+46 | +29~+39




LNG 8 <571 8912 v=3 2

<7}A L <21>
D 71&9] @ay FaFue) 2oz 7pxe] Al A " go] AL i
@ 7k A AbE 7k LNG EHREZA FF3te A ad a4
H]-& 3=
@ EfAT Bied S 5% TEAA 4¥
@ LNGFEX] iyt 2 F3H AxIA 5] AP0 AxHE st
© A AAAD AFE] FAZ

® 7leTEy qQedno HF3

<v|7}7A Q91>

A AAY AA FRASO] ZvleA HW, Aol HHe A9l M)
zo digt Ad3x, 5 #AHAY U7 S Aolgke Ay @A AT
3t WA A 71T FRor APAA FATA FE AolTe

o, 18 220 &=
S80005HE7}LA] =7}

et
.
(o
fru
2
0%
ol
o
=
%
%)

100 Ot= 123
3000 35

2500 190 o

& 2000 R

dog N

S 1500 b
ndl 415

& 1000 b

| - 10 g

2004 2010

a9 22 AA7A, INGS LNG ZHEAA £8 o=



To+ 2004 19

3 19)30009+HE oA 20101 22350007 HEC &

soluyal, dA7tE AA A ZAEtE HlSE 7% 11%2 Fobd Aotk
20037 $150/TPA ZEAE H]&o] 2008\ o]|ZToe HE ZEAE

EPC H]-&o] thgk $400~1200/TPASZ <Age] wal, LNG SHES #AAd 0

ExH LS EAREE, 20159 A7 102 YA 97 30%Y
ks, Hadges 20159 Aoe o

Feed Gas Condensate

aEEEEE I lllll LS
Fociitioe) Condensate i NGL  i-p| Refrigerant Vapor
ilizati : Recovery i R
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Hk7} 2 (associated gas)”7} 3@ H)ol= NGL (natural gas liquids) FEI = 3]F3l=
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A gko] obd 739y gEo] FolAe 477t Atk o] Byole WA
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I7F floj& Har & Ho
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o] 311%}te] 7}2~& ExpanderE &3l Fraction AH] o %%j%‘g—:‘,gi Hojre g a1
ThA] Fraction 9] Overhead Stream< Expander$} 7|E Compressorg ©]-83
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Cascade 3ol HxZE AEL&H AL 19659 Technip L’AirLiquid (TEAC)
T4 H8H Algeria®l Arzew ZHE|H, o]F 1969\ d= Alaska?] Kenaiol
Philips Cascade Process”} 19991dol Trinidad®] Point Fortinoll Philips
Optimized Cascade Process”} 4-&% 1t}

Single flow mixed refrigerant &2 A licensorell &l A& & o]l o]
E grolAlA oA AFEHE A Atelele B2 ztol7b Atk APCIE 19709
Libya®] Marsa el Brega®l, TEAL¥ Pritchard= 19723} 1981\ Z}7} Algeria
) Skiddaoﬂ AE&H. 53] APCI= 19729%-H 1999 Aol 87112l LNG
baseload ZHE] PMR &FA gto]Al=E A &3t

?‘g‘jxﬂ LNG baseload EHE A& =< 7|E2ZE APCIO FHo] Bo] A}

4 op



53 len, ING ZHE Zofllqe] F83t dsagdrleS v+ & 23% 2
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i 23 A3 d3tad Ve
Licensor Technology
SMR process Technology
Air Producers & Propane Pre-cooled Mixed Refrigerant (PMR/ C3-MR)

, Process Technology
Chemicals, Inc. (APCI)

AP-X™ Process Technology

. Pure refrigerant cascade CoP LNG®" Process
ConocoPhillips - o
(formerly Phillips Optimized Cascade Process)

PRICO (Single Mixed Refrigerant -SMR- cycle)

Pritchard Technology

IFP-Axens Liquefin Technology

Technip-L’AirLiquid Tealarc (Double Pressure SMR) Process
(Snamprogetti) Tealarc (Double Cycle MR) cascade Process
Shell Dual Mixed Refrigerant (DMR) Technology
Statoil-Linde Mixed Fluid Cascade (MFC®) Process Technology
COSTAIN Multi-stage mixed refrigerant cycle process

** Pure refrigerant cascade; Propane, ethylene, methane cascade refrigerant cycle

A4 W& F<20 LNG project: H S48 td AdA7t: QsZWHEN=
M2 FA7I€e] HAE&¥Fx Ydv. 1 F 3dlye= Shell Global solutions
International (SGSI)7H 7l'&3t Dual Mixed Refrigerant (DM) ProcessZ Russia®]
Sahalin II Projectel] &= A= Shelle Z2ZAHE ~EAo]7]|T 3}t

o]9} fFAFSH ALEZ Norway®] Snohvit LNG Projectell = Statoil Linde¥]
Mixed Fluid Cascade (MFC®) Process Technology”} A8 = H =H|, o] F5 9
Al Statoil®] Project Sponsor®] €Y. APCIx= MCRTM Process Technology®ll

nitrogen sub cooling loopE Z%AA AP X hybrid liquefaction processE A
ol W U

IFP (Institute Francais de Petrole)olA] 7l&3F LIQUEFIN &4 7]&2



Axense] ol e Shi gom AAAAEL F8FH 488 At gout
BP oA &3t & HEslr] A% HrE A AW T Aew dHA
A GEstd A3ETA Tl S FAEEE £ 240 HERAAG
A3lAfolZ o] = A FLS AASE FQ 9r2A] dAsTA
HESHL E ANBAES AASW DHF AolE TS 2 FAES
shal ot
£ 24 354534 %0 54% TAE
APCI propane pre-cooled mixed refrigerant process
- 2709 ¥4 (precooling/liquefaction cycle) p cher
- &% . 47 MTPA Fnier

- Precooling cycle
CZEZRE YR ARE, 40T 7R W
- Kettle-type heat exchanger
- A7)
- MR cycle
- -150~160C 744 ¥ 7

Natural
gas
feed

fractionation
chiller

MP
propane
Hp chiller |p
propane  propane
chiller chiller

refrigerant

Mixed

loop

Phillips optimized cascade process

5

Atlantic LNG Z W Eo|| o]&
- 8% : 33 MTPA e

- 19603 Alaska ZWEA] o] &3

PN
A,

-
T4

- 913t7]: PFHE, Brazed aluminum

- 3709 5 W (e, g, v

oX

£ 0] &3} cascade &4

- Precooling : core-in-kettle type
exchanger
- Frame 5 7}2E Wl

I

Black & Veatch PRICO process

- &Y MR ¥ (Algeriaol Al AFE)
- Train capacity : 1.3 MTPA
- MR 74 e, olg, Z24,

: AL,

Process »——
Gas

14




Axens LiquefinTM process

Sweel

dry NG
- 2709 MR process(Dual MR) Nt T o
- 8% : 6 MIPA ine
- Precooling : 2% -60TC, 394 & level Mo i breremgeration
o] & i compression ling
C3==3
- PFHE M 1| [ 1
gl c vE oleh, g Beh A ] L
I e
27} drivers(Frame 7 GT) il rompresson ine
LNG
Statoil/Linde mixed fluid cascade process(MFCP)
Process gas
Precooling ﬂ;
- Snohvit LNG project(Ekofisk, Norway)
3P
- &% : 4 MTPA i
- Precooling : PFHE
o | L
- Liquefaction/Subcooling : SWHE Sastacton }
-l e ol Z29, da T A
(three mixed refrigerants) - [
ubcooling
LNG
Shell PMR(Parallel MR) &%
- 1784 precooling cycle®} 27§ ¢ PMR
Abol 2 E |
-8 MTPA 74%] &4 7bs | ., ] e
- 37§ ¢] GE Frame 7 7}2~EHl a_“ t. 1]
-] AEEA o] AFaLAl THE 1749 =y E

B ES 60%=2 Aetal 9lof AL
FgAZ HsEA .

- F7F4 52 MR 9§ Loop7t

ol g Ztoll
olg¥al, a7t ¥zl ol&H

LNG
SubCooler

Mixed Refrigerant
Liquefaction

LNC
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Natural
(Gas

LNG

a9 27 A5l F V) AEE

dpAlelF F LNGE Ae 2ALS s YA
UAls Yuid=718 Sl oA 7stdoly Aol & AAHs 4 ¥
7] (air =2 water cooler)E &3l AAHC

of W Fazgt oux|tel wet WejstE7]et =gfolH o] &Fo] 2 HAL
AA T4 FFel 289M, o]H g AU LGS AspArte]lF o] #4, AAVES
ZHl, 2Elal WAl 3 vbed 2% 24 24 FHedEoh
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=5

25 gstE HAVI: AFEHE HE T|E

200237k A o] H A7~
MENE HE 7]& (%)

2003~20107F A1 2] A7}~
HEHE A& 7I& (%)

TEY 116 MTPA 85 MTPA
2 cycle,C3(Propane)-MR 90 33
2 cycle, Split-MR - 11
3 cycle, Cascade 4 11
3 cycle (AP-X, MFC) - 25
3 cycle (DMR) - 17
Others 6 4
& 26 HE AbelZ 74 54
Atol g Aol g T4 T3
SMR
1
(Single-cycle)
N2 Expander
C3MR
2 Natural
(Two-cycle)
N1/C1 Expander
AP-X
C1/0pen Cascade
3
(Three-cycle)
PMR (or DMR)




* SMR: Single Mixed Refrigerant

* CBMR: Propane (C3) precooled Mixed Refrigerant
* PMR: Parallel Mixed Refrigerant
* DMR: Dual Mixed Refrigerant

ConocoPhillips®] Cascade 22| H
Bl

C3MRe] W= st FEo] Algtd xdel 7les 19 289 =
AT,

Al 1. AP-X process [APCI] Aldl 2. DMR process [Shell)

Mixed Refnigerant

Liquefaction

- C3MR BF 2| HiN: EF'E0| Arol=20l A3t = 12| precooling 2242| PMR A2 2 74
S/E8H 2 84 B3I Loop F3t

- Refrigeration Load 214 3 & AR F3} - 12{2] «g=E0| AlRE SNSEG2AT,
S G EYOU0IN 5= B B C2 1202] trainOl Al 60% capa.&
- CMRQ| EEME RAGIHA SAE UI& 24 ARRA 2B s

a3 28 AP-X 343 DMR 334
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3t 270 YeERR AT
EYQ 8& (efficiency)= EREE (thermal efficiency)etil® &7,
< LNG A#F4 HHV (higher heating value)?} Feed gas®] HHV (higher
heating value)®] H]o|t}

¥ 282 LNG ZHES 2a5e F8 Au/FEF/AAES AA AR
Eop 2010 oA oty FF LNG SHE ZIG/WE Aol grtE = B @
A Eokell s 8AR] v

¥ 27 AA7ts Ao wE de Adu), &8, AAE 2 Ay v

Equipment LNG Process Technology

and Cost Aspect C3MRB Cascade DMB SMB N2 Expansion

Rotating Precooling (GE-TEA 2GE-5C GE-TEA N/A GE-5C

Equipment gas furbine (+refigerator) (+helper) (+helper) (+helper)
Precooling 4—stage 2 A-stage 3-stage NiA 4 -stage
COMpressor centtugal centnfugal centnfugal centnfugal
Liguefaction  |GE-7EA 2GE-5C GE-TEA 2GE-TEA GE-TEA
qgas turbing (+helper) (+helper) (+helper) (+helper)
Liguefaction  |Axial plus 2 stage |Ethylene: 23 stage |Axial plus 2 stage |2 Awal plus single| Axial nitrogen
COMpressor centfugal in centnfugal centrifugal in stage centnfugal | compressor,

tandem Wethane ‘24 stags [tandem In tandem 3 expandsr
centrifugal COMpressor sats
Jcasings

Cryogenic Precooling Kettle Corg-in—kettle Spool-wound Plate-Fin Kettle

heat- exchanger

gxchange Liguefacton  |Spool-wound Core-in—kettle Spool-wound Plate-Fin Plate-Fin

squipment exchangst {Pate-Fin

Electncal generation: nurber

of 20-MW turbo-generation 2.0 3.0 30 30 3.0

Daily prodution per LNG Train

in tons/day excluding process margin 11,900.0 10.000.0 13,100.0 11,300.0 5,540.0

Train efficiencies (% 829 4.2 g2.7 916 90 4

Indexed CAPER Corrparison 100.0 1190 116.0 g7.0 95.0

Flant availahility (sd/a) 340.0 3360 340.0 338.0 3350

Annual Production

(million metric tonsfyear, 2Trains) 7.9 6.6 87 74 43

Indexed specific costs (-) 1000 1430 1050 103.0 175.0




328 AAVIEASEWHE 28 AR/ AAH] o388 2 oS (Fd/d
HA7V-ASEZHE &9
2} 7] /] 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 2375 2403.5 2451 | 34865 | 35625
components
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 12,949 13205 | 13471 | 15039 | 19,285
transfer technology
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 38 475 475 57 1235
systems
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/Liquefaction 6707 7505 7657 9405 11,438
systems
Safety equipment 4845 5434 5700 6868.5 8645
Sensors, detectors, 1235 1425 133 152 209
monitoring systems
Solvents, lubricants and 1045 114 1235 152 190
other chemicals
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 1425 152 180.5 2185
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Cold box= ©E€H ZWHo|A] perlite-vacuum(Z o] E-FF)FH perlite
with atmosphere(t 71 @)ooz FE5T & Ut WA A= perlites
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date] F= upe FRo] A 5L Ax FVE AEHOE Eo| YJolFolof &
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dolBEF o)laE ALL3}d NGA AYRAE I F3tA+= Eﬂ A= AqYAE ek
st= SHAA] compander =2 boosting expandergE AM&3ste FUEH= NGE
FAso 2 AqUAE 33t B A MR dUA HeF S & a88 s

7171 91814 companderE AF&3lE AHo] F AHo|th
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WetTHS AGA FAAs= Thol weE AAEH. 53] EFYME
fractionations & A-¢ole 4wy T4 wet ArEo] 28 AT

AR H7| A A 7HA] F AL Susr] o] AEHI U=
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2 F Y3 Sprial Wound 3249l Eugr]E AlF3go)

APCIZ Z A 2~ o2 o] AEFHI 3= ConocophillipsAhe]
Optimized CascadeZ ZA|2~o= Aluminum Brazing Plate Fin type €u3t7|&
ARESEIL At oY A AL Thsdk FAE Bl (oF 47HAF AX) LNG A4
Fo =0l sH iR ST & 7] W APCIelA A|F3dt= Sprial
Wound@ 43 2] &% S FdA ] =

HT= F=9 HeatricAtol A 7]+ Fusion Bonding &4} ¢] Printed
Circuit Heat Exchangers (PCHEs)® AF&7lsAdel thst A7 £243 U
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At ING £ E }‘]%}—‘357‘1, A2 7lEE2 vHA|d(Barge) ol U 54
(Ship)oll 3A3& AX|sl7] 913t &R 3} (miniaturization) ¥]31 3. Statoil
Linde®] MFCP A& ALS & 16} 317] gk npx A 9lell X == (Barge

(~

mounted) FF°] WE 2 At E 7F2=Fo] A
o] A< 71x7F "o

Power®} Process heat & 7= 9]3ll aero derivative gas turbines©] A}

014w o] B

%3l compressorZ+ electric drive compressors”t AR&E T Shell> Hf LNG
ZHE (FLNG)Oﬂ DMR #A4S =935+ 3tar Ao
LNG technology licensorg°] 3474 THZAE A4S Ze W&E 1)
Wzt w2 FAHAA aFHA A= 45T (Compression)? W7 +3 85 &
Ast7] $13F Power 12jal 2) F Aty o] HEHe= dusr]e A€y 24
% A2 akgol ot
3 210 71¥4 W@ LNG ZHE
_ Process Total Total_ % of market Start Largest
Licensor Technology number Production production up train
of trains [MTPA] 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
. Con LNGSM 1969 —
ConocoPhillips (Cascade) 2 4.3 3.6 1999 3.0
Total 67 119.05 100 -




3# 211 2004~2006%1 Ato]e] LNG ZHE 1A

LNG plant Countr Selected Process Largest Train Planned
Project Y Technology (MPTA) Start Up
Atlantic LNG Train 4 | 1"nidad and 5.2 2006
Tobago
Egyptian LNG trains IDKU, 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
APCI PMR
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

Kenai plantE ALt AHel E& x7]9 ZHE A= steam turbine
driven compressorgE A3l T A= combustion gas turbine (CGT)S Yuk
Hog Apgsta ok L4 gholdlA = A3 frame turbines AFg-dte= ®HH
of dF+= LM6000H Rolls Royce Trent®} &2 aero derivative CGT7} i1 &
AR ATt o]} fEO] AX (flue stack) HE 3|5 A|=HS o] 831 steam
turbine TE3t= A% 18 E o

H7MA] Spiral wound heat exchanger(SWHE)E T AF¢lslar
APCI7} 2A2dndy] #obs 825 Linde A MCHE AHIE
™ Woodsideo] &3] *F =+ Australia® North West Shelf LNG
Train Vel #-& % At Blazed aluminum plate fin heat exchangers (PFHE)7}
M2 et oz A dEo|a ) BankellX ZHE & Ae ARl 3
© PFHEx 34F4elA Hx2 HAAE 3O 7}~ processing EHE Y FA]

& W7 34 4891 Aok
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AdA, C3 A=

wWE =9 Aue wix7&

A

P O HILA
C3MR cycle == LNG
HHEF|~ Expansion
Natural Gas Device
MR
Main Separator
Cryogenic
Condenser Heat
Exzchanger
. o Y
c3 4 e
Compressor
MR
Condenser
(o= -]
MR
MR Heat
‘[‘ Compressor Exchanger
a9 210 C3MR 34 /MEe
Adrlae T2 Whz Abgste 13 W7 dud 3PS AR
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162 T

$t7] (Main Cryogenic Heat Exchanger, MCHE)ol| 4
B HATFIA(LNGE HAFdT (2
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™, MCHE WA 12} WZEo] FUd AA7t=9ke] dushs $3t #Hidzd
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S}ZWE (a single-train liquefaction plant)" 2}l ST},
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Tol AFEEHAXY. Z22FA WA cycled] AEFHE turbine® Z = steam turbine©|
F&2 AREEHeH, ole 571 BHYlE 48] s 2 S8 =TI
£ F&3= 7t HElY wirtaE d4E 45 3t AR g

=725 F2 air-coolert} water-cooler’} AFEEHUT T 23 Yu]
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3. ARAAY BE L W

7k Al o] T
1REEY (A3FEE R2%) LNG EHE 7|23 424 (Basic Design) 7]
Matst #A RE 2AHL AA7ts Ao 53 L golds dH BRE 9

Re7] gate] TAR ARTHAE e 2,

- (AMAREFA) 1E8E LNG 34 71& e
- (ARAIF-ZA) Azt AA7E N
- (FABAIF-ZA) LNG SHE gy 7/
- (Al4AF-LA) LNG ZHE h=7] A

3 3.1 ARAAIA AFEIGA FA
A

ARIA | Y AR A Fr 2w
Al 211 | ING Alol2 24} 2 48137 72 AT
ARAL L 200 | Adre 2 g 24 AT 2 DB 75 wegE
A 2-2-1 NGL 3+ 4 3 71 N s
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A3 - _
AR 23 | LNG ZUWE duwstr) A A
Hlliixﬂ 24 | ING ZHE §457] /g LS Easl
. ARHAE BE 2 U
(1) AHFZAA . 18 LNG 337& M
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oA~/ Yl ) FESG7
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Test Bed 22 25-50 TPDC] MEA :

Test Bed A2 A2 IS A2 AL S =9 ING =HE

11 Z3: Weizhou Island ¥ MAYTE HENM A2} (flared) EIY gas
(HHAIIAIE HBAIA Guangxi XXM 22
- [E®) 110 TPD LNG [Contractor: Salof Company]

2] ZE: North West Shelf£ 2H 23&l= M)A 012, MME ING= Load

Tanker (E=)Z 012013 natural gas power plantstll 28.
> [Z%] 160 TPD LNG (Contractor: Salof Company)

31 =3: Chartel NexGen Fueling Division2 200140l == *1Z&= LNG fueling
station= HIOIZ! 0l & X[
> [A%™] 15~ 50 TPD : HIHVLX]I 40742l LNG stations & XI.

0 %= Weizhou Island (Beihai City, Guangxi Province) LNG plant

Owner : Beihai XinAo Gas Company, Ltd

Project A1 %} 2004 6 29¢ / CNY 150 million (USD 20 million)
- 2] &% : 150,000 Nm3 gas /day (110 TPD LNG)

Weizhou Island®l] )+ China National Offshore Oil Corporation
(CNOOCQ) 9] oA &7} (flared) == HA7F2 (associated gas)E
HSAIA Guangxi AR Tl & H.
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