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Environmental Regulations are getting stricter at worldwide, it is inevitable
to avoid Global Environmental restriction regarding Nitrogen Oxides(NOy),
Sulfur Oxide(SOx) and fine Particulate Matter(PM) which are released from
the vessel, bunker-C oil fueled for propulsion. So, LNG Propulsion Vessel is
strongly required. LNG fueled vessels are welcomed as eco-friendly energy
by showing lower emission quantities than 20% of CO,, 80% of Nitrogen
Oxides(NOyx) and 80% of Sulfur Oxide(SOx) compared with bunker-C oil
fueled vessels. At this research, LNG Liquefaction Cycle which will be
referenced for Mini LNG Vessel(Tank capacity within 5,000m?®, the ability of
the re-liquefaction apparatus 1 ~ 10 tonnes/day) is studied to reach
Optimized Mini LNG Vessel and LNG Bunkering Vessel, that are low priced
and efficient, with analysis for LNG Liquefaction Cycle characteristics. LNG
liquefaction process that can be applied at Mini LNG industry, is explained
by the result that followed comparison of Process’ s Pros & Cons and
characteristics based on SMR Process and N; Expander Process extensively
at Small & Middle Scale.

Key Words: Mini LNG Vessels; LNG Bunkering; SMR Cycle; N, Expander
Cycle; LNG
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[Fig. 2.1] Conventional LNG Value Chain
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71E9] WRAE 7taAoA 7t2E 2 B A gste AEARE A UA
Hepdulo A HstE o] Fo] LNGAHRFE o] &3t 2Hmo= ofFolF: A%
2 ) 7] SHregasification) B S AHAX AlgA o)A ADHT}. o] HI A

579l
ol glofAl LNG Hule] A4 2 o] o2l AL, o8 BW KO
2RE Ak w@AY, AEAe BE AFAMCIL AMALS) Aok B4

A=

Ak 59 %Xﬂi FAH = tieks F= A9 Ut

LNG-FPSO& #7449 LNGEHREE 319 v A o &HE= FEola,
LNG-FSRU+= 579 LNGHFES 3] HIAA fo &H%F+ FHolth
RV(Regasification VesseDe] 79+ LNGA 3}t LNGHud2] 7]50o] -z &
glolth. T3 o] INGEZHE I LNGHUuE 9 7]5S vt v 9o +&
st= ®H<A  PLNG(Pressurized Liquefied Natural Gas)¢} CNG(Compressed
Natural Gas)e] ¥Hol vt Z4zke] W2 o2 7]5& st vjgjdA 73
3t= Aol 9o, F7 O AIZHAS] Aeko Z <))

Jkazoe] Zafo duEt® INGZHEYE Ao A&7 B8 iAol =7t
wet zko)7t A7i=d [Fig. 22]01] 5739 INGEHES} 3729l LNG-FPSO<

M Ade EdaAT T4 S4E INGERENA, 7oA =39 7}
2 AFBREANA ol =dlolMydration) WA M ezt B o] Fol| sho]ze}
o107 {4 INGZHEVLA olEHT)

a— S O R O ey
H [ 4 =t R

i
| B

s E0|=aE|
B wEH BYE

Bl gewgu | 5o O INEHEE 5

[Fig. 2.2] Onshore LNG Plant & Offshore LNG-FPSO
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of |48 LNG-FPSO9| 7%, 7t2=HolA E
o] %o 43} P AAHAT7F INGAHHto = &<

HH 7}2=E LNG-FPSOZ o] %
o [Fig. 2.2]9] YEpt=ol,
AR §4 52 il AT TE Aol e® st HAvEze] A
293, aglar A Bostel] QoM w2 Ae|7t A2H <Table 1>
LNG-FPSO¢} &4 INGZHE ] HlwE e AT

<Table 1> Comparison of LNG-FPSO vs Onshore LNG Plant

q= 54 LNG SHE LNG-FPSO

Agupy | EFEUE A4 w6 ZH2A AR T FR 2
AR, AR ol stol A
solmetel | Ba(}Ax-oletEaAE) 250
| 28 29 BUER o5y | /1AW AAYR § o s1adoz

o A

T8 s ol 5stol MG T
AZIAR | O3e JtAR(EE 5Tcf o)A | 249 7FAR(1~5 Tcf)
Eeo18e | Al 2-8uTE A4t 1~3.545HE

F AFAddes At Zol 7tk Yes A97 ded, 11 VA E
Aol AFdst717F AFAY &838t= AAdo]l H7] wiEel Flaringst= 7%
7} o} LNG-FPSO9] 713 £& 8% 27 Flaringsla Ud+= 7125
stete] AAZ THAE ZHA st Aotk dA B Tupi ##lel 7t
Aoz deA Atk Tupl FHS B FY CO¢ AfF W7t~
(associated gas)E ztx 9o}, me Ze Al (6000 feet o] $x3tx
A71ol LNG-FPSO7} wi-¢- A &3t o2 HI7lH e FAo|th ofFd 7
HEA] o] gle Ao INGHSERNES sty +Fst+ ZAole B2+
o] &A%t} §A| oA "He] "o|Z Tupi Y Browse LNG, Sunrise LNG, 18] 3L
Prelude LNG9} & 7% LNG-FPSOE $41do=z wsHd & o} =3
R B 9A t2e] ASel= ING-FPSOS dadez u#d 4
ATk Zh=A TR AAA
LNG-FPSOE 1#3st= ¢ F83% 82l 5?—??} 71?}/\1*27% 243 =FAt
7d-F-olth.

=9

d|

= T8l 9E
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2.3 LNG-FPSO&#

[1LNG-FPSOZA & 7}2~Hol|A] 7}22 wrola] o] a|atol|A N3lste] LNG
Aute® sttt A9 7Aoo FE LNG-FPSO7HA 9] s 47k 27 el o
3 A MA=E [Fig. 2.3 YebiA

Fralim Fgaairmn

Pipeirs oo Terminstion b 3 J
ﬂ s
PEW inpeonpet Wads - . i #-"
- —

Tt i
Mgt Spess it a W A

el Ternratnr &iperresy
Sl DT i ol

Piwiseety anst Xmas Topen

[Fig. 2.3] Schematic Diagram of LNG-FPSO Subsea Gas Equipment

A el e AAVtae 7t g xnf~Ed, O8]3 34 Manifold
E<& A A A Riser Baseol =23t} Riser Baser= LNG-FPSO%} dZ3t7] 9

xo

= =

Ao HA7F~ HAZA oW ING-FPSO$+= Riser2 HZAHETE Risers=
LNG-FPSO2] Foj&(mooring)s} AAEM, & 7}z o)A LNG-FPSOZ H

7V2E Afste S djdolth A 7t Al 2"lo| A Umbilical 24912 3f
A Azde 298] A% FY L A AEs} stolsdolE FAE 9

3 3 EAS AGtt Fol P(mooring)S Ao 1A Fojxg s 4
AXE 2 /\]7 o} Foj® wlZo|+= LNG-FPSOo| A%
B gl (turret)e] 4, o]5S FAHSE LNG-FPSO7F 3| AT 4 A== 31, 7}
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27049l LNG-FPSO #|A& Fold 3t Hills SAH2E aAHANZE 5 At 3
A 7t A"l 2 HE gk AVl [Fig. 2419 LNG-FPSOZ ¢

o oggT}

=r/o5a0 WOHEEE FX{2| g3H| HFA=E
Fower Turbinge Ligueldetion Prefreatment Accommaodation

My CoolamHl W JAFRIAH]

Slorode Tank ctiloading Feed Sa: Inlel

Gas ﬁell

[Fig. 2.4] Main Equipment of LNG-FPSO(Flex LNG-FPSO: SHI)

LNG-FPSO2] 8 An|E [Fig. 2.4ld YeldAdd. A 72z A d5=
AA7t~e HEld Fojgd o g o] Fofxl 7tAFAEuE AU HAgdH]d
A AT 2, R, O28a S AAS ASFAEES AUHA LNGE 9
tholl Hulle]l = ARz AZdo. A" LNG, LPG, FHAClE
(condensate)= 3tYARIE Fdle] oz sttt =3, LNG-FPSO A H]
5 837 A% #d g 78 Ave} XY 9 B LEC] AFE AFA

Xo| Basttt [Fig. 2.5191 thE 22l LNG-FPSO 24°] 5252 Jegich
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Inibed Feacililies Rernosl & Hy Remiowil E = Iraclion - i - Flad | opside
=

Cramies L—| Cond fee 5 Labiliali - I l T
il ondessale 5 ilicn S

| i Fractionation [ S yestem
Turret & Confrod |} Wil || Power
FAaarina & Livimg | [Topsides- AR Cundum:ale
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[Fig. 2.5] Process Flow Chart of LNG-FPSO

[Fig. 2514 HA7t2e= 9% oy FECo=HH LNG-FPSOE ST
LNG-FPSO°l Al HA7t~E ®He BELS HIoz Eol7t 205xE] oluES)
D= oo Y 953 FX2Eo|th LNG-FPSOE =9} vlghol Haks H
2318b7] 98t A WEdFs vHEook sh=H, HElSs Fo=2 3Aste] W
< vA Ao

5

<A [Fig. 2.5]914 ¢ “Slug Catcher” oA & Aeore 1HES Iax o
=2 B8 3l “Condensate Stabilization” oA+ IFA E3F BE&E 52 &
=

b QAT ol k.
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<Table 2> Component Condition of Common LNG

Component Limits (Maximum)
o] AtstEl 4 (CO,) 50 ~ 100 ppm mole
+2(Hg) 0.01 microgram / Nm?
A2 (Ng) 1 mol%
2#(H0) 1 ppm mole o]s}
WA (CeHe) 1 ppm
o &H(C,He) 6~8 mol%
I 2 TH(C3Hg) 2 mol%
FH(CaHio) 2 mol%
HE ol SAE 0.1 mol%

“Slug Catcher” o] %o A2 FAe x4 3dAA “4Hd7F2=A 2 (Acid
Gas Removal)” , “FEAADehydration)” , 282  “FL2AAHMercury
Removal)” & AXHA, oAl A(COIY F3lgtEar 2 4Hd7E2e] AA,
TEAA, 281 & AAE gL olihstaAhE A2 A 13 He

EHE dudr|e SEE e oW LNGY EFFES o) A

Asfor Atk AA7ks R F8 9N AAZHOE AYHAL sto| =i ES
ggstel dudrle S2E e £ Jou, Fee FTuFol B A4
o] Qo] YEMFoE WEolW FARHs EAZ Yo F AT The

3 (Mixed Refrigerant Liquefaction
Process)2] 7% WrlZe] ®Z 3) LPGE LNGERTG A4 71x7F w9+ ol &
2  “NGL Extraction” ¥ “Fractionation” &3& %3t EE¥3 LPG A%
Aule ARET. d3tFAFLe HAAVIAE -163C7HA] 25E FHA HA gt
v &82% WH o Wt 1 ~ 3 AolE 3R EFE ¢ Ao, AR
Yoo wgt A 9 g3gad Iz 2eE 5 Ja, Juo E3Ael
gt & Wl S Wiz £8E F Ao AFEHA FS VHEHE AR (F
2 A4)2 “End Flash"& &3t 851 YEE 353 o]Fo HE dAs

7t2=2 AR8-E T LNG-FPSO Topside &A2 tiF&E2 o3 7t A8 FA

i orlo
rlr
—
Z,
D
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Ad)

astggolw, 1 oo tlitwe] wALuel Aojgl 2 §LE)) Wa
stk ma AFAR D &% 3A Au o] aTHEn:

2.4 LNG-FPSO <43}Z A

[11543 INGZHE ALgEE HA7L2N3ZAH S <Table 3> e AT
HBolFAL A AEE= AgAtolZ9 sl wet 1, 2, 3 CycleZ2 Y&

1) 1 Cycle: SMR(Single Mixed Refrigerant)
2) 2 Cycle: CsMR( Propane Pre-cooled Mixed Refrigerant),
DMR(Dual Mixed Refrigerant)
3) 3 Cycle: Cascade, Optimized Cascade, MFC(Mixed Fluid Cascade), AP-X

19649 =0 Hx2 sE A8eHL Cascade HFETHOR v, oL,
Z2ae &5uHS Agete AuHos menne m2Ron HArIAE
QAN DL, 1 o 9d YulE Agste] 37 @ 5pAsa, vpx
o2 WEe At FIAAAN YA AAdE} HES B &4

WUl Ao B oldlshy] dx gAel ¥k E#, Cascade 33

9 Z+ &4 W g3 94E 53 &8S =2 ¥y o] Optimized Cascade

il

Aotk E£F WE A8F SMR FHL HAAvkie TR v, o,
ZERd Ak, de3 Boo Wi Rod AW YU Estel )

it

2 AEST & 3 JHe) Wu) Afe]Eo] A8
& A= 23ty hE LNGZHERY 439 Peak-Shavingel]l Zo] A=
AT} o2 g SMR} Cascadeo] AHS ZAE3I CMREFARC] Ve C3MRE
Cascade®] Z =23 ¢4 Wiz AYS 3d3tal, SMRO| &3 W= HA7L2~
g 3ot FAHOE 2 &% & AP E HAAA AFY 64%= A
Astal ok of7]e] AP-X Aol CGMRe WHEI Fejde Aekdotd, A
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A ASFA 76%7F CMR T2 AF3H e AgTTT & 5 ok e
g33te CGMREFA S 223 TP E tix i, F 71e] MR WHlE A
43t= FE<l DMR 34o] Itk 282 CMRFA I FASHA T, CMREH ol
= o8 A 4y dur)vt =, DMREA S A gols AAT shte] &
W72 dquis FIPE 5 91 = Ade]l Aok F e EF WwE Agst
T ¥4l MFC 34t 9

34
4 5499 INGEAE 9 Aol AEA0w, doh = Eslsl Felel g0

<{Table 3> Liquefaction Process of Onshore LNG Plant for Duty Base

2 MTPA o]3s} 2~5MTPA TMTPAO| A+
Cycle &
(1964~1983) (1983~2008) (2008~)
SMR
1 Cycle APCI
Libya 1970
DMR
Shell
CsMR Sakhalin-II(2008)
2 Cycle APCI, Shell
Brunei 1972 CsMR
APCI
Numerous
OCP
ConocoPhillips AP-X
Cascade Atlantic 1999 APCI
3 Cycle Tealarc QG2(2008)
Arzew 1964 MF Cascade QG3,QG4
Statoil/Linde RG-T6/7(2009)
Snghvit 2007

AP-X FHL& CMRe mpxjut AA7x H3FRELS 9J5le] HAi %uﬁ Abol &

S F/hele FHZE &89 /MARTE EFQY £ 7 2971 e FH

olth. el 7lEFE INGEHE T80 2 A EH 3 9t

342l LNG-FPSO® Ar&-= &= As3A2 S 7x73t8 §48 LNGE
WNEO| Agsts NFHEF}E= E}
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A4,

ol2g &ML

2) Az FroE <3 FAEF T

2)th. <Table 4> @A 3 =2 LNG-FPSO ZZ A ES} o]} Az B3}

<Table 4> Liquefaction Process for LNG-FPSO Project

Cycle 3 oiglu A 9l R Q Project oiglZ A 4l X Q Project
N, Dual Expander SMR
-. Flex LNG(1.7 MTPA) -. SBM (2.5MTPA)

ICycle | _ Hsegh LNG(1.7 MTPA) -. Exmar Excelerate

(BMTPA | - BWO(1.0 ~ 2.0 MTPA) (0.4~1.5 MTPA)

o] gh) -. Hamworthy (0.5 ~ 2.2 MTPA) | -. TGE Marine(0.4~1.5MTPA)

-. Teekay (0.5 ~ 1.0 MTPA) -. Cash-Maple FLNG(2.5MTPA)
-. Sevan Marine(1.5 MTPA) -. KSMR(2.5MTPA)

2 Cycle DMR

(2.0~4.5 | - Prelide FLNG(3.5MTPA)
-. Inpex(2.5MTPA)

MTPA) -. Petrobras FLNG(2.5MTPA)

3 Cycle —

" 0Y6 0 MF Cascade Optimized Cascade

MTPA) | Aker/Statoil(5.8MTPA) -. ConocoPhillips(2.5MTPA)
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3 B A2 gsFAol Wol WA T
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o] AHEH I Q&= CMR F89 Afols Z2 oy Ao B Ao] 9
Soll= BEFsa Ax Fzrol Atk o|FE LNG-FPSO&oZ &3¢ &
ol AT 7], Wul 2 Abo]Eeo] A DMR FA o] Z2AER
AP Jdok Wu) 3 Alo]Z9 492l MFCe} Optimized Cascade & o] =
B2AER JPH glom, 1 H3tFAHe] Ar7t F AAE HE LNG-FPSOd

HEol 7hed AR HeI.

<{Table 5> Comparison of Natural Gas Liquefaction Cycle

SE 59 3o Aolz & | &g | Agesdl B
Cascade C1,Cy,C3 3 %z | &(PFHE AI£)
SMR N2,C1,C5,C3,C4q,Cs 1 st | &(SWHE A+g)
CsMR N,,C1,C5,C3 2 AF SHSWHE A})
N, Expander | N, 1 st | A(PFHE AH®)
DMR N»,C1,C2,C3,Cy 2 A | SHSWHE AFS)
MFC N,,C4,C5,Cs 3 At SHSWHE A1)
KSMR N,C1,C2,Cs 1 A} | &(PFHE Arg)
Az Qo] B Aol Fe) A9k BEFa WE AgSHE A saje] Fol
Hste] Qo] Wi Eohn @ 5 9lom, 1 9)e] mmE <Table 5>ol et
At
SMR N2Dual |7 } l_r~.|-:,a
Process Expander | :EE :! I%J%Eﬂ
M;'\- [ ]
31 1 Cycle m-‘iﬂ—* Wil 1 Cycle
H#; 4476 kton Faed Gas LM AR LI
DMR Cascade MFEC
Process Procesy Process
i3 Cycle i
E#:E!‘i#ﬂhmmm 3% 3Cycle
LF I 2 Cycle
TE8: 295 wivhitan

[Fig. 2.6] Natural Gas Liquefaction Process for LNG-FPSO

_15_

Collection @ kmou



A4 P2 LNG-FPSO Z2AHEEo] 13t Ye AFFAHY NTFE9}
88 ¥vuE 1 tong A4ksl=E 223 598 [Fig. 2.6]9 YEM AT

3L AoE HY SMR FAo] 7H des) Holu, £ Wajolr]o &F
W] FA < N, Dual Expander’} ¥ ©@<&=slttar & 4+

TN E HA7EE AE-gA Q] KSMR(EH 7F2FAE g AR o
s34, Korea Single Mixed Refrigerant) &4 & 7&sl= 5 LNGEHEo T
Sk Ay ks M EH 9k KSMR 342 SMR A4S 7§43 dg=

o

N2,C1,Cp,C; &3 Wul& AMEsiH, &2 CMRFA A% Ase RS
LNG-FPSOH¢l 2 MTPA(d w=+E= Million metric Tonnes Per Annum) A4k
Aol ™+ SMR, C3MR, Optimized Cascade, KSMR-¥-Aeoll T3+ vl E <Table
6> e AT

<{Table 6> Comparison of KSMR Process for 2MTPA Production Capacity

Compressor . .
. No. of Main Equipments
Ha Power Consumption
MW % to SMR | Compressor | Pre-Chiller | MCHE | Sum
SMR 109 100% 4 2 6
CsMR 67 62% 7 6 1 14
Cascade 101 93% 8 3 11
KSMR 73 67% 5 2 7

(Table 6>°l = d=F7] &8 Au|#HFS 2 MTPA 5 HstFAol tigh Ao,
o]E H|W37] 455 SMR 100%E 7|+°=2 thH] 73\’43} =2 2o AL
FY H$ CMR FHES SMREFAHL 62% F3Ho] Hasw, Cascade:x 93%7}F
Q3= Aol olo KSMR= 67% A=7F Qs Aoz CMREY Z&
o dgasith shA|NE Haedt Fo AU NeE Hlwstd, SMRE& F 67K,
C3MR2 147 Cascades= 117§, KSMR& 7747} ZQ38lty. 3AHAEE H WSS

[e)
] KSMR& SMRo ©X] +=7] 3 /& F7HIAAT =7 &2 589 1/3
o A7t S Qo
_ ’Ié _
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2.5 LNG-FPSO =24 E A7)

LNG-FPSO7} == o]

SR A

A A AAACRE 24 ) AE9

<{Table 7> Ongoing LNG-FPSO Project

Collection @ kmou

) Capacity Liquefaction Storage
Project Status
(MTPA) Process (x 1,000m?)

Flex LNG 1.7 Costain Dual Ny 220 EPC
Prelude FLNG(Shell) 3.5 Shell DMR 436 EPC
Bonaparte FLNG 2.0
Santos

2.7 N, or MR FEED
FLNG(Petrobras)
Malaysia

1.0 DMSE
FLNG(Petronas)
SBM FLNG 2.5 Linde LiMuM 230
Hoegh 1=/ 270
Inpex 7255 DMR
Aker Kvaerner 5.8 MR 160~200 FEED
Bluewater N, or MR
BW Offshore 1.0~2.0 | Mustang NDX 165~180
Hamworthy 0.5~2.2 | Ny
Teekay 0.5~1.0 | Mustang N
Exmar/Excelerate 1.0~2.0 | B&V PRICO
Saipem 1.0~2.5 | N, & MR 270
TGE Marine 0.4~1.5 | SMR
ConocoPhillips 2.5 Optimized Cascade
Sevan Marine 1.5 Coxtain Dual N 200
Proteus LNG 2.0 Turbo Expander 160
Pechora LNG 2.7 APCI DMR
PLNG 3.0 Lummus C;-Ny
DFLNG 2.0 SMR 270
Cash-Maple FLNG 2.5 Linde LiMuM
Petrobras FLNG 2.5 APCI DMR

- '|7 -




8 9= LNG-FPSO Z2AE Fo|Ax FLEX LNG<%} Prelude FLNG ==&
AE7} Fhg wol AAHL Y= Ao BT

2.5.1 FLEX LNG

FLEX LNG+= 47019 FPSO7F 5= 9lty. 3A A= Kanfa Aragono] <33}
1, MAFF Yol EPCIC(Engineering, Procurement, Construction, Installation,
and Commissioning)E YA AZE o AHo|t}. Kanfa Aeagono]y+ Costain,
aela AEFEAS LNG 43 e EuH, 7Ha3 Adds Eolv "= A
g g5ty st A & 4 ot [Fig. 2.7]19F Zo] FLEX LNGe A4t
£Fe 1.7 MTPA &Hdl 20 MIPAZIA  7hs)ola, ARZEI=
SPB(Self-supporting, Prismatic, Type B (SPB) tanks by Ishikawajima Heavy
Industries (IHD) e 2 &3S 170,000 o]t} H3prlo] FS FHd A3 47}
Zbo} Hyx ztal E3pebA] etk A3 o] 21+ DNE (Dual Nitrogen Expander)

o] 11, MCHE(Main Cryogenic Heat Exchanger)® PFHEE Al-&3l= & et}

[Fig. 2.7] Airscape of FLEX LNG Procedure
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LNG-FPSO #4¢ 7F29] 10%%& A4He 98 Arpanl=
ol A4¥<9 CMR 2 DMR¥ H|=3 FXZ &
7Ved ol E S4% LNGERESY 4F HE9 4
FLEX LNG¢] 7§ Aeroderivative 7}2~

o, E3 sl2ENe] LEE WER A
HS 83 AoZ 10% 712 ¥+ & & Eolxl‘{, o2 MR 93}A
2Ho s e A|2ES BESHH Blurt @epxittay & & ok gl STP
(Submerged Turret Production) #-83t=Hl, STP= Aol 27t 7hHegt
FEHE dubAQl HA WA BEo HulldlA e Bo7) 23, 239 5 v3A,
AHA &8 o2 LNG-FPSO¢| o]-5o] 7ls3] k= Aol Ao

2.5.2 SBM FLNG

SBM& FPSOZ HI71Z AZ E& Qs T+ APAL, Bald Fod Axd
o AA A AFE st} SBME FPSO 782 Hepdd 2719 FPSOE %<3}

o™, Sanha LPG-FPSO 48 % it

[Fig. 2.8] Airscape of SBM2] FLNG
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SBM& 2004@ =F5 LNG-FPSO /WS AlZFsle] 2007d =8B+ Linde 7%
I FYsto] HeFHo=Z LiMuM (Linde Multi Stage Mixed Refrigerant)S i1
H3tal Atk Lindew 749 71AF3H& A7k Ast3Ad MFCe 3571
<72l PFHE ¢ SWHE #A|2t= 7}sdh 242 FAo 22 Ag A
<z Qe 7ol

[Fig. 2.8]o1 SBM FLNGe] =ZE=& I3, 8F2 25 MTPA(CE
Topside FAl% 32,000tonl.2 R E 3l Qo AZAEH I 832 230,000m (LNG
180,000m; LPG 25,000nt; Condensate 25,000m)°.2 S B/] ZAL HIE AHg
< Aol EEl(turret)S #217F 7hs3E AA B IS AHES Aotk Al
Ae QFEo 9131 Flarex= HZol 91X3tH, LIMuM FA el MCHE= 3k 7l
SWHEE Al&3}+= SMR &4 o]t

A%

FH

2.5.3 Hoegh LNG

Hoegh+ 200611 F-E FLNGE Al&stdleon, Ao 223 LNGAIEe] 7=
9} AzFAHY AF FA=F e}, 20073 =0 Niche dual expander 334 <
AAstA o, pre-FEED= 20073 %0l Al &3t th. generic-FEEDE 2008 =
A AR ow, oluf] oA S hull AXAE, APLS B3} buoy Al~H
ASAZ AR, 20093 5= AHEFS 1.7 MTPAR W35t 314
9k Z ol Niche dual expander 3742 HE7S & Hoegh LNGS] #-go] o]
A FQa, KBRe| Al432 o2 Hoeghol top51de 34<= PstA =HAo

[Fig. 2.912] Hoegh LNG2] A4k &3 0.8 ~ 3 MTPA H=oly, 7|& T4
1.7 MTPA = 2 train Eejolty. LNG A% &2 190,000m (Ho 230,000m),
LPG A% &% 40,000mi, Condensate A &3 40,000m o]y LNG A%+
2o we} WEHETh SPLe] STL El#l (Submerged Turret Loading) Al 2=l &
|3tAal, WA= FPSO d&ol fA|sta, A3z A oy LPGREEHEY 2ol
A3 FAHL FAZ HAASEE AU I HY AAHFTE F, 279
B3} traino =2 TFA3E T
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il

[Fig. 2.9] Airscape of Hoegh LNG

2.5.4 Shell FLNG

T}. Shell& LNG-FPSO Z2ZAE Zof 7} A ed, ZAA 2 Al xyo] &
AR ERglo] =xF o2 LNG-FPSO¢] 71& F2& A3A . Shelle @A)
o] HAAE generic FEEDgtal &to], A5} HA o QlojA &Y A F
Z2 YL F e VB FFEE AFste= FHeoloh [Fig. 2.10] Shell9
Prelude FLNG 7%= AA % dAYABL Technipel F3stH L, A5
Fo] LNG-FPSO AzZ waaich

Al FAI BH7|= 2HEWE AHESedl, ole EIRIY AR A=
AA A7bEol 7hsste] 7h2EN Bo 7R8Ado] E7] wEolth HEle &
b= FElg ®lFo] euletx: LNG-FPSO7F 7}l o} & deolth

ok

=

_2’|_
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ING AAAdn 2= "B g el GTT Mark IS A 95}t

[Fig. 2.10] Airscape of Shell®] Prelude FLNG
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3% LNG 93} ol2 & 34 2%

3.1 LNG 9432 7|2 g

[10]5-78AFh ol Al Aol A =2 8H7] fiste] o] &8sk LH2Ql W oA =
o

b7t FiZE AAE WAAXE 5o Aoz A
=

1=

3 o] oA AAE FANA AFLsI=E S
Joule-Thomson W H(o]&} J-T valve)E E3}ate] =&

=l
o
N
~
@D
<
i)
o}
]
Q.
D
=
T

o

AL ol g3t Utk WE A|ES B3 FFHE ALl o 20T o4
A< [Fig. 3103} %ol g Yo} &
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Aol ule] Ae) WEE dsHon A ushe 2
Mol el oo tha AMT AHe oy BA B 4

1997; Elliott and Lira, 1999; Smith et al., 2005).

@j Condenser
= shaftpower
J-T valve l\‘? Compressor
Evaporator
Process stream
to be cooled
[Fig. 3.1]1 A Simple Refrigeration Cycle
Z1EWdule] BT AR = AXES &0 WSy fludd WE AlelE &
Z7)0) FFek Ste FYel F& Wuje S MY FReE} $H7)of
Aol S%ewe] g4} Bk U)o FLLES wolT $27)9 $EeE
B IFEE Ao|FE AASIA AolEY dyA a&o] EobAA "o 1Y
U $E7)d4 9e AASY g8 EYHE FAEY WEPY ex 24
o] AallA AAA FF7INAY W] SHFLXEE B LE oJgtE EFE Ao
AgrE ™, FAHAA Fgtolol sh= A28 o] HelA 7] Wi S
ZlA e W] SELEE dARE oo R Folv+ AR ATdHAY. FA A
:L:L]ﬂ-o]_o]; > Z_]_-‘I__éj_- "g%

= 3L Aol E9] oY
A AEL F43 7astA B agEE FAHAA a3 Yk Lxv) oF
=30 oC °]3}d Af-ol= A &T&S =ol7] 93l [Fig. 3.2 2 A 2
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3THWu and Zhu, 2001; Lee, 2001).

[Fig. 3.1]9] EQl &3k dFeje] W& Ao e ST 7} 3}

Ad, v FAHAM QFH= AL 29 2TVt EYA B
1

2 OE &0 Wde] a3t 4% [Fig. 3119 ©d ST2EA Al
l

Ag FFsHe ZARohe [Fig 3.2 2.9l vkel o] thekmulti-level) Abo] 2
< &3k Ao axF oty g Alo]F o HAlMAM = FgEo ok st A
2 25 x4 weilxr AE Wejo] dRES T2F gl FHAT| L
HA = F7F RS AA ALFYAdA FE7E SHsEE ot 129 Y
((Fig. 3.2(@)]oll A refrigeration level 12 E7]|¥ FE)A ALgdH Yujs st
o =715 FHsHA ¥A HEZ [Fig. 3119 A9 vlusty =719 ¢
o]l A7) [Fig. 3.1l = TA A 873l AL 270 2yaxE A
<9 9(Fig. 3.2@)]1NA refrigeration level 22 %7|® FEE)y7HA] RE W=
Zrsfete] SE7)olA FAS dugks A7]H, o] wel Wzl AMEH E&

Yo7} =715 T3 7ikEl =22 [Fig. 3.2(@)]¢r HlwstH
olof sl= Wyuje] <fo] wola FA AwVF wolxAl Ht}h [Fig. 3.2@)]NA =
Ao A W& 8 o BHES o]8sta Ato]lEFe
=, & WulE ARESHA] Fa A ETUE BUlE AEStE ©edt

w3
=< THstH(cascaded) o] & 5 AT T YulE AFEstE O Ako]

= o 4 Q3tA HE
2, [Fig. 32)]ol Bl A Zo] A= t&E 25 oA oA a&°] F
2 Y& Mdsta A2FYGAA &dE= AolEY 5719 2P HolA
THEE Aol Zo SVE TS ARRRIH S 12 FHolA dEHE W
T AolE 2, AN Y FFT]A EEirt HRE WEEolok = A
AAs= &S ot Alo]F9 T8 259 FHF2=7F ZUGE AEd=
Wao] et SV W45 s @9 9% © 47194 2RFHE 549
Fol BEr AHEEHE Wajo] mEtA A oY 2EF o] AT
I olfr+= Wule HAEiWst EAXE(S Abe A (critical point), ol FAd(dew
point line), Z8]31 *33 =Al(bubble point line)E)°o] M2 t=2x 12 <35}
o YE Alo] A9 S5 mE W GE & FU Fdo] th27]
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Zolth. dejstr o 7 eHLEeN U E&o| $5F WulE A5
W OE Ale] Ao]2e ol gHEE AAHNoR G Ao|FL o gatE AR

<{Table 8> Range of Cooling Temperature for Refrigerants(Smith, 2005)

Refrigerants Range of cooling temperature
Nitrogen 77K - 118K
Methane 112K - 198K
Ethylene 169K - 264K
Ethane 185K - 286K
Propane 231K — ambient temperature
Propylene 225K — ambient temperature
[-butane 261K - ambient temperature
n-butane 273K - ambient temperature
Ammonia 240K - ambient temperature
Chlorine 239K - ambient temperature

{Table 8> FAIFANA TEHCE ARLE = YHE = ALgsfof sl &%
d9S Uekdl Aoltt. [Fig. 3.2(0]1= 542 o2 o] 35 nlo] A (economizer)s} il
e AP 7 EY7IE ARRSlAL d=7]E AbelolA WHlE Wizt
(intercooling) A A .24 t=7]e] &9 ARES ZFol= WHHS Holx th
Apo] 2ol A Yuj7t Aoz H Fol, 7Y 271 Fs [Fig. 31] A
Simple Refrigeration Cycle. 7] ol A
et ok k5712 HujojA| o,

d|
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Refrigeration

g !.r’ fluid1
= > =
A
economizer

g Inter-cooling
% Refrigeration
3

level 1

\@/Refrigeration ?8/ /‘@
X

level 2
™ Refrigeration

fluid 2
(a) multi-level cycle (b) cascade cycle (c) economizer

[Fig. 3.2] Structural Evolution of a Simple Refrigeration Cycle

[Fig. 3.2]0l <l W& Ato]Ze]|
Q2 3=
O A7k A3ty g Yol ¥
Aol ZAAAE H7tA Ws Aol Za
A ET Wt F23F 247} 57|
Aol Fol obd EZZE F o] Abol
Hel WgE AolE 72E o] §FE Tt B Bd o=
7= 3 ol & l“i [Fig. 3.2(0]&] TH AtolZolA A AelE Bl &}
£ [Fig. 3.2()] =< [Fig. 3.2(c)]°ﬂ Hl 728 7H ¢ dnd 4
7P A FAHH FA e ¥F ACIER dede ArE
© FAEC] 25 WEE Hole A9t vn gdd W& AHEst
2o Arele W7t S2EHe 257 48 HER Ao
2 duyA e 27t dAsIH. AAT: AsFAH e AeA" T
o] A3V} W 2= BAHA o]FojA= A [Fig 3.3(a)]°ﬂ Hel A
o] T ul(MR, mixed refrigerants)E At&3st= WHol Ath.=FIwE AL
T WS ARSI SRV b¥ol dAsiHEE FTeETt A%

At A WYzbEoloF st Ao A"y =43 F ¥ SHsA A
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AT F Ak Aol ZellA Wujelsde® w3t Fee AelFo xqtE
g E3mle] xAd wel WEsl sbsetd, oleld i xe Wis

es
El
rict
_o&
ofo
N
ol
rlo
bt
_}ﬁ
rot
L
)
K3
Y
4

A mixture of Lﬁ
N

fluids

\

-,

“~_... Pure

fri ion level
Refrigeration level 1 fluid A

S
[=

Refrigeration level 2

>

Y, Grand composite curve

Temperature
Temperature

_

level 2
Enthal py, Entha Ipv’
(a) A cycle using mixed refrigerants (b) A cascaded cycle using pure refrigerants

[Fig. 3.3] MR (Mixed Refrigerants) Cycle
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3.2 3% Alo]Z(Cycle)?] ]3]

dost A2 A mde "RENYH 4 Tl flew =2 N w2 X
oA v oz sEQTEL & g e A Zo] “dE FEREH d
ol floed Y 2E7F =2 oA W2 XeE TEHTHA E¥T F
ATk AR o] B2 WEe olEF A2 ddS VA o, o]#A o]}
7] ste ARtem 49 olF dEy WeA&e dYE odstrle oHe A
oltt. tAl EstH WE Ae]F(Cycle)e WAAES e A2FdA 45 F
3] t)7] == Cooling water 59 -2 (heat sink)o] ¥& vlg= AHolH,
do] olT2 AEaAQd FuE Tl o] FAAYH o HAe FAs] A T
TRE T Z1AAR do] F{dEnh oojrie] dF S0 WAS 3 §F4
288 e AHs AU Cooling Unit, 23] €& Hales 1eies A9
7|(fan cooler), 757+ oo} WF9 Compressor 2til & 4 Utk IukA o
% LNG Liquefaction Processoll A A& = W5 Aol 2(Cycle)e] 712 d8E

otz [Fig. 3.4] W% Ape]ZH(Cycle)ol =3z ‘ASAT. (A Vapor
Compression Refrigeration Cycle 2 YR OS2 ofojzd W wWAae] dgf o] &
He gAY ©d A Al dEAste] mE 27 Zo] "EoA|=
Joule-Thomson Effect & o]&3%F Type o|H, HA7t2~ A3}FAHA EYul
(Mixed Refrigerant)Cycle 3 <=<wlu] Cycle & o=z AAAZ Cascade
Cycle %°] o]o] g8 <3t (B) Reverse Brayton Cycle & 37|
(Expanden & a3l 1o 7t2E A o, FAEEY] ;erq_o_g Aol &
aelHA 257F "ojxn RI7LF o2 PowerE AT £ e dYE o83}
o, 2772 ZWE 9 LNGC ¢ BOG A Y3}t 5o F= /\P%Eli’ a7t o
3l FA A= Methane Expander Cycle, N, Dual Expander Cycles©] ©]¢] &
ol &3

ING 93 T3 dgE olalsty] YsiA= Vapor compression refrigeration
Cycle¥} Reverse Brayton Cycle © tigt o]sf|l7} A= ojof st, dAA] AlAo
A AMREE FREE A7 F YT ZEAZY &olgta & 4 vk

P
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Joule-Thomson Cycle ‘Gas Expander Cycle

W Wi
Low pressure gas _.. High-pressure gas Low-pressure gas —» High-pressure gas
e ‘Discharge — \ ‘Dhacharge
Suction” Suction’ d
Compressor Compressor
a Evaporalor Condenser [:]mw a . | Haat Quchangar bien. Fuichangu j =W
*._ * L smperaturs) (High Temperature)l_____ #
Expansion CGai Bisandar
alve . .
Law-pressure High-pressure liguid \ f Low-Pressurs Gas High-Pressure Gas
(i sl zsh i) r\' {Lowest temperature) o
FEED E LNG w
 CYCLE1 ——»
p.Psia & GAS = Ty r
! N i i P 4l A |
.’(- T N
—
Pop | Subeooted l'll /
_%‘?I
wo-phase %.ff
__.: _I‘,:"
=/ ey o S
oF| > Superheatng [E——
Pew i 3 » t = :
- |
by=h, h h

[Fig. 3.4] Refrigeration Cycle

3.2.1 Ideal vapor compression refrigeration cycle

[15]Fig. 3.5] L&}

m\l

Fo] S7] ol X Fd2-gol olste] 718te yujrtx

E 471 o3l 71AA do] sbalA aLe/arske] skt gk o] Wejrtas
o571l EHjol = S71E ol&std WAAzIE AATE k. o] W)
H

ARt gL 27bE Wduf(refrigerant)7}t 231, o= AE WZHECEIY

qg) 19k WWE RBAEBEE B AHEAFAIZIE JTUoule

Thompson) & F}ol o3 A9 Wul& A& & Atk 7|4 L& A2 W)

Wztslaz & EA(d SS9 Natural Gas)9bel dwds Eaja 94&
),

= ¢
o AE(IGED), T TGP WEo] F7] A $E71E 53 &

AN ot
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WARMD _
environmenl I

I U

Condenser | Salurated
ligquad
k! 2
; "
x Expansion i ; .
1 valve Compressor / m
[

Evaporator

i |

COLD refnigerated o
space

Saturated vapor

1-2: k&7 9] SAERY =
2-3: SF71MA A B (=)
3-4: WA AANAN mHETA 3
4-1: F2Ie0N A FL (D)
[Fig. 3.5] Ideal Vapor Compression Refrigeration Cycle

% Joule-Thompson Effect (JT Effect)

d=H JIAE dEE F& FEE A wAUIIA et wm sty A %
o] 71A19] enthalpy H & A B4 J-T &3+ €29 QA u=x 34
(throttling process)oll A 4= Astel A4 &% A7t A7l &35 Uiy
HEH Ql gy FAL 31+ 71A7}F Orificet porous plug & & 3shH

-
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A A ot SAYY AANA ¢ st (AP (0] wE Lxof W

315 JT Al (pJDE BEASHEA), pJT-(6T/oPh A7|AA T, P, h pAFay
2=, &¥, dg9E yelhdth 4 JT) 0 o ASolvt 2= st a37) 9,
pIT <0 Q1 Afole 2318 &= A% 37 YyetbuA Foh 283 urr=0
A Afoles 2= Hst &7 gled olwe 2x& IH-2=(inversion
temperature)gl stal, T-P A= A Jd %9 AZES 9z FA(inversion
curve)el il gttt &, A9 2E7F S Wi} S wjo] ¢Fg WSl wef
25 Wzl W] dgAdl I V|Eo] He 25F &gy it F
Aen FAoA 25 st &35 7] AsiAe= JT A7 1 JT) 00] =H+=
ALe7A 71AE o d(precooling A Aok &, dUEE 7Ale] eEE Holw
I 71Ae Hdl 9 2= oyt Hojof gttt AF 29 HU JH 2=

45K o]a1, 4o Aas 72 205K, 621K o] .

o Thermomeler —- >

- - . 1 = l
= " e
el el i ol Wl el
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[Fig. 3.6] Joule Thompson Effect
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[Fig. 3.7] Joule-Thomson Coefficient Alteration of Various Gases

3.2.2 Cascade Cycle
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ZAAdH o w2 HagFe vt AAEA "ok o] o, [15]Fig. 3.81¢} #Zo] Wi
o]l £%7} Heat Sink(cooling water or cooling air %) Rt} @& A=
Heat SinkZ¢] IxE(Fd)o] E7Fs3st7] wwol A2 @5 Aol Z(Cycle)ol A
WEshE d8 Wol & F UESE FUHHCE WE AlEE TS o3

°2) 123 Ao]F(Cycle)> A= Ao|FZHE d& 5—7—‘3}04 Heat Sink
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T Hdoz 748 ¥F Aol 2(Cyde)= orzit.

WAREMLU
enviromnent

Oy
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[Fig. 3.8] Cascade Refrigeration Cycle

3.2.3 Reverse Brayton Cycle (Gas Refrigeration Cycle)

[15]Fig. 3.5] 183} 7o) F=e|¥l(Expanden® ¢=7] 181 AA71S ol &
gt o HEolE Ao]EE& BT QUTh A2 dHES sty WEsEH
AESEIL ThA] AbolE Fe 255 AN &&3h
o] WHAE d=7]olA d5E WY Z|A= 2o]al B RI(Expander)el A
BAstH dS & gl ALo]r] Wil EHRlA de drRT ¢F7] Lol

ol #7149 58 gl

Hﬂ
;
to
rlr
N
C
lo
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[Fig. 3.9] Reverse Brayton Cycle
Zasith Aol EH(Cyce)e] FALS = WEHRASTE HAHOSE Vapor
Compression Refrigeration Cycle 3 & el Ao A7
(Expanden7} AH&=EM 1 #4L& SAERT FHPoz FPE
A= LUl %E}. AHEZ Q] Afo] S FAA 7|4 Aol <
o2 AEHH, AsFARd Bl Aol oA sy
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MN3}ZA S Vapor compression refrigeration cycle ¥ Gas refrigeration cycle
&-&olm, Wuj Type, A3} FAHS o|Fi A+ Cycled] 7o we}
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(Table <} Zo] 71 BEFE UE 4 At}

<Table 9> Classification of the Liquefaction Process

A. Cycle Characteristic

354

3o Type

A3t 37

Joule-Thomson

Cycle

Mixed Refrigerant

SMR, DMR, MFCP, CsMR, PMR, LiMuM

Pure Refrigerant

Cascade Cycle

Conoco-Phillips Optimized Cascade
Cycle

Gas Expander
Cycle

Closed Cycle

C1/N, Expander(Closed Type),
N, Expander, HMC(N, Dual Expander)

Open Expander
Cycle

C1/N, Expander(Open Type),
OCX(Open Cycle Expander)

B. Number of Cycle

Loop & Cycle 3= A3t F4
) ) Single MR Variants, LiMuM,
Single Loop Non Pre-cooling
N, Expander Process
All CsMR Variants, DMR,
Two-Cycle
C;/N; Expander
Multi Loop
Three-Cycle & MFECF, Optimized Cascade,
Cascade AP-X, Cascade
3.3.1 & Y uj(Pure Refrigerant)e} &3 0] (Mixed Refrigerant)

Propane &
720]-160C ©] 5} ¢

Collectior

(D
)
—

1@ Kmou

ge 5% A9 BN A

CERER-E IR LA L R

AolZe] Ao, wsuvlel dF =
_]




th Methane o A% =L %71 LNG & 43} Al wEF FE3] #29]A
SZ=eourd)7t dukA el Heat Sink (Cooling water, Ambient)e] &=r T} 7]
u Fol 48 HHE 4 7Iglth o] 7 $,Cascade Cycle2 W = <4 3t} Gas
Refrigerant Cycle o|A+= Wulj7} Cycle FollA Gas Phase Wt EA)3slefof 3}
7] W&ol &4 W] ZA]+= Methane X+ Nitrogeno] Al-&% ™, Feed Gas =+
End Flash GasE WwiEA AR&sts A= Uth o] Alx®le 7]E9
Ot AL cascade WHAA 2=Eo Aok 22 o2 e & WH) tiile Edd
W& AE-gHoh

= Yoy FHl EdEFHE gE2A FHI7F ofd EdES Wurt 7]stskA
U 5ok AAolA IS b ofgolA dAT 259 VA E A =4
= FASHA gt B3 F7] A WE Aol Ee oAM= EFE S
2571 47 g27] il &5 Wl A-5-9f 2ol T dugs oA ¥
FHstE s "ok EREe 242 dA Wiyt 344 ¥4 87 2319
H=3k &5 HeolA 73 & JAEF AdYdt. dutd o= gslsiet 2
40 Eg=Eo] EA WA AlzHd e 7HE W4 EAS At ¥ 54
A= W A ABZEe ZHAMinimum Temperature Approach, LMTD),

3.3.2 Cooling/Heating Curve

[Fig. 3.10l= 7] 454 WY& Alo]ZolA 9] Natural Gase] Cooling Curves
et o ok WEA 2Elo A W¥Zh Ze(Fugh2 o] or dAI FHst
o] A o] Fo]x|H, o}y 1ol A Natural gass= L2 el 4] Refrigerantol] <&
< wotr|m WZAHo HFHoRE HEn AP HEHE Wetal Uk
dHstS olafista e Atgolgtd & =282 AH(Phase)o] EABI Tl A
+ Ay A Wsltol] met 257 MsstA Hi(FE), A3t F1toAe oy A
H3l7t PhaseE WA 7]|=H #A8FH DIt AMdS 2 4 s ZojH,
Mixture®] ZA-folx o]le} FASE AHes 7FX. wakA oflg ] Cooling Curve
= ATEE HB3D/AECIUA H3hE B F o2 7|77t 343 #3e

¢
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JHst glo] Coolinglor Heating®l+= A& ow|st 7]&7|7F ewbdk 734
AR dojye Ftolgta & Ut LNGY S52E+ AystiAe=
°F -160C ol dxra o g2 LNG 93} ¥4 Critical Pressure(¢F 55bar)o] ol
A Y Fo R ol IYoA] Flat ¢ 32 -90C ~ -100TC Akl F3he A
A HA P olgl+= C3MR(Propane Pre-cooled Mixed Refrigerant) Process
9] Cooling Curve olgtx 718FE w], Yol A3 ZH3S 71xE= Natural
GasE A3Ar717] faliAe olB ot A9 Wuirt He = A HH, 40C 9
Natural Gas7} W¥uje} dwstste] HEFH o2 -160C 9 FIZH LNG7F Hot
I HH, ofefe} o]l YEm F Utk

Temperature
Heat
[Fig. 3.10] Natural Gas Refrigerant Cooling Curve
1) Pre-Cooling (40C ~ -40C): Propane & CycleZ2 NGE 42z}, Pure
Refrigerant®] © 2 52 dw3-S 3t1 Heating Curver} FlatdlA vebd
2) Liquefying (-40C ~ -100C): Mixed Refrigerant’} dwdS HsiH,
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st=H Hls] LNG 3} FAo a&o] 433 ¢ o]fo|th Heating Curve
9} Cooling Curvezte] Gape] At A2 AAl NG7F Wz ojof 3t &
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ot [Fig. 3310 XSl Hiel o] WAH= FAlo 2=HL7E WL 7%
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- et
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(2) A multi-level cycle: Option 1 (c) Acascaded cycle
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(b} A multi-level cycle: Option 2 (d) A cascaded cycle with multi-levels

[Fig. 3.11] Using Grand Composite Curve for the Design of Refrigeration
Cycles
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of A2olA FFEHOok = WHMUAE S7HAAT A2(T2, level 2)oA
THEEHF st WA A4 HAY S A G420 EAs=
B3 WdE AbolE9 Ae WA= Add™ol Fad HAI A Hed
ARl EolA aREE A SdEFol Havl HESR ZAsoor dh [Fig.
3.11(0)= [Fig. 3.11@)]¢+ mlwste] WaeEs Zoy A3 29 Ao Z
A AE T8 YulE AREshs 2 Zolt}. [Fig. 3.11(d)]elA &=
[Fig. 3.11(a),(b), (O] A et= &2l A= E TSt A= gE A 7
o] 2EA YHANUAE 3+ g de 5k

= o s
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[Fig. 3.12]1& o8 7}A W& Aol + st Folx d A
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THEME AEst @Y Alo]EFE FAE FElolH [Fig. 3.12)]+ Ty
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(a) A cycle using MR(mixed refrigerants)

"
r—

Temperature

’ Enthalpy

(c) Acycle combining MR and PR cycles

k4

Enthalpy

(b) A complex cycle using PR{pure refrigerants)

[Fig. 3.12] Combining Various Design Options of Refrigeration Cycles
3.5 MA7tE HE-EFH AlolE
A7 2~ AspF Ao A= [Fig. 3.111¢} [Fig. 3.12]¢] Bl 2] 7}A] W& Alo]

F A7 8450 £9HY Ut FHE olSHL A A LNGAE A
Bo] o] &5 As AlEFEY SAS A¥EI|E I

[Fig. 3.13]9] X1 SMR Ale] &2 we, o, 23, o]AaFe(isopentane), 71
g di4E FAAE EFYE ded dY AolEFE 2835tE FAHoIt F
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o] rdstal AMREE ARG Ut AR og Hof bE A48 3 v
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[Fig. 3.14] CsMR (Propane-Precooled Mixed Refrigerant) Cycle
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[Fig. 3.15] DMR(Dual Mixed Refrigerant) Cycle
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3.5.4 CCP(Classical Cascade Process)

CCP &7 SMR, CMR, DMR &9 B¢-Ad EFImE AgstA & &
duu] Ate]EE thhAl(multi-level) F3 skl A7k Wzh 9 Hslef Pagh
Yzt uAE A AgEs Wile] 95z 54 et HA3
257F A% oked FE EAIUE AEF IvE YALE0 7]E3
ok st oz 7ol wet Al 7ix] WeiE AEd & doh 5 12
oA o -40T 7bADe] Wz ZE3s, tiREe] Mt st
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[Fig. 3.16] CCP(Classical Cascade Process)
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3.5.5 MFC (Mixed Fluid Cascade Cycle)

MFC 342 DMR 3A9 4" FH=EA HAA7tx @7 #3408 Al 71t =
Ura 2t 3k 35_25“@‘311 Aol 22 W AU|AE Fgdte TEoloH(Fig.
317D. 1 25 FHNA AEEHE EFYr] Ale] S(Fig. 3.171¢14 MR Cycle
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Aux Egol W53 F7HEAE gtk DMR FHol CMR 39 A9
Aol A AgSe THY
AEAY FHHQ Aol 2 EYHA Yolx S
G ook ERdME dw, olw, Zw das Asse Aoswe of

IMTPAo] 2L ING 1 &% 234 kWhe] =¥& A X 3tkHeiersted, 2006).
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[Fig. 3.171 MFC(Mixed Fluid Cascade) Cycle
3.5.6 @4 A7) Abo] E(Nitrogen Expander Cycle)
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[Fig. 3.18] Nitrogen Expander Cycle
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i CMR % DMR A3} o] oA &&o] 52 3R] AZdAY. &=
EFY A FAAA = qUA BEHTOE F
ojLf A WA Ato]Fo] ®Wol AME Huh X
FAHEL ING ZHE JAANAMY HAES

o7 LNGHA Airde] oF 63.4%E RSt Jom 1 goZ=
Cascade Cycle2 %E3to] oF 15.8%7F A4k= 11 2t} (Robertson, 2012).

o
op
2o
LU
I3
o
op
It
ki
xo
r
2

-
=4

_53_

Collection @ kmou



4% LNG 332 =Z71¢ A

s we 3ol Bt 44

i
ull
1
ol
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A= ts4o] s, F3/HE 7ol Bol 53y gholll Z(icense)ol] that
o] w2 Holm, 7t ALLE 9% A W Z|AA U AHlY ART]Eo] B
o Fa8sHA H7iE o A LNG Base Load SR E| H &5+ 7|€22% APCI
o] FAHo] Bo] AEHI glom, ING EHE FofoAe] &3 AstgA7]

%<& t}e (Table 10> Ztt

<{Table 10> Liquefaction Process Technology for Onshore Plant

Licensor Technology

SMR Process Technology
Propane Pre-cooled Mixed Refrigerant (PMR/ C3-MR)

Process Technology

Air Producers &
Chemicals, Inc.
(APCI)

AP-X™ Process Technology
Pure refrigerant cascade CoP LNG™™ Process

Conoco-Phillips - 9 .
(Formerly Phillips Optimized Cascade Process)

PRICO(Single Mixed Refrigerant : SMR Cycle)

Pritchard

Technology
[FP-Axens Liquefin Technology
Technip-L’AirLiquid | Tealarc(Double Pressure SMR) Process
(Snamprogeti) Tealarc(Double Cycle MR) cascade Process
Shell Dual Mixed Refrigerant(DMR) Technology
Statoil-Linde Mixed Fluid Cascade(MFC®) Process Technology
COSRAIN Multi-srage mixed refrogerant cycle process

*x* Pure refrigerant cascade: Propane, ethylene, methane cascade refrigerant cycle

4.1 Small / Mid scale

FLNGe] = Target?! Stranded Gas Field®] 4% T4 % Wello] ®o] )1,
] 4-5F BaseZ Profitabledt Azt A4S F4 59 2 MTPA |3t go] 4
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& 7}5Ao] &b =3 FLNG Project”} %7]0]7] wj& ] AA &Y Al o gk
Accident7} 9&% mz2:= AHgYoz U3 RUu:s F/423o AHo| Qo
il

4.1.1 Single Mixed Refrigerant Process

dukx o7 Mixed Refrigerant= 7] 4524 Y5 Ale]Z(-T Expansion
Refrigeration System)e] Ww|ZA AM&5H, 0135 =g Yoo 79 Cascadez
T34 ¥e A SF52E7F Heat Sink9] Boh vr] o Single
Cycle® 2+ Refrigeration2 ¥ 4 Q7] W&o, o8 $E2LEE 7R+ Y
mj S 4]0 A}, Heat Sink(Air, Cooling Water )02 <A1 < AA 317 9
srolth. SMR FA ] thxA <l Licensors¢2] Schematic Diagrame|™ 2z} FAHE
o] A¢ dd+= A9 2o Minor #HIY T4 B+ AH] Typeol wah o+
zFo) 7t dtk. SMR Process= Onshoreoll A LNG Aj4teF 1 MTPAMillion Ton
Per Annum)elste] AR Hst FA 2 Peak Shaving 802 F=2 AL HSY
o, Mid-Scale@MTPA ) FLNG ©jAle] st FHo = F& ity it}

SMR(B&V)
.............................................. 4
Low Pressure Refrigerant E Trealed Feed Gas
i
3
H
: High Pressure Refmigerant
3 Refmigerant ‘
3 5
+ T ~ Condensar
£ B D -
b4 2y
H —X__ T i o
=l A/
Refngerant ) Refrigarant
Camprassor Heat Exchanger
eingerant
f__.f Separator )
: i (
: ||':IE|' II’!’FE' .f S .
§ aoler (} ( > J_
: e
: Rafrigerant
H | Separaior Pump
H ]
E f. = I Heawy Ligguid
§ ;L{ - Separator
E Interstage
g Purmp Heawy Liquict
5 MR
H kil
g Loop | LNG to Storags
B T T T P T T PP P P P P P e Ty T P PP P PP PP TP T Y

[Fig. 4.1]1 SMR(B&V)
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refrigerant
compression
in ccmmeon
barrel casing

Printed
Circuit

Heat
Exchangers

=5

[Fig. 4.2] LiMuM(Linde)

1) Peak Shaving

PNG(Pipe Line Natural Gas) FacilitysolA €Az PNGE Fa %ol Supply
s A AL S EAHZ A7) NG AR Fo] ZASE w= gv|sly AR o

shdulg ol offvh B u Astate] A3 FATL PeakAldl 7]s}atel
Supply 3= AdH].

2) A3}l FA ] Efficiency

ING 93} &4 9| Efficiency= NG9 23} 493} Feed Gasol =4, 181
NGL Extraction®] Integration &% & o2 FH = me 22 Aol
SAgxE R zo]Z Holn, =3I FA & uf ZF Licensord EE AR
w2t zpol7t A= Jorm olE A v 2.

= kW/(ton/d), KW/(LNG ton/d): 3}Fol LNGE 1& AAEty 2 u), £=+=
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= kwh/kg: AP LNG 1kgE A4tdoia & o FUH= dF
9 F BYE AT FYHE TS ongor 9ukHel aeats 2

O =
]7%1——_' ‘T‘%vq

= mmscfd Product/Feed (%): % T == Feed Gas & Fuel & A8%i E=
AA LNG A KA s =F

= Thermal Efficiency (%): 53 2=%2ING 7} LNG 7} H7] {84 Al A3k
st 9 ¥ FUEHE IF

4.1.2 N, Dual Expander Process

et

71E2A o 2= Gas Expander Process¢]™, Reverse Brayton Cycle®] ¥H&E S

A dubx o 2 w3l= N, Expander Process Ns Single Expander ProcessE &
A Adure] BOG A st AR o F2 Hol AMEEHAY. Dual

Expander Process= Single Loop¢ll Expanderg F7}sl], WlF Ho=z AUF9

Cascade %5 dojujolA System EfficiencyS =] F= o9& A4 Hrh

Single Expander Process ™iH®] 30%7}1& &8 &3 a3/} 9l

Process= J-T Expansion® thH|st] Cycle & 4= <

HE 7HE A 2oy Gas Wue SN WasHEo| doiA

o] ojRt} =3k W7} Nitrogeno]”] wj&ol Safety = ol

£ w3 9lo] Mid Scaleg ¢ FLNG Projectoll Al Z+3g w31 ok

N2 Dual (Hamworthy) .

an

o3 Fuel ColdBox  fromLNG

= ~ L=m Plate Fin Stomge

T Exchanger I.“
:@ .E:- FEITE e
Ejhu_‘\ Bource Gas S PR §»- Flash |
e LNG to
Loop S
f f‘=| Campresalan Storage
i S g
_______ Expande:

= | v
| !—|
,..] [.__m"cmu" M Expandar 3

el

[Fig. 4.3] N2 Dual Expander Process
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4.1.3 Open Expander Process

derx o2 A3 Cycle2 Closed LoopE T4 sHAITH Wn] £4+4 FS w
2 A F= AHE Fojof = @ o] At Open Expander Process:= Feed
Gas =+ End Flash Gasg WwE A8 o =4 Open LoopE st Wyl
S 0z BRFS & el 9= ZFH™o] Aok =3 Refrigerant Storage Tank
2 w2 FA otz Fo =7 Safety =Hol|A MR Cycle Htl= FHAo] &8
Holt}. Cy/N, Dual Expander ZZA|~°] 79+ Closed N, Loop 2} Open
Ci(Feed) Loop & 7HAH, & STUHE 3l 943 g sk & A5, WF
< 913+ Methane Compressor ¢} NG Boosting CompressorE Common ©.Z A}
£ F Jd= A= Ut &2 N, Dual Expander Process®} Blsdt =Fo]
™ Al Mid-Scalegoll & &3t}

QOCX (Mustang Open Cycle Expander Process)

Boil-Off Gas
from LNG
Storage
FIaSh Gas IIIIIIIIIIIIII
Compression Cold Box
Plate Fin
Exchanger LNG LNG to
-------------- ﬁ ﬁ
Source Gas —rb Flash Storage
Fuel Recycle Gas --------------
Gas Compression H MUSTANG

* Patent Pending

Turbo-Expander

[Fig. 4.4] OCX(Open Cycle Expander) Process

4.1.4 Mid Scale 9438} Process Summary

Aedt mkel 2ol 93t ¥AHL 47 AEHe 7HAA AoH

[
tu
»
|t
il
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Leading & uj Plant Philosophye} A eFAEo

Summary st o}z e} -t}

w2}

<{Table 11> Mid Scale Liquefaction Process Summary
e Liquefaction Process Efficiency vs. Revenue

Al =

FRAEE

% If GT is applied as prome mover of refrigerant compressor, the output
power is limited, and 40~50 MW is need to liquefy natural gas for the capacity

of 2ZMTPA.

<Assumption>

= Qutput power of the gas turbine is 43.5MW(X 2Sets) at the site condition.
= The production uptime is 365day/Annual
= LNG proce is 7 USD/MMBTU, the typical LNG calorific value is assumed

51.4MMBTU/LNG ton.

Efficiency Prog;(cetion Revenue Remark
SMR 15 kw/(ton/day) | 2 MTPA j22.2 100%
Mil.USD/Annual
603.0
N, Dual Expander | 18 kw/(ton/day) | 1.67 MTPA MiL.USD/Annual 83.5%
Open Expander 18 kw/(ton/day) | 1.67 MPTA 60_3'0 83.5%
Mil.USD/Annual

e Refrigerant Inven

tory and Safety Risk

Refrigerant HC Inventory Safety Risk

SMR Hydro Carbon Mixture | Refrigerant Vessel High

N, Dual Expander | Nitrogen None Low

Open Expander Natural Gas and etc. Only in Process Loop | Medium
4.2 Large Scale

System®] Efficiency®= 5<% Prime Mover AF&A] Az A4Es AAHE=E 2
Aolw = ING Plant 7} 47F HolSol= =9 2AAHAY watd 27 ER
H|(CAPEX)9} Operating Cost(OPEX)E a#3}e] AzF 429 tjv] x4 S A4k
By, oz Z4E FAY EF/AdI CAPEX 7F =olx|Hgt= System

Collectior

(D
)
—
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Efficiency 7} =& 43} Process 7} A E oo} 3t} webd P 3 AHAELS F
N o]de] Cycles 7FAWHA EfficiencyE =% Z2ZA|~E0] 5 o|&FT. o}
g oE TAHES IF v&3 ZolE Joyt 10-12kw/ton/d)e] System E-&S
ZFA 2 ok AubE o 2 FLNGolAlE 3MTPA o|A4S thadFolgta 3y, o]
735l = OPﬂii‘r 22 FAEC] A Eo ok gt ol A & Plant Base
Load 224 &4 7|&do =z &3 AAHL Process Efficiency 7|02 & &
213} 2ol :r“% T Ao

= FLNG €] LNG Production Rate

day i erHmn |

kW)= \' Y lx3es |20 )|

tonld ) \ Annual

=TMTPA

= Out Power of Prime Mover - Efficiency of Liquefaction Process x 1

Annual x System Availability

obgfoll= thEZA< tidg LNG 943 FHS a7 oo = M3t
o

Concept & ©& Licensor® &7480o] A<= + dvs FASAF 3t}
4.2.1 CMR

[Fig. 4.5]1 CsMR(APCD 43} 342 824 LNG Plant ¢ 93} o2 A 70%°]
& 7HE el ALHAeH, F e Cycde 22 FAEHO glown,
Propane(CsHg) Refrigeration Cycle©] Pre-Cooling= % H©93tal, MR Cycle©]
Main Liquefaction ProcessZ 2}-8-3+th. FLNG # 84| Propaneo] ZwAo] o}
A Safety ZwWol 4] Risk7}
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C3MR(APCI)

= LNG

:

MRV

Feed c3
E -------------------------- -.-hacuoﬁ"g.-- --------------- e u .‘ o

it

Mixed Refrigerant
Liquefaction

MR Loop

[Fig. 451 CsMR(APCD

4.2.2 Liquefin TM Process

DMR Processe] ¥€&S =2 Pre-cooling & MR Cycle¥} Main Cooling & MR
Cycle o] &= F 7R Alol2 =2 A" FA otk 542 dwkz el MR Cycle
o] Main Cryogenic Heat ExchangerZ= SWHEE 2*=d|, [Fig. 4.6] Axens
Liquefin Process= PFHE Type< &3} o™, PFHEE 3142 Cold Boxoll <&
T #d HE ol 9|2 wix|stAA PFHES 2+ Core”} ¥h= Thermal Stress&
=t
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Process »— .:./
e
Precooling
Liquefacii

[Fig. 4.6] Axens Liquefaction Process

4.2.3 MFCP(Mixed Fluid Cascade Process)

Cascade Cyclee] ¥dFo = LubHQl Cascadew= <« WulE AM&sty [Fig.
4.7] Statoil Linde Mixed Fluid Cascade Process(MFCP)¢] 74-%- Mixed Refrigerant
Pre-Cooling, Liquefying 12]3l Sub-cooling &2 Z}7] Yo 3 7/1¢] Cycle

o
& FARAY. B TS AU 3wl Countrh B wiol gtk
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Liquefaction

[Fig. 4.7] Statoil Linde Mixed Fluid Cascade Process(MFCP)

4.2.4 AP-X

[Fig. 4.8] AP-X 9354 C3MRoA 3 @A THdd Z=A2g2 7|E
Pre-Cooling-& Propane Cycle3} Main Cooling& MR Cycleol| 4] Main Cooling <
35S Liquefying ¥} Sub-Cooling®. & 9], Liquefying2 MR Cycleo] &3}
1 sub-Cooling-& Nitrogen Expander Cycleo] @93ttt d=29] Hybrid Type ©
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2 3d Ao AME 71 Complexdt Typee] 3} = 2 Aot}

AP-X™ Hybrid LNG Process LNG

Subeooler

-~
m Nitrogen
Expander
MOHE
FEED o i
, N
o] ('3 Pre-Cooling { :II::‘::::

Mived
[ Refrigerant

[Fig. 4.8] AP-X Liquefaction Process

4.3 LNG 943} FA H"|nl Summary

LNG FPSO¢] 7% 1.5MTPA ~ 3MTPA &9 5 &757F Ad 7tsidol =
o, A33t WS}t Process= 4] Gas Expander Cycle¥} Single Mixed Refrigerant
Cyclee] & wra Qlt}. Gas Expander Processe] 74 Cycle 547 Cycle
Efficiency7} @2 @30l Aol A FREMTPA &) o9 43} FAHANA =
Single Mixed Refrigerant Process7} gt Zlo = dAwhdT. 3MTPA o)< o
& FLNGe] 74 Efficiencye] F840] =7] w&o) 2Cycle ©]4¢] CMR ==
DMReo] f¥3}al, CMRe] 7% Propaned] F 9J@o] #A] Safety SHollA
E2)3t, DMRe| Load Sharinge] 3% ZwWo| 9oy Track Recordek
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System ComplexityZ®H ol A& CiMRo] 3t Ao g2 FETh
<Table 12> Comparison of Liquefaction Process(1)
SMR C;-N, Expander PMR(DMR) CsMR
Project Onshore Hoéegh FPSO Generic FLNG Onshore
Licensor Black & Veatch CB&I Shell APCI
Efficiency Medium(14.5~15.5) (Low,19~21) High(11~12) High(11~12)
Capital Investment Low Medium Relatively High High
Equipment Count Low Medium High High
HC Refri. Storage Medium None Medium Large
Compact(Footprint) High Medium Low Low
HTX Motion Impacts Relatively Low Low Medium Medium
v CsMR, PMR Vv 8-809| 71X v 8%, CAPEX | v &4t Land
tiy] 8& @A oA OPEX 3 A] ek Base g}
gk 570l R SMMTPA o}/ 5730 =
A o0& Compact | v/ Refrigerant Aststo g2 Al™o] 9le.
stozn  CAPEX, Storage”} 3 LNG Vv 28,
LA =0] gioog Risk FPSO9]| 112. CAPEX
ol 98, 7Y e ne A
Vv Mid Scale & -8
Offshore SMMTPA
Remark Liquefacti»or_l o]A} &gk
70 AL stoz
v/ Hydrocarbon & LNG
Mixed FPSO]|
Refrigerant 2.
Storages €%
MRSt 2 N,
expander TjjH]
Risk 7}57do]
.
Note 1. Efficiency unit : KW/(ton/day)

2. Best

ProcessZE 9uojst.

Collection @ kmou
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<Table 13> Comparison of Liquefaction Process(2)

Pre-cooling 3-F-of w2}

LiMuM 0OCX HMC
Project SBM FLNG Teekay FLEXLNG
Licensor Linde Mustang Aragon
Relatively low Rfllzﬁ;’f;yz ;‘;w
Efficiency Medium(14.5~15.5) (16.7~19.16) . .

Based on HMC
Distributed file

Capital Investment Relatively Low Medium Medium
Equipment Count Relatively Low Medium Medium
HC Refri. Storage Medium None None
Compact(Footprint) Relatively High Medium Relatively High
HTX Motion Impacts Relatively Low Low Low

v/ Single MR Cycle
ot} LiMuM& MR2
2= GAEZ2 WY
AlA, HEA MR
LoopE /3¢t
PRICORTC} £

Vv Flash gas ¥ BOG
o) xle] A7t mre
T glo]
Liquefaction
Process®}

Integration.

v Refrigerant
Storage’t §Jooz
Risk7} 714 2.

v/ Refrigerant2 Inert
Gas?l N2& Arg8&e
2 QoMg/dol =2

B4l v MR9] x=2Jo] Flash
v/ Mid Scalew Gas Ao o2t
Remark Offshore FF o glo] wro
Liquefaction 0, T-Z20] Feed gas
3ol A ke /30 et Process
v/ Hydrocarbon conditiong
Mixed Refrigerant Z A sfoF gt
StorageE ¥©&% AX| | v/ Refrigerant
st 2 N, Storage’t ooz
Expander ThH]| Risk Risk7} 713 e
7hs o] TR,
Note 1. Efficiency unit : KW/(ton/day)

2. 1 Best ProcessZ 2]0]gt.
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54 "y LNGE& 943 AolE 54 &4

5.1 A A7} AWNatural Gas, NG)<| A <]

HA7F~T W e Methane, CH)S FAECS=Z st A9 o ekEthane,
CoHe), = Z3HPropane, CsHg), H-¥HButane, CsHjp), ek(Pentane, CsHyy), ©]4k3}
E4(CO,y), ANy, AFMHe), FE(0il waste), HA|(Dusts), =(Water)s©o] Zg
Ho e AR E gu|st) o] AL dA7t~FH(Natural gas field), #(0il
field % ®x(Coal beds)solA At=Em NI ou|df HATI=7 7F2H o
A ArEEE T7HAE g R h bR FolA AEEHe ddviAe O
2 AEE 77 gl vk 238" EsEmpurities) S AlASE #A
= AAck gt} 53], o]4tstetA, 3 SghE 9 & T2 ARE Aol HEEA] A
A oornt gttt QoA AT BEELS O7IE SHAIAY, AAC FY
A FHOE AA o falisty =3 o]4t &

7] el Abgste B T Ao AWEQ] E4e F7] Wil ARE Ao

W= Al A4 FA(Natural gas processing)< AXG. AFH = AA7F=e AR

o
Ml Jhagnieh 2ol E molm] tje wgke] ARuI7} 85%-99% AEE HAw
o "ATtaY G719 BHAFERCHN)E FAECR 239 Wa Fol

Z3E AA AHOA A=EHe VAV E TA

HAA7L29] FFHole 7F4HA7E2(CNG), Natural Gas Liquids(NGLs), =&k 3}
o] =g o] E(methane hydrate)”} At} 7+t A7F2~(Compressed Natural Gas,
CNOE= 7F2=d 52 FHddA A= HA7I2E A3ksbA] & 21934E,600
PSIG, 25MPa)9] 7}~ ElZ At FolZahele Fa| AA| oA AHA 2
+&ste FE e 7h2t NGLse HlRo] w2 wgs) g Hxhal sty

Z Wol AUHOE e ZE®, Ru 5o LFUHFLEL A4A5 A
ez Wes S oW g8y 985as dwHoR NGlsgh H23
k. e solsdolEE we Lo ke gl WATEAY FARI
WE BA7k B B4 YelA YAHOE A¥se FHE uAY AFA

(Solid-phase crystal)E w3t}
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<Table 14> Physical and Chemical Properties of Natural Gas(1)

e bt ey
eCrio

'\L_.[_,-I_ LWL WL L |

Properties Methane | Ethylene Ethane Propylene | Propane | n-Butane
Symbol CH4 C2H4 CzHe C3H5 C3H8 C4H10
=71 18.04 28.05 30.1 42.08 441 58.12
(Molecular weight) ’ ’ ’ ’ ’ ’
Z1A1A44(K] /kg.K) 0.5182 0.2964 0.2765 - 0.1885 0.143
AAL%=(K) 191.1 282.4 305.5 - 370 425.2
A A= (Mpa) 4.64 5.12 4.88 - 4.26 3.8
Volume(m?3/kmol) 0.0993 0.1242 0.148 - 0.1998 0.2547
H| A (17]¢of|A],°C) -161.5 -104 -88.6 -47.7 -42.8 -0.5
U] F @°C 0.42@b.p. | 0.57@b.p. 0.45@0 0.514@20 | 0.503@20 | 0.578@20
71 A Y & (kg/m?) 0.554 0.975 1.04 1.48 1.55 2.01
AA Y = (kg/m?) 426 - 544.1 - 580.7 601.8
=7]9%(kg/cm2)@°C 199@20 | 49.2@7.4 | 38.7@20 13.2@20 8@20 2.17@20
Cargo temp.(°C) -165 -104 -89 -48 -43 -1
Cargo
Pressure(kg/cm?) 1.04 1.04 1.04 1.04 1.04 1.04
Specific gravity of | B
Vapour(15°C, 17]2) 0.554 1.046 1.54 2.07
Specific Gravity of | 0.57 0.547 0.614 0.583 0.602
Liquid
Gas/Liquid 619 - 413 - 311 311
volume ratio
Heat of vaporization
(kcal/kg) 124 115 117 105 101 91
gl CLHENL LITIE 53-14 | 2.7-28.5 | 3.2-12.5 | 2-11.1 | 2.1-95 | 1.8-85
(% by volume)
Ignition temp.(’C) 595 450 530 530 470 406
= Qolsl F F F F F F
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<Table 15> Physical and Chemical Properties of Natural Gas(2)

Properties Butadiene Butylene Ammonia Cl\llll;}gie Nitrogen
Symbol C4Hs CsH8 NH3 C,H:Cl N,
2A 54.1 55 17.3 62.5 28.01

(Molecular weight)
71A1%d4(K]/kg.K) - - 0.4882 - 0.2968
AA2%=(K) - - 405.5 - -
A A% (Mpa) - - 11.258 - -
Volume(m?3/kmol) - - 0.0724 - -
"] &(17] ¢l A, °C) -4.5 HEl} QA -33.4 -13.8 195.8
AU E @°C 0.627@15 AP 0.88@b.p. | 0.912@20 | 0.81@b.p.
71A1Y = (kg/m?®) 1.88 AR 0.6 2.15 0.967
AR Y = (kg/m®) - - - - 808.6
=71 (kg/cm2)@°C 0.17@0 A 8.8@20 312@20 9@-170
Cargo temp.(°C) -5 AR -34 -14 -196
Pressflf‘e’;i‘; Jem?) 1.04 ALS 1.04 1.04 1.04
Specific gravity of 3 i % ~ 0.97
Vapour(15°C,171)
Specific Gravity of 0.647 AR 0.683 0.965 0.81
Liquid
| NS sy | |
Heat ‘(’lf{c‘;?/’l‘zg)zat‘on 99 A= 3.26 79.3 47,5
E(;plg;“;‘(‘)hlﬁlet)s 2-11.5 A= 14-28 4-22 ] 7FA A
Ignition temp.(°C) 450 A= 652 472 H]7FA A
a4 F & T F/T &

5.2 LNG(Liquid Natural Gas)¢] A ¢

Hes FARESE ste dAVIEE d7IRE271S, 171D dEjddlA oF
~163C7kA] WZHA| 71| o] 7l dslete] 1 82 o] i oF 6009 1=
o], o]AS A3HA72, & LNG(Liquefied Natural Gas)zh

3 FEw B0 53 85 0425 ~ 0550 ¥ Ar|H REAe ety s
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5.3 1Y LNG<] A<

[14]57% =& sidolA 7F2H 2 RE o]FEHol s 7FAE dstslo #A4s}
3, AAS LNG. Minig LNG2RHA(Z& HEz)oZ <t
52 e A2 LNGA 4ol A Astar, 22 LNGA 4o A4" LNGE
718kt §4o| f7HE HAEE Aiste HH7] ARE FEdhe €HEY &
TFE LNGEZE-<S Mini LNG Supply Chaine 2 # |3t}

=
oft
L
X
o
ofy
ol
L
£
Ho
o

B AFNAE D7I2A0RRE olFHolor 7aE Asiste] APt A
A3 LNGE Minig <WAES npa)oz o)%ahs A 42 F-LNGBMPSO)E,
2L

Q)=FTFHCZ Minig LNG &RH1 S, &2 LNGAH 40 AAE LNGE 7]
3}ale] 24bo] @ EE AP A= AJAE FSRUFBMP)Z A 9] 3o},

531 &% F#4 LNGA4EH|

71& 1 LNGAA AR ¢ol= &8 0.3MTPAF S 2 §4+9] Gas Pipe Lineg &
o] Y= = Clean Gas (Sweet Gas)E <FH o] FHob &2 A o H-{3h
BHAA WE Ao]EFS o]&ste Askg FH O AAsta, AT LNGE

Mini-LNG &1yt o] 319 3= AH]
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2.3.2

[14]4

7

o o FFI

Minig LNG24HA

BIAel #AEstH, 50MWa T dd|o] dFHo 13 LNGE o|$3ste
&2 2 5000m*e] A& % 7FAH, 400 m/h ¥ LNG3l9g=ZE Ad
AYINGEHHA & 7|0 2 st

5.3.3

[Fig. 5.1] Mini LNG Tanker

Mini LNG FSRPU

2,000 - 30,000 TPA

: (1) Gas pretreatment

" lom (2) Liquefaction
(3 LNG storage
() Electrical and control system
(5) Truck loadling

[Fig. 5.2] Mini Scale Liquefaction Plants
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[11150MWE 9] d&ES Mgarste] S48, 10MMSCFDMillion Standard Cubic
Feet per Day, equals 1,179.87 Sm’h, 28,317 Sm®/day, cf MMSCMD)¢] GasZ
2317 913 AnE 5000m*F 2 INGHZAHBIE B&3ta o

5.4 T4 LNG 43} w2

ING 49 7R g /v HEd] 4% vte gloy, 45 A5E £
stafl 2 A o) ¥-=3-43-% 43 (Large-Mid-Small-Mini-Micro Scale)® &
sl ow, Au|(Facility), +%¥+A(Carrier) @ A A(Plant)ol] tha Fg3to]
B o5 2ol AErt Ak
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[Fig. 5.3] LNG Cost Challenge
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[13]113 [Fig. 5.312} 1% [Fig. 5.4]°| A+ Hamworthy 3]Atoll A 7)@H3sk Mini
LNGE Hs}F4<l SINTEFeo| tigh A= o= Mini LNG= 1~15Tonnes/day&
A + A= Abo]Z(Cycle)elth. [Fig. 5.319 #Zo] Mini LNG Aol A 1] &
SHoA AAAQ LNG 43} FA o, =3 &322l SHNAE 19 [Fig
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[Fig. 5.4] LNG Efficiency Challenge
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w BAsxma o} [Fig. 5.5]+ Reverse Brayton Process®] Diagram-2 A
kS

o, <Table 16>° A+== Reverse Brayton process E4& AH

CLEAN KATURAL .
GAZ FROM . INTERCOOLERS/AFTERCOOLER
PRE-TREATMENT nta
PLANT : -

=
=

HEAWY
HYDRADCAADONG
FOA FLEL

—

-

.

CRYDEENG
BEPARATCH L HEAT EXCHANGER

HEAVY HYDIRO
CARBONS

(H

¥

| W2 AESERVOIR
LNG TO -

STORAGE  ~liff— - MATLIRAL GAS

TANK COMPRESSOR/ENPARDER

*_._ ——= HEAVY HYDROCARDON

— HEFRIGEAANT: RITROGEM

[Fig. 5.5] Diagram of Reverse Brayton Process

{Table 16> Characteristic of everse Brayton Process

Technology Reverse Brayton

Production capacity | 20,000 to 300,000 TPA

Refrigerant system | Nitrogen produced from air on-site

As low as 0.35 kWh/kg depending on project specific

Ener nsumption L
ergy consumpto conditions

Robust technology that allows for quick and simple
Technology features | start-up/shutdown & ramp up/ramp down compared
to competing technologies

Reduced installation time and small footprint through

Installation a modularized design
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N, Gas Expander Processoll= =A [Fig. 5.6] N, Single Expander Process$}
[Fig. 5.71 N, Dual Expander Process’} o™, dwtx o= N, Gas Expander
Process= N Single Expander Process& &3}, o]= A Aute] BOG A<
gt Ao F=E Ho] AFEFHATE Dual Expander Process= Single Loopol
ExpanderE F7}ste], Y3 #Ho® A=9] Cascade EHE dojUoj A System
EfficiencyE = = 9 314 ¥ 0. Single Expander Process thH] 30%7}
F 88 53 837} Ao Gas Expander Process= J-T Expansion3} tf H] 5}
He 5 O 2 a3& 71 A 2oy Gas Wule 54
A MREAHET B&o] Bojxlth, =3 Yo7}t Nitrogen ©]
7] wjoll Safety SHoA 7HE 2 H4E o3 ¢lo] Mid Scalew e FLNG

Projectol| 4] 2} wkal Q).

27eC 133.2¢C —® 30cC 135.2°C 0°C  1344°C =9 30°C 134.3°C —% 30°C
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a 4 9 10 11

-38.08°C

99 bar
Nitrogen Flow rate 12
= 7.683kg/h "
1
-153°C
0 5b 1 LNG
Natural Gas ' > = —a><] [ »
Feed
gg::ar -149.5°C 158.5°C
49 bar 1.209 bar
1 kg/h LNG-100 1 kg/h 1 kg/h

Joule Thompsan —  Nitrogen stream
D‘—l Compressor > valve

=  Energy stream

Water intercooler

[Fig. 5.6] Single Expander Process
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[Fig. 5.7] Dual N, Expander Process

5.6 SMR Cycled} Ci-N, Expander Cycle] H|n £

nY LNG 935t tx2d 34 <l [Fig. 5.8] SMR(B&V) Cycle?} [Fig. 5.9]
C1-N; Dual Expander(CB&I) Cycleel| tj Hl . EA35F3 T

g

= O_ O
s

N2 Dual Expander (CB&) in Hoegh FLNG

i

Ciloop

SMR(B&V)

Embodiment ‘A"

Dual Expansion Cycle (u.s. Patent 6,412,302) ‘

Nitrogen Expandbr

N2

Loop.

[Fig. 5.8] SMR(B&V) Cycle [Fig. 5.9]1 C1-N, Dual Expander(CB&I) Cycle
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[Fig. 5.11] Temperature Alteration of SMR Cycle

5.6.2 N, Expander Cycle 54 £4
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[Fig. 5.13] Temperature Alteration of N, Expander Cycle

5.6.3 SMR Cycle® N, Expander Cycle &4 &4
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Z}o]= Compressor,
Expander adiabatic efficiency Z+Z} (78%, 85%) 71=olAl o 4.26kW/(ton/d),
(80%, 90%) 71Fol A= 2.6kW/(ton/d)e] =tol7} Bt =3, [Fig. 5.14]0014 H
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[Fig. 5.14] Efficiency Comparlson of SMR Cycle vs Ny Expander Cycle
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[Fig. 5.15] Production Comparison of SMR Cycle vs N, Expander Cycle
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5.6.4 SMR Cycle®} N, Expander Cycle &%
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