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Multi—floor Layout for the Liquefaction Process Systems of LNG FPSO

Using the Optimization Technique
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Abstract

A layout of an LNG FPSO should be elaborately determined as compared with that of an onshore plant because many topside process
systems are installed on the limited area; the deck of the LNG FPSO, Especially, the layout should be made as multi-deck, not
single—deck and have a minimum area, In this study, a multi-floor layout for the liquefaction process, the dual mixed refrigerant(DMR)
cycle, of LNG FPSO was determined by using the optimization technique, For this, an optimization problem for the multi—floor layout was
mathematically formulated, The problem consists of 589 design variables representing the positions of topside process systems, 125
equality constraints and 2,315 inequality constraints representing limitations on the layout of them, and an objective function
representing the total layout cost, To solve the problem, a hybrid optimization method that consists of the genetic algorithm(GA) and
sequential quadratic programming(SQP) was used in this study, As a result, we can obtain a multi-floor layout for the liquefaction
process of the LNG FPSO which satisfies all constraints related to limitations on the layout,

Keywords : LNG FPSO(ERA! LNG AL XZE 5t &X|), Liquefaction process(@ist &), Multi—floor layout(CHS BiX|), Optimization(Z
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1. A-I 2 2 Bzl des EFEHHwang et al., 2010). LNG FPSO2|
42, M flof Ciket &FF = AIARISO0| HiX|=|0fo} St2
2, SANof| 5] HXof 2= Hef =710| Hot ZL5P CiF
1.1 7 o OfXIT UCHLI & Ju, 2010). T2 TjstEl B2l @8No

Z ARBsP| fIsll LNG FPSO AMF 7= A|ARIES| FH| HiX|=

LNG =e2ke| Z7lof| w2} A2 7HE2] LNGFPSO(Liquefied chl ZHiKsingle—deck)O| of-l CFE ZHEHmulti—deck) 22 AA|
Natural Gas—Floating, Production, Storage, and Off-loading Sofof sl AR FLz=0f| HiX[El A7} XEK|sks MEZ FA
unit)e =7} 2SI RJUCKLee, et al., 2010). o[zt LNG skP| &l LNG FPSO AAH| £b| & FEED(Front—End Engineering

FPSO= 3H AR FX(topside)?t A&|(hull), T2l E{2l Design) THAOIIA =& 2| b X|E =345}

(ureh 22 Liz + UM, AR FE= Z2MA AAH AR FEO| ZRMA AIAR F Mot ZFHE M TIANG
(process system)Zt FEEIE| A|AE(utility system) 22 LE=ICE Natural Gas)& W=zlsto] Fu|7} 2k 1/600 o Ms) Md 7{A
0l & Z2AM|IA A|ARoll= E2] 38 (separation process), M (LNG: Liquefied Natural Gas)2 Mz 4= UTE 5l, LNG
2| 3% (pre—treatment process), 12|10 s} SH(liquefaction  FPSO AMF &= T2MA A|AR] 47 H|E2| 70%, MA| 4=
process)0| A0y, REZ|E| AIAEI2 O[2{sh Z2AIA A|AH HE2| 30~40%S AX|Sl= BT SH0|CKLee, et al., 2011;
T4 201E 121 | 1R £HY 2011 122 209 | ATHEEY : 2011E 12€ 30Y
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Penteado and Ciric (1996)2 oFA(safety)2 12{5l04 £
(single—floor) 2!l slat & ZE21 E(chemical process plant)ol| CH
st &tle| =M vix|E TRHSIUCE MAH HE2A F|e| %]
o M| Hix| = 2|BHo2 75|« Hix| HAM I oMM E 1
Hsp| Lol 22te| Zdlol| £z MX|=|ofjof gt ok ZX|
°| 7H*E HolsioiC P EESE H|ok =740f FH| Alole| Fa HE|

O
a(layout cost) g g—’é!—‘ll x| HEof w2 Hg ¥ THISS
o|= Se2 odgsk=t| S v|89| Foi| o MX[=l= oF
M Zx| w82 TINT S7t
method) (Park, et al., 2011)2 Esl| o|=st
2 Holof HolgtezM oM S T1efsidct 0| Sdll 23X
oz ZHE M FHMsl ZHES MINLP(Mixed Integer
Nonlinear Programming)(Lee & Leyffer, 2012)22 £0{ %|X{2|
layoutE ZHsICH
Patsiatzis and Papageorgiou (2002)= Ci&Ql 3l5 85
HEo|| CHall AH|2| £X HiX|E FESIUCE MA HE2AM
H|o| x|t ZH| HiX] = 2BHMOZE == HiX| HEZ X
ol5lgion| 2X g2+ Penteado and Ciric(1996)0| 24t
x| H|Zoll 2| 7hofl e FItH 74M 58S st giez |
olsqict OIE &l zBXMe= ZNME
MLP(Mixed Integer Linear Programming)22 Z0{ Z|Z9
layoutS ZMsISCh
Park (2011)= M-S T12{5l0f CiEQl 3kt S ZHEo
CHoll Zel =& HIXIE THSIICE AA W Patsiatzis
and Papageorgiou (2002)2F S5 Helsigieon, =5 &
2= Patsiazis (2002)0lA C}E Hix| H|Z0l| Penteado and
Ciric(1996)2 Z0| TNT equivalency methodS a8l 2| &4
2 o Z3l1 ool HHE H|SS L5l FoEezM oM E
13t OlE &
MLPZ 20 =X9| layoutE ZMSINUCH
Georgiadis (1999)2 C£E2! &tet 3 ZHEo]| Chal AH|2|
Z|& HiX|E FRsIFCt 0] 70| = multi-floorE CIE CHE
AFEDt Cl=A| |7t &5 oA AK[Shs ERE Z 2510
CHED QIch MA B2A (o] X2t 2| vix| £ £[EX
oz @F=e x| wHEg Fosiken, =& grERs
Patsiazis (2002)0l|A] CHE x| |20 mo|ZE Sl 220 =
£
z|

8hH(Trinitrotoluene  equivalency
Rt| 2AF DY H|2

02

Soi 2xst 2US

SH

OII

>

£l 2&Moz AXME 5 F Mg S

o wetez g2k A2 HE(pump) AlM SS ARBEEMN

dgt o Qs F7HHIES Het g2 FelsIict 0l€ &5

ZAME e AHSE ZYE MLPZ E0{ #He
124510{ Cks ZHHRl LNG FPSO2|
| BiX|E HSIUCE Of mf 2kt
o| =o| 2} 2 ¥wsP|(heat exchanger)2t 20| ZiEte &=
Sh= AHIE D2SIQICt A Bi4== Patsiatzis and Papageorgiou
(2002)2t SLop Fu|o| X2t 2| HiX| T £BHMOZ QF
T|= Bfx| HAMES Hol5l% 20, Penteado and Ciric (1996)2
20| ok =71of E| Alo|e] E4 HEIE ﬁ’“é*oiﬂﬂ OFN
2 1sRict. =8 g2 Patsiazis (2002)2
20| 2| vix| H&of| 2 H|E 3 FH|ES To|= S2E o
okt Ex d|8e| ez ot
2 AtStES HMel5H Table 1(a), (b)2F 2k

Table 1(a) Comparison of the formulation of the optimization
problem between this study and other past studies

' Multi Design
Study Coject —floor Variables
Position of each
equipment,
Penteado 1) -X Land area, Safety
& EO plant (Single devices that . have t
Ciric(1996) floor) |“gacee i Ave TO
be installed at each
equipment
Patsiatzis Floor allocation,
& Instant coffee position and
Papageorgil  process plant, 0 orientation of each
ou EQO plant equipment,
(2002) Land area
Floor allocation,
EO plant, position and
PaE;,O%t)al. Benzene production 0 orientation of each
process plant equipment,
Land area
Instant coffee Floor allocation,
Michael, et|  process plant, position and
al. Industrial @) orientation of each
(1999) | multipurpose batch equipment,
plant Land area
Floor allocation,
. . position and
This study %?Lt'ﬁ;acl_t,'\% pr’%gg%s @) orientation of each
equipment,
Land area

1) EO plant: Ethylene Oxide manufacturing plant

2. LNG FPSO s} =%
| 2 bz

Holl A2

st ZHo| Al0|S(cycle)2 TN SHIE st Alo|S(cascade
liquefaction cycle), &+ ol Al0IZ(mixed refrigerant cycle), E
Bl 7|8t Alo|S(turbine—based cycle)2 £F5& = o0
(Venkatarathnam, 2008), o] & =& Woll Alo|2el =9l
DMR(Dual Mixed Refrigerant) Al0|20[ ZZ LNG FPSO 20|
HE=D Yt
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problem between this study and other past studies

Additional Considerations

Equipme thti_m
nt Objective  |'4A10
Stu ) ) i . n
o Safety consideration ogcrﬁg?/én Function et
than od
one floor|
Minimum distance
between
equipment, L3 4)
' yout cost
Penteado Installanon Of- the + Protection
protection devices' h MINL
& X devices cost + | 55
Ciric(1996) for equipment COStJ Financial risk P
Financial risk cost’ cost
predicted by the
TNT equwalsency
method®
Patsiatzis
& MILP®
Papageorgi X X Layout cost lr
ou
(2002)

Explosion damage
Park, et al.|cost predicted by X
(2011) |the TNT equivalency

Layout cost
+ Explosion | MILP
damage cost

method
Layout cost +
Michael, ef] Upward and
al. X 0 horizontal MILP
(1999) transport§1t|on
cost”
Hybori
d
Minimum distance ggttim
This study between 0 Layout cost meth
equipment
od
(SQP
+GA)

1) Protection devices: Protection systems installed at equipment and physical
barriers installed between equipment

2) Financial risk: Risk is the expected financial loss associated with an
accident. In that study, this value is obtained by the TNT equivalency
method.

3) TNT equivalency method: A consequence analysis using the energy of
explosion to predict the equipment damage realistically (Park, et al., 2011)
4) Layout cost = total plant area cost + floor construction cost +
Connectivity cost involving cost of piping and other required connection
between equipment (Patsiatzis & Papageorgiou, 2002)

5) MINLP: Mixed Integer Nonlinear Programming (Lee & Leyffer, 2012)

6) MILP: Mixed Integer Linear Programming

7) Upward and horizontal transportation cost: The pumping cost for the
movement of materials to higher floors through the pipe is considered
additionally.

0| DMR cycle 2 cycledll siEsl= AdeZ, &Mod JIAE of
H(precooling)sh= Sh-te| 2bs WHolel MsKliquefaction)2b 2t
H(subcooling)2 sh= I CHE sifel 2 WillZ Mo JIAE
H3IA|ZICKBarclay & Shukri, 2007).
HoK(mixed refrigerant) 2AM, ol
2E, FEL HECZ S5 09
Siilel 2t o= 24, ME o :

0[2{5t DMR AO|ES Fdsks L |01|._ Fig. 11} Zo|
A YE7|(compressor), Y& |(heat exchanger) si=E o]

£ A= dojs 2% 23

[u— )

kl
12 ol
o
o

o]
ok
fjo O
ol
F[F

kR
ik
ru

25 WZI7|(sea water(SW) cooler2 Fusb|o| =) wi= gl
AE2|7 |(separator) 7+ 2204 (Venkatarathnam, 2008), 1 2| Y
x| AA Al 712 De{eks FH[S0| Uct M A4=T |2t 2
5101 F7F 1EElE 2= 57| % E2(compressor
suction drum), &E7|& H27| & 2 5= Fai[2l(overhead
crane)0| UCt AFT| E SEHE MHxle| Wiyt LdF7|=2 7

ol=lof DAS WHAFIE HS APHOH Rcksl| 9lst oz
M

O|-=<7| Hl’i K‘IO-” =A |E|O‘I 7|i-|| | g?ﬂl—/{\j HOI LHDH = O”X‘”
Aeflo] YoiS ZaiFEc) URV|8 W2l F2 U45Y| oRiE

ol HiX|=|o 7| AH[oM Llsh= & Al F0, 28 5
E Feel2 L=017F MAIE e HiZ 9| 2ol AMX|=|of
Fdlol 37|71 2 YFTIe FX| 250 ARSEch ZwEb|et
21310 =7} 12i=ls ZH|2E of'd S precooling part)oll Ad
|=]= precooling mixed refrigerant(PMR) receiverZ} ICt Ol=
§7|9F LuWEP| Afolo| MA|=l= Aoz U=TI|7L YAP| &

telElE 2~38 MEe ASsHA duEblol WilE SZE
ULE HoiE Hilste dEC| Hy B3 (buffer tank) g
Sh= SAlof mlo|=Z2jolof| dhiEt 4= Q= surge AN Ut
ek2 ol S Yool RAlo| et A2 o|XolAM 7o

=
S| ol

S

2 Mjo -|> rﬂ o
rir

rn
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LNG

MR Comp.
Suction Dru

Main Cryogenic

Heat Exchanger-2

Valve 4

SW cooler5

Module MR

Main Crygenic Heat Exchanger(MCHE)

Mixed Refrigerant Cycle

Heat Exchanger-1

Main Cryogenic

USWeoolera

LP Precool
Exchanger

AVAVAVAVAVAN
AAVAVAVAAV]

SW cooler3

MP Suc. Drum
Valve 2

PMR Comp.
SAAAAN
VAV AVAVAVN

Precooling Mixed Refrigerant Heat Exchanger
Module PMR2

MP Precool
Exchanger

AVAVAVAVAVAN

SW cooler2

Module PMR1
VHOGtHEe T HViHL

PMR Comp.

Valve 1

Precooling Mixed Refrigerant Cycle
HP Suc. Drum

HP Precool
Exchanger

AVAVAVAVAVAVY
AVAVAVAVAVANY

i
H
1
L 3W coole
B.

H
PMR
recelvér,

AVAVAVAVAVAN

SW coolerl

Fig. 1 Dual mixed refrigerant cycle (Venkatarathnam,
2008)
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J222 2ZHOZ DMR A0|22| &t Hix| 2MstE 26l
s == 2=, offdFol 3719l E HoH(impellen) 2 9m
3o Lb0f Citt 4SSk 4F7| 10, 21 sl= 322l 1o,

A=7|18 WZ7| 10, S = 30, sli+E o8t dZ7|(Sw Maintenance area
cooler) 3tll, PMR receiver 1ol], Ywsb| 3o, W= (valve) 37H
7} oo, W= (iquefaction part)2t 2fHE(subcooling part) /
ol 2719 2™ o= 2uol| L] CiEh iFske 2457] 10,
2 Fl= Fael 10, A=7|E H27| 1h, S =3 2oh, o

£ 0|86 4217 20, wep| 1of, e 270 2 MR 27| 3m J 3m
(mixed refrigerant separator)7} ACt 0] &t |=2| 7HEQl 3 1
7|& Table 22} ZTh. y,f---t---e

olz{gh A|S0| AR 7=0f| tix|E ol 22 7|5 sk ! b
ZH|72| [ ZE(module) B2 HIiXIE 51H(Mecklenburgh, i
1985), Zizto| BS0| Xx|sk S HASY| s 221 !
25 Lol IS Hxo2 wxsH Dok DVR AplBoibe Y ;
Fig. 12} 20| 371X| 22 ZH|E LIF0] BiX[E St & 2 i
252 o dFoA Aol E LSt H2sh= AR 3742] 51H o X X
H=E 3ol LIF0] Ciot Sshe 4E7| 1o, 28 &= e
ol i, 25718 WD) 1o, 5 =3 3dh, slil+=E ol=st 4

27| 3CH7} A2H | 0| & 7oA = PMRT ES0[211 &lst Table 2 Dimensions of the equipment in the MR module of

More than
50%

Fig. 2 Plan view of the a deck having equipments i and |

Acl F | ZES of oA & C}2 Wolel Mo JAS o LNG FPSO liquefaction process
wEP|E &l oldsks FE22 PMR receiver 10, Zmg| 3 Name of a [ml b [m] h [m]
of, WS 377} )lond, 0|2 & oTollME PVR2 2S0[2kn SqupTent
HBIACE A B D52 HEReL DiHE0|M YolS E refrigerant
2} 9l Hol JIAS WEAF|E o=z lo| M Wiz £ separator 4 4 3
Bofl LIFO| ClEt 9iE3ls =7 1o, @8 8= Jefol 1, (VR separator)
olx7|8 WZb| 1ol &2 =3 2rf, 3142 o238 Wziy| o, ﬁ? eﬁﬁgﬁgg 5 5 i3
AWEE| 10, W 270 U MR 22177} Uo0d, 0|2 = oi70] (VOHE)
Mz MR 250[2f10 AlsiiCt Mixed
2i7lo| RS2 C}E LT Alof Hix|=|ni, 2 oi7ofMs Zm refrigerant
2lo] =0l= 8mz PE SUsIcin JIHEIICE of7|M PVR2 compressor 45 45 i3
257 VR 250 ZF A ZTOINTE E ZER xisn, o arum
PVRI 2EE A ZEOINSE D ZEDIR| sREich 2 odgol o oS
M= 9l M 25 = Mujo| B8 U Ji40t 7 B MR 250 Mixed
Dl Eelel 21X CIE HiX|Z AlZSIGC) olm, Fig. 22 2ol refrigerant : 12 5
2} oM E A9 FA B4 2 0|2 9IFH BE FH|S9| compressor
HiXIE 25t FAI B M (maintenance area)o| y& WEko2 (,\CA)EOI%?TS)
M2 oA X detoz gmlk| Qe (BIE &l BE) 07| compressor : - )
oli= &7} HIX|E 4 gickD JFNSIc) S5k 2[R Zimel A (Cooler for
D MR 7|7 HiRlEls Zols ARSe| Al U £3 comp.)
=2 #Ist 3ZHworking space)2| SEE s & dijx| ¥ 7K Overhead crane 12 19 6
4 piEol| SHE[R| oHs E7H0| Zizh 2T BE{o| 50% OfAt Sea water
2 Xfx|sHok SickD 7PESICKAD] HsiXIX| e HE), cooler 4 4 6 °
o Tis| Sioh ale] 2ol £ Zimols 24E mu| o o0 )
of L 92t Z712 olsf WIS 4 Qls 912 AlBlS Cin|Sio] cooler 4 4 6 5
AHS iE Y ZAFAFI| IS o AlM(safety facilities)Ol (SW cooler 5)
Wosind 0|Se| BXIS $s) CIE Al x| X KA 24 HE Valve 4 1 1 1
ol SHEIEIX| k= Zzlo| Z|Alel ZiEE Bime| 60% OlAKS AfX| valve 5 1 1 1
sfiof Siot 75Tt S A (Zte| HEl= 4 4m oA, * g, Rl Zo|, b B2 E b B|e| =0
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Z&5} 7S 0125t NG FPSO 25t 28 AH|Q| LIS HiX|

oot ZEH2 o|F = HE Alole] HEl= #|2 3m O[42Z Tt
Holoiot o, FA| 2 A Fo| Alol= £|4 H2IE 12

3. Liquefaction process®| ZH| =&
CIE HIXIE ¢let 3P %|&5 2H
3.1 MH Bi(design variables)

floil 252 ZHE Xpx| ®

H Ao Zm Y %o ME o -?—Iil ZIEE A Bz H|
5l%iond, O &2 ofeliet ZHPatsiatzis & Papageorgiou,
2002)

o H_*(continuous variables)
xny Bl i BMY x, y FHE
z N I ioll CHal| Z| jo| HIZof A FE] TOo| =t tiA== X|
Hoix|el 0]
Ry x5 SEeR2 Z| 7t J| jo| 2F0l U2 mf & 2t
SHO| x5 deF M He|
greto=z F| 7t Al jo| 2Fof| 2

H

i2 o F| iot)

4y % o2 Sl o1 3 o) SiZol 91 1 &) 2

Salel % wer At 42

B, & WEOR M| 7} Fu| jol ofelZol 2l ) Fu| ot
9

j e yE ek Aoy A2l
Uy =0 E':*?:SE | 7F 2| jol /1% US mf Fd| ot
=

E'Fo_i Hj| 7t & jo| ofefZof RAS wh & i
AT 42|

Dy &l 288 K] & Al Hel(total rectilinear
distance)

FA: 28°| o 4 AX[E= HY

0|Z! ¥i==(binary variables)

Vi FH1 7tk 2ol BiX|=|0f ATk 1, OFX| giriHE 02
2%
Zy S| i7h ] jot 22 2o vix|=lof Aot 1, 2K

elcld ooz &t

(=]

O: Bd| 9| 37| gt b & o7t xF0 B & AT, a7t
Zid|o| Zo| /) 1, J%X| &l 022

El;, E2; A% HiR| 2X] 242 Hek
constraints)ollAl ARB=|= ORI B

2 st
=

Z=(non—overlapping

017|M i, j= | HMS0|1, k= 2 HSQ

9l Al MR 2501 A

w

= UCk

85t A7 ¢

£ olziet Zo| Fe

Table 3 Design variables related with each equipment(128)

Equipment X; Vi o Vik
No.| Name [m] | [m] Vi Vis
MR
separator
1 onplower X v O Vi Vis
deck
MR
separator
2 P X2 Y2 O, Vo Vas
on upper
deck
MCHE
3 on A deck| % ¥ O Vas Vas
MCHE
4 on B deck X ya Or Vas Vas
MCHE
5 o C dockl 6 Vs Os Vs 1 Vs s
MCHE
6 on D deck % Yo O Ve Vos
MCHE
7 on E dockl y7 O o Vis
MR Comp.
suction
8 | dumon| x Vs Os | Ve Va5
lower
deck
MR Comp.
suction
9 |dumon| X Yo Oy Va1 Va5
upper
deck
10 MR Comp.| xio Y10 O | Vioi Vios
Cooler for
11 X11 Y1 Ory Vi1 Viis
comp.
Overhead
12 X12 Y12 Or2 Vi1 Vizs
crane
SW water
13 4 X13 Y13 O3 Via)s Vizs
SW water
14 5 X14 Y14 O Via Vias
15 | Valve 4 | x5 Yis O | Visi Viss
16 | Valve 5 | xis Yi6 O | Viei Vigs
07|l 259| oF ZHrh 2 AX|Sh= HA(F4), B9 »F B
2 Zolir), 3ol 250 % et Hr)E Teisk 41
0| 7= & 5897H0]|C}.
3.2 M2k =Z(constraints)

Z=H(equality constraints)
(1) ZtEF 24 M2k =2(deck constraints)

Z2tz2ko| | st ZHool| Sekx|ofok |.|:|1 olx4st =712

Ml
0

72
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Table 4 Design variables related with the connection
between equipments(98)

From

No equipment i R‘_J Liyj A-J BiJ UiJ D\,j TDM

' to (ml | [m] | [m] | [m] | [m] | [m] | [m]

equipment j

1 1104 | Ria| Lia | Aa| Bia| Ua| Dia | TDig
2| 41015 |Ruis | Lats | Aats | Bats | Usts | Dais | TDass
3] 15104 |Risa| Lisa | Asa|Bisa | Usa | Disa | TDisa
4 2t05b Res | Los | Aos | Bos | Uzs | Dos | TD2s
5| 5106 | Res| Lss | Ase | Bss | Use | Dsg | TDsg
6| 61016 | Reis | Ls1s | As1s | Bsis | Usiis | Deits | TDs 16
7 16107 | Ris7 | Lis7 | Asr | Bis7 | Uis7 | Disz [ TDis7
8 3to8 Rsg | Lss | Ass | Bsg | Usg | Dsg | TDsg
9| 91010 | Roio | Leto | Asio | Boo | Uso | Dato | TDs 10
10| 10 to 13 | Rioq3| Lio1s | Ato13 | Bioja | Uio13 | Dios1s | TDio13
111 1310 10 | Rizio] Lis1o | Azto| Bisio | Uiz 10 | Disito | TDis 10
12| 10 to 14 |Rio.14 | Lio1a | Aro14 | Bro1a | Uro14 | Dio,14 [TD1o,14
13| 10 to 11 | Rioq1 | Lior | Aot | Bioi | Uioa1 | Dioar [TDio 11
141 1110 10 | Rit10] Lit10 | Att10| Bit,io | Ui,10 | Dit1o [ TDi1,10

Table 5 Design variables for the relationship between

equipments(360)
Equipment j 1 » .
Equipment
Z12,E112,E2
1 - v 21'2 1 Z416,E11,16,E21 16
2 — - Z216,E12,16,E2216
15 _ _ _ |Zi518.E15,16,E215,
16
16 - _ _ _

olziet Zo| LIEPd 4= QlCKPatsiatzis & Papageorgiou, 2002).
0| =748 2= Aol M5 =H & 16702 55 Mok =A

—
S A
&S £ ok

—

o

NF

Y V=1 (1)
E=1

047|M, i =1, 2, -, 16, NF: Number of deck(=5)

(2) 2H| Adx| glsk M2 M2k Z=24(equipment orientation corstraints)

T O25FH Ad|o| Zo|et ZZ of
= loni(Patsiatzis & Papageorgiou, 2002),

5t ol
2E S0 HESH| =M & 32749 55 Mot ZHE £

e

AH|So| dskn| 4= by
L

o7IM, i=1, 2, -, 16
I Fulel 2ol wer Zol)
d: Fulel 2% war Zo))

(3) Z|ZF Hel 2 M2k =7 (distance constraints)

| et 2| j7t Table 20iA{2t 20| mO|=Z2 HA={RUS
o, &l olMFE &l k(o] mo|= Zo|E FsP| flaf mt
0|Z7} odd=l= XIFMo| 2 M| xF1ut yF ghate =z S8 5
SSlcty JIESIQIcE OM22 Zd| 2oF | j Alole] x5 2 y
£ diek mjo|= Zo|E ofzhet Zo| FH|E Salze| AhE A
2|2 Tol%GCHPatsiatzis & Papageorgiou, 2002).

R,—L;=mr—ux; (4)
Aij - Bij =YY (5)

0f7|M, &H| ietj Afolof| oA AL g BT

2|1 MCHE(Main Cryogenic Heat Exchanger)XE 2Ald|=
SlLfo[X2F mo|ZTL of2] ¢ oidE|n, =0| Wake=z MZ Cf
£ X|&o| AZEIChs 28 D{siy| 2lsl, =0| 2hakol| ChshA
= ZiZto| Fulof| mo|=ZI} o= X[l zE 112dsto] ol
of Zo| T35t

NF
U,— Dy = Hk;k( Vie— Vi) +2,— 2; (6)

0{7|A, | ietj Alojof oAZ ZAHIE U2 2
NF. Number of deck(=5)
H: Heignt between decks(=8m)

Table 6 Value of z

Zi | 21| 22| 23| Za | 25| Zs | Z7| Z8| 29| Z10| Z11| Z12| 213| Z14| Z15| Z16

valy
e|114|6|1|5|2|456|4]|5|0]| 012525 7|45

(m)

Ol Sall &H| et | j Afole| & mlo|= Zo|(FH| 2%

Ef j7kX| & E|1m 742, total rectilinear distance)E 7514 of2H
of Zitth

TD; = R+ L+ A+ B+ Uj;+ D, (7

0{7|M, ZH]| i2tj Aojof A& ZAH7} QIS EF
gl =

0|5 2 ZH|7te| o3 2ol X85k =[H & 56742 S

5t 2 olr} S Mo xHs =& 5 Qo)
I, =00+ 3,(1— 0O)) 2 (4) B Mx| W™ 13 ©|ok =Z(land area constraints)
d;=a;+3,—1; (3) 20| sh 2 & X[k HM(F4)2 20| x5 BieF 20|
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(xXet sl yF ek Zo|(y)e 52 Sl 7

O|E2| +2 3.2.2 #5535 Mk =21'2| ‘(4) FrHel

H| 2k Z=74(additional layout design constraints)’ 2+ 20|

ol =2 y= sk Zo|e| ZS Fig. 20{|AM2t 20| AH|E2

T 24 3 0| 25 Bx AH|Se| i E fist 7Al B4

7“_'wa gisto 2 2ol MY EollAM AE wWakeZ omiX| U
== 1aqslio} sict.

e
i

x

= +

U

C

LN

?9

FA = Xmax(ymaxg g) (8)

(5) CiE 20T Mx| 2| o
constraints)

24 F|2F Z=24(multi-deck equipment

2ol =0|(H=8m) Hrt =0| Yake= 71 2|e] A2 274
o|ate| Zimoll ZX Bix|Elch MR 2E0ME MR 221717} 274
o ZHeh MCHEZF 571l ZHE 2|1 4E7| 9 ER0| 2719
ZiHol| ZA HiX|EICE 0| DafaliE7| sl AdA| = Ho| A|
sk Fdle| =& ol Zxle F2E s2F
St ZHlol| CHal OEHOI 52 Mef =41} 20| HHER BEtS
W &2 xF ¥ yF BA0| 232 =EsIICh

MR 22|71 2719 2ol ZX six|=22 4] (9), (102
DHEsfof St

Zoton], Sl

©

T1 = Ty
Y1 = Yo (10)

MCHE+= 57He| 2ol ZA vix|=l22 Al (11), (12)& &5
sflof eich.

Ti = Tiyq (1)
Yi = Yit1 (12)

047|M, i=3, 4,5, 6

J2|3 S2Ust Fulo] Chl £0| WEOR 2ol I
getelof 922 Befsp| 9is ofelel S5 Aot

MR 22|7|= 2702] 2ol 2 Hix|=/22 4] (19)8 2HE3|
of s,

4
Y VigVogi =1 (19)
k=1
MCHEE 57He| ZiEHol ZX vix|=l=22 4| (20)2 2H5sHok

gt
VaiVire 1 Vv o Vo s Vigra =1 (20)
047|M, k=1

UET| EYL =7 Al 2lef ZEoll ZX six|=2Z A (21)

4
k21 Vs,ng,k+1 =1 1)

MR Qt=7| Wziy| 2|7 @8 &= Fa|el tieiME =
s M3slM Al (22)2F ZLCt

3
kZI Vit Viows1 Vi =1 (22)

0l &3l & ze =52 £ ek

20742 55 Mok x

3.2.2 2535 M2k =ZAH(inequality constraints)

(1) Z&! vif| 2ix| 24 M2k Z=74(hon—overlapping constraints)

Ty = Ty (13)
M | ief A 7| 22 2o HIIEI(H%'\EKI% Hekst
Ys = Yo (14 = s 7= oot 22 BS5 Mot 212 ol 72 4 8
VR QtE7(2] ZS ofel Zimolls 712El MR Q7|2 WZHA| on, 0|2FE £33 Mok =A 1,8007H(=( 5 x5)x 3)
771 gt M8 4277t dx|=[ofol 5ind, ¢ ZHole MR AT 2 =ZE £ ot
71e| ®X| EE 25t 24 3= 331|°|0| HiX|=|0{oF BTt Of
£ Jefsp| 2l Al MZZHe| x5 4y 40| 2ok ol Zyy = Vy+V, (23)
o S5 Mo =S TEsIICE
Z. < Vy+V (24)
Zyy = X1q (15) g ’k
74 CiEtRABIs k=R R0 H H| 13 20124 22



T2 O B EAR- 07

=)

=

(z; = 1), 7 2] x5 weolut y5 gekoz HR|X| plojof
gtk J222 7, =1 o ], ol o] 5 YHAE & 2

3 31t olAdel M2 BISBHOF B8 & % Uk

Y
T wp = (26)
Y
T = (@7)
- bt d, (28)
yimy; =
L di+d ,
Y~ Y = B (29)

2| (26)~(29)2] Mok =HES 4 7, = 1Y Bofgh BE
sloksts £5& Mot To|H, =4 Sh-t Olake] Alg BHS
sp7(gk st Ech ol FEMo=z FEH S oRfie Zch
(Patsiatzis & Papageorgiou, 2002).
L+
;= x;+ M1 —Z;+ El;+ E2;;) > = (30)
: 2
i+
vy @ M2= Zy+ Bl + B2y) = — (31)
vim Yt M= Zy By = B2y) = —— (32)
i~y MB— Z;— Ely— E2,) = — (33)

oPIM, i=1, 2 = 15 j =i,

(o)

for non—overlapping’0|2t §=27|Z i
Al (30)~(33)0llM QKA S Jefsir| il Aul7Ztel Hz|7t
Z|4 4m O|MO[2I 7FYE S1H, Al (30)~(33)2 offiet 2ol

+8E ek

I+,

=+ M= Z+ B+ By) = —— 44 (34)
L+l

2=, T M2 24 Byt B2, ) = o (35)
d;+d

vy M2 2 B B ) = (35)
d;+d

vyt MB—Z;— Bl — E2y) = 5 T4 (87)

0{7|M, i =1, 2, =, 15, j = i+1, =, 16

15 - 16
2
T qlen, oMo AA x| UK| 2 Mot xiezRH &

U

2,28071(=1,800+480)2| 285 M2k =S &8

O|E Salf 4807H(=

x4)9| £55 Mok =2 28
2

2 ool A el A 2L MR E717} HiR =l
UToll= AfRISC| Zig! oSS 95t S7ko| RS 905 T
H| Bix| & 7R 2o HEol| sHE=R| ohe 20| 22t 2 |
Ho| 50% olde RiX[sHof it 7HY5ICH, Ol #5=
Mot =Ho=Z LIERH of2iet Zot

16 1

FA= Y Viab, = 5 FA (38)

i=1

NF 16 1

k=1 1

ol W, M2 Zt BES M2k ZZoIM &S ote| Flo| U
42 225 FoF =0| Al DIES ME 2 2 ekho|H, 0] (3) oK AlMo| Mx| ™A mEH M Z7(safety facility
? 255 Mo =HR Mo ZHOoZAM | REE SIX| 2=Cin areaconstraints)
Mzist 4= It 015 ZX™sF= ot E1,2F £2,0109 Ol A
(26)~(29)0l w2t ZHEICE 5, j > 12 BESlE BE i, joi| of = ATOIME CiieS sk | fiof 2ol ZHel B 4
3 Al (26)0] RIES AL £l; = 0, E2; = 02 Hojg|nd, ol= & Ol 2T Ziel Uif & S712 olsf LdE U= 22 ¥
S5 Mot =21 (302 HSopil ich A (27)0] piEE A, S I GRS HE X doARFY] g2t okl Aldol
Ely =1, E2; = 02 Mo|g|nf, ol $53 Mo =2 (31)S & Losi o2 Hix|E flsh ci2 &| x| ¥ 7A| E4 A
=5 sict J2|m Al (28)0] BHEEH A Fl, =0, B2y =12 O =X B 2ol 2yl ZE Mol 60% oldS x|
Molgld, o= 255 Aot = (32)5 Z=spi Fict ofx|zt  sHof BiCi JHYsIRon, ol #5% HMef o= LEkH
o A (29)7| BEEE AR El; =1, B2, = 12 ®o|gnf, ol Offet 2Tk
253 Mok =2 (33)2 AssH sk of7|M Eet 2,0 gt
S ZNdle Ade 53 Mok =2l siYsind, & 240712 55 FA_% Vb > 0.6FA (40)
ek =740l 4 & = 2k O|E ‘binary variable constraints izt
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(4) Sisol uhx A ek

constraints)

ZZ4(additional layout design

Fig. 20A2t Zo| 2 A7t0lME 2t ZHtol| FH|E vix| o
oot 2 o|F = HE Aole] HEls =
SIRCE I222 Y 2o i olfe| #5= Mot =

~
o
R =

L

x, = 5"-&—3 (41)
di
Y = ?+3 (42)

07IM, i =1, 2, -, 16

0| &3l & 32719l 855 Mo =8 &8 = qUch =
oF 22 BE ZH|E 281040t 510, Fig. 20|A2F 20| 2|
o S o|F= HE Alole] HEl= &4 3m o|MeZ -3}
Qich T2z o] x5 3 yHol thst 2ol ol £33
Xjef =712 oESslof sict T /X E HAnt 2| Afoofl=
Z|2 M2l JedskK| Zertn 7HEsICt
l; max
d;
y+ 5=y (44)

2
o7IM, i=1,2, -~ 16
5t

0|2 Sdll & 32742 £85 Mt g =52 o Urh

o

3.3 28 &=objective function)

Yoz Fulel A CkS vixl SHOIME TIS shxIst

=6 E= & iRl Bl E(layout cost)E E2efshe 2As SHE
=2 AE$HHKPatsiatzis & Papageorgiou, 2002; Park, et al.,
2011). ZH|E dixlsk=tl == HlRolls 2| Alole & mjo|=
Zolofl th$h H|E, mo|= LjollM 22 S2&= S28 St EHE
AL HIE, TO|Z Lol sEez SE&= XS o HE At
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w=>3 X
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+ Ci(R;+ L+ A+ B+ FC+- NF+LC - FA
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22470
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4, U3t BYS

= AF0IME A HAIEE El by 2|XME IHE 0[2810d
LNG FPSO U3t &2 28k 2|9 2|8 IS tixE Z2Xsi%l
Ch z™3 ZHME Z7| 26 2 dA7ollMe GA(Geretic
Algorithm) 2851} SQP(Sequential Quadratic Programming) 2t
HES S§St hybrid &5t SHHE 8191, 2 NALS0| 7|
Zof| 7HstH £HMs) “EZL.E:*.'?J EzOptimizer(Lee, et al., 2002)
£ 0|2sIoict ojuf MA MeEo| X7|gk2 2+ MA Bl A

fekgt LiollM 2le|2 MEis | ACE ofHel Table 72 =|Xst 4

OII

Ri, Ly, 4y, By, Uy, Dy, TDy, Z;, El;, E2;2) 242 Table 72| =
FE 7g £ 7| 2oll, 07 |M= AZskK| LT Sich Yo
T 2A Fu| wix| 22D} 328 BE B35S Mef =HS ot
Zsk=x| MHEJUCE M Table 79| Z1IE EHOR Fig. 32}

20| ot At 3.2.2H9| (1) 4 Hixl LA 2 meF =
W' 8% eEEe o 4 /Ut
_ Som
9.0m 9.0m
Maintenance area Maintenance area

T 11
) (2]

S Z1} HOjEl M| HiSo| Zjo|m, 0|2 THo| EasIH Iiom :
Fig. 3z} Zct >
= 26.0m B deck (8 m)
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Table 7 Result of the optimal multi—floor plant layout for the »
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Equipment x |y Vik
O 9
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e ek 07 ZS BIEAI Sic “(3) o ALl x| B 1
suction oF Z"| Z% E ZHEollM Z| x| ¥ |X| H4= HAo|| 5l
9 201 20 | 1 0|01 00 Ct ol— m7lo = 247} 629 Z1o| ANO
drum on H=lX] o= 71 Hg2 ol 23 62%2 27 442l 60%
upper deck olalg okEske o 4= Qlct ofx|a} “(4) £I&Ql uix| A H|
1O)FR Comp 10T T 0 0 T 0 of F24" oAl BE TSI LS 0l WS Aolel 2}
" om0 O 000 3mojMeR 27 x7ig piEetl 2lge & & qlrt
Zd=2xo = xleF =HE0| & ZFo oi=sl= Zig o
12 Overhead 10 11 1 0 0 0 1 0 ZENMO=E BF -||—| xl_Eol '—I'L7||_E 0}_ NE =
crane = 120, 0|& Sall & AA7ollA ek Hix| 2ot £&e| g
13 |SW water 4| 21 | 11 0 0 0 0 011 =
vaY)l S He 04 )él.oEI- 2 oloic
14]SWwater 5/ 6 | 11 [ 0] o [o] o [o]1 h2 A2 ol 5 U
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