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Abstract - Because the expenditure of LNG liquefaction processes are high in a LNG project,
it is very important to find a suitable liquefaction process model and optimal operating con-
ditions for a project. Various configurations of LNG liquefaction processes have been sug-
gested, and therefore it takes a lot of time and manpower to compare all of these models in
order to select an appropriate liquefaction process for a project. A superstructure model can
include multiple options in one model and can contribute to decide the best configuration and
operating conditions at the same time. This study developed a superstructure model including
multiple process options for SMR (Single Mixed Refrigerant) liquefaction process and opti-
mized it. The results showed that the optimization results of the superstructure model have
similar values with optimization results of the separate SMR model.

Key words : LNG(Liquefied natural gas), Liquefaction process, SMR (Single mixed refrigerant),
Optimization, Superstructure optimization
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Table 1. Natural gas feed conditions in this study

Pressure [bar] 65

Temperature [K] 300

Nitrogen 4

Methane 87.5

Ethane 55

Composition [mol %] Propane 2.1
iButane 0.3

nButane 0.5

iPentane 0.1
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Fig. 1. Process flow diagram of SMR A(a), B(b)
and C(c).
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WCompre:ssor = m(ho_ h’i)/nComprezssor

m: mass flow

h, : outlet enthalpy
h;

3

:inlet enthalpy

Nompressor - @diabatic e fficiency of compressor

QCooler = m(};i ]—;0) (2)
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T; feeq : MOle fraction of component i

Yj. feca - MoOle fraction of component in the vapor
T; teeq  Mole fraction of component in the liquid
F: flow rate of the feed stream

Vi flow rate of the vapor stream

L : flow rate of the liquid stream

h,—h="0 ®)

23. Y 33 =Ast Aot

T A= HAHS ¢ag$<S MATLABL
2 FES 5 HYSYSS}F A58t T3 2719
e 7Nte g T wA AHE glo] Bol, olF
HEO R 05 HF e ditsts ow 423
FHRtt HAE L8 E 2 2= Modified DIRECT
ST FE AR, EaElE T8 7152 Table
29} 2t}

gE-Ee] AdFoAe T4 BeS HUgA717]
3 HAs BAErEA &9 LNG A4 3 o
= R &R FHSPC: Specific Power Consumption)
S FASI, °olE HAFAIGL B AFME
LNG A2F f5Fo] mAojmg HAio SPCE 714
71 Y3 dstEA W 428 HE YR 74
stk wEld EFEeE 4 (63 2o BdE
F Aok oW X+ A3} W s, 2t
Ao A3} WSFE Table 304 RojZTh Gu2
7] A A st 2 (DFG 2ol A
271 2ASI, =70 AV FdE FS
H| o] E4fo] IAstERE 2 (8)F o] Aekx
AAsE T =3, AA ZetrEl= Table 49}
=3

12 % ofd nf

Ml o o [

Table 2. Termination criteria for the modified
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Minimize

f(X) = E WCompressor,i (6)
i=1

Subject to

9;(X) = MTAy;y; = 3K (j=1t03) ©)

(HX, = LNG—100, HX, = LNG—101,
HX, = LNG—102)

h(X)=vf, >1 (k=1t02) 8)
(vf, =wvapor fraction of compressor 1,
vf, =vapor fraction of compressor 2)

7 SMR 39| /¥ &3}l Ax= Table 590
A BHoFEY, SMR A 2 B FAL A9 FY3 9
UALEFE Holal 9loH, SMR C 5789 45
F 8% AE ¥ T2 ARTFS Holu ) o]#%
A= g2y o) " = ot

T4 583 dudr|e] AABAE 4 9)} (10)

& B8 ek 4 glek 4 0 492 ojnlsa,

Table 3. Optimization variables for the SMR

processes
Variables Stream
SMR A Stream 10, 5, 7, 15
MR pressure SMR B Stream 21, 6, 8, 14
[bar]
SMR C Stream 29, 6, 8, 14
MR Composition Stream 25
[mol %] SMR A/B/C (N2, C1, C2, C3, nC4)
SMR A Stream 1
HX Temperature SMR B Stream 1, 2
K]
SMR C Stream 1, 2, 3

Table 4. Design specifications for the SMR pro-
cesses

DIRECT algorithm LNG mass flow 1 MTPA
No. Termination criteria[19-21] Adiabatic efficiency of compressor and pump 75%
1 The number of maximum iterations 1000 Pressure drop in the heat exchangers 0
2 | The number of maximum function evaluations | 40000 LNG storage pressure 1.2 bar
3 Fonin = Jrew = t (over 10000 function evaluations) Minimum temperature approach 3K
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Fig. 2. Process flow diagram of SMR superstruc-
ture model.
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Table 5. Optimization results for the each SMR process and the
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SMR superstructure

Results SMR A SMR B SMR C SMR superstructure
SPC [kWh/ton] 235.1 236.2 255.1 234.8
Total UA [kJ/C -h] 7.90.E+07 7.45.E+07 6.42.E+07 8.53.E+07
Selected configuration - - - SMR A
LP 4.97 4.99 3.75 4.76
MP 9.67 10.98 9.44 9.88
MR pressure [bar]
HP 20.23 18.41 18.16 18.05
HHP 34.94 30.43 33.34 31.41
Nitrogen 5.50% 5.12% 5.76% 5.35%
Methane 27.46% 25.00% 25.54% 28.02%
Composition [mol %] Ethane 41.06% 43.71% 41.61% 39.61%
Propane 0.37% 2.32% 0.39% 0.28%
nButane 25.61% 23.85% 26.70% 26.74%
LNG-100 1415 229.7 216.1 239.3
Temperature [K] LNG-101 133.7 147.8 153.1
LNG-102 - 134.0 140.6
hetel WAT Asjoltt Wl £ D AWDELS £ AL 2 5 ATk whebA Table 5o BAE H7
oA E4Y 2 34 28 %‘f%k% =t °o]1x4 el et A5 gdmsiia, 272 JXSE 5
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Fig. 3. Sensitivity analysis for LP(a), HHP(b), N2(c), C1(d), C2(e), C3(f) and C4(g).
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Minimum Temperature Approach [K]

Minimum Temperature Approach [K]

Minimum Temperature Approach [K]
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SPC : specific power consumption [kWh/ton]
U :overall heat transfer coefficient [kJ/(C'mZ-h)]
A :heat treansfer area [mz]
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