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Abstract

In this study, optimization was performed to improve the conventional liquefaction process of offshore plants, such as a
LNG-FPSO(Liquefied Natural Gas-Floating, Production, Storage, and Offloading unit) by maximizing the energy efficiency of the
process. The major equipments of the liquefaction process are compressors, expanders, and heat exchangers. These are
connected by stream which has some thermodynamic properties, such as the temperature, pressure, enthalpy or specific
volume, and entropy. For this, a process design problem for the liquefaction process of offshore plants was mathematically
formulated as an optimization problem. The minimization of the total energy requirement of the liquefaction process was used
as an objective function. Governing equations and other equations derived from thermodynamic laws acted as constraints. To
solve this problem, the sequential quadratic programming(SQP) method was used.

To evaluate the proposed method in this study, it was applied to the natural gas liquefaction process of the LNG-FPSO. The
result showed that the proposed method could present the improved liquefaction process minimizing the total energy
requirement as compared to conventional process.

Keywords : Offshore plant(ai SHE), Optimization(Z| X s}), Liquefaction process(2ist Z&), Brayton cycle(E|0|E AL0|E),
Natural gas(™™ 7tA)
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Fig. 2 Process system of a LNG-FPSO
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Fig. 4 Configuration of a Hamworthy Mark | cycle
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Minimize W(X)
Subject to
(Equality constraints) [29]
- Mass conservation [12]
- Pressure change [9]
- Energy conservation [4]
- Entropy change [4]
(Inequality constraints) [31]
- Temperature for flows [17]
- Constraints for compressors and
expanders [10]
- Constraints for heat exchangers [4]
Where, X={P, T, £, i=1, - 17} is design variables.
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Table 4 Comparison of the process simulation result
between this study and HYSYS

The result of this study
1 2 3 4 5 6
P; [par]| 135 20 20 30 30 57
T; [°C] | 1200 | 4625 | 2000 | 5648 | 2000 | 800
£ kg/n]| 1.21x10° | 121x10° | 1.21x10° | 1.21x10° | 1.21x10° | 121x10°

7 8 9 10 11 12
P, [oar]| 57 57 135 60 60 30
T, [°)C] | 2000 | -11000 | -164.48 | 2000 | -160.07 | 10.00
£ kg/n]| 1.21x10° | 121x10° | 121x10° | 6.0x10° | 6.0x10° |2.23x10*
13 14 15 16 17
P; [par]| 30 30 30 30 30

T, [°C] | 4500 | 1000 | 4500 | 1000 | 4500
£ [kg/n]| 2.23x10* | 319x10* | 319x10* | 5.43x10* | 5.43x10*
The result of HYSYS
1 2 3 4 5 6

P; [par]| 135 20 20 30 30 57

T, [°C] | 1200 | 4621 | 2000 | 5640 | 2000 | 79.83
£ kg/h]| 1.21x10° | 1.21x10° | 1.21x10° | 1.21x10° | 1.21x10° | 1.21x10°

M= Chsat 2o

Minimize W(X)
Subject to
(Inequality constraints) [31]
- Temperature for flows [17]
- Constraints for compressors and
expanders [10]
- Constraints for heat exchangers [4]
Where, X={Py, Ps, Ps Ps, Ps, Py, P12, P14, Pis, T1, T3, T,
Ty, T, Tho, Th2, Tis, Tia, Ths, The, Ty, f1} is design variables.

Table 5 Comparison of the operating condition for
natural gas liquefaction between the existing
condition and this study

7 8 9 10 1 12 Existing condition
P; [par]| 57 57 135 60 60 30 1 2 3 4 5 6
T, [°C] | 2000 | -11000 | -16458 | 2000 | -160.12 | 10.00 P; [par] | 135 20 20 30 30 57
£ ka/hl| 1.21x10° | 1.21x10° | 1.21x10° | 60x10° | 60x10° | 2.23x10* T, [°C] | 1200 | 4625 | 2000 | 5648 | 2000 | 8001
13 14 15 16 17 fi kg/n] | 121x10° | 121x10° | 121x10° | 1.21x10° | 1.21x10° | 121x10°
P, lbar]| 30 30 30 30 30 7 8 9 10 11 12
T, [°C] | 4500 | 1000 | 4500 | 1000 | 45.00 P [par] | 57 57 135 60 60 30
£ kg/n]| 2.23x10° | 319x10* | 319x10* | 5.43x10" | 5.43x10° T, [°C] | 2000 | -110.00 | -164.48 | 2000 | -16007 | 1000
£ kag/h] | 121x10° | 1.21x10° | 121x10° | 6.0x10° | 6.0x10° |2.23x10°
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T, [°C] | 4500 | 1000 | 4500 | 1000 | 45.00
£ kg/n] | 2.23x10" | 319x10* | 319x10" | 5.43x10* | 5.43x10°
wikd/n] | 4.31x10° | Walkd/n] | 4.59x10° | walkd/n) | 7.57x10°
WalkJ/n] |-7.55x10° | WikJ/n] | 8.92x10°
Optimal condition of this study
1 2 3 4 5 6

P bar]| 15 20 20 26 26 63

T,[°C] | 1285 | 3972 | 2000 | 4407 | 2000 | 10521
£ Tkg/h] | 144x10° | 114x10° | 114x10° | 114x10° | 114x10° | 1.14x10°

7 8 9 10 11 12
P, bar] | 63 63 15 60 60 30
T, [°C] | 2000 | -104.93 | -165.72 | 2000 |-169.30 | 10.00
£ kg/n] | 114x10° | 114x10° | 1.14x10° | 60x10° | 6.0x10° | 1.57x10°
13 14 15 16 17
P;[par] | 30 30 30 30 30

T, [°)C] | 4500 | 1000 | 4500 | 1000 | 45.00
£ kg/n] | 157x10% | 1.93x10* | 1.93x10% | 71210 | 7.12x10°
wikd/n] | 316x10° | walkd/h] | 2.84x10° | wlkd/n) | 1.01x107
Walkd/n] |-7.34x10° | Wikd/Mm] | 8.76x10°
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