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Characteristics of Natural Gas Liquefaction Cycle
Using CO2-N20-N2 for LNG-FPSO

Won-Jae Choi

Department of Refrigeration and Air-Conditioning Engineering,

The Graduate School, Pukyong National University

Abstract

This paper presents a new natural—gas liquefaction cycle~which utilizes carbon
dioxide(CO;), nitrogen monoxide (N2O), and nitrogengas(Nz) cycles:. A liquefaction
cycle with staged compression was designed and simulated using HYSYS software
for improving cycle efficiency. This included a icascade cycle with a three-stage
compression consisting of a CO, a N2O and a N, cycle. These cycles were
compared with an optimized staged compression process. The Compressor work,
specific energy, and COP (Coefficient of Performance) of the cascade cycles were
compared and analyzed. The new CO;, N>O and N, liquefaction cycle is also
compared to other natural gas liquefaction cycles including the Phillips optimized
cascade cycle and a“ multi-staged cascade cycle using a Propane, Ethylene and
Methane. The specific energy-of-the new cascade cycle which utilizes a three-stage
compression process is 26% -lower than that of basic:single-stage cycle. Also, the
new liquefaction cycle requires less. power for the same  liquefied natural gas
(LNG) quantity produced by other methods.
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NOMENCLATURE

: Propane
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: Gas constant
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1.1.1 Liquefaction Process
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1.1.2 Trend of LNG Market
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1.1.3 Trend of LNG Plant Market
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Table. 2.1 Properties of refrigerants

Normal Critical Ciritical Freezing

Properties boiling point | temperature pressure point

[ C] [ C] [ KPa | [ T]

G;Hs -41.89 96.83 4,248 -187.53

C,H; -88:45 32.32 4,872 -182.65

CHy -103.7 9.3 5114 -169

Refrigerants | CH,4 -161.34 -82.44 4,599 -182.31
CO; -78.33 31.21 7,383 -56.42

N.O -89.5 36.5 7221 -102

N -195.7 -146.8 3,400 -209.8
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Table. 3.1 Assumed condition

Feed gas mass flow rate [keg/s] 158.5
Liquefaction ratio [%] 92

Liquefaction temperature [C] -157.9
Air/cooler outlet temperature [Cl 40
Evaporator pressure drop [kPa] 50
Air cooler pressure drop [kPa] 25

Table. 3.2 Composition of Feed gas

Composition Mole fraction [%]
Nitrogen 0.007
Methane 0.820

Ethane 0.112
Propane 0.040
i-Butane 0.012
n-Butane 0.009

Total 1
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Fig. 3.12 C3Hs-N;O-N: cycle(3-3-3) using HYSYS
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Fig. 3.16 CO:-N:O-N: cycle(3-3-3) using HYSYS
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Fig. 3.18 Compressor work and compression ratio on variation of

middle pressure in propane cycle
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Fig. 41 Comparison of compressor work on variation of each stage
pressure in propane cycle
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Compressor work [ MW ]
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Fig. 4.2 Comparison of compressor work on variation of each stage

pressure in nitrogen monoxide cycle
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Compressor work [ MW ]
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Fig. 4.3 Comparison ‘of compressor work on variation of each stage

pressure-in nitrogen gas cycle
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Fig. 45 Comparison of.compressor work on variation of each stage

pressure in carbon dioxide cycle
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Compressor work [ MW ]
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Fig. 4.6 Comparison of compressor work on variation of each stage

pressure in nitrogen monoxide cycle
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Compressor work [ MW ]
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Fig. 4.7 Comparison ‘of compressor work on variation of each stage

pressure-in nitrogen gas cycle
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Table. 4.1 Comparison of performance

C3-C2-C1 Optimized C3-N20-N2 | CO2-N20O-N2
Cascade Cascade Cascade Cascade
(4-4-5) (3-3-3) 3-3-3) (3-3-3)
Refrigerant C3-C2-Cl C3-C2-Cl C3-N20-N2 | CO2-N20-N2
Heat exchanger 3 9 3 3
Compressor 13 9 9 9
Expander 1 1
Produced LNG
147.7.(92%) | 147.7 (92%) | 147.7 (92%) | 147.7 (92%)
[kg/s]
Total Power
231.3 194.5 193.82 194.6
[MW]
Specific Power
0.43 0.37 036 0.37

[KW/kg/h]

_52_
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