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ABSTRACT: FPSO (Floating Production Strorage and Offloading) method for LNG industry is
efficient and facile compared to onshore NG (Natural Gas) treatment facility. Five simple natural
gas liquefaction cycles for FPSO are presented and simulated in this paper. SMR (Single Mixed
Refrigerant) cycle, SNE (Single Nitrogen Expander) cycle, DNE (Double Nitrogen Expander) cycle,
PNE (Precooled Nitrogen Expander) cycle, and PDNE (Precooled Double Nitrogen Expander) cycle
are compared. Simple analysis results in this paper show that precooling process and adding an

expander in the liquefaction cycle is an effective way to increase liquefaction efficiency.
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m : mass flow [kg/h]
: Work input for LNG per mass flow

[kWh/keg]
W : Work input for LNG [kW]
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Fig. 1 FPSO LNG production.
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Table 1 LNG power input for different cycles

LNG power input
Cycles (kW-h/kg)
Mixed refrigerant _

(C3/MR) 0.28~0.31

Single Expander 0.60~0.84
cycle

Double Expander 0.48~0.60
cycle

Cascade Cycle 0.31~0.33
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Table 2 Design specifications

Component Value
Compressor adiabatic efficiency 80%
Turbine adiabatic efficiency 80%

Heat Exchanger mininum
1K

temperature approach

Compressor suction pressure Sbar
Natural gas feed pressure 60bar

Table 3 Natural gas composition

Component Mol %
Na(Nitrogen) 0~1
Ci(Methane) 84~96

Cz(Ethane) 2~11
Cs(Propane) 0.35~3.21
iCa(i-Butane) 0~0.7

nCa(n-Butane) 0~13
iCs(i-Pentane) 0~0.02
nCs(n-Pentane) 0~0.04
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3.1 SMR(Single Mixed Refrigerant)
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Fig. 2 SMR(Single Mixed Refrigerant) prbcess.

Table 4 Mixed refrigerant composition for SMR

Component Mol %
Nz(Nitrogen) 0~12
CHa(Methane) 20~36

Cz2(Ethane) 20~40
Cs(Propane) 2~12

Cs(Butane) 6~24
Cs(Pentane) 2~14
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3.2 SNE(Single Nitrogen Expander)
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Fig. 3 SNE(Single Nitrogen Expander) process.
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Fig. 4 PNE(Precooled Nitrogen Expander) process.
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3.4 DNE(Double Nitrogen Expander)
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3.5 PDNE(Precooled Double Nitrogen Expander)
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Fig. 6 PDNE(Precooled Double Nitrogen Expan-—
der) process.
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Fig. 7 Refrigerant mass flow for different lique-
faction processes.
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Fig. 8 Compressor and turbine work for diffe-
rent liquefaction processes.
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Fig. 9 Work input for 1 kg/h LNG production.
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Fig. 10 Temperature profiles of hot fluid and cold fluid streams in heat exchangers of (1) SMR,

(2) SNE, (3) PNE, (4) DNE, and (5) PDNE.
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