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Design and optimization of co-production process of natural gas liquefaction and
BOG helium extraction

XIAO Rongge, PANG Linnan, LIU Yalong
College of Petroleum Engineering, Xi'an Shiyou University//Shaanxi Key Laboratory of Advanced Stimulation Technology for Oil & Gas

Reservoirs

Abstract: Natural gas liquefaction requires massive cold energy, but the single liquefaction process can not fully utilize the cold energy, so that much
of it is wasted. Besides, storing LNG generates a large amount of BOG that demands urgent care in order to prevent production accidents. Therefore,
for the purpose of energy saving, consumption reduction and full utilization of the cold energy, this study proposes an innovative co-production process
combining nitrogen cyclic expansion refrigeration based natural gas liquefaction and BOG cryogenic helium extraction, This study uses the HYSYS
software to simulate the nitrogen cyclic expansion refrigeration based natural gas liquefaction, the BOG cryogenic helium extraction and the co-production
process, and analyzes the key parameters relating to the comprehensive energy consumption and the crude helium concentration. While maintaining the
crude helium concentration at 76.8%, the co-production system, with the goal of minimizing the comprehensive energy consumption, was optimized by
applying the response surface method and the genetic algorithm into the process. The optimal parameters obtained were as follows: the high pressure of
the refrigerant was 7 005 kPa while the low pressure was 489 kPa and the flow rate was 4 000 kmol/h. The feed temperature and the feed pressure of the
cryogenic were —130 ‘C and 2 390 kPa respectively. In the co-production process, the natural gas liquefaction rate exceeded 90%, the helium recovery
rate exceeded 95%, and the crude helium volume fraction exceeded 76.8%. Compared with the single liquefaction process, the total compression power
consumption in the co-production process was reduced by about 23.6%, 4 022.71 kW in number; and the overall energy consumption was reduced by
about 18.00%, 3 482.4 kW in number. The simulation results suggest that the co-production process is more cost-effective and energy-efficient. This study
could provide a reference for the engineering application of the newly designed co-production process. (13 Figures, 8 Tables, 22 References)

Key words: natural gas liquefaction, BOG helium extraction, co-production process, HYSY'S, process simulation, design optimization
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Fig. 1 Simulation process for nitrogen cyclic expansionrefrigeration based natural gas liquefaction technology

1.2 BOG FAREILZE
BOG #5771 3 BEALFE INZR VL IR0 S N 781K
A RIE BOG 307 1006 IR AN (7] 3 P Y L
AAFEE R GE Do RESMAMS BOG #2412
#1 AR BOGREFEEACERFRAE

Table 1 Application scope and characteristics of various BOG
helium extraction methods
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Table 2 Composition of feed gas for the coproduction
technology integrating natural gas liquefaction and BOG
helium extraction
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Fig.2 Simulation process for BOG cryogenic helium extraction technology
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Fig.3 Simulation process for the coproduction technology integrating natural gas liquefaction and BOG helium extraction
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Table 3 Setting of key stream parameters for the coproduction technology integrating natural gas liquefaction and BOG helium extraction
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Fig. 4 Influence of high nitrogen pressure on energy
consumption of the coproduction technology integrating
natural gas liquefaction and BOG helium extraction
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Fig. 9 Influence of the feed pressure of cryogenic tower on its
energy consumption
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Table 4 Comparison of product compositions in natural gas
liquefaction, BOG helium extraction and the coproduction
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Table 5 Comparison of the simulation results of the
coproduction technology with the two single technologies
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Table 6 Ranges of 5 key parameters for the coproduction technology integrating natural gas liquefaction and BOG helium
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Table 7 Statistics on test results at 45 points on BBD response surface

R ST 5 X /kPa X,/kPa X,/ (kmol-h™" X,/C X;/kPa Y /kW
1 8 000 200 5000 —140 2400 17 670
2 8000 350 5000 —140 1900 17 360
3 8 000 350 5000 —130 2400 17 310
4 7 000 350 4000 —140 1900 13 870
) 8000 350 6 000 —140 1400 20 230
6 8 000 500 6 000 —140 1900 20070
7 8 000 500 4000 —140 1900 14 300
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R ST E X,/kPa X,/kPa X,/ (kmol-h™") X,/C X./kPa Y /kW
8 8 000 350 6 000 —150 1900 20 360
9 8 000 500 5000 —140 1400 17 140
10 8 000 200 5000 —130 1900 17 520
11 7 000 350 5000 —130 1900 16 550
12 8 000 200 4 000 —140 1900 14 650
13 7 000 350 5000 —140 2 400 15 700
14 7000 200 5000 — 140 1900 16 930
15 8 000 500 5000 — 140 2 400 17 220
16 8 000 350 5000 —140 1900 17 360
17 8 000 500 5000 —130 1900 17 080
18 9 000 350 5000 —140 1400 17 950
19 9 000 350 4 000 —140 1900 14 950
20 9 000 350 5000 — 140 2 400 18 040
21 8 000 350 5000 — 140 1900 17 360
22 8 000 350 5000 — 140 1900 17 360
23 8 000 350 5000 —140 1900 17 360
24 7000 350 6 000 — 140 1900 19 440
25 8 000 350 4 000 —150 1900 14 520
26 8 000 350 5000 —150 1400 17 410
27 8 000 350 6 000 —140 2 400 20 320
28 9 000 500 5000 —140 1900 17 830
29 7 000 500 5000 — 140 1900 16 490
30 9 000 350 5000 —130 1900 17 900
31 8 000 500 5000 —150 1900 17 270
32 7000 350 5000 —150 1900 16 740
33 8 000 350 6 000 —130 1900 20 170
34 9 000 200 5000 — 140 1900 18 270
35 8 000 200 5000 —140 1400 17 580
36 8 000 200 6 000 — 140 1900 20 600
37 9 000 350 6 000 —140 1900 21 050
38 8 000 350 4 000 —130 1900 14 330
39 8 000 350 4 000 —140 1400 14 390
40 8 000 350 4 000 — 140 2 400 14 470
41 8 000 200 5000 —150 1900 17 710
42 8 000 350 5000 —130 1400 17 180
43 7 000 350 5000 —140 1400 16 610
44 9000 350 5000 — 150 1900 18 080
45 8 000 350 5000 —150 2 400 17 450
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Fig. 11 Internal residual analysis on the regression model of
the key parameters of the co-production process obtained with
Design-Expert
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Fig. 12 Comparison of the regression forecast value with the
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Fig. 13 Adaptation curve of genetic algorithm
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