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Design and optimization of integrated process of light hydrocarbon recovery and
air separation driven by LNG cold energy
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Abstract: To improve the ethane recovery rate, cold energy utilization rate and exergy efficiency in light hydrocarbon recovery
processes, and to enhance the comprehensive utilization efficiency of LNG cold energy, an integrated process of light hydrocarbon
recovery and air separation driven by LNG cold energy was proposed. Using ethane recovery rate, system power consumption, cold
energy utilization rate, exergy efficiency and net present value as evaluation indicators, the effects of key parameters on system
performance were investigated, along with multi-objective optimization, exergy analysis, and comprehensive economic (net present
value) evaluation. The results show that the demethanizer inlet pressure and temperature, the inlet temperature of distillation column 1
and the air mass flow rate have significant impacts on system performance. After multi-objective optimization, the process achieves an
ethane recovery rate of 94.79%, a system power consumption of 4.27 x 10* kW, a cold energy utilization rate of 88.20%, an exergy
efficiency of 84.66% and a net present value of 294.8 x 10° CNY. Exergy analysis of equipment indicates that the combined exergy
losses of compressors, distillation columns and heat exchangers account for more than 85% of the total losses, representing key links for
improving system energy efficiency. The proposed process demonstrates significant advantages in cold energy cascade utilization, ethane
recovery and exergy efficiency, while exhibiting both technical feasibility and economic competitiveness, thus can provide a new
approach for coupling LNG cold energy with chemical separation processes.
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Fig.1 Flow chart of integrated process of light hydrocarbon recovery and air separation driven by LNG cold energy
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FIkE 0.98
STk 0.84

AR 0.46
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Table 2 Main parameter settings

FEBH Hifl FHEBH Hfi
LNG A\ [ & /°C -162.0 HOING R /°C 10
LNG A [ /%7y /kPa 104.8 HALC,#EE /°C -83.87
3 J5 LNG JE 77 /kPa 2100 H 1 LPG iR ¥ /°C -14.96
LNG R /(kg's™) 27.78 H LN, IE /°C -194.2
FRNAES kPa 101.3 H L0, iLE /°C -180.1
A5 I Throttle 15 ¥t 71 /kPa 1919 H FING £ 71 /kPa 2099
5K Throttle2 59t 71 /kPa 51.30 th A LC, [k ) /kPa 180
59 I8 Throttle3 ¥t 71 /kPa 76.30 H 11 LPG J£ /7 /kPa 200
NG i i /(kg's™) 24.36 i FLO, [k ) /kPa 138
LC, it /(kgs™) 1.95 i F LN, £ /) /kPa 121
LPG i i & /(kg's™) 1.47 TIAIAE % 75
LO, i /(kg's™) 9.53 FEAFHLI AR 1% 75

LN, BB & /(kg's™) 32.15
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Table 3 Validation results of system equipment models
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Fig.2 Effects of demethanizer inlet pressures on system performances
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Fig.3 Effects of demethanizer inlet temperatures on system performances
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Fig.5 Effects of air mass flow rates on system performances
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Table 7 Multi-objective optimization results

24 o
LINMAP J57% TOPSIS J7i%
JBE H e 55 N LR 77 /kPa 1907.60 1907.60
JBE GBS N FHRLE /°C -120.00 -120.00
RIS TN DR °C -149.67 -149.67
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Table 8 Product market price
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LNG 4t 1.54 x 10 CNY/J [27]

(D BLZ KRR 2R G Th A6 7 BE A - A
BER NV ARRS KRG T T RBESH T2 RE
MIREI . S5 R BT, i H B 85 N 1R D AR E H
PR 1N TR 2 e [mT AT 0 M A 3 S i 3 25
FABTEE SIS 1N DR X RGDFEAA
REI FH A R 2 3%

(2)J8 1 NSGA-11Z H brAL , 4 HEA FH 2 A
R AN 5t 1R G303 K 2 88.20% - 84.66% Al
94.79%, . E MR T4 L T2 . LINMAP 5 TOPSIS
TIEAT AU — 20 I0E 17 R E k. BT
SIRFETE TV EUE , O LNG B0 5 BT ARt T
BT

GO HIMTEEAER, TERIHRSN4.38 X 10'kW,
T EAE T B RS TR L AU IR ES 2 . 1%
MR B R U AR R AN AT I, R A
SUR/IES IR RS XAl (e PUIE AR

A GHERHrRY AL G 1 RGeS BUE X
$1294.8 x 10° CNY , o th RUF e sr a4 1. 3L
o FF G B BB £ e B R R R B e FOAS o BB
80%, i L LA G B it — D PR TR TRk

S 3Lk

(1] WS4 HERR TR 2024 [M]. Jbat: £k Tolk
HRRAL, 2024: 6-7.

Editorial Team. China natural gas development report 2024

[M]. Beijing: Petroleum Industry Press, 2024: 6-7.

[2] LEEI, PARK J, MOON I. Key issues and challenges on the
liquefied natural gas value chain: A review from the process
systems engineering point of view [J]. Industrial & Engineering
Chemistry Research, 2017, 57(17): 5805-5818.

[3] CHONG Z R, HE T B, BABU P, et al. Economic evaluation
of energy efficient hydrate based desalination utilizing cold
energy from liquefied natural gas (LNG) [J]. Desalination,
2019, 463: 69-80.

[4] LIYJ, LUO H. Integration of light hydrocarbons cryogenic
separation process in refinery based on LNG cold energy
utilization [J]. Chemical Energy Research & Design 2015,
93: 632-639.

[51 MARSHALL J W H. Processing liquefied natural gas: US
2952984 [P]. 1960-09-20.



154

f&BALE BT

2026 F % 51 &

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

GAO T, LIN W S, GU A Z. Improved processes of light
hydrocarbon separation from LNG with its cryogenic
energy utilized [J]. Energy conversion and management,
2011, 52(6): 2401-2404.

LI'Y J, LUO H. Integration of light hydrocarbons cryogenic
separation process in refinery based on LNG cold energy
utilization [J]. Chemical Engineering Research and Design,
2015, 93: 632-639.

FE, B, KB B RIR A6
ik 5401, 2025, 50(9): 107-115.
WANG X, YANG H, ZHANG S F. Research progress on
utilization of liquefied natural gas cold energy [J]. Low-Carbon
Chemistry and Chemical Engineering, 2025, 50(9): 107-115.
ARIR, A5 F 0, BRIRIE, 5 . DHX T 28R R G M 2K R 4
B e 2R Al 5 R R T, 2022, 51(4): 58-63.
ZOU L, LI B Q,YIN Z H, et al. Analysis of the low light
hydrocarbon yield problem in the DHX process and process

I Feadt e 0. AR

optimization [J]. Petroleum and Natural Gas Chemistry,
2022, 51(4): 58-63.

A iz, 2540, HAKHE, & LNG R T 2Rt 50
9], R AL 22 510 T, 2023, 48(4): 176-182.

DENG Z A, LI L, HU Y Q, et al. Design and analysis of
LNG light hydrocarbon recovery process [J]. Low-Carbon
Chemistry and Engineering, 2023, 48(4): 176-182.

rEls, MROCHE, 8172 A8 R LNG & Be It 08 2 18 ek i
FE[CY/ L il 2 2 . LTl 7% 22 43 2009 £ 22 R 4R
SR b RSSO H1e S AR LARRT ST,
2009: 47-50.

GAO T, LIN W S, GU A Z. An improved process for light
hydrocarbon separation using LNG cold energy [C]/
Shanghai Refrigeration Society. Proceedings of the 2009
Annual Conference of the Shanghai Refrigeration Society.
Shanghai: Institute of Refrigeration and Cryogenic
Engineering, Shanghai Jiao Tong University, 2009: 47-50.
PRIM E. System and method for recovery of C,, hydrocarbons
contained in liquefied natural gas: US7069743 [P]. 2006-07-04.
YOKOHATA H, YAMAGUCHI S, TAMAKOSHI A. Process
and apparatus for separation of hydrocarbons from liquefied
natural gas: US8794029 [P]. 2014-08-05.

HUANG K, WANG S T, CHEN L Q, et al. A method of
light hydrocarbon recovery from liquefied natural gas:
US106523883 [P]. 2007-12-25.

ZHANG R H, WU C, SONG W, et al. Energy integration of
LNG light hydrocarbon recovery and air separation: Process
design and technic-economic analysis [J]. Energy, 2020,
207: 118328.

KIM D H, GIAMETTA R E H, GUNDERSEN T. Optimal

use of liquefied natural gas (LNG) cold energy in air separation

[17]

[18]

[19]

[20]

(21]

[22]

[23]

(24]

[25]

[26]

(27]

units [J]. Industrial & Engineering Chemistry Research,
2018, 57(17): 5914-5923

BOYAGHCHI F A, SOHBATLOO A. Assessment and
optimization of a novel solar driven natural gas liquefaction
based on cascade ORC integrated with linear Fresnel collectors
[J]. Energy Conversion & Management, 2018, 162: 77-89.
ZAVADSKAS E K, MARDANI A, TURSKIS Z, et al.
Development of TOPSIS method to solve complicated
decision-making problems—An overview on developments
from 2000 to 2015 [J]. International Journal of Information
Technology & Decision Making, 2016, 15(3): 645-682.
MEHRPOOYA M, SHARIFZADEH M M M, ROSEN M A.
Rosen optimum design and exergy analysis of a novel cryogenic
air separation process with LNG (liquefied natural gas) cold
energy utilization [J]. Energy, 2015, 90: 2047-2069.

PAN J, LI M F, LI R, et al. Design and analysis of LNG
cold energy cascade utilization system integrating light
hydrocarbon separation, organic Rankine cycle and direct
cooling [J]. Applied Thermal Engineering, 2022, 213:
118672.

WANG J Y, WANG J F, DAT Y P, et al. Thermodynamic
analysis and optimization of a flash-binary geothermal
power generation system [J]. Geothermics, 2015, 55: 69-77.
SHIN Y, LEE Y P. Design of a boil-off natural gas
reliquefaction control system for LNG carriers [J]. Applied
Energy, 2009, 86(1): 37-44.

NOH Y, KIM J, KIM J, et al. Economic evaluation of BOG
management systems with LNG cold energy recovery in
LNG import terminals considering quantitative assessment
of equipment failures [J]. Applied Thermal Engineering,
2018, 143: 1034-1045.

CHAN W, LI H X, LI X, et al. Exergoeconomic analysis
and optimization of the Allam cycle with liquefied natural
gas cold exergy utilization [J]. Energy Conversion and
Management, 2021, 235: 113972.

HAMAYUN M H, RAMZAN N, HUSSAIN M, et al.
Conventional and advanced exergy analyses of an integrated
LNG regasification—Air separation process [J]. Industrial &
Engineering Chemistry Research, 2022, 61(7): 2843-2853.
FENH . LNG ¥ e 5 R IR 3N 1) 2 05 3 IR R
HLR SR FE[D). 7642 P62 AR, 2022.

LI M F. Research on a multi-stage combined power cycle
generation system driven by LNG cold energy and geothermal
energy [D]. Xi’an: Xi’an Shiyou University, 2022.

PAN J, CAO Q H, LI M F, et al. Energy integration of light
hydrocarbon separation, LNG cold energy power generation,
and BOG combustion: Thermo-economic optimization and
analysis [J]. Applied Energy, 2024, 356: 122450.



