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Abstract: Exergy analysis is an effective means of evaluating energy grade and energy utilization efficiency. Based on exergy analysis
results, the location and causes of irreversible losses in the process flow can be accurately identified, thus providing the direction of
process optimization. In order to improve the exergy efficiency of the key equipment in a NGL recovery unit for helium extraction and co-
production of LNG and reduce the overall energy consumption of the unit, on the basis of adopting the improved exergy analysis method,
the Aspen HYSYS software is used to analyze in detail the efficiency of the key equipment in the unit, and then a process optimization
plan is proposed. The results show that the exergy losses can be divided into four types, the improved exergy analysis method can be used
to obtain the proportion of various types of exergy losses of the equipment, and then evaluate the improvement potential of the equipment.
In most equipment, endogenous exergy losses are greater than exogenous exergy losses, compressors and air coolers primarily have
avoidable endogenous exergy losses, the main types of exergy losses of cold boxes are various, and towers mainly experience unavoidable
exergy losses. When the multi-flash concentration is used to replace the dual-tower concentration, i.e., the overhead gas of demehtanizer
firstly enters helium gas concentration tower for pre-concentration, and then enters the liquefaction unit for further concentration, the
total compression work is 11 575 kW lower than that in the original sheme, and the effective energy utilization ratio is higher. It is
concluded that the exergy loss of the improved process is reduced by about 21 648.4 kW from the original level, and the system's exergy
efficiency is increased by about 14.75%. The optimization results verify the feasibility of the improved exergy analysis in the process for
helium extraction and co-production of LNG from natural gas, providing a reference for the optimization of helium extraction process in
practical engineering.

Keywords: NGL recovery; Helium extraction; LNG; Exergy analysis; Exergy loss; Exergy efficiency; Energy saving and consumption
reduction; Process optimization
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AC-101 373.24 187.07 26.66 149.66 346.58 37.41
AC-102 76.13 90.10 5.86 72.08 70.27 18.02
LNG-101 1034.19 627.35 590.97 501.88 443.22 125.47
LNG-201 8 532.46 8923.92 5688.31 5043.95 2844.15 3 879.96
NG-301 305.46 53.23 203.64 50.70 101.82 2.53
T-101 2174.25 38.91 1 449.50 3537 724.75 3.54
T-102 695.24 26.67 540.74 24.24 154.50 2.42
T-103 204.75 43.55 159.25 39.59 45.50 3.96
T-201 125.67 271.81 97.74 247.10 27.93 24.71
T-202 13.64 31.93 10.61 29.03 3.03 2.90
T-301 493.41 32.95 383.76 29.95 109.65 3.00
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