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Exergy-economic analysis of DHX process for propane recovery

LI Fei', YANG Donglei’
1. Shaanxi Institute of Technology, Xi’an, Shaanxi, 710300, China;
2. Oil and Gas Transportation and Marketing Department, PetroChina Tarim Oilfield Company, Korla, Xinjiang, 841000, China

Abstract: In order to reduce the operating cost of propane recovery from natural gas in the DHX
(Direct Heat Exchange) process, and improve the economic benefits of the process system, the propane
recovery process of a natural gas processing plant was taken as an example whereby the DHX process was
simulated by using Aspen HYSYS software. The process was then analysed using conventional exergy,
advanced exergy and exergy economic analysis methods. From the analysis, it is found that the total exergy
loss and exergy efficiency of the system are 8 998.23 kW and 29.28% respectively. , The loss in the
expansion unit and external compressor accounts for a large proportion of the exergy loss, and the cost of
avoidable endogenous and exogenous exergy loss is relatively high. Hence it is the focus of optimization. ,
and the improvement direction is placed on parameter optimisation. Based on the optimization strategy, the
parameter sensitivity analysis of the heat exchanger is carried out. The results show that in the case of
natural gas processing capacity of 15 X 10° m” /d, when the outlet pressure of the expansion end is

maintained at 3 550 kPa, the system cost is reduced by 43.76 $ /h. The economic benefit is significant
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and the research results have strong guiding significance for the parameter adjustment of the propane

recovery unit.

Keywords; Condensate recovery; Integrated process; Economic analysis; Exergy loss; Cost
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Tab.1 Raw gas quality conditions
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Tab.2 Basic information of a natural gas processing plant

DHX propane recovery process of a natural gas processing plant
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Tab.3 Integrated process analysis parameters
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Tab.4  Exergy loss calculation equation of equipment
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Tab.5 Specific specifications for integrated process equipment

EEL2N

e REIEREN Q. REX FAE T WER
MR R AER BERT ERT ERT
& /T
LNG-101 32 800 0. 68 2.4 1.5 1
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K-103 98 400 0.46 2.4 1.5 1
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Tab.6 Results of conventional exergy and exergy economic analysis
AR 7 i , OB AR B ¥z PR
we omis omits UV G R Ce R mA CE ok s TV BRI

LY Bk
kW kW Y Ra) @) ) e A AT

LNG-101 4 768.20 3 109.73 1 658.47 106. 17 165. 34 289. 74 53.36 65.23% 18.43% 15.55% 343.1

K-101 4015.01 2703.28 1311.73 12.41 19.31 58.59 8.58 67.33% 14.58% 12.77% 67.17
K-102 2703.28 2070.75 632.53 19.36 29.41 44.07 30. 88 76.60% 7.03% 41.20% 74.95
K-103 10 836.28 8 771.22 2 065.06 19.32 25.72 143. 62 58.49 80.94% 22.95% 28.94% 202. 11
T-101 35 052.95 34 388.06 664.89 17.61 17. 96 42.15 1.43 98.10% 7.39% 3.28% 43.58
T-102 6574.63 5372.12 1202.51 18.95 23. 86 82.02 12. 98 81.71% 13.36% 13.66% 95.00
T-103  2527.43 1852.01 675.42 19.28 26.31 46. 88 7. 84 73.28% 7.51% 14.33% 54.72
AC-101 1 122.50 556.34 566.16  20.33 50. 14 41. 44 18. 26 49.56% 6.29% 30.59% 59.70
AC-102 439.13 217. 68 221.46  25.94 86.70 20. 68 26. 94 49.57% 2.46% 56.58% 47.62
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Tab.7 Advanced exergy analysis results
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kW kW kW A A kW kW kW kW kW kW kW

LNG-101 1237.83 420.64 3109.72 0.3086 941.71 718.76 2 266.01 710.35 231.36 527.48 191. 28
K-101  1250.22 61.51 2703.28 0.0833 225.27 1086.46 2 576.59 214.71 10. 56 1035.51 50.95
K-102  280.69 351.84 2070.75 0.0478 99.04 533.5 018.84 43.94 55.09 236.75 296. 75
K-103  1373.39 691.67 8771.23 0.0403 353.83 1 711.23 5832.22 235.27 118. 56 1138.12 573.11
T-101  525.58 139.31 34388.06 0.0149 512.77 152.12 27 136. 53 404. 64 108. 13 120. 94 31.18
T-102  860.66 341.85 5372.12 0.2193 1178.20 24.30 3 844.97 843.27 334.93 17.38 6.92

T-103  574.22 101.20 1852.01 0.3107 575.34 100.09 1574.00 488.97 86. 36 85.25 14. 84
AC-101 143.48  422.68  556.34 0.1826 101.58 464.58 140.98  25.74 75. 84 117.74 346. 84
AC-102 199.72  21.74 217. 67 0.9037 196.71  24.75 196.31  177.41 19. 30 22.31 2.44
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Tab.8 Exergy loss cost rate of components

ik 041 I - I N i NI 575 Y N1 o R N 70 T BT 2
B WA /(3 WA /(36 A /(36 MRAAS /(56 BiAS /(36 TRMIUAS 7 TRRAAS 7 DRSHALAS 7 RA AR /
Je-h™)  se-h)  se-h ) Se-hT') o JE-hT)  (FEJe-h ) (Extch ) (Fre-h ) (3ErEch )
LNG-101 289.74  197.7 92.05 153.92 135.82 105.92 48.00 91.79 44.04
K101 58.59 55.84 2.75 10. 06 48.53 9.59 0.47 46.25 2.28
K-102  44.07 19. 56 24.52 6.90 37.17 3.06 3.84 16. 50 20. 68
K-103  143.62  95.52 48.10 24.61 119.01 16.36 8.25 79.16 39. 86
T-101  42.15 33.32 8.83 32.50 9.64 25.65 6.85 7.67 1.98
T-102  82.02 58.71 23.32 80. 37 1.66 57.52 22.85 1.19 0.47
T-103  46.88 39. 85 7.02 39.93 6.95 33.94 5.99 5.92 1.03
AC-101  41.44 10. 50 30.94 7.44 34.00 1.88 5.55 8.62 25.39
AC-102  20.68 18. 65 2.03 18.37 2.31 16. 56 1.80 2.08 0.23

OB AR 9 3R 9 JrHral . K&
T 0N AT A BSAS B R, K R A T ki G ) B
AREZORET B A B %48 R8Pl B T I AL
ZE VR i BB B AR AR, T X S A RE S AT R A
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Tab.9 Component investment cost rate
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DAL T2 I 5 AR T AR R

BT RS SNRHR  SRTEESRNE DESRNHR ARDRERNIR  RRTEGSNE DRI alEs N
B A/ BBOIA S/ BN/ REBONAS / BEORAS / PHRBEONAS / SRS / RO 1 BHEEA /
jeh™) (EhT) GEEh) (FEhT) (G&eh ) GEihT)  GEEh) GEih ) GEEh T
LNG-101 53.36  36.29 17.07 37.05 16.31 25.19 11.86 11.1 5.21
K-101  8.58  8.18 0.40 6.52 2.06 6.22 0.30 1.96 0.10
K-102  30.88 13.70 17.18 25.82 5.06 11.46 14.36 2.24 2.82
K-103  58.49  38.89 19. 60 43.59 14.90 28.98 14.61 9.91 4.99
T-101 143 L13 0.30 1.05 0.38 0.83 0.22 0.30 0.08
T-102  12.98  9.29 3.69 9.51 3.47 6. 81 2.70 2.48 0.99
T-103  7.84  6.66 1.18 5.74 2.10 4.88 0.86 1.78 0.32
AC-101 18.26  4.63 13.63 13.38 4.88 3.39 9.99 1.24 3. 64
AC-102  26.94  24.30 2.64 19.74 7.20 17.80 1.94 6.50 0.70
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Tab. 10  General and advanced exergy analysis performance indicators

W WA WEE WEREN (G0 e WA WERRE Wk /(REG)
LNG-101  65.23% 18.43% 15.55% 343. 1 81.21% 2.93% 11.23% 102. 89

K-101 67.33% 14. 58% 12. 77% 67.17 71.33% 11.51%  4.07% 48.21

K-102 76.60%  7.03% 41.20% 74.95 79.51% 2. 63% 11. 96% 18.74

K-103 80. 94% 22.95% 28. 94% 202. 11 83. 68% 12. 65% 11. 13% 89. 07

T-101 98.10%  7.39% 3.28% 43.58 99. 56% 1. 34% 3.77% 7.97

T-102 81.71% 13. 36% 13. 66% 95. 00 99. 55% 0. 19% 67. 56% 3.67

T-103 73.28% 7.51% 14.33% 54.72 94. 87% 0.95% 23.13% 7.70

AC-101 49. 56% 6.29% 30. 59% 59.70 54.49% 1.31% 12. 58% 9. 86

AC-102 49. 57% 2. 46% 56. 58% 47.62 89. 79% 0.25% 75.73% 8.58
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