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Carbon Dioxide 304.1 72.8 3.6085 42.86 1500
Methane 190.7 45.8 2.2556 42.70 939
Oxygen 154.8 50.1 1.3587 31.68 761
Argon 150.7 48.0 1.3440 32.20 794
Carbon Monoxide 1329 34.5 1.4543 39.51 652
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Inlet Stream
STREAM NAME FROM UNIT OPERATION
Booster Discharge Goolr EA5
BAC Discharge? Tee TEE-A0f
COLD AIR TO HE E01-R Resyele ROY4
W2 Retyole ROV
LOP{ Retynie ROY-2
GANR Retynie ROY-3
Qutlet Stream
STREAM NAME TO UNIT OPERATION
Lifid Fogd Valie JTVALVE 1
Turbing (nlet Fepander K405
Vapor Feed Mier MI-101
Wh3
gox |
GANRY
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Name Baoster Dishige BAGDicharge? | COLDARTOHEELR 2
Vapour 1,000 1.0000 1.0000 1,000
Temperatue (0 3000* 36000 250000* 4748088
Pressure (73 5627.0000* 46812148 56,8300 1292000
Malzr Flow (famole) 6630 6600 35 1459+
Mass Fow figh) 1 9384004 1 93884004 387564004 409064004
Std deal Lig Vl Flow (n3h) 2% 2% 456 5067
Malar Entray (kikgnoe) 0953 0% 471 5770
Maler Enrpy (klegne-C) 1183 201 Al 142
Heat Flow (ki) §658e+04 1 35384004 4.308e+004 B421e+005
Name L0P1 GANR Ligud Feed Turhie et
Vapour 00000 1.0000 1.0000 1,000
Temperatue (0 182178 A774000* 48737 4132000
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Malzr Flow (famole) 5132 %5 660, 6630
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St deal Lig Vol Flow (n3h) 150 0915 2% 2%
Maler Entray (ko) 1 205004 4090 485 54
Maler Enry lklgnakeC) 218 903 85 %54
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Name Vapor Feed [ ol GANRY
Vapour 0963 1.0000 1.0000 10000
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Mol Flow (lamole) 1338 1450 5132 855
Mass Fow figh) 38756400 40064004 1 62064004 7008
St deal Lig Vol Flow (n3h) 455 5067 1500 I
Maler Entray (kikgnoe) 1 791 376 1015
Maler Entrpy lklgnoe-C) 028 142 202 336
Heat low (ki) 41752405 -0.908e+004 173084005 283524
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Vapour / Phase Fraction 0.9373
Temperature: (C) -173.3
Pressure: (kPa) 573.0
Maolar Flow (kgmale/h) 2007
Mass Flow (kg/h) 5.813e+004
Std Ideal Lig Vol Flow (m3/h) 66.64
Maolar Enthalpy (kd/kgmole) -6256
Molar Entropy (kJdkgmole-C) 101.4
Heat Flow (ki) -1.256e+007
[ iq Vol Flow @ Std Cond (ma3/h) 4 742e+004 *
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Fiow Basis: Molar | The composition opfion s sefected
Feed Composition
Alr to MP Col air to mp eim
Flow Rate (kgmole/) 550.3066 2.007000e+03
Oxygen 01783 02093
Nitrogen 0.8129 07811
Argon 0.0088 0.0096
Fiow Basis: Molar The composition opfion s sefected
Feed Flows
Alr to MP Col air to mp cim
Flow Rate (kgmole/) 550.3066 2.007000e+03
Oxygen (kgmale/n) 98 1353 4200651
Nitrogen (kgmole/ 447.3265 1.567668e+03
Argon (kgmole/) 4.8448 16.2672
Products
Fiow Basis: Molar The composition opfion s sefected
Product Compositions
LIN GAN LL
Flow Rate (kgmole/) 565.9574 2854729 513.0979
Oxygen 0.0000 0.0000 0.1431
Nitrogen 0.9998 0.9598 0.8419
Araon 0.0002 £.0002 2,0150
RL
Flow Rate (kgmoie/h) 1.192776e+03
Oxygen 0.3729
Nitrogen 0.6135
Argon 0.0137
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Total Utilities Heating Utilities Cooling Utilities
[kJ/h] [kJ/h] [kJ/h]
2.895E+07 6.506E+06 2.244E+07
1.593E+07
1.593E+07
0
Actual Target Actual  Target Actual Target

98 g3luli dly (g3 50 50T (Yo-¥) s

92 5ttt Iy 6551 50T (A-¥)J s

Current  Saving Potential = Energy Cost Savings - Energy Cost Savings ~ ATmin
[ki/h] [k)/h] [Cost/¥i] [%] [C]
Refrigerant 4 Generation  £.306E+06 6.306E+06 -481,749 10000 20
Total Hot Utilities  6.506E+06 6.506E+06 -481,7149 -100.00
Very Low Temperature  1.097E+07 1.637E-09 0 000 20
Refrigerant 1 6.224E+05 6.224E+05 14,943 10000 30
Cooling Water 1.084E+07 1.084E+07 20197 10000 50
Air 0 -4.961E+06 0 N/A 100
Total Cold Utilities ~ 2.244E+07 6.506E+06 35139 3.94
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| Name Fluid Rate Rate Units Cost per Hour Cost Units
Electricity 3165.7 Kw 45341 USD/H
Cooling Water Water 0.061652 MMGALH 7.39824 USD/H
Refrigerant - Freon 12| Refrigerant 832356 KLB/H 0.707672 USD/H
Steam @100PSI Steam 6.94006 KLE/H 364921 USD/H
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Vapour / Phase Fraction 1.0000
Temperature: (C) 33.00
Pressure: (kPa) 621.3
Molar Flow (kgmole/h) 2676
Mass Flow (ka/h) 7.750e+004
Std Ideal Lig Vol Flow (m3/h) 89.12
Molar Enthalpy (kJ/kgmole) 185.4
Molar Entropy (kJ/kgmole-C) 137.4
Heat Flow (kJ/h) 4.962e+005

198 olwlds dly (689,9 Sl Olasein (Y-£) J i

COMPONENTS |  MOLARFLOW | MOLEFRACTION |  MASSFLOW | MASSFRACTION
(kgmoeh) (kgh)

Orygen 5600668 02083 119227776 02313

Nirogen 20902236 07611 505534348 0755

Argn 25,6608 000% 1026.2462 00132

Tot 26760000 1000 175024608 1000
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Inlet Stream

STREAM NAME FROM UNIT OPERATION
Booster Discharge Cooler E-105
BAC Discharge? Tee TEE-101
COLD AIRTO HE E01-R Recyele RCY-4
W2 Recycle RCY-1
LOP1 Recycle RCY-2
GANR Recycle RCY-3

Outlet Stream

STREAM NAME TO UNIT OPERATION
Liguid Feed Vaive JT VALVE 1
Turbine Inlet Expander K105
Vapor Feed Mixer MIX-101
WN3
qox |
GANRT

Shhss Olge a4 5 Sals IWFY C B Loy 35 o sdalie (8-8) Jsdr 3 oS shailen

.J}.\i&osu.:m‘ﬂlzsﬁcﬁ

LNGUuas 5,55 62559 b 0L > 6""‘.%’ Slasein(8—£)J g

Name Booster Discharge BAC Discharge2 |  COLD AIR T0 HE EO1-R W2
Vapour 1.0000 1.0000 1.0000 1.0000
Temperature (C) 35.0000 " 35,6000 25.0000 -174.8068 *
Pressure (kPa) 5627.0000 * 4661.2148 586.8300 129.2000 *
Molar Flow (kgmole/h) 660.0 669.0 1338 1450 *
Mass Flow (k) 1.9382+004 1,.038¢+004 3.8756+004 4.090e+004
Std Ideal Lig Vol Fiow (mam) 2228 2228 44.56 5067
Molar Enthalpy (kJgmole) -99.53 2023 4716 5772
Molar Entropy (klgmole-C) 1183 120.1 137.1 1142
Heat Flow (k) 665684004 -1.353e+004 -6.3006+004 -8.4212+006
Name LOP 1 GANR Liguid Feed Turbine Inlet
Vapour 0.0000 1.0000 1.0000 1.0000
Temperature (©) -182.1276 -177.4000 -128.7372 -113.2000 *
Pressure (kPa) 3101.0000 * 570.0000 5617.1900 4671.4048
Molar Flow (kgmole/m) 5132* 2855 £60.0 660.0
Mass Flow (kah) 1.6226+004 7998 1.9382+004 1.038e+004
Std Ideal Lig Vol Fiow (mam) 15.00 9.918 2228 2228
Molar Enthalpy (kJkgmole -1.22504004 -6090 -6882 5243
Molar Entropy (kdfkgmole-C) 4218 99.36 84.75 96.54
Heat Flow (k) -6,2696+006 -1,7392+006 460484006 -3.507e+006
Name Vapor Feed W3 gor! GANR1
Vapour 0.9639 1.0000 1.0000 1.0000
Temperature () -173.1000 * 23,0000 23,0000 23,0000 *
Pressure (kPa) 577.0200 124.3900 3091.1900 560.1900
Molar Flow (kgmole/m) 1338 1459 513.2 2855
Mass Flow (kah) 3.8756+004 4.0006+004 1.6226+004 7998
Std Ideal Lig Vol Fiaw (mam) 44.56 50,67 15.00 9918
Molar Enthalpy (kikgmoe -6113 -67.91 -337.6 -101.5
Molar Entropy (kdfkgmole-C) 102.8 146.2 1202 1336
Heal Flow (Fedim) -8 170e+006 -0 808e+004 -1,732e+005 -2.890e+004
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Vapour / Phase Fraction 0.9373
Temperature: (C) -173.3
Pressure: (kPa) 573.0
Molar Flow (kgmole/h) 2007
Mass Flow (kg/h) 5.813e+004
Std Ideal Lig Vol Flow (m3/h) 66.84
Molar Enthalpy (kJ/kgmole) -6256
Molar Entropy (kJ/kgmole-C) 1014
Heat Flow (kJ/h) -1.256e+007
Lig Vol Flow @Std Cond (m3/h) 4.742e+004 *

S8 Ay Sy el il doys oS 5 (-8)d g
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FBE g e A 83009 S 0Lz 53 sl s oS 5 (V-E)d g

ArtoMPGl | artompim LIN GAN L Rl
Orgen 0 0209 0000 00000 0 0
Niragen 04 070 0%9% 0999 040 0613
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Fiow Basis: Molar | The composition aption is selected
Feed Composition
Alrfg MP Col airtomp ¢l
Flow Rate (kgmoled) 550.3066 2007000603
Orygen 0.1783 0.2093
Nitrogen 08129 0.7811
Argon 0.0088 0.0096
Fiow Basis Molar Ihe corposition aption s sefected
Feed Flows
Air to MP Col air to mp eim
Fiow Rate (kgmoled) 550 3066 2007000e+03
Orygen (kgmole) 98,1353 4200651
Nitrogen (kgmolah) 447.3265 1.567668e+03
Argon (kamoled) 45448 19.2672
Products
Flow Basis: Molar | The composition option is selected
Product Compositions
LIN GAN LL
Flow Rate (kgmoled) 565.9574 2654728 513.0979
Orygen 0.0000 0.0000 0.1431
Nitrogen 0.9938 0.9998 0.6419
Argon 0.0002 00002 0.0150
RL
Flow Rate (kgmoled) 1.192776e403
Orygen 03729
Nitrogen 0.6135
Argon 0.0137
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Total Utilities Heating Utilities Cooling Utilities
[k/h] [kJ/h] [k/h]
2.895E+07 6.506E+06 2.244E+07
1.593E+07
1.593E+07
0
Actual Target Actual  Target Actual Target
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Current  Saving Potential ~Energy Cost Savings  Energy Cost Savings  ATmin
[k/h] [kI/h] [Cost/¥] (%] (]

Refrigerant 4 Generation  6,306E+06 6,306 +06 -431,749 00 20
Total Hot Utilities ~ 6.506E<06  6.506E+06 -481,749 -100.00

Very Low Temperature  1.097E+07 1.637E-09 0 0 20

Refrigerant 1 6.224E+05 6.224E+05 14943 W 30

Cooling Water 1.084E+07 1084E+07 0197 00 50

Air 0 -491E+06 0 N/A 100
Total Cold Utilities ~ 2.244E<07  6.506E+06 33,139 394
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- Name Fluid Rate Rate Unit Cost per Hour (ostUnts
Flctrcty 363 kW 5341 USOH
Cooling Water | Water 0061632 MMGAL/H 1354 UO/H
Refrgerant - Frean 12| Refrgerant 83035 KLE/H 107412 USDH
Steam @I00PS | Steam 34006 KLEH 36491 USOH
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Abstract:

Cryogenic separation is the separation of atmospheric air into its major
components, such as oxygen, nitrogen, argon and other noble gases. The
following project is related to the optimization of an ASU system, as well as the
proposed simulation project based on aspen-ascetic and meta-code coding
(genetics) as well as cost-optimization and economic analysis. In this project, the
heat exchangers (LNG ) And low pressure tanks, which are described in each part
as partial results and at the end of the overall project results. The results showed
that the amount of oxygen dissipation was A-.,v\/. and the total energy of the air

separation unit was about A4,y kJ / hr and the economical cost of cooling water
was about va,AYf USD / H . The energy analysis of the air separation unit was
carried out with the Aspen Energy Analyzer. The simulation results showed a4,3A
percent of nitrogen was removed from the top of the distillation tower. The results

of energy and economic analysis showed that the highest cost is related to
equipment such as compressors and low pressure distillation.
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Energy consumption, specific power and efficiency optimization in an air
separation unit using stochastic algorithm and HYSIS.



