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Computer Simulation of the Effect of Pressurized/Depressurized
Distillation Process on the Reduction of Separation Energy of
Ethanol from Alcohol Fermented Broth
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Abstract— This work is focussed on the reduction of ethanol separation energy from alcohol fermented
broth and categorized into the development of a computer program for the design of the pressurized/dep-
ressurized distillation process which has been regarded as one of the energy-reducing models for the
conventional distillation process, the optimization of operating conditions of distillation towers by means
of the developed program, and the evaluation of the total anual energy cost of pressurized/depressurized
distillation columns compared with that of the conventional single distillation columns. The operating
pressures are, in case of pressurized/depressurized distillation, 3103/760 mmHg, 3103/450 mmHg, 3103/
160 mmHg, and in case of conventional distillation, 760 mmHg. The optimum reflux ratioes which the
sum of the annual energy cost and the annual fixed cost for each process becomes minimum are 3.7475/2.
9111 for the operating pressures of 3103/760 mmHg, 3.814/2.9712 for 3103/450 mmHg, 3.0783/2.2400
for 3103/150 mmHg, and 3.8544 for the atmospheric operating pressure. And the annual energy cost
of pressurized/depressurized distillation process for the above-mentioned operating pressures is distribu-
ted between 42% and 47% of that of conventional distillation precess.
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Fig. 1. Pressurized/depressurized distillation process
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Table 1. Operation conditions for atmospheric distillation and pressurized/depressurized distillation

Distillation coloumn Feed(kgmol/hr) Feed(mol %) Top(mol %) Bottom(mol %)
Atmospheric - 1000 0.1 0.8883 0.05
Pressurized/ pressurized 500 0.1 0.9000 0.05
depressurized | depressurized 500 0.1 0.8770 0.05
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Table 2. Production rate of distillate for atmospheric
distillation and pressurized/depressurized distillation

Distillation Day product

(kg/day)
61370*

Top rate
(kgmol/hr)

59.6445

column

Atmospheric

Pressurized/ | pressurized | 29.4118 | 30494

61369*

depressurized {depressurized| 30.2297 | 30875

(*:Ethanol composition is 0.8883 mol %)
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Table 3. R., R, and R./R,, for atmospheric distillation and pressurized/depressurized distillation
. . 3103-760 mmHg 3103-450 mmHg 3103-160 mmHg
Reflux Ratio | Atmospheric - - - - - -
pressurized | depressurized | pressurized | depressurized | pressurized | depressurized
Rn 2.2679 2.6768 1.9834 2.6768 2.1765 2.6768 1.8766
R, 3.8554 3.7475 29111 3.8814 29712 3.0783 2.2400
Ro/Ru 1.7000 1.4000 14677 1.4500 1.3651 1.1500 1.1936
Table 4. Actual number of stage and feeding stage for atmospheric distillation
Number of . 3103-760 mmHg 3103-450 mmHg 3103-160 mmHg
Atmospheric - - ; : - :
plate pressurized | depressurized pressunzei' depressurized | pressurized | depressurized
Actual 69(3) 19(4) 69(3) 19(4) r 63(3) 23(5) 48(5)
Total 69 88 82 1
Number in parenthesis represents the feed plate.
Table 5. Vapor production and column diameter at optimum reflux ratio
. . 3103-760 mmHg 3103-450 mmHg 3103-160 mmHg
Reflux ratio | Atmospheric - - - p ; L
pressurized | depressurized | pressurized | depressurized | pressurized | depressurized
Vapor 290 1396 1182 1436 143.1 1120 98.0
(kgmol/hr) ’ ’ ‘ ’ ’ ) )
Diameter(ft) 5.625 2.8334 3.593 2.875 4078 2.627 4.705

Table 6. Annual

Cost for Atmospheric and Pressurized/Depressurized column

Annual fixed Cost($) Annual Energy Cost($)
Pressure Heat Exchanger Column Water Steam Annual Total Cost($)
760 mmHg 9495 23929 4722 76992 115138(1)
33424(1) 81714(1)

3103-760 mmHg 12525 | 18435 1929 E 67617(0.587)
30960(0.926) 36657(0.454)

3103-450 mmHg 12179 [ 19193 2597 [ 35701 69670(0.605)
31371(0.939) 38298(0.469)

3103-160 mmHg 1282 [ 17926 4613 | 20833 | 63654(0533)
29208(0.874) 34446(0.420) |
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