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Abstract—The major by-products in ethanol fermentation by Saccharomyces cerevisiae are glycerol(1.80%
of glucose), acetaldehyde(1.50%), acetic acid(1.10%), lactic acid(0.13%) and formic acid(0.10%). The effects
of glycerol, acetaldehyde and acetic acid which are produced comparatively in large amounts were studied
for the development of a distillation process. By-products had nearly no effects on the vapor-liquid equilibrium
and the theoretical number of plate. But the distillation columns having 10 and 11 theoretical number of
plates were required in the case of acetic acid and acetaldehyde separation, respectively, to meet the specifica-
tions for commercial fuel ethanol.
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Fig. 1. HPLC chromatogram of fermentation broth.

Table 1. By-products in ethanol fermentation by Saccharo-
myces cerevisiae

By-product/Glucose

Concentration

By-product (D) (%)
Ethanol 13.70 45.67
Glycerol 0.54 1.80
Acetaldehyde 0.45 1.50
Acetic acid 0.33 1.10
Lactic acid 0.04 0.13
Formic acid 0.03 0.10

*Initial glucose concentration=30 g/!
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Table 2. Theoretical number of plate and reflux ratio in the presence of by-products for ethanol distillation using PRO-

CESS simulator

System* Theoretical number of plate Top ethanol (%) Reﬂux [‘d[l()
E+W 10 40 20
E+W 13 82 2.3
E+W 18 93 39
E+W-+GLOL 18 93 39
E+W+ACH 18 93 3.9
E+W+HAC 18 93 3.9
E+W+ACH+HAC+GLOL 10 40 2.0
E+W+ACH+HAC+GLOL 13 82 2.3
E+W+ACH+HAC+GLOL 18 93 3.9

*E: Ethanol, W: Water, GLOL: Glycerol, ACH: Acetaldehyde, HAC: Acetic acid
*Feed ethanol concentration=8.00%, feed glycerol concentration =0.31%, feed acetaldehyde concentration=0.26%, feed

acetic acid concentration=0.19 wt%
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Table 3. Stream flow rates and theoretical number of
plate for the separation of acetic acid

o3

Table 4. Stream flow rates and theoretical number of
plate for the separation of acetaldehyde

Stream flow rates(kg mols/day)

Stream flow rates(kg mols/day)

Stream name Feed  Overhead Bottom Stream name Feed  Overhead Bottom
(Phase) (Liquid) (Vapor) (Liquid) (Phase) (Liquid) (Vapor) (Liquid)
Ethanol 1.7365 1.7277 0.0088 Ethanol 1.7365 0.0017 1.7348
Water 51.0056 25239 484817 Water 50.9667 0.0000  50.9667
Acetic acid 0.0317 0.0000 0.0317 Acetaldehyde 0.0591 0.0591 0.0000

Totals(kg mols/day) 52.7738 42516 485222 Totals(kg mols/day) 52.7623 00608  52.7015

Temperature(C) 30.0000 966393 107.2801 Temperature(C) 30.0000 33.1482  106.1498

Pressure(atm) 1.0000 1.1400 1.2900 Pressure(atm) 1.0000 1.1400 1.2900

Enthalpy(mm kcal/day)  0.0289 0.0501 0.0938 Enthalpy(mm kcal/day)  0.0289 0.0004 0.1031

Molecular weight 18.9446 29.3220 18.0273 Molecular weight 18.9635 44.1143 18.9388

Mol frac liquid 1.0000 0.0000 1.0000 Mol frac liquid 1.0000 0.0000 1.0000

Recycle convergence 0.0000 0.0000 0.0000 Recycle convergence 0.0000 0.0000 0.0000

Theoretical number of plate 10 Theoretical number of plate 11
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