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High Productivity Ethanol Fermentation Using Flocculant Yeast

Son, Seok-Min, In-Gyu Kim and Yu-Ryang Pyun*

Departrment of Food Engineering, Yonsei Umiversity, Seoul 120-749, Korea

Abstract — A tower fermentor equipped with a modified settler was used for ethanol fermentation
using highly flocculating yeast, Saccharomyces uvarum. The settler was constructed of glass column
divided into two chambers by a funnel shaped divider. Gas was allowed to escape from lower
chamber of the settler through a small tube. This design significantly reduced the turbulence
in upper chamber of the settler and made it possible to operate at high dilution rate. Using the
tower fermentor, the effects of operating conditions such as initial glucose concentration, dilution
rate and cell recycle ratio were studied. The maximum ethanol productivity, 64.0 g/l-h was obtained
at a dilution rate 1.1 h™! and a cell recycle ratioc 5 with the corresponding ethanol concentration

of 58.8 g/l, and cell mass of 88 g/l
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Fig. 1. Schematic diagram of tower fermentor with no-
vel settler for contivous ethanol fermentation by floccu-

lating yeast.

TFE: tower fermentor MR: medium reservior
ST: settling tank SP: sampling port

TC: temp. controller S: air sparger

P1-P6: pumps PHC: pH controller

AFM: air flow meter
V1-V2: gas exit valves

F: filter
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Fig. 2. Typical batch fermentation profiles of S. uvarum
ATCC 26602 using initial glucose concentration of 100
g/l (a) and 250 g/l (b).

Solid lines of Fig. 2B are predicted values by the kine-
tic model.
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Table 1. Batch culture Kinetic data of 8. wvarum ATCC
26602 using various initial glucose concentration.

Initial glucose concentration (g/l)

100 200 300 400

Final fermentation time(h) 13 26 45 60
Cell mass (g/l) 8 8.2 8.4 7.9

Residual glucose 0 0 0 160
concentration (g/)

Ethanol concentration (g/l) 34.5 76 110 845

Ethanol yield 037 039 038 035
(g ethanol/g glucose)

Average specific production 033 035 030 0.18
rate (g ethanol/g cell-h)

Table 2. Comparison of seftling efficiency of two diffe-
rent settlers for tower fermentor at dilution rate 0.5
h™.

Simple Modified

settler settler
Dilution rate (h™1) 0.5 0.5
Cell mass (g/l) 35 88
Glucose concentration (g/l) 76 42.7
Ethanol concentration (g/!) 46 70.8
Ethanol productivity (g/l-h) 23 35.4
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Table 3. Kinetic parameters used for computer simula-
tion.

Parameters Value

Max. specific growth rate, pme (h™%) 0.26

Max. specific ethanol production rate, 144
Mmaz (&/1)

Max. ethanol concentration for growth, 60
P, (g/h)

Max. ethanol concentration for ethanol 113

production, P, (&)
Max. cell concentration for growth, X, (g/D 90

Saturation constant, K, (g/I) 0.5
Modified saturation constant, K, (g//) 15
Settling constant, C 0.001
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