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Abstract—The conversion of cellulose and lignocellulose such as Solka floc BW 200 and waste paper into
ethanol using Trichoderma reesei cellulase and immobilized yeast was investigated. The object of this study
is to decrease the product inhibition by performing simultaneous saccharification and fermentation(SSF),
and is to control the biochemical metabolism of immobilized yeast by using fluidized-bed reactor, thus produ-
cing high productivity of ethanol. When the yeast was inoculated after 30 hours of the saccharification process,
glucose concentration was increased temporarily after 1 hour of SSF and decreased rapidly by ethanol fermen-
tation. And it was found that the saccharification was inhibited by the addition of glucose or ethanol. Fed-
batch or semi-batch fermentation in the fluidized-bed reactor was more favorable than batch fermentation
for ethanol production.
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Fig. 1. Diagram of fluidized-bed reactor system for etha-
nol fermentation.

1. N, gas or air 8. Thermometer
2. Air filter 9. pH meter
3. Air control valve 10. Feeding and
4. Humidifier sampling port
5. Air flow meter 11. Immobilized cell
6. Water bath 12. Peristaltic pump
7. Reactor 13. Reservoir
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Fig. 2. Saccharification of Solka floc and waste paper.

@®; R-S: Reducing sugar from Solka floc

x; R-P: Reducing sugar from waste paper

Z; G-S: Glucose from Solka floc

T; G-P: Glucose from waste paper
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Fig. 3. Comparison of simultaneous saccharification and
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addition of glucose

il P v e e——

=} -~
3 2
> 2F
8
El 0 Glucose({0%)
[ 0 Glucose(1%)
1k x Glucose {2%]
0 P s L N s - N
0 5 1 0 E ] &0 S0 60 n

Saccharification time(h)
Fig. 4. Effect of the addition of glucose on the saccharifi-
cation of Solka floc.
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Fig. 5. Effect of the addition of glucose on the saccharifi-
cation of waste paper.
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Fig. 6. Effect of the addition of ethanol on the saccharifi-
cation of Solka floc.
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Fig. 7. Effect of the addition of ethanol on the saccharifi-
cation of waste paper.
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Fig. 8. Fed-batch culture with glucose and saccharifying
solution of solka floc at 30°C and pH4.5(! ; Feed-
ing glucose and saccharifying solution of solka floc
50 g/L, 20 ml).

O; Ethano! production in fed-batch culture, @;
Ethanol production in batch culture, (J; No. of li-
ving cells, x; Glucose.
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Fig. 9. Fed-batch culture with glucose and saccharifying
solution of waste paper at 30°C and pH 4.5(!;
Feeding glucose and saccharifying solution of wa-
ste paper 50 g/L, 20 m/).

QO; Ethanol production in fed-batch culture, @;
Ethanol production in batch culture, J; No. of li-
ving cells, X; Glucose.
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Fig. 10. Results of semi-batch fermentation using glucose
and saccharifying solution of waste paper at 30°C
and pH 4.5.
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