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Effects of Dilution Rates on the Oscillatory Behaviors of a
Very High Gravity Continuous Ethanol Fermentation
System
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Abstract Continuous ethanol fermentation using very high gravity medium containing 280 g/L glucose 5 g/L yeast extract and
3 g/L peptone was run at the dilute rates of 0.006 h™' 0.012h™" 0.017 h™" 0.024 h™" and 0.032h~" based on the total
working volume in a combined bioreactor system composed of a stirred tank and three-stage tubular bioreactors in series.
Oscillations marked by big fluctuations of residual glucose ethanol and biomass were observed at the dilution rate of 0.012 h™" .
The Hopf Bifurcation theory was used to analyze and predict the occurring of these oscillations and the dilution rates that incited
oscillations. Theoretical analysis revealed that oscillations can occur at designated specific growth rates and was validated by
experimental results. The benefits of oscillations for the fermentation system were also discussed by comparing the fermentation

results with those without oscillations.

Key words Hopf Bifurcation theory oscillation dilution rate very high gravity continuous ethanol fermentation
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Fig.1 Process diagram for high gravity continuous ethanol fermentation

1 substrate storage tank 2 peristaltic pump 3 stirred tank fermenter 4 pH controlling unit 5 temperature controlling unit

6 tubular fermenters 7 thermostat water inlet 8 thermostat water outlet 9 broth storage tank 10 exhaust gas washing tank

11 air flowmeters 12  air humidifiers 13 sampling ports.
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