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Abstract

A mathematical model is developed to explain the process dynamics of
ethanol production by flocculating yeast, Saccharomyces cerevisiae M30. Molasses,
the main feedstock for ethanol production in Thailand, is used as the substrate
source for all experiments. Firstly, the experiments are carried out by the batch
fermentation in shaking flasks with the initial sugar concentration ranging from 3 to
25%w/v and incubate at 33°C. Subsequently, the optimal initial sugar concentration
growth and production is found to be 22%w/v. At the optimal initial sugar
concentration (22%wl/v), the fermentation are performed with operating temperature
ranging from 30 to 42°C. The mathematical model is developed from Monod kinetic
model. It consists of three main factors; initial substrate concentration, substrate and
ethanol concentration, and operating temperature, and counts with death rate and
cell maintenance for biomass equation. Polynomial equation is used to describe the
relationship between initial substrate concentration and kinetic parameters. Then,
exponential relationships between operating temperature and kinetic parameters
such as both maximum specific growth rate and production rate and maximum
production concentrations are determined. The parameters of model are converged
by using least-square method. The results reveal a good agreement between the
simulation and the experiment data. The optimum conditions of ethanol batch
fermentation by using molasses as substrate are at 22%w/v initial reducing sugar
and 33°C of operating temperature. The quantitative effects of initial sugar
concentration on the kinetic parameters are evaluated. The kinetic parameters were
not significantly affected by the scale-up from 0.5 to 10 L, however, there are
significant deviations of the kinetic parameters when the operation changes from
batch to continuous process.

Next, cross combination neural network model is proposed to obtain the
process dynamics. The neural network is trained by selecting the weights and the
biases to minimize the output errors by the back propagation algorithm. The
logarithmic-sigmoidal and the pure-linear function are chosen as the hidden and out
put activation function, respectively. Applications of the model are on batch and fed -
batch data obtained from real experiments in a laboratory and a small ethanol plant
(2500 L fermentors). The set of inputs and number of hidden nodes are tested to get
the best performance of the model. Although, the results of the prediction of cell
counts from the plant are inconsistent, a good agreement between model simulation
and measurements of ethanol and reducing sugar concentration are observed in all
studies. It is shown that the cross combination neural network can be successfully

applied for the prediction of the system’s dynamics.



