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ABSTRACT

In light of the daily hike of petroleum prices, ethanol production from lignocellulosic
residues such as rice straw, is gaining importance. Ethanol’s massive production costs due to a
complicated and energy intensive production process, is a setback to its application as a fuel
alternative. In this study, an improvement of the existing ethanol production process was pursued,
by replacing the energy consuming uneconomical steps with cheaper and greener alternatives.
Therefore, process improvement was focused primarily on two major steps: pretreatment and

fermentation.

First, the effectiveness of a novel, rapid ligninase releasing fungus coded MV1.2011, was
explored as a pretreatment method for delignification of rice straw. Second, co-fermentation of
hexoses and pentoses present in lignocellulose hydrolysate was performed in a modified OBR, to
improve ethanol yield and productivity. In addition, mathematical models were proposed to predict
the dynamics of the co-culture of the hexose and pentose fermenting yeasts (Saccharomyces
cerevisiae (NRRL Y-132) and Scheffersomyces stipitis (NCIM 3507)), during co-fermentation.
Also, two methods of enzyme recovery and recycle were studied and compared. Finally, energy
auditing and techno-economic modelling of the improved process were performed to study its

feasibility in industrial scale operation.

Optimized submerged cultivation mode of fungal pretreatment exhibited exemplary
hydrolysis rate, corresponding to an increase of 1.87-fold, in comparison with untreated rice straw.
The study reported for the first time, a biological pretreatment on rice straw, that took only 6 days.
The mathematical models for predicting the concentration profiles of biomasses, substrates and
products during co-fermentation showed good agreement between model-predicted and
experimental values. The results of co-fermentation confirmed the increased efficiency of ethanol
production in modified OBR with respect to yield, productivity, energy and economics. Profit

analysis by various methods indicated that the designed plant is profitable and that its operation is

vii|Page



feasible. Therefore, implementation of the proposed process in large scale is likely to make

biorefinery business more profitable.
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