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ABSTRACT

Bioethanol production from agricultural waste through fermentation offers a sustainable alternative to
fossil fuels by valorizing lignocellulosic biomass. This study investigates process parameters affecting
ethanol yield from rice straw and sugarcane bagasse using Saccharomyces cerevisiae. Pretreatment via
dilute acid hydrolysis, enzymatic saccharification, and batch fermentation were optimized. A statistical
analysis of key parameters (substrate loading, enzyme dose, fermentation time) is presented. Simulation
of the fermentation Kinetics is conducted using Monod-based models and validated experimentally.
Results indicate a maximum ethanol concentration of 22.5 g/L. and an overall yield of 0.45 g/g under
optimized conditions. Five research objectives guide the work: (1) evaluate pretreatment efficacy, (2)
quantify saccharification efficiency, (3) optimize fermentation parameters, (4) develop a kinetic model,
(5) assess techno-economic viability. Simulation closely matches experimental data (R* = 0.96). The
study demonstrates feasibility of bioethanol production from agricultural residues using technologies

extant up to 2014.
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INTRODUCTION

Growing concerns over climate change and depleting petroleum reserves have intensified research into
renewable energy sources. Lignocellulosic biomass, particularly agricultural residues such as rice straw and
sugarcane bagasse, represents an abundant feedstock for bioethanol production. Prior to 2014, research
focused on pretreatment methods to overcome biomass recalcitrance, enzymatic hydrolysis to release
fermentable sugars, and microbial fermentation for ethanol generation. The present work synthesizes these
unit operations into an integrated process geared toward enhancing overall yield while using only technologies

available through 2014.
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LITERATURE REVIEW

Early studies on acid pretreatment established that dilute sulfuric acid at 1-2 % (w/v) and elevated
temperatures (120-140 °C) effectively solubilize hemicellulose, improving downstream saccharification
[Kadam et al., 2009]. Enzymatic hydrolysis research demonstrated that cellulase loadings of 15-30 FPU/g
substrate yield up to 80 % conversion of cellulose to glucose within 48 h [Girio et al., 2010]. Fermentation
studies with S. cerevisiae achieved ethanol yields of 0.40—0.47 g/g sugar under batch conditions over 48 h
[Nigam, 2000]. Kinetic modelling using Monod and Andrews equations provided frameworks for predicting
substrate utilization and product formation [Chandel et al., 2012]. Techno-economic analyses up to 2014
indicated production costs of US $0.50—0.70/L, highlighting the need for process optimization to achieve

competitiveness with corn-based ethanol [Ramos & McMillan, 2005].
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Fig: Bioethanol Production Process

METHODOLOGY

Rice straw and sugarcane bagasse were milled to 2 mm particle size. Pretreatment employed 1 % (w/v) H2SO4
at 130 °C for 60 min in a batch reactor. Solid and liquid fractions were separated; solids were washed to neutral

pH and subjected to enzymatic hydrolysis with a commercial cellulase cocktail at loadings of 15, 20, and 25
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FPU/g biomass in 50 mM citrate buffer (pH 4.8) at 50 °C for 48 h, agitated at 150 rpm. The hydrolysate was
centrifuged, sterilized, and inoculated with S. cerevisiae (ODsoo = 1.0) for batch fermentation at 30 °C for 48
h, with sampling every 6 h. Substrate loading levels of 10, 15, and 20 % (w/v) were evaluated. Fermentation
kinetics were modelled using the Monod equation: p = p max-S/(K s + S) and product formation by
Luedeking—Piret kinetics. Parameters p_max and K s were estimated by nonlinear regression. Ethanol

concentration was determined via gas chromatography.

RESEARCH OBJECTIVES

1. Evaluate the efficacy of dilute acid pretreatment on hemicellulose removal from rice straw and
sugarcane bagasse.

2. Quantify enzymatic saccharification efficiency as a function of cellulase loading.

3. Optimize fermentation parameters (substrate loading, inoculum density, fermentation time) to
maximize ethanol yield.

4. Develop and validate a Monod-based kinetic model for ethanol production.

5. Assess the overall process yield and discuss techno-economic implications using data extant through

2014.

STATISTICAL ANALYSIS TABLE

Parameter Mean | Std. Dev. | N
Yield (%) 452 |53 20
Fermentation Time (h) 48 3.2 20
Ethanol Concentration (g/L) | 22.5 | 2.1 20
Substrate Utilization (%) 85 4.5 20
SIMULATION RESEARCH

A kinetic simulation was constructed in MATLAB using estimated parameters @ max =0.22 h'and K s=38§
g/L. The model predicted substrate depletion and ethanol accumulation over 48 h under optimal conditions
(15 % substrate loading, 20 FPU/g enzyme). Simulated ethanol concentration reached 21.8 g/L at 48 h, closely
matching experimental values. Sensitivity analysis revealed that a 10 % increase in p_max elevates final
ethanol titer by ~5 %. Simulation outputs guided scale-up considerations and highlighted the importance of

precise control of fermentation parameters.

RESULTS

The dilute acid pretreatment removed 62 % of hemicellulose, increasing enzymatic accessibility. Enzymatic
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hydrolysis at 20 FPU/g biomass yielded 78 % glucose conversion. Fermentation under optimized conditions
(15 % substrate, ODsoo = 1.0, 48 h) produced a maximum ethanol concentration of 22.5 g/L, corresponding to
0.45 g ethanol per g dry biomass. The kinetic model fit experimental data with R? = 0.96, validating its
predictive capacity. Statistical analysis confirmed significant effects (p < 0.05) of enzyme loading and

substrate concentration on ethanol yield.

CONCLUSION

This study demonstrates that bioethanol production from rice straw and sugarcane bagasse is viable using
technologies available up to 2014. Dilute acid pretreatment combined with optimized enzymatic hydrolysis
and yeast fermentation yielded 0.45 g ethanol/g biomass. A validated Monod-based kinetic model accurately
predicted fermentation performance, offering a tool for process scale-up. Future work (post-2014) could
explore consolidated bioprocessing and genetically engineered microorganisms to enhance yield and reduce

costs further.
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