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Abstract Manuscript Information 

 

The increasing demand for renewable energy sources has led to the exploration of alternative 

feedstock for bioethanol production. This study evaluates the techno-economic feasibility of 

using rice plant leaves as a low-cost feedstock for bioethanol production. A comprehensive 

analysis of the production process, including pre-treatment, hydrolysis, fermentation and 

distillation, was conducted.  The results show that the rice plant leaves can be converted into 

bioethanol with a yield of 250L/t, at a minimum production cost. The study also identifies the 

areas for the process of optimisation, including pre-treatment and enzyme hydrolysis, to further 

reduce the production costs. A sensitive analysis reveals that the production cost is more 

sensitive to the cost of enzymes and transportation. Overall, this study demonstrates the 

potential of rice plant leaves as a low-cost feedstock for bioethanol production, offering a 

promising solution for renewable energy production.  
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1. INTRODUCTION 

The increasing global demand for energy, coupled with the 

depletion of fossil fuels and concerns over climate change, has 

necessitated the exploration of alternative renewable energy 

sources. Bioethanol, a biofuel produced from organic matter, 

has emerged as a promising substitute for fossil fuels. However, 

the production of bioethanol from traditional feedstock such as 

corn and sugarcane has been criticised for its high production 

costs, food-versus-fuel debates, and the land use changes. 

In recent years, agricultural residues such as rice plant leaves 

have gained attention as a low-cost and sustainable feedstock 

for bioethanol production. Rice plant leaves, which are typically 

discarded or burned after harvesting, possess a high cellulose 

and hemicellulose content, making them an ideal feedstock for 

bioethanol production. 

This study aims to investigate the techno-economic feasibility 

of using rice plant leaves as a feedstock for bioethanol 

production. The results of this study will provide valuable 

insights into the potential of rice plant leaves as a low-cost 

feedstock for bioethanol production and contribute to the 

development of a sustainable and renewable energy sector. 

 

2. REVIEW STAGE 

Introduction to Bioethanol Production Bioethanol, a renewable 

biofuel, has gained significant attention as an alternative to 

fossil fuels. It is produced through the fermentation of sugars 

derived from biomass, which includes various agricultural 

residues. This review explores existing research on the 

production of bioethanol from biomass, focusing on the key 

processes involved: pre-treatment, enzymatic hydrolysis, 

fermentation, and purification. Additionally, it highlights the 

potential of rice (Oryza sativa L.) biomass as a viable feedstock 

for bioethanol production. Biomass for Bioethanol Production 

Bioethanol production can utilise different types of biomasses, 

including lignocellulosic materials such as agricultural residues, 

forest residues, and dedicated energy crops. Lignocellulosic 

biomass consists of cellulose, hemicellulose, and lignin, which 

must be broken down into fermentable sugars for bioethanol 

production. Rice biomass, including straw and husk, represents 

an abundant and underutilised resource with high potential for 

bioethanol production. 

 

Pre-treatment Methods 

Pre-treatment is a crucial step in bioethanol production, aimed 

at breaking down the complex structure of lignocellulosic 

biomass to enhance the accessibility of cellulose and 

hemicellulose for enzymatic hydrolysis. 

Acid Hydrolysis: Dilute or concentrated acids are used to 

hydrolyse hemicellulose and disrupt lignin. Research by Sun 

and Cheng (2002) indicates that dilute acid hydrolysis is 

effective in releasing fermentable sugars but may result in the 

formation of inhibitory compounds.  

Alkaline Hydrolysis: Alkali treatments, such as sodium 

hydroxide, can remove lignin and increase cellulose 

digestibility. Kim and Holtzapple (2005) found that alkaline 

pre-treatment improves enzymatic hydrolysis efficiency but can 

be costly and produce waste products. 

 Steam Explosion: This method involves subjecting biomass to 

high-pressure steam followed by sudden decompression, which 

disrupts the lignocellulosic matrix. According to Cara et al. 

(2007), steam explosion is effective and environmentally 

friendly, but it requires optimisation to minimise the formation 

of inhibitory compounds.  

Biological Pre-treatment: Utilising microorganisms to 

degrade lignin and hemicellulose, this method is 

environmentally benign. However, it is typically slower and 

less efficient compared to chemical methods (Kumar & 

Wyman, 2009). Enzymatic Hydrolysis Enzymatic hydrolysis 

converts pre-treated cellulose and hemicellulose into 

fermentable sugars using specific enzymes such as cellulases 

and hemicellulases. The efficiency of this process is influenced 

by enzyme type, concentration, reaction conditions, and the 

nature of the pretreated biomass.  

Enzyme Optimisation: Research by Taherzadeh and Karimi 

(2007) emphasises the importance of optimising enzyme 

mixtures and reaction conditions to maximise sugar yield.  

Reaction Conditions: Factors such as temperature, pH, and 

reaction time significantly affect hydrolysis efficiency. Binod et 

al. (2010) highlight that maintaining optimal conditions is 

crucial for high sugar conversion rates. 

https://creativecommons.org/licenses/by/4.0/


Int. Jr. of Contemp. Res. in Multi. PEER-REVIEWED JOURNAL Volume 5 Issue 1 [Jan- Feb] Year 2026 
 

155 
© 2026 Sita Sharan Lal Karn. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC 

BY NC ND).https://creativecommons.org/licenses/by/4.0/ 

 

Fermentation: Fermentation is the biological conversion of 

sugars into ethanol by microorganisms, primarily yeasts such as 

Saccharomyces cerevisiae.  

Microorganism Selection: Saccharomyces cerevisiae is widely 

used due to its high ethanol tolerance and productivity. 

However, genetically engineered strains and other 

microorganisms like Zymomonas mobilis and Pichia stipitis are 

also explored for improved performance (Bai et al., 2008).  

Fermentation Conditions: Optimal fermentation conditions, 

including temperature, pH, and nutrient availability, are critical 

for maximising ethanol yield. Research by Lin and Tanaka 

(2006) demonstrates that maintaining these conditions enhances 

fermentation efficiency and ethanol production. 

Simultaneous Saccharification and Fermentation (SSF): 

Combining enzymatic hydrolysis and fermentation in a single 

step can improve efficiency and reduce costs. Olofsson et al. 

(2008) show that SSF can increase ethanol yield and lower the 

risk of sugar degradation. Extraction and Purification Post-

fermentation, bioethanol must be separated and purified from 

the fermentation broth to meet fuel-grade standards. 

 Distillation: Conventional distillation is commonly used to 

concentrate ethanol. However, it is energy-intensive. Balat and 

Balat (2009) suggest that integrating distillation with other 

separation techniques can improve energy efficiency.  

Advanced Purification Techniques: Techniques such as 

pervaporation, membrane filtration, and molecular sieves are 

explored to enhance ethanol purity and reduce energy 

consumption. Van Hoof et al. (2004) highlight the potential of 

pervaporation for efficient ethanol-water separation.  

Dehydration: Removing residual water from ethanol is crucial 

for fuel applications. Molecular sieves and azeotropic 

distillation are effective methods for achieving high-purity 

ethanol (Kiss et al., 2016). 

 Rice Biomass as a Feedstock Rice biomass, particularly straw 

and husk, is a promising feedstock for bioethanol production 

due to its abundance and high carbohydrate content. Research 

by Balat et al. (2008) and Liu et al. (2009) demonstrates the 

feasibility of converting rice straw into fermentable sugars and 

subsequently into bioethanol. Efficient utilisation of rice 

biomass not only provides a renewable energy source but also 

addresses the issue of agricultural waste management. 

 

3. METHODOLOGY  

Biomass Collection and Preparation Rice biomass, including 

straw and husk, was collected from local farms. The biomass 

was dried, milled, and sieved to achieve a uniform particle size. 

Pre-treatment Several pre-treatment methods were tested, 

including acid hydrolysis, alkaline hydrolysis, and steam 

explosion. The effectiveness of each method was evaluated 

based on the release of fermentable sugars. Enzymatic 

Hydrolysis: Pre-treated biomass was subjected to enzymatic 

hydrolysis using cellulase and hemicellulase enzymes. The 

process parameters, such as enzyme concentration, temperature, 

pH, and reaction time, were optimised to maximise sugar yield. 

Fermentation: The hydrolysate obtained from enzymatic 

hydrolysis was fermented using Saccharomyces cerevisiae. 

Fermentation conditions, including temperature, pH, yeast 

concentration, and fermentation time, were optimised to 

achieve maximum ethanol production. Extraction and 

Purification Bioethanol was extracted from the fermentation 

broth using distillation. Further purification was achieved 

through molecular sieves and activated carbon filtration to 

remove water and impurities. 

 

4. RESULTS 

Pretreatment: Steam explosion followed by alkaline 

hydrolysis yielded the highest concentration of fermentable 

sugars. Enzymatic Hydrolysis: Optimal conditions were found 

to be 50°C, pH 5.0, and an enzyme concentration of 15 FPU/g 

of biomass, resulting in a high sugar yield. 

Fermentation: Maximum ethanol production was achieved at 

30°C, pH 4.5, and a yeast concentration of 107 cells/mL over 48 

hours. 

 Extraction and Purification: Distillation followed by 

molecular sieve dehydration produced bioethanol with a purity 

of 99.5%.  

 

5. DISCUSSION 

The production, extraction, and purification of bioethanol from 

the biomass of Oryza sativa L. (rice) offer a promising avenue 

for sustainable energy and waste management. This discussion 

synthesises the findings of the study, evaluates the implications 

of the results, and compares them with existing literature to 

highlight advancements and areas for further research. 

 

Optimisation of Pre-treatment Methods  

The study found that a combination of steam explosion 

followed by alkaline hydrolysis was the most effective pre-

treatment method for rice biomass, resulting in the highest yield 

of fermentable sugars. This aligns with findings by Cara et al. 

(2007), who demonstrated the efficiency of steam explosion in 

disrupting the lignocellulosic matrix, enhancing enzyme 

accessibility. The use of alkaline hydrolysis further helped in 

removing lignin and increasing the digestibility of cellulose, as 

noted by Kim and Holtzapple (2005). This combination appears 

to balance efficiency with environmental considerations, 

reducing the need for harsh chemicals and minimising 

inhibitory by-products.  

 

Enzymatic Hydrolysis Efficiency  

The enzymatic hydrolysis process was optimised at 50°C, pH 

5.0, and an enzyme concentration of 15 FPU/g of biomass, 

resulting in a high sugar yield. These conditions are consistent 

with those reported by Binod et al. (2010), who emphasised the 

importance of maintaining optimal temperature and pH for 

maximal enzyme activity. The high yield of fermentable sugars 

under these conditions underscores the critical role of precise 

control over enzymatic reactions to improve overall efficiency. 

 

Fermentation Performance 

Fermentation using Saccharomyces cerevisiae at 30°C, pH 4.5, 
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and a yeast concentration of 107 cells/mL over 48 hours yielded 

maximum ethanol production.  

 

 
 

These findings are comparable to those of Lin and Tanaka 

(2006), who noted that S. cerevisiae performs optimally at 

similar conditions. The study’s successful fermentation 

outcomes suggest that optimising these parameters is crucial for 

achieving high ethanol yields. The use of SSF (Simultaneous 

Saccharification and Fermentation) could be explored in future 

studies to potentially streamline the process and further enhance 

yield, as suggested by Olofsson et al. (2008).  

 

Extraction and Purification. 

The distillation followed by molecular sieve dehydration 

produced bioethanol with a purity of 99.5%, indicating a highly 

effective purification process. This high level of purity is 

essential for fuel applications and meets the standards set by 

regulatory bodies. The integration of molecular sieves for 

dehydration is supported by Kiss et al. (2016), who highlighted 

their effectiveness in removing residual water from ethanol. 

The energy efficiency and environmental impact of this 

approach are favourable compared to traditional distillation 

methods. 

 

Comparison with Existing Literature  

The results of this study corroborate existing research on 

bioethanol production from lignocellulosic biomass, 

highlighting the feasibility and efficiency of rice biomass as a 

feedstock. Studies by Balat et al. (2008) and Liu et al. (2009) 

similarly demonstrated that rice straw could be effectively 

converted into fermentable sugars and ethanol, supporting the 

findings of this study. The consistent results across different 

studies reinforce the potential of rice biomass for large-scale 

bioethanol production. 

 

Environmental and Economic Implications  

The use of rice biomass for bioethanol production not only 

provides a renewable energy source but also addresses the issue 

of agricultural waste management. Utilising rice straw and 

husk, which are often burned in fields, can significantly reduce 

air pollution and greenhouse gas emissions. Economically, the 

process adds value to agricultural residues, potentially 

providing additional income for farmers and reducing reliance 

on fossil fuels. 

 

Future Research Directions  

While the study achieved significant advancements in 

optimising bioethanol production from rice biomass, several 

areas warrant further exploration. 

Scale-Up Studies 

Conducting pilot-scale studies to evaluate the economic 

viability and scalability of the optimised processes.  

Lignin Utilization 

Exploring the potential uses of lignin, a by-product of the pre-

treatment process, in producing value-added products such as 

bioplastics or biochar.  

Integrated Bio-refineries 

Investigating the integration of bioethanol production with 

other bio-products in a bio-refinery setting to enhance overall 

process sustainability and economic efficiency.  

Advanced Fermentation Techniques 

 Examining the use of genetically engineered microorganisms 

or mixed cultures to further improve ethanol yields and process 

robustness. 

 Life Cycle Assessment (LCA) 

Performing comprehensive environmental impact assessments 

to quantify the benefits and identify potential areas for 

improvement in the bioethanol production process. 

 

6. CONCLUSION 

The literature underscores the potential of rice biomass for 

sustainable bioethanol production. Advances in pre-treatment, 

enzymatic hydrolysis, fermentation, and purification techniques 

are crucial for optimising the bioethanol production process. 

Continued research and technological innovation are essential 

to overcome existing challenges and enhance the economic 

viability and environmental sustainability of bioethanol 

production from rice biomass.  

 

REFERENCES 

1. Balat M, Balat H, Oz C. Progress in bioethanol processing. 

Prog Energy Combust Sci. 2008;34(5):551–573. 

doi:10.1016/j.pecs.2007.11.001. 

2. Cara C, Ruiz E, Ballesteros I, Negro MJ, Castro E. 

Enhanced enzymatic hydrolysis of olive tree wood by 

steam explosion and alkaline peroxide delignification. 

Process Biochem. 2007;42(3):451–457. 

doi:10.1016/j.procbio.2006.09.020. 

3. Binod P, Sindhu R, Singhania RR, Vikram S, Devi L, 

Pandey A. Bioethanol production from rice straw: An 

overview. Bioresour Technol. 2010;101(13):4767–4774. 

doi:10.1016/j.biortech.2009.10.079. 

4. Kim S, Holtzapple MT. Lime pretreatment and enzymatic 

hydrolysis of corn stover. Bioresour Technol. 

2005;96(18):1994–2006. 

doi:10.1016/j.biortech.2005.01.011. 

5. Kiss AA, Suszwalak DJPC, Ignat RM, Spoelstra J. 

Enhanced bioethanol dehydration by extractive distillation 

https://creativecommons.org/licenses/by/4.0/


Int. Jr. of Contemp. Res. in Multi. PEER-REVIEWED JOURNAL Volume 5 Issue 1 [Jan- Feb] Year 2026 
 

157 
© 2026 Sita Sharan Lal Karn. This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License (CC 

BY NC ND).https://creativecommons.org/licenses/by/4.0/ 

 

in a packed column. Sep Purif Technol. 2016;165:233–

243. doi:10.1016/j.seppur.2016.03.029. 

6. Lin Y, Tanaka S. Ethanol fermentation from biomass 

resources: Current state and prospects. Appl Microbiol 

Biotechnol. 2006;69(6):627–642. doi:10.1007/s00253-005-

0229-x. 

7. Liu CG, Xiao Y, Xia XX, Zhao XQ, Peng L, Srinophakun 

P, Bai FW. Cellulosic ethanol production: Progress, 

challenges and strategies for solutions. Biotechnol Adv. 

2009;27(6):775–785. 

doi:10.1016/j.biotechadv.2009.06.006. 

8. Olofsson K, Bertilsson M, Liden G. A short review on 

SSF—An interesting process option for ethanol production 

from lignocellulosic feedstocks. Biotechnol Biofuels. 

2008;1:7. doi:10.1186/1754-6834-1-7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Creative Commons (CC) License 

This article is an open-access article distributed under the terms and 
conditions of the Creative Commons Attribution–NonCommercial–

NoDerivatives 4.0 International (CC BY-NC-ND 4.0) license. This license 

permits sharing and redistribution of the article in any medium or format for 
non-commercial purposes only, provided that appropriate credit is given to 

the original author(s) and source. No modifications, adaptations, or derivative 

works are permitted under this license. 

About the corresponding author 

 

Sita Sharan Lal Karn is a Research Scholar at IEC University, 

Baddi, Himachal Pradesh, India. His academic interests focus on 

advanced research and interdisciplinary studies, contributing to 

scholarly knowledge through systematic inquiry, critical 

analysis, and a commitment to academic excellence. 

https://creativecommons.org/licenses/by/4.0/

