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    Abstract: Indian Governments’ initiative of encouraging “Flex fuel 

vehicles” using blend ethanol-petrol fuel using E20 from 2023 

onwards has increased the investors as well as researchers’ interest in 

projects related to biofuels. The present research based on secondary 

data has been undertaken to improve the production of bioethanol from 

lignocellulose of bagasse of sugarcane. The hybridization of biological 

treatment with Ceriporiopsis subvermispora before AFEX-based 

chemical treatment in combination with PEG and Tween 80 and 

fermentation through recombinant Saccharomyces cerevisiae strains - 

TMB3130 and  TMB3061has been suggested for industrial evaluation. 

The oxidative enzymes responsible for the fungus's delignification  

potential have been reported to increase the production of precursors 

of lignin and hemicellulose by an average 87% for  fermentation. 

Enzyme catalyzed fermentation involving TMB3130 and  TMB3061 

strains of Saccharomyces cerevisiae, can give yield 232.8 litres/Ton  to 

284.8 Litres /Ton of bagasse .  

     Index Events: Biomass Treatment, Biofuels. Biological and 

Chemical Treatment, Saccharomyces Cerevisiae 

I. INTRODUCTION 

In an effort to maintain economic sustainability and mitigate 

environmental pollution, both developed and developing 

nations are innovating new technologies. These technologies 

aim to identify potential substitutes for non-renewable 

resources, one of which includes the production of biofuels 

from waste [5][4]. Biofuel production has been deemed more 

environmentally friendly than fossil fuels, which contribute to 

greenhouse gas emissions[19] (Pathak et.al 2009), while also 

being less costly. 

The biomass which is used for manufacturing of biofuels  

classified as biodiesel, bioethanol, and bio gas available for 

commercial use ) are wood, energy crops, agricultural residues, 

food waste and industrial waste.  The Various wastes 

management technologies in trend which include—(1) 

Anaerobic Digestion (2) composting, (3) incineration, (4) 

landfilling, (5) recycling, and (6) dumping need to be reviewed 

for if  the biofuels can be formed  why  technologies like 

incineration and aerobic digestion to be followed. [15] 
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Global demand for biofuels needs reduction in the overall 

production cost through efficient utilization of by products and 

increasing process effectiveness, biofuels could become more 

competitive to fossil fuels.  

The global demand for biofuels is anticipated to upsurge by 

28% between 2021 and 2026, which shows a growth almost of 

41 to 53 billion liters. [13]. By reducing the overall production 

cost by increasing process effectiveness and through efficient 

utilization of by-products, biofuels could become more 

competitive to fossil fuels leading  to reduced GHG emissions 

and a more sustainable future for the planet. 

The biofuels production is broadly classified into four 

generations:  

(1) The first-generation biofuels were being produced 

from edible energy crops such as sugar, starch and oil-based 

crops (sugar cane , sugar beet and sorghum ,  wheat rapeseeds, 

sunflower and canola etc. but it was assumed that using food 

crops as raw materials for biofuel production would  create  a 

struggle with food security, as it would drive up the prices of 

these crops and  cause indisposition about  harvests used as 

food. 

(2) Next came the 2nd generation biofuels also known as 

cellulosic ethanol or olive-green fuels advanced fuels, which 

are produced using non-edible lignocellulosic biomass as raw 

materials unlike 1st generation using sugar starch feedstock 

thus, no competition with food supplies .The yields are also  

usually  higher and land requirements remains a secondary 

factor. [20]. Second generation feedstocks include agricultural 

residues or waste which contains  lignocellulosic constituents 

like woody crops,  sugar cane Bagasse, wheat straw, corn husk, 

waste vegetable oil, industrial waste[7] , and steadfast non-food 

energy crops grown on marginal land unsuitable for food 

production or ecological biomass crops that are not used for 

food purposes (non-food crops) such as switchgrass, grass, 

jatropha, [10] or industry waste such as woodchips, skins and 

pulp from fruit pressing. Life-cycle evaluations of second-

generation biofuels have shown that they will build “net energy 

increases”, overcoming one more primary restriction of first-

generation biofuels [10] 

On the negative side it has been argumented that  excessive 

removal of crops residues would pose a threat to agricultural 

ecosystems [9] but if the crop residue of industries like 

sugarcane bagasse, wheat straw etc. is used this argument does 
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not affront. Thus, field residue in the form of stubble, stalks etc. 

of crops like wheat, rice, and sugar after they are harvested, can 

be used to generate energy through  technologies such as 

biomass gasification, biofuel production  and biogas generation. 

(3) Third generation biofuels are b. ng produced from the 

algae and are  acknowledged as “algae fuel”/ “oilage” contain 

up to 40% lipids by weight which can be converted into 

biodiesel or synthetic petroleum. Algae and Cyano bacteria  can 

yield 10-100 times higher fuels/unit area than 2nd generation 

technology, according to Brittanica. 

Recent investigations based on the third-generation algal 

biomass biofuel technology is being considered  the most 

promising alternative to fossil fuels.  The oil yield from  

microalgae is estimated to be 58700 L/ha (from 30% oil content 

of biomass) to 1,36,900 L/ha/year ( 70% oil content of biomass) 

depending upon the lipid content   which is 10 to 23 times 

higher than obtained from  oil palm. Out of about 50,000 algal 

species available only 30000 species have been selected for 

research. [21][22][23]. The cultivation cost of algal biomass is 

20-30% more than crop production. Additionally, for harvesting 

and concentrating algal biomass  techniques such as 

transesterification, hydrothermal liquification centrifugation , 

anaerobic fermentation , coagulation etc. are 

required[3].According to the research conducted by Bahera [2] 

the production of third-generation biofuels from algae is 

currently neither environmentally viable nor economically  

cost-effective.  However, the production of higher value co-

products such as  bio-polymers , bio-fertilizers, , and other 

bioproducts could make it attractive for prospective investors . 

But till now , the overall production and market opportunities 

for third-generation biofuels from algae are currently hindered 

by various hurdles despite high yield. 

(4)The fourth-generation biofuels are produced from  

genetically modified micro-organisms like yeast, microalgae, 

microbes,  fungi, and cyanobacteria. They are capable of 

converting CO2directly to fuel or modifying the oil-storing 

capabilities of organisms[17]Artificial photosynthesis could 

also be involved to produce such genetically reengineered 

biofuels . Unfortunately, for most native producers of biofuels, 

the genetic engineering toolbox of microbes  is far more limited 

as  availability of whole-genome sequences is essential. So, it 

is still in  exploratory pathway, and till it gains its ground as  

sustainable technologies to kick-start production of  biofuels 

commercially , the humankind will have to wait.  

II. INDIA:  EVALUATION OF ITS BIOMASS PROGRAMS 

India is leading the revolution towards biofuels along with 

countries like Brazil and United States that have managed to 

successfully integrate biofuels into their fuel economy. 

Biofuels and green hydrogen are at the centre of India’s 

energy transition pathways because itneed not grow cellulosic 

mass . It already isan agricultural powerhouse and possess 

abundant biomass resources like agricultural waste, forestry 

residues, and urban waste, making it an economically attractive 

alternative to fossil fuels and paving the way for a greener 

future[11].Furthermore, it can use other sources such as 

municipal solid wastes to help it realize its ambitions.  India is 

relying on Bio-CNG and E20 Bioethanol for its  bio fuel 

projects. The  launch of a Global Biofuels Alliance (GBA) 

under India’s G20 Presidency, aimed at  facilitating cooperation 

and intensifying the use of sustainable biofuels  and achieve the 

goal of net zero emissions by 2070 and meet 50% of  its 

electricity requirements from renewable energy sources by 

2030. Thirteen Indian states currently have 44 bio-CNG plants 

with a total production capacity of 218,000 kilograms per day, 

of this renewable fuel under ‘Sustainable Alternative Towards 

Affordable Transportation (Satat) scheme.  Hence, a successful 

E20 program can save the country US $4 billion per annum 

which is equivalent to  Rs. 30,000 cr. To make E20  program a 

successful program, a collaborative effort  is being done by the 

Indian Institute of Petroleum (IIP), the Automotive Research 

Association of India (ARAI), and the Indian Oil Corporation’s 

R&D division. The vehicles are being designed holistically 

taking into account engine tuning (spark timing) , 

substance/plastic compatibility, and optimization (such as 

compression ratio) to elevate the benefits of higher-octane 

ethanol blends. The initiative is in progress  since 2014-15 and 

vehicles having  E20 Engine compatibility are on road since 

April 2023[6]. 

Different types of biomasses from which biofuels can  be 

obtained  have been explored in India include molasses, 

agriculture residue, sugar-containing edible sources like 

sugarcane and sorghum, starch-containing sources like corn, 

edible oil seeds and cassava, and non-edible oilseeds like 

Jatropha. 

In Uttar Pradesh only , during last year Rs. 7,000 crores 

worth of Ethanol was purchased for making 2G Bioethanol and 

in 70 districts  CBG Plants  have been established for making 

compressed biogas from sugarcane waste and 2 are being set up 

for making from stubble. According to  the National Policy on 

Biofuels, 2018 percentage of ethanol in petrol  is to be  

increased to 20% with effect from April 1, 2023[8]. 

The technique to use microalgae is developed by a team  

scientists led by T. Mathimani from the National Institute of 

Technology (NIT) , Tiruchirappalli  who have  isolated 

predominant strains of   marine microalgal species from the 

coastal regions of Tamil Nadu for their potential in terms of total 

organic and Triacylglycerides(TAG) content for biodiesel 

production. But because of higher cost issues in cultivation, 

harvesting and extraction steps, it doesn’t reach a successful 

peak . [12] 

Subsequently, the present paper undertakes to study  design 

of biorefinery management of molasses of distillery  (dry pulpy 

residue left after the extraction of Bio ethanol, from sugarcane 

bagasse  and  from left over  from molasses for improvement in  

ethanol production and identify the gaps and challenges 

concerning scaling up the production through  optimization of 

technologies. 

III. METHODOLOGY 

Secondary data, sourced from published papers and 

speculative lab research findings, indicate potential 

improvements in bio-ethanol production regarding both 
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efficiency and cost. This compiled information has 

beenscrutinized to explore the feasibility of hybridizing the 

pretreatment process to enhance bio-ethanol production. 

Fuel ethanol production has been found to be  influenced by 

composition , growth rate of cell wall and geographical 

adaptability . Two processes Pretreatment and fermentations are  

important steps which are carried out  under different conditions 

by the industrialists to get a better yield of ethanol.  

The lignocellulosic biomass is separated into  cellulose, 

hemicellulose and lignin. Therefore,  during Pretreatment to 

remove maximum lignins from lignocellulose are adopted 

.Most common pre-treatment methods, such as steam pre-

treatment, solubilize most of the hemicelluloses but  lignin is 

resistant to breakdown and it remains behind in the insoluble 

form [23]. It inhibits subsequent enzymatic hydrolysis and 

fermentation steps. Hence, optimization of pre-treatment 

methods is key area of study in present paper for bioethanol 

production.  

A. 1st Step: Pretreatment  

Physical pretreatments consist of milling, immersion, 

washing, drying and screening. The best size thathas been 

mentioned is from 15 to 30 mesh or 1.200mm  to 0.056 mm. 

But if the Biomass after physical treatment is given biological 

treatment with the selective white-rot “Ceriporiopsis 

subvermispora” fungi  (grown on malt extract agar) for lignin 

degradation  , the cellulosic digestibility of biotreated material 

can be increased. Moreover, it is an environmentally 

approachable method  because it is neither energetically nor 

chemically intensive[16],[18],[25],[26]. Additives like  

manganese (15 µg/g), urea (1 µg/g ) have been reported to 

degrade more  lignin by C. subvermispora on wheat 

straw.(Manganese and urea can increase lignin degradation by 

white rot fungi [14]. 

The oxidative enzymes manganese peroxidase (MnP), lignin 

peroxidase (LiP), and laccase (Lac) and the hydrolytic enzyme, 

xylanase (Xyl) are responsible for the fungus's delignification 

potential. The  800 g of bagasse pretreatment  with the white-

rot fungus, Ceriporiopsis subvermispora for 30 d of incubation 

in 20-L bioreactors with an inoculum charge of 250 mg of 

fungal mycelium/kg of bagasse has shown that C. 

subvermispora was selective to lignin degradation . The highest 

ligninase activity was obtained at 70% moisture  where it 

catalyses alkyl side chains , lignin side chains’ cleavage , 

oxidation of benzyl alcohols to aldehyde and cleavage of 

aromatic ring. Hence, biological treatment with white rot 

bacteria, soft rot fungi and ruminant bacteria  is recommended 

before chemical treatment for industrial-scale evaluations for 

improvement of  method.  

For example,  Raw corn stalk on given fungal pretreatment 

requires less severe alkaline pretreatment ( 60 ºC for 30 min or 

30 ºC for 120 minutes instead of otherwise required conditions 

where pretreatment is given  at 60 ºC for 120 minutes and 

furthermore, the yield of glucose obtained is 80%. [1]. The 

Fungal pretreatment has shown that 18-day pretreatment of 

75% moisture containing  corn stover (5-10mm) can degrade 

almost 31.59% lignin at 28 ºC.   

Ceriporiopsis subvermisporahas been used in delignification 

of sugarcane bagasse prior to Soda/Anthraquinone Pulping  for 

production of textile fibre[27]. 

Chemical pretreatment  is possible  through  any of the 

methods :Acid pretreatment. alkaline pretreatment, organosolv, 

steam explosion, and wet oxidation. But steam explosion 

method in which   biomass  is fed with liquid ammonia (28% 

v/v solution) and water at a ratio of 1:0.5:20, moderate-to-high 

temperatures (60–200°C) and pressures (6.5–45 bar) for about 

5–30 min in combination with PEG 4000 (polyethylene oxide 

(PEO) or polyoxyethylene) and Tween 80( polyethylene 

sorbitol ester, otherwise known as Polysorbate 80 or 

polyoxyethylene sorbitan monooleate), followed by a sudden 

drop to atmospheric  pressure gave the highest cellulose 

digestibilities (62%, 66%) and ethanol yields (73%, 69%) as 

compared to the use of only dilute ammonia (38%, 42%) or 

water (27%, 26%) as catalysts, respectively[11] [30].AFEX-

treated biomass is a dry-to-dry process, and there are almost no 

significant inhibitors generated during pretreatment . High 

molecular mass polyethylene glycols may be the most effective 

kosmotropic additives in terms of both efficacy and cost and 

lead to  improvements in bioethanol yields [28] 

Before pre- treatment  Lignocellulosic biomass is mainly 

comprised of cellulose (50%– 52%), hemicelluloses (25–29%), 

and lignin (15–23%).Now after biologically and chemically  

combined hybrid treatment will  contain   highly softened  

cellulose fibers  with min polymerization and its hexose and 

pentose fractions with almost 90% Hemicellulose and 82.7%  

lignin  converted into xylose and arabinose sugars from 

hemicellulose  and  p-coumaryl, coniferyl, and sinapyl alcohols 

from lignin.  It will make cellulose more accessible to the 

succeeding phase of enzymatic hydrolysis, which breaks down 

the polysaccharides into simple sugars for bioethanol 

production.  

 

The maximum possible TRS comes out to be 24.38%  while 

Saccharification % comes out to be 43. 88%  

B. 2nd Step: Fermentation  

For the next step i.e.  the fermentation of  above monomeric 

units of bagasse to ethanol include  hydrolysis and fermentation  

which can be simultaneous or else separate .The efficiency of 

the enzyme catalysed hydrolysis has been reported to be 

affected by many factors  like substrate concentration  , enzyme 

loading time, temperature and pH etc. Generally, it is non 

thermal simultaneous saccharification as well as  fermentation  

through enzyme-catalyzed hydrolysis to hydrolyse polymeric 

carbohydrates to monomers for 28 hrs in an inoculum quantity 

of 10% under mild operating conditions of temperature 30–

32oC and pH 4.8–5.0.Saccharomyces cerevisiae because of its 

remarkable resistance/tolerance to high sugar concentrations 

and production of a number of aromatic, volatile compounds is 

the choice of industrialists.  Invertase, the baker’s yeast, 

involved in catalytic hydrolysis of the disaccharide sucrose into 

glucose and fructose is produced mainly by Saccharomyces 

cerevisiae or Saccharomyces carlsbergensis to be made 

commercially available. Clostridium, Erwinia, Bacillus, 

Acetovibrio, Thermonospora, Cellulomonas, Bacteriodes,  
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Ruminococcus, and Streptomyces are some other 

microorganisms which have the potential of secreting 

cellulolytic enzymes but their industrial usage depends upon the 

cost. 

Esters are the most desirable group of compounds 

contributing fruity and floral aromas to the wine bouquet [29]. 

S. cerevisiae synthesizes two major groups of esters during 

fermentation, namely the acetate esters of higher alcohols and 

the ethyl esters of medium-chain fatty acids [MCFA] which are 

also part of biofuels.  

Through metabolic  genetic engineering  of Saccharomyces 

cerevisiae  is being done by researchers to enhance their 

fermentation capacities and, as a result, cellulosic production of 

ethanol.  

Genetically modified recombinant Saccharomyces cerevisiae 

strains like  strain TMB3130 and  TMB3061have been reported 

to ferment xylose and arabinose under aerobic and anaerobic 

conditions , since normal Saccharomyces -cerevisiae cannot 

ferment pentose sugars. Almost  61.59 to 75.36,  gallon/ton of 

bioethanol can be produced while the Theoretical yield is 111.5 

gallon/ton as per National Renewable Energy Laboratory 

(NREL) calculation. 

IV. CONCLUSIONS 

The demand for bio-ethanol is on the rise in last decade 

specially in India as government has notified for  use of E20 

petrol from April 2023 onwards. It has  attracted the attention 

of industrialists due to  fewer restrictions and limitations on 

quality as  compared to  the production of consumable alcohol 

for humans. The study proposes that integrating biological 

treatment with white rot, followed by  alkaline  chemical 

treatment for sugarcane bagasse as raw material, could reduce 

the energy costs as well as  time required for fermentation 

process.  

This biological pretreatment, prior to chemical treatment is 

not being used by industrialists. But because  it  alters the 

contents of alkyl C, tertiary, quaternary, and p-hydroxyphenyl 

aromatic C, the  carboxyl  group  O-alkyl  group , amino acids, 

ergosterol, and chitin and the crystallinity index of cellulose. 

The primary goal is to establish the idea that  the combination 

of biological and chemical treatment can enhance bioethanol 

production in industrial systems, as it can improve mixed-

pentose utilization obtained by evolutionary engineering of a 

recombinant S. cerevisiae strains. 

The initial breakdown of lignin and hemicellulose,  which 

results in changes in alkyl and aromatic groups through the 

breakdown of 1,4 glycosidic linkages, and the biological 

production of xylose and arabinose through white rot, is 

expected to lead to energy savings in the overall bio-ethanol 

process. 

It has been observed that ethanol production and 

fermentation yields were negatively correlated with cell growth 

in Saccharomyces, but positively correlated with glucose 

consumption in the Ceriporiopsis subvermispora pre-treatment. 

Therefore, it can be concluded that the biological pre-treatment 

using Ceriporiopsis subvermispora has the potential to increase 

bioethanol productivity. According to theoretical yield 

calculations a maximum of 82%  bioethanol yield can be 

achieved . Hence, the article fills the knowledge gap to develop 

simulation tools and support synergy between computational 

and experimental studies in relation to  development of full-

scale viable lignocellulosic biomass conversion processes.  
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