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LIGNO-CELLULOSIC WASTE TREATMENT FOR ETHANOL 

PRODUCTION BY DEVELOPING POTENTIAL BIOMASS 
 

Abstract 

Many type of waste substance are destroy in nature due to our less 

knowledge or without understanding its usefulness however this material 

can make a big reason for increasing our economy and take a part in 

development of our country. lignocelluloses waste material like agricultural 

waste , forest waste , industrial waste have lignin 10-25%, cellulose (40-

60%),hemicelluloses (20-40%) and are capable to give profit to us by the 

conversion into ethanol through organism s.cerevicus that is potential to 

change the lignocelluloses waste in ethanol by using dilute acid hydrolysis 

and many parameters are keep in mind at the time of dilute acid hydrolysis 

which can affect of reaction  during the fermentation various type of 

bioreactor and fermentation techniques are used for fermentation like solid 

state fermentation by through batch reactor. the microorganism 

saccaromacyes cerevicus give best yield of about 0.43g/l to 0.85g/l ethanol 

production by hexose sugar fermentationand resistant to pentose sugar 

fermentation but recombinant s.cerevicus are able to fermenting pentose 

sugar    
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Introduction  

When the waste substances (useless things) are converting into the beneficial 
product by treating it is known as waste management. Many products are 
formed through waste material biodiesel, bio-plastic, bio-ethanol. It can help 
to improving our economic condition and also prevent atmosphere from the 
toxic substances. Various type of waste are comes in this category like 
agricultural waste, forest and industrial waste, municipal solid waste, paper 
waste plant waste, wood, sawdust etc. these kinds of waste are rich  
lignocelluloeic substances which can help us to remove dependence from oil 
producing countries. By making bio-fuel or bio-ethanol. Due to a fast 
exhaustion of the world’s fuel reserves and its mounting price day by day, new 
source of hydrocarbons need to establish for providing chemical and energy 
requirements (Cheng1* Ngoh Gek et al.,2009) 
Ethanol is one of the greatest tools to fight vehicular contamination, and have 
35% oxygen that helps total burning of petroleum and hence reduces 
dangerous tailpipe emissions. And also reduces particulate emissions that 
cause a health risk. The fuel industry looks very dedicated to the use of ethanol 
as fuel (Khan1.Zuber et.al.,2013) for shorting this  problem, use lignocellulosic 
waste as substrate for producing ethanol .lignocellulose. 
 
Requirement of waste management, due to Growing oil prices in the last few 
years and environmental concerns because of atmosphere change have lead to 
a rising interest in befouls. Because limited resources are available in world. 
Befouls are renewable, can alternate fossil fuels, decrease fossil greenhouse 
gas emissions and they can be created, when they are needed to reduce the 
dependence on oil producing countries. Power consumption has increased 
gradually over the last century as the world population has grown and 
additional countries have developed into industrialized. Basic oil has been the 
key source to get together the enlarged power demand. Campbell and 
Laherrere (1998) used numerous different techniques to estimate the existing 
known crude oil reserves and the reserves as up till now undiscovered and 
Conduct that the refuse in universal crude oil making will begin before 2010. 
They also predicted that annual worldwide oil manufacture would decline from 
the present 25 billion barrels to about 5 billion barrels in 2050. Because the 
market in the US and a lot of other nations depends on oil, the penalty of 
insufficient oil availability could be severe. Then, there is a great attention in 
exploring substitute energy sources.( Cheng *Jiayang et.al.,201) 
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Ethanol 
 
It is made by replacement of one hydrogen atom with one hydroxyl group in 
ethane then it is called ethyl alcohol or ethanol (C2H5OH). Bio-ethanol is 
resulting from the alcoholic fermentation of sucrose or simple sugars, which 
are formed from the biomass. 95% ethanol or complete ethanol are good 
solvent and are used in a lot of industrial products such as perfumes, tincture, 
paints .70-85% ethanol solution are use as disinfectants in medication. Artificial 
ethanol has principal market value in business application. Bio-ethanol 
imprison little share of motor vehicle fuel bazaar and alcoholic beverages 
bazaar. Ethanol planned to non food uses is develop into unfit to human 
absorption by addition little amount of toxic substances .such as methanol and 
gasoline. (Gnonsounou.Edgard et.al.,2005) Ethanol is widely used as a partial 
gasoline replacement in the US. Fuel ethanol that is produced from corn has 
been used in gasohol or oxygenated fuels since the1980s(Cheng *Jiayang 
et.al.,2011) 
(khan.zuber.et.al.,2013)Ethanol is facility as finest tools to fight vehicular 
fumes contains 35% oxygen that helps complete burning of fuel and reduces 
harmful tailpipe emissions. And decreases particulate emissions that create a 
health difficulty. The petroleum industry looks extremely dedicated to the use 
of ethanol as fuel, and it is expected to beneficial for sugarcane farmers as well 
as the fuel industry in the long run. Ethanol can also be contrived from wheat, 
corn, sweet sorghum, beet etc. In January 2003, the Indian government 
launched a agenda to permission the blending of 5% ethanol in gasoline. In the 
first step of the scheme, ethanol- blended petrol is being supplied through sell 
outlets in 9 States and 4 Union Territories. These states are Gujarat, Andhra 
Pradesh, Goa, Haryana, Punjab, Karnataka, Maharashtra, Tamil Nadu and Uttar 
Pradesh. The 4 Union Territories include Chandigarh, Dadra and Nagar Haveli, 
Daman and Diu and Pondicherry. Blended Petrol with 5 % ethanol would be 
supplied through petrol pumps all over the country inside the 2nd phase 
towards the end of the year. The content of ethanol blending would be 
improved to 10 % in the 3rd phase of the plan scheduled for 2005.  
 It may be used directly (95% ethanol and 5% water) as a petroleum, such 
virtually pure ethanol fuel provides a number of environment benefit, during  
low pressure and lessen emission of ethanol in to the environment along with 
their clean burning character. Since ethanol is created through plants that bind 
with the power of the sun, ethanol has a lot incentive as an automotive fuel. 
The use of ethanol as a substitute motor fuel has been steadily growing around 
the world for a number of reasons. Domestic production and use of ethanol for 
petroleum can reduce dependence on abroad oil, decrease deal deficits, make 
jobs in rural areas, lessen atmosphere pollution, and decrease universal 
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climate change CO2 buildup. Ethanol can be manufacture unnaturally from 
petroleum or through microbial conversion of biomass supplies through 
fermentation. In 1995, about 93%of the ethanol in the world was produced by 
the fermentation method and about 7% by the synthetic method. The 
fermentation technique generally involves 3 steps: (1) the making of a solution 
of fermentable sugars, (2) the fermentation of fermentable sugars to ethanol, 
and (3) the separation and purification of the ethanol, usually through 
distillation. Nowadays the fuel bazaar dominates the market for ethanol. In the 
last quarter century crucial point has lain on create fuel ethanol as a 
alternating or stabilizer to gasoline. In gasoline ethanol provides bonus O2in 
the blast-off, and provides improved flaming efficiency. The growing interest 
for fuel ethanol depends on an alliance of factors such as communal, ecological 
and energy protection issues. The dominating producers and patrons in the 
world are. In addition, over 30 countries have introduced, or are concerned in 
introducing, agendas for fuel ethanol (e.g. Australia, Canada, Columbia, China, 
India, Mexico and Thailand) (Cheng *Jiayang et.al.,2011). 
 
 
 
Lignocelluloses  
 (joshi bishnu et.al 2011) Lignocellulosic material contains lignin, cellulose, 
hemicelluloses, pectin and other components. Cellulose is the chief component 
of lignocellulosic biomass and has concentration ranges about 40 to 50% of dry 
mass. Cellulose is form of homo-polysaccharide made up of repeating β-D-
glucopyranose units. The crystallinity of cellulose and polymerization degree of 
cellulose varies from kind of species and this is exposed to have a important 
impact on hydrolytic process (acidic and enzymatic). Hemicelluloses is fewer 
complex, in the lignocellulosic biomass concentration of hemicelluloses is 
about 25 to 35% and can easily hydrolyzed to fermentable sugars. 
Hemicelluloses are composed of pentoses (D-xylose and D-arabinose), hexoses 
(Dmannose, D-glucose and D-galactose) and sugar acids. Softwood 
hemicellulose largely contains mannose as a main constituent whereas 
hardwoods mainly contain Xylans (Balan et al., 2009). Lignin is the 3rd key 
component of lignocellulosic biomass and has concentration ranges for 20 to 
35%. Contain complex polymer of phenyl propane (p-coumaryl, coniferyl and 
sinapyl alcohol). Lignin works as cementing agent and a waterproof barrier for 
enzymatic attack. Lignin provides plants by means of the impermeability and 
structural support, they need and resistance against microbial attack and 
oxidative stress. This property of lignin can be credited to its formless nature, 
water insolubility and visual inactivity. The later properties also make it hard to 
degrade it (Fengel and Wegener, 1984). 
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Biomass potential of lignocelluloses  
 
The incessant growth of vegetation on our world exceeds men’s crucial energy 
requirements many times over. Of course, only piece of the biomass that 
grows can truly be supplied regarding energy use, due to ecological, technical 
and economic reasons. However, present remains a huge amount of biomass 
that is very appropriate for exploitation. Biomass resources contain those 
which are received from agriculture and forestry as well as from agro- and 
wood industries, Waste sources from construction and demolition as well as 
municipal wastes. According to the European Environment Agency (EEA), the 
biomass is use for clean energy generation in the European Union could be 
importantly improved in the after that decades without harming biodiversity, 
soil and water resources. The availability of potential biomass in Europe seems 
to be enough to support the ambitious renewable power targets in an 
environmentally accountable way. Extracted from agriculture, forestry and 
power, organic waste, biomass can provide heat, and transport fuels in an 
environmentally friendly way. Nibedita et al (2012) four major agro wastes are 
classified as the most favorable feed stocks for bio-ethanol production 
outstanding to their availability throughout the year. . Asia is the major 
producer of rice straw and wheat straw, whereas corn straw and bagasse are 
mostly produced in America. Lignocellulosic materials are renewable, low cost 
and are available in large quantities. It includes grasses, crop residues, 
sawdust, wood chips, etc. wide research has been conducted on ethanol 
production from lignocellulosic in the past two decades.(khan.zuberet al.2013) 
 
Feed stocks 
 
(khan.zuber et.al.,2013) Feed stocks can be derived from forest, agricultural or 
municipal waste products. Biomass can approach in almost any form. Typical 
feed stocks include forest residues, agricultural crops and residues, wood and 
wood residues, aquatic plants, and fast-growing trees and plants. Typical waste 
feed stocks include municipal solid waste, construction waste, wood, sawdust  
agricultural waste, animal manure, meatpacking waste, food processing waste, 
spent pulping liquor, waste cooking oil, paper mill residue and wastewater 
treatment sludge. The process through which the biomass is converted to 
power is dependent on the chemical composition, amount, homogeneity, size, 
and water content of the feedstock. Also, geographic location is a 
consideration, as biomass must be transported from farm to bio-refinery. 
(Biomass Conversion, EPA 2007). Ethanol could be able to be produced from 
any biological feedstock that contains substantial amounts of sugar or 
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materials that can be converted into sugar such as cellulose or starch. Many 
different feedstock sources are available and can be used for ethanol 
production as shown in. Two examples of feedstock for ethanol production are 
sugar beets and sugar cane which have high % of sugar. Sugars are easily 
fermented. Corn, wheat, barley, rye and other cereals are typical feedstock 
that contains starch in their kernels. Starch can moderately converted into 
sugar and then into ethanol. Ethanol is manufactured mainly from maize and 
grain.  
 
Capable microorganism for ethanol production 
 
(khan.zuber et.al.,2013) Microorganisms have long played a chief role in the 
production of food (dairy, fish and meat products) and alcoholic beverages. In 
addition, more than a few products of microbial fermentation are also built-in 
into food as additives and supplements (antioxidants, flavors, colorants, 
preservatives, sweeteners, etc.). There is huge interest in the growth and use 
of natural food and additives derived from microorganisms, since they are 
added attractive than the synthetic ones which is produced by chemical 
processes. Solid-state fermentation (SSF) reproduces the usual microbiological 
processes like ensiling and composting. In industrial applications this natural 
Process can be utilized in a forbidden way to create desired product.Typical 
examples of this, fermentation of rice by Aspergillus oryzae to start the koji 
process and Penicillium roquefortii for cheese production.  
Many kinds’ fungi and yeast species (Aspergillus sp. Saccharomyces cerevisiae) 
are shown great capability for biomass production.Materials such as 
agricultural and forest residues as well as municipal wastes are cheap 
cellulosic, lingo-cellulosic and hemi-cellulosic materials that are able to use for 
production of ethanol. Ethanol production is depends on production of 
biomass. superior biomass production gives large results in ethanol 
production.manufacturing process for ethanol production from lignocelluloses 
requires the yeast which is capable of fermenting all of the sugars present with 
high ethanol yields and productivities.(khan.zuberet.al.,2013) 
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Pretreatment of Lignocelluloses substances  
 
Goals of pretreatment  
The beneficial effects of pretreatment of lignocelluloses materials have been 
recognized for a long time. The goal of the pretreatment process is to remove 
lignin and hemi-cellulose, reduce the crystalline of cellulose, and increase the 
porosity of the lingo-cellulosic materials. 
 
Pretreatment methods can be divided into 4 categories: physical (milling and 
grinding), physicochemical (steam pretreatment/auto hydrolysis, hydro-
thermolysis, and wet oxidation), chemical (alkali, dilute acid, oxidizing agents, 
and organic solvents), biological, electrical, also present in combination. These 
pretreatment technologies have give surety for cost-effective pretreatment of 
lingo-cellulosic biomass for biological adaptation to fuels and chemicals.(Kumar 
Praveen et.al.,200). 
 
1. Physical Pretreatment.  
1.1. Mechanical Comminuting. 
Comminuting of lingo-cellulosic materials from side to side a combination of 
chipping, grinding, and/or milling can be applied to degrade crystalline of 
cellulose. The mass of the substances is generally 10-30 mm behind chipping 
and 0.2-2 mm subsequent to milling or grinding. Vibratory ball milling was 
established to be more effectual than normal ball milling in reducing cellulose 
crystalline of spruce and aspen chips and improving their-* digestibility. The 
final atom mass and biomass characteristics help to determine the energy 
requirement for mechanical combination of agricultural materials. The energy 
consumption for size degradation of hardwoods and agricultural wastes as a 
function of final particle size and combination ratio (size reduction) was 
quantified. It was planned that, if the final particle size is detained to the range 
of 3-6 mm, the energy input for combination can be kept lower 30 kWh/ton of 
biomass. The power utilization rate is higher than the theoretical energy 
content accessible in the biomass in most cases. This method is far too 
expensive, however, to be used in a full-scale process. (Kumar Praveen et.al. 
2009). 
1.2. Pyrolysis.    
Pyrolysis generally used for the pretreatment of lingo-cellulosic materials. 
Cellulose quickly decomposes to gaseous products and when biomass is 
treated at elevated temperatures > than 300 °C.27, 28 at inferior 
temperatures, the decomposition is to a great extent slower, and the formed 
products are less none vaporize. The gentle acid hydrolysis (1 N H2SO4, 97 °C, 
2.5 h) of the products from pyrolysis pretreatment resulted in 80-85% 
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conversion of cellulose to reducing sugars along with more than 50% glucose. 
The pyrolysis process is enhanced when it carried out in the presence of 
oxygen. The research reported production of transportation fuels from 
biomass via a so-called biomass-to-liquids (BtL) route, in which biomass is 
converted to sugar from which high quality Fischer-Tropic (FT) fuels are 
synthesized. Chipping, pelletization, torrefecation, and pyrolysis have been 
studied as pretreatment processes for biomass-to-FT-fuel conversion. 
Pretreatment by torrefecation was found to be far more attractive than 
pyrolysis. . (Jiayang Cheng *et.al. 2001). 
 
2. Physicochemical Pretreatment.  
2.1. Steam Explosion. 
Steam explosion is the most frequently used way for the pretreatment of lingo-
cellulosic materials. In this method, biomass is treated with high-pressure 
saturated vapor, and then the pressure is unexpectedly reduced, which makes 
the materials undergo an unstable decompression. Vapor explosion is 
classically initiated at a temperature of 160-260 C (corresponding pressure, 
0.69-4.83 MPa) for numerous seconds to a few minutes prior to the material is 
bare to atmospheric pressure. The biomass/vapor mixture is detained for a 
period of time to endorse hemi-cellulose hydrolysis, and the process is 
completed through an explosive decompression. The method causes 
hemicelluloses reduction and lignin transformation due to elevated 
temperature, thus mounting the potential of cellulose hydrolysis. Hemi-
cellulose is consideration to be hydrolyzed by acetic and other acids released 
throughout steam-explosion pretreatment 
 
Limitation  
 
Limitations of vapor explosion include obliteration of a part of the xylan 
fraction, unfinished disruption of the lignin-carbohydrate medium, and 
generation of compounds that could be inhibitory to microorganisms used in 
downstream processes. Because of the configuration of degradation products 
that are inhibitory to microbial enlargement, enzymatic hydrolysis, and 
fermentation, pretreated biomass desires to be washed with water to remove 
the inhibitory materials together with water soluble hemi-cellulose. The water 
wash reduce the overall saccharification give up through the removal of 
soluble sugars, such as those generated through hydrolysis of hemicelluloses 
(Jiayang Cheng *et.al.,2001). 
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2.2. Ammonia Fiber Explosion (AFEX). Ammonia fiber detonation is a 
physicochemical pretreatment method, in which lingo-cellulosic biomass is 
bare to liquid ammonia at elevated h temperature and pressure for a era of 
time, and then the pressure is rapidly reduced. The AFEX method is very alike 
to vapor explosion. In a characteristic AFEX method, the amount of liquid 
ammonia is 1-2 kg of ammonia/kg of dehydrated biomass, the temperature is 
90 C, and the residence time is 30 min. pretreatment can significantly 
improve the fermentation rate of various herbaceous crops and grasses. The 
AFEX process has been used for the pretreatment of many lingo-cellulosic 
materials as well as alfalfa, wheat straw, and wheat chaff. During pretreatment 
only a little amount of the hard material is solubilized; that is, approximately 
no hemi-cellulose or lignin is removed. .(Jiayang Cheng *et.al.,2001). The AFEX 
process was not very effectual for the biomass among high lignin content such 
as newspaper (18–30%lignin) and aspen chips (25% lignin). Hydrolysis gives up 
of AFEX-pretreated newspaper and aspen chips were reported as only 40% and 
below 50%, respectively. To decrease the cost and protect the surroundings, 
ammonia should be recycled after the pretreatment. In an ammonia recovery 
method, a superheated ammonia steam among a temperature up to 200 C was 
used to vaporize and strip the remaining ammonia in the pretreated biomass 
and the evaporated ammonia was then reserved from the system through 
pressure manager for recovery (Holtzapple et al., 1992b). 
 
2.3. Carbon Dioxide Explosion.  
 
In attempts to establish improved lingo-cellulose pretreatment techniques, the 
thought of using supercritical CO2 explosion, which would have a lower 
temperature than steam explosion and possibly a decreased expense 
compared to ammonia bang, was established. Supercritical liquid refers to a 
liquid that is in a gaseous form but is dense at temperatures over its critical 
point to a liquid like thickness. It was hypothesized that, since CO2 produce 
carbonic acid when dissolved in water, the acid increases the hydrolysis rate. 
Carbon dioxide molecules are similar in size to water and ammonia and able to 
penetrate little pores nearby to water and ammonia molecules. Carbon dioxide 
is an option and helpful in hydrolyzing hemi-cellulose as well as cellulose. 
Furthermore, the low temperature prevents any substantial decomposition of 
monosaccharide’s by the acid. Upon an explosive release of the carbon dioxide 
pressure, the disruption of the cellulosic structure increases the accessible 
facade area of the substrate to hydrolysis.  
 
Used the method to pretreated alfalfa (4 kg of CO2/kg of fiber at a pressure of 
5.62 MPa) and to get 75% of the theoretical glucose released throughout 24 h 
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of the enzymatic hydrolysis. The yields were moderately low compared to 
those of steam or ammonia bang pretreatments but high compared to that of 
enzymatic hydrolysis with no pretreatment.  
 
For pretreatment of sugarcane bagasse, recycled paper mix and repulping 
waste of recycled paper and establish that CO2 explosion was more cost-
effective than ammonia explosion. (Kumar Praveen et.al.,2009). 
 
3. Chemical Pretreatment.  
 
3.1. Ozonolysis: in this method Ozone is use to reduced hemicelluloses and 
lignin in many lingo-cellulosic materials for example wheat straw, bagasse, 
green hay, peanut, pine, and cotton straw and poplar sawdust. The reduction 
was essentially limited to lignin and hemi-cellulose was somewhat attacked, 
but cellulose was strongly affected. The enzymatic hydrolysis rate is enhances 
by a factor of 5 following 60% deletion of the lignin from wheat straw within 
ozone pretreatment. The yield enzymatic hydrolysis improved from 0% to 57% 
as the % of lignin reduced from 29% to 8% after ozonolysis pretreatment of 
poplar sawdust. Ozonolysis pretreatment has some advantages: (1) it 
efficiently removes lignin; (2) it does not produce toxic residues for the 
downstream processes; and (3) the reactions are carried out at room 
temperature and pressure. However, a huge amount of ozone is required, 
making for the process luxurious. .(Jiayang Cheng *et.al.,2001). 
 
 
 
 
3.2. Acid Hydrolysis.  
Concentrated acids such as HCL & H2SO4 are used to treat lingo-cellulosic 
materials. Though they are influential agents for cellulose hydrolysis, 
concentrated acids are corrosive, toxic, and hazardous and need to reactors 
that are resistant to corrosion. In addition, the concentrated acid must be 
recovered after hydrolysis to make the process cheaply feasible. Dilute acid 
hydrolysis has been effectively developed for pretreatment of lingo-cellulosic 
materials. The dilute sulfuric acid pretreatment can get high reaction rates and 
importantly improve cellulose hydrolysis. At reasonable temperature, straight 
saccharification suffered from lesson yields due to sugar decomposition. 
Elevated temperature in dilute acid treatment is positive for cellulose 
hydrolysis). Newly establish dilute acid hydrolysis processes use less severe 
situation and get high xylan to xylose conversion yields. Obtaining increase 
xylan to xylose conversion yields is essential to obtain favorable overall process 
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finances because xylan accounts for up to a third of the whole carbohydrate in 
many lingo-cellulosic materials. There are primarily two kinds of dilute acid 
pretreatment method: elevated temperature (T greater than 160_C), 
continuous-flow process for low solids loading (5– 10% [mass of 
substrate/weight of reaction mixture])., and low temperature (T less than 160 
_C), batch process for high solid loading (10–40%) Although dilute acid 
pretreatment can significantly enhance the cellulose hydrolysis, it’s cost is 
generally higher than a number of some physic-chemical pretreatment 
methods such as steam explosion or AFEX. pH neutralization is necessary for 
the downstream enzymatic hydrolysis or fermentation processes. (Jiayang 
Cheng *et.al.,2011). 
 
3.3. Alkaline Hydrolysis. Some basis chemical are  use for the pretreatment of 
lingo-cellulosic substances , and the effect of alkaline pretreatment is depend 
on amount of lignin present in materials. Alkali pretreatment require lower 
temperatures and pressures than other pretreatment methods. Alkali 
pretreatment can be keep out at ambient conditions, but pretreatment period 
are on the order of hours or days rather than minutes or seconds. When It 
Compared with acid processes, alkaline processes cause degradation of less 
sugar, and most of the caustic salts could be recovered and/or reproduce . 
Calcium, Sodium, potassium, and ammonium hydroxides are appropriate as 
alkaline pretreatment agents. Out Of these four, sodium hydroxide, calcium 
hydroxide (slake lime) has been exposed to be an effective pretreatment agent 
and is the lees expensive per kilogram of hydroxide. It is possible to recover 
calcium through an aqueous reaction system as unsolvable calcium carbonate 
through neutralizing it by means of inexpensive carbon dioxide; the calcium 
hydroxide can then be reproduced using developed lime kiln technology. The 
process of lime pretreatment include slurrying the lime with water, spraying it 
on top of the biomass material, and storing (kumar Praveen et.al.,2009). 
 
3.4. Oxidative Delignification. Lignin degradation are also catalyzed by the 
peroxidase enzyme with the presence of H2O2.107 the pretreatment of wicker 
bagasse from hydrogen peroxide greatly improved its susceptibility to 
enzymatic hydrolysis. Approximately 50% of the lignin and most of the 
hemicelluloses were solubilized through 2% H2O2 at 30 C under 8 h, and 95% 
efficiency for production of glucose from cellulose was obtained in the 
following saccharification by cellulase at 45 C for 24 h. use wet oxidation and 
alkaline hydrolysis of wheat straw (20 g of straw/L, 170 C, 5-10 min) and got 
85% conversion yield of cellulose to glucose. Wet oxidation together with base 
addition readily oxidizes lignin by wheat straw, thus creating the 
polysaccharides more susceptible to enzymatic hydrolysis. Furfural and 
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hydroxyl methyl furfura are known inhibitors for microbial growth when 
additional pretreatment systems are applied, not observed following the wet 
oxidation treatment. (Kumar Praveen et.al.,2009). 
 
 
3.5. Organosolv Process. The organosolvation process is a promising 
pretreatment approach, and it has involved much 
Attention and established the potential for utilization in lingo-cellulosic 
pretreatment. In the organosolvation process, an organic or aqueous organic 
solvent combination with inorganic acid catalysts (HCl or H2SO4) is used to 
break the interior lignin and hemi-cellulose bonds. The solvents usually used in 
the process are methanol, ethanol, acetone, tri ethylene glycol, ethylene 
glycol, and tetra-hydro-furfuryl alcohol. Organic acids such as oxalic acid, 
salicylic acids,  acetyl salicylic, and can also be used as catalysts for 
organosolvation process. In spirit, the organosolv method involves 
simultaneous pre hydrolysis and delignification of lingo-cellulosic biomass 
supported to organic solvents and, usually, dilutes aqueous acid solutions. A 
improved yield of xylose can usually be achieved with the addition of acid. 
(Jiayang Cheng *et.al.,2001). 
 
 
4. Biological Pretreatment. Mainly pretreatment technologies have need of 
expensive equipment or instruments that have elevated Power requirement 
depend on the method. In meticulous, thermo-chemical and physical processes 
need abundant power Intended for conversion of biomass. Biological 
treatment using different types of rot fungi, a safe and environmentally 
friendly process, and increasingly being advocated as a method that does not 
need high energy for removal of lignin from lingo-cellulosic biomass, In spite of 
extensive lignin reduction. In biological pretreatment method, microbes like a 
brown-rot, white-rot, and soft-rot fungi are used to remove lignin and hemi-
cellulose in waste product. Brown rots mostly attack cellulose, while soft and 
white rots attack both cellulose and lignin. Lignin removal with white-rot fungi 
occurs through the action of lignin-degrading enzymes such as laccase and 
peroxidases. These enzymes are regulated via nitrogen and carbon sources. 
White-rot fungi are the most efficient for biological pretreatment of lingo-
cellulosic materials. Hatakka et al.studied the pretreatment of wheat straw 
with 19 white-rot fungi and found that 35% of the straw was used to 
converting  reducing sugars by Pleurotus ostreatus in 5 weeks. Similar 
conversion was achieved in the pretreatment by Phanerochaete sordida and 
Pycnoporus cinnabarinus in 4 weeks. Toward preventing the loss of cellulose, a 
cellulase-less mutant of Sporotrichum pulVerulentum was developed for the 
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removal of lignin in wood chips.  The researcher Akin et. al., reported the 
delignification of bermudagrass with white-rot fungi. The biodegradation of 
bermudagrass stems was enhanced by 29-32%, after 6 weeks, using 
Ceriporiopsis subVermispora and with 63-77% using Cyathus stercoreus.(kumar 
prraveen et,al.,2009). 
 
 
Pulsed-Electric-Field Pretreatment 
 
Pulsed-electric field (PEF) pretreatment includes use of a short burst of high 
power to a sample placed in between two electric rode. When an electric field 
is produces among two parallel-plate electrodes, the field strength (E) is given 
by E ) V/d, where V is the current and d is the space between the two 
electrodes. PEF pretreatment can have severe effects on the collection of plant 
tissues. When high-intensity, outer electric field is useful, a risky electric 
potential is induced crossways the cell membrane, which leads to rapid 
electrical breakdown and limited structural changes of the cell membrane, the 
cell wall and consequently plant tissue. The electric field outcome in a dramatic 
increase in mass permeability and, in some cases, mechanical breaks of the 
plant tissue. The electric field pulses most usually applied in the form of 
exponential-decay or rectangle waves. Application of enhanced-intensity 
electric field pulsesfrom nanoseconds to microseconds in extent leads to the 
permeabilization of biological membranes. (kumar prraveen et,al.,2009) 
 
 
 
Overall process for ethanol production from lignocelluloses through chemical 
hydrolysis 
 
  Ligno-celluloseic  
Material  
 
 
 
 
 
 
 
  
 
 

Milling & size                     

reduction  

Chemical hydrolysis Detoxification 

  Fermentation     Distillation Waste water treatment, 

evaporation & biogas 

production 

    Dehydration 

Ethanol (>99%) 

Ethanol (90-95%) 
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Parameter which affect the hydrolysis of lignocelluloses material 
 

1. Selection of substrate  
 
Substrate plays important role in hydrolysis and can affect the 
hydrolysis. Substrate have these type of properties like neutralizing 
capacity , production of easily hydrolysable cellulose and hemicelluloses, 
amount and rate of hydrolysis of these material which is difficult to 
hydrolyze ,polymerization degree of cellulose , length of macromolecule, 
cellulose chain configuration and association of cellulose, and most 
important parameter is particle size.(kosaric 
et.al.,1983,taherzadeh.et.al., 1997) 
 

2. System and it’s acidity  
 
Acidity of system is also affect the hydrolysis and is depend on the 
concentration and type of acid used, and quantity of acid solution and 
released quantity of acid by hydrolysis in biomass. Solid liquid ration and 
capacity of neutralization of lignocelluloses, at the time of heating 
movement of solution these can significantly affect the reactor 
performance and overall reaction.(mohammad j.  taherzadeh 
et.al.,2007) 
 
 
 

3. Decomposition rate of hydrolysis of lignocellulosic substrate  
 
It depends on the concentration of sugar, acidity, temperature, time of 
reaction, during the condition of hydrolysis that produce solution which 
contain glucose in excess of 10%.in the reversion it gives result as much 
of the glucose being present not as free glucose but as form of dimmers 
and anhydrous sugar which is not available to the microorganism used in 
the fermentation. Thus For the construction of hydrolysis reactor 
material should be choose very carefully. (xiange ey.al,2004) 

Dilute acid hydrolysis Reactors and procedure 

  
Batch bioreactor 

 

Comment [S10]: Not required / 
Methods 



INTERNATIONAL JOURNAL OF ADVANCE RESEARCH, IJOAR .ORG                                                                                        

ISSN 2320-9186                                                                                                                                                                    15 

IJOAR© 2014 
http://www.ijoar.org 

 

While the bioreactor is feed only once, and no additional feeding 
required following that then we can say that the bioreactor is follow the 
batch method. The bioreactor will be allowed to run till finishing point. At 
the end of the point in the fermentation is terminated prior to a new 
fermentation  is initiated yet again. 
 
In the actual condition this is rigid to judge as a exact batch reactor since 
in a batch reactor there must not be any input or elimination from the 
bioreactor when the fermentation will not completed. Under the bulk 
aerobic batch reactor air or oxygen is regularly sparged in or in addition 
of some other ‘slight nutrients'. If we do not supply oxygen keen on the 
aerobic bioreactor after that the bioreactor will twist anaerobic and that 
will be the stop of the aerobic batch bioreactor there should not also be 
several removal of samples by the bioreactor throughout the 
fermentation run as in case of off line monitoring and sampling.(Dr. 
Boulevard 2008) 

 
      Continuous bioreactor   
 

On the other hand, if the bioreactor is fed repeatedly afterward the 
bioreactor is termed a continuous bioreactor. beneath such condition if 
the continuous bioreactor has a set volume bioreactor, the amount of 
feed introduced into the bioreactor is identical to the spent volume 
which is deleted from the bioreactor .In spite of the ideal characteristics 
of the continuous bioreactor, the method itself is responsive and 
subjected to manage from a variety of factors such as risk  of 
contaminations, cell or biomass washouts and changes in the biotic 
stages of the bioreactor. .(Dr. Boulevard 2008) 
 
Fed batch bioreactor 
 
Fed Batch is the mediator under representation of bioreactor operation. 
This fed batch style is characterized by means of planned or controlled 
adding up of nutrients into the bioreactor at certain period of fermented 
operations. This style of feeding supplement into the fed batch 
bioreactor will allow of occasion changes in the supplements. The good 
thing about fed batch operation of a bioreactor it allows us a forbidden 
degree on the process and operations of the fed batch bioreactor. And 
also keep control on the rate of growth of the microorganisms or the 
concentration of the biomass by controlling parameters such as 
frequency of matter, concentrations of feed and, hydraulic loadings.  It is 
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used in industry to hold up high concentration of microorganisms and 
low feedback inhibition particularly catabolic repression. Fed batch is the 
most popular means in fermentation industries.(Dr. Boulevard 2008) 
 
Membrane bioreactors   
 
It is recently developed by researcher Päivi Ylitervo et al.in (July 2013) 
Companies developing and producing membranes for different 
separation purposes, as well as the market for these, have markedly 
increased in numbers over the last decade. Membrane and separation 
technology might well add to making fuel ethanol and biogas making 
from lignocellulosic materials more cost-effectively viable and 
productive. In addition to biological processes with membrane separation 
techniques in a membrane bioreactor (MBR) enhance cell concentrations 
extensively in the bioreactor. Such a combination furthermore decreases 
product inhibition throughout the biological process, increases 
productivity and product concentration, simplifies the separation of 
product and/or cells. Various MBRs have been deliberate over the years, 
where the membrane is either flooded inside the liquid to be filtered, or 
placed in an outer loop outside the bioreactor. All configurations have 
advantages and disadvantages, as reviewed in this paper. The current 
review presents an account of the membrane separation technologies. 
 
 
 
 
 Plug flow reactor  
 
Batch reactor is traditionally used for hydrolysis of lignocelluloses 
substances in laboratory or in pilot scale. Plug flow reactor, percolation 
reactor, countercurrent and shrinking bed reactor are used for hydrolysis 
lignocelluloses material by dilute acid process. the plug flow reactor are 
generally used in continues process and has not been significant interest 
of hydrolysis of lignocelluloses material Thompson and grethlain 
(1979)develop an isothermal reactor for study of kinetics of acid 
hydrolysis cellulosic substrate. This was significant important for yield of 
conversion of cellulose to ethanol. It is compared to batch reactor and 
has less retention time future improvement is reported by McParlendin 
et.al  (1982).who obtained 55-58% glucose yield in only 6second 
residence time . .(mohammad j.  taherzadeh et.al.,2007) 
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  Percolation reactor  
 It is packed bed flow through reactor and has advantage in comparison 
to batch and plug flow reactor for the hydrolysis of lignocelluloses 
material. Lower sugar decomposition can result. Since the sugar product 
is removed after the formation in this reactor .according to study of 
national renewable energy laboratory (NREL)in U.S percolation reactor 
gives more than 95% theoretical yield of solubilized xylose sugar  from 
the yellow popular dust by using 2 stage continuously flowing percolation 
bio reactor. it is mainly used for old wood process(meison sugar process. 
Schollar process,.(lee e.ta.,1999) 
 
 Counter current reactor 
 it is a moving bed reactor and direction is reversed in solid and liquid 
that major part is sugar production is near to liquid outlet point of 
reactor. counter current flow of material are reduce the sugar 
degradation and product dilution by removing the sugar form reaction 
zone for retaining the simplicity of percolation reactor in the series of 
simulate counter current flow the several percolation reactor is uses by 
progressive batch reactor. .(mohammad j.taherzadeh et.al.,2007) 
 
Fermentation  
 
all through this method , equally pentose and hexose sugars are 
fermented and create ethanol in aerobic/anaerobic situation. 
Saccharomyces cerevisiae is the main preferential organism for ethanol 
production through hexoses. It is best method for fermentation of 
saccharomyces cerevisiae uses a broth containing nutrient with 22% 
(w/v) sugar, 1% (w/v) of each of potassium dihydrogen phosphate, and 
ammonium sulfate fermented at pH 5.0 and 30°C. During these situation 
a distinctive strain of S. cerevisiae is capable for producing 46.1 g 
ethanol/L broth (joshi.bishnu et al.,2011). Wicker molasses conditioned 
with EDTA, ferrocyanide or zeolites, and fermented within equal 
conditions has been shown to enhanced ethanol production. 
Fermentation using recombinant yeast and broth supplemented with Mg, 
Cu, and Zn has also been shown to enhanced fermentation efficiency by 
means almost 20% (Nikolic, et al., 2009). 
 
Incorporated Technologies for fermentation: 
 
Simultaneous saccharification and fermentation (SSF) is defined as any 
fermentation method performed on a undissolved material that acts 
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both as physical support and source of supplement without  presenting 
free flowing liquid. The little moisture content means that fermentation 
can only be carried out through a limited number of microorganisms, 
mainly yeasts and fungi(khan.zuber.et.,2013) 
  
Throughout simultaneous saccharification and fermentation (SSF) 
method in teamwork of cellulose hydrolysis and fermentation of glucose 
are approved out in presence of fermentative microorganisms in a single 
step method optimally operates at 37 to 38°C. This method removes the 
number of steps in this method, and is a accomplished way for cellulose 
to ethanol (Lynd et al., 2005; Demain et al., 2005). In simultaneous 
saccharification Fermentation method, the lignocellulosic biomass is 
primarily pretreated by means of a dilute acid (1.1% sulfuric acid at 160°C 
for 10 min) to break lignin, hemi-cellulose, and pectin complex. The 
resultant broth is drinkable to drain the fluid from the system. Remaining 
solid having cellulose and lignin’s are hydrolyzed and fermented together 
by using cellulase enzymes and yeast. The cellulose enzymes capable to 
hydrolyze cellulose to D-glucose, which in turn and fermented to ethanol 
by yeast (Krishna et al., 2001). This combined process enhance both 
kinetics of fermentation as well as financial side of biomass processing by 
means of minimization of buildup of hydrolysis product (glucose) that is 
inhibitory to cellulases. The problem of using SSF method  include (i) the 
working temperature should be  approximately 37 to 38°C and (ii) much 
of the sugar released by means of cellulose hydrolysis is used for the 
growth of yeast and necessary to make sure good ethanol production. 
 
Simultaneous saccharification and co-fermentation (SSCF) 
 
Under simultaneous saccharification and co-fermentation (SSCF), it is 
necessary to neutralize pretreated lignocellulosic biomass and straight 
exposed to variety of enzymes and microorganisms that have capacity of 
hydrolyzing cellulose and hemicelluloses to fermentable sugars as well as 
ferment sugars to ethanol. This method is passed out by using 
recombinant microorganisms. This technology is better than SSF 
technology in terms of, improved yields, rate effectiveness and shorter 
processing time (joshi bishnuet.al.,2011). 
Impression of lignocellulosic fermentation  
  
The lignocelluloses compound forms one of the most rigorous seals just 
about cellulose. Initially in the first step of general process pretreatment 
for lignocelluloses fermentation. This is the most vital and rate limiting 
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step in the overall method. Further steps involve isolation and hydrolysis 
of cellulose and hemicelluloses toward produce fermentable sugars 
(saccharification) followed by means of fermentation and distillation. The 
pretreatment methods include the use of alkalis, acid and/or organic 
solvents. The objective of this method is to remove hemi-cellulose, lignin, 
cellulose and pectin from lignocellulosic biomass and keep it separately. 
Post pretreatment, the recalcitrant lignocelluloses biomass becomes at 
risk to acid and/or enzymatic hydrolysis as the cellulosic micro fibril are 
uncovered and/or accessible to hydrolyzing agents. Underneath 
pretreatment process, minute amounts of cellulose and most of 
hemicelluloses is hydrolyzed to sugar monomers; mainly D-xylose and D-
arabinose. The pretreated biomass is subsequently subjected to filtration 
toward separate solid (solid (lignin + cellulose) and liquids (hemicelluloses 
hydrolysis).This method is mainly designed by enzymatic methods using 
cellulases. Acid hydrolysis using H2SO4 and HCL is a alternate procedure. 
The hydrolyzed sugars such as D-glucose, D-galactose, and D-mannose, 
can be able to willingly ferment to ethanol by using various strains of 
Saccharomyces cerevisae. The hydrolysis of hemicelluloses resources and 
sugar fermentation is not possible through saccharomyces strains; 
because it resistant for fermenting the pentose sugar, recombinant 
strains of Pichia stipitis, Zymomonas mobilis, are used for their 
fermentation. Candida shehatae are capable to co-fermenting both 
pentoses and hexoses to ethanol and additional value-added products on 
rising yields.(joshi.bishnu.et.al.,2011) 
Fermentation of agricultural wastes Internationally, bioethanol 
production from rice straw, corn straw, wheat straw, and sugarcane 
bagasse is Due to rapid growth in inhabitants and industrialization, 
worldwide demand of ethanol is increasing continuously. Conformist 
crops such as corn and sugarcane are not able to meet the global insist of 
bio-ethanol formation due to their initial value of food and feed. 
Therefore, lignocellulosic substances like as agricultural wastes are 
attractive feed stocks for bio-ethanol formation. Agricultural wastes are 
abundant, cost effective, and renewable  
. Bio-ethanol by using agricultural waste could be a promising technology 
though the method has limitations and numerous challenges such as 
transportation of biomass, handling, and efficient pretreatment methods 
for whole delignification of lignocellulosic. Proper pretreatment methods 
can enhance concentrations of fermentable sugars after that enzymatic 
saccharification, thereby improving the effectiveness of the whole 
process. Conversion of glucose as well as xylose to ethanol requires some 
novel fermentation technologies, to make the whole process inexpensive. 
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In this review, available technologies for bio-ethanol formation from 
agricultural wastes are discussed. The most important processing 
challenge to manufacture bio-fuel by pretreatment of the biomass. 
Lignocellulosic biomass is composed of three main constituents namely 
hemicelluloses, lignin and cellulose. Methods of pretreatment refer to 
the solubilization and separation of one or more of these components of 
biomass suggested. It makes the residual solid biomass more accessible 
to further chemical or biological treatment. Goals of an successful 
pretreatment process are (i) formation of fermentable sugars during 
hydrolysis directly or subsequently(ii) to keep away from loss and/or 
degradation of sugars formed (iii) to set formation of inhibitory products 
(iv) to reduce power demands and (v)  minimizing cost .(khan.zuber 
et.al.,2013) 

          Fermentation of municipalsolid wastes 
 
Wen-Shiang et al (2012) found the bio-ethanol formation by means of 
sweet potato, the saccharification and fermentation conditions of co-
immobilization of saccharolytic molds (Aspergillus oryzae and Monascus 
purpureus) through Saccharomyces cerevisiae. The recombinant yeast 
cells showed that approximately 10% glucose YPD (yeast extract peptone 
dextrose) the highest fermentation rate was 80.23%. Viability of yeasts 
cells were 95.70% above a final ethanol concentration of 6%. 
Immobilization improves the ethanol tolerance of yeast cells. In co-
immobilization of S. cerevisiae by A. oryzae or M. purpureus, the best 
hardening time of gel beads was between 15 and 60 min. Bio-ethanol 
formation  was 3.05- 3.17% (v v-1) and the YE/s (yield of ethanol 
production/starch consumption) was 0.31-0.37 at pH 4, 30°C and 150 
rpm within 13 days fermentation period.(khan.zuber et.al.,2013) 
 
Forest and industrial residues are capable for fermentation 
 
Crude materials consisting sugars, or materials which is capable for 
transformed into sugars and can be used as fermentation substrates. The 
fermentable crude materials can be grouped as directly fermentable 
syrupy materials, starchy, lignocellulosic materials and urban/industrial 
wastes. Through fermentation of sugarcane, sugar beet and sweet 
sorghum to create ethanol has also been reported in 1995 Sugar 
containing materials require the least expensive pretreatment, where 
starchy, lignocellulosic substances and Urban/industrial wastes require 
costly pretreatment, for convert into fermentable substrates. Sugar 
consisting materials which is capable for transforming into glucose, may 



INTERNATIONAL JOURNAL OF ADVANCE RESEARCH, IJOAR .ORG                                                                                        

ISSN 2320-9186                                                                                                                                                                    21 

IJOAR© 2014 
http://www.ijoar.org 

 

be used as fermentation substrates during anaerobic conditions, glucose 
is convert into ethanol and carbon dioxide by 
glycolysis.(khan.zuber.et.al.,2013) 
 
Conclusion 
 
In recent years it has been found that, instead of conventional feed 
stocks (starch crops), cellulosic biomass, including forest and industrial 
Residues, agriculture waste and municipal waste, could be used as an 
ideally inexpensive and sufficient amount of sugar to manufacture 
ethanol by fermentation. Ethanol is comes into category of traditional 
fuel for transportation in last decades. Ethanol Is known as less polluting 
and clean burning fuel. This review shows the potentiality of industrial 
and forest waste, agriculture waste and municipal waste with numerous 
pretreatment methods. European Environment Agency assessed the 
biomass potential for producing energy could enhance into huge amount. 
Researchers mainly concerning about least cost and unused available 
resources to manufacture ethanol. Genetic engineering also works to 
improve the efficiency of Microorganisms for improving yield as well as 
minimum cost of manufacture Commonly Pichia stipites and 
saccharomyces cerevisiae is used from different researchers. Enzymatic 
hydrolysis may be the most potential alternative process for 
saccharification of compound polymer contains feed. 
Forest, industrial wastes classically unused and available in large amount. 
Agricultural waste is renewable, cheap and available in nature. 
Agriculture waste do not demand separate land, water and power 
requirement. They do not have food value. Most of the municipal solid 
waste has starch, lignocellulos, hemicelluloses and sugar that are enough 
for fermentation. Lignocellulosic materials are in great quantity and they 
are renewable. Hence, bio-ethanol production by means of lignocellulosic 
biomass holds tremendous latent in terms of meeting energy 
requirement, and providing environmental profit. Apart from bio-
ethanol, a big range of chemicals (olefins, plastics, and organic solvents) 
and value added products such as solvents, fermentable sugars, and drink 
softeners can also be produced through the lignocellulosic biomass. 
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