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Abstract

Currently, only bioethanol may be used in fuel systems without requiring
significant changes to the fuel distribution system. Furthermore, burning
bioethanol creates the same amount of CO, as the plant produces when
growing, therefore it does not contribute to the increase in the greenhouse
effect. Biodiesel can be made from plants that produce sugar or plants
that contain starch (wheat, corn, etc.). However, producing bioethanol
on a large scale necessitates the use of vast swaths of land for maize or
sugarcane farming. Lignocellulosic biomass, such as agricultural leftovers,
may be a solution to this problem, despite technical issues, due to its great
availability and low cost. In this article, we will go over the many methods for
pretreatment of lignocellulosic biomass, as well as the several fermentation
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procedures that can be used to get bioethanol from it.

Pre-Treatment.

Introduction

Oil production is currently the world's most important
source of primary energy use. Because of the
growth of emerging countries' transportation and
manufacturing sectors, oil demand is expected to
jump from 60% to 75% by 2030. Further more,
using fossil fuels increases greenhouse gas
emissions, particularly carbon dioxide (CO2).
These greenhouse gases are to blame for the
earth's global warming and the current climatic
deregulation.' As a result, in a global setting defined
by the volatility of oil barrel prices and in the interests
of environmental conservation, new and renewable

energy is being produced. Biofuels are one of these
energy sources that is gaining popularity around the
world? because they can be used in combustion
engines. The European Commission has established
a precedent in this area by committing to a 20 percent
renewable energy target in total energy consumption
by 2020, with biofuels expected to play a vital role in
achieving this goal.® The most abundant renewable
carbon source on the planet is lignocellulosic
biomass (LCB).* It is made up largely of cellulose,
hemicellulose, and lignin in varied quantities and
comes in a variety of forms (agricultural leftovers,
forest wastes, etc.). Lignocellulosic biomass also
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contains polysaccharides that can be converted
into simple fermentable sugars for the production
of biofuels such as second-generation bioethanol®
Unlike first-generation bioethanol, which is frequently
made from sugar and amylaceous plants and raises
ethical concerns owing to the use of foodstuffs,
second-generation bioethanol is entirely made
from plant components and does not compete with
food production. Second-generation bioethanol
development is now widely recognized as the most
promising biofuels business, with many governments
throughout the world taking an interest.® One of
the recommended techniques for the synthesis of
these biofuels is the biochemical process, which
uses enzymes and microorganisms to convert
Lignocellulosic biomass into ethanol. However,
because the output from this process is modest,
process optimization and control are crucial for the
sector's economic viability. Lignocellulosic biomass
is cellulose-based biomass that is both affordable
and readily available for energy production.
Agricultural residues, energy crops, forest residues,
and cellulosic wastes are all excellent sources of
lignocellulosic biomass. The global lignocellulosic
biomass production is 181.5 billion tonnes per year.”
Lignocellulosic biomass energy accounts for around
10% of global energy demand.® Agricultural and
forest left overs alone contributed 30 EJ, which is a
significant amount, to the yearly energy use of 4500
EJ.® Biofuels, particularly bioethanol, bio-oil, gasoline,
and chemicals can all be made from lignocellulosic
resources. For lignocellulosic biomass conversion,
different types of conversion technologies exist,
including thermal, thermochemical, and biological
methods. Bioconversion is required to turn biomass
into biofuels using microorganisms. Its major
product is bioethanol, although it also makes
biobutanol, methane, and a few other compounds.°
Pre-treatments using chemicals and physio
chemicals are now the most successful. However,
because they are unfriendly to the environment
and produce hazardous compounds like furfural,
eco-friendly biological pre-treatment procedures
are occasionally applied." It is a requirement
for promoting cost-effective sustainable energy.
However, implementing them on a commercial scale
is difficult.’? Recent research on lignin chemistry and
valorisation has been published.”'* This research
looks at the various Lignocellulosic biomass
pretreatment methods as well as the several
lignocellulosic fermentation procedures that have

recently been created to boost ethanol output via
lignocellulosic fermentation.

Lignocellulosic Biomass to Bioethanol

To convert lignocellulosic biomass into bioethanol,
the biomass must be pretreated, hydrolyzed,
and fermented. Lignin is removed or modified,
hemicellulose is extracted, cellulose is crystallized,
the acetyl group is removed from hemicellulose,
Cellulose polymerization is reduced to expand the
structure, pore values and internal surface area
are increased, and hydrolysis of the carbohydrate
fraction per monomer may occur faster and in
higher yields.' According to several studies,'®'”
different pretreatment procedures have distinct
effects on biomass. There must be pretreatment to
disrupt or eliminate lignin from lignocellulosic biomass
in order to improve accessibility to cellulose.'®®
The expense and effort involved in many preparation
operations, on the other hand, can be substantial.
The compatibility of the conversion process
has also been found to be affected by various
delignification processes.? It is difficult to hydrolyze
cellulase enzyme if the pretreatment is inadequate,
and toxic by products are created if the pretreatment
is more severe, reducing the growth of fermentative
microbial strains and decreasing bioethanol
output.?' Adapted figure.1?? illustrates the goal of
lignocellulosic biomass pretreatment by removing
lignin by releasing cellulose and hemicellulose
from the biomass. To improve the accessibility
of cellulosic materials for enzymatic hydrolysis,
several pretreatment techniques have been devised.
Pretreatment can be classified in 15 distinct ways,
including mechanical, physio-chemical, chemical,
and biological. Only a few of these techniques,
however, have received sufficient development to
be applied in industrial settings.?*

Lignin
/ Cellulose

Prei reatment %

Hemicellulose

Fig.1: Lignocellulosic Biomass Pretreatment
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Mechanical Pre-Treatment

Mechanical pre-treatment involves reducing biomass
particle size to promote surface accessibility and
speed up hydrolysis. The majority of lignocellulosic
material is crushed down to particles less than 2
mm in size. However, while research on micronized
substrates yields better results than crushed
substrates, testing on micronized substrates offer
greater outcomes. Micronization is essential to
produce a significant increase in yield. After 24 hours
of hydrolysis, the percentage yield of each glucose
and xylose was enhanced from 53 to 149 m by
pre-treatment to a 53—-149 m particle size and
compared to a powdered substrate with a particle
size of 2-4 cm. Enzymatic hydrolysis produced
61.1 percent of the micronized material in research
by Talebnia et al.,?® but only 17.1 percent of the
non- pre-treated sample. Finally, the above treatment
does not produce furfuraldealdehyde, which is a
yeast inhibitor that inhibits subsequent fermentation.
When hemicelluloses and phenolic compounds,
both of which are generated during the degradation
of lignin, are destroyed, the substance is formed.

Physico-Chemical Pre-Treatment

Combine physical and chemical treatments
that rearrange lignin structures to increase the
accessibility of cellulose for hydrolysis to fully recover
hemicellulose. There is a lot of interest in leveraging
steam explosion's physical and chemical processes
to make biomass easier to access for hydrolysis.*°
The material is heated to over 300 degrees
Fahrenheit*' and then allowed to cool using this
method. The crystallinity of cellulose is increased by
steam explosion pretreatment, and the amorphous
portions are therefore depolymerized, making
hemicellulose hydrolysis and delignification much
easier. This process is safer for the environment, less
harmful, and yields more sugar. In order to obtain
higher bioethanol production from agricultural waste,
steam explosion technology is used as a pretreatment
process, followed by an alkaline bleaching process.
Additional H2S0O4 (or SO2) or CO2 can be added
to boost the hydrolysis of lignocellulosic waste in a
steam explosion, resulting in effective breakdown of
complex polysaccharides, a reduction in hazardous
by-products, and complete liquefaction of glucan,
xylan, mannan, galactan, and arabinan. Ammonia
fibre explosion (AFEX) is a fundamental alkaline
pretreatment procedure in which liquid ammonia
is introduced under high pressure and rapidly

decompressed. Biomass with lower amounts of
lignin and hemicellulose is more efficient in AFEX,
which implies it can avoid increasing hemicellulose
solubility by avoiding pretreatment methods such
dilute acid pretreatment. In the event of a CO2
explosion, a release of 75% potential glucose was
recorded after 24 hours of enzymatic hydrolysis.3
The physio-chemical treatment of lignocellulosic
waste results in a theoretical yield of 83 percent,
resulting in a maximum bioethanol yield of 83
percent.

Chemical Pre-Treatment

Among the most prominent chemical pretreatment
treatments are acid, alkaline and ammonia, as well as
sulphite, sodium chlorite and organic and inorganic
solvents, as well as SO, and CO,. Sodium sulphite
and/or sodium chlorite can eliminate 90 percent
of the lignin. Hemicellulose and cellulose are less
enzyme-available following the alkali pretreatment.
This includes sodium, potassium, calcium, and
ammonium carbonate'™ and ammonium hydroxide
as pretreatment chemicals that are allowed.
The most study has been done on sodium hydroxide.*?
Pretreatment of lignocellulosic biomass with alkaline
peroxide was used in manufacturing operations.
This technique increases enzymatic hydrolysis
by allowing it to occur before delignification.?
Organo-solvent hydrolysis of cellulose is facilitated
by the use of treated cellulose. The structure
of lignin and hemicellulose can be loosened or
destroyed with the use of an aqueous organic
solvent. When paired with semi-simultaneous
saccharification- fermentation (SSSF), alkaline
peroxide pretreatment and SSSF were found to be
highly efficient and attractive methods for increasing
bioethanol production. Ethanol yield was reported to
be around 63.1 percent after pretreatment with 10
percent H,0, at 160°C for 2 hours, followed by acid
reflux. Oxidative lignocellulose degradation is called
"ozonolysis." Most of the pretreatment takes place
at room temperature, and no inhibitory compounds
are produced.

Dilute Acid Pre-Treatment

When turning cellulosic biomass into biofuel,
the earliest technique of producing bioethanol is
through pretreatment with dilute acid. Shearing
is an effective way to increase the amount of
saccharification-processing-capable cellulosic
biomass.*¢ It has been stated that pretreatment with
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dilute acid aids in the efficient enzymatic hydrolysis of
cotton gin waste.*”“8 However, it has been reported
that nitric acid, phosphoric acid, organic acid, and
HCI have also been used to pretreat lignocellulosic
biomass. Acid treatment can have a deleterious
impact on the growth of yeast during the fermentation
process. Some of the inhibitors produced as a result
of acid treatment are hazardous, and this reduces
bioethanol yield. There are also serious negative
effects that might occur when large volumes
of gypsum are used in pretreatment. Pretreatment
of cotton gin waste with organic acid provides
specific advantages over other traditional acids.
[Traduzione originale] Current research in this subject,
notably in the area of cotton gin waste bioethanol
production, is lacking. In contrast, temperature
management minimises the decomposition of
sugar, as explained above. Because of the higher
temperatures, pretreatment times must be reduced.
Corrosion and associated toxicity to microorganisms
make concentrated acids unsuitable for bioethanol
fermentation as a pretreatment. When inhibitory
compounds are formed, corrosion and toxicity
follow. It is necessary to collect the acids after the
process has been completed in order to boost the
procedure's economic viability Cotton gin waste
can be pretreated with dilute acid to enhance
enzyme hydrolysis.*”“8 |t takes two phases to
accomplish dilute acid hydrolysis to take advantage
of the distinctions between hemicellulose and
cellulose. This first step begins with a gentle,
essentially unselective treatment of the sugar
in order to eliminate the five-carbon sugar molecules.
A second stage involves biological or chemical
treatment of only the residual solids in order to obtain
six-carbon sugars.%

Detoxification

Hemicellulose depolymerization produces xylose
as the major product following pretreatment
with HCI, with different pretreatment procedures
yielding variable quantities of xylose. Although
this method has some drawbacks, it does have
certain advantages, such as the ability to create
damaging inhibitors.®5".and® Three major families
of these hazardous by-products are organic acids,
furan derivatives and phenolic compounds.
Inhibition of yeast cell physiology causes decreased
bioethanol generation and productivity.%%22
Excessive liming,%® ethyl acetate extraction,®
and activated charcoal adsorption®® have all been

investigated for their ability to assist in the removal
of fermentation inhibitory products like laccase
oxidation treatment. The most common methods
are overliming and activated charcoal adsorption,
either alone or in combination. Activated charcoal
detoxification of hydrolysates is stated to be both
cost-effective and high-capacity, with little influence
on hydrolysate or sugar levels.3°

Biological Pretreatment

White, brown, and soft-rot fungi are commonly
utilized in biological pretreatment. They're employed
to break down complex lignin and dissolve
hemicellulose. While white-rot fungus are the
most effective microorganisms for delignification of
lignocellulosic biomass, this only applies to wood,
not polymers. The employment of fungal strains is
the most intriguing of the biotic processes that are
most suited for turning this waste into bioethanol.
The synthesis of bioethanol from lignocellulosic
biomass can be both economical and environmentally
friendly. The conventional analysis and corrosion
formation procedures, in contrast to the traditional
approach, necessitate high temperatures, pressures,
and energy. Fungal treatment is a biologic
pretreatment that uses enzymes found in live cells
to break down lignin and hemicellulose compounds
in biomass. It produces few by-products, although
it usually results in chemical change. In general,
for this biologic pretreatment to be successful,
moderate environmental conditions are required.
Because they resulted in greater enzyme activity, the
majority of mixed cultures of white rot fungus were
renowned for their synergistic activities.®>®* Because
of synergistic interactions, fungal combinations
have the ability to produce more enzymes, but the
results appear to be reliant on a number of factors,
including the species combination and interaction
style among species, the type of substrate, and the
surrounding micro-environment. P. chrysosporium,
a member of the holobasidiomycetes, is the best
studied of the white-rot fungus. After using fungus
treatment on cotton plant waste, Pleurotus sajor
caju were tested for lignin breakdown by bacteria.
The oyster fungus Pleurotus ostreatus was used to
study the biodegradation of cotton stalks and cotton
seed hullin order to see if it may increase the amount
of bioethanol generated.®® There have been reports
that Agrocybe cylindracea and Pleurotus ostreatus
produced bioethanol using solid-state fermentation,
which has sparked a lot of curiosity. Phenol oxidases
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are the key enzymes involved in the oxidative
degradation of lignin by white rot fungi.

Hydrolysis

Cellulose and hemicellulose are depolymerized into
simple fermentable sugars during the hydrolysis
phase of bioethanol production. Due to its crystalline
structure, cellulose is more difficult to hydrolyze
than hemicellulose. As a result, cellulose hydrolysis
is always carried out using an acid or specialized
enzymes. This is referred to as chemical or
enzymatic hydrolysis, while the cellulose breakdown
is referred to as biochemical hydrolysis or
saccharification.

Fermentation Process

Fermentation is a biological process that transforms
simple carbohydrates into smaller compounds such
as acids and alcohols, and is catalyzed by enzymes
released by microorganisms. The two most common
carbohydrates are fermented into ethanol using the
following two reactions:

For glucose: C_H, O

6" 1276

— 2CHO0+2C0, ..(1)

For xylose: 3C.H, O, —

5 1075

5C,H,0+5CO, ...(2)

Despite the fact that these sugars are essential
for their metabolism and reproduction, they
can be fermented by a wide range of bacteria
and yeasts. Saccharomyces cerevisiae and
Zymomonas mobilis are the two most common
species used to make ethanol on a large scale.
Saccharomyces cerevisiae is the most extensively
used and explored species for the production of
bioethanol due to its robustness and appropriateness
for the fermentation of glucose from lignocellulosic
biomass. Pentose, on the other hand, cannot be
fermented via hemicellulose hydrolysis, thus it must
be fermented by a different microbe. Z. mobilis,
on the other hand, is less extensively used since
it has a lower yield and a more active metabolism,
making it more susceptible to contamination
Furthermore, alcoholic fermentation necess
-itates a nutrient-rich media, such asnitrogen,
Sulphur, and phosphorus, which influence the
cell's ability to endure stress caused by ethanol
and/or the nutrients, in addition to serving as
a source of cell synthesis. However, keep in
mind that physicochemical parameters such
as pH and temperature have an impact on

fermentation [pH and temperature]. The optimum
ethanol production temperature for S. cerevisiae is
33 °C. In ethanol manufacturing, maintaining a pH
range of 4.0 to 4.8 is critical.”® Although the ethanol
produced during fermentation can be harmful
to yeast cells, at a concentration of 7% (V/V),
the yeast's inhibitory actions start to show.
The Gay-Lussac yield is the theoretical maximum
yield of glucose fermentation in ethanol calculated
using equation (1). Because this yield excludes
sugar losses from biomass production and the
conversion of glucose to glycerol and other products,
it excludes the final product's potential sugar yield.
The highest theoretical production, based on these
losses, is calculated to be 0.484 g of ethanol per
gram of glucose.

Conclusion

The lignocellulosic bio refinery process would be
difficult to execute without pretreatment. Innovative
treatments and techniques that result in decreased
pretreatment costs, the generation of less harmful
compounds, greater sugar yields, and increased
by-product values are currently in high demand.
The type of biomass, the value of by-products, and
the level of complexity of the process are all factors
to consider when choosing a pretreatment method.
In the future, different approaches might yield better
results.
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