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ABSTRACT

Increased environmental pollution due to the organic wastes over the world is one of the most burning issues.
These organic wastes lie under the category of biodegradable waste and can be effectively degraded from their
complex compound into simple one by the action of microbes or other living organisms. Moreover, lignocellulosic
biomass is a major part of the biodegradable waste and belongs to the group of renewable energy source, which
can be very effective for bioenergy production. Biomasses are made up of different compounds such as cellulose,
hemicelluloses, lignin and protein. Apart from these components, based on the structural analysis biomass also
consist of bioactive substances such as carotenoids, flavonoids, lignin and antioxidants. This review explores a
complete overview of the classification, component and the structure of the biomass. Moreover, it discusses
how biomasses can play the key role of substrate in many sectors such as industrial bioenergy production includ-
ing gaseous and liquid biofuels.
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1 Introduction

The continuous increase in environmental pollution is damaging the earth’s atmosphere and severely
affecting the life of our contemporary society [1]. These environmental contaminations include heavy and
toxic metals, residue and disposal from the various industries [2]. Environmental pollution is one of the
most serious issues, which is very common everywhere either in the developed countries such as USA,
China, Russia or in the developing countries like India, Afghanistan, Argentina, etc. [3]. In addition, the
continuous decrease is being observed in the quality of the environment everywhere, resulting in loss of
biological diversity, vegetation, increased in toxic substance in the atmospheric air and therefore causing
serious damage directly or indirectly in every sector [4—6]. Further, in general, environmental wastes are
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divided into two categories as per the feasibility of degradation regarded as biodegradable and non-
biodegradable [7—9]. Biodegradable wastes are degraded by different microorganisms from their large
complex formed to simple compounds/molecules and produce water and carbon dioxide as a byproduct
during the process. Moreover, biodegradation can be carried out through various approaches such as
aerobic digestion, composting, anaerobic digestion or some natural phenomena [10,11]. Biodegradable
waste includes different types of biomasses such as food waste, animal waste, kitchen waste, and
slaughterhouse waste [12]. On the other hand, non-biodegradable wastes include chemicals and harmful
materials which cannot be degraded by the natural means. Metals, plastics, chemicals, water bottles
glasses and many synthetic polymers are the example of non-biodegradable wastes [13].

Biomasses are biodegradable wastes and known as the organic matter which is produced from either
plant or animal and belongs to the group of renewable energy sources. Biomasses utilize energy directly
or indirectly from the main source of energy, i.c., the sun. Plants utilize light energy generated from the
sun through the process of photosynthesis for their growth and when they are burned release heat, light
and chemical energy [14]. Therefore, these biomasses have been utilized as the source of energy from the
past several hundreds of years. These biomasses are easily available everywhere and act as an alternative
when there is a shortage of conventional source of energy [15]. Biomass also helps in reducing the
greenhouse gases from the atmosphere and produces pure oxygen.

One the basis of the structural components, biomass can be made up with a combination of many
compounds such as lipids, cellulose, sugar, hemicelluloses, starches hydrocarbons, water and many other
compounds [Fig. 1] [16]. Biomass also contains some bioactive compounds such as carotenoids,
flavonoids, lignans and antioxidants [17]. Extraction of these bioactive compounds is dependent upon the
sustainability of both, the environment as well as economic of reutilization and purification of these
compounds. Biomasses are being applied in many areas like in industrial sector where they are used as
the source of energy for running boiler and heaters, at the domestic level used for cooking and as the
source of light, whereas in the agricultural sector it is used as manure [18]. However, currently, several
applications of biomasses are going on with the implementation of innovative ideas e.g., as the chief raw
material for the biogas production, the substrate for the biofuels production, and as the carrier in
biofertilizers for carrying microbes to the plants [19]. There are numerous advantages of using biomasses
as a substrate in the processes such as energy production. Biomasses do not release any kind of harmful
gases and do not pollute the environment by any means, therefore if they are properly managed, can
perform the role of sustainable energy sources [20]. Application of biomasses for the biofuels production
offers plenty of benefits in terms of cost, availability as the raw materials, and environment management.
[21]. Since most of the lignocellulosic biomasses such as rice husk/rice straws, wheat straws, maize,
switchgrass, soybeans and plant wastes are sustainable, these wastes are unlikely to run out anytime soon
permits the application of in productive nature and these types of crops are continuously planted [22].
Increase in demand for fuels results growth and developments in industries related to biofuel production
which will increase employment as well as will help in reframing the economy of the country.
Application of biofuels will reduce the requirement of fossil fuels and many experts’ beliefs that
dependency of different countries will shift from fossil fuel to biofuels within in some upcoming years.
[23—26]. This review focuses on a detailed discussion about the classification of biomass-based on its
component and their structural analysis. Also, how a molecule like mannans, xylans, arabinogalactans
and galactans varies from each other based on the structure has been discussed. Moreover, the various
processes involved in the production of biofuels and types of liquid and gaseous biofuels using biomasses
is briefly explained.
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Figure 1: An overview of the processes involved in biofuels production [27]

2 Classification of the Composition of Lignocellulosic Biomass

Lignocellulosic biomass is the combination of the many chemical and biological compounds which are
bounded with each other to form the lignocellulosic structure [28]. These compounds may include cellulose,
hemicelluloses, lignin, fat, starch, water-soluble sugar, amino acids and some other complex compounds
[29,30] [Fig. 2]. Polysaccharides with higher molecular weight are about 60% to 80% of the total
biomass constituents which along with lignin forms a complete biomass structure.

Three major sections consist in lignocellulosic biomasses are lignin (Cg;Hg,O,5) (outer surface),
hemicelluloses [(CsHgO4)m] (below lignin) and cellulose [(CqH19Os)n] (core) in which cellulose is
having ~40% composition and act as a major source for the production of biofuels [31]. Further,
lignocellulosic biomass such as waste from agriculture sector like wheat straw, wheat bran, rice straw,
corn stover and sugarcane bagasse etc. contains biomolecules like lignin, hemicelluloses and cellulose
[32]. Compositions of different types of agricultural biomasses utilized as a substrate for biofuels
production have been summarized in Tab. 1. Further, the composition of these biomolecules varies in the
different substrate, e.g., in case of wheat straw the concentration of cellulose varies from 33% to 40%,
hemicelluloses from 20% to 25%, and lignin from 15% to 20% (w/w). Celluloses are
homopolysaccharide having long polymeric chain containing (1,4)-d-glucopyranoseas a unit molecule
which is linked with each other through f-1,4 glycosidic bond [33]. Hemicelluloses are
heteropolysaccharide molecules made up of different molecules of sugar such as mannose, glucose,
xylose and these are interconnected with each other using -1,4 and B-1,6 glycosidic bonds. Apart from
these, lignin is also biomolecules which have 3-C chains which are interconnected with each other by the
help of the ring structure of phenyl propane [34]. Proteins are also available in the biomass structure
which is about 15% of the total lignocellulosic biomass composition, playing a role of byproduct being
produced after the pretreatment process [35].

In a study, Raud et al. [36] experimented enhancing the yield of ethanol following the pretreatment of
barley straw method. In this method, nitrogen gas was used at high pressure (1 to 60 bar) and elevated
temperature (25°C to 175°C) to degrade the protective layer of lignin and thus exposed cellulose and
hemicelluloses for more efficient hydrolysis by the microbes. This pretreatment could increase the yield
of glucose by 115% as compared to barley straw without pretreatment blank sample as well as the
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production of ethanol was also increased by 117 g/Kg of biomass [36]. Salapa et al. [37] experimented the
pretreatment by using a different solvent like ethanol, butanol, methanol, acetone, etc. It was found that the
pretreatment done in the presence of ethanol at 180°C for 40 min increases the exposure of cellulose by 89%
and the yield of ethanol by 67%. Moreover, it was found that the utilization of diethylene as a solvent for the
pretreatment at 160°C for 40 min increases the production of ethanol by 65% [37]. Zheng et al. [38]
performed an experiment of the pretreatment of wheat straw for increasing the conversion of cellulose
molecules. In this experiment, three different methods were used including hot water pretreatment,
sulfuric acid (H,SO,) treatment and sodium hydroxide (NaOH) pretreatment. The highest cellulose
conversion of 87% was found by using 4% NaOH at 121°C. In addition, it was observed that NaOH
deals with the removal of lignin whereas H,SO,4 deals with the removal of hemicelluloses [38].

_______________________________________________________
P >

,~* | Benefits Y
& > High availability — \
! > Low cost Cellulose \
i » Accessible surface area )
! » Lignin protection — 1
i > Low yield of harmful Lignin ;
: gases throughout the :
: [PrOCess Lignocellulosic biomass :
i Protein !
5 S :
: lPrel:l-ealt'mfnt Process Benefits Other i
1 i i ? * Lignin removal olysaccharide 1
E i jl Hir g’ « Size reduction POy ]
H o e . « Increases the availability of -
E (il s cellulose and hemicellulose /s Crr L !
1
i 1
E JVL Xylans !
: Fermentation Process :
1 Benefits Mannans ]
: =Cost effective process :
; Breakdown of biomolecules Galactans :
1 I
\ ]
S Chitins 5
\ 4
\ ’
\\ /,

_________________________________________________________

Figure 2: Structural analysis of biomass and the effect of the different process on biomass [39]

Table 1: Composition of agricultural biomass used as a substrate

Sr. no Feedstock Cellulose% Hemicellulose% Lignin% Protein% Reference
1 Rice straw 23.47 19.27 9.90 2.20 [40]
2 Wheat straw 34.20 23.68 13.88 2.33 [41]
3 Barley straw 33.25 20.36 17.13 3.62 [42]
4 Corn straw 42.60 21.30 15.10 4.00 [43]
5 Oat straw 31.0-35.0 20.0-26.0 10.0-15.0 - [44]
6 Corn stalk 35.0-39.6 16.8-35.0 7.0-18.4 [44]
7 Corncobs 33.7-41.2 31.9-36.0 6.1-15.9 [44]
8 Sorghum 32.0-35.0 24.0-27.0 15.0-21.0 [45]
9 Wood 35-50 20-30 25-30 - [46]
10 Switch grass 30-50 10-40 5-20 - [47]
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Table 1 (continued).
Sr.no  Feedstock Cellulose%  Hemicellulose%  Lignin% Protein%  Reference
11 Hazelnut shell 28.8 30.4 42.9 — [48]
12 Tea waste 30.20 19.9 40 - [49]
13 Sunflower 48.8 34.6 17 - [50]
14 Nut shell 25-30 25-30 30-40 - [51]
15 Leaves 15-20 80-85 0 - [52]
16 Olive husk 24 23.6 48.4 — [53]
17 Hardwood 44-55 24-40 18-25 — [54]
18 Grasses 25-40 35-50 10-30 — [55]
19 Cattle manure 1.6-4.7 1.4-3.3 2.7-5.7 — [56]
20 Swine grass 6.0 28 — — [57]

2.1 Cellulose

Cellulose is a polymeric molecule consisting of D-glucose with a long and linear chain and having high
molecular weight. These cellulosic molecules contain about five thousand to ten thousand monomer units,
that are available only in plants and treated as the most abundant molecules of polysaccharide found in
the environment. Further, it is estimated that about 40% to 50% of the total carbon on the planet is
available in the form of a cellulose molecule [24,58]. A cellulose molecule is linear in nature and rotation
in the molecule get reserved due to the presence of hydrogen bond between every unit which results from
its ribbon-like structure [25,59]. This ribbon-like structure contains hydrophobic group at the surface
whereas the hydrophilic group is arranged laterally. This results in the development of a cluster of the
polymer as well as a fractal-like feature because of such type of specific arrangement within the ribbon-
like chain. Further, any kind of translational motion is not possible because of the induced forces within
the molecule but these forces increase elasticity as well as flexibility [60]. This resistive nature of long-
chain fiber molecule provides strength as well as great mechanical resistance to the plant. The same
effects are also viewed within an animal cell which prevents them from getting ruptured by high
intercellular pressure developed within the membrane [61]. Amorphous and crystalline regions are present
within the structure of the plant cell alternatively which show high resistive nature towards cellulase
enzymes. An amorphous section is always at risk of getting attacked by the cellulase enzyme which
results in degradation of a glucose molecule. The major application of this cellulosic component can be
of great interest for the production of biofuel as the implementation of these compounds has many
advantages as compared to other sources [62]. Moreover, this approach does not use food and grains
materials but utilize agricultural wastes which are the by-products of the cultivation process.

2.2 Hemicellulose

The second most common compound in lignocellulosic biomass is hemicellulose which is about 20% to
30% of the total biomass composition. Hemicellulose is also a chain polymer which is similar to the cellulose
molecule but it differs based on the molecular structure. One of the most common differences between
cellulose and hemicellulose is that the cellulose is having a linear chain whereas hemicellulose is having
a branched-chain molecular structure [63]. This molecule includes 500 to 3000 monomeric unit of
glucose having five and six carbon atoms, attached to form a branch chain polymer. This heterogenecously
branched-chain is the major part of a plant cell which is directly connected with the surface of the ribbon-
like structure of the cellulose molecules [64]. As per the variation in types of plant, structure, as well as
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the content of the hemicellulose molecules is located at a different position in the structure. In this molecule,
different types of sugar units along with various substituents are arranged in different ratios which results in
the formation of branched structure [65]. This hemicellulose which is a complex molecule can be degraded
by the biological, physico-chemical, physical and chemical technique into smaller compounds. In the
physical technique, hemicelluloses are treated thermally between 180°C to 350°C in which many gases,
ketones, coal etc. are being released [66]. The amorphous nature makes hemicellulose water-soluble as
well as increases its reactive nature when they are hydrolyzed. It develops a connection between the
cellulose molecules and plays a very important role in woods of binding this molecular chain of different
cellulose molecules. Apart from cellulose hemicelluloses are amorphous and show adhesive nature
towards properties like dehydration. Different molecules such as mannans, xylans, arabinogalactans and
galactans are combined to form hemicelluloses. These molecules vary from each other based on
arrangement and linkage between them as shown in Fig. 3 [67].
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Figure 3: Arrangements and linkage of Xylan, Mannan and Galactan

2.2.1 Mannans

Mannans are the main components of hemicelluloses generally available across the cell walls of the
plants larger in size. Hemicellulose gets bounded with cellulose in the wood with the help of mannans as
it shows a great affinity towards it. Mannans are characterized into four different kinds which include
galacto-glucomannans, linear-mannans, galactomannans and gluco-mannans [68] Mannans accept the
molecular structure having linear structure along with a backbone and depending upon the number of
mannose, glucose ormannans unit attached by B-(1-4) glycoside bond. Linear mannans have 1,4-linked
B-D-mannopyranosyl unit as well as it contains much sugar in small amount especially in form of
galactose [69]. These mannans have high demands in food and dairy industries where it is used for
different activities. Mannans are generally used for coating purposes, production of gels, moisture
absorbents, for improving textures, for stabilizing and for modifying the viscosity of the liquid.
Mannanases helps in the degradation of mannans molecules, makes it available for different purposes like
fuel production, production of fruit juice as well as reduction of viscosity in the coffee extract [70].
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2.2.2 Xylans

Xylans belong to polysaccharides polymer composed of many monomeric units of xylems. In the
structure of xylans, the primary chains contain D-B-xylopyranose of which the monomeric unit is
attached using 1,4 bond [71]. The straight polymeric chain contains many other small chains which
contain mannose, rhamnose, xylose, arabinose or 4-o-methylglucuronic acid. Xylans are water-soluble
and it can be increased by reducing the degree of polymerization in the molecules [72]. Based on the
structure, xylans are a very common type of hemicelluloses found in the hardwood of the plant and as a
major part of the residual crops. Xylans plays a very important role in the daily life of every living being,
whereas the quality of cereal flours, as well as the dough hardness, is directly affected by the presence of
xylans. It also plays a significant role in medical sectors such as sweetener for diabetic patients and help
to reduce dental cavities. Application of Xylanase enzyme is to degrade xylan by producing Xylo-
oligosaccharides by which production of biofuel can be increased [71—73].

2.2.3 Galactans

Galactans exists in the form of arabinogalactans, appears generally in larch trees and not commonly
found in all kind of plants as compared to polysaccharides molecules in the groups. The structure of
galactans includes a long polymeric chain of galactose which is attached by 1, 3 and 1, 6 bonds [74].
This polymeric chain includes long straight chain in which 4-a-galactopyranosyl and 3-B-D-
galactopyranosyl have attached alternatively with each other. These molecules are polysaccharide
structure found in algae, seeds and some kinds of buds and flowers. Some of the most popular types of
galactans include isolated galactans from yellow lupin seeds, larch, algae and other types of seeds
[75,76]. Galactans have a very wide range of application in different industries, as it helps in texture
development in cheese, stabilization of viscosity in dairy products as well as toothpaste. Apart from all
these it also plays a significant role in the pharmaceutical industries as a stabilizing, thickening as well as
gelling agent [75—-77].

2.2.4 Chitin and Peptidoglycan

Chitin is a type of hemicellulose having long polysaccharide chain made up of many monomeric units
of N-acetylglucosamine which are attached by the help of B-1, 4 bonds [78]. This linkage is similar to the
bonds found in the cellulose molecule which attach many glucose units. On comparing the structure of
chitin with cellulose there exist acetylamine group at C2 position in case of chitin molecule whereas
cellulose molecule has a hydroxyl group at this position [79]. The rigidity in the cell is due to the
availability of peptidoglycan polymer which also prepares a thin layer on the cell wall of bacteria [80].
This long polymeric chain consists of many N-acetylmuramic and N-acetylglucosamine units which are
linked together to form peptidoglycan polymer commonly known as glycan

2.3 Lignin

Lignin is defined as the protective cover for lignocellulosic biomass which helps in binding, cementing
and arranging together with the fibres which increase the resistive and compactness nature of the woods. It
prevents cellulose as well as hemicellulose from getting effected by foreign microbes or activities [81].
Therefore, to extract the cellulose and hemicelluloses it is essential to remove the lignin from the
lignocellulosic biomass. The lignin molecules contain three different aromatic structure of
hydroxycinnamyl alcohol p- sinapyl, coumaryl, and coniferyl alcohols which vary based on the degree of
the methoxylation. The removal of lignin is done with the help of pretreatment in which lignocellulosic
biomasses have to pass through several steps like boiling, heating, pressurizing and biological
degradation [82]. Generally, pretreatment can be done either by biological, physical or chemical
techniques, and every technique has both benefits as well as side effects. In physical technique,
pretreatment can be performed by using steps like grinding, milling or pressurizing, etc. The main side
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effects of the physical pretreatment techniques are high operation cost as well as high consumption of
energies [83—85]. In the chemical technique of pretreatment, solubilization of lignin and digestion of
celluloses are increased. This technique involves steps like a steam explosion, oxidation, ozonolysis,
alkalis, and implementation of acids and ionic liquid during the pretreatment. These steps increase the
efficiency of the pretreatment processes but its harmful impact on the environment reduces its practical
demand [86]. Similarly, in the biological technique of pretreatment, the major role is played by different
fungi such as white rot or brown rot which breaks the structure of lignin. These steps reduce the cost,
increase the energy output as well as reduce the involvement of chemicals. But, one the major side effect
of this process is that it utilizes more time and the hydrolysis steps are very slow as compared to other
pretreatment techniques [87]. Therefore, chemical and physical techniques are mostly preferred. Yan et al.
[88] performed a pretreatment experiment of grass waste by using dilute NaOH along with H,O, under
the mild climatic conditions. It was observed that the high recovery of holocellulose could be achieved
which was about 73.8%, whereas about 73.2% of lignin got removed following this technique [88].
Huang et al. [89] performed a modification in the traditional pretreatment technique of alkaline H,O,. In
this technique, ethanol was added in the system which increases the removal of lignin from 74.9% to
80.0% at 100°C. Along with this, some amount of carbohydrates also gets dissolved in the process which
was further recovered in which hemicelluloses were ~67.6% and glucan was ~83.3% [89]. Sheng et al.
[90] performed an experiment in which the effect of ascorbic acid was observed on wheat straw, corn
stover as well as a corncob. It was found that the application of these weak diluted acid can be improved
the hydrolysis by 12.47%, 18.78% and 13.57% [90].

2.4 Protein

Along with lignin, hemicelluloses and cellulose, protein molecules are about 15% of the total
lignocellulosic biomass which is produced as a byproduct in the process of pretreatment. Crops such as
sunflowers, soybean, palm and jatropha seeds are the main substrate for vegetable oil production which
includes protein content in high concentration which is about 0.4 to 0.6 mass fractions [76]. Proteins are
available in a different amount in different types of biomasses which varies from the concentrations of
~3.3% to 15%. Protein extractions through dry lignocellulosic feedstock have received much attention of
researchers for producing biofuels [91]. Proteins are the complex biomolecules made up of monomeric
unit known as amino acids, are attached using peptides bonds and result in a large polypeptide chain. The
smaller chains containing less than 20 to 30 residues are hardly counted in the groups of proteins they
are generally considered as peptides or oligopeptides. These large polypeptide molecules get degraded
by the process known as proteolysis which is finally converted into the amino acids. These slow reactions
are catalysed by the microorganisms such as protease, peptidase and proteinase [92]. These proteases are
generally of two types which are exopeptidase and endopeptidases. Exopeptidases break amino acids
from carbon and nitrogen terminals whereas endopeptidases degrade the internal linkages.

2.5 Reserve Polysaccharides

The reserve polysaccharides is also a long polymeric chain similar to skeletal polysaccharides which do
not differ based on the monomeric units, but the position of linkage and attachment which differ them from
each other. This variation of the basis of a structure affects the nature of flexibility between different
glycosidic linkages [93]. This reserve polymer found to be more flexible as compared with fibrous
polymers because of low torsional rotation as well as a minimum hindrance. These polymers have
1,6 glycosidic linkage which provides it with the nature of extreme flexibility [94]. One of the most
common natures of these long-chain polysaccharides is its extreme branching. Reserve polysaccharides
are being prepared using different cells in the plant during many stages of physical development. This
growth especially occurs during the photosynthesis which later digested for providing carbohydrate for
the metabolism of the cells [95]. These reserve polysaccharides are utilized for a short duration in the
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process of cell metabolism and then finally gets stored in the form of colloidal or solid-state. These reserve
polysaccharides are deposited generally in plastids, cell vacuoles or in the region of the cell wall [96]. Starch
is only the one type of polysaccharide which is known to be found in plastids, and this plastid contains a
different section of the cell in which starch is being prepared for the growth of the plants which are larger
higher plant.

3 Classification of Biomass

Biomasses can be classified into different categories based on their scope and purposes [Fig. 4]. There
are no any such specific rules or way of the classifications of biomasses; therefore, depending upon the
quality, composition, application and nature of their existence we can classify biomasses into different
groups [97]. Depending upon the products, origin as well as the function of the biomass, generally
biomasses can be classified into two different ways. Classification can be based on the types of biomass
exists in the surrounding and also based on its application as the substrate [98]. One of the most popular
characterizations of biomass into different categories are biomass in form of woods, herbaceous biomass,
waste from animals and humans, aquatic biomass [99].
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Figure 4: Classification of biomass

Wood biomass generally contains many different components in which major section is of carbohydrates
and lignin. This group includes different type of biomass such as roots residues, trees, leaves, barks and
woody shrubs found above as well as below the ground [100]. Such biomass can be transformed into the
different form of energy by the help of numerous process of conversion such as combustion/gasification
which directly converts it in the form of energy and light [101]. We can obtain such types of biomasses
for the production of energy through sources like agricultural and urban wastes, wastes generated after
the consumption of woods, residuals of non-merchant timbers and the byproduct produced during the
processes [102]. This type of biomasses is now a day most beneficial renewable sources of energy being
used around the world. The biomass which does not have any stems having woods and die back when
the season of growth terminates are classified as herbaceous biomass [103]. This biomass includes seeds
and the grains crops produced from food processing industries as well as the byproducts released in the
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process such as straws and husk. Herbaceous biomass is classified into two different categories which are
energy crops and agricultural byproducts [104]. Crops which are exploited in sectors of bioenergy are
commonly known as energy crops whereas the agricultural byproducts are the residues of the food
industries, farms and foods. Some of them are also used to feed the animals, source for light and kitchen
purposes [105]. Due to the lack of monitoring about its availability and its potential as a source of
energy, it is not utilized properly everywhere.

Waste from animals and humans include meat, bones, human dung and different types of animal
manures. Earlier these wastes are collected and sold as fertilizers or simply applied in the agricultural
lands [106]. But the implementation of different rules and regulations by the governments have resulted
in control of environmental pollution, heath and odour related problems which finally plays an important
role in waste management. For the conversion of these types of biomass to useful products, anaerobic
degradation of these wastes is the best technique used so far. The energy produced from these wastes
includes biofuels and biogases which are used to produce electricity which can be further used in
different ways whereas biogas can be directly used in cooking in remote areas [107,108]. The aquatic
biomass contains different types of aquatic plants and microorganisms such as microalgae and
macroalgae. Microalgae are the type of multi-cellular microbes which are classified into different
categories such as diatoms, golden and green algae [109]. Diatoms are unicellular brown algae. These
microbes are very small having a size of few micrometres. Golden algae are same as diatoms or brown
algae and produce carbohydrates and oils. Whereas green algae are generally found in freshwater
resources and mostly produces starch, even though oils are also one of the products that can be obtained
from these algae [110—111].

4 Application of Biomass

To control the environmental pollution every sector must focus on the 3R principle which explains about
Reduce, Reuse and Recycle instead of burning or disposing of. These steps not only help to control all kind of
pollutions but also play an important role in the reduction of cost, its availability as well as renewability
[30,112]. Biomass can be used in different industries to fulfill the waste management hierarchy which
includes energy, foods, fertilizers and many more. As the production of biomass is increasing day by day,
it is required to develop more suitable and practical approaches for waste management which can help to
sustain the environment [113]. Some beneficial application of biomass includes application in the energy
sector, for biofertilizers production, for water treatment, in cement industries, for production of thermal
insulators as well as for construction purposes.

4.1 Application of Biomass for Biofuel Production

Biomass is one of the best and versatile substrates which can be used for the production of energy [102].
The major factor responsible for the energy production through the biomass is the availability of organic
matter which includes wood chips, rice hulls, sugarcane, timbers, trees, leaves and peanut shells etc.
There is a wide range of biomasses, being implemented for the production of energy at every level from
the small scale of their use in homes for cooking purposes to large scale e.g., for boilers and powerhouses
in different industries [114]. Biofuel is a type of renewable source of energy, being produced from
biomass has been of high demand at the global level in recent years. Biofuel is one of the best sources of
energy which is renewable as well as reduces air pollution, greenhouse gases and also the dependency on
carbon-based energy sources [115].

There are mainly two types of biofuels being used nowadays are ethanol and biodiesel [116]. Developed
countries like the UK and USA are working on the production of bioethanol using marine yeast and seawater
as a media. In the year 2019, the United States had produced the maximum amount of ethanol which is about
15.8 billion gallons; Brazil was in the second position with 8.6 billion gallons. In this list, India is at the fifth
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position with 530 million gallons of production in the year 2019 [117]. Biodiesel is generally used in normal
diesel engines alone or as a blend with petrodiesel. Different countries utilize different feedstock as per their
availability, e.g., different parts of Europe utilizes sunflower and rapeseeds as a substrate, soybean is
commonly used in the United States, canola oil is used in Canada whereas in tropical countries palm oils
are mainly used [115—117]. The basic difference between the ethanol and biodiesel ethanol is a type of
alcohol whereas biodiesel is a type of oil Ethanol is an alcohol produced through the fermentation
technique and can be used as a substitute or along with gasoline, while biodiesel is generated by
extracting naturally occurring oils from different plants and seeds by the process known as the
transesterification [118]. The production of biofuel is focused not only to fulfil the requirements of energy
production at the decentralized level but also to fulfil the requirements of transport [118—120]. This
generates the interest of regional groups as well as involves the lands of regional communities for the
production of these biofuels.

4.2 Bioprocessing Involved in Biofuel Production

Bioprocessing is the application of living organisms and their constituents, generally based on enzymes
following different industrial processing and the consequent product which provides the opportunity to
consume less energy and less water and therefore results in less effluent issue [119]. In this context,
biofuels are non-toxic, completely combustible and eco-friendly which makes it as an alternative to fossil
fuels. There are varieties of activities involved in the production of biofuels which is generally classified
into two different processes known as the upstream and downstream processes [120].

The upstream processes include storage of liquid materials, inhibitory chemicals and particulate removal
from the product, purification and sterilization etc. The upstream process includes the development of a
microbial strain distinguished by the capacity to synthesize the required commercial value of a specific
product [121]. The strain is then subjected to the enhanced protocol to optimize the strain’s ability to
produce the product at an economical level. Downstream processing includes cell isolation from the
fermentation broth, purification and extraction of desired product and removal or recycling of waste. In
this processing, numerous steps that accompany the fermentation processes include suitable methods for
extracting, purifying and characterizing the fermentation substance being sought [122]. A vast array of
downstream processing can be implemented such as centrifugation, filtration as well as chromatography.
Such approaches differ from the chemical and physical characteristics of the final product as well as the
target grade [123].

The separation of the cell is the first step involved in the upstream process as mentioned above in which
growth of the microbes and cells also take place. The upstream process involves the development of media,
inoculums growth as well as development of that inoculums by the help of genetic engineering [124]. This
engineering follows the procedure of genetics as well as focus on the kinetics involved in the growth of the
cell along with the process. The development of the product will be improved by following the proper steps
and this process terminates when the harvesting process of the cell gets finished [125]. The downstream
process starts after the completion of the upstream process, which involves different steps such as ultra-
centrifugation or centrifugation which are used to separate biomass. After the completion of these
processes, to release the developed product cell disruption occurs [126]. The separations of the liquid
medium and solid medium are obtained using processes like filtration or centrifugation. Metabolites
purification occurs before concentrating the broth which causes removal of water as well as metabolite
polishing. In the end, the produced are transferred to the market in sealed packed manure after the
process of the formulation [127]. After the bioprocessing different types of biofuels are obtained either in
the form of gaseous phase (biogas, biohydrogen or methane) or liquid biofuel (biodiesel, bioethanol or
ether) as shown in Fig. 5.
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Figure 5: Classification of biofuels based on its phase and existence

4.3 Biomass to Liquid Fuels

There are different types of liquid biofuels produced by using a variety of biomass as a substrate such as
rice husk, wheat straws, maize straws etc. These liquid biofuels include biodiesel, bioethanol and ethers, etc.
[128]. One of the best products of liquid biofuels is the biodiesel which is generally produced from two
different sources including collected waste of vegetable oils as well as fats of animals and oil from rich
nuts and seeds. The process of transesterification is involved to produce methyl ester (biodiesel) using the
feedstock [129]. These types of biodiesels can be used in compression-ignition engines generally with 5%
blending whereas it can be used at 100% in specially developed engines. The economy of biofuels is low
because of the low heating value of biofuels but with a certain blend level, about 20% can increase the
efficiency of the combustion [130]. This can increase the fuel economy without making an impact on or
in the performance of the vehicle.

Bioethanol is the type of biofuels which generally produced from the fermentation of different crops rich
in sugar or by different steps of hydrolysis of the starch crops. The produced bioethanol can be blended with
the conventional petrol having 5% additive and can be applied in different spark plugged ignition engines
without any variation in its design [131]. The generated product has a high octane number but results in
some problem in the performance of vehicle which includes the sensitivity of water and increase in
vapour pressure. But the higher blending about 10% can increase the octane number and the volumetric
efficiency of the vehicle gets increase [132]. This can increase the chances of compression ratio without
causing the knocking during the combustion of fuel. At the high percentage of blending such as E85,
AFR will decrease because the ethanol which was added has around 3.5% of oxygen in it [133].

Ethyl tertiary butyl ether is a type of biofuels can be produced from bioethanol by making some
amendment in the steps of production. These steps are additional processes in which the materials get
reacted with isobutylene to convert it into the ester [134]. The produced product can be blended up to
15% in conventional petrol because it is less volatile then bioethanol. This nature of ethyl tertiary butyl
ether makes it a valuable product having a high octane number. Ethyl tertiary butyl ether can replace this
biobutanol because it helps to solve the problems which generally occur during the application of
biobutanol [112]. However, there are many possibilities of water pollution caused by the application of



JRM, 2021, vol.9, no.4 627

ethyl tertiary butyl ether. After the modification and amendments in the technique, this biofuels can be used in
different ways because of its several benefits [135].

4.4 Biomass to Gaseous Fuels

Gaseous biofuels is one of the emerging biofuels using lignocellulosic biomass and household wastes for
the production purpose. These types of gaseous biofuels include biogas, biohydrogen and methane [136].
Biogas is a type of gaseous biofuel generated by anaerobic degradation of organic waste like biomass,
cow dung, agricultural residue, green waste, sugar cane and cassava [137]. The production of biogas is
classified into different steps which occur in the anaerobic reactor. These steps are as follow; pre-
treatment, methanogenesis, acidogenesis hydrolysis and acetogenesis. In this process, the main role is
being performed by the microorganism which is classified into two different groups based on the
generated products during the process [138]. The two main groups of these microbes are the methane-
producing bacteria (methanogens-Methanoculleus, Methanosarcinales, Methanobacteriales) and acid-
producing bacterial (acidogenic-Moorellathermoacetica, Clostridium formiaceticum, Acetobacterwoodii,
Clostridiumtermoautotrophicum) [139]. Methanogenesis is one the critical step in the process of the
acidogenesis because about 70% of methane used in anaerobic digestion are produced in this step only.
Whereas, during acetogenesis ethanol, VFAs (volatile fatty acids) with more than two carbons get converted
by acetate-forming bacteria into carbon dioxide and hydrogen (main product) and acetate [140]. In these
step, only methanogens convert hydrogen (oxidizing) and carbon dioxide (reducing) to methane whereas
acetoclastic methanogens convert acetate to methane. Therefore, the produced biogas contains 1%—5% other
gases, including hydrogen, carbon dioxide (35% to 40%) and methane (55% to 60%) [141].

Among different types of renewable source of energy, biohydrogen production is treated as the major
alternatives which can replace the application of fossil fuel. There is no production of carbon dioxide
during the combustion of biohydrogen. Biohydrogen is one of the most powerful fuels which can be used
for running heavy types of equipment like vehicles motors. Along with these, it also used as major fuel in
aerospace crafts, and production of heat energy does not release any kind of greenhouse gases [142].
Hydrogen produces 2.74 times more energy than any kind of other hydrocarbons having the energy
amount of 121 Kj/gm [143]. The produced biohydrogen can be used at different sources such as fuel cell
or for direct combustion. Due to the vast application of hydrogen and increased in demands, it has forced
researchers to find an alternative and cost-effective techniques for biohydrogen production. Based on the
hydrogen evolving process the system can be divided into four categories: (i) Biophotolysis; (ii) Photo-
fermentation; (iii) Dark fermentation; (iv) Electro-fermentation [144].

Biophotolysis process is also known as the water-splitting photosynthesis because it uses only water,
sunlight and the microorganisms which include green algae and cyanobacteria. Bio photolysis can be
further divided into two types; direct process and indirect process [142]. In the direct process photon
from the light energy arbitrate water-splitting are transported as an electron carrier and reduces
hydrogenase enzyme which led to the formation of hydrogen. On the other hand, in case of in-indirect
process carbohydrates are reduced to form hydrogen via photo-synthesis which changes light energy into
the chemical energy [145]. The photo-fermentation process utilizes light energy and biomass to produce
hydrogen and carbon dioxide in almost stoichiometric ratio. Theoretically, the complete degradation of
biomass takes place during the process of photo fermentation. In this process degradation of organic acids
e.g., lactic and butyric take place to biohydrogen and carbon dioxide with the help of photosynthetic
bacteria under the anaerobic as well as the anoxic environment and it involves the use of nitrogenase
without ammonium ions [146]. Dark fermentation is the most widely used process for the production of
biohydrogen as the rate involved in this process is higher than the photo-fermentation and photolysis but
the yield of hydrogen on the substrate is generally low due to the production of many byproducts. Dark
fermentation is the processes of conversion of the organic molecules into biohydrogen using bacteria
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using various enzymes in anaerobic conditions [147]. The electro-fermentation process is also named as
microbial electrolysis cells or bio catalyzed electrolysis cells. This process uses a variety of substrate for
the production of hydrogen with the help of external potential apart from the potential generated by the
microorganisms [148,149].

5 Conclusions

This review explored a detail structural overview of the lignocellulosic biomass and its composition,
classification as well as its utilization for bioenergy application. Biomass is made up of different
biological as well as chemical compounds which can be efficiently converted into the value-added
product. These biochemical compounds include cellulose, hemicelluloses, lignin, fat, starch, water-soluble
sugar, amino acids and some other complex compounds. Moreover, mannans, xylans, arabinogalactans
and galactans are combined to form the hemicelluloses structure. Biomasses can be categorized into
different section as per their applications and the future prospective. However, there are no any specific
rule or way of the classifications of the biomasses, and therefore, depending upon the quality,
composition, application and nature of the existence we can classify biomasses into different groups.
Biomass can be classified into four different categories like biomass in form of woods, herbaceous
biomass, waste from animals and humans and aquatic biomass. By exploring the importance of
lignocellulosic biomass and its application over the other existing biomasses may have potential in terms
of environmental impact, in the energy sector, bioprocessing involved in the biofuel production, liquid as
well as the gaseous biofuels produced from the lignocellulosic biomass.

Highlights
Explores the advancement of structural component for biomass for biofuels application.
Detailed structure exposure of biomass for maximum utilization of application purpose.

Discusses the advantages of lignocellulosic biomass for the biofuels production application.
Discusses existing in the utilization of biomass for its value addition

A

Focuses on a sustainable solution for future scale-up studies for biomass to the biofuels
production process.
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