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Abstract

With the exponential increase in the
use of non-renewable natural resources, the
increase in world population, and the
modernization of human livelihood, there is
expected to be a scarcity of fossil fuels very
soon, and future generations will encounter
a dearth of energy resources. In addition,
the combustion of non-renewable fuels,
such as natural gases, petroleum, and coal,
produces  substantial  quantities  of
detrimental gases, such as CO,;, NO,,
hydrocarbons, etc. Thus, the search for
alternative, renewable, and environment-
friendly, energy sources is underway across
the world. Biofuels are found to be very
promising, as well as important renewable
and alternative energy sources for the
energy-craving world in the near future.
The most common and promising biofuels
used nowadays are — bioethanol, biodiesel,
and biogas. In this chapter, we have
discussed various aspects of biofuels, such
as types of biofuels, feedstocks and
processes used for the production of the
main biofuels, their properties, and their
advantages and disadvantages.
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I. INTRODUCTION

Biofuels are the fuels that can be produced from biomass materials, or feedstocks,
such as plants, algae, animals, and genetically modified organisms, over a short period of
time, in comparison to the fossil fuels, such as oil, which are produced through very slow
natural processes. The first biofuels were likely used by humans thousands of years ago when
they burned wood and other plant materials for heat and light. Some common, modern
biofuels include bioethanol, biodiesel, biogas, biohydrogen, and bio-ethers. Till now, we are
mainly dependent on fossil fuels, such as coal, crude oil, and natural gases, which have been
formed through natural processes over millions of years. For example, coal is formed from
the remains of plants buried in swamps and other low-lying areas over millions of years
through processes called coalification (1). Crude oil is formed from the remains of dead
organisms, mostly zooplankton and algae, that lived millions of years ago in marine
environments, buried under layers of sediments, and subjected to prolonged heat and
pressure. The heat and pressure caused the organic matter to change, first into a waxy
material known as kerogen, and then with more heat into liquid and gaseous hydrocarbons
via a process known as catagenesis (2). Natural gases, on the other hand, are formed from the
decomposition of organic matter, especially from marine microorganisms under high pressure
and heat over millions of years (3). The significant advantages of fossil fuels are their low
price, ease of use, and high energy content.

However, the exponentially increased use of fossil fuels in the last century, with the
increase in global population and their increased need, it is expected that fossil fuel reserves
will be exhausted very soon. Thus, the search for alternative, renewable energy sources is
underway across the globe. Towards this direction, biofuels happened to be very promising
and important for the energy-craving world in the near future. Some of the most common
types of biofuels used nowadays are — ethanol, biodiesel, and biogases. Ethanol is a two-
carbon alcohol that is produced from fermentation of sugars or starches from plants by yeast,
and can be used directly as a fuel in vehicles and can also be blended with gasoline. Biodiesel
is a fuel produced from the transesterification of vegetable oils or animal fats, and can be
used in vehicles that are designed to run on diesel fuel. Whereas, biogases are a type of fuel
that is produced from the anaerobic digestion of organic matter, which can be used as vehicle
fuel or converted into electricity. Currently, hydrogen biogas is extensively used as fuel in
different industries (4).

In India, the first ethanol blending program was launched in 2003 with the aim to
reduce petrol and diesel-burning-related pollution. India's Ministry of Petroleum and Natural
Gas published its “National Policy on Biofuels” in 2018, and further amended it in June
2022. The policy's objective is to reduce the import of petroleum products by the
development of domestic biofuel production and aims to blend petrol with 20% bioethanol by
2026.

Il. HISTORY OF BIOFUELS

In the year 1875, a Dutch farmer named Wouter Sluys used methane for the first time
for illumination (5). England recovered biogas from sewage in the year 1895 which was used
to light the street lamps. In India, the first biogas plant was constructed in 1897 in Bombay.
Bowsel in the 1930s made a scientific breakthrough by developing biogas technology by
combining different organic wastes with manure as substrate. Not only he identified the
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anaerobic bacteria for methane production but also their optimal growth condition (6). In
1937, G. Chavanne was granted a Belgium patent for an ethyl ester of palm oil which is today
known as biodiesel. The first commercial biofuel plant was built in the United States in 1937.
During World War 11, when petroleum supplies were scarce, many countries started utilizing
biofuels as an alternative fuel. Han Gaffron, in the year 1939, discovered hydrogen
production method from green algae. In his studies, Gaffron observed that Scenedesmus
obliquus when subjected to anaerobic condition can either use H; as an electron donor in the
CO;, fixation process in the dark and in light can evolve H; (7). In 1997, Professor Anastasios
Melis found that when sulfur is scarce, algae start to produce hydrogen (8). Currently, the
major countries that produce biofuels are given in Table 1.

Table 1: List of Major Countries which Produce Biofuels.*

Country Name Energy Produced” (TWh?)
United state 452
Brazil 254
Indonesia 108
China 41
Germany 38
Argentina 28
India 27
Netherlands 24
France 22
Thailand 22
Spain 19
United Kingdom 7

* Data have been obtained from Ourworldindata.org (Weblink: Biofuel production by region
(ourworldindata.org))

" Data presented here are of the year 2022.

¥ TWh = TeraWatt-hours

1. TYPES OF BIOFUELS ON THE BASIS OF FEEDSTOCK

1. First-Generation Biofuels: Conventional biofuels or first-generation biofuels are fuels
that have been derived from traditional crop-based feedstocks, such as corn, sugar,
vegetable oil, starch, wheat, etc. mainly by fermentation (9). Major plants used in biofuel
production are jatropha, corn, sugarcane, switchgrass, palm tree, canola, etc. The
advantage of first-generation biofuel is its less complex pretreatment method to
breakdown large sugar polymers to small fermentable sugar monomers. Their energy
yield is also high. The main disadvantage is the competition with food, land and fresh
water (9).

2. Second-Generation Biofuels: Advanced biofuels or second-generation biofuels are those
that are produced by non-feedstocks, such as plant materials and animal wastes.
Lignocellulosic materials and waste vegetable oils are the sources of second-generation
biofuels (10).
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3. Third-Generation Biofuels: Third-generation biofuels, also known as algae biofuels, are
mainly derived from lower-plant algae and some other microorganisms. There are many
different algae species that have been investigated for biofuel production. Some of the
most promising algal species include—Chlorella sp., which is a unicellular green alga that
is known for its high oil content, and can be grown in a variety of conditions, including
freshwater, saltwater, and wastewater; Nannochloropsis sp., which is a unicellular green
alga that has a high oil content and is also known for its ability to grow rapidly in a
variety of conditions; Botryococcus sp., which is a multicellular green alga that can
accumulate high levels of oil and is found in freshwater and saltwater environments;
Dunaliella sp., which is a unicellular green alga that is known for its high carotenoid
content that can be used to improve the fuel properties of biofuels; and Haematococcus
sp., which is a unicellular green alga that can accumulate high levels of astaxanthin,
which is a carotenoid that can be used to improve the colour and stability of biofuels.

4. Fourth Generation Biofuels: Fourth-generation biofuels are not fully developed yet and
is in the developmental and experimental stage, and is mainly produced by genetically
modified organisms and nanotech algal biomass.

IV.TYPES OF BIOFUELS ON THE BASIS OF THEIR PHYSICAL STATE
1. Liquid Biofuels

e Ethanol: Ethanol can be produced by microbial fermentation of different sugar
sources and can be used as fuel. Nowadays, many countries blend engine fuel with
ethanol to reduce car engine pollution. Details of bioethanol is discussed later.

e Other Bio-Alcohol: Butanol is considered to be the most advanced biofuel and can
be used directly to the existing car engines without any modification. Yet it is not used
because of its high production cost by the fermentation of acetone-butanol-ethanol
(ABE) fermentation (11).

e Biodiesel: Biodiesel is a renewable and clean-burning diesel fuel that can be produced
primarily from vegetable oils, animal fats, or recycled eatery grease. Chemically it is
parallel to diesel and can be used in most of the unmodified current diesel engines, at
least in blended form with petroleum diesel. Biodiesel blends are commonly branded
as B5, B10, B20, and so on, where the number represents the percentage of biodiesel
in the mixture. B20, for example, is a mixture of 20% biodiesel and 80% petroleum
diesel. Moreover, B100 biodiesel has been used successfully without any blending.
For example, a B100 palm biodiesel was used in a 14Hp Kubota RT140 Di
agricultural diesel engine in a field test run for more than 12 hours and has run a total
of 800 hours (12). More details about biodiesel are discussed later.

e Green Diesel: It is a second-generation alternative form of energy, similar to
petroleum diesel, but provide better diesel property. The production of green diesel
needs hydrotreating of triglycerides present in vegetable oil with hydrogen.
Hydrotreating has three main processes, hydrodeoxygenation (HDO), decarbonylation
(DCO) and decarboxylation (DCO,), which removes oxygen, carbon monoxide and
water, and carbon dioxide respectively (13).
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Straight Vegetable Oil: In this case, the edible unmodified oil used as biofuel and
can be used in diesel engine too. The chemical nature of vegetable oil is triglycerides
which have a three-carbon backbone and three fatty acyl chains attached by ester
bond. Soybean oil, palm oil can be used as fuel in engines directly, or after little
modification to the engine (14).

Bioethers: Ethers are class of chemical compounds which has ether group. Bioethers
can be made from sugar beet, wheat and waste glycerol by biodiesel industry. Ether
can be used as blending component in fuel industry. It is added to petroleum to burn it
completely and cleanly to enhance the engine performance. In 1970s fuel ethers were
first introduced to replace a toxic compound lead. The mostly used fuel ethers are
MTBE (methyltertiary-butyl-ether) and ETBE (ethyl-tertiary-butyl-ether).

Aviation Fuels: Aviation fuels refer to fuels that power aircraft. It is mainly made
from petroleum-based fuels. Aviation fuels are one of the leading causes of
greenhouse effect. So, to reduce greenhouse effect we need to think of alternate fuel
source. Aviation biofuels or bio-jet fuels or bio-aviation fuels (BAF) are promising in
this case. All aviation fuels have to meet a standard before that can be considered as
aviation fuel. ASTM D1655 and DEF STAN 91-91 are the standards governed by the
American Society for Testing and Materials in USA and British Ministry of Defence
(MOD) respectively as the most commonly used standards for aviation fuel (15).
Aviation biofuels are the mixtures of conventional jet fuels with bio-based fuels, but
not 100% bio-based fuels. ASTM D7566-18 has defined five different kinds of
synthesised paraffinic kerosene (SKP) which can be used as a bio-jet fuel by blending
it with conventional jet-fuels. For example, Fischer-Tropsch synthesised paraffinic
kerosene (FT-SKP) can be blended with conventional jet-fuel by 50% (16). Hydro-
processed esters and fatty acids (HEFA) can also be blended in 50:50 ratio. FT-SPK
plus Aromatics (FT-SPK/A) is also used by 20% blending. Synthesized iso-paraffins
(SIP) can also be used but by only 10% blending with conventional jet-fuel. Alcohol-
to-jet (ATJ) is another type of chemically-alcohol bio-jet-fuel (17).

2. Gaseous Biofuels

Biogas: Biogas is a mixture of gases which include mainly methane (47%-70%) and
carbon dioxide (32%-43%),carbon monoxide, nitrogen (<1% to 17%), oxygen (<1%),
ammonia, water vapour, volatile organic compounds (such as organic silicon
compounds- siloxanes, silanes), halogenated compounds,sulphur compounds (such as
H,S, mercaptans, sulphides) etc. (18,19).These gases are formed by the anaerobic
digestion of biomass (agricultural wastes, animal wastes, crop residues, forest
residues etc.) by microorganisms. Different types of microorganisms are found in
biogas plants for different types of gas formation. The microorganisms are
methanogenic (such as Methanobacterium formicicum, Methanospirillim spp.,
Methanosaeta spp.etc.), acetogenic (Clostridium spp., Syntrophomonus wolfei,
Syntrophomonus wolinni), acidogenic (Lactobacilllus spp., E. coli, Sarcina
spp.,Veollonella spp.,Desulfobacter spp. etc.), and hydrolysing (Proteus vulgaris,
Peptococcus spp., Bacteriodes spp., Clostridium spp. etc.) (20).
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e Biomethane: Methane is one of the major greenhouse gases in the atmosphere, and
this gas can be used as fuel for combustion. There are different sources of methane,
like agriculture, oil and gas industries, waste land etc. Different prokaryotic
microorganisms, mainly archaea, are methanogenic and produce methane gas by
anaerobic digestion of different organic matters. Biomethanation is the general term
used to define the conversion of biomass to methane by anaerobic process.
Fermenting bacteria, organic acid oxidizing bacteria, and methanogenic archaea are
the three main types of microorganisms for this process. These methanogenic
organisms are strict anaerobes and cannot grow in the presence of O,. For
methanogens the terminal electron acceptor is not oxygen but carbon dioxide and
acetate. Methanogens are of two types based on the substrate they use. The type |
produces methane and carbon dioxide from acetate, and includes species of
Methanosaeta and Methanosarcina. Whereas, the type 1l, which includes species of
Methanobacterium, Methanobrevibacterium, Methanoplanus, and Methanospirilum
reduces carbon dioxide with hydrogen to produce methane (21).

e Syngas: Synthesis gas or syngas is primarily a mixture of hydrogen and carbon
monoxide, which is highly combustible. The syngas contains no, or very less
methane. Syngas basically synthesised from gasification of biomass and wastes in a
dual fluidised bed gasifier (DFBG). This syngas can be used as automotive biofuel
production and biodegradable plastic production (22).

V. BIOETHANOL

Currently, bioethanol, because of its environment-friendly characters, is considered as
a potential alternative of conventional gasoline. On the basis of feedstocks, first-generation
bioethanol can be produced mainly from food sugar crops, such as corn, sugarcane, sugar
beet, and sweet sorghum (23). The feedstock of second-generation bioethanol includes non-
food feedstocks, like lignocellulosic biomass and starchy biomass. These materials could be
sugarcane trash, corn stover, wheat straw, rice straw, rice hull, waste papers and paper
products, cotton stocks, cereal straw, etc. The development of second-generation bioethanol
production may not be as advanced as first-generation production. First generation and
second-generation bioethanol production has some important drawbacks, such as competition
with food product, land and the pretreatment cost. For this, third-generation bioethanol
production methods have been developed which is mainly produced from algal biomass.

1. First-Generation Bioethanol Production from Corn: First generation bioethanol means
ethanol produced from edible feedstock, such as sugar cane, corn, wheat, sugar beets etc.
Corn (Zea mays) is the major raw material for bioethanol production in United States
(24). Corn contains a good amount of starch in it, whose monomer is used as substrate
for the fermentation by the yeasts to produce ethanol. Corn has mainly four parts:
endosperm (83%), pericarp (5%), germ (11%) and tip cap (1%). Corn kernel’s chemical
composition contains starch, protein, lipid, fibre and ash.

The steps of formation of ethanol from corn are:

e Separation of corn kernel from corn cob: the first step is to separate the lignocellulosic
corn cob from starchy corn kernel.
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e Separation of impurities: remaining dirt stones are separated and the corn kernel is
cleaned.

e Conversion of complex feedstock to fermentable sugars.

e Fermentation

e Purification

Methods of first-generation bioethanol production are mainly of two types -
dry milling and wet milling.

e Dry Milling: In this process the entire corn kernel is grind into flour, then the starch
present in the flour is converted to ethanol by fermentation. In dry milling process,
there are mainly five steps - grinding, cooking, liquefaction, saccharification, and
fermentation. A brief outline of the dry milling is shown in Figure 1, left panel. In
grinding step there is no special process to separate the starch from corn kernel. The
entire corn kernel is smashed and grind into flour in a hammer-mill, and then mixed
with water to form a slurry. Corn kernel endosperm contains insoluble partially
crystalline granular starch. Starch has a-1,4 glycosidic bond in its linear form called
amylose; while, the o-1,6 glycosidic bond is present in branching points called
amylopectin. 27% normal corn starch is amylose, whereas rest is amylopectin. Yeast
cannot metabolise this complex molecule to ethanol. Before fermentation, it must be
converted into six carbon molecules (glucose) by a-amylase. A thermostable o-
amylase breaks down a-1,4 glycosidic bond to produce dextrins from starch polymer.
Cooking at high temperature above 100°C in a jet-cooker, along with mechanical
shearing, helps break the starch molecules. Pumping the corn mash through a holding
tube that has a backpressure valve allows the temperature to be maintained there for a
number of minutes. Then the temperature is permitted to drop to 80-90°C while the
mash flows from the holding tube into the flash tank. In the liquefaction process the
mash is liquefied by addition of more a-amylase and incubation for at least 30
minutes. Liquefaction helps to reduce the size of large starch molecules. In the next
step this dextrinized mash is cooled down; pH is adjusted to 4.5; and the enzyme
glucoamylase is added. This liquefied starch is converted to glucose by the enzyme
glucoamylase.

This cooked mash is cooled to 32°C and transferred to a fermenter, most
commonly a batch fermenter. Inoculum of the yeast Saccharomyces cerevisiae is then
added. For maximum yield, Saccharomyces cerevisiae 3013 and Zymomonas mobilis
ZMAT-2 is added (25). For optimal growth of yeasts, urea or ammonium sulfate is
added as the source of nitrogen. Addition of protease enzyme is also sometimes useful
as the enzyme breaks down proteins into amino acids, which can additionally serve as
source of nitrogen for yeasts. Fermentation for about 48-72 hour is carried out which
yields 10 to 12% of ethanol concentration. During fermentation the pH of the
fermenter is kept below pH 4. This low pH is important for glucoamylase activity and
also inhibit growth of other unwanted bacteria. Saccharifying the liquefied starch at
65 °C prior to fermentation can reduce amount of glucoamylase used in the fermenter.
Simultaneous saccharification and fermentation (SSF) gives some advantages in the
yield. Which include, lowering the contamination by unwanted microorganisms,
lowering the osmotic stress of yeast, and providing more energy efficiency. This
process may provide 8% more yield of ethanol per lot of grain.
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In distillation process the ethanol is separated from solid and water in mash.
The vaporization temperature of ethanol and water is 78 °C and 100 °C respectively
(at sea level). Difference in the vaporization temperature helps to separate ethanol
from water by heating in a distillation column. By conventional distillation, or
rectification, 95% pure ethanol can be produced, and farther heating cannot separate
any ethanol from water. The remaining 5% water is removed by molecular sieve

method to produce 100% pure ethanol.
Dry milling Wet milling

Milling

Degerm/Defibre I

Gluten separation

Liquefication Liquefication

Saccharification Saccharification
and

Fermentation ]
Fermentation

Distillation Distillation

Dehydration Dehydration

Figure 1: Basic Steps of Dry-Milling and Wet-Milling. Details of the Processes are discussed

in the Text.

Beside bioethanol, in this process two very useful by-products are formed -
distiller grain, which can be used as livestock feed, composting, baking etc., and CO,
which is used in different food industries. Whole stillage refers to the remaining solid
and liquid fractions after distillation. This whole stillage can contain oil, fibre, protein
components of grain and remaining non-fermented starch. This product is also very
useful for poultry, livestock and fish culture (26).

Wet Milling: In wet milling the kernel is pretreated with water and sulfurous acid for
24-48 hours to separate the kernel components (starch, fibre, germ and gluten). The
process of separation contains six main courses (27). A brief outline of the wet milling
is shown in Figure 1, right panel.

» Grain Handling: Grains stored in a silo must be cleaned, small and large dirt
particles have to be removed to avoid clogging of the screens, which may cause
the process to become vicious, lowering the quality of the product.
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» Steeping: Diluted SO, solution is used to soak the cleaned corn under controlled
temperature. In this process the protein matrix is disintegrated to liberate the
starch granules, allowing them to be separated during the next milling. Steeping is
used to aid in the separation process by softening the kernel, increasing the
moisture content of the grains, and eliminating soluble debris. Steeping is very
much important and the efficiency of wet milling depends on this.

» Germ Separation and Washing: Germ is an oil rich content in corn kernel.
Steeped swollen kernel is ground and by using four sets of hydrocyclones the
germ is separated from the starchy slurry.

» Fibre Separation and Recovery: It is run through the grit screen to separate the
fibre, bound starch, and gluten from the water and loose starch and gluten (mill
starch). To completely disperse the starch the remaining solids which contain fibre
and bound starch and gluten are finely ground. This milling breaks up the fibre
and frees the starch. The ground slurry is then rinsed and sorted in a succession of
tanks and washed the fibres. This processed water from gluten thickener is sent to
the final stage of separation.

» Gluten Separation and Recovery: In a disk stack centrifuge, density differences
separate the gluten from the starch. Prior to separation, the mill starch is de-gritted
to remove any extraneous particles like sands, rust, or pipe scales that might
interfere with the centrifuges later in the process. Then it is centrifuged to
concentrate it. The thickened mill starch stream is sent to the first centrifuge,
which separates the less dense gluten from the starch. The primary centrifuge's
goal is to get high-quality gluten in the overflow. The starch, gluten, and other
contaminants in the underflow are transferred to the starch washing process.
Following that, the gluten is dewatered using a centrifuge, a rotary vacuum belt
filter, and a ring dryer to a final moisture content of 10%.

» Starch Washing and Recovery: The crude starch is washed in a counter current
method in a succession of tiny hydrocyclones organized in stages. In the last
washing stage, where the starch left the process, the wash water enters the system.
Now, this separated starch is used to farther treatments described above in dry
milling process to get bioethanol.

2. Second-Generation Bioethanol Production: Second generation biofuel is derived from
non-edible feedstock mainly lignocellulosic compound. Lignocellulose is made up of
cellulose (40%-60%), hemicellulose ( 20%-40%) and lignin (10%-25%) (28). Other
feedstocks for second generation biofuels are agricultural residues like leaves, stovers,
straws; agrowastes, like solid cattle manure; forest waste like saw dust, wood chips; forest
biomass like cedar, spruce; industrial and municipal wastes like chemical pulps, food
waste, krafts paper etc (29-31). For lignocellulosic biomass there are some dedicated
plants like Echhornia crassipes an aquatic plant and Phalaris arundinacea, Panicum
virgatum, Miscanthus spp. are some perennial grasse (32).
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Process of second-generation bioethanol production includes the following steps

» Collection of Lignocellulosic Biomasses: Biomasses are collected from the
source to the bioreactor factory. Here the high transportation cost makes it
economically unfavourable. On the basis of feedstock pre-processing steps, such
as grinding and milling, to get an easy to transport material are followed.

> Pretreatment: In pretreatment method the lignocellulosic components can be
separated by different pretreatment processes (Tabe 2) to cellulose, hemicellulose,
and lignin as they form a complex called lignin-carbohydrate complex (LCC)
which is hard to break without pretreatment. From this pretreated component
cellulose and hemicellulose go for hydrolysis process.

Table 2: Different Pretreatment Methods of Lignocellulosic Biomass

Type of method Agents/reagents used References
. Fragmentation, sonication, pyrolysis, extrusion,

Physical liquid hot water, irradiation. (31,33-35)

Chemical Acid, alkali, salts, solvolysis, hydrotropes (36-40)

Microwave assisted pyrolysis, ultraviolet
Physicochemical | assisted chemical pretreatment, ammonia fiber | (41-44)
explosion. Steam explosion

Enzymes (Hemicellulose, Cellulase, Pectinase,
Biological Laccase), Microorganism (Brown rot fungi, (45)
White rot fungi, Bacterial cell)

In pretreatment method the breakdown of lignocellulosic compounds forms
some byproducts which are inhibitory or toxic for the enzymes and microorganisms
used in the next steps. Detoxification is an important step for second-generation
biofuel production. These toxic products include sugar acids, formic acid, acetic acid,
levulinic acid and furfural. These toxic products come mainly from the breakdown of
hemicellulose and lignin (46).

Different biological and physiochemical approaches have been used to treat
this problem, like modified fermentative strategies. However, the advancements in
lignocellulose hydrolysate detoxification techniques have led to a large loss of sugars
after purification. To avoid this inhibition and improve sugar recovery hydrolysis of
myco-LB (LB after fungal pretreatment) is a good approach (47). Effect of
pretreatment is shown in Figure 2.
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H

i

Figure 2: Effect of Pretreatment

Pretreatment

> Hydrolysis: In this process cellulose and hemicellulose substrates are converted
into fermentable simple 6-C or 5-C sugars, such as D-glucose and D-xylose. This
step is very important as the fermenting enzyme can’t digest cellulose or
hemicellulose directly during fermentation to form alcohol. Hydrolysis can be
performed by either enzymatic method or by acid hydrolysis. Acid hydrolysis
includes H,SO,4 and HCL and it can be divided into concentrated and diluted acid
treatment. Concentrated acid treatment requires less time but sugar recovery from
high acid is cumbersome and it can degrade mono-sugars too. Dilute acid
treatment requires high temperature and low acid concentration. Enzymatic
hydrolysis process is very much efficient and gives high sugar recovery. The
optimum conditions of enzyme hydrolysis are 45° - 50° C of temperature and pH
of 4.8 - 5. There are three major types of cellulase enzymes used in this process
endo-1-4-B-glucanases, cellobiohydrolases, and B-glucosidases. The main problem
with these enzymes is their high cost, that makes the fuel economically
unfavourable (48).

» Fermentation: This is the main step where microorganisms utilize sugar
molecules to form ethanol by fermenting the mono-sugar with the production of
gases as byproduct.

Fermentation

CeH1206 + yeast —»2C,Hs0OH + 2CO,

The major microorganism used in this process is Saccharomyces
Cerevisiae, also known as Brewer’s yeast. Saccharomyces Cerevisiae 3013 (49)
and Saccharomyces Cerevisiae BY4742 (50) are the two strains that are used for
this fermentation process. Other than yeast, bacteria like Zymomonas Mobilis, and
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fungi Aspergillus oryzae 694 and Rhizobium javanicus 2871 have also been
reported to be used in bioethanol production (51).

» Product Recovery: Ethanol is recovered from fermenter using distillation
process, or distillation combined with adsorption process.

3. Advantages and Disadvantages of Bioethanol: Bioethanol, as biofuel, has several
advantages and disadvantages (52-54). Bioethanol is a clean energy source and emits less
greenhouse gases, thus helping reduce global warming. Production of it can reduce the
dependency on other countries for fuel. It can be used by blending it with gasoline in
existing engines or directly used in modified engines. Raw-materials for production of
bioethanol comes from waste biomass, which improves waste management. Despite of
having these advantages, use of bioethanol as fuel also has several problems. Such as,
food versus fuel competition is one of the major problems with bioethanol production.
Because, cultivation of the most suitable feedstock, like corn, competes with the
agricultural land for food. Not only land, but the water also is in competition, as plenty of
irrigational water is needed to grow them. The energy density of bioethanol is lower than
gasoline, which means more amount of bioethanol is needed to generate an equivalent
amount of energy with gasoline. The less volatility of bioethanol than gasoline makes it
difficult in cold weather to start vehicle engines. The corrosiveness of bioethanol for
rubber and aluminium also makes it a damaging product of the engine and fuel system of
a vehicle.

VI.BIODIESEL

The exponential increase in population is widely recognized as the primary factor
contributing to the depletion of natural resources. The current scarcity is resulting in
increased prices, hence exacerbating the hardships faced by marginalized communities. In
addition to this, the process of combusting non-renewable fuels, namely natural gas,
petroleum, and coal, results in the production of substantial quantities of detrimental gases
such as CO,, NO,, hydrocarbons and particulate matters (55,56). It is anticipated that future
generations would encounter a dearth of energy resources, notably petroleum. Researchers
are now developing sustainable alternative fuel sources with a specific focus on the
challenges that humanity are anticipated to encounter in the future. Biodiesel is considered to
be among the various alternative fuels available. As to the definition provided by the
Brazilian Biodiesel Programme, biodiesel refers to a blend including alkyl ester derived from
vegetable oil, animal fat, and fossil diesel, combined in varying quantities (57).

In 1893, Rudolf Diesel, the inventor of the engine, employed peanut oil as a fuel
source for operating his engine (58). The output of biodiesel has surpassed 9.378 million
metric tons globally. The European Union (EU), which contributes 61% of the industry’s total
production, is the first-place producer of biodiesel, followed by the United States, which
produces 1.510 million metric tons. Malaysia, China, Indonesia, Brazil, and Argentina are
important additional nations that produce significant amounts of biodiesel (55). Biodiesel
synthesis can be achieved through the utilization of many raw substrates, including soybean
oil, sunflower oil, palm oil, coconut oil, castor oil, rapeseed oil, canola oil, triglycerides,
animal fats (tallow), and crude oil (58). Methanol is the preferred alcohol for the
transesterification process of oil or fat in the manufacturing of biodiesel. Although ethanol
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can also be utilised, its efficiency is comparatively lower than that of methanol. Additional
sources of biodiesel production include jatropha, barley, camelina, almond copra, groundnut,
karanja, oat, poppy seed, fish oil, sesame, okra seed, rice bran, wheat, and sorghum (58). One
of the disadvantages of vegetable as fuel is incomplete combustion of the fat and gum
formation. High gum formation makes the diesel thick and more lubricating (59). The land
area necessary for cultivating crops for oils and fats appears to be insufficient in meeting the
demands of the global population. In order to address this particular circumstance, microbes
can assume the role of biofuel generation. Microalgae have gained attention as a promising
and rising alternative for the generation of biodiesel. Numerous species of microalgae have
the capacity to synthesise diverse varieties of lipids, serving as viable feedstocks for the
transesterification procedure (60). The production process of any specific product is
influenced by several critical variables in addition to the raw material. These variables
include temperature, the alcohol-to-vegetable oil ratio, the types of raw substrates employed,
the catalyst utilized, and the quantity of catalyst involved (61). The different catalysts which
can be used for the transesterification are NaOH, KOH, H,SQO,, sulfonic acid, and lipase (62).
It is evident that biodiesel has superior fuel qualities in comparison to diesel, as indicated by
its greater cetane number, elevated flash point, and enhanced lubrication capabilities (58).

1. Composition of Biodiesel: Biodiesel is a monoalkyl-ester of fatty acids produced by the
transesterification reaction of the fatty acids, triacylglyceride, and alcohol (63). Different
substrates used for biodiesel formation contain different amounts and types of fatty acids.
Fatty acids can be classified into two categories: saturated and unsaturated fatty acids. In
saturated fatty acids, there is no double bond, whereas in unsaturated fatty acids, there are
one or more double bonds. Unsaturated fatty acid-containing fats remain liquid at room
temperature, and saturated fatty acid-containing fats remain solid at room temperature. In
beef tallow, 50% of the fatty acids are saturated in nature. Vegetable oil and animal fat
both contain some amount of free fatty acids (64). The difference in bonds causes a
difference in the properties of fatty acids. The crop-derived oil used for biodiesel
production contains fatty acids with a longer chain, usually more than 8 carbons. Carbon-
18 fatty acids are more prominent in plant-based oils, and the fatty acids of algae are
usually saturated and mono-unsaturated with carbon chain lengths of 16 to 18 (65). The
chemical composition of biodiesel formed from soybean is: saturated fatty acid C14 (0.1),
C16 (10.7), C18 (4.3), C20 (0.4), C24 (0.4), unsaturated fatty acid C18:1 (23.7), C18:2
(53), C18:3 (7.2), and C20:1 (0.2). Biodiesel formed from chicken fat contains C14 (0.5),
C16 (19.4), C17 (0.4), C18 (6.1), and C21 (0.3) saturated fatty acids, as well as C16:1
(3.6), C18:1 (32.2), C18:2 (32.8), and C18:3 unsaturated fatty acids (66).

2. Properties of Biodiesel: The most important and studied properties of fatty acid methyl
esters (FAME) are viscosity, flash point, cetane number, iodine value, heating value,
density, clod filter plugging point, pour point, specific gravity, sulfur value, acid value,
peroxide value, lubricity, oxidative stability, and cloud point (63,67,68). Properties of
biodiesel produced from different feedstocks are summarized in Table 3.

e Viscosity: The viscosity of biodiesels obtained from different raw substrates shows
variation, but most of the biodiesel shows a narrow range of 4-5 mm?s. The
viscosities of camelina oil and coconut oil-derived biodiesel have values of 3.8mm?/s
and 2.75mm?/s respectively (67). The viscosity of biodiesel is higher than other
biofuels (68-70). Biodiesel generated from spirulina-based oil shows maximum
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viscosity of 17.14 mm? /s, whereas plastic pyrolysis shows the minimum value of
viscosity 1.91 mm?/s. Viscosity shows an inversely proportional relationship with the
density of the biodiesel and the degree of unsaturation of the fatty acids. Higher
density reduces the viscosity, and similarly, high numbers of double bonds also
decrease the viscosity (68).

Table 3: Properties of Biodiesel Produced from Different Feedstock

Feedstock | Cetane | Viscosity | Flash | Density | lodine | Acid References
oil number | at40 °C | point | at 15 °C | number | value

Palmoil | 6021 | 453 176.7 | 870 50.5 02 | (70)

Mahua | 55 477 1295 | 895 742 041 | (72-74)

g‘iolybea” 44.7 4.15 140.1 | 882 1177|018 | (71,75-77)

Cotton | g9 4.19 210 | 887 120 05 | (7678)

seed oil

(Ffi"i‘peseed 4825 | 4.4 169.5 | 879 112 0.26 | (75,76)

Jatropha | 55.43 | 4.52 1755 | 865 9575 | 0.24 | (77,79-81)

e Density: The density of biodiesel ranges from 860 - 900 kg/m®, which is specified
only in EN 14214. Density shows a linear relationship with degree of unsaturation;
highly unsaturated fatty acids possess higher density, and higher density results in low
viscosity. The density of biodiesel is higher than petrol-based diesel. It also shows a
correlation with the chain length of the fatty acid; a high chain length decreases the
density (63,67).

e Cetane Value (CV): Ignition delay is a key phase of fuel, which is the time gap
between fuel discharge into the combustion chamber and the start of ignition.
Biodiesel shows a higher cetane value because of its higher oxygen content and
overall higher combustion efficiency (82). The Cetane value is specified by EN ISO
5165, ASTM D613, and ISO 5156/P9. The minimum value of Cetane set by ASTM is
47 and by EN ISO is 51. The biodiesel produced from Spirulina platensis microalgae
and linseed oil shows the highest (70) and lowest (34.6) CV respectively (68). CV is
an indicator of the ignition behaviour and quality of biodiesel; a higher CV value
indicates a lower ignition delay, which means the fuel can ignite quickly. The CV
value shows a linear relationship with carbon chain length. A decrease in chain length
causes a reduction in CV value, and vice versa (63).

e Flash Point (FP): The flash point is the lowest temperature at which a fuel ignites
when it comes into contact with a source of fire. Biodiesel has a higher value of FP
(150 °C) than other conventional fuels (55-60 °C). The evaluation of FP value is
governed by EN ISO 3679, ASTM D93, and P21. The minimum value of FP is 55 °C,
which is for biodiesel of neem oil, and the maximum value of FP is 241 °C, which is
possessed by biodiesel of linseed oil (63). The residue of methanol in alkylester
decreases the flash point significantly (67).
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e lodine Value (IV): The iodine value is a measure of the degree of unsaturation. The
IV is specified by EN 14214. The maximum IV specified by EN14214 is 120 mg
1,/100 g. Rapeseed biodiesel and coconut-derived biodiesel show maximum (just
below 120) and minimum (19) iodine values respectively (63,67).

3. Substrate or Feedstock: Different oils extracted from crops, animal fats, and waste
cooking oil can be used for biodiesel production. The common vegetable oils used for this
purpose are rapeseed oil (used in the EU), soybean oil (used in the US), cottonseed oil,
peanut oil (used in tropical countries), sunflower oil (dominant in the EU), palm, olive,
and corn. The advantages of vegetable oil selection for the process are renewability, easy
availability, low sulfur content, high biodegradability, and low aromatic compound
content. But, there are also some disadvantages, which include high viscosity, highly
reactive hydrocarbons, and low volatility. Non-edible crop oils can also be used for
biodiesel production; the common sources of such oils are microalgae, jatropha tree,
karanja, rice bran, neem, rubber seed tree, tobacco seed, and mahua. The substrates of
animal origin include tallow, lard, yellow grease, and chicken fat, where tallow is the
most commonly used fat substrate of animal origin (67,83). The first generation of
biodiesel is made from edible oils like soybean oil, the second generation from non-edible
oils like jatropha oil, the third generation from waste oil, and the fourth generation from
solar energy (68).

4. Biodiesel Synthesis: Pyrolysis and oil cracking are the traditional processes for
generating biodiesel. Pyrolysis is the degradation of materials using heat (without
oxygen). Numerous studies on the pyrolysis of vegetables have been conducted ever since
World War 1. Through pyrolyzing, tung oil, the first diesel fuel with a trace amount of
kerosene and gasoline was created (64). The primary component of biodiesel’s chemical
makeup is a monoalkyl ester, which can be either methyl-, or ethyl-ester and is often
generated from long-chain fatty acids found in either animal or plant-based lipids.
Alcohol, the catalyst, and the substrate oil are stirred in a bioreactor for one hour at 60°C
to produce biodiesel from vegetable oil (84). Enzymatic catalysis, which catalyzes the
conversion of fatty acids into esters (transesterification), is the most ideal way of the
synthesis of biodiesel. This process can be carried out using an organic solvent system,
such as a lipase-mediated reaction, or in a solvent-free system (alcohol should be added).
An ideal water concentration guarantees a greater number of transesterification reactions
and a better biodiesel output (85). The temperature required for the reaction ranges
between 20 and 60 °C. After the transesterification step, glycerol accumulates in the
lower phase and biofuel floats in the upper phase, which can be easily separated. Lipase is
an enzyme obtained from plants, animals, and microorganisms that possesses both
hydrolytic and synthetic properties. Commercially available lipases are isolated from
microorganisms. The fatty acid specific lipase acts on the carboxyl ester bond of a
specific triglyceride to produce fatty acids (86). It also catalyzes the transesterification
reaction. The key factors of a lipase-mediated reaction are temperature, pH, water
activity, concentration of substrate, and selection of organic solvent (85). As a result of
triglyceride transesterification, a mixture of glycerol, alcohol, esters, catalyst, and tri-, di-,
and monoglycerides are formed. Ester separation is not easy because of the various
impurities. The suitable content of free fatty acids for biodiesel production should be
below 0.5%. Microemulsion is a colloidal equilibrium dispersion that possesses a
dispersed-phase particle with a very low diameter. It is also known as hybrid fuel.
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Problem with high viscosity of vegetable oils can be solved by the formation of
microemulsion with immiscible liquids, such as ethanol, methanol, and non-ionic or ionic
amphiphilic substances. The microemulsion decreases the viscosity and improves the
spray pattern by increasing the amount of 1-butanol (83). The downstream processing of
biodiesel formation includes the removal of catalyst, alcohol, glycerine, and the complete
esterification of free fatty acids. Glycerol and alcohol can be recovered by centrifugation
and used as commercial products. The lower value of specific gravity indicates the
completion of the process and the removal of glycerol. The desired chemical product that
is formed by the above process is alkyl ester, known as biodiesel (83). Steps of a standard
biodiesel production unit is shown in the flowchart in Figure 3.

' Dryer
‘ Methanol, oil and catalyst ‘ Methanol

Micthyi Acid Biodiesel

—_— ester

Reactor Separator Methanol| Water | Neutralizat
removal ion and
washing

\-\.._ .J/

| Methanol ‘ Glycerol

Glycerol

TECOVery water recovery

Figure 3: Flowchart of Biodiesel Production

5. Advantages and Disadvantages of Biodiesel: By reducing the generation of greenhouse
gases and CO, emissions, biodiesel benefits the environment. Because biodiesel contains
less sulfur than other fuels, it produces less sulfur oxides and, as a result, has a negative
impact on acid rain (55). Its biodegradability and non-toxicity are additional
characteristics that make it environmentally benign. It does not explode as much as
petrol-diesel. Higher combustion efficiency, mobility, renewability, and a lower
proportion of aromatic compounds are further benefits (59,63). In comparison to
petroleum-based diesel, biodiesel has a higher flash point (432 K), a higher cetane
number (50), and an oxygen concentration of 10-11% (83). In comparison to diesel based
on gasoline, storage and handling risk is also minimal (87).

The main disadvantages of biodiesel include its high viscosity, increased nitrogen
oxide emissions, cold start issues at lower temperatures, lower energy content, engine
compatibility at lower engine speeds, high corrosion, poor calorific value, and, most
crucially, its high cost. The high viscosity of biodiesel results in poor fuel spray and
reduces the fuel injector’s precision (68,83). A major aspect in the development of the
biodiesel sector is consumer acceptability. More research can be done to make biodiesel
more affordable for human usage by examining how the general population feels about it.

Copyright © 2024 Authors Page | 259



Futuristic Trends in Biotechnology

e-1SBN: 978-93-6252-531-4

1P Series, Volume 3, Book 14, Part 2, Chapter 9

BIOFUELS: RENEWABLE ENERGY FOR A SUSTAINABLE WORLD

VII.HYDROGEN BIOFUEL

Hydrogen is believed to be the fuel of future as it is environment-friendly. It produces
zero emission; rather, its combustion emits pure drinkable water. The global company Toyota
is the major company producing and developing hydrogen fuelled cell cars. Toyota Mirai is
existing hydrogen fuelled cell car since 2014. Beside that other global companies like Honda
and Hyundai also entered in this market and investing for the development of the hydrogen
fuelled cell cars. NASA has been searching hydrogen fuel cell to generate electricity in its
space capsule from 1960s (88). In addition, hydrogen is also used in planes, trains and heavy-
duty industries for energy production. Nowadays almost half of the H, is produced from
natural gas by gasification and thermos-catalytic process, which is still fossil fuel dependent.
So, we need to develop biological processes to get hydrogen.

1. Processes for Generation of Biohydrogen: There are mainly five processes by which
biohydrogen can be produced.

Bl Hydrogenase B

A\ PS| = Photosystem | T
= PS Il = Photosystem |l

2H,0 0O, Fd = Ferredoxin 2H*

Figure 4: The process of direct biophotolysis. Photosystem | (PS 1) and photosystem |1
(PSII), with the help of light, excite electrons and transfer them to ferredoxin (Fd).
Hydrogenase accepts electrons from Fd and produces hydrogen.

e Direct Biophotolysis: Biohydrogen can be generated from plants by bio-photolysis of
water using microalgae, fermentation of organic compounds, and photodecomposition
of organic compounds by photosynthetic bacteria (Figure 4).
The general reaction for this process is:

Light
2H,0 — 2H, + 0O,

The light energy absorbed by PSII and PSI raise the energy level of electrons

and transferred to ferredoxin. Then the enzyme hydrogenase accepts the electrons
from ferredoxin to produce hydrogen. Hydrogenase is an enzyme that catalyzes the
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reversible oxidation of molecular hydrogen. Hydrogenase enzymes are of three
different types, iron-iron hydrogenase, nickel-iron hydrogenase and iron hydrogenase
(89). Hydrogenase enzyme is sensitive to O..

\/”

-~ () > PS | = Photosystem |

>y ‘ PS Il = Photosystem Il

\ Fd = Ferredoxin
; l
o]
2 Cell
PSM material
2H,0 0,

& Cell
T] . — | Fermentation Hydrogenase
< material 7
< /

28

Figure 5: Indirect biophotolysis. In step one with the help of light plants do photosynthesis to
produce cellular material. In the second step by fermenting the cellular material gets
converted to hydrogen with the help of the enzyme hydrogenase by accepting electrons from
ferredoxin (Fd).

e Indirect Biophotolysis: It is a two-step process by which hydrogen is produced
(Figure 5). Cyanobacteria and microalgae are used to produce hydrogen by this
process by using starch and glycogen as substrates. In the first step of this process,
light energy is used to form carbohydrate molecules (starch and glycogen), and in the
second step these carbohydrate molecules are utilised to form hydrogen by metabolic
pathways in a dark and anaerobic condition. In this anaerobic phase carbohydrates
first get converted into acetate in the dark, then in a photobioreactor acetate is
converted into H, and CO,. This process is advantageous over direct photobiolysis, as
the byproduct of light reaction of photosynthesis oxygen, which is toxic for the
enzyme hydrogenase, is separated from the system.

The reactions for indirect biophotolysis are:
Light
6H,0 + 6CO, —— 5 CgH1206 + 6CO,
CeH1206 + 2H,O ——» 4H, + 2CH3;COOH + 2CO,

Light
2CHsCOOH + 4H,0 —3 5 8H, + 4CO,
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Photo
Biomass — .
fermentation H,

Figure 6: Photo-fermentation. Diverse groups of photosynthetic bacteria produce hydrogen
by fermenting organic biomass by the enzyme nitrogenase, in nitrogen deficient condition,
using light as an energy source.

e Photo-Fermentation: From different crop residues we can produce hydrogen by
photo-fermentation process using diverse groups of photosynthetic bacteria (Figure
6). These microorganisms, in nitrogen deficient condition, produce hydrogen by the
enzyme nitrogenase from reduced compounds using light as an energy source.
Rhodobacter sphaeroides SH2C is a type of purple non-sulphur bacteria which is used
to produce hydrogen from small molecular fatty acids (90). Many other
photosynthetic  bacteria, like  Chromatium,  Chlorobium, Halobacterium,
Rhodopseudomonas, Rhodobater, and Rhodospirillum have been reported to produce
hydrogen gas by the help of oxygen sensitive enzyme nitrogenase (91). They use
diverse substrates to produce hydrogen; for example, carbohydrates, like glucose,
fructose, and organic acids, like malate and acetate.

The reaction for photo-fermentation is:

CeH1206 + 12H2Lht>12H2 +CO,

e Dark Fermentation: As the name suggests, dark fermentation does not require light
source for fermentation reaction. It is the process by which microorganisms produce
hydrogen by the process of heterotrophic fermentation (Figure 7). Substrates used in
this fermentation process are glucose, cellulose, starch and sucrose. In dark
fermentation we get organic acids as byproduct. By the process of hydrolysis, the
complex matters get converted into simple molecules. Then these simple compounds
go to acidification process in presence of enzymes secreted by fermentative bacteria.
Next, the acid produced are converted into biohydrogen and acetate in acetogenesis
process (92). Facultative and anaerobic bacteria such as E. coli, E. cloacae,
Clostridium sp., etc. are used for fermentation process (93).

The reaction for dark-fermentation is:

CsH1206 + 2H,O ——»4H, +CO, + 2CH;COOH
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Figure 7: Dark fermentation. Wide variety of microorganisms produce hydrogen by the
process of dark fermentation or heterotrophic fermentation.

e Microbial Electrolysis Cell (MEC): It is a novel technique used to produce
hydrogen from organic matter, including renewable resources and wastewater.
Electrochemically active bacteria oxidize organic materials in a MEC, producing CO»,

electrons, and protons (Figure 8).

S
. _ — Power source %e- o b\

e- e-‘

Bacteria

Cathode

Membrane

Figure 8: Mechanism of Microbial Electrolysis Cell

‘ Anode ‘

The bacteria donate electrons to the anode while releasing protons into the
solution. The electrons then move through a wire to a cathode, where they mix with
the liberated protons in solution. This, however, does not happen on its own. Under
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ordinary biological circumstances, a cathode potential of at least -0.414 V is required
to create hydrogen at the cathode from the combination of these protons and electrons.
If we consider acetate as substrate, in anode the reaction would be:

CHsCOO" + 4H,0—»2HCO®> +9H" +8e-
In cathode the reaction would be:
8H" +8e- — 4H,

The standard condition for this reaction is pH 7, temperature 25 °C and 1 atmospheric
pressure (94).

Advantages and Disadvantages of Biohydrogen: When hydrogen burns it makes water,
which makes hydrogen a zero-emission fuel. The high energy density makes it store a lot
of energy in a small space; which is very suitable for transportation industries. Electricity
can also be generated by the use of hydrogen fuel cells. Use of biohydrogen as fuel has
some disadvantages too. The first problem with hydrogen biofuel is that it is highly
expensive due to its high production cost. Storage of the produced hydrogen is also a
difficult task. Moreover, its highly inflammable nature makes it dangerous to handle
(95,96).

VII1.PROBLEMS IN THE BIOFUEL INDUSTRY

Despite being marketed as a greener and more sustainable alternative to fossil fuels,

there are a number of drawbacks to biofuels that make their broad use unsettling. These
drawbacks, as discussed below, cover economic, social, and environmental issues.

1.

Land Use and Deforestation: The substantial quantity of land needed for the
development of biofuels is one of the main drawbacks. Deforestation and habitat damage
may result from this, especially in areas with a high biodiversity. For instance, the spread
of oil palm and soybean plantations for the manufacture of biofuels has been connected to
deforestation and the loss of important ecosystems in Southeast Asia and South America
97).

Food vs. Fuel Debate: The conflict between biofuel crops and food crops for arable land
is a major concern. Especially in vulnerable countries, the growth of commodities like
corn and sugarcane for the production of biofuels may increase food costs and worsen
food shortages (98).

Resource Intensive: Biofuel production frequently necessitates large amounts of energy,
water, and fertilizer. Because the energy balance of biofuels can be relatively low,
especially for certain feedstocks like maize ethanol, this can negate some of the
environmental benefits. Excessive water use can also contribute to water scarcity in areas
where biofuel crops are grown (99).

Greenhouse Gas Emissions: Although the use of biofuels is encouraged as a way to cut
greenhouse gas emissions, these benefits are occasionally outweighed by the emissions
linked to their production and changes in land use. For instance, the conversion of
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grasslands or forests to biofuel crops may result in the release of substantial quantities of
carbon dioxide into the atmosphere (100). Biodiesel production causes an increased
emission of oxides of nitrogen (83).

5. Monoculture Farming: Large-scale biofuel crop production may result in monoculture
farming techniques, which may be harmful to the health of the soil, raise the danger of
insect outbreaks, and lessen the diversity of agriculture as a whole (101).

6. Infrastructure and Technological Challenges: Significant infrastructure and
transportation system improvements, including the creation of new distribution and
refuelling networks, are also necessary to accommodate the widespread use of biofuels. It
can take a lot of money and effort to do this (102).

IX. CONCLUSION

During the last few decades, biofuels, such as bioethanol, biodiesel, and biogas, have
emerged as a potential alternative to the exhaustible natural resources, and shown a ray of
hope as a cleaner and more sustainable energy sources that can be used in the energy-craving
future world. Unlike fossil fuels, biofuels are obtained from renewable feedstocks, such as
food crops, non-crop plants, and algae, which also absorb carbon dioxide, a greenhouse gas,
during their growth. Biofuels emit little toxic gases into the environment in comparison to
natural fuels, which might be a promising solution to reduce greenhouse gas emissions. By
substituting traditional gasoline, petrol and diesel-based fuels with biofuels, or blending those
natural fuels with some amount of biofuels, substantial reduction in emissions may be
achieved. Biofuels are also biodegradable in nature. Biofuels can be produced locally,
reducing the dependence on other countries for oil, making a country self-dependent.

However, the biofuel industry also faces challenges. Of which, land-use competition
with the crop plants is a major concern. Large-scale biofuel production will lead to
competition for cultivable lands, displacing food crops and exacerbating food security issues.
This may also lead to deforestation, destroying the biodiversity, to increase the cultivable
land for growing the feedstocks. Keeping the right balance between biofuel production and
food production needs extensive planning and policies. Thus, to really get the benefits of
biofuels, it is important to produce that through second, third, or fourth-generation
technologies that utilize non-food feedstocks, such as agricultural residues or wastes, and
non-food crops. Furthermore, research into use algae-based, or genetically engineered
microorganisms as substrates may provide high yields with minimal land use.

In conclusion, biofuels offer the promise of reducing greenhouse gas emissions, and
enhancing future energy security, but their acceptance and use must overcome the challenges,
like land-use competition and food security. Drawbacks highlight the significance of careful
thinking and planning, as well as adoption of sustainable methods in both their production
and use. The challenge of balancing the potential advantages of biofuels with the
environmental and social problems caused by the biofuels demands for continued research
and judicious management. To harness the full potential of biofuels, government policy
makers, scientists, and industries must work hand-in-hand to develop and promote advanced
technologies while ensuring responsible and sustainable production practices.
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