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ABSTRACT :

Biofuels offer a possible substitute for traditional fossil fuels since they are made from organic materials including garbage, algae, and plant biomass. Biofuels,
being a renewable energy source, present a viable resolution to the escalating issues of energy security, environmental deterioration, and global warming. The
varieties, manufacturing methods, and environmental effects of biofuels are examined in this research to investigate their potential as a sustainable energy source.
The efficiency and viability of the various generations of biofuels—first-generation bioethanol and biodiesel, second-generation cellulosic biofuels, and the recently
developed third-generation algal biofuels—are examined. The study also examines the technological and financial difficulties of producing biofuel on a big scale
and emphasizes current developments in bioengineering and biorefinery technology.
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INTRODUCTION :

To decarbonize transportation, biofuels are particularly crucial since they offer a low-carbon option for current technologies, such as light-duty
automobiles in the short term and heavy-duty trucks, ships, and aircraft with limited alternatives in the long run. The potential substrates for the
manufacture of biofuel have been identified as several feedstocks. Considering their abundance, low cost, and environmental friendliness, agricultural
wastes have demonstrated tremendous potential. However, because of its complicated structural makeup, a suitable pretreatment is needed to promote
enzymatic and microbiological conversion. The use of food crops is the main disadvantage of first-generation biofuels like bioethanol, which adds to the
argument over whether they should be considered fuel or food at the moment. Another barrier is the greenhouse gas emissions connected to first-generation
biofuels. Due to their ability to bio-convert waste materials, second-generation biofuels like biomethane, bioethanol, and biohydrogen seem to hold the
most promise [1]. The abbreviation for this procedure is a bottleneck. Also promising are third-generation biofuels like microalgal ethanol, where process
modification could greatly increase yields. The goal of fourth-generation biofuels is to use genetically improved feedstocks that are intended to improve
carbon dioxide absorption; however, the commercialization of this technique has been constrained by advances in carbon capture and sequestration
technology. Several generations of biofuels could be produced by integrated biorefineries in a single process, fully valorizing the feedstock and improving
the techno-economic and life cycle assessments of the bioprocess [2]. There are a variety of biofuels present in the environment including wood, biodiesel,
ethanol, methanol, butanol, and biogas. Burning wood produces wood gas, a type of biofuel. It serves as a substitute for petroleum in the transportation
sector. Wood gas is the most effective type of biofuel because it does not include Sulphur or any other components that could harm an engine. Sadly,
using wood gas results in higher carbon emissions as a result of the challenges in producing this fuel without harming trees. Such a problem might be
prevented by planting new trees after collecting tree biomass for fuel generation. Long-chain fatty acid esters are the main component of biodiesel, a type
of diesel fuel generated from either plants or animals. To make biodiesel, two steps from the production of conventional diesel fuel must be skipped: the
removal of glycerin and the lye-based chemical reaction. Thus, compared to conventional diesel fuel sources, biodiesel has many benefits. Due to its non-
glycerin composition, it improves engine lubrication. Also, compared to regular diesel fuel, biodiesel offers fewer particles. Yet, because palm oil is so
heavily used in the creation of current biodiesel, some scientists worry that this could hasten deforestation. By bio-converting biomass without oxygen
utilizing hydrogenation and a catalyst, methanol, commonly known as wood alcohol or wood spirits, can be created. By being able to be blended with
gasoline and remaining stable at lower temperatures, methanol has potential advantages over ethanol. Compared to other biofuels, highly concentrated
methanol is also simpler to carry and store for use in cars. The most widely used biofuel in the world is ethanol, a form of alcohol produced by fermenting
organic materials such as corn, wheat, sugarcane, barley, and potatoes [3]. It provides a cleaner-burning fuel than conventional petroleum and is blendable
with gasoline at low ratios. When compared to petroleum, this type of biofuel burns cleaner and produces fewer greenhouse gases. A naturally occurring
alcohol called butanol can be found in a variety of foods, including fruit, honey, seaweed, and sugarcane juice. Because it emits less carbon monoxide
into the atmosphere when burned than methanol or ethanol, it has been used as an alternative fuel source. Butanol has a higher octane level than even
premium gasoline, which gives it an edge over ethanol and makes it a better alternative for high-performance automobiles. Anaerobic digestion of organic
waste results in the production of biogas, which is methane. Large amounts of methane gas are produced as a result, which is used to power automobiles.
The advantage of using biogas instead of petroleum is that users won't have to make any major adjustments or sacrifices. Unfortunately, the production
of this petrol necessitates a significant amount of organic waste, making its widespread adoption challenging [4].
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BIOFUEL IN FEEDSTOCK :

Natural triglyceride oils and fats derived from plants and animals react with short-chain alcohols such as methanol, ethanol, isopropanol, or butanol to
form monoesters of long-chain fatty acids, which is how biodiesel is created. An acidic or alkaline catalyst—typically sodium methoxide—is used to
facilitate this transesterification reaction. To complete this reaction, enzymes—natural or biocatalysts—Ilike lipases are also employed. Under supercritical
circumstances, the transesterification reaction can occur without the need for a catalyst. [5].

Because it is more affordable and readily available, methanol, also known as methyl alcohol, is the most widely utilized alcohol in the manufacturing of
biodiesel. Higher alcohols such as butanol, isopropanol, and ethanol are occasionally utilized as well. When these alcohols undergo the transesterification
reaction, methyl or ethyl, isopropyl, or butyl esters are produced. [6].The fatty acid component of biodiesel is derived from a variety of vegetable oils,
including canola, rice bran, jojoba, flax, sunflower, soybean, rapeseed (mustard), palm, peanut, cottonseed, and corn (maize). Still, only a small number
of these oils have found commercial application. The environmental and financial effects of increasing the use of a specific feedstock oil must be
considered. Competition in terms of food consumption is another crucial element. Using edible plant or vegetable oils to make biodiesel has several
benefits and drawbacks. Their advantages include being more widely available, having higher heat content, being non-toxic because of their reduced
sulfur level, and being safe because they decompose naturally. Their usage as food, lesser volatility, higher cost, reactivity of unsaturated hydrocarbon
(fatty acid) chains, and higher viscosity—which is 10 to 20 times larger than that of diesel—are some of their drawbacks. Non-edible, industrially
important vegetable oil, i.e., castor oil, has emerged as an important raw material for making biodiesel. [7].Unusual vegetable oil made from farmed
algae, algal oil, is becoming more and more significant as a feedstock for biodiesel production. Since their aquatic environment gives them better access
to water, CO2, and nutrients (depending on the system they are grown in), microalgae, an aquatic species, have gained popularity due to their potential
for significantly higher average photosynthetic efficiency than with typical land crops. Furthermore, an aquatic crop with a well-designed system can
significantly reduce the energy inputs needed for irrigation, planting, fertilization, and harvesting, whereas land crops may need significant energy inputs
for these processes. Making this a commercially feasible energy crop will not be easy, though. Fish oils (after the omega-3 fatty acids have been separated),
tallow, lard, yellow grease, chicken fat, and fish waste have all been employed. Used or leftover cooking oil from restaurants is a significant supply of
raw materials used in the production of biodiesel. In developed nations, complex infrastructure has been set up to collect and transport leftover cooking
oils, sometimes known as grease, from restaurants to facilities that produce biodiesel. Used vegetable or frying oils, as well as animal fats—that is,
leftover oils from restaurants—are utilized as feedstock to create biodiesel. Used oils are only collected and used in large cities with a considerable
number of restaurants that can produce adequate amounts that are affordable to process, as their collecting is a huge difficulty. There is a severely restricted
supply of these waste vegetable oils, even though many experts believe they are the best source of oil for making biodiesel. The amount of petroleum-
based diesel required globally for home heating and transportation is far greater than the amount of biodiesel that can be produced from waste oils. [8].
Additionally, using leftover or used cooking oils presents several processing difficulties. Another innovative feedstock being explored for biodiesel
production is sewage sludge. Because sewage-to-biodiesel methods can be competitive with diesel derived from petroleum, large waste management
firms have expressed interest in them. However, the effects on the environment and the economy must be considered before increasing the use and
production of a specific feedstock. [9].

Classification of Biofuels

- - Second generation Third generation Fourth generation
First generation biofuels biofuels biofuels
biofuels
Waste biomass, the stalks of Algal fuel .
Bioalcohols . Green gasoline,
’ wheat, corn and wood, Biomass :
Green diesel L. Green Diesel,
' crops, Cellulosic biofuels, L
Biodiesel . . Green aviation fuel
n Biohydrogen, Biomethanol,
Vegetable oil, DMF, Bio-DME, Fischer-
B!oethers, Tropsch diesel, Biohydrogen
Biogas diesel, Mixed alcohols,
Wood diesel

Various thermochemical processes (such as pyrolysis, gasification, and Fischer-Tropsch synthesis) can convert any type of biomass into liquid fuel;
however, these processes require a significant amount of energy and money, compared to the transesterification of plant oils into biodiesel. Therefore, to
reduce the energy and financial expenses of processing, the feedstock (algae or oilseeds) should have a greater triglyceride oil content. [10].The choice
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of fats and oils, both plant- and animal-based, as well as used cooking oils, is determined by their cost and accessibility to the biodiesel production plant.
The price and technical characteristics of vegetable oils are key factors in determining how profitable it is to produce biodiesel.

HISTORY OF BIOFUEL DEVELOPMENT :

Although the word "biodiesel" was not initially used until 1988 (Wang 1988), using vegetable oil as a fuel goes back to 1900. the beginnings of what
ultimately extend back to the discovery of what is now known as "biodiesel" of Rudolf Diesel's diesel engine. The first demonstration of the diesel engine
was at the 1900 World’s Fair in Paris. Historical perspectives on vegetable oil-based diesel fuels is a book chapter that explains that the diesel engine
created by the French Otto Company was put to the test using peanut oil at this event. It is unclear whether Rudolf Diesel came up with the concept to
use peanut oil because, according to Diesel, the French government deserves credit for the invention [11]. The French government was interested in
vegetable oil fuels for diesel engines since they could be made in their colonies in Africa, which would have prevented the need to import liquid fuels or
coal. Knowing that vegetable oils could be used to power the diesel engine gave those nations growing oil crops, notably those in Africa in the 1940s, a
sense of energy self-sufficiency. [12]. This was especially true during the year of World War 11 when cottonseed oil export from Brazil was outlawed so
that it be used as a diesel replacement. In China, tung oil and other vegetable oils were used to produce a version of gasoline and kerosene. [13].
Additionally, due to a lack of fuel during World War 11, India researched the conversion of various vegetable oils to diesel. [14]. This interest in biodiesel
was also noticeable in the USA, where studies were conducted to see whether cottonseed oil would work as a diesel fuel. [15]. The invention of the
"soybean car" in 1941 and the efforts of auto entrepreneur Henry Ford are related to this. True visionary Mr. Ford was driven by his utilizing the power
of the auto industry in combination with agriculture. The Benson Ford Research Centre claims that a single experimental soybean vehicle was constructed,
and this was put on hold because of World War 11. 1,000 Ibs less than the all-steel automobiles that were being produced in 1941, this car weighed 2,000
Ibs. This small vehicle would undoubtedly be lighter than its heavier counterpart while using less fuel. The car developed in part because Mr. Ford's
genius is blatantly obviously fueled by ethanol made from corn and soybean. However, the soybean car's output did not pick up again. after World War
Il ended, and this demonstrates the cautionary tale about the challenges of maintaining innovation. [16].Since the 1950s, geographic and economic factors
have had a greater influence on interest in biodiesel production than gasoline shortages. For example, Europe does not generate as much soybean oil as
the USA does. Produces a significant amount of canola oil, so controls which oil within these is used for biodiesel geographies. Additionally, for those
far-off regions, given issues with the delivery and refining of fossil fuels, Biodiesel made from vegetable oil is an efficient and ecological fuel means to
satisfy the energy needs of the fuel. Furthermore, added resources for biodiesel now include both vegetable oil from the food service sector and fats from
abattoir animals. [17].To address the rising demand for biodiesel, greater research is needed to find new oil crops. A range of instruments. To improve
the amount of oil produced from traditional crops like soybeans and to create new oil crops, many techniques must be used, such as plant breeding,
molecular breeding, and biotechnology regions in particular.

BIOFUEL PRODUCTION IN INDIA:

In 2030, the world will have a 50% larger energy consumption than it has today, according to the "World Energy Outlook 2007" report from the
International Energy Agency. In this scenario, 45% of the growth in demand was attributable to China and India alone. India's primary energy source,
coal, is utilized to generate electricity, and at the moment, petroleum is imported to meet the country's rising demand for transportation fuel. India's
ethanol market is more lucrative than the biodiesel market. The Ministry of Petroleum and Natural Gas has launched the first phase of the Ethanol Blended
Petrol (EBP) Program 2003 it required nine states (out of a total of 29) and four union territories (out of a total of 6) to blend 5% ethanol in petrol. [18].
India's biodiesel production has primarily focused on non-edible vegetable oils like Jatropha, Mahua, Karanja, and Neem because the country does not
have a surplus of edible vegetable oil. Jatropha has been chosen as the most suitable oil seed plant by the National Mission on Biodiesel, which was
established in April 2003 to achieve the targeted 20% (B20) by the year 2012. By planting Jatropha on 11.2 million hectares of land by 2012, the
government hopes to produce enough oil seeds to supply the biodiesel industry requirements demonstration [19]. The project's first two phases were put
into action.

CHARACTERISTICS OF BIODIESEL :

Worldwide efforts are being made to define and execute quality standards for the production, distribution, and storage of biofuel to preserve the final
product's quality and boost consumer confidence. The US and EU criteria are frequently cited, then standards from other countries that produce biofuels.
In general, the limits for most of the criteria (such as sulfated ash, free glycerol content, copper strip corrosion, acid number, etc.) are identical among
standards; nevertheless, the phrase "biofuel™ has varied definitions. For instance, the Brazilian and US biodiesel standards approved both fatty acid methyl
esters (FAME) and fatty acid ethyl esters (FAEE) as biodiesel, however, the current European biodiesel standard only accepts fatty acid methyl esters
(FAME) as biodiesel.
Different characteristics of biodiesel are —
e  Flashpoint: Fuel flammability is measured by flash point, making it a crucial safety standard for storage and transportation. Given that the
flash point of diesel fuels is half that of biodiesel fuels, biodiesel represents a significant safety advantage. Pure biodiesels have a flash point
that is significantly higher than the permitted limits, but it can drop quickly when the residual alcohol content rises [20].
e  Viscosity: Biodiesel has a higher kinematic viscosity than fossil fuel, and in some situations, at low temperatures, it can become extremely
viscous or even solidify. The volume flow and injection spray properties of the engine can be impacted by high viscosity. At low temperatures,
it might potentially jeopardize the mechanical integrity of the drive systems for the injection pump [21].
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e  Sulphated Ash: The amount of inorganic impurities, such as abrasive solids and catalyst residues, as well as the concentration of soluble metal
soaps present in the fuel are referred to as ash content. Ashes produced by the oxidation of these chemicals during combustion are what cause
engine deposits and filter clogging [22].

. Cloud Point: An important quality criterion for automotive diesel fuel is how it behaves at low ambient temperatures, as partial or complete
solidification of the fuel may clog fuel filters and lines, causing fuel shortages, starting and driving issues, and engine damage from insufficient
lubrication. The length of the chain and the level of saturation affect the melting point of biodiesel products, with lengthy chains of saturated
fatty acid esters behaving poorly at low temperatures [21].

. Copper strip corrosion: This metric describes a fuel's propensity to produce corrosion in copper, zinc, and bronze engine and storage tank
components. To assess the level of corrosion, a copper strip is heated to 50°C in a fuel bath for three hours, followed by a comparison with
standard strips. This characteristic is associated with acid number because biodiesel corrosion may be caused by some sulfur compounds or
acids [23].

e  Cetane number: A fuel's tendency to burn under specific pressure and temperature circumstances is indicated by its cetane number. Smooth
combustion and a high cetane number are related to quick engine startup. On the other hand, a low cetane number results in worsened
combustion behavior and greater hydrocarbon and particle exhaust gas emissions. Biodiesel generally has a slightly better cetane rating than
fossil diesel. The quantity of double bonds is negatively correlated with the fatty acid chain length and ester group length and increases with
both [23].

e  Water content and sediment: The European standard handles water as a separate criterion with sediment as Total Contamination, but the
Brazilian and American standards incorporate both water and silt content into a single value. During the last washing step of the manufacturing
process, water is added to the biodiesel, and it must be removed by drying. However, because biodiesel is extremely hygroscopic and can
absorb water in a concentration of up to 1000 ppm during storage, even if very low water content was reached after manufacture, it does not
ensure that a biodiesel fuel would still match the standards during combustion. Water will start to separate from the fuel once the solubility
limit is reached (at roughly 1500 ppm of water in fuels containing 0.2% methanol), and it will start to accumulate at the bottom layer of the
storage tank. Free water encourages biological growth, resulting in the formation of sludge and slime, which can clog fuel filters and gasoline
lines. Additionally, excessive water concentrations are linked to the hydrolysis reaction, which transforms biodiesel into free fatty acids and
is linked to fuel filter clogging, as well as the hydrolysis reaction itself. Additionally, it encourages the rusting of chrome and zinc components
inside the engine and injection system. [23].

e  Carbon residue: The quantity of carbonaceous material left over from the pyrolysis and evaporation of a fuel sample is known as the carbon
residue. Even though this residue isn't made up entirely of carbon, the phrase "carbon residue" can be found in all three standards because it's
been around for a while. The metric measures the propensity of an automotive gasoline sample to form deposits on injector tips and inside the
combustion chamber [23].

e Acid number: A measure of the free fatty acids present in a new fuel sample as well as the free fatty acids and acids from degradation in older
samples is the acid number or neutralization number. The presence of mineral acids as acids in the finished fuels is also determined by the
acid number if they are used in the production process. It is stated as the amount of KOH in mg needed to neutralize 1 g of FAME. A higher
acid level can seriously corrode an engine's fuel feed system.

e  Free glycerine: The production method affects the amount of free glycerol in fatty acid methyl ester (biodiesel), and excessive levels may be
the result of insufficient separation during washing of the ester product. Once its methanol solvent has evaporated, glycerol may also separate
while being stored. Free glycerol will separate from the biodiesel and settle to the bottom of the fuel tank in a storage facility or a vehicle,
where it will draw in other polar substances including water, monoglycerides, and soaps [24].

e  Total Glycerol: The quantities of free glycerol and glycerol bound as mono-, di-, and triglycerides are added to generate total glycerol. The
production method affects the concentration. Fuels that don't satisfy these requirements are more likely to coke, which can lead to deposits
building up on injector nozzles, pistons, and valves.

e Phosphorus: The phospholipids (animal and plant matter) and inorganic salts (used frying oil) in the feedstock are where FAME gets its
phosphorus. The long-term performance of exhaust emission catalytic systems is severely hampered by phosphorus.

. Distillation temperature: Like ester content, this statistic is a crucial tool for identifying the presence of additional substances and, in some
situations, establishing whether the substance meets the legal definition of biodiesel (i.e., monoalkyl esters).

e  Oxidation stability: Biodiesel fuels are more prone to oxidative deterioration than fossil diesel fuels because of their chemical makeup. This
is especially true for fuels that contain a lot of di- and higher unsaturated esters because those methylene groups are particularly vulnerable to
radical action right next to the double bonds.

METHODS OF PRODUCTION OF BIODIESEL :

Technologies for digesting biomass have a long history of advancement. The two main categories of biomass conversion methods are thermo-chemical
conversion and biochemical conversion. The three most prevalent thermo-chemical processes for converting biomass into syn-oil, bio-syngas, and
biochemicals are pyrolysis, gasification, and liquefaction. Biochemical conversion, on the other hand, results in the production of bioethanol and biodiesel.
Bioethanol is made from a variety of sources, including sugarcane, maize, potatoes, wheat, and others, either through fermentation or hydrolysis. By
replacing the alcohol in one ester with another alcohol, the transesterification process, which is an alcoholysis process, produces biodiesel from the
triglycerides of vegetable oil. [25]. Fuel used in spark ignition engines, such as petrol, is fungible with bioethanol. Similar to how diesel, which is
frequently used in compression ignition engines, is interchangeable with biodiesel. E. Duffy and J. Patrick carried out the first transesterification of
triglycerides in 1853. The diesel engine was created by renowned German inventor Rudolph Diesel in 1893, the same year that his paper titled "The
Theory and Construction of a Rational Heat Engine" was published. [26]. Numerous researchers have modified and continually improved the
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transesterification process to increase the yield rate of biodiesel, and the catalytic approach is typically utilized for commercial transesterification
processes.

Alkaline Catalyst H KOH

Homogenous Catalyst

Sulphuric

Acid Catalyst acid

Catalytic method

/ Enzymes

Titanium silicates,

Transesterification alkaline earth metal

compounds, and

anion exchange
resin.

Heterogenous Catalyst

Supercritical

ethanol

Noncatalytic method propanol

butanol

Figure 1 - Classification of Transesterification Processes

For the catalytic transesterification method, the catalyst used can be either homogeneous or heterogeneous. The majority of homogeneous catalysts are
either alkaline in nature (such as potassium hydroxide, sodium hydroxide, and sodium methoxide) or acidic (such as sulfuric acid, hydrochloric acid, and
sulfonic acid). Some heterogeneous types of catalysts utilized for transesterification include enzymes, titanium silicates, alkaline earth metal compounds,
anion exchange resins, and guanidine heterogenized on organic polymers. [27].

CATALYTIC METHOD

The catalyst is first thoroughly mixed into the methanol in a small reactor for the catalytic transesterification process. The catalyst/alcohol combination
will then be added to the oil that has to be transesterified before being placed into a biodiesel reactor. The finished mixture is aggressively agitated for
two hours at 340 K and atmospheric pressure. In an effective transesterification reaction, two liquid phases are created: crude glycerin and ester. After
several hours of settling, the heavier of the two liquids, crude glycerin, will gather at the bottom. After settling, phase separation can be seen within 10
minutes, and it can be finished in 2 hours; however, sometimes complete settling can take up to 20 hours. Following the completion of the settling process,
water is added to the methyl ester of oil at a rate of 5.5% by volume, the mixture is stirred for five minutes, and then the glycerin is allowed to settle once
again. The washing process entails two steps and demands the utmost caution. The ester is then added to a wash solution that contains 1 g of tannic acid
per liter of water and 28% water by volume of oil. The aqueous layer is gently stirred as air is gradually injected into it. The ester layer is cleared by
repeating this process. After the settling step, the aqueous solution is drained, and only water is added at 28 % by volume of oil for the final washing step.
The typical procedure for converting triglycerides of vegetable oil to fatty acid methyl esters (FAME) involves replacing the alcohol in an ester with
another alcohol, which is known as transesterification or alcoholysis. [25]. For each triglyceride, three monohydric alcohols react to produce (m) ethyl
ester and glycerine. Catalysts are employed to speed up the reaction and boost the yield of esters, and extra alcohol is used to shift this reaction towards
the production side. Alkali-based catalysts, which are more efficient and less damaging to industrial equipment than acid or enzyme-based ones, are the
most often employed kind of catalysts in industrial processes. [28].

NON-CATALYTIC-

Because it produces a larger yield of biodiesel in less time, the transesterification of triglycerides using supercritical methanol (SCM), ethanol, propanol,
and butanol has emerged as the most promising method. The manufacture of non-catalytic biodiesel using supercritical methanol is a straightforward
process, and the simultaneous transesterification of triglycerides and methy! esterification of fatty acids is what gives it its greater yield. [29]. Based on
the mechanism created by Krammer and VVogel for the hydrolysis of esters in sub/supercritical water, the reaction mechanism for vegetable oil in SCM
was proposed. [30]. The fundamental principle of supercritical treatment is based on how pressure and temperature affect the solvent's thermophysical
properties, including its dielectric constant, viscosity, specific weight, and polarity. [31]. Supercritical transesterification is carried out in a high-pressure
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reactor (autoclave). An outside heater warms the autoclave for approximately 15 minutes. An iron-constantan thermocouple can be used to gauge the
reaction vessel's temperature, which can be held steady at around 5 K for 30 minutes. The transesterification reaction occurs during this period. Gas is
vented out and the trans-esterified product is placed into a collecting tank after

each run. The autoclave's whole contents are removed by washing them with methanol.

8] 8]
CHy; — O—C—R, R—C—0—CH;4 CH.— OH
| 8] 8]
Catalyst
CH —O—(—R; + 3CH0OH _— R—C—0—CH;4 + CH.—OH
—
8] (8] L
CH: —0O—C—R; R3—C—0—CH;, CH>—CH
Triglyceride Methanol Esters CGilyeerol
{0l or Fat)
100 pounds 10 pounds 104 pounds 10 pounds

Figure 2- Stoichiometric transesterification reactions

PROS AND CONS OF BIODIESEL :
Advantages of Biodiesel-

With so many benefits, biodiesel is an attractive substitute for traditional fossil fuels in the quest for greener energy. Being renewable, biodiesel comes
from a variety of biological sources, including vegetable and animal fats, waste cooking oils, and animal fats. This is one of its main advantages. Whereas
finite fossil fuels are fast decreasing, these feedstocks are plentiful and can be renewed over time. [31]. Furthermore, compared to petroleum diesel,
biodiesel is less dangerous for the environment in the event of a spill because it is non-toxic and biodegradable. This trait helps to maintain ecosystems
by drastically lowering the likelihood of long-term environmental harm. [30].Furthermore, burning biodiesel reduces emissions of dangerous pollutants
such as particulate matter, carbon monoxide, and unburned hydrocarbons. As a result of the reduction in pollutants, air quality improves, and greenhouse
gas emissions—which are significant contributors to climate change—fall. [26]. The increased cetane number of biodiesel relative to petroleum diesel
means that it burns more completely and efficiently in diesel engines, which is another benefit. This could increase the engine's lifespan because it
improves performance while lowering wear and tear on the engine. [28]. Furthermore, the lubricating qualities of biodiesel aid in lowering engine friction,
enhancing the engine's longevity and effectiveness. When taken as a whole, these advantages show how biodiesel can be a sustainable and greener fuel
than traditional diesel.

Disadvantages of Biodiesel-

Biodiesel has several advantages, but it also has some drawbacks that may prevent it from being widely used. The fact that it is more expensive to produce
than regular diesel is one of its main drawbacks. Biodiesel is frequently not as profitable as it may be due to the expenses involved in obtaining, processing,
and refining feedstock, especially during periods of low crude oil prices. Furthermore, food sources may face competition from the feedstocks used to
produce biodiesel, such as vegetable and animal fats, raising worries about food security and driving up the cost of edible oils. [32]. Concerns about the
environment, such as deforestation and biodiversity loss, are also raised by the requirement for significant amounts of agricultural land and resources to
generate these feedstocks. The technical suitability of biodiesel for use with current engines and infrastructure is another important concern. Biodiesel's
higher viscosity than petroleum diesel can lead to issues like clogged fuel injectors and more wear on engine parts. [27]. Additionally, it has a tendency
to absorb more water, which can cause corrosion and microbial growth in fuel systems and storage tanks. [30]Adoption of biodiesel has become more
complicated and expensive overall as a result of these technological problems that call for changes to fuel systems and engines. Furthermore, because
biodiesel has less energy than normal diesel, it may use more fuel and be less efficient overall, which could limit its usefulness as an alternative fuel. [31].

CONCLUSION :

To sum up, biofuels offer great potential as a sustainable energy source. They have the potential to reduce GHG emissions, reduce fossil fuel dependency,
and support rural growth. However, biofuels’ sustainability will depend on several factors, including land use, the selection of feedstock, and technological
innovation. Finding a balance between these three objectives will be critical in unlocking the full potential of biofuels as an environmentally, socially,
and economically sustainable energy source of the future. Compared to traditional fossil fuels, biofuels have several advantages for the environment and
the economy, making them a hopeful part of a sustainable energy future. Biofuels help to mitigate climate change by reducing greenhouse gas emissions
because they are renewable energy sources.

The feasibility and efficiency of biofuel technologies, such as second and third-generation biofuels, are still being improved by technological
advancements. Concerns about the availability of food and land use are partially mitigated by second-generation biofuels, which are produced from non-
food crops and agricultural waste. Third-generation biofuels may be created from a range of settings, including wastewater, and give significant energy
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outputs. However, there are obstacles to the widespread use of biofuels, including high production costs, land rivalry with food crops, and the requirement
for technological breakthroughs. Enzyme technologies, genetic engineering, and bioprocess optimization research and development are essential to
overcoming these obstacles and increasing the affordability and scalability of biofuels. In conclusion, biofuels constitute a substantial step towards a more
sustainable and varied energy portfolio, even though they might not be the only solution to the world's energy problems. To achieve long-term
environmental and economic sustainability and lessen reliance on fossil fuels, they must continue to be developed and integrated into the global energy

mix.
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