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Abstract: - The declining supply of gasoline generated from petroleum and sustainability issues have prompted an examination of biofuel as
a potential substitute energy resource. Biofuels can be a suitable substitute for fossil fuels and have a larger role in providing energy for the
transportation sector, power plants, and heat generating sectors because they are environmentally friendly and derived from renewable
sources. These days, investigation into biofuels is conducted all over the world due to its two primary characteristics: sustainability and
renewability. Since the transportation sector is primarily responsible for the rise in greenhouse gas emissions, significant decarbonization of
the transportation sector through the use of renewable fuels is required to facilitate the transition to more efficient modes of transportation.
The purpose of the study is to analyze the many sources of biofuels, explain their benefits and sustainability, and examine the manufacturing
processes. The evolution, history, categorization, essential elements, and guiding concepts of biofuel technology are all examined in this
review paper.
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. INTRODUCTION

Humanity is currently facing three key issues: hunger, energy scarcity, and environmental degradation. Fighting
all three fierceness at once is necessary due to each one of them has the power to wipe out our culture as a whole.
The amount of energy consumed worldwide has nearly doubled recently[1], with fossil fuels accounting for more
than 80% of this increase. Approximately 80.3% of the world's fundamental energy usage comes from fossil
fuels, with the transportation segment consuming 57.7% of this total. [2] Utilization of fossil fuels are related to
prevalent environmental concerns today. Burning of conventional fuels results in the harmful emissions of
greenhouse gases such as carbon dioxide (CO2), nitrogen oxide (NOXx), volatile organic compounds (VOC) and
hydrocarbons (HC); incremental for the climate changes [3]-[5] The warming climate issue is currently posing a
threat to the world (IPCC 2014). Promoting biofuel as one of the top renewable energy sources has gained
attention due to the release of carbon dioxide, which is a major byproduct of burning fossil fuels[6]The use of
renewable biofuel as an energy source has grown significantly over the past 20 years due to the depletion of fossil
fuel resources and associated environmental consequences. Over the next ten years, biofuel's share of global
transportation fuels appears to be roughly 5%. However, a number of estimates suggest that by 2050, biofuel
might account for up to 25% of the fuel supply used in transportation.[7]

Renewable manufacture of biofuel can help reduce global warming [8], strengthen local economies, especially in
developing nations[9], [10] and improve global energy security[11], [12]. Development of sustainable biofuel
alternatives; persistence in finding an approach to the twin challenges of depleting fossil fuel reserves and
degradation of the surroundings [13]. Consequently, it is imperative that new, renewable, clean, dependable, and
economically viable energy sources be explored[14] The major benefits of biofuel are presented in the table 1
Hence, due to depleting oil reserves, the need for energy security, and growing environmental concerns brought
on by growing emissions of greenhouse gases and environmental degradation, biofuels have gained a lot of
attention recently.

Table 1.1 Major benefits of biofuels[15], [16]

Variety in fuel mix

More sustainable

Ability to create many rural jobs

Commercial value Can increased the government revenue through taxes

Industrial investments (plant and equipment) will be increased
Farming/agricultural sector can be developed Less international competition
Independence from imported petroleum

*Corresponding author: Trushna Shah, Department of Electrical Engineering, Government Engineering College, Modasa, Gujarat,India
2Dr.Samruddhi Patel: Department of Mechanical Engineering, Government Engineering College, Modasa, Gujarat,India

3Sumit Banker: Department of Electrical Engineering, Government Engineering College, Modasa, Gujarat,India

“Tejal Chaudhari: Department of Electrical Engineering, Government Engineering College, Modasa, Gujarat,India
Copyright©JES20240n-line: journal.esrgroups.org

2730




J. Electrical Systems 20-3 (2024):2730-2736

Reduction in release of greenhouse gases

Air pollution can be minimized Easy for biodegradation
Better combustion efficiency

Better carbon sequestration

Climate change effects

To achieve the domestic targets
More reliability in supply
Indigenous impacts Reduced utilization of fossil oils
Ready availability

Indigenous distribution

Il. OVERVIEW OF BIOFUEL VEHICLES

Fossil fuels account for 80% of the world's primary energy supply, with the transportation industry using a
significant portion of them [17] Although biofuels currently only make up about 2% of gasoline used in
transportation, new technologies will likely allow for significant expansion in thefollowing centuries, with
biofuels predicted to account for 9% of all energy used in transportation by 2030. According to this path, 32
exajoules of biofuels will be used worldwide by 2050, accounting for 27% of all fuel used for transportation[18]
Figure 1 shows the history and timeline of biofuels from the 19th century to 2030. Since 1500 BCE, plant and
seed oils have been utilized. In the mid-1800s, they were also utilized as fuel for combustion engines. [19]
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Figure 1. The history and timeline of biofuels[19]
1.Classification of Biofuels

The International Energy Report 2014 projects a 37% increase in global energy demand by 2040. Investigators
are working hard to create substitutes made of regenerative raw materials in order to meet the energy demand due
to the limited and diminishing resources of traditional petroleum fuels. In addition to potentially meeting the
world's energy needs, renewable energy technologies are crucial for lowering greenhouse gas emissions. [20]
Nitric oxide (NO2) emissions and carbon emission levels, along with energy consumption and environmental
concerns, are the primary factors influencing the production of biofuels [21]. Countries with advanced economies
are focusing their investigation efforts on growing the biofuel economy, specifically in the transportation sector.
Because this is a labor-intensive field, there has been rising concern in many developing nations about upgrading
biomass for an acceptable climate and creating jobs. Modern, sophisticated technology are capable of extracting
biofuels in many ways. Biofuels are divided into three groups based on their form of availability: solid, liquid,
and gaseous [22].

Solid biofuels: Fuels made from organic materials, biomass, and municipal trash are known as solid biofuels.
Thermal and electrical energy can be generated from solid biofuels. These sustainable fuels come from a variety
of sources, including animal remains and the leftovers of agriculture and forestry. The most well-known solid
biofuels include charcoal, wood pellets, wood chips, and firewood. [23][24] These biomasses are widely used in
the energy, heat, and power generation industries [25].

Liquid biofuels: Liquid biofuel is the term used to describe any liquid renewable fuel. Electricity generating and
the transportation sector are the main applications for liquid biofuels. Notable examples of liquid biofuels are
pyrolysis bio-oil, bioethanol, and biodiesel. Because of their special qualities, liquid biofuels are more widely
used than fossil fuels because they are safer to transport, more affordable, stable in storage, have a high energy-
to-mass ratio, are highly combustible, and emit fewer greenhouse gases. [26], [27]Bioethanol, biodiesel, and
pyrolysis bio-oil are the most often utilized liquid biofuels [24] Because of their high energy density, liquid
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biofuels are superior to gaseous as well as solid biofuels in many ways, making them perfect for storage,
transportation, and retrofitting. [28]

Gaseous biofuels: Gaseous biofuels are another type of biofuel. It should be noted that two of the most popular
gaseous biofuels are syngas and biogas. Gaseous biofuels offer a wide range of uses, particularly in microgrids
and the power generation sector. Due to the numerous advantages of biofuels, a great deal of study has been done
recently to assess these fuels. Benefits of using gaseous biofuels include reduced waste production during usage,
greater reactivity, simplicity of control, and a lower requirement for oxidants [29], [30]

2. Generations of bio fuels

Through gasification or pyrolysis, the biowastes are transformed into gaseous biofuels. Afterwards, to generate
heat or electricity, these biofuels are fed into Otto engines that are wired to an electricity generator. Depending on
the feedstock used for manufacture, they are classified as the following [31] —

First-generation biofuels:

First-generation biofuel is made from vegetable oil, carbohydrates, sugars, and lipids. The primary source of first-
generation biofuels is food products or crops used as animal feed [32]. These biofuels are also known as
"conventional biofuels™ since they are produced using a number of well-known technologies and procedures, such
as fermentation, distillation, and transesterification [32]. These processes do not require membranes because the
process is largely focused on producing fuel alone, with the remaining non-fuel stuff being dumped as waste[33].

Second-generation biofuels:

All of the feedstocks used to manufacture second-generation biofuels are non-food sources, including
lignocellulosic plants, farming and forest leftovers, waste products, and specific energy crops [32].The second
generation of biofuel production is an enhanced technique that prioritizes the creation of secondary raw materials
as well as enhanced fuel recovery over the first generation. It is an economically viable strategy because, in
contrast to the first generation process, it concentrates on creating useful fuels while lowering the total energy
cost and quantity of waste produced. For these reasons, in order to increase the yield of biofuel, researchers
typically support methods like membrane filtering and the integration of multiple biorefineries. To produce
biofuels, organic acids, and amino acids, a range of mesophilic and thermophilic organisms are employed in batch
and continuous operations.[33]

Third-generation biofuels:

Transesterification or hydrotreatment of the algal oil is how third-generation biofuels are made from microalgae
[32]. When compared to first-generation biofuels made from conventional crops, these techniques can effectively
raise the annual yield of biofuel.[34] Since research and development are still ongoing, the second and third
generations of biofuels are collectively referred to as advanced biofuels [32]. Among the main sources are
workable resources that are adaptable with regard to environmental parameters, workable, and do not disrupt the
food chain. Microalgae, fish oil, animal fat, waste cooking oil, animal oils, etc. are the main sources of these
materials. Reducing water contamination and the burden on waste treatment plants are two more noteworthy
advancements.[35], [36] Furthermore, the primary benefit of algal biomass is its ability to grow directly on a
range of carbon emission sources, such as factories, power plants, etc., and convert those emissions into fuel [37],
producing no carbon dioxide emissions in the process. The main difficulties in producing third-generation biofuel
are in enormous scale microalgae culture, which is necessary to meet consumer demands because these plants
need a lot of phosphate, nitrogen, and water[38].

Fourth-generation biofuels:

Photobiological solar fuels, electrofuels, and genetically modified (GM) algae are used in the processing of
fourth-generation biofuels [36][39]. Light penetration, photosynthetic efficiency, and biofuel production are all
enhanced by the biomass of GM algae [39]. Fourth-generation solar raw resources are infinite, broadly accessible,
and less expensive. By triggering cell autolysis and product secretary systems, the genetic manipulation of
microalgal biomass holds prospective applications in oil extraction methodology. Bioinformatics technologies
that are frequently used for genome editing include zinc-finger nuclease (ZFN), transcription-like effector
nucleases (TALEN), and clustered regularly interspaced palindromic sequences (CRISPR/Cas9)[39][40]
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I1l. TECHNOLOGICAL FEATURES OF BIOFUEL VEHICLES:

When it comes to biofuels, liquid biofuels are frequently used either as a full replacement for traditional fuels or
as a blend with regular gasoline or diesel. Generally speaking, using liquid biofuels doesn't call for any further
special adjustments. Liquid biofuel cars' main parts and technological features are similar to those of conventional
petroleum-based fuel vehicles [41].

The subsequent part will look at cars that run on gaseous biofuel. Because they provide equivalent fuel range
support for systems that operate inside a site with stable compressed biogas refueling facilities biogas cars are
perfect for high-mileage, centrally fueled fleets. When used as a transportation fuel, biogas has many advantages
over conventional gasoline and diesel fuels, including a plentiful supply across the nation, a vast distribution
network, and reduced greenhouse gas emissions. Skilled retrofitting professionals can use alternative
transformation machinery to safely and effectively convert a variety of automobiles to run on biogas. In this field,
CBG and LBG are thought to be alternative fuels with bright futures[42] Gaseous biofuel-powered adaptable
automobiles come in three different varieties. Specialized vehicles are built specifically to run on gaseous biofuel.
Gaseous biofuel or petroleum can be used to power bi-fuel vehicles thanks to their two separate fueling systems.
Dual-fuel cars use natural gas-powered fuel systems, but they also need diesel fuel to help with ignition. Usually,
only automobiles intended for heavy-duty use can have this configuration. Gaseous biofuel vehicles keep biogas
in a gaseous state by storing it in compressed tanks.[43]
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Figure 2. Technical components of biofuel(gas) vehicle inner assembly.

Compared to CBG, LBG has a better energy density because its liquid condition allows for greater quantities of
fuel to be preserved in automobiles. For Class 7 and Class 8 trucks that need a longer range, LBG is a great fit.
The particular needs of the vehicle's function (such as power requirements) and the intended driving distance
usually have an impact on the fuel choice. Due to the lower energy density of natural gas, gaseous biofuel
vehicles often have a shorter range than comparable diesel or petrol vehicles. Adding storage tanks could increase
the carrying capacity, but the additional weight could limit the amount of cargo that can be transported. Gaseous
biofuel has the potential to reduce greenhouse gas (GHG) emissions over the course of its life cycle when used as
a vehicle fuel, as opposed to conventional fuels [44]. The magnitude of these advantages is contingent upon
various factors, including the vehicle's kind, usage habits, and engine calibration. Moreover, natural gas reduces
some engine emissions. The byproduct of burning gasoline in an automobile's engine is tailpipe emissions.
Carbon monoxide (CO), carbon dioxide (CO2), nitrogen oxides (NOXx), and controlled hydrocarbon emissions are
the main emissions to be concerned about [45]. There are various gas vehicles are available in the market
manufactured through various company.

Benefits of vehicles powered by biofuel

> Because they are renewable, biofuels encourage sustainability.

> Increased dependability and local production are possible.
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Decrease reliance on imported energy sources.

Can assist in keeping energy prices stable.

Biofuels facilitate the growth of rural areas.

Biofuels have a role in lowering air pollution.

The manufacture of biofuel can utilize waste from farms and marginal lands.
One way to sequester carbon is through biofuels.

VVVVYVYVYV

Drawbacks of vehicles powered by biofuel

Before being used, biofuels must undergo pre-treatment procedures.

It can be costly to develop technologies for biofuels.

Enhancing the efficacy of biofuel producing technology is crucial.

It is necessary to obtain subsidies in order to produce biofuel.

Research and development funding is required.

It can be difficult to increase biofuel production to a commercial scale.

It can be difficult to set up an effective network for collecting feedstock for biofuels.
Specialized storage facilities are necessary for biofuels.

The production of biofuels has the potential to rival that of food.

VVVYVYVYVYVYVYV

IVV. CONCLUSION AND FUTURE SCOPE

It is anticipated that there will be an extensive petroleum fuel scarcity in the near future, which will have dire
environmental consequences. Therefore, finding a clean substitute fuel is essential. Biofuels show great promise
as a replacement for fossil fuels. The state of biofuels for road transportation and their potential to counteract
climate change were examined through a study of the literature. To reduce harmful vehicle emissions, using cars
that run on alternative fuels like biofuels has been suggested as the best solution. But there are often concerns
about the sustainability of using these alternative fuels, potential hazards, and what will happen to them after they
run out of fuel. For this reason, a thorough analysis of the variables affecting the use of this alternative fuels for
vehicles is required. From the future prospective there will be a trend which will revealed from indicating that
there will be a paradigm shift from the biofuel paradigm to a bio-electric energy paradigm, both of which can
contribute to a low-carbon, sustainable transportation future.
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