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ABSTRACT:
This report examines India's initiatives to
lessen its dependency on fossil fuels and
diversify its energy sources. It assesses the
production and use of bio fuels from a
variety of feed stock, including waste
biomass, sugarcane, and jatropha. Along
with social and environmental effects, the
research looks at scientific developments,
legal systems, and economic ramifications.
Keywords: biofuels, production, assessment,
India, environmental impacts.

INTRODUCTION:

The majority of energy used by humans
comes from fuels; renewable energy sources,
such as solar panels and windmills, provide
only 3% of the total; the remaining 97% comes
from fossil fuels, nuclear power, and biofuels.
W Worldwide efforts are being made to
decrease the use of fossil fuels in order to
mitigate the effects of global warming. In an
effort to replace conventional fuels, thought
tanks are researching alternative fuels; however,
this is a difficult undertaking. ©®The
Agricultural commodity prices have roughly
doubled from their starting levels despite the

collapse of the commodities bubble during the
last four years; however, commodity markets
have seen considerable price volatility. ©

The spike in energy demand is driving
the 9% growth rate in the Indian economy. By
2030, India wants to be the third-largest oil
importer globally, with daily imports predicted
to reach over 6 million barrels. Biofuels are
being seen as a dependable replacement for
petroleum fuels, with the ability to lower
greenhouse gas emissions. They are mostly
produced bé/ contemporary carbon fixation
techniques. Y By 2017, the Indian government
hopes to have launched multiple initiatives to
boost the production and usage of biofuels, with
the goal of blending up to 20% of them with
gasoline and diesel in the transportation sector.
The 2009 "National Policy on Biofuels” seeks
to lessen reliance on fossil fuels and promote
national energy conservation. ®
Generations of Biofuels:
First-generation Biofuels: First-generation
biofuels are generated from vegetable oil, sugar,
or starch and are separated from byproducts and
main products by fermentation, distillation, and
transesterification. They contain ethanol for
lower emissions.®
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Fig. 1: First-generation biofuels
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Second-generation Biofuels: In spite of the
possibility of employing underutilized food

competition from other land uses. However,
they provide more energy per acre and alleviate
some of the problems associated with primary

crop regions, secondary biofuels confront
challenging  production  procedures and biofuels. ©
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Fig. 2: Second-generation biofuels

Third-generation biofuels:Saltwater, sewage,
and wastewater can all be used to grow algae,
which can be produced in unfavorable places
and uses less water overall. Algae is a cheap,
sustainable, and energy-efficient source of
biofuel. ©

Evaluation of Biofuels: In order to achieve
India's 2030 target of 20% bioethanol and 5%
biodiesel blends, a sizable domestic advanced
biofuels industry that evaluates waste and
byproduct sustainability is needed. This is
stated in the country's 2018 National Policy on

Biofuels.By projecting advanced biofuel output
based on availability and development
assumptions for architecture, the study assesses
India’s caPacity to reach its 2030 biofuel
ambitions.”

MATERIALS AND METHODS:Using
databases such as Research Gate, Science
Direct, Web of Science, and Scopus, the
literature review concentrated on sustainability
and economics beyond production and
evaluation models in order to locate papers on
biofuels and their manufacturing in India.

Articles were found by scanning the databases at Research Gate, Science Direct, ] p

Web of Science, ald Scopus. (n =41) Excluded articles (n = 7)
| J
L ! \
[ Articles kept after screening titles and abstracts (n = 33) ]
| ( . ]
I L Duplicates removed (n = 10)
Retained articles after removing duplicates (n = 23) ]

Full-text articles were excluded as

[ Complete text articles that satisfy the inclusion criteria (n = 18)

[ Additional articles were found by looking up references (n = 4).

]£ not meeting inclusion criteria (n = 5).

v
{ Articles included in the systematic review (n = 22) ]

Fig. 4: PRISMA flow chart
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Table 2: Production of biofuels from different sources:

Sr.
No.

Name of the
Source

Production Reference

Sugarcane and starchy source-based biofuels

1)

Using molasses

A number of processes are involved in the refining process to turn molasses 9]
into ethanol.

2)

Cellulosic
material

Plant biomass contains lignocellulosic acid, which can be obtained from [9]
paper waste and grasses. Starch and non-sugar components make up 60—
80% of bioethanol, which is mainly created through pretreatment.

3)

Biomass

The Acetone Butanol Ethanol (ABE) method turns sugar, starch, or [10]
cellulosic feedstocks into biobutanol, a byproduct of microbial fermentation.
However, because of its toxicity, commercial production of biobutanol is

Biodiesel Production

1)

Vegetable oil

When used properly, the monoalkali ester biodiesel—which is made from [11]
vegetable or animal fat—produces very little emissions and is safe for the [12]
environment.

Biofuel will overtake diesel as the leading fuel on the world market by 2015,
making up 27% of fuel worldwide and cutting CO, emissions by 2.1

The global energy problem is linked to the depletion of fossil fuels, which
harms the environment and increases reliance on imported energy, which is
expected to reach 90% by 2030.

Microbe-based biofuels

1)

Anaerobic microbes [13]

Clostridia

Fossil fuel depletion is linked to the global energy crisis, which harms the
environment and increases the need for imported energy, which is expected
to increase to 90% by 2030.

Methanogenic
Bacteria

Methanogen Methanobacteriumsoehngenii can digest formate and grow on
acetate, using hydrogenase to absorb CO and CH,.

Archaea

In microbiology, hydrogen is oxidized by iron-sulfur proteins and nickel-
containing enzymes. Pyrococcusfuriosus's HD produces H, from peptides
and carbohydrates, whereas ferrodoxin-linked oxido-reductases initiate HD
production.

2)

Facultative Anaerobes [13]

Escherichia coli

Benzyl viologen is affected by the enzyme formatehydrogenylase (FHL),
which hydrolyzesformate into CO, and H,. This process is interrupted by

Enterobacter

This strain of Enterobacter aerogenes can produce H, at 38-40 °C, with a
maximum productivity of 0.20-0.21 1H,/h/l. It also affects biomass output

3)

Aerobes [13]

Alcaligenes

Aerobic H, bacteria use H, and CO, to create soluble NAD-reducing HD,
which is then ejected as H,. The bacteria grow on gluconate or fructose.

Bacillus

Cattle manure contains Bacillus licheniformis, which ferments glucose to
produce 13 H,/mol per day on average, with a conversion ratio of 1.5 mol
H,/mol glucose.

Cyanobacteria

The oxygen-loving phototrophic microorganisms known as cyanobacteria
produce hydrogen gas through the utilization of photosystems | and Il and
nitrogenase systems; nonheterocystous species, on the other hand, require
anoxia and a nitrogen deficit.

4)

Algae

80% of the electrons in Chlamydomonasreinhardtii's Photosystem Il are [14]
produced by ferredoxins, which are also vital for photosynthesis in
cyanobacteria and green algae.
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Status at the National Level:Global biofuel
demand is expected to increase by 23% by
2028, mostly due to sustainable diesel and
biojet, with ethanol and biodiesel continuing to
be used as alternative fuels.

India is now the third-largest producer
and user of fuel in the world, having tripled its
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By 2030, India wants to produce 5% more
biojet fuel and biodiesel, which will require 4.5
billion gallons per year.*®)
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Graph 1: Trends in State-Level Natural Gas Production

ethanol output in the last five years. India's
National Policy on Biofuels was introduced in
2018 with the goal of keeping costs under
control and securing sustainable feedstocks for
future expansion.®®
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Graph 2: Biodiesel Production VVolume in India between 2010 and 2021

Global Position:

Eighty  percent of  development
originates from the US, Canada, Brazil,
Indonesia, and India, who are at the forefront of
the world's biofuel usage. The demand for
gasoline and diesel is rising in Brazil,
Indonesia, and India despite a decline in the US
and Canada due to growing fuel consumption.
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The demand for biofuels is expected to
rise by 25% to 240,000 MLPY under the
accelerated scenario, mostly as a result of
stronger regulations from the US, China,
Europe, and India as well as successful ethanol
blending programs in those countries.®
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Graph 3: Production of Fuel Ethanol by Leading Countries Worldwide (million gallons)(1

It is anticipated that in 2022, the world's need
for biofuels will increase by 6% to 9100 million
liters annually. The main contributor is diesel
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Graph 4: Production of Biofuels Worldwide (measured in thousand barrels of oil equivalent
per day, or boe/d)®"

Discussion:A study on the development and
evaluation of biofuels in India examined 44
publications using a variety of search engines,
including Research Gate, Science Direct, Web
of Science, and Scopus.

Mizik T. et al. (2020)®Future studies should
broaden their focus and investigate neglected
subjects like sustainability and renewable
energy sources, as well as the environmental,
social, and policy ramifications of the biodiesel
sector.

Aruwajoye GS et al. (2020)®Fossil fuel
substitutes have difficulties such as the
transportation of feedstock, low yields of
biofuel, and high processing costs. The
synthesis of bioethanol and biohydrogen from

agricultural wastes can boost output and
profitability.

Rajalingam  A. et al.  (2016)“Y
Transesterification is an economical and

effective way to make biodiesel. It produces
glycerol for a variety of uses and requires less
equipment. The fuel quality is greater.

Kothari A. et al. (2013)®Production,
byproducts, and economic considerations are
taken into account before beginning the process
of replacing crude oil with algae biofuels as an
alternative energy source.

Reijnders L. et al. (2009) ®¥Renewable biofuels,
such as solar and wind power, have a declining
cost curve, but unconventional fuels, such as

bituminous oil, coal liquids, and methane, have
large emissions, waste, and water inputs.

Shamsudheen SU et al. (2008)“?In order to
increase engine efficiency and cut emissions,
the study investigates the possibility of using
biobutanol as an alternative to gasoline.
However, there are drawbacks, including
pollution and engine damage, as well as reduced
production and higher costs.

FUTURE PROSPECTS:

Policy and Regulatory Assistance:Research
and development in the biofuel business is the
goal of government programs in India,
including the National Policy on Biofuels and
the Ethanol Blended Petrol Programme.
Developments in Technology:Research into
enhanced feedstock, bioconversion processes,
and integrated biorefinery concepts is required
for sustainability and efficiency due to
advancements  in  biofuel  production
technology, especially for second and third
generation biofuels.

Sustainability and Advantages for the
Environment:Environmental impact
assessments of biofuels' lifetimes are essential
for sustainable development since they are a
more environmentally friendly fuel than fossil
fuels, as they lower greenhouse gas emissions
and enhance air quality.

Rural  Development and  Economic
Growth:By opening up new markets for
agriculture, generating employment, and
encouraging collaboration between
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the
rural

and farmers,
improve

companies, researchers,
biofuel  industry can
development.

Global Cooperation:Research and
technology transfer collaboration among
nations may stimulate the growth of the
biofuel industry and produce useful
information and resources from developed
countries.

Conclusion: The biofuel industry in India has
the potential to lower emissions, promote long-
term economic growth, and provide energy
security. For development to be effective,
obstacles like feedstock supply networks and
legal frameworks must be overcome.
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