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ABSTRACT

Biofuel is basically a technique through which fossil fuels are being replaced by naturalresources. Biofuels are of
two types primary biofuels and secondary biofuels. Primary biofuels are the one that can be obtained from
fuelwoods, plants and animal waste whilesecondary biofuels are directly created from plants and microbes and are
divided into three sub-categories 1% generation biofuels, 2" generation biofuels and 3™ generation biofuels. Green
algae are basically eukaryotic, photosynthetic, watery plants that belongs to unicellular organism group. They
contain a green pigment known as chlorophyll but lack stems, roots and vascular tissues. On the other hand,
biomass is the sustainable organic material required for the generation of electricity and energy hence green algae
biomass is the combination of both algae and biomass so they are one of the greatest sources of energy and it can
provide enough amount of energy whichmeans it can substitute the fossil fuel hence green algae biomass could be a
feasible alternative to fossil fuels. But in spite of that, this innovation must overpower some ofthe obstacles before
it can be competitively and widely deployed in the fuel market. These challenges involve strain recognition and
advancement in terms of both oil efficiency and crop preservation as well as nutrient, resource allocation and the
manufacturing of co-products to upgrade the financial matters of the complete framework. Biofuel is the only
sustainable source which can substitute the fossil fuel directly for the present and the future energy restriction as it is
an environment- friendlyand viable energy. As a result, algae are one of the most suitable for the production of
biofuel because of their quick development, high photosynthetic effectiveness and highbiofuel productivity.

KEYWORDS: Strain recognition, advancement, photosynthetic, energy, environment.

INTRODUCTION

Biofuels are most sustainable and eco-friendly source of
energy. Biodiesel does not contain Sulphur or any
aromatic compounds hence why combustion of these
biofuels results in low emission of carbon-monoxide,
hydrocarbons and particulates. (Karmakar et al., 2010)
Biofuels can be classified into two main categories such
as primary biofuels and secondary biofuels. Primary

biofuels are natural and can be produced from firewood,
plants, animal waste and crop residue. On the other hand,
secondary biofuels are directly generated from
microorganisms and plants and they have classification
of three subclasses as well 1% generation biofuels, 2™
generation biofuels and 3™ generation biofuels.
(Voloshin et al., 2016).

Figure 1: Algal fuel.

Biodiesel has gained attention because it is non-polluting

and is playing an important part in lessening pollution.
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(Hood, 2016) The increasing demand of petroleum is
making people search for an alternative and biofuels are
the best alternate. (Ananthi etal., 2021) The only reason
for searching an alternative is tremendously increase in
urbanization. Biofuel can be produced by several ways
but for production of biodiesel microalgae is considered
as most promising feedstock. About 40,000 microalgal
species have been identified and many of these species
can accumulate about 20-50% lipids of their total
biomass. Among various sources microalgal as third
generation biodiesel feedstock has attracted attention
because it has rapid growth rate and high lipid level with
a plus point of nontoxicity of biodiesel. (Joshi & Thipse,
2019).

R et

Figure 2: CO2 sequestered algal biomass.

Beside algae, plants are also a major source of biofuels if
we look into ethanol production and butanol long chain
hydrocarbons from starch, cellulose and hemicellulose.
Major benefit is the fixation of carbon which is being
produced while burning of biofuel. From past few
decades’ ethanol is being produced from corn-starchand
sugar cane. In 2014 approximately 14 billion gallons of
ethanol was produced in USA from corn-starch. (Hood,
2016) Biodiesel can be produced from various oils and
virgin vegetables oil. About 100 years ago vegetables oil
was used in diesel engine forthe first time but this led to
various problems like incomplete combustion, high

smokeproduction and sticking of oil rings. (Karmakar et
al., 2010).

To overcome this problem transesterification was done to
produce biodiesel. Differentvegetables oil is being used
for the production of biodiesel having different fatty acid
composition. These vegetables oil includes soybean,
rapeseed, palm are the most studied ones. Less common
or less conventional oil seeds are also being used for the
production of biofuels such as tobacco and rubber seeds.
(Karmakar et al., 2010) Tobacco seed product a by-
product tobacco leaf production has been proved to be a
suitable source for diesel in raw. (Veljkovi¢ et al.,
2006).

As a matter of fact, biofuels are the future of fuel on this
planet earth it will aim two goals in one shot by saving
us from more pollution and by getting rid of carbon fuel
which is more dangerous and lethal. Plants and
microorganisms are future saviour of human kind on this
planet and will take care of our energy production source
and savingour planet from climate change, pollution and
UV index etc.

GENERATIONS OF BIOFUELS

The use of biomass instead of fossil fuels for the
production of fuel has been adopted all over the world
recently. Researchers have found different sources such
has woody biomass, agricultural biomass, aquatic
biomass, animal biomass and human biomass can be
used for this purpose. Solid, liquid and gaseous biofuels
can be produced by different methods like, fermentation,
esterification, anaerobic digestion, extraction,
densification, etc. (Vassilev & Vassileva, 2016).

On the basis of source biofuels can be divided into three
generations, first, second and third generation. The first
generation is based on plants which are edible tohumans,
for example, corn, wheat and sugarcane. The second
generation includes all the varieties of plants that cannot
be consumed by humans such as plant residues, wood,
grasses, etc. The third generation compromises micro
and macro algae. (Nanda et al., 2018).
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Figure 3: Schematic overview of the basic steps in the production of first, second, and third generation biofuels.
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First Generation Biofuels

As the world population continues to grow, the demand
of energy increases as well. Crop productivity,
cultivation area and biofuel yield are the main factors for
biofuel production. First generation feedstock is said to
be a reliable source of energy which can reduces the
usage of fossil fuels. 10% of energy demand is being met
by 2% of agriculture land. First generation biofuels are
biodegradable and environmentally and socially friendly.
(Mat Aron et al., 2020).

e Drawbacks of First-Generation Biofuels

Due to increase in population, nutrition needs are not
fulfilled and that 2% agriculture land that is producing
feedstock for fuel can feed up to half of current world
population. This has led to increase in market price of
edible feedstock as well. (Mat Aron et al., 2020).

Second Generation Biofuels

Second generation biofuels are better for consumption as
they are produced bynon-edible part of plants and there
is no competition of food. The land requirement, water
supply and use of fertilizers is not important for this
purpose. (Mat Aron et al., 2020). Instead of using certain
parts of plants like in first generation, whole plant can be
used for production of biofuels. (Ruan et al., 2019). The
waste biomass can be usedto generate electricity and heat
by directly burning and also as raw material for
wastewater treatments. (Alalwan et al., 2019).

e Drawbacks of Second-Generation Biofuels

Along being convenient it is also an expensive method
and use of agriculture and forest residue compromises
quality of soil and makes it difficult for new crops to
grow on it. Before using second generation biofuels, they
require complex process to make them usable. (Ruan et
al., 2019).

Third Generation Biofuels

The discovery of using micro and macro algae for
biofuels was led after limitations of first- and second-
generation biofuels. Algae has high lipid productivity
that is why they are widely considered for production of
biofuels. Micro algae require low cultivating cost and are
easily grown on moist surfaces whereas cultivating days
for macro algae is only 5 to 6 days. (Mat Aron et al.,
2020). Another benefit of algal biofuel is that it requires
no land for cultivation and has no toxic impact on
environment. The energy produced from algae is higher
than as from conventional crops. (Ruan et al., 2019).

e Drawbacks of Third Generation of Biofuels
Although using algae for the production of biofuels is a
promising way to generate large amount of energy, the
processing cost of drying algae and then using it for lipid
extraction is way much higher. (Mat Aron et al., 2020).
The technologies required for these complex processes
are still under development so it is not commercially
feasible. (Ruan et al., 2019).

ALGAL BIOMASS AND ITS PRODUCTION

Algae and Biomass

Alge is eukaryotic, photosynthetic, non-flowering,
watery plant/organism belonging toa broad group that
includes seaweeds and a variety of single-celled
organisms. Chlorophyll is found in algae; however, they
lack genuine stems, leaves, roots, and vascular tissue.

Figure 4: Algae.

Whereas, biomass is a renewable organic material that is
utilized for the production of energy such as heat and
electricity. It can also be used for transportation and

different environmental treatments for maintaining
sustainability in the world.
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Figure 5: Biomass and energy.

Algal Biomass

Algal biomass is an amalgam of two terms which are
algae and biomass. They both arecombined to produce a
great energy source which is used to produce good
quality of biofuels and aids in many waste-water
treatments such as swine-wastewater. (Chen et al., 2020)
Most commonly used algal biomasses are micro-algal
biomass.

WWW.ejpmr.com | Vol 9, Issue 12, 2022.

ISO 9001:2015 Certified Journal | 113




Walait.

European Journal of Pharmaceutical and Medical Research

Figure 7: Algal Biomass and Bio-fuels.

Production of algal biomass

Algal biomass requires many nutrients for its growth as
well as many environmental factors also contributes in
its production. These are mainly nitrogen, organic
carbon, sunlight and water, respectively. Production of
algal biomass takes place by two main methods which
are the production of algal biomass in photo-bioreactors
(PBR) and open ponds. (Antoni et al., 2007).

Production of algal biomass by using solar energy is also
in process. Micro-algal biomass is an extraordinary
energy source as it beneficially stores sunlight-based
energy which can then be changed over to other practical
biofuels. This stored sunlight plays a key role in the
production of algal biomasses. Without sunlight the
growth is not possible as algae is photosynthetic and
photosynthesis requires sunlight. The use ofsolar trackers
aids them to conquer photo-inhibition, accordingly
balancing out photosynthesis to boost the production of
biomass in the development of green growth (algae).
(Leite et al., 2013).

Role of C. vulgaris microalgae is also seen in greater
production of biomass. C. vulgaris microalgae is
observed all the while recuperating supplements from
sludge centrate and producing biomass in a membrane
photo-bioreactor (MPR). Microalgae development and
supplement evacuation were assessed at two unique
supplement stacking rates (sludge centrate). The
outcomes show that C. vulgaris microalgae couldflourish
in sludge centrate. Supplement stacking incongruously
affects biomass development and has a striking effect on
supplement expulsion productivity. Sludge centrate is
difficult environment for growth of living organisms but
this microalga cangrow well giving a good production of
biomass. It is prescribed to work the MPR framework in
lower hydraulic retention time (HRT) to further develop
the membrane obstruction and energy utilization. (Chen
et al., 2020).

C. sorokiniana AK-1 algae is also experimentally proven
for greater production of biomass in swine wastewater.

According to the experimental statistics, C. sorokiniana
AK-1 showed the best resistance toward swine
wastewater and got the most elevated biomass focus,
growth (5.45 g/L) and protein efficiency (0.27 g/L/d)
when becoming stronger in swine wastewater. (Chen et
al., 2020).
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Algal biomass production and ensuing change to biofuels
have acquired a lot of significance lately because of its
quicker reaping, CO2 simple production and utilization,
a lesser necessity for land, and enormous lipid content
usage. The production of algal biomass is highly
appreciated. Both open ponds and closed photo-
bioreactors (PBR) production level are widely used but it
is valued that the "open ponds" are more reasonable
economically contrasted with PBRs used now-a-days for
better algal biomass production. (Leite et al., 2013).

CONVERSIONS

When the cultivation and production of biomass is done,
then the conversion of biomass into biofuel comes.
(Voloshin et al., 2016). There are several processes
available for theconversions mainly depend upon the kind
and amount of biofuel production, which type of energy
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we want, environmental values, end products and its
cost. (Porpatham et al.,2012)

Classification

1. Thermochemical conversions
2. Biochemical conversions

3. Direct combustion

4. Chemical conversions

1. Thermochemical Conversion

For the production of compounds having low molecular
mass and oxygen content, we applythe treatment of high
pressure and temperature. (Voloshin et al., 2016).
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Figure 9: Classifications of conversions.

Sub Classification

It is sub divided into further classifications:
1. Pyrolysis

2. Gasification

3. Direct liguefaction

a. Pyrolysis

The conversion of biomass into charcoal, liquid (crude or
oil) in the absence of air under the pressure of 750k is
known as pyrolysis. This conversion has an ability of
70% for pyrolysis processes. It can be favorable for the
production of different compounds with 95.5% ability
from fuel to feed conversions. (Demirbas, 2001).

b. Gasification

The conversion of biomass into gas in the presence of
800-900°C, by partial oxidationis known as gasification.
(Porpatham et al., 2012). It is useful for the production of
syngas. It is the combination of hydrogen and carbon
monoxide. Amount of syngas changes according to the
presence of water. (Voloshin et al., 2016).

c. Liquefaction

Degrading of biomass into small parts that are not stable in
the existence of appropriate catalyst, which will combine
later for the production of biofuels is known as
liquefaction. As compared to pyrolysis high pressure i.e.,
ranges from 5-20 atm and low temperature is used. This
happens in the availability of water and appropriate
catalyst.

1. Biochemical Process

Processes that occur in living organisms working with
the help of chemical reactions are known as biochemical
processes. (Voloshin et al., 2016)

Sub Classification

Biochemical process can be divided into two types;
1. Fermentation

2. Anaerobic digestion

a. Fermentation

The conversion of sugars and starch into ethanol is
known as fermentation. Enzymes help to convert the
starch into sugar, and then yeasts help to convert the
sugar into ethanol. (Porpatham et al., 2012). The last
selling price of alcohol generally 55-80% inthe market
depends upon the cost of raw materials used in the
fermentation process. Biomass made from sugar is
generally expensive than starch depending biomass
because it does not require any additional processing,
while starch based do so.(Demirbas, 2001).

b. Anaerobic Digestion

Degradation of biomass into the combination of methane
and carbon dioxide in the nonappearance of oxygen and
presence of some action of bacteria is known as
anaerobic digestion. (Demirbas, 2001). It also produces
energy with minimal heat content i.e., 20- 40%.
(Porpatham et al., 2012).

3. Direct Combustion

The conversion of heat into electricity is known as direct
combustion.(Voloshin et al., 2016). In the presence of
high temperature that ranges from 800-1000 warm gases
are also produced. (Porpatham et al., 2012).

4. Chemical Conversion

Providing some reactions in the availability of catalysts
to get some products is knownas chemical conversion.
The process use for chemical conversion is known as
transesterification. By transesterification, biodiesel will
produce by using triglycerides present in the biomass.
(Voloshin et al., 2016).

PRODUCTION OF BIOFUELS FROM PLANTS
Biofuel is both a renewable and environmentally friendly
fuel. The products typically used to make biofuels are
ones not safe for human consumption such as, corn
stalks, grasses and wood chips. The material used to
make biofuels from plants is also called plant “biomass”.
(Carroll & Somerville, 2009).

This plant biomass is harvested and processed and
broken down to convert the plant cells into renewable
fuels or chemicals. (Luterbacher & Luterbacher, 2015).
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Figure 10: This figure illustrates the basic structure of plant tissues, starting atthe level of the leaf (Top: “non-
edible plants”) and zooming in to the cellular level (Left: “plant cell”).

The plant cell wall is composed of three complex
molecules called cellulose, hemicellulose, and lignin.
Cellulose and hemicellulose are packed with simple
sugar building blocks, that are bound together in a
compact structure with the help of lignin. (Hood, 2016)
To access the sugar within, these complex molecules
need to be broken down, only then it is converted to
biofuel. They can be broken down by either using a harsh
chemical or a solvent. The solvent y -valerolactone
(GVL) is a cheap and renewable solvent as it is made of a
biomass itself. It can extract up to 70% of the sugar
trapped within the biomass. The product is then purified
to make biofuels. (Voloshin etal., 2016).
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recycle
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Figure 11: IHlustration of sugar production from
plants, using GVLas a solvent.

Plant-based biofuels are the most plentiful source of
renewable fuels, offering the manufacture of ethanol and
butanol (as gasoline additives) and long-chain
hydrocarbons (for diesel additives or as jet fuels) from
starch, cellulose, hemicellulose,and oils. Plants get their
energy from sun which will be a constant source for the
next million years. Unlike fossil petroleum and natural
gas, the carbon produced from the combustion of

biofuels is continuously cycled rather than being released
from ancient fixed carbon sources. (Voloshin et al.,
2016).

THE ENVIRONMENTAL IMPACTS OF ALGAE
AND PLANTS BIOFUELS

Cultivation of algae have various impacts on the
environment behind the usage of energy in this
process.(Slade & Bauen, 2013) These can be positive or
negative impactsbecause of the several natural, technical,
social and economic barriers. The IRP (International
Resource Panel) uplift this problem regarding biofuels in
their report namely “Towards sustainable production &
use of resources: Assessing biofuels” (Priyaet al., 2021).

Positive Impacts
Biofuels are cost efficient that gives elevated amount of
power and performance. (Priyaet al., 2021).

CO2 Emission

Biofuels are environmentally friendly because of the
reason that burning of biofuels that release CO2 in the
environment are consumed by the plants for growing, as
we need oxygen for breathing. This makes the low
emission of CO2 in the environment than the burning of
fossil fuels. (Luterbacher & Luterbacher, 2015) (Priya et
al., 2021).

Oxygen Content

Oxygen content makes the greatest difference in biofuels
& fossil fuels. Biofuels has greater content of oxygen
i.e., 10 to 45 % while biofuels have zero. Having oxygen
in compound makes it more combustion competent &
gives appropriate antiknock value. (Demirbas, 2009).

Usage of Land

The main important benefit of algae production is the
usage of minor part of the significant land. And this will
also reduce the competition of food among the species.
Authorities of geology limit the part of land for open-air
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pond system because it requires very small part of land.
Places near the equator are preferred from theprevention
of solar radiation on the cultivation of algae biofuels.
(Bosnjakovi¢ & Sinaga, 2020). Because near the equator
minimum isolation is 3000 km per hour. Hawaii, Israel &
south California are the best places for the production of
algae biofuels. (Slade & Bauen, 2013).

Negative Impacts

To make biofuels less toxic and easy to use, we need large
amount of energy. Allocation& dispersion of fuels is very
tough and makes it more expensive. (Priya et al., 2021).

Water Resources

To reduce the amount of evaporation, we should use the
fresh water but it is not easy. So here the ideas of usage
of seawater & brackish water taken from reservoir. (Slade
& Bauen, 2013) But here comes the problem of toxic
compounds present in the brackish water, so we have to
give the pretreatment to the water to reduce the levels of
inhibiting compounds. But it increases the power &
energy costs of biofuels. And recycle water also has the
large amounts of bacteria, fungi & viruses. The greater
distance from the water source is also a critical factor.
Digging of 100m takes 6% more energy sources than the
natural source. (Slade & Bauen, 2013).

Use of Nutrients & Fertilizers
We also need the extra number of nutrients & fertilizers

for the production of algae. The requirement not only
depends upon the species but also on the increase amount
of accumulation of carbohydrates & lipids. Dry algae
consist of 7% N & 1% P and we need large amounts of
fertilizers for the production of fuels from algae.
According to the research, we need 250 lac tones of N &
40 lac tones of P per annum for the substituting of current
fossil fuels with algal biomass. (Slade & Bauen, 2013).
And for the production of 1000 kg of N fertilizer, we
need 37 to 40 kJ energy of natural gas. (Bosnjakovi¢ &
Sinaga, 2020).

EXAMPLES RELEVANT TO INDUSTRY

In the recent years, the production of algae has increased
tremendously. Algae are a diverse group and thus using
them in the industry would provide us with massive
amounts of raw material. Moreover, it is to be noted that
the heterotrophic variety of micro-algae is more flexible
for cultivation than the autotrophic one because of the
following two reasons:

e They can grow in the dark condition as well

e They are capable of accumulating higher lipids

Algae are able to deliver highest lipid content among the
available biofuel varieties. Their triglyceride content is
approximately 45-220 times higher than other terrestrial
varieties of biomass. (Vassilev & Vassileva, 2016).

Following table illustrates the use of different algal products in industry:

Table 1: Commercial applications of algae.

Product

Use

Agar

Alginate

Antioxidants
Astaxanthin
Beta-carotene
Bioenergy and biofuels

Biorefinery products

Biochar

Biosorbents

Carragen or carrageenan

Carotenoids

Catalysts

Chemicals

Conditioners

Cosmetic products

Digester residue

Extraction of hydrocolloids or gums

Extraction of lipids, carbohydrates, starch
and cellulose

Extraction of minerals and trace elements

Extraction of proteins

Feed

Fertilizers

Food and drink

Fruit and vegetable preservatives

Glass production

Paper pulp supplements

Pharmaceutical applications

Phytosterol

Pigments

Textile production

Therapeutic materials

Food ingredient, hydrocolloids, fruit preserves, clarifying brewing agent, paper industry and other pharmaceutical and
biological/microbiological uses

Food additive, textile printing, pharmaceutical, medical, paper, cosmetic and fertilizer industries

Preservatives in food, pharmaceutical, cosmetic and chemical industries

Food supplement as antioxidant and food dye additive

Supplement for vitamin C and precursor for vitamin A, food additive as antioxidant and colouring agent

Aviation gas, biobutanol, biodiesel, bioethanol, biogas, biohydrogen, biomethane, biooil, biosyngas, gasoline, jet fuel,
solid fuel

Various biofuels and chemicals

Combustion, agricultural and sorbent uses

lon exchange materials that bind strongly heavy metal ions

Gels, food additive, pet food, toothpaste

See beta-carotene

Catalytic properties due to alkali and alkaline earth species

Medicinal and industrial uses

Chemical, cosmetic and farming industries

‘Skin foods' as thickening agents, water-binding agents and antioxidants

Compost and/or vermicompost

Phytocolloids such as agar, carrageenan and alginate. Food industry

Gasoline, biodiesel, jet fuel, renewable hydrocarbons, alcohols, biogas

Food supplements, metallurgy, glass production

Animal/fish feeds, fertilizers, industrial enzymes, bioplastics, surfactants
Animal food

N-, P- and K-rich fertilizers

Nori, aonori, kombu, wakame, jam, cheese, wine, tea, soup, noodles, pasta, beverages, powders, tablets, capsules, others
Food industry

Glass industry

Paper industry

Pharmaceutical industry

Food supplements

Natural colourants in paper and textile industries

Textile industry

Pharmaceutical industry

Algal and plant biomass are being used on industrial scale
mainly for energy productionin the following ways:

1- Liquid biofuel productions

Biodiesel and bio-alcohols are supposed to be the best

alternative of other fuels. For theproduction of bioethanol
(bio-alcohol), algae can be used as it is a good source of
biohydrogen. Moreover, starch from corn, bagasse and
sucrose from wheat can also beused for this purpose.
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Figure 12: Series of steps where algal biomass is used for the production of biodiesel, bio-alcohol and hydrogen.

As biomass is enriched in triglycerides, it can be used for
the production of biodiesel. Through transesterification,
triglycerides are converted to glycerin and FAME where
FAME is the major component of biodiesel. (Hood,
2016)

Triglyceride + 3CH3 OH~———C3Hs 05/ Glycerine) + 3FAME

2- Photobiological hydrogen production
These days, hydrogen demand has accelerated in the
world and meeting these demandsis the primary goal of
energy industry. About 96% of the hydrogen demands
are met by using fossil fuels. An environment friendly
way for the production of molecular hydrogen is the use
of micro-algae. In 1990’s, it was discovered that
ChlamydomonasReinhardtian can be made to produce
hydrogen in the sulfur deprived medium. Thus, biofuels
can be used for hydrogen production under specific
conditions.(Voloshin et al., 2016) The goal can be
achieved in following ways:
1. Direct bio-photolysis; using algae for splitting
water to hydrogen and oxygen
2. Indirect bio-photolysis;
through microbes
3. Dark fermentation; hydrogen is produced from the
starch produced by the algae that have been grown
for the accumulation of starch through bacterial
fermentation

photo-fermentation

CONCLUSION

Up until now, much work has been done in order to
improve the effectiveness and efficiency of the biofuel
production processes from the algal and plant biomass
and still much more work is needed. Being the most
environmentally sustainable energy source, algal and
plant biomass use for energy production can help to
generate low cost and ecologically friendly energy with
large amounts of raw material available. As different
varieties of biomass differ in their respective chemical
compositions, each process for the biofuel generation
should be restricted to smaller biorefineries rather than
the bigger ones to address the economic concerns.
Although the disadvantages of using algal and plant
biomass for biofuel production prevail yet the major
environmental and socio-economic benefits compensate
these barriers and make thema sustainable energy source.

(Voloshin et al., 2016)

Third-generation biofuels are not competitive in the
energy market at this time. It is inthe development phase.
Algae biomass has not yet become a common feedstock
for motor fuel production, despite the abundance of
intensive bioreactors.

The fact that a lot of miscellaneous work is being done in
this area shows that thealgal energy is now flourishing in
all directions which includes

e Increasing growth rates

e Improving harvesting methods
e Genetic engineering of crops
e Optimization, and thermal

production.

methods for biofuel

This is due to the urgency of the energy issue; the
environmental risks associated withthe use of fossil fuels
and the disadvantages of first and second-generation
biofuels. Butmore work on improving algae farming and
processing mechanisms need to be done to ensure the
commercialization of microalgae biofuels. However, we
can expect that in the future biofuels can meet the energy
demand. It will be an ecological and inexpensivesolution
to energy problems. (Vassilev & Vassileva, 2016).

REFERENCES

1. Alalwan, H. A., Alminshid, A. H., & Aljaafari, H. A.
S. Promising evolution of biofuel generations.
Subject review. Renewable Energy Focus, 2019;
28(00): 127- 139.
https://doi.org/10.1016/j.ref.2018.12.006

2. Ananthi, V., Balaji, P., Sindhu, R., Kim, S. H.,
Pugazhendhi, A., & Arun, A. Acritical review on
different harvesting techniques for algal based
biodiesel production. Science of the Total
Environment, 2021; 780: 146467.
https://doi.org/10.1016/j.scitotenv.2021.146467

3. Antoni, D., Zverlov, V. V., & Schwarz, W. H.

Biofuels from microbes. Applied Microbiology and

Biotechnology, 2007, 77(1): 23-35.

https://doi.org/10.1007/s00253- 007-1163-X

Bosnjakovi¢, M., & Sinaga, N. The perspective of

large-scale production of algae biodiesel. Applied

4.

WWW.ejpmr.com | Vol 9, Issue 12, 2022.

ISO 9001:2015 Certified Journal | 118




Walait.

European Journal of Pharmaceutical and Medical Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

Sciences  (Switzerland), 2020; 1-26.
https://doi.org/10.3390/app10228181

Carroll, A., & Somerville, C. Cellulosic biofuels.
Annual Review of Plant Biology, 2009; 60: 165-182.
https://doi.org/10.1146/annurev.arplant.043008.0921
25

Chen, C. Y., Kuo, E. W., Nagarajan, D., Ho, S. H,,
Dong, C. Di, Lee, D. J., & Chang, J. S., 2020.
Cultivating Chlorella sorokiniana AK-1 with swine
wastewater for simultaneous wastewater treatment
and algal biomass production. Bioresource
Technology, November 2019; 302: 122814.
https://doi.org/10.1016/j.biortech.2020.122814
Demirbas, A. Political, economic and environmental
impacts of biofuels: Areview. Applied Energy, 2009;
86(1): S108-S117.
https://doi.org/10.1016/j.apenergy.2009.04.036
Demirbag, A. Biomass resource facilities and
biomass conversion processing for fuels and
chemicals. Energy Conversion and Management,
2001; 42(11): 1357 1378.
https://doi.org/10.1016/S0196-8904(00)00137-0
Hood, E. E. Plant-based biofuels. F1000Research,
2016; 5: 1-9.
https://doi.org/10.12688/f1000research.7418.1
Joshi, M. P., & Thipse, S. S. An Evaluation of Algae
Biofuel AsThe Next Generation Alternative Fuel and
Its Effects on Engine Characteristics : A Review,
2019; 9(1): 435-440.

Karmakar, A., Karmakar, S., & Mukherjee, S.
Properties of various plants and animals feedstocks
for biodiesel production. Bioresource Technology,
2010; 101(19): 7201-7210.
https://doi.org/10.1016/j.biortech.2010.04.079

Leite, G. B., Abdelaziz, A. E. M., & Hallenbeck, P.
C. Algal biofuels: Challenges and opportunities.
Bioresource Technology, 2013; 145: 134-141.
https://doi.org/10.1016/j.biortech.2013.02.007
Luterbacher, C. E. S., & Luterbacher, J. S. Break it
Down! How Scientists are Making Fuel Out of
Plants. Frontiers for Young Minds, 3(July), 2015.
https://doi.org/10.3389/frym.2015.00010

Mat Aron, N. S., Khoo, K. S., Chew, K. W., Show, P.
L., Chen, W. H., & Nguyen, T. H. P. Sustainability of
the four generations of biofuels — A review.
International Journal of Energy Research, 2020;
44(12): 9266-9282. https://doi.org/10.1002/er.5557
Nanda, S., Rana, R., Sarangi, P. K., Dalai, A. K., &
Kozinski, J. A. A broadintroduction to first-, second-
, and third-generation biofuels. Recent
Advancements in Biofuels and Bioenergy Utilization,
2018; 1-25. https://doi.org/10.1007/978-981-13-
1307-3_1

Porpatham, E., Ramesh, A., & Nagalingam, B.
(2012). Effect of compression ratio on the
performance and combustion of a biogas fuelled
spark ignition engine. Fuel,July, 2001; 95: 247-256.
https://doi.org/10.1016/j.fuel.2011.10.059

Priya, Deora, P. S., Verma, Y., Muhal, R. A,
Goswami, C., & Singh, T. Biofuels: An alternative to

10(22):

19.

20.

21.

22.

23.

conventional fuel and energy source. Materials
Today: Proceedings, 2021; 48(xxxx): 1178-1184.
https://doi.org/10.1016/j.matpr.2021.08.227

Ruan, R., Zhang, Y., Chen, P., Liu, S., Fan, L., Zhou,
N., Ding, K. Peng, P., Addy, M., Cheng, Y.
Anderson, E., Wang, Y., Liu, Y., Lei, H., & Li, B.
(2019). Biofuels: Introduction. In Biomass, Biofuels,
Biochemicals: Biofuels: Alternative Feedstocks and
Conversion Processes for the Production of Liquid
and Gaseous Biofuels (Issue X).
https://doi.org/10.1016/B978-0-12-816856-1.00001-
4

Slade, R., & Bauen, A. Micro-algae cultivation for

biofuels: Cost, energy balance, environmental
impacts and future prospects. Biomass and
Bioenergy, 2013; 53(0): 29-38.

https://doi.org/10.1016/j.biombioe.2012.12.019
Vassilev, S. V., & Vassileva, C. G. Composition,
properties and challenges ofalgae biomass for biofuel
application: An overview. Fuel, 2016; 181: 1-33.
https://doi.org/10.1016/j.fuel.2016.04.106.
Veljkovi¢, V. B., Laki¢evi¢, S. H., Stamenkovié, O.
S., Todorovi¢, Z. B., & Lazi¢, M.L. Biodiesel
production from tobacco (Nicotiana tabacum L.)
seed oilwith a high content of free fatty acids. Fuel,
2006; 85(17-18): 2671-2675.
https://doi.org/10.1016/j.fuel.2006.04.015

Voloshin, R. A, Rodionova, M. V.,
Zharmukhamedov, S. K., Nejat Veziroglu, T., &
Allakhverdiev, S. |. Review: Biofuel production
from plant and algal biomass. International Journal
of Hydrogen Energy, 2016; 41(39): 17257-17273.
https://doi.org/10.1016/j.ijhydene.2016.07.084

WWW.ejpmr.com |

Vol 9, Issue 12, 2022.

ISO 9001:2015 Certified Journal |

119



https://doi.org/10.1016/j.fuel.2016.04.106

