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Abstract
In the current scenario, biofuel production from microalgae is beneficial to 
sustainability. Recently, one of the most pressing concerns has been finding 
cost-effective and environmentally friendly energy sources to meet rising 
energy demands without jeopardizing environmental integrity. Microalgae 
provide a viable biomass feedstock for biofuel production as the global 
market for biofuels rises. Biodiesel made from biomass is usually regarded 
as one of the best natural substitutes to fossil fuels and a sustainable 
means of achieving energy security and economic and environmental 
sustainability. Cultivating genetically modified algae has been followed in 
recent decades of biofuel research and has led to the commercialization of 
algal biofuel. If it is integrated with a favorable government policy on algal 
biofuels and other by products, it will benefit society. Biofuel technology is 
a troublesome but complementary technology that will provide long-term 
solutions to environmental problems. Microalgae have high lipid content 
oil, fast growth rates, the ability to use marginal and infertile land, grow in 
wastewater and salty water streams and use solar light and CO2 gas as 
nutrients for high biomass development. Recent findings suggest nano 
additives or nanocatalysts like nano-particles, nano-sheet, nano-droplets, 
and nanotubes. Some specific structures used at various stages during 
microalgae cultivation and harvesting of the final products can enhance 
the biofuel efficiency and applicability without any negative impact on the 
environment. It offers a fantastic opportunity to produce large amounts of 
biofuels in an eco-friendly and long-term manner.
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Introduction
The manufacturing of eco-friendly and sustainable 
energy sources is the biggest challenge faced by 
the contemporary world.1,2 Thus, there is great 
significance in researching alternate energy 
sources that can produce energy eco-friendly and 
sustainable.3,4 Although adequate research had 
carried out on alternative energy sources; but, 
there is a break in knowledge nowadays, which 
needs to achieve sustainability.5,6 Several studies 
were conducted to determine the most effective and 
appropriate renewable source for energy production 
as an alternative to transporting fuels. A study 
estimated that the transportation sector consumes 
almost 28 % of the produced energy in the USA.7 
Nearly 92 % of energy comes from fossil fuels out 
of vast proportions. Thus, alternative fossil fuels for 
energy production are being investigated.8 In recent 
years, biofuels have played a significant role in 
transforming the transportation sector, incorporating 
non-fossil fuel sources.9 The researchers examined 
that algal biomass cultivates biofuels locally to 
produce energy.10,11 With the help of this conversion, 
the revitalization of algal research is being carried 
worldwide. Thus, it is observed that several major 
technologies are carrying out the process of 
converting biomass into biofuels.10-12

Nanotechnology appl icat ions have been 
implemented in the biofuel industry because 
conventional microalgae diversity production 
strategies have several restrictions, for example, 
incompatible industrial-scale cultivation, increased 
production costs, power consumption for microalgae 
biofuel fabrication, and a rise in greenhouse gas 
emissions. Some nanomaterials used as a catalyst 
high rate biofuel productions is  known as nano-
additives for example  nano-droplets, nano-magnets, 
micro, nano-fibres, and other nano-additives have 
been created to increase biofuel productivity 
and effectiveness.13-15 Nanotechnology uses in 
various phases of cultivation to biofuel production 
and application in fuel engines due to reliability, 
catalytic efficiency, stability, purity, adsorption 
efficiency, high storage capacity, economic benefit, 
and eco-friendly features. According to earlier 
research, nanotechnology increased cultivation,  
the high rate production of different biofuels, and 
the consequences of biofuel used in gasoline 
and diesel engines. Nanofibers, nanoparticles, 
nanotubes, nanosheets, and other nanostructures 

have been examined as efficient nano-catalysts to 
enance the applicability.16-19 Magnetic nanoparticles,  
for example, have been successfully used for 
enzyme immobilization to boost bioethanol and 
biodiesel production. Magnetic nanoparticles 
were preferred for methanogenesis to produce 
biomethane because of their strong coactivity and 
robust paramagnetic characteristics [19].

It observed that technology is used to convert 
biomass into oil, promoted in diesel, hydrocarbon 
fuels, and gasoline.20 The cultivated algae's 
biomass production is placed within the container,  
which has been harvested to make biofuels an 
alternative liquid fuel. It was observed that algae 
produce more oil for each pound than conventional 
biological sources like soybean and corn.21  As algae 
can be cultivated within saltwater or sewage water, 
it cannot compete with freshwater sources or land 
space.22 Furthermore, algae are being acquired to 
produce energy because these are easy to grow. 
Harvesting of cultivated algae was carried out within 
ten days. It reveals that algae's biomass is almost 
50 times more than conventional food crops.23 
Thus, algae are being used to produce energy 
as a dominant and valuable alternative source for 
transportation.24

In this article, the main focus is on alternative 
liquid fuels, which are being used to manufacture 
environmentally friendly and sustainable energy. 
According to the study of Kleinova et al.,25 biodiesel 
originated from oleaginous microbes and is being 
increasingly used as one of the significant renewable 
alternatives to petroleum and diesel. Hence,  
the s tudy of  Demirbas 26 suggested that 
microalgae stand as the only renewable biodiesel,  
which can meet the ever-increasing global demands 
of transportation energies because microalgae like 
plant use sunlight to create biofuel.27 However, 
creating oil from microalgae is far better than 
crop plants. The basic concept of the production 
of transport fuel from microalgae is not new; but, 
this idea has been considered in recent years 
due to the rising prices of petroleum and limitation 
of production and ease of availability with the 
environment's sustainability.28 In addition to this, 
the growing attention towards global warming also 
appears as one of the major concerns. The use of 
microalgae as substitute energy materials is being 
considered.22 With the help of energy production 
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through microalgae, the burning of fossil fuels has 
been eliminated.

In this study, the primary aim is to determine the 
requirement of microalgae to produce energy.  
In doing so, the paper will emphasize the status of 
bio-fuel in the production of power. Types of bio-fuel 
and the significance of microalgae as an alternative 
energy source have been discussed.

Biofuels Generation 
Three distinct biofuel generations have resulted 
from decades of study and development in the field 
of biofuels. It's impossible to generalize about the 
benefits and drawbacks of a generation's feedstock. 
There are three generation biofuels: first, second, 
and third. For example, corn ethanol or soy oil might 
be considered first-generation biofuels since they 
are developed from a conventional row crop, like 
corn or soybeans.23 The second-generation biofuels 
was develops from the cellulosic biomass, such as 
perennial grasses. Algae will be used to produce 
biofuels of the third generation.24 As a renewable 
energy source, they are limited by their supplies of 
biomass and technical advancements.

Ist-generation 
The use of Ist-generation biofuels symbolizes a step 
toward reducing emissions and eliminating fossil 
fuels. As a result of the increasing demand for crops, 
these biofuels also benefit agricultural sectors and 
rural communities.25 There are, however, several 
drawbacks to first-generation biofuels. Since they 
require food crops like maize and sugar beet for 
their biomass, they threaten food prices. Increases 
in the cost of food and animal feed throughout 
the world have been attributed to manufacturing 
first-generation biofuels. Vegetable oil, starch, or 
sucrose are the primary sources of first-generation 
biofuels. To turn vegetal oil into biodiesel and 
plant based starch and sucrose into ethanol, the 
constituents must be subjected to basic biochemical 
procedures.26 There is no longer a necessity 
for further research and development already 
creating carriage fuels because these procedures 
have already been made in the food business. 
Additionally, they may have a harmful influence  
on biodiversity and water resources in some 
locations. In addition, the area required to produce 
biomass for first-generation biofuels delivers only 
a minimal decrease in greenhouse gas emissions.  

In terms of greenhouse gas emissions, they are only 
marginally better than fossil fuels since they still take 
a lot of energy to produce, harvest, and process.27  
Fossil fuels are now used to power current industrial 
methods. Moreover, Ist-generation biofuels are 
extra costly than gasoline.28 Because biodiesel 
nearly often originates from recycled restaurant 
oils rather than virgin oils, the supply is constrained  
by restaurants' oil use.

IInd-generation
For the IInd generation biofuel development 
is require cellulosic biomass, it is comes from 
sources such as crop wastes, perennial grasses, 
and trees.29 Marginal farmland may cultivate these 
crops where row crop cultivation is unprofitable. 
This avoids competing with rich land that may  
be better suited to grow high demanding food crops 
by focusing on highly erodible regions or have poor 
soil quality. Once produced, many crops require 
further treatment despite their low initial input 
requirements to convert cellulose into a useful end 
product like liquid gasoline. In addition, producers 
face logistical and cost challenges when transporting 
large amounts of biomass. For example, organic 
waste, wood, food waste, and particular biomass 
crops are the primary biomass sources for 2nd 

generation biofuels. To get fuel from fast-growing 
trees like poplar, lignin, the "glue" of the plant,  
must be broken down through a sequence  
of chemical processes.30 The plant fibers are 
subjected to thermochemical or biochemical 
procedures in order to release the sugars contained 
inside. The design is similar to the first-generation 
ethanol process to produce plant ethanol. 
There is also a thermochemical process that 
makes syngas from straw and other forest waste  
(a mixture of carbon monoxide, hydrogen, and other 
hydrocarbons). In addition to gas oil, hydrogen and 
other hydrocarbons can be utilized as fuels.
	
Many of the problems with first-generation biofuels 
are addressed with second-generation biofuels. 
Due to their different biomass, they don't compete 
with fuels and food crops. The second-generation 
biofuels produce more energy per acre than  
Ist-generation biofuels. Because of this, land that 
would otherwise be unsuitable for growing food may 
be put to good use. Even though the technology is 
still in its infancy, future advancements in science 
may reduce costs and improve manufacturing 
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efficiency. However, because part of the biomass 
for second-generation biofuels grows in the same 
environment as food crops, there is still competition 
with land usage. Farmers and policymakers are 
now faced with the difficult task of deciding which 
crop to cultivate. Biomass might be derived from 
cellulosic sources such as maize stover, which 
grows alongside food crops (leaves, stalk, and stem 
of corn). As a result, too many nutrients would be 
removed from the soil and replaced with fertilizer. 
To make 2nd generation fuels, the biomass must be 
pretreated to release the contained sugars, making 
the process more complicated than 1st generation 
biodiesel. As a result, more resources and energy 
are required.

IIIrd-generation 
The IIIrd -generation biofuels use crops like algae that 
have been genetically modified to produce energy.  
To extract the oil from these algae, they are grown 
and harvested. The oil can then be used to make 
biodiesel or other biofuels to replace petroleum-based 
fuels in the same way as first-generation biofuels.31 

Algae biomass or oil is harvested to produce third-
generation biofuels. Pretreatment isn't necessary for 
oil-producing algae (also known as Oilgae), and it 
cultivates rapidly. Although, environment conditions 
for optimal growth is challenging and expansive. 
Equipment and facilities are often required to keep 
strict environmental regulations in place. Figure 1 
depicts the general steps involved in producing 3rd 

generation biofuels. The energy density per harvest 
area is higher in 3rd generation biofuels than first 
and second-generation biofuels. These organisms 
are cultivated for their ability to produce low-cost, 
high-energy, and renewable energy. Algae have 
the advantage of being able to grow in conditions 
that are not suitable for first- and second-generation 
crops, reducing the strain on available water and 
arable land. Sewage, wastewater, and saltwater, 
such as from the sea or a salt lake, can all be used 
to grow the plants in this way.32 That way, water that 
would otherwise be used to hydrate humans could 
be saved. In order to compete with petrodiesel and 
other petroleum-based fuels, further research is 
needed to improve the extraction process.

Characteristics of Microalgae 
Algae cells are classified into two categories: 
eukaryotic and prokaryotic. As thallophytes and 
the oldest living species, microalgae are studied. 
Microalgal chlorophyll is made up primarily of 
photosynthetic pigments. The photosynthesis 
mechanism in microorganisms is the same as  
it is in higher plants. Furthermore, microalgae are 
cultivated as an aqueous suspension. These cells 
have more access to carbon dioxide, water, and 
other nutrients. Pigment types, cell wall constituents, 
the chemical composition of storage products, 

and morphological features are critical factors in 
microalgae classification.

Furthermore, microalgae may be autotrophic  
or heterotrophic if they obtain carbon from inorganic 
compounds. When microalgae use light as an energy 
source, they are photoautotrophic. On the other 
hand, microalgae are heterotrophic when organic 
compounds are used for development. Mixotrophic 
microalgae are photosynthetic microalgae that 
incorporate autotrophy and heterotrophy over 
photosynthesis.33

Fig.1: Overview of the biofuel production from the microalgae 
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Microalgae can also fix carbon dioxide from many 
sources, including factory waste gases, soluble 
carbonate salts, and the atmosphere. The most 
popular and effective method of carbon sinking is 
carbon dioxide fixation.34 That is due to the mass 
transformation of air into microalgae within the 
aquatic growth environment during photosynthesis. 
Because of their limited proportion, terrestrial plants' 
introduction does not seem to be an economically 
viable alternative.

Challenge of Using Microalgae
It is found that fossil fuels are being deployed 
to generate liquid fuels and electrical power. 
Different types of renewable technologies are  
being deployed to create liquid fuels. The study  
of Jones & Mayfield revealed that it is expected 
that by the year 2030, 6 percent of the demand for 
total energy will be fulfilled by biofuels.35 However, 
there are also increasing chances of other biofuels 

contributing to the ever-increasing need for power. 
Although there are several advantages of using algae 
for producing biofuels; but, low competitiveness 
and high processing costs to fossil diesel are also 
critical barriers to widespread commercial utilization. 
The study has further identified that governments 
and researchers are trying to reduce operating 
costs and investments to produce commercially 
sustainable and feasible. Thus, the major challenge 
is establishing bio-fuel production industries through 
algae to ensure cost-competitive and sustainable 
energy. Still, biofuel processing and oil extraction 
improvements need to be introduced to ensure 
algal effectiveness. Development of friendly energy 
from microalgae should be developed sustainable 
environment. Further, some researchers recently 
applied microalgae for biofuel production and 
biosynthe size high amounts of lipids from the 
microalgae depicted in Table (1).36-49

Table 1: Microalgae for lipid production as the primary source  
of biofuel generation.

Microalgae	           Yield (g/l/d)	 Ref.

	 Lipid	 Biomass	

Chlorella pyrenoidosa	 39.0	 0.35 	 [36]
Chlorella vulgaris	 0.148	 0.37	 [37]
Chlorella vulgaris	 0.14	 0.24	 [38]
Chlorella emersonii	 0.122	 0.36	 [38]
Chlorella emersonii	 0.157	 0.25	 [37]
Chlorella minutissima	 0.0912	 0.16	 [37]
Chlorella protothecoides	 1.6–1.7	 3.6–4.1	 [39]
Chlorella protothecoides	 1.24–4.16	 2.4–7.3	 [40]
Chlorella protothecoides	 0.27–1.06	 1.93	 [41]
Chlorella protothecoides	 0.56	 0.93	 [42]
Chlorella protothecoides	 0.654	 1.3	 [43]
Botryococcus braunni	 0.029–0.064	 0.16	 [44]
Nannochloropsis sp.	 0.142	 0.48	 [45]
Nannochloropsis sp.	 0.204	 0.3	 [46]
Neochloris oleoabundans	 0.0126	 0.055	 [47]
Schizochytrium limacinum	 0.22–0.54	 0.186–2.0	 [48]
Scenedesmus obliquus	 0.27	 0.15	 [49]

Step Involved in Biofuel Production Microalgae
Cultivation of Algae
When compared to other traditional crops, including 
soybeans, rapeseeds, and palms, algae efficiently 

yield nearly 300 times more oil per acre. Algae have 
a growth cycle that lasts anywhere from one to ten 
days. Algae harvesting allows for several harvests  
to be carried out. Gouveia & Oliveira52 discovered 
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that such soil, which appears unsuitable for growing 
other crops, can grow algae. Algal development  
may also take place on arid and dry land and some 

algae has discovered they can grow ultra-faster upto 
20 to 30 times higher than food crops.

Fig. 2: Simple steps involved in the biofuel production from the microalgae

Cultivation Methods
Open Pond for Cultivation
Choosing the right technology to cultivate and 
harvest algal biomass for energy generation  
is critical. Industrial-scale open ponds are now the 
only option due to economic issues. As a rule of 
thumb, their design is relatively straight forward.  
A paddle agitator is commonly used to agitate these 
tanks, which have vast surface areas and depths of 
up to 0.25 meters. They are constructed in the shape 
of a racetrack or a pond. The way of life Cultivation 
Methods for Microalgae Chemical substances 
or sewage with enough biogenic chemicals, 
supplemented if required with microelements,  
are the most often used media. It is possible to 
get carbon dioxide straight from the atmosphere 
using diffusion. The downsides of this technology 
include significant water losses due to evaporation, 
low biomass output, and the inability to grow 
certain algae species that are vulnerable to various 
illnesses, diseases, and parasites. In places with 
a lot of sunlight and easy access to water, such 
as along the coast, these kinds of systems work 
best. Spirulina and Chlorella genus algae are 
frequently grown in Asia, the United States, Europe,  
and Mexico.50 Here describe open systems because 
of the excellent outcomes with breeding ponds  
at a speedway. For this method, open ponds with 

a surface area of 1000–5000 square meters are 
constructed from PVC, clay, or concrete and range 
in width from 2.0–3.0 m and depth from 0.15–0.3 
m.51 The concept of a pond-style race track is based 
on recirculation in closed-loop duct series. Mixing, 
and flow activities in a device can be sparked by the 
paddle wheel there. White plastic is used to line the 
pond's channels, which might be made of concrete  
or compacted earth. In the day tume when the 
culture is effectively radiated, the medium can be 
continuously supplied into the system.52

Before the paddle wheel, the stream begins to 
breed, nutrients are injected. The paddlewheel  
at the other end of the loop receives the harvested 
biomass from the gadget. To keep algae from 
dropping, a stirrer is kept continually moving.  
Figure 3 depicts the Rays-Ways Reactor. In 
comparison to the 5–10 g BZT/m2 d (or the 10–15 g 
BOD/m3 d) accomplished in traditional stabilization 
ponds, the wastewater system can remove up to 
35 g BZT/m2 d (or the 175 g BZT/m3/d pond at a 
depth of 0.2 m).53 As a result, the system's hydraulic 
retention time (HRT) is reduced from 10–40 days to 
2–6 days.54 Few of these systems are currently in use 
for wastewater treatment across the globe, despite 
having a substantially higher cleaning efficiency.
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Three primary types of open systems are 
described as follows. 

Unstirred  Open  System
The majority of these are freshwater bodies of water, 
such as lakes, ponds, and lagoons. Although the 
expense is modest, a lack of stirring can result in 
poor mixing for commercial-scale systems. The 
shallowness of these pools of water (less than 0.5 
meters) allows light to permeate to the bottom. 
According to a prior study, these water bodies 
may be covered with plastic sheets for improved 
temperature management.

Circular Pond
The diameter of a circular pond is typically 40-50 
meters, and the depth is typically 20-30 centimeters. 
The middle of the pond has a long revolving arm 
that works as a paddlewheel for mixing algae cells 
and culture medium. Even though unstirred systems 
are more efficient, environmental contamination is 
unavoidable when using a hybrid approach.

Raceway  Pond
Concrete or plastic raceway ponds are typically 
between 15 and 50 centimeters deep. Pure or 
wastewater can be employed as the culture material 
in these ponds. CO2 collecting facilities can also 
be incorporated into this system's overall design. 
The presence of a paddlewheel, baffle, and channels 
prevent sedimentation and guarantee that the algae 
cells are floating in the medium. As a result, all algal 
cells receive the proper amount of sunlight and 
CO2 to develop appropriately. Microalgae growers 
choose this pond because it is more efficient than 
circular ponds or not agitated systems.55 Figure 3 is 
a schematic depiction of the same. Contamination 
of microalgae cultures by bacteria and fungus and 
pigments and other substances. Thus, while these 
bio reactors continue to be used for commercial 
microalgae growing, additional research is needed 
to improve light penetration and mixing and reduce 
water evaporation.

Fig. 3: Open ponds for algae cultivation (i) unstirred pond area with less than 0.5 meters depth  
(ii) Stirred pond with 20-30 centimeters depth (iii) raceway pond

Photobioreactors for Algae Cultivation
It is a fundamentally new solution to the problem 
of algae biomass proliferation and cultivation 
that uses closed systems or photobioreactors. 
The photobioreactor types produced too far include 
horizontal tubular photoreactors, vertical tubular 
photoreactors, and photobioreactors sloped at any 
angle.56,57 On the other hand, photobioreactors are 
far more adaptable and may be used in a wide range 
of climates. In a closed bioreactor, evaporation is 
limited, parasites and predators are eliminated, and 
photosynthesis is ensured by artificial illumination. 
Growing cultures of particular algae species, such 
as those with a high oil concentration in biomass, 
is possible under these circumstances. A large gag 

photobioreactor was the first closed photobioreactor 
used in research.58,59 Plastic bags around 0.5 meters 
in diameter were used with an aeration system. 
Although most of the structures are built for batch 
mode operation, several semi-continuous systems 
exist.

The main issue with its use is that it must be done 
indoors because there is no way to adjust the 
temperature. There are also issues with culture 
lighting due to the bags' diameter, which reduces 
the system's output. Because this reactor has a high 
workload and does not guarantee proper mixing, 
it might collapse and decrease process efficiency. 
Most of the reactors are composed of polycarbonate 
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or glass, and the gases supply and  flow of medium 
are carried out by pumps or, more preferable,  
by airlift.51,55 Tube photobioreactors often employ air 
pumps or airlift systems to circulate and mix their 
cultures. This reactor may be used indoors and 
outdoors because it has a large light area. However, 
one of its key downsides is poor mass transfer due 
to increased oxygen levels and larger reactors. It has 
been shown that the tubular reactors may readily 
achieve significant dissolved oxygen levels.

Furthermore, the photoinhibition process in the 
tubular reactor under exterior (outside) circumstances 
is paramount. The ratio of lighting surface area to 
system volume decreases as the tubes' diameters 
increase. Unless a suitable mixing mechanism is 
in place, the cells at the bottom of the tube will not 
be able to get enough light for cell development 
(due to light shadowing). Then, light may be more 
effectively delivered to cells. The inability to regulate 
the temperature in a tubular photobioreactor is 
another challenge. Although a thermostat may be 
used, it is a costly and complicated option to execute. 
Algae cells can stick to the reactor's walls, which 
is something to keep in mind. Oxygen and carbon 
dioxide transport gradients run parallel to the tubes 
in a long tubular reactor. As pH rises, so does the 
cost of algae production because of the increased 
frequency of re-carbonization. For example,  
a tubular photobioreactor such as biocoil type is that 
consists of a plastic tube with a 2.4–5.0 cm modest 
diameter, with a screw-wrapped around an oversized 
vertical tube. For pumping system accomplished 
with airlift system or a variety of pumps in a series 
of parallel networks of tubes. Depending on the type 
of algae, the pump used will be a different model. 
One possibility is to incorporate a gas exchange 
system within the reactor. The ability to manually or 
automatically regulate the temperature is provided. 
Consistent mixing in the reactor ensures that algae 
cells do not stick to the tube walls.52

Despite the development of several solutions, 
none of them can be considered cost-effective. 
While photobioreactors can be costly to operate 
and need significant input (lighting, carbon dioxide 
supply), other challenges are associated with 
their use, such as overgrowth and a lack of light 
penetration. However, on the technical scale, 
specific technological systems are put into practice 
that combines open and closed systems components 

in a single design. There are several advantages to 
using greenhouses for racetrack-type ponds, such 
as decreased evaporation and controlled access to 
predators, stability, temperature and the possibility to 
apply extra illumination. It is also possible to provide 
an additional source of CO2 to the greenhouse's 
interior, such as combustion emissions. 

Closed Systems
Due to resource restrictions of open systems, 
closed system PBRs were created. Closed systems 
eliminate direct interactions between culture media 
and the environment, resulting in more consistent 
and reliable surroundings. Additional mass transfer, 
air tightness, and process parameter approach all 
add to the cost of these systems. Because proper 
lighting system necessitates a significant amount 
of energy, these systems are inefficient. Because 
of these restrictions, the commercial application 
of these systems is challenging. The considerable 
value products and fine chemicals produced 
in these closed systems can be used to make 
biopharmaceuticals and human health supplements, 
cosmetics, and biofuels.  

Flat-panel
A schematic example of a PBR with a flat panel 
is shown in Figure 4a. It may be constructed both 
indoors and outside. The flat panels are made of 
plastic bags, plexiglass, polycarbonates, glass, and 
other transparent or semi-transparent materials. 
Algae cells are mixed with culture medium using air 
bubbles created by an air sparger and an air pump. 
The exhaust gas is emitted at the point where the gas 
and liquid collide. Outside reactors have a natural 
tendency to utilize as much light as possible.

Fig. 4a: A flat panel  photobioreactor,  with 
transparent plastic or glass sheet, airflow for 
aeration from below and open side aligned  

with the sun rays
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Vertical Tube
PBRs with vertical tubes can be set up in two 
different ways: a bubble column or an airlift  
(as shown in figure 4b, left and right, respectively). 
To ensure algal cell suspension, increased mass 
transfer, CO2 sequestration, and O2 release,  
a sparger on the bottom of both reactors release the 
spared gas into the culture fluid. The airlift reactor 
has changed the bubble column reactor.

Stirred Tank
For this type of indoor reactor, an external source of 
light is required. The mixing is done with an electric 
motor. As a result, this reactor type has a high 
temperature, mass transfer, and mixing efficiency. 
A bottom-mounted air sparger supplies the CO2 for 
the reaction. The free headspace facilitates the flow 
of gases between the culture medium and the free 
headspace by providing 20%. On the other hand,  
a low surface-to-volume ratio limits light penetration, 
lowering microalgae activity.

Nano-Additives for Speedy Microalgae Culture 
Recently, some researchers applied nano additives 
at different stages of microalgae culture to enhance 
biomass efficiency and byproducts development.  
Some enzymes are also immobilized with and 
support to enhance the catalytic activity because 
of high surface area and reactivity and stability.  
A different approach can be utilized to immobilize 
the enzyme with nanomaterials, enzyme covalently 
bound to the nanofibres through electrospinning 
and aggregation on the surface of nanotubes  
by coating. Different carbon structures like graphene 
oxide, muti-walled carbon nanotubes, oxidized 
carbon nanotubes, fullerene provide good stability 
and activity for the enzyme.17,19 The application 
of nanoparticles in different phases of microalgae 
cultivation provides an outstanding yield of biomass 
and biofuel. Some researchers claimed the  
nano-particle application enhances microalgae 
biomass up to 20–30% and makes it more  
cost-effective.60 Some nanopart icles were 
applied during the culturing of microalgae, where 
they improved the sunlit conversion efficiency  
in a photobioreactor. Due to the high growth of 
algal biomass, the light cannot reach the deep 
self-shading and biofilm establishment on the 
photobioreactor surface. The high biomass can be 
achieve by proper illumination and photoconversion 
in PBR equipped with the light-emitting diodes 
(LEDs). Recently, a scale-up algae culture has used 
Gallium aluminum arsenide (GAA) based on LEDs.  
When optical fibers are used during the algal culture, 
they can achieve high efficiency in growth and save 
additional light costs.60

Additionally, the amendment of metallic nanoparticles 
can enhance the surface plasmon resonance 
and amplify the scattering light at a specific  
wavelength.61 For example, silver nanoparticles 

Fig. 4b: A vertical tube photobioreactor,  with 
transparent plastic or glass sheet, airflow for 
aeration from the inside tube and surface side 

aligned with the sun rays

Horizontal Tube
This type of PBR (shown in figure 4 c) has the 
highest surface-to-volume ratio, ensuring that 
algae cells get the most amount of light possible. 
Due to its uneven mass transfer, vast area 
requirements, and high maintenance and operational 
expenses, this type of PBR is deemed unsuitable for  
commercial-scale uses.

Fig. 4c: A tubular design photobioreactor,  with 
transparent tubes, aligned with the sun rays 

(modified and adopted from Chisti et al.71)
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suspension strongly backscattered blue light in 
plasmonic mini-PBRs. The green microalgae 
have captured blue light significantly raised 
the photosynthetic efficiency and biomass.  
For example, Chlamydomonas reinhardti i , 
Cyanothece have obtained  30% higher biomass 
in blue light illumination.62 Carbon sequestration by 
microalgae cultivation is one of the best strategies 
to overcome the greenhouse gas effect on the 
environment. During the microalgae growth, CO2  
absorption from the atmosphere boosts biomass 
growth. In a microalgae culture formation of 
nanobubbles and persisted for a longer time and 
made it more floatable biomass into the culture 
biomass density becomes improved by accumulating 
CO2, O2. The algal biomass with suspended nano-
bubbles acts as an airlift-loop in bioreactor and 
provides much less energy than microbubbles 
formation.62,63

The application of Nano-Al-droplet for biofuel 
mixtures has proven to be more efficient than other 
suspension. The nano-additives in liquid have  
a better action than n-decane-based fuels when used 
as a suspension in the fuel due to the high viscosity 
of ethanol inclined to generate a gel around the 
nanoparticles. In contrast, nano-Al suspension in 
ethanol has sufficient excellent for a more prolonged 
period than other nanoparticles when applied.63 
For engine high efficiency, nano-droplets covered 
a monolayer on the mechanical essentials of the 
machine that were in contact with liquid fuel.60  
The nanoparticles Al2O3, Al, CuO, MnO, ZnO and 
MgO, NPs combined with water–diesel–biodiesel 
emulsion and bioethanol were worked excellently. 
Because of mandatory disabling, super-high DTG 
max value, more excellent heat of combustion, 
consistent torque boosting, lowest brake-specific 
fuel consumption, tiniest size of water droplets, and 
lowest values of Soot HC, CO, NOx, and Al2O3 
performed the best among these NPs.64,65

Significance of Biofuel 
There is a great significance of the deployment of 
biofuels in the carriage sector. As the expansion in 
the economy and increment in population has been 
observed; thus, there is a huge demand for fossil 
fuels. The high needs of energy and biofuels are 
being produced as additional fossil fuels.66 Biofuels 
are more critical for a sustainable ecosystem than 
fossil fuels since they emit less carbon dioxide into 

the atmosphere. The use of biofuels instead of fossil 
fuels helps to reduce greenhouse gas emissions into 
the atmosphere, which causes climate change.67

Furthermore, petroleum, which originated from old 
algae deposits, appears to be a limited resource 
and seems to become too expensive and ultimately 
run out.68 Due to these significant factors, there 
is a great significance in using biofuels instead 
of fossil fuels to produce energy. Therefore, 
several types of research have been conducted on 
different renewable resources to produce energy. 
The production of biofuels has efficiently replaced 
the use of fossil fuels for the production of energy.69

The study of Pandey et al. In 2013 stated that 
microalgae are a valuable source of biofuels. 
Microalgae have been revealed to accumulate and 
synthesize a considerable amount of neutral lipids 
(i.e., 20 to 50 percent biomass’s dry weight), which is 
one of the significant advantages. It is further found 
that microalgae are grown at high rates, another 
considerable advantage of microalgae.66 The study 
has further suggested that microalgae can fulfill all-
year-round production. It can ensure efficient oil yield 
for each area of the cultivated microalgae compared 
to oilseed crops.

In addition to this, less water is required for 
microalgae production compared to terrestrial 
crops. Thus, it reduces the need for a large amount  
of freshwater to cultivate microalgae. Furthermore, 
it has been observed that microalgae cultivation 
does not need pesticides or herbicides application.11 
Microalgae eliminate CO2 gases and are released 
from flue gases emitted from fossil fuels. Thus,  
it can be said that the use of microalgae is playing a 
significant role in reducing substantial greenhouse 
gas emissions. It is further found that microalgae 
cultivation can be conveyed in seawater, saline 
water on non-arable land.70 Several technologies 
have been considered renewable energy sources.

Furthermore, no single strategy is being used to 
provide an effective solution. Thus, it appears that 
a combination of processes must be incorporated to 
ensure the dependence of biofuels for the production 
of energy.71 For instance, a study revealed that 
Brazil used sugarcane for ethanol production to 
fulfill their energy needs.72 In addition to this, oils 
originating from terrestrial plants are also being used 
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for fulfilling the ever-increasing demand for energy.  
For instance, palm and soy plants are being deployed 
to be environmentally friendly and sustainable.73,74 
However, it is found that these techniques work 
at a small scale, but these techniques have been 
increased.25 They require a massive amount  
of agricultural land that might be used to supplant 
a considerable proportion of petroleum being used 
by these strategies. 

The use of hybrid technologies for energy generation 
is illustrated in the report. Two examples of these 
techniques are gasification of remaining biomass 
into syngas and cellulose conversion to sugars.75  
These strategies can be deployed for the production 
of liquid fuels. Although these techniques are being 
used widely to produce fuels, these strategies do 
not accommodate the ever-increasing demand for 
liquid fuels.76

Importance of Algae in Biofuel Production 
Several studies have identified that microalgae can 
provide several advantages compared to the help 
of terrestrial plants. Jones & Mayfield35 suggested 
using microalgae to produce different forms  
of biofuels. The best example is methane production 
grown by aerobic digestion originated from micro-
algal oil made from bio-hydrogen.75 The Pienkos 
& Darzins65 survey stated that microalgae are 
observed as single-celled organisms duplicated 
by high throughput technologies deployed for 
rapidly evolving strains. It has been revealed by 
the study that the use of microalgae has presented 
a reduced effect on the environment as compared 
to biomass’s terrestrial sources for efficient and 
sustainable production of biofuels.75 The study 
further highlighted that microalgae could be nurtured 
over the land, not utilized for agriculture. Additionally, 
microalgae cultivation does not require a large 
quantity of water. Hence, it can be said that the 
production of biofuels from microalgae also results 
in the reduction of the use of agricultural land and 
freshwater as compared to the production of biofuels 
from terrestrial plants.76 However, the study asserted 
that microalgae's cultivating process could reduce 
waste streams.77 Major waste streams include public 
wastewater to remove phosphates and nitrates 
before discharge. It also releases flue gas from 
combustible-based power plants or coal for capturing 
carbon dioxide gases and sulphates. Thus, effective 
bioengineering techniques can enable algal biofuels 

to compete against petroleum. It is because these 
techniques encompass a high potential for producing  
cost-competitive biofuels.

According to the study of Pittman et al.,22 it is 
found that the use of algae has received significant 
attention as the primary basis of biomass being 
used for the fabrication of renewable energy. 
The primary characteristic that has led to the 
adoption of algae for biofuel production is that it 
can provide the highest biomass yield per unit area 
and length.78 It also contains high starch and oil 
content, and it does not require agricultural land for 
its cultivation. Furthermore, the cultivation process  
of microalgae does not require freshwater. Therefore, 
carbon dioxide gases and wastewater can be used 
to cultivate microalgae. It is revealed that microalgae 
produce highly efficient energy through biomass 
conversion compared to other crops.79

According to Patil et al.,10 microalgae are favored over 
macroalgae, complicating cultivation. Furthermore, 
macroalgae are less flexible and provide only one 
processing method; thus, anaerobic digestion is 
the best choice for biogas production. Microalgae, 
on the other hand, was thought to be a sunlight-
driven technology that turns CO2 gas into possible 
plants, biofuels, high-value bioactivities, and 
feeds.80-81 Microalgae are also discovered to be 
phototrophic species that require potential growth 
sunlight and high light conversion efficiency. 
Furthermore, microalgae can absorb carbon dioxide 
gas emissions, resulting in less carbon dioxide waste 
in the atmosphere.82 Algae use carbon dioxide and 
account for more than 40% of global C- fixation, with 
marine microalgae accounting for most productivity.83 
According to Singh & Olsen,8 microalgal biomass 
contains 50% carbon by dry weight.

It's also been discovered that algae produce a lot 
of biomass in a short amount of time. This is due 
to the fact that algae do not need cellulose for 
their roots, leaves, or branches. As a result, the 
growth rate of microalgae is much superior to that  
of terrestrial crops.84 Algae has a rapid growth 
rate, high lipid content, and the potential to breed 
fast, competitive strains and produce co-products, 
all of which make it a viable addition to environmental 
energy production techniques.85,86 On the other 
hand, Macroalgae contain several hydrocarbons, 
lipids, and other complex oils.87 For biodiesel 
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production from the microalgae, simple steps involve 
selecting the collection of algae and extracting and 
converting biodiesel-required nanocatalysts for more 
advancement and high yield biodiesel production.

Conclusion 
From the entire discussion, it is spotted that biofuels 
are being used extensively to produce energy to 
contribute to a friendly and sustainable environment. 
Biofuels as an energy source will play a substantial 
role in fulfilling the ever-increasing need for fuel 
in an eco-friendly and sustainable way. The most 
effective technique found for biofuel production 
is the use of microalgae. It is well known that 
microalgae are produced at a high rate of biomass 
in adverse conditions. Also, microalgae cultivation 
is not necessitating freshwater and fertile acreage. 

Hence, microalgae are found to be more effective 
as compared to other traditional terrestrial crops.
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