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Abstract: Human civilization will need to reduce its impacts on air and water quality and reduce its
use of fossil fuels in order to advance towards a more sustainable future. Using microalgae to treat
wastewater as well as simultaneously produce biofuels is one of the approaches for a sustainable
future. The manufacture of biofuels from microalgae is one of the next-generation biofuel solutions
that has recently received a lot of interest, as it can remove nutrients from the wastewater whilst
capturing carbon dioxide from the atmosphere. The resulting biomass are employed to generate
biofuels, which can run fuel cell vehicles of zero emission, power combustion engines and power
plants. By cultivating microalgae in wastewater, eutrophication can be prevented, thereby enhancing
the quality of the effluent. Thus, by combining wastewater treatment and biofuel production, the
cost of the biofuels, as well as the environmental hazards, can be minimized, as there is a supply
of free and already available nutrients and water. In this article, the steps involved to generate the
various biofuels through microalgae are detailed.

Keywords: microalgae; wastewater treatment; biofuel; nutrient removal

1. Introduction

From sea ice in the Arctic to microbiotic crusts in deserts, the term “algae” refers to
a wide group of (mainly) autotrophic, aquatic creatures found all over the world [1,2].
Algae are usually one of two types such as macro and micro algae. Macroalgae are
generally considered terrestrial plants that returned to a damp environment, according
to evolutionary theory. They are classified into red, brown, and green algae and are
diverse forms of multicellular eukaryotes, each with a respective evolution pathway. They
have leaves and branches and may be fixed firmly [3]. Microalgae, on the other hand,
are unicellular and range in size from nanometers to millimetres. Microalgae is defined
by phycologists as a creature with chlorophyll and a body (thallus) that is not divided
into roots, leaves (thallophytes), and stems [4]. They comprise both the prokaryotes and
eukaryotes. Microalgae fix carbon dioxide more efficiently than terrestrial plants, and are
widely known for capturing both atmospheric and industrial pollutants [5].

According to the research conducted earlier, production of algae biomass are 5–10 times
higher than terrestrial plants, indicating a considerable chance of increased biomass produc-
tion [6]. Microalgae are considered as the most successful feedstock for biodiesel synthesis
due to their high photosynthetic activity, effective capture of the emitted carbon dioxide,
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and remarkable environmental adaptation, including high algal production [7–9]. Thus,
algae utilize carbon dioxide, along with sunlight and water, to produce sugars through
photosynthesis. The products thus obtained are broken down into carbohydrates, proteins,
lipids, nucleic acids, etc. The fatty acid content varies with each type of algae. Fatty acids
can account for up to 40–50% of the entire mass of some algae species. Table 1 details the
general composition of various microalgae.

Table 1. General composition of various microalgae on percentage dry matter basis [10].

Microalgae Species Protein Carbohydrates Fatty Acids

Anabaena cylindrica 43–56 25–30 4–7

Aphanizomenonflos-aquae 62 23 3

Chlamydomonas rheinhardii 48 17 21

Chlorella pyrenoidosa 57 26 2

Chlorella vulgaris 51–58 12–17 14–22

Dunaliella salina 57 32 6

Euglena gracilis 39–61 14–18 14–20

Porphyridiumcruentum 28–39 40–57 9–14

Scenedesmus obliquus 50–56 10–17 12–14

Spirogyra sp. 6–20 33–64 11–21

Arthrospira maxima 60–71 13–16 6–7

Spirulina platensis 46–63 8–14 4–9

Synechococcus sp. 63 15 11

Current biofuel production from microalgal biomass is limited by a lack of dependable
and cost-effective technologies for producing and harvesting algal feedstocks [11]. Muchre-
cent research has proposed that algal biomass production be combined with wastewater
treatment and recycling to equalize the expense of fertilisers and freshwater necessary for
microalgae growing [12–15]. This combination of algal biomass generation and wastewater
treatment also helps to purify wastewater [16–18]. Microalgal cells′ nutrient absorption
ability can lower the nitrogen and phosphorus content of wastewater to a relatively low
level, allowing it to fulfil the increasingly stricter nutrient discharge standards [19,20].
Most nutrients in the wastewater are eliminated, suggesting the possibility of integrating
wastewater treatment with algal biomass production. In addition, the nutrients in the
wastewater are not only eliminated from the wastewater, but they are also caught by the
microalgae and returned to the environment as agricultural fertilisers. Another benefit of
microalgae-based wastewater treatment is that the algal cells fix the greenhouse gas (carbon
dioxide) through photosynthesis. Microalgae cultivations have been widely employed
for wastewater treatment so far, demonstrating the capacity to remove nutrients from
a variety of wastewater types, including wastewater from industries [21,22], municipal
wastewater [23,24], cattle wastewater [14,25], and aquaculture wastewater [18]. Microalgae
may utilize the nutrients in wastewater to flourish, and the wastewater may be treated at
the same time. Large amounts of freshwater and nutrients necessary for algal development
might be conserved by utilising wastewater. Using microalgae to remediate wastewater for
biofuel production is a more sustainable and ecologically beneficial option. Algal growth
is primarily reliant on carbon, nitrogen, and phosphorus. Various wastewater sources,
such as urban wastewater, agricultural run-off, animal wastewaters, and industrial water,
often provide adequate carbon, nitrogen, and phosphorus for algae to thrive efficiently.
Algae may develop in a variety of wastewaters as long as there is enough carbon (both
organic or inorganic), nitrogen (in the form of urea, ammonium, or nitrate), and other trace
components [26]. Due to its efficiency and requirement, widespread production of algal
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biomass for biofuel and other purposes utilising wastewaters is attracting increased interest
for study.Nutrient removal efficiency of microalga in different wastewater is tabulated in
Table 2.

Table 2. Microalgal nutrient removal efficiencies from various wastewaters.

Wastewater Strain Removal of Total
Nitrogen (%)

Removal of Total
Phosphorus (%) Reference

Municipal sewage water Chlorella 97.81 89.39 [27]

Pharmaceutical wastewater Chlorella sorokiniana 70 89 [28]

Landfill Leachate Chlorella vulgaris 69 100 [29]

Aquaculture wastewater

Chlorella
vulgaris

and
Scenedesmus

obliquus

86.1 82.7 [18]

Textile wastewater Mixed consortia of Microalga 95 70 [30]

Edible Oil Refinery wastewater Desmodesmussp 96 53 [31]

Dairy wastewater Chlorella vulgaris 85.47 65.96 [32]

Algae may be harvested from the treatment facility on a regular basis and used to make
biofuel. In comparison to traditional wastewater treatment technologies, simultaneous
wastewater treatment and algae culture can give a more cost-effective and environmentally
friendly wastewater treatment. It has been demonstrated that it is a more cost-effective
method of removing biochemical oxygen demand, pathogens, phosphate, and nitrogen
than activated sludge [33]. This review paper discusses the various biofuels obtained
through the nutrient removal in wastewater using microalgae (as shown in Figure 1).
The fuels generated are biodiesel, biomethanol, biomethane, biohydrogen, bioprocessed
esters and fatty acids, and synthestic fuels such as Fischer Tropsch Diesel, Dimethyl ether,
and methanol.
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2. Biofuel Production Pathways

Biofuels using microalgae can be produced through various pathways such as (i) physic-
ochemical pathway, which involves transesterification or esterification,(ii) biochemical
conversion, which involves alcoholic fermentation, dark fermentation, anaerobic digestion,
andbiophotosynthesis, and (iii) thermochemical conversions such as pyrolysis, gasification,
hydrothermal processes, or hydro-processing. Biomethane is produced by anaerobic diges-
tion [34,35], biohydrogen is generated by biophotosynthetic process [36,37], bioethanol is
produced by fermentation [38,39], liquid fats by thermal liquefaction [40–43], and biodiesel
by transesterification or esterification process [40,44,45].

2.1. Biodiesel

The triglyceride transesterification technique has been used in biodiesel production
for more than 50 years [46]. During transesterification, fatty acid esters are formed when
the triglycerides react with alcohol, and when the reaction is sped up by a catalyst.As
the chemical processes involved in the manufacture of biodiesel are rather slow, catalysts
are utilised to speed them up. Biodiesel manufacturing methods can be chemical or
biotechnological, depending on the kind of catalyst used in the process. Biodiesel may
be made from algal biomass in a variety of ways (including oil extraction from algal
biomass) via esterification and direct transesterification of microalgae [47]. Fatty acid
methyl esters (FAMEs), the chemical component of biodiesel, are usually generated in algal
biodiesel processes by transesterification of algal oil with the alcohol (methanol) utilizing
98% concentrated sulfuric acid as a catalyst and n–hexane as a solvent. Extraction of oil
from the microalgae without breaking their cells is a novel way in using nano catalysts
for biodiesel synthesis from microalgae [48]. In situ transesterification is a promising
method for avoiding oil extraction and directly converting lipids within microalgae cells to
biodiesel in a single step, which might simplify biodiesel manufacturing procedures while
also producing more biodiesel [49].

Generally, microalgae oil contains more free fatty acids compared to the oil from
terrestrial plants; therefore, during biodiesel production from microalgae oil, free fatty
acids should be esterified using acid catalysts prior to usual transesterification. In a
research conducted by Ashokkumar, the fatty acids in the microalgae Botryococcus braunii
were esterified using 1.5% concentrated sulphuric acid at a temperature of 55 ◦C for about
20 min prior to transesterification. The initial fatty acid content was 9.7% in the microalgae,
and it decreased to 0.55 percent after esterification [50].

Unlike terrestrial oily plants (such as palm, soybean, or canola seed), algal oil may
be recovered readily from the algal cell by compressing it, followed by solvent extraction.
Mechanical crushing of algal biomass is another option, although extracting algal oil with
the current technology is quite challenging. The majority of extraction methods are based
on Bligh and Dryer′s 1959 approach. [51]. Cold pressing is the least costly method of
extraction of algal oil [47]. This method may extract up to 70% of the oil contained inside
the algae [52]. The addition of an organic solvent can improve the extraction level to 99%,
but this comes at a cost in terms of processing [53].

When assessing the potential of different microalgal strains for biodiesel generation,
it′s crucial to keep in mind that all microalgal oils are not suitable for the production of
biodiesel. Biodiesel made from microalgae is similar to biodiesel made from other sources,
such as oleaginous plants, in that it has limited oxidative stability due to a high degree
of unsaturation.

Blending biodiesel with fossil fuel and/or adding chemical stabilisers can help in
improving it [54–56]. The temperature-related features of diesel, such as cloud point and
cold filter plugging point, become critical in cold climates for optimal fuel performance. [57].
Other important factors to be considered are the energy content which provides the intrinsic
value of the fuel, acidic, and water content in the fuel which determines its corrosive nature,
and the viscosity of the fuel to determine the proficient operation of the engine [54].
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2.2. Biomethane

Biogas is one of the most promising biofuels, with the ability to alleviate some of the ris-
ing worries about fossil fuels, such as the energy calamity and change in the weather [58,59].
Application of microalgae have been shown to be efficient, practical, and cost-effective
in biogas generation [60–62]. Microalgae are particularly well suited for combined nu-
trient removal through wastewater treatment and carbon dioxide sequestration, due to
their ability to assimilate large amounts of carbon dioxide and the possibility of blend-
ing microalgal cultivation with flue gas emissions or biogas upgrading, which involves
removing carbondioxide (as biogas) to increase methane percentage [63–65]. Microalgae
cultivation at a wastewater treatment facility offers a free source of water and nutrients,
while also contributing to the wastewater treatment process and allowing the recycling of
vital nutrients that would otherwise be lost to the environment. The resulting microalgal
biomass can subsequently be processed to extract nutrients for fertiliser production or
oils for biodiesel generation. Biogas can also be produced through anaerobic digestion of
residual biomass [66–68]. Biomethane is generated via biochemical conversion of biomass,
followed by gas upgrading, or by thermochemical conversion of solid biomass through
gasification, followed by gas cleaning, methanation as the process of synthesis, and biogas
upgrading of the product.

Anaerobic digestion by microalgae was first detailed by Golueke and his coworkers
in 1957 by means of Chlorella sp. and Scenedesmus sp.,whichgenerated nearly 0.17–0.32 L
CH4/gVS [69]. However, for two reasons, microalgae biomass is not currently considered
a viable substrate for biogas production in the anaerobic digestion process: (i) the rigid
cell wall of the microalgae confers a high level of resistance to microbial degradation,
and (ii) due to the high protein content, the biomass has very low carbon-to-nitrogen
(C/N) ratio, which is unfavourable [69,70]. Three different microalgae, belonging to
the genus Scenedesmus, Chlorella, and Chlamydomonas, displayed higher carbon/nitrogen
ratio in the biomass (24–26 on the basis of weight) when those microalgae were starved.
Consecutively, they also lost their capacity to resist degradation by bacteria, thus leading
to higher production of biomethane [71], with their conversion rates nearly equal to the
theoretical threshold value [70].

By weakening or breaking the microalgae cell wall structure via pretreatment, we
can improve the anaerobic biodegradability of microalgae; co-digestion also enhances the
biogas yield by increasing the organic loading rate while controlling the concentration of
ammonia. For a better understanding and optimization of the performance of the process,
mathematical models and reactor design and operation techniques must be carefully
studied. Finally, the biogas generated during the anaerobic digestion of microalgae should
be improved before being burned on-site or injected into natural gas systems or utilized as
liquefied petroleum gas.

To aid compression, to improve calorific value, and to avoid metal component corro-
sion, all hydrogen sulphide and other trace gases must be eliminated before biogas can be
utilised in generators or fed to national gas networks. These steps can be through various
chemical scrubbing methods [72,73]. However, the systems involved are huge and difficult
to scale down, and can produce very hazardous by-products. Therefore, biotrickling and
bioscrubbing have been developed as ecologically viable biological processes.

The use of the entire algal cell and the ability to employ low-quality algae sources,
such as wastewater treatment or blooms, are the advantages of the biogas generation
in general.

2.3. Biohydrogen

The term “biohydrogen” refers to hydrogen created biologically, most typically by
algae, bacteria, and archaea, either through cultivating them or from organic waste
sources [74]. Hydrogen is considered as yet another sustainable energy source gener-
ated by photosynthetic organisms, with a higher energy content of about 122 kJ/g, which
is nearly 2.75 times greater than that of hydrocarbon fuels [75]; due to this reason, it has
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been considered a viable alternative to fossil fuels and as an carrier of energy. A number of
microalgae species, such as Anabaena sp. [76], Chlorella vulgaris [77], Nannochoropsis sp. [78],
Chlamydomonas reinhardtii [79], Spirulina maxima [80], and Scenedesmus obliquus [77,81], are
capable of generating molecular hydrogen through the photofermentative metabolism.
Among the various species, Chlorella vulgaris is the most commonly used untreated sub-
strate for hydrogen generation. Hydrogen yield acquired from various species ranged from
0.37 to 19 mL of hydrogen/g VS, and highest hydrogen yield was achieved from Chlorella
vulgaris [82] and the Scenedesmus sp. [83].

Microalgal hydrogen production is facilitated by the solar light, or by fermentation
processes and various thermochemical techniques used to convert the biomass. Production
of molecular hydrogen by microalgae is carried out in the presence of the enzyme hydroge-
nase, which utilizes water as the only electron donor. [84].However, as the hydrogenase
enzyme that produces biohydrogen is particularly sensitive to oxygen and becomes inactive
even at a partial pressure of 2% of oxygen, [85], the ability of microalgae to stimulate hydro-
gen production shows only after acclimatization to anaerobic environment and is vanished
in the presence of even small amount of oxygen [86]. Thus, due to its incompatibility to
oxygen, the ability of microalgae lasts only for a short period of time.

In 1939, Gaffron and Rubin conducted the first scientific experiment of generating
hydrogen using microalgae. In their study, it was reported that Scenedesmus obliquus
was able to generate hydrogen at low rates under two conditions, such as in the dark
environment and by replacing the culture’s atmosphere with nitrogen gas [87]. Thus, it can
be stated that the production of hydrogen depends on the mechanism of algae to adapt to
the transition phase during which the dark anaerobic condition is switched to oxygenic
condition to perform photosynthesis. The electron transport pathway is re-oxidized only
through this transition [88].

Due to the low rate of biohydrogen production, the microalgae should be pretreated
to convert the complex carbohydrates into simple sugars, thereby increasing the surface
area (through the disruption of cell and disintegration of the cell wall) for the action of
microbes. To increase the production of biohydrogen, physical, chemical, and biological
pretreatments are employed. Physical pretreatment includes mechanical, thermal, and
ultrasonication. Chemical pretreatment is carried out by the addition of acid or base or
by ozonation.Microbes and enzymes are used in biological pretreatment to disrupt the
microalgal biomass and liberate intracellular components, thus increasing the biohydrogen
production rate. Enzymes are selected based on the composition of the microalgal cell
wall. Another method to increase the hydrogen yield is through metabolic engineering and
screening for mutant varieties. The photosynthetic stages within the cell are changed to
increase hydrogen production through metabolic engineering.

Hydrogen can be produced inthree different ways such as direct biophotolysis, indirect
biophotolysis (as shown in Figure 2), and hydrogen production driven by ATP. In direct
photolysis biohydrogen is produced by converting water to hydrogen using solar energy
through photosynthesis, and is further used as a substrate for anaerobic bacteria during
dark fermentation [76]. Such fermentative reactions are typically faster and produce more
hydrogen [89].

In indirect photolysis, the microalga produces hydrogen in two steps. In step 1,
carbon dioxide is captured through photosynthesis in the presence of solar light. In
other terms, microalgae produce oxygen and build up carbon within the cells. In step 2,
production of hydrogen takes place through the degradation of the accumulated carbon
through anaerobic fermentation which occurs in the absence of oxygen and involves a series
of complex biochemical events involving multi-enzyme systems [36,75]. Hydrogenase
enzyme plays an important role in this method. As discussed earlier, it is more sensitive to
oxygen, so various research is being carried out to develop hydrogenase enzyme which is
not sensitive to oxygen. Closed Photobioreactors can be employed for indirect photolysis
(Figure 3). The most widely used photobioreactors have atubular design which consists
of numerous transparent tubes. The tubes are usually designed to have a diameter less
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than 10 cm to maximize penetration of solar rays. The microalgal broth is pumped through
the tubes, where it is exposed to sunlight for photosynthesis, and then recycled back to a
reservoir. Using either a mechanical pump or an airlift pump, the algal biomass is kept
from settling by maintaining a very turbulent flow within the reactor [46]. A fraction of
the algae is usually collected from the solar tubes. Thus, in this way microalgae can be
harvested continuously.
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Various literatures have reported that usage of immobilized microalgal cells in the
photobioreactors is more advantageous compared to the free cells. Immobilized cells
provide increased cell retention time within the bioreactors and enhanced metabolic activity
compared to the free cells [90]. Several strategies for improving hydrogen synthesis have
been implemented, including varying light intensity, carbon supply, pH, temperature, and
sulphur starvation [91,92].

Furthermore, the process′s environmental and financial benefits are enhanced by
the simultaneous treatment of wastewater and generation of valuable algal biomass [93].
According to Brennan and Owende (2010), in the immediate future, the combination of
these processes will be the most reasonable commercial application, and it may be one of
the most sustainable methods to generate biofuels [5]. Though the concept of generating
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hydrogen through fermentative metabolism was discovered years ago by Chlamydomonas
moewusii [94]; the challenges faced by construction often hinder the application of algal
hydrogen generation in a wastewater environment in terms of renewable energy generation
and performance characteristics. Moreover, the action of volatile acids such as acetic acid
and butyric acid (released during the anaerobic digestion in the wastewater treatment
plant) on depletion of oxygen and consequent generation of biohydrogen and its continuity
in producing hydrogen has to be studied [95].

2.4. Bioethanol

Bioethanol is considered a substitute for conventional petroleum, as they both have the
same chemical and physical properties [96–98]. Microalgae biomass, in particular, has lately
received a lot of interest as a viable renewable source for the production of biofuels. Third-
generation bioethanol made from microalgae biomass could also be an environmentally
beneficial fuel. As discussed earlier, microalgae are rich in lipids, enabling it to produce
biodiesel. Similarly, some species of microalgae can store large amounts of carbohydrates,
such as triacylglycerol and starch, within their cells. These carbohydrates can be used as a
carbon source or substrate during fermentation to generate bioethanol [99,100]. Proteins
can also be accumulated within the cells, along with carbohydrates and lipids under
restriction of nitrogen or starvation [101]. Microalgae breakdown the complex nitrogen
molecules into protein. Variation in salinity, light intensity, and temperature can also
accumulate carbohydrates. Microalgae also lack lignin, and have low hemicellulose levels,
making hydrolysis and fermentation yields more efficient [102].

There are three different routes to produce bioethanol from microalgae:(i) The first
route is the conventional method, in which the biomass is pretreated, hydrolyzed enzymat-
ically, and fermented using yeast [103]. (ii) The second route operates in the dark condition,
and uses metabolic pathways to redirect photosynthesis to create hydrogen, acids, and
ethanol [104]. (iii)The third method is to use photofermentation, which is impossible in
nature [105]. (iv) The last route necessitates the use of genetic engineering to reroute
microalgae′s pre-existing metabolic pathways for more subjective and efficient bioethanol
synthesis. Bioethanol production from microalgae and cyanobacteria is a viable technical
advancement, as they have shown to be more productive than crops such assugarcane
and corn. Light is used as an energy source by genetically engineered strains to produce
bioethanol from carbon dioxide and water in a single process [106].

2.4.1. Bioethanol by Hydrolysis and Fermentation

This route is entirely based on the production of microalgae biomass in photobioreac-
tors, achieved by way of pretreatment steps which involve the hydrolysis of the biomass
and breakdown of the cell walls. The biomass is preferably pretreated using enzymes.
These treated biomass are further fermented with Sacchromyces cerevisae or bacteria to
yield bioethanol.

2.4.2. Bioethanol by Dark Fermentation

In this route of dark fermentation, the organic biomass is converted into biohydrogen.
Fermentative and hydrolytic microorganisms hydrolyze complex natural polymers into
monomers which are, in the end, converted into a combination of low molecular weight
organic acids and alcohols such as acetic acid and ethanol.

In the absence of light, certain microalgae and cyanobacteria are capable of expelling
ethanol through the cell wall via an intracellular process. Some of the species include
Chlamydomonas moewusii, C.vulgaris, C.reinhardtii, Oscillatoria limnetica, O. limosa, Chlorococ-
cum littorale, etc. [102,107]

2.4.3. Bioethanol by Photofermentation

Algae can generate bioethanol directly through the photosynthetic process, which is
referred to as thephotofermentative or photanol method [105,107]. Photofermentation is
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a technology whichis gaining popularity, especially after the announcement of industrial
operations that will use modified algae to create bioethanol directly [108]. The photofer-
mentative approach is a natural technique to transform sunlight into fermentation products
via a highly efficient metabolic pathway [109].

There has been a recent surge in the number of compounds such as ethanol produced
by modified cyanobacteria′s photofermentation metabolism. This has been made possible
by the information gained from traditional fermentation which is carried out by Escherichia
coli and Sacchromyces cerevisiae, which have been genetically modified to generate biofuels
such as bioethanol. Algae is a varied group of creatures with a lot of unwrapped genetic
potential. Although microalgae are morphologically identical single-celled photosynthetic
organisms, the functional genetic diversity is relatively high, as evidenced by the number
of unique genes found among distinct species. This genetic diversity is being used to create
novel algae strains for the production of biofuels [110].

The use of carbon dioxide and sunlight for carbon uptake and conversion into organic
molecules is the most fundamental feature of photosynthesis. Thus, it can be understood
that carbon dioxide and light are the two most important variables in increasing production
of bioethanol. The photosynthetic efficiency of microalgae ranges from 6–10% of the
incident light, whereas in higher plants, the efficiency is just 1 or 2 percent [111,112]. The
refinement of geometry, the study of optimal growing circumstances, and the capacity
of the photosynthetic machinery to absorb light all contribute to the desired result. In
general, microalgae are suitable for the generation of third generation biofuels such as
ethanol. Similar to biogas from microalgae, the ethanol production is determined by the
pretreatment and the algal strain used [113].

3. Conclusions

With the rapid pace of economic development and energy consumption, as well as
the limited supply of fossil fuels and the growing need for environmental protection, more
attention is being paid to the development of ecologically friendly fuels such as biofuels to
resolve the conflict. Microalgae-based biofuels are one of the most promising feedstocks for
the next generation of biofuels due to their capacity to produce a high amount of lipids and
minimum negative environmental consequence. Algal biofuels can be used in combination
with a reduction in carbon dioxide in flue gas and wastewater treatment, as well as the
generation of byproducts of high value. The markets for algal biofuel already exist, and are
developing, but the markets’ growth is constrained due high capital and operational costs,
and also due to underdeveloped production technology. Thus, the cost of algal biofuel is
increasing. Therefore, more research is to be conducted to improve the technologies used
to convert biomass to biofuels, and also produce better harvesting technologies to make
algal based biofuels more promising.
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