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Abstract: The search and exploitation of renewable clean energy sources have become crucial, because
of the developing day by day interest for clean water and energy affected by the improvement of the
economy, population, industrialization, urbanization, insufficient energy, climate abnormalities, and
environmental pollution. The major cause of emissions of harmful gases into the environment is due to
the high utilization of petroleum derivatives. In this way, it is paramount to explore environmentally
sustainable energy sources for feasible advancement, to satisfy these expanding energy demands and to
secure the environment. To mitigate these global problems, academic, industrial, and governmental
sectors have engaged in a lot of brainstorming and research to surmount these difficulties, which have
brought a steady flow of new information in the area of cultivation of microalgae in innovative
technologies including photobioreactors and high rate algal ponds. In this respect, biomass generation
from aquatic plants in enriched aquatic environments like wastewater has received considerable.
Therefore, this review article provides comprehensive information on recent accounts on applications
of microalgae in wastewater treatment using different technologies and their potentials in feedstock
generation for biofuels applications. However, in the course of this study, high rate algal ponds (HRAP)
and photobioreactors were found to be a reliable system for the cultivation of microalgae and
wastewater treatment. Hence, the two-step method of dewatering methods is found to be the most
effective approach for microalgae cultivation for wastewater treatment and generation of algal-based
feedstock, taking into account high yield potentials and economic factors such as cost of operation and
energy required for large scale algal biomass processing for biofuel generations.

Keywords: wastewater treatment; high rate algal ponds; photobioreactors; biomass; flotation;
centrifugation; magnetic separation.
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1. Introduction

The search and exploitation of renewable clean energy sources have become crucial,
because of the developing day by day interest for clean water and energy affected by the
improvement of the economy, population, industrialization, urbanization [1], insufficient
energy, climate abnormalities and environmental pollution [2,3]. Presently, petroleum
derivatives are the primary wellspring of energy; they are unsustainable and cannot be
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replenished within a short period. The major cause of emissions of harmful gases into the
environment is due to the high utilization of petroleum derivatives. In this way, it is paramount
to explore environmentally sustainable energy sources for available advancement, to satisfy
these expanding energy demands and to secure the environment [1].

The combination of energy and recovery of water from domestic or industrial
wastewater sources could be a possible solution to tackle these problems because the perception
of wastewater has changed in the previous years, as it is no more considered as waste, but a
wellspring of supplements (K, N, and P), water, and energy [4]. Waste is a raw material that
can be converted into resourceful materials used in the production of new materials, energy
transporter, or as supplements wellspring for land applications. Absolute waste production and
disposal is a global challenge projected to rise consistently in every part of the world [5].
Annually, global waste production is estimated to reach up to billions of tonnes [5]. At the
same time, about 1.8 billion people access water contaminated with feces, making them
vulnerable to water-related diseases like dysentery, polio, cholera, and typhoid [6]. This has
resulted in making the plight for effective waste treatment measures increasingly indispensable.

Biomass (feedstock) is viewed among the essential wellspring of energy in developing
nations like Turkey and Malaysia. It keeps on being the perfect answer for environmental
change and energy sustainability, particularly in its conventional structure [7], because it is a
source of energy that has a bit of leeway over other renewable energy sources due to long
storage time and can replenish annually from different sources. This review study discussed
recent accounts on the simultaneous applications and potentials of microalgae in wastewater
treatment and algal-based feedstock using high rate algal ponds and photobioreactors.

2. Materials and Methods

Microalgae are organisms that complete photosynthesis by utilizing carbon dioxide to
produce profitable compounds as feedstock [8]. They comprised of large groups of autotrophic
microorganism species [9], that can develop in different aquatic environments, like marine and
freshwater, industrial wastewater [10], domestic wastewater [11], animal wastewater [12], in
the presence of sufficient amount of carbon (inorganic or organic), nitrogen (nitrate,
ammonium or urea), phosphorous and some trace elements. The overall market potentialities
for algal-based products are expected to hit about 1143 million dollars by the year 2024 [13].
Meanwhile, viable market potentials for microalgae in phytoremediation of wastewater and
biofuels are presently increasing day by day. Moreover, the high yield of Botryococcus braunii
and Chlorella Vulgaris species of microalgae can be used to generate a large amount of liquid
feedstock for biofuel production [14], and other synthetic substances or crude materials that
are useful in cosmetics, pharmaceutical, and nutraceutical industries [15]. However,
microalgae seem to be the main current sustainable approach to generate biofuels [16,17].
Microalgal biofuels are characterized by low density, low viscosity, and high caloric properties,
which makes it a better biofuel when contrasted to plant biofuel. Hence, this suggests that
microalgae are more appropriate for biofuel than lignocellulosic materials [18]. However, four
main steps are involved in the generation of algal-based products. These are algae cultivation,
harvesting, processing, and extraction of the biomass. A flowchart of algal-based processing is
illustrated in Fig. 1. In addition, despite the attractiveness of microalgae in simultaneous
treatment of wastewater and biofuel production, microalgae culture, harvesting, and dewatering
of microalgal biomass remain the main contributors to high costs of algal-based products
[19,20]. Verily, these impede the commercial and sustainable microalgae production for
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biofuel generation in an economical, cost-effective with high yield and low energy manner
[21]. Extensive studies have revealed ways of recovering culture medium for microalgae
growth, such as combining cultivation and harvesting of microalgae in membrane
photobioreactors [22,23]. Still yet, a cost-effective method of large scale harvesting is yet to be
developed. Hence, this review presented and discussed current studies on microalgae
cultivation and harvesting methods. As the microalgae harvesting stage is of critical
importance, this review provides recent procedures for the cultivation and harvesting of
microalgae, which have led to the identification of high rate algal ponds and photobioreactors
as suitable systems for cultivation of microalgae. Also, different methods of microalgae
recovery such as: flocculation, floatation, centrifugation, gravity sedimentation, screening,
filtration, and as well as magnetic separation techniques have been discussed in the subsequent
section.
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Figure 1. Flowchart of Algal-Based Biomass Processing [24,25].
2.1. Microalgae Cultivation in Wastewater.

The cultivation of microalgae in constructed wetlands meets all pre-requisites of eco-
friendly purification processes for wastewater treatment because it offers better alternatives at
low cost, and energy for the treatment processes meant for water reuse [26]. Furthermore, the
cultivation of aquatic plants in wastewater for purification processes is more suitable in
countries with warm climates. However, due to the advantages of this purification process, it
postures to be a perfect solution for developing nations [27]. Moreover, several investigations
have been carried out on nutrient recovery as well as the inherent ability of microalgae to
develop on different composition of wastewater streams such as municipal wastewater and
agro-industrial wastewater (animal wastes, food processing wastes and so on) [28,29]. For
instance, microalgae (green growth) development in lakes and wastewater can be a financially
beneficial and eco-friendly path for reasonable inexhaustible green growth based and bio-based
compound generation since a large quantity of water, life cycle, and supplements needed for
green growth development can adequately be conditioned into these systems [11]. It was
further discovered that Phosphorous (P) and Nitrogen (N) nutrients supplements available in
an assortment of wastewater sources could be utilized by green growth for bioremediation
processes [10].

The development of green growth for feedstock generation can be accomplished either
in open, closed, or hybrid techniques. The open techniques are more economical, but they are
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associated with limitations such as low contamination control from predators, while in closed
systems, photobioreactors (PBR) can be utilized. PBR provides an ideal system that controls
supplements and development parameters, for example, pH, dissolved carbon dioxide (COz2),
temperature, and lighting at a high capital expense. Whereas, hybrid systems is the combination
of both the open and closed systems in 2-way cultivation stages. Photobioreactors and open
ponds are used to culture and develop the green growths in the first and second stages,
respectively. However, the selection of a suitable technique relies on the intended use of the
biomass, ecological conditions [30], and factors such as carbon, nitrogen, phosphorous and
micronutrients, accessibility of supplements, temperature, pH, light intensity, and
aeration/agitation. Consequently, these components ought to be considered either in small or
large quantities in the culture media to acquire superior advancement of the species and high
yield of biomolecules of interest. Notwithstanding, despite the attractiveness related to
generating biofuels from microalgae over higher plants, algal biofuels are yet to occupy a
significant position in the global fossil fuel supply as various difficulties hampers the
deployment of these bio-based fuels and has resulted in hindering the accomplishment of
sustainable biofuel production from microalgae. To this end, several studies have been carried
out in this area. Baudelet et al. [31] investigated the efficiency of Cladophora fracta,
Cladophora glomerata, and Chlorophyta (green algae) in phytoremediation of wastewater and
algal-based biomass generation. Similarly, Ansari et al. [32] investigated CO2 sequestration
and biofuel production from wastewater treatment using local microalgae strains. The results
presented indicated that excessive nutrients and chemical oxygen demand (COD)
concentrations after 7 days of treatment were within the permissible standards of National
Environmental Quality Standards (NEQs). Also, Leite et al. [33] cultivated microalgae in
municipal and piggery wastewater samples collected from Brazil. The outcome of the
investigations demonstrated that there was a significant ammonia (NHs) evacuation via air
stripping, diminishing the N: P proportion during the development, whereas, it subsequently
affected the biomass profitability and supplement take-up. Further research was prescribed to
diminish the NHs stripping in order to improve green growth development and the treatment
system. In a related development, Chew et al. [34] opined that various types of green growth
are made up of the high substance of lipids appropriate for biofuels feedstock, while others that
are suitable for food supplements have different applications.

In this regard, technologies comprising high rate algal ponds and photobioreactors have
been utilized to ensure viable microalgae development for phytoremediation of wastewater and
biomass recovery, which is further discussed in this review article.

2.1.1. High Rate Algal Ponds.

Microalgae cultivation technology such as high rate algal ponds (HRAP) has attracted
new interest due to its low energy requirement for cultivation processes, wastewater treatment,
and high yield of algal biomass generation [35]. The high rate algal ponds are made up of
raceway ponds and a shallow paddlewheel and a raceway that enables the cultivated microalgae
to assimilate nutrients and produce oxygen for oxidation of organic matter by bacteria [36].
However, they are considered natural systems that have a suitable way out for the treatment of
wastewater, especially in small agglomerations with cheaper installation in areas with
favorable weather conditions (e.g., temperature and high solar radiation). This technology has
fewer environmental implications when contrasted with closed bioreactors and other
conventional activated sludge systems [37,38]. Furthermore, one of the disadvantages
https://biointerfaceresearch.com/ 7434
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hindering the spread and implementation of HRAPs technologies in wastewater reclamation is
the wide-area space required for effective and efficient satisfactory removal of pollutants and
biomass productivity [39]. Therefore, to conquer this major disadvantage, there is a need to
simplify the operational system and maintenance of HRAP technologies by discarding the
primary treatment from the entire operation. Several types of research conducted have revealed
the potentials of HRAP technologies for phytoremediation of wastewater, feedstock
productivity, and biofuels production. For instance, Arashiro et al. [40] studied the pilot-scale
performance of two configurations of high rate algal ponds in wastewater treatment. The results
obtained from the study indicated that the efficiency of the two configurated HRAP in the
wastewater treatment was almost the same with the total suspended solids and volatile
suspended solids concentration of the configurated HRAP without treatment higher than that
of HRAP with treatment. Furthermore, the Authors postulated the change observed between
the two systems was due to the higher inert solids concentration discharged into the HRAP
without treatment than in the microorganism biomass. These results corroborated previous
studies, where efficient wastewater treatment was obtained when microalgae were cultivated
in various stages of domestic wastewater plants [41,42]. Besides, the dismissal of primary
treatment preceding in HRAP method is a dispensable step as this would simplify the
operations, alongside reducing costs and footprint in HRAP technologies [40].

2.1.2. Photobioreactors.

Photobioreactors are types of bioreactors that rely on the light source to cultivate
phototrophic microorganisms like microalgae. The yield of microalgae biomass is the primary
factor deciding the choice of the reactor to be used as a cultivation process. There are several
photobioreactors (namely column, flat plate, tabular, and membrane photobioreactors designed
for microalgae cultivation [30]. However, the effectiveness of photobioreactors in the
cultivation of microalgae simply relies on the availability of light illumination and other
parameters such as carbon dioxide feed, cultivation medium feed, circulation system, and
capital cost. Though, the cultivation of microalgae in photobioreactors has an advantage of
simple operations, higher yield of biomass, and low contamination rate than other cultivation
systems. Several findings on applications of various types of photobioreactors in the
development of microalgae for phytoremediation of wastewater and biomass production have
been reported. Westerwalbesloh et al. [43] developed and examined a microfluidic
photobioreactor for the cultivation of Chlorella sorokiniana. The findings obtained from the
studies indicated that the microbioreactor could improve the growth of algae under regulated
temperature and adjustable lighting over a series of photon influx densities. In addition, the
developed microbioreactor can be useful for thorough evaluation studies of microalgae in a
large scale at a laboratory under well-defined medium composition and lighting. Similarly,
Asthary et al. [44] compared the development of Spirulina platensis in an open pond system
and tubular photobioreactor using wastewater sample and CO2 emission of a paper mill. The
conducted research has shown that biomass obtained from the tubular photobioreactor was
three times greater than the biomass derived from the open pond system. This implies that
photobioreactor is more efficient in the generation of biomass than the open pond system.
Furthermore, Pacheco et al. [45] studied the efficiency of secondary wastewater treatment
using microalgae cultivated in a mixed type photobioreactor system. The results obtained from
this research conclude that the use of a mixed-type photobioreactor is a promising alternative
technique for phytoremediation of wastewater and biomass generation.
https://biointerfaceresearch.com/ 7435
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2.3. Harvesting of algae biomass.

After the development of microalgae in a culture media for a stipulated time, the next
process is the harvest of the microalgae biomass for further analysis and applications.
Microalgae harvesting is essential to extract useful algal biomass for further processing and
applications in biofuels generation and other valuable products. Different methods of
microalgae recovery such as centrifugation, flocculation, floatation, filtration, gravity
sedimentation, screening, and magnetic separation techniques have been extensively studied
for pilot and large scale harvesting of algal biomass [46]. Hence, the subsequent section of this
study provides comprehensive discussions on various methods of microalgae harvesting due to
their promising disposition reported from previous studies. Also, the merits and demerits of
these harvesting techniques have been highlighted. These methods were selected due to their
promising efficiency, economic viability, and prospects in generating eco-friendly algal
biomass recovery techniques that will lead to large scale biofuel production.

2.3.1. Flocculation.

The technique of flocculation is reported as a successful approach used to harvest
different species of microalgae [47,48]. It requires the application of flocculants to form
aggregation or clumps of small and unstable constituent via surface charge, electrostatic
patching neutralization, or bridging. Therefore, flocculation is a technique whereby small algal
cells aggregates together through the use of chemicals to form larger clumps. In other words,
the formation of the floc promotes easy separation/recovery process through any conventional
methods (filtration, floatation) or simple gravity-induced settling. The flocculation medium
simply depends on the type of coagulants (flocculant), microalgae species, cell concentrations,
pH level, charge densities, growth phase, and so forth [49]. However, various types of
chemicals like metallic salts, polymers (cationic starch and poly-diallyl dimethylammonium
chloride), chitosan, pH-induced, and cetyl tetramethyl ammonium bromide have been used as
coagulants in flocculation methods of algae harvesting [50-52]. The selection of flocculants
simply depends on factors relating to the algae strain, cultivation process, and conversion
processes involved in the harvested algal biomass into biofuels [53]. The application of
chemical coagulants such as metallic salts has a potential limitation in their usage when the
chemicals contaminate the harvested algal biomass and, as such, affect further end uses of the
microalgal biomass [54,55].

Similarly, the utilization of some synthetic coagulants may negatively influence
biochemical compounds like proteins, starch, and lipids [56], prompting unlikelihood for food
or nutrition production. Hence, the selection of suitable flocculants is particularly imperative,
because it must not influence on subsequent products [24,57]. Therefore, natural coagulants
such as chitosan, guar gum, groundnuts powder, and Moringa oleifera seed flour can be
employed for harvesting microalgal biomass [58,59]. In addition, flocculation is believed to be
a simple, low cost and preferable method that enables culture medium recovery without energy
requirements [60]. Flocculation techniques are subdivided into chemical, autoflocculation, and
physical flocculation methods. Soomro et al. [61] developed a two-stage dewatering process
of microalgae in order to evaluate the effectiveness of various dewatering techniques. The
dewatering techniques studied are centrifugation, electrocoagulation and centrifugation, alum
flocculation and centrifugation, magnetic separation and filtration (TFF), and bioflocculation
and TFF. The study also compared the energy life cycle and carbon dioxide life cycle of the
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dewatering techniques for likely applications in industrial scale algal biofuel generation. The
findings indicated that bioflocculation combined with tangential flow filtration (TFF) has
resulted into a viable approach with a budget of $ 0.0043, the energy consumption of 0.042
kWh, and 0.05 kg carbon emissions to generate 1 kg of microalgae biomass. Zhu et al. [62]
evaluated and compared the performance of chitosan (natural flocculants) and aluminum
sulfate (traditional flocculants) to extract microalgae Chlorella vulgaris biomass. The results
presented indicated that chitosan is appropriate for microalgal harvesting as 90% biomass
recovery was accomplished. In this vein, further study is required to develop natural flocculants
from non-edible plant products that are inexpensive and eco-friendly.

2.3.2. Filtration.

Filtration is a dewatering procedure applied after flocculation to improve harvesting
efficiency. A membrane film is usually used in the process to recover algal biomass from the
culture media so that the algae biomass residue is collected on the film. At the same time, the
liquid passes through the membrane film under a pressure variation in the filter, which can be
determined by gravity, pressure, or vacuum. Different kinds of filtration procedures, for
example, pressure, vacuum, and cross-flow filtrations, have been utilized for microalgal
harvesting. However, the function of this process for algal biomass recovery always suffers
from fouling or clogging, especially at high biomass concentration, which is time-consuming
and rendering its practicality [63]. This denotes the major shortcoming associated with
filtration methods, thereby increasing the operational cost [64]. Limitations of the filtration
process of harvesting include slow operation, high operating, and maintenance cost [24]. In
addition, ultra and microfiltration membranes allow higher filtration rates through the complete
removal of microalgal debris and cells. Microfiltration membrane having a pore size of 0.1 to
10 pm can be used to harvest delicate tiny cells. However, these categories of the membrane
allow higher initial fluxes but clog more easily [46]. In other words, ultrafiltration with a pore
diameter ranging from 1-100 nm is suitable for separating solutes of molecular weight within
1-500 kDa. In this respect, the effectiveness of these techniques appear to be expensive, energy-
intensive driven and requires frequent membrane replacements [65]. Though the filtration
process allows high recovery efficiencies and the parting of shear sensitive species, the
membranes must be routinely cleaned and disinfected. Fasaei et al. [20] Examined the techno-
economic study of various industrial-scale dewatering and harvesting methods of microalgae.
The results obtained from the study showed that single-step filtration methods are very
attractive due to their low cost and ease of operations, but the risk of fouling hinders its
performance in higher product concentrations. Alternative filtration can be executed using a
two-stage method involving an effective step like spiral plate technology or centrifugation. For
instance, membrane filtration accompanied by centrifugation is less expensive than the
combination of membrane filtration with spiral plate technology, whereas vacuum filtration is
seen to be more efficient as a single step compared to the combining vacuum filtration with a
dewatering step.

2.3.3. Floatation.

Floatation method of microalgae harvesting is feasible for large scale purposes with a
lower cost method, but they require the application of coagulants. Flotation techniques of algal
biomass harvesting involve the pumping of air bubbles beneath a sedimentation tank to aid
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gravity separation of algal biomass. This method is particularly useful in the recovery process,
whereby the settling velocity of the algae is insignificant for gravitational separation. The
floating power of the air bubbles and particulate matter enables them to rise to the surface,
creating a film of thickened slurry that could be gathered through the skimming method [66].
In most cases, an optimum dose of coagulant is needed for the efficient harvesting of algal
biomass [67]. Coagulants like polymers and ferric salts are used to allow flotation techniques
to increase allowable solid loadings, and clarity of the effluents. This method offers higher
solids concentrations at lower initial equipment costs. Dissolved-air, electro-floatation,
dispersed air, and ozone floatation are the major types of flotation techniques used in algal
biomass harvesting. Small air bubbles sizing from 10-100 um are used in the dissolved air
floatation method, whereby these bubbles force/push solid microalgae cells to rise to the
surface in order to be collected through the skimming method. These make the dissolved air
method tedious and an energy-intensive process. While air bubbles ranging from 700 to 1500
pm produced from powerful mechanical agitators are used in the dispersed air floatation
method. However, this technique consumes less energy but requires high maintenance costs
[68]. Zou et al. [69] carried out buoy-bead flotation (BBF) process combined with chitosan
pre-flocculation using natural flocculant as alternatives to conventional coagulants in order to
enhance the harvesting performance of Scenedesmus obliquus and Chlorella vulgaris. The
results obtained from the study showed that the BBF method yield harvesting efficiencies of
83.77% Scenedesmus obliquus and 92.47% Chlorella vulgaris.

2.3.4. Centrifugation.

The centrifugal method is a mechanical process known as the most reliable and fastest
method of algal harvesting from a cultured media and a wide range of microalgal species. It is
usually used for pharmaceuticals, saturated fatty acids, and other high valued products [70]
because they possess the capacity to regain the greater part of microalgae biomass [65]. The
quality of the whole process, therefore, relies on the rotational speed used in the separation of
solids suspended in a liquid [71], which gives it the ability to recover the greater part of the
algal biomass from the culture media. Nozzle type, solid bowl decanter, and solid ejecting disc
discharge are examples of centrifugation devices used in algal biomass recovery. According to
reports, centrifugation devices can be used as a one-step separation process, while others are
inefficient and requires preconcentration of the algal slurry [64]. However, this technique is
time-consuming and costly due to its high energy requirement (about 3000 Whtt), and also,
there is a tendency that the mechanical spinning of the microalgal cell through high shear and
gravitational forces might result to the destruction of the cell structures [72]. Centrifugation
method is usually performed at a laboratory or pilot scale and some of the advantages of using
this method include; efficiency and do not involve the use of chemicals that may infiltrate the
finished product. Wang et al. [23] carried out wastewater treatment by cultivating two
microalgae species (Chlorella sp. and S. platensis) in poultry wastewater using the two-stage
method for simultaneous treatment of the wastewater and biomass extraction. According to the
study, Chlorella sp. was harvested using the centrifugation method in the first stage, followed
by the cultivation of S. platensis in the second stage of the cultivation. The findings obtained
for the wastewater remediation shows that the percentage removal efficiencies of NH4*, total
phosphorous, and total organic carbon reached 19% and 100%, 17% and 83%, and 55% and
72% in the first and second stage, respectively while the biomass yield of 0.39 g/L and 3.45
g/L was generated for Chlorella sp. and S. platensis, respectively.
https://biointerfaceresearch.com/ 7438
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2.3.5. Gravity Sedimentation.

The process of gravity sedimentation method can be used to extract dense freshwater
algae species from wastewater cultured algae systems. It involves the use of large settling tanks
and lamella separators for the recovery of algae in large scale wastewater treatment systems
[73,74]. This method of harvesting microalgae yields a wet, high quantity of sludge, resulting
from slow settling and poor compaction velocities [73]. Generally, the success of this method
relies on the light intensity, size, and weight of the microalgae, temperature, time, and induced
sedimentation velocity [71,73]. The use of sedimentation tanks in this process is simple, cheap
and requires low energy, but it is slow and produces a low yield of algal biomass, especially
when the algae cultured did not undergo the coagulation process. In other words, to enhance
microalgal removal and settling, the coagulation step should be applied to algae concentrations
before the gravity sedimentation method [75]. However, Trovao et al. [76] evaluated the
biochemical composition, growth performance, and settling velocity of Tetraselmis sp. CTP4
in varying salinity conditions with a view to achieving a cost-effective harvesting method. The
results observed from the study show that identical settling velocities of 2.4 to 3.6 cm/h were
recorded on all salinities (5, 10, and 20 g/L NaCl) under lab-scale study. While in the tubular
photobioreactor, algal cell sedimentation resulted in the recovery of 93% of the culture medium
in the form of liquid containing a vestigial quantity of 0.07 + 0.02 g/L dry weight biomass. The
authors concluded that the sedimentation method under salinity conditions enabled a high yield
of 97% of the algal biomass at a considerably low cost.

2.3.6. Magnetic Separation.

Magnetic separation method has emerged as a promising technique in microalgal
harvesting, owing to its ease of operation, reduced energy requirement, low cost of operation,
small land size requirement, no fouling and clogging problems, and high permeation fluxes
[77,78]. Also, in magnetic separation, the particle surface modification, magnetic particle
concentration, and pH of the surroundings are crucial in microalgae biomass harvesting [79].
The major limitation of this technology, however, is the high cost of nano-magnetic particles
and poor adsorption strength that is often encountered on the magnetic separation framework
[80]. In addition, magnetic material could be easily isolated in a mixture with a magnetic
component with permanent magnets or electro-magnets particles. Adsorption is caused by
electrostatic attractions between magnetic particles and microalgae cells, affecting stirring
velocity, magnetic dose, flow rate, pH suspension, hydrodynamic resistance, and magnetic
field strength [81]. Hence, Japar et al. [82] examined the application of different techniques of
harvesting microalgae biomass by assessing the efficiency of three harvesting methods
(magnetic separation, centrifugation, and sedimentation) by using microalgae species isolated
from palm oil mill effluent. The results obtained indicated that centrifugation method exhibited
the best performance with 98% harvesting efficiency at a rotational speed of 7000 rpm per 5
minutes, while sedimentation using alum (aluminum sulfate) gave the lowest efficiency of 76%
after 8 hours and magnetic separation using iron oxide nanoparticles (IONPs) showed 94 %
harvesting efficiency. This results entails that the centrifugation method is more suitable for
the harvesting of microbial biomass owing to its high performance and most commercially
feasible technique.
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3. Conclusion

Recent advances in applications of photobioreactors and high rate algal ponds in
microalgae cultivation for the combined bioremediation of wastewater and feedstock
generation have been researched and documented. On this note, current studies on microalgae
cultivation and harvesting methods have been presented and discussed. However, in the course
of this study, high rate algal ponds and photobioreactors were found to be a reliable system for
the cultivation of microalgae and wastewater treatment. Hence, the two-step method of
dewatering methods is found to be the most effective approach for microalgae cultivation for
wastewater treatment and generation of algal-based feedstock, taking into account high yield
potentials and commercial factors such as cost of operation and energy required for large scale
algal biomass processing for biofuel generations. Furthermore, it can be deduced that the
development of microalgae for the purposes of wastewater management and biofuel production
appears as a promising venture if constraints that are associated with the processes such as the
selection of suitable microalgae strains, the sensitivity of managing strains of microalgae for
maximum growth, resultant low quantity of biomass obtained after cultivation, complications
in biomass extractions, high cost of photobioreactors, and large space requirement for high rate
algal ponds are effectively overcome. These complications have driven the utilization of
microalgae for these purposes tedious and less attractive.
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