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Abstract 

Large volumes of wastewater produced as a result of extensive water consumption for urban, industrial, 
and agricultural uses cause many complications. An excessive amount of nutrients, particularly nitrogen 
(N) and phosphorus (P), in wastewater could lead to eutrophication in lakes and disturb the equilibrium 
of the ecosystem. Withdrawal of harmful metals and nutrients from wastewater to acceptable levels before 
it is discharged and used again is a crucial step in wastewater treatment. Nevertheless, the majority of 
traditional wastewater treatment systems rely on physical and chemical processes that are not cost-
effective for treating wastewater, particularly that from agriculture. Using wastewater as a source of 
nutrient elements like nitrogen and phosphate is an excellent option to develop microalgae for 
micronutrient extraction. The harvesting of microalgae to use as feedstock for biofuels like biogas will 
enhance its value. Despite the enthusiastic research that has been published on algae growth in wastewater 
and simultaneous micronutrient extraction, the challenge of the scale-up process still needs to be 
addressed.  In this study, we present the use of microalgae to extract micronutrients. We notably discuss 
the techniques that have been shown to enhance the growth of microalgae and their interactions with other 
microbes as a bio-based solution to wastewater treatment. This study also emphasizes the potential of co-
cultivating microorganisms with microalgae, such as bacteria and yeast, for micronutrient extraction from 
wastewater.  
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Introduction 

The recovery of micronutrients from waste water 

and bio-based waste is an area of interest due to 

the depletion of non-renewable resources and 

geopolitical issues. However, there is a need for a 

natural approach and environmentally friendly 

interventions due to growing environmental 

concerns [1]. In particular, the release of the 

nutrient-dense solution into the environment is 

endangering freshwater resources globally. The 

majority of treatment techniques involve 

chemical, physical, and biological processes as 

shown in (Figure 1). Microalgae have 

demonstrated efficacy in the management of solid 

and liquid waste associated with cattle, poultry, 

and aquaculture. Typically, these waste streams 

are high in micronutrients, which the microalgae 

absorb during growth [2]. Various biological and 

physicochemical technologies are available to 

recover the micronutrients [3]. Additionally, 

micronutrient recovery provides opportunities that 

extend beyond environmental preservation, such 

as the production of valuable products [4]. By 

treating wastewater, microalgae farming in 

residential or municipal wastewater (MWW) may 

be a practical way to improve environmental and 

economic sustainability [5].   

Current studies have shown the use of 

microalgae to remove pesticides and medicinal 

compounds from wastewater created by industries 

and agriculture, in addition to their ability to 

withdraw nutrients from wastewater generated by 

WWTPs [6]. Microalgae are therefore an 

adaptable organism for treating numerous forms of 

liquid effluents emanating from various industrial 

and agricultural processes due to their capacity to 

thrive, assimilate, and resist hazardous conditions 

in wastewater [7]. This study examines 

wastewater treatment using native microalgae in 

combination with other systems, such as 

microalgae-built wetland systems, microalgae-

bacteria systems, and microalgae-yeast systems 

etc. together with an outlook on the future as well 

as challenges of microalgae in wastewater 

treatment.  

 

Cellular composition of algae  

The way that contaminants interact and are 

eliminated from wastewater is significantly 

influenced by the cellular makeup of algae. 

According to reports, the percentage of fat, 

carbohydrates, and protein in algal cells ranges 

from 5-23%, 7-9%, and 6-42%, respectively [8]. 

Microfibrillar exo-polysaccharides, which include 

functional groups like -COOH-, -OH-, -PO43-, -

RSH, and SO42-, are part of the algal cell wall. 

These functional groups provide the cell wall with 

an anionic character. The content of nitrogen (N) 

and phosphorus (P) in the biomass may range from 

5.4 to 8.7% and 0.7 to 1.1%, respectively, 

depending on the microalgal cellular composition. 

Thus, microalgae by themselves may be able to 

absorb or eliminate 43.6 and 5.6 mg/L of 

phosphorus (P) and nitrogen (N), respectively, 

from wastewater [9]. Furthermore, microalgae 

may be able to absorb chemicals from wastewater 

and help other microbes eliminate additional 

contaminants. Wastewater contains all the other 

micro-elements that are required [10]. 
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Figure 1: Types of waste water treatment processes. 

 

Wastewater treatment by co-culturing  

Some of the current studies have discussed the 

advantages of using microalgae consortiums over 

single-species cultures because microalgae have 

been successfully used in the removal of nutrients 

from a variety of wastewaters, but maintaining 

microalgae monoculture in such processes is quite 

difficult. Cultivating algae in a consortium has 

been thought to result in both cooperative and 

competitive relationships and can be best utilized 

to recover nutrients   from waste water. The details 

of different consortia of algae are given in table 1. 

Co-cultivating algae with fungi is an important 

approach to effectively harvest microalgae 

because fungi have the potential to immobilize 

microalgae through mycelial interaction. 

Researchers have shown that the biomass 

of the fungus-microalgae mixed culture was 

significantly higher than that of the pure culture 

[11]. Extracellular enzymes released by fungi have 

the ability to convert solid organic components 

into soluble nutrients and carbon dioxide, which 

facilitates their absorption by microalgae cells 

[12]. Co-cultivation of filamentous fungi with 

microalgae is a technique for effectively collecting 

microalgae by the process of co-pelletizing into 

fungal pellets. 

Fungi-based flocculation technology is relatively 

potent compared to that of bacteria [9]. There are 

few studies in this field currently, and they are still 

in their early stages of development. The fungi-

microalgae combination shows enormous 

potential in treating wastewater sources such as 

municipal, industrial, pharmaceutical, agro-

industrial wastewater, water derived from mining 

activity, aquaculture, etc. [13, 9]. The removal of 

contaminants from wastewater, including the 

biosorption of heavy metals, is assisted by the 

special surface characteristics of fungi and the 

abundance of degrading enzyme resources [14].  
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Algal-bacterial systems, fungal-algal systems, and 

multi-bacteria-algae systems are the three types of 

systems used in co-culture [15]. Quorum sensing 

(QS) can alter the motility of bacteria and 

important characteristics of the cell membrane 

surface, which can then impact sludge granulation, 

processes [16]. Tan et al. found that quorum 

sensing could enhance the production of adenosine 

triphosphate (ATP), boost the extracellular 

polymer secretion of sludge, and make it easier for 

aerobic granular sludge to develop [16]. 

 

 

Table 1: The Benefits of algal consortia for recovering nutrients from wastewater. 

Algal 
Interaction 

Species involved Work 
Mechanism  

Benefits in nutrient 
extraction from waste-
water  

References 

Algae Algae 
Consortium 

Chlorella sorokiniana, 
Tetradesmus sp.,  
Ascomycota sp.,  
Scenedesmus sp.,  
Chlorella saccharophila,  
Chlamydomonas pseudococcum,   
Chlorella vulgaris,  
Neochloris oleoabundans and  
Coelastrum microporum 

 Maybe 
competitive and 
cooperative 
associations  
 Exchange of 
metabolites 
 Production of 
allelochemicals 

 Final enhancement of 
biomass productivity and 
increasing the efficiency 
of nutrient removal  

  Boost the utilization of 
complete nutrients 

 withstand predators and 
contaminants 

(Bacellar et 
al., 2013) 

Algal
Bacterial 
Consortium 

Scenedesmus bliquus and Bacillus 
megaterium, 
 Tetraselmis 
indica and Pseudomonas 
aeruginosa;  
Chlorella 
vulgaris and Exiguobacterium 
Chlorella protothecoides  
and Brevundimonas diminuta  

 Symbiotic 
association 
 Exchange of 
metabolites 

 Degrade the organic 
content into water and 
carbon dioxide 

 Consumption of nutrients 
like nitrogen and 
phosphorus 

 Produce proteins, 
polysaccharides, oils and 
related compounds in 
wastewater 

(Renuka et 
al., 2018) 

Algal Fungi 
Consortium 

Chlorella vulgaris  
and Aspergillus sp.; 
Chlorella 
pyrenoidosa and Rhodosporidium 
toruloides;  
Scenedesmus sp. and Trichoderma 
reesei 

 Symbiotic 
association 
 Bio-adsorption 
 Biodegradation 

 Transform the organic 
content into water and 
carbon dioxide 

 Convert 
macromolecular organic 
content into soluble low-
molecular-weight content 

 Complete consumption of 
nutrients 

 Biodegradation of 
wastewater with heavy 
metals 

(Abinandan 
et al., 2015; 
Peccia et al., 
2013) 
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Phosphorus Recovery 

The goal of enhanced biological phosphorus 

removal/uptake from wastewater is to generate 

low-phosphorus effluent. Wastewaters 

contaminated with nitrogen (N), phosphorus (P), 

and other trace elements can be used by 

microalgae for their cell growth (Figure 2). 

Numerous studies have assessed the utilization of 

recovered phosphate products in recent decades, 

especially in relation to their application as 

fertilizer. The use of biobased phosphate added to 

the soil to increase soil fertility can be measured 

using a variety of techniques [17].  

The greatest possible influence on phosphorus 

recovery can only be attained by selecting the 

optimal course of action given the specific 

circumstances. The environment, economy, and 

treatment typically have an impact on the recovery 

of phosphorus from sewage water, which means 

that many methods should be employed instead of 

a single one [18]. 

 

Figure 2: Phosphorus, nitrogen and other micronutrients recovery from wastewater by use of algae. 

 

In open pond systems, microalgae have been 

utilized in wastewater treatment to eliminate 

organic contaminants and nutrients [19]. These 

days, a method of revolving algal biofilm (RAB) 

systems has been created to maximize light and 

nutrition conditions to boost microalgal 

development, hence increasing the effectiveness of 

nutrient removal from wastewater [20].  

Wastewater-derived microalgae invade the RAB 

system and create an adherent biofilm on a 

vertical, partially submerged rotating belt. As the 

microalgae grow, cellular uptake of P and 

adsorption of other pollutants are made possible by 

intermittent submersion in wastewater, while 
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gaseous exchange and penetration of light into the 

biofilm are made possible by exposure to the 

atmosphere. After that, the nutrient-rich 

microalgal biomass can be scraped off and used as 

feedstock for biofuel or other bioproducts, or as 

fertilizer [21]. 

 

Nitrogen Recovery 

Numerous technologies, such as electrodialysis, 

ammonia stripping, struvite precipitation, and 

membrane-based technologies, have been 

introduced to enable the effectivet nitrogen 

recovery from waste water [22]. The majority of 

nitrogen in wastewater is found as total ammonia, 

as NH4+ or NH3. Ammonium oxidizing bacteria 

(AOB) convert ammonia to nitrite (nitritation) in 

aerobic nitrification, which is the conventional 

method of biological nitrogen removal (BNR). 

Denitrifiers use organic carbon as an electron 

donor to convert nitrate to dinitrogen gas [23].  

Algae phosphorylate and absorb nitrogen to get 

nutrients from the growth medium. The process by 

which inorganic nitrogen (ammonium, nitrite, 

nitrate, ammonia, etc.) is transformed into its 

organic form i.e. building blocks of peptides, 

proteins, enzymes, chlorophylls, energy transfer 

molecules like adenosine diphosphate (ADP) and 

adenosine triphosphate (ATP), and genetic 

materials like DNA and RNA is termed as nitrogen 

assimilation [24]. Nitrate and nitrite reductase, 

respectively, assist in the final reduction of nitrate 

and nitrite to ammonium during assimilation. With 

the aid of ATP, glutamate (Glu) and ammonium 

are subsequently combined to form the 

intracellular amino acid glutamine. The method by 

which algae absorb nitrogen differs from that of 

bacteria. [25]. The nutrient uptake patterns of algae 

can be influenced by availability of nutrient for 

instance slow-growing micro algae, build up large 

nutrient stores by accumulating P and N during 

nutrient-rich times in order to grow during 

nutrient-depleted periods. These slow-growing 

algae maximize their potential to absorb carbon 

and minimize their nutrient needs by slowing 

growth rates when nutrients are scarce, taking 

advantage of the abundance of natural light [26].   

The growth rate of both macroalgae and 

microalgae has been found to be limited by 

nitrogen. Additionally, it has been noticed that 

ammonium is frequently preferred nitrogen (N) 

source and is more easily absorbed by algae since 

it requires less energy for cells to ingest. The 

internal nitrogen content of the algal biomass is 

increased by higher nitrogen (N) concentrations, 

which facilitate the absorption of inorganic 

nitrogen (N) into amino acids and proteins. 

Therefore, ammonium-rich wastewater is a viable 

supply for algae growth. The crude protein content 

of algae growing in N-rich effluent was four times 

higher than that of seawater controls [27].   

 

Challenges, limitations, and opportunities 

Although employing algae to treat wastewater is a 

viable and exciting approach, there are several 

restrictions before this technology reaches a 

mature state. The poor biomass production, high 

energy requirement, and economic viability of 

algae culture are critical challenges. Increasing 

production costs are associated with different 

methods of growth, harvesting, cell disruption, and 

extraction for algae-based wastewater treatment.  



 
Chauhan P/Biotechnology Kiosk, 7, 7 (2025) ISSN 2689-0852

7

Genetic engineering-based methods for algal 

growth 

A more comprehensive set of molecular tools will 

be needed to develop microalgae as a successful 

platform for tailored bioproducts. The algal 

genome can be manipulated to yield the ideal 

amounts of the target products with the use of a 

variety of validated, reliable technologies. Using 

the wide range of engineering tool available, other 

microorganisms, such as yeast and bacteria, have 

been successfully cultivated to manufacture a 

highly diverse set of industrial products [28]. 

Because of recent developments in the creation 

and refinement of novel genetic components and 

transformation methods, microalgae are gaining 

ground to become comparable to these other 

industrial microorganisms [29].  

The area of microalgal genetics has advanced 

significantly over the last decade. The nuclear, 

mitochondrial, and chloroplast genomes of several 

microalgae have already been sequenced, and 

others are now being sequenced. Furthermore, 

databases of expressed sequence tags (EST) have 

been established. The green alga Chlamydomonas 

reinhardtii has traditionally been the subject of the 

majority of molecular and genetic phycological 

studies. Consequently, most of the gene 

knockdown and transgenic expression methods 

have been developed specifically for this species 

[30].  

Algal treatments, on the other hand, are a 

useful method for treating a range of industrial 

wastewaters. With the help of particular algal 

species, microalgae can be utilized to remediate 

organic contaminants and treat pollutants in water. 

Additionally, the process of treating microalgae 

results in biomass that may be used to make 

biofuel and has the added advantage of absorbing 

CO2 [31]. Through these kinds of treatment 

procedures, algal cultures can produce valuable 

compounds that lower atmospheric CO2 levels and 

biofuels, thus providing solutions to both 

economic and environmental issues. Produced 

Water (PW) has been utilized to preserve 

freshwater supplies in response to rising demands 

for water resources, particularly in desert areas 

where freshwater is scarce. Studies on the 

application of algae for PW treatment found that it 

is not properly developed yet. 

The majority of the interactions between bacteria 

and microalgae are species-specific, according to 

the microbial consortium.  

1. Improved power generation 

2. Treatment of wastewater and nutrients recovery  

3. Cultivate algal biomass for the production of 

biofuel 

4.  Productions of CO2, O2, and  

5. Maintain an appropriate ecological symbiotic 

relationship.  

Microalge have been genetically engineered to 

enhance their ability to use sunlight efficiently in 

laboratory trails. 

 

Potential, limitations and future of algal 

wastewater biofuel production 

Most conventional and edible crops are used in the 

production of first-generation biofuels, such as 

biodiesel, bioethanol, and biobutanol. A renewable 

resource for the production of biofuels including 

biohydrogen, bioethanol, biogas, and biodiesel as 

well as other value-added goods like vitamins and 

antibiotics is algal biomass [32]. Biomethane and 
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biohydrogen are regarded as co-products, whereas 

bioethanol and biodiesel are classified as major 

products. Algal biomass can also be used for 

environmental remediation and the production of 

bioelectricity. The use of numerous microalgal 

species, including Scenedesmus sp., Actinastrum 

sp., Heynigia sp., Chlorella sp., Botryococcus, 

etc., has been suggested [33].  

Microalgae have a high potential to be a 

viable, sustainable growing medium for biofuel 

feedstock due to their capacity to grow well under 

specific wastewater conditions, as previously 

mentioned. Numerous studies on microalgae 

growing in wastewater have shown high biomass 

productivities and, in certain circumstances, high 

lipid productivities [34]. These findings indicate 

that there is potential for producing biofuel at a 

reasonable cost by utilizing these high nutrient 

supplies. Nonetheless, it is necessary to address 

certain constraints.  

 

Metabolic editing 

As mentioned earlier microalgae have a high 

potential to be a viable, sustainable growing 

medium for biofuel feedstock due to their capacity 

to grow well under specific wastewater conditions. 

Two major obstacles to the commercial production 

of high-value microalgal pigments are high culture 

costs and limited pigment yield [35]. Microalgae 

are thought to be promising sustainable feedstocks 

since they can directly convert CO2 into chemicals 

and fuels. However, the viability of a microalgal 

bioprocess from an economic standpoint is 

debatable. Therefore, there are numerous attempts 

to use metabolic engineering to improve strains in 

order to address the financial problems. 

Many genes involved in the Kennedy (TAG) 

pathway and fatty acid synthesis were 

overexpressed, as were the pathways involved in 

the carbohydrate synthesis, to boost the production 

of lipids [34].  A large number of efforts have been 

made in recent decades to increase the use of 

cyanobacteria and microalgae by metabolic, 

synthetic, and genetic engineering. Due to a lack 

of resources, bioinformatics, and multi-omics 

databases, photoautotrophic cell factories have 

rarely developed to the same level as their 

heterotrophic counterparts [36].  

The genomes of a few microalgae, 

including C. reinhardtii CC503, Chlorella 

variabilis NC64, and Chlorella sorokiniana 

UTEX1602 [37], have been fully sequenced. This 

has established the basis for the genetic alteration 

of microalgae. Over the past ten years, short 

palindromic repeats that are clustered regularly 

interspaced and have an associated protein 9 

(CRISPR/Cas9) have proven the most inventive 

and successful method [38]. CRISPR technology 

has been used in a variety of ways to improve 

cellular metabolism, regulate biosynthetic 

pathways, and increase the rate of production of 

metabolites. Using model microalgae C. 

reinhardtii, the first report of CRISPR-Cas9 gene 

editing was published in 2014 [37].   

Prokaryotic cyanobacteria, such as Nostoc 

sp. PCC 7120, Synechococcus strains UTEX 2973 

PCC 6301, PCC 7002, Synechocystis strains PCC 

6803, have a relatively small genome and have 

been fully sequenced. They also have a higher 

growth rate and significantly higher lipid content. 

Therefore, compared to eukaryotic microalgae, 

they offer a far simpler operation system for 
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genetic engineering, and numerous attempts have 

been made to boost the production of fatty acids 

and other green compounds [39]. Over the past few 

decades, researchers have devised a number of 

methods to increase the rate of biochemical 

production, either by genetically altering the 

genome of microbes or by overexpressing 

proteins. 

 

Conclusion 

Numerous problems arise from the large amounts 

of wastewater generated as a result of widespread 

water use for industrial, agricultural, and urban 

uses. The removal of contaminants via biological 

treatment frequently involves the use of bacteria, 

fungi, and algae. The use of algae in wastewater 

treatment is more beneficial since it is used in 

treating pollutants and producing biomass as well. 

The contaminants are the only source of food and 

energy that the algae can use to develop and create 

biomass. The algal biomass could be utilized for 

animal feed, liquid fuel production, composting, 

and methane production. The problem of the scale-

up procedure still has to be resolved, even with the 

optimistic research that has been published for 

algae growth in wastewater and simultaneous 

micronutrient extraction. Further studies should 

focus more on genetic engineering and 

bioinformatics-based advances.  
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