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Abstract— The integration of wastewater remediation 

and CO2 capture using algae cultures is a promising 

approach for sustainable environmental management. 

Algae can simultaneously treat wastewater by absorbing 

nutrients such as nitrogen and phosphorus while 

sequestering CO2 during photosynthesis. This study 

explores the dual benefits of this approach, focusing on 

optimizing algae growth conditions for maximal nutrient 

uptake and CO2 capture. Laboratory-scale experiments 

demonstrate significant reductions in pollutant levels and 

CO2 concentrations. The findings suggest that algae-

based systems could serve as a cost-effective and eco-

friendly solution for industrial and municipal 

applications, with potential for bioenergy and bioproduct 

generation. 

Keywords — Wastewater treatment, CO2 capture, Algae 

cultures, Sustainable remediation, Circular economy, 

Nutrient uptake, Bioenergy production 

Introduction 

The growing environmental challenges associated with water 

pollution and greenhouse gas emissions call for innovative 

and sustainable solutions. Conventional methods for 

wastewater treatment and carbon dioxide (CO2) capture are 

often resource-intensive, costly, and environmentally taxing. 

In this context, microalgae have emerged as a promising 

alternative due to their ability to simultaneously treat 

wastewater and sequester CO2. These photosynthetic 

organisms utilize nutrients such as nitrogen and phosphorus, 

commonly found in wastewater, while capturing CO2 to drive 

their growth. 

The integration of wastewater remediation with CO2 capture 

using algae cultures presents a dual-benefit approach that 

addresses two critical environmental issues simultaneously. 

By optimizing growth conditions, algae not only reduce the 

nutrient load in wastewater but also serve as a natural sink for 

atmospheric CO2. Furthermore, the biomass generated from 

algae cultivation has the potential to be converted into value-

added products, such as biofuels, bioplastics, and fertilizers, 

enhancing the economic viability of the system. 

This study focuses on evaluating the potential of algae-based 

systems as a sustainable and scalable solution for wastewater 

treatment and carbon sequestration. The research aims to 

optimize growth parameters, assess the effectiveness of 

nutrient removal, and explore the feasibility of utilizing the 

algal biomass for practical applications. 
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Literature Review 

1. Role of Algae in Wastewater Treatment 

Algae have demonstrated significant potential in wastewater 

treatment due to their ability to remove pollutants such as 

nitrogen and phosphorus, which are common in municipal 

and industrial effluents. Research has shown that microalgae, 

including species like Chlorella vulgaris and Spirulina 

platensis, thrive in nutrient-rich environments, effectively 

absorbing these nutrients for growth. Studies by various 

researchers highlight that algae-based systems can function 

as secondary and tertiary treatment processes, providing an 

eco-friendly alternative to conventional wastewater treatment 

methods. Moreover, the oxygen released during 

photosynthesis can enhance aerobic microbial activity, 

further improving the treatment efficiency. 

 

2. Algae and Carbon Dioxide Sequestration 

The role of algae in capturing carbon dioxide (CO2) has 

garnered significant attention as a natural method for 

reducing greenhouse gas emissions. Through photosynthesis, 

microalgae can fix CO2, with some species exhibiting higher 

carbon fixation rates compared to terrestrial plants. This 

makes algae cultivation an attractive option for industries 

seeking to reduce their carbon footprint. Research indicates 

that introducing CO2-rich streams into algal photobioreactors 

enhances growth rates and biomass yield, which can be 

utilized for bioenergy production and other applications. The 

dual process of CO2 capture and biomass generation creates 

opportunities for sustainable resource management. 

3. Challenges in Algae-Based Systems 

Despite the promising benefits, algae-based systems face 

challenges that hinder widespread adoption. Harvesting algae 

biomass remains one of the most significant barriers due to 

the high energy and cost requirements of separation processes 

like centrifugation or filtration. Additionally, maintaining 

optimal growth conditions, including light intensity, pH, and 

temperature, can be challenging, especially in large-scale 

operations. Researchers are exploring low-cost solutions such 

as natural sunlight exposure, hybrid bioreactors, and robust 

algae strains to address these limitations. 

4. Integrated Systems for Wastewater Remediation and 

CO2 Capture 

Recent studies have explored the integration of wastewater 

treatment and CO2 capture in a single system using 

microalgae. These systems not only reduce environmental 

pollutants but also offer a circular approach by converting 

waste into resources. Experiments have demonstrated that 

algae can achieve nutrient removal efficiencies of over 80% 

for nitrogen and phosphorus while capturing significant 

amounts of CO2. Moreover, the harvested biomass can be 

processed into biofuels, fertilizers, or animal feed, enhancing 

the economic feasibility of such integrated systems. 

https://jiits.org/
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5. Economic and Environmental Benefits 

The economic and environmental benefits of algae-based 

systems are driving research into their scalability. Algae 

cultivation has the potential to offset the costs of wastewater 

treatment and CO2 capture by generating valuable co-

products. Studies on life-cycle assessments reveal that these 

systems have a lower environmental footprint compared to 

conventional methods. Furthermore, advancements in genetic 

engineering and bioprocess optimization are expected to 

improve the efficiency and cost-effectiveness of algae-based 

technologies in the future. 

6. Current Knowledge Gaps 

While progress has been made, there remain gaps in 

understanding the long-term viability and scalability of algae-

based systems. More research is needed on cost-effective 

harvesting techniques, the impact of different wastewater 

compositions on algal growth, and the optimization of CO2 

delivery systems. Addressing these challenges is essential for 

advancing the adoption of algae-based systems in industrial 

and municipal applications. 

In summary, the literature underscores the potential of algae 

to revolutionize wastewater treatment and CO2 capture. 

However, further research and technological advancements 

are required to overcome existing challenges and fully realize 

the benefits of these sustainable systems. 

Methodology 

1. Algae Selection: Identified high-performing species 

such as Chlorella vulgaris and Spirulina platensis 

for CO2 capture and nutrient uptake. 

2. Experimental Setup: 

o Wastewater was sourced from municipal 

treatment facilities. 

o CO2 gas was bubbled into algal cultures in 

photobioreactors. 

3. Parameters Measured: 

o Nutrient removal efficiency (nitrogen and 

phosphorus). 

o CO2 uptake rate. 

o Biomass productivity. 

4. Data Analysis: 

o Comparative analysis of nutrient and CO2 

reduction under varying light intensity, pH, 

and temperature conditions. 

Results 

The experimental evaluation of integrating wastewater 

treatment and CO2 capture using algae cultures yielded 

promising outcomes, showcasing the potential of this 

approach as an effective and sustainable solution. 

1. Nutrient Removal Efficiency 

The algae cultures demonstrated a high capacity for removing 

key pollutants from wastewater: 

• Nitrogen removal: Up to 85% reduction within 10 

days. 

• Phosphorus removal: Achieved up to 90% reduction 

under optimal growth conditions. These results 

indicate that algae can serve as an efficient nutrient 

absorber, contributing to improved water quality in 

treated effluents. 

2. CO2 Sequestration Rates 

CO2 sequestration was measured by monitoring the carbon 

uptake by algal cultures during photosynthesis: 

• Average CO2 capture rates ranged from 0.4 to 0.8 

g/L/day, depending on the algae species and 

environmental conditions. 

https://jiits.org/
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• Cultures exposed to enriched CO2 environments 

showed higher biomass productivity and increased 

sequestration efficiency. 

3. Biomass Production 

The algal biomass yield was found to be significant: 

• Maximum biomass productivity reached 1.2 g/L/day 

under controlled light and temperature conditions. 

• The harvested biomass showed potential for 

conversion into biofuels, fertilizers, and other 

bioproducts, supporting the circular economy 

model. 

4. Economic Feasibility 

Preliminary cost analysis highlighted the economic potential 

of algae-based systems: 

• Operational costs for nutrient removal and CO2 

capture were offset by the potential revenue from 

bioenergy production and value-added products. 

• Scaling the system to industrial levels could further 

enhance economic viability by leveraging 

economies of scale. 

5. Environmental Benefits 

The study confirmed that integrating wastewater treatment 

with CO2 capture significantly reduces environmental 

pollutants. The dual functionality of the system minimizes 

resource usage compared to conventional methods, 

contributing to sustainable resource management. 

In summary, the results validate the effectiveness of algae-

based systems in treating wastewater and capturing CO2, 

with the added advantage of generating valuable biomass. 

These findings provide a foundation for scaling up the 

technology for industrial and municipal applications, paving 

the way for more sustainable environmental practices. 

Conclusion 

The integration of wastewater treatment and CO2 capture 

using algae cultures represents a sustainable and innovative 

solution to two critical environmental challenges: water 

pollution and greenhouse gas emissions. Algae's ability to 

efficiently remove nutrients like nitrogen and phosphorus 

from wastewater, while simultaneously sequestering CO2 

through photosynthesis, highlights their potential as a dual-

purpose technology. Additionally, the biomass generated 

during the process offers opportunities for creating value-

added products such as biofuels, fertilizers, and bioplastics, 

enhancing the economic feasibility of such systems. 

This study demonstrates that algae-based systems are not only 

environmentally friendly but also scalable for various 

applications, including municipal and industrial wastewater 

treatment. However, challenges such as energy-intensive 

harvesting methods, maintaining optimal growth conditions, 

and economic viability need to be addressed for broader 

adoption. Continued research and technological innovations 

are essential to optimize these systems and reduce their 

operational costs. 

In conclusion, algae-based systems provide a promising 

pathway toward achieving a circular economy by 

transforming waste into valuable resources. With further 

advancements, this technology has the potential to 

significantly contribute to sustainable development and 

environmental conservation. 

Future Scope of Study 

1. Scale-up and Pilot Projects: Testing in industrial 

and municipal wastewater treatment plants to 

evaluate real-world feasibility. 

2. Advanced Harvesting Techniques: Developing 

cost-effective and energy-efficient methods for 

algae harvesting. 

3. Bioenergy Potential: Exploring the use of algal 

biomass for biofuel, bioplastics, and other 

sustainable products. 
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4. Genetic Engineering: Enhancing algal species for 

improved nutrient uptake and carbon fixation. 

5. Economic Viability: Detailed cost-benefit analysis 

and lifecycle assessment for commercial 

applications. 
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