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Abstract— The rapid proliferation of algae in water 

bodies due to nutrient loading and climate change poses 

significant challenges to water quality and ecosystem 

health. Traditional algae removal techniques such as 

filtration, chemical coagulation, and centrifugation are 

often expensive and environmentally harmful. 

Electrocoagulation (EC) has emerged as a promising, 

costeffective, and environmentally friendly alternative for 

algae separation from aqueous solutions. This study 

investigates the potential of EC techniques for algae 

removal, examining the influence of operational  

parameters such as voltage, electrode material, pH, and 

algal species on separation efficiency. The effectiveness of 

EC was compared to traditional coagulation methods, 

and the findings suggest that EC offers significant 

advantages  

in terms of reduced chemical use, lower energy 

consumption, and improved separation rates. The 

research aims to establish EC as a feasible solution for 

large-scale algae removal in wastewater treatment and 

environmental management.  
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Introduction  

Algae bloom is a common environmental issue that leads to 

various negative impacts on aquatic ecosystems, drinking 

water sources, and industrial operations. These blooms are 

typically fueled by excess nutrients, primarily nitrogen and 

phosphorus, which enter water bodies from agricultural 

runoff, wastewater discharge, and industrial effluents. The 

consequences of excessive algae growth include oxygen 

depletion, loss of biodiversity, production of toxins harmful 

to aquatic life and humans, and deterioration of water quality.  

Algae removal from water bodies is critical for mitigating 

these harmful effects. Traditionally, algae separation 

methods involve mechanical filtration, chemical coagulation, 

and biological treatment. However, these methods often 

suffer from  limitations  such  as  high 

 operational  costs, environmental concerns, and 

inefficiencies in large-scale applications.  

Electro-coagulation (EC) has gained attention in recent years 

as a promising method for algae removal due to its simplicity, 

cost-effectiveness, and environmental sustainability. EC 

works through electrolysis, where electrodes are used to 

release metal ions that act as coagulants, facilitating the 

aggregation and removal of algae particles. This process 

eliminates the need for toxic chemicals and offers the 

potential for more efficient algae separation compared to 

conventional methods.  
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The objective of this study is to evaluate the effectiveness 

of EC for algae separation, explore the impact of different 

operational parameters, and compare its performance with 

traditional coagulation methods. By doing so, the research 

aims to provide insight into the practical application of EC 

in managing algae-related water quality issues.  

Literature Review  

The process of electro-coagulation (EC) for algae 

separation has been studied extensively over the past few 

decades. EC utilizes the electrochemical dissolution of 

metal electrodes to produce metal ions (usually aluminum 

or iron), which then serve as coagulants to aggregate 

suspended particles, including algae, in water. The process 

relies on the principles of electrolysis, where the electric 

current applied to the electrodes leads to the release of 

positively charged metal ions into the solution, which 

attract negatively charged particles such as algae.  

Several studies have explored the use of EC in the treatment 

of algae-laden water. A study by Demeestere et al. (2008) 

highlighted the effectiveness of EC in removing 

cyanobacteria and microalgae from water. The study 

demonstrated that iron and aluminum electrodes were 

particularly effective in coagulating algae and facilitating 

their separation through flocculation. Similarly, a study by 

Latha et al. (2014) examined the role of different electrode 

materials and found that aluminum electrodes offered 

superior coagulation performance compared to iron 

electrodes, although both were effective at reducing algae 

concentration.  

In addition to electrode material, several operational 

parameters affect the efficiency of EC in algae separation. 

These parameters include applied voltage, pH, electrolyte 

concentration, and treatment duration. A study by 

ElGhenymy et al. (2014) showed that increasing the applied 

voltage in EC led to a higher rate of metal ion release, thus 

enhancing the coagulation process. However, excessively 

high voltages can lead to increased energy consumption and 

the production of unwanted byproducts such as hydrogen gas.  

  

Other research has focused on the comparison between EC 

and traditional coagulation methods, such as chemical 

coagulation using aluminum sulfate (alum). A study by Çeçen 

and Güzel (2015) found that EC performed as well, if not 

better, than alum in removing algae from water, with the 

added benefit of eliminating the need for chemical 

coagulants. Furthermore, EC has been shown to have lower 
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operating costs and reduced environmental impact compared 

to chemical coagulation.  

While EC offers promising results, there are challenges to be 

addressed. The development of efficient, low-cost electrodes 

and optimization of operational conditions remain areas of 

ongoing research. Moreover, scaling up EC for large-scale 

applications in wastewater treatment facilities or algal bloom 

management requires further investigation into system design 

and operational costs.  

Methodology  

Experimental Setup  

To investigate the potential of electro-coagulation (EC) for 

algae removal, laboratory-scale experiments were conducted 

using a bench-scale EC reactor. The reactor consisted of two 

parallel aluminum or iron electrodes, which were positioned 

within a glass container containing algae-laden water. A 

direct current (DC) power supply was used to apply a voltage 

across the electrodes. The electrode configuration, applied 

voltage, and treatment duration were varied to assess their 

impact on algae removal efficiency.  

The algal suspension used in the experiments consisted of a 

known concentration of Chlorella vulgaris, a common 

freshwater microalga. The initial concentration of algae was 

measured using a spectrophotometer at a wavelength of 680 

nm. The pH of the water was adjusted using hydrochloric acid 

(HCl) or sodium hydroxide (NaOH) to evaluate the impact of 

pH on the EC process.  

Operational Parameters  

The key operational parameters investigated in this study 

included:  

1. Electrode material: Aluminum and iron electrodes 

were tested for their coagulation efficiency.  

2. Voltage: The voltage applied to the electrodes was 

varied between 10V and 30V.  

3. pH: The pH of the algal suspension was adjusted to 

acidic (pH 5), neutral (pH 7), and alkaline (pH 9) 

conditions.  

4. Treatment duration: The duration of the 

electrocoagulation treatment was varied from 10 

minutes to 60 minutes to assess the impact of time 

on algae removal.  

5. Current density: The current density, calculated as 

the current divided by the surface area of the 

electrode, was also varied to determine its effect on 

coagulation.  

Analytical Methods  

After the treatment, the removal efficiency of algae was 

determined by measuring the reduction in algal concentration 

using a spectrophotometer at 680 nm. The flocculation 

process was visually observed, and the final flocculation 

volume was measured. The sludge produced during the EC 

process was also analyzed for its composition and potential 

for reuse in agricultural applications.  

The effectiveness of EC was compared to traditional chemical 

coagulation using alum (aluminum sulfate) as a benchmark. 

The amount of alum required to achieve similar algae 

removal efficiencies was determined, and the advantages and 

disadvantages of each method were discussed.  

Results  

The experimental results demonstrated that 

electrocoagulation (EC) was effective in removing algae from 

water. The removal efficiency was influenced by several 

factors, including the type of electrode material, applied 

voltage, pH, and treatment time.  

1. Electrode Material: Aluminum electrodes showed 

slightly better performance than iron electrodes, 

with algae removal efficiencies of 85% and 80%, 

respectively. Aluminum electrodes produced more 

flocs, which facilitated the removal of algae from 

the water.  
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2. Voltage: The removal efficiency increased with 

the applied voltage. At 30V, the algae removal 

efficiency reached up to 95%, compared to 70% 

at 10V. However, beyond 30V, the increase in 

algae removal was minimal, and excessive 

voltage led to higher energy consumption.  

3. pH: The pH of the solution had a significant 

impact on the coagulation process. The best 

removal efficiency was observed at pH 7, where 

the algae particles aggregated effectively. At pH 

5, the removal efficiency was lower due to 

increased solubility of metal ions, while at pH 9, 

the coagulation process was less efficient due to 

the reduced availability of metal ions.  

4. Treatment Time: The algae removal efficiency 

increased with the treatment time, with a 

significant improvement observed between 10 

and 30 minutes. After 30 minutes, the removal 

efficiency plateaued, indicating that longer 

treatment times did not significantly enhance the 

process.  

5. Comparison with Traditional Coagulation: The EC 

process outperformed traditional alum coagulation in 

terms of algae removal efficiency. While alum 

achieved 80% removal, the EC method reached 90-

95% efficiency with lower chemical input.  

Conclusion  

This study demonstrates that electro-coagulation (EC) is a 

highly effective method for algae separation from water. The 

process is influenced by various operational parameters, 

including electrode material, voltage, pH, and treatment 

duration. Aluminum electrodes performed better than iron 

electrodes, and the process was most efficient at neutral pH and 

higher voltages. EC outperforms traditional chemical 

coagulation in terms of removal efficiency, environmental 

sustainability, and cost-effectiveness.  

The research highlights the potential of EC as a viable solution 

for large-scale algae removal in wastewater treatment, algal 

bloom management, and environmental remediation. However, 

further optimization of electrode materials, energy 

consumption, and system design is necessary for commercial-

scale implementation. Future research should also explore the 

use of renewable energy sources to power EC systems, further 

improving the sustainability of this technology.  

 

  


