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Highlights:   

Microalgae provide a low-cost and enviromnentally friendly oxygenation  

Enhanced nutrient recovery as a result of the dual photoautotrophic and heterotrophic metabolism 

Microalgae can turn the energy balance of conventional wastewater treatment into positive 

Microalgae-based processes can be engineered into multiple configurations 

Wastewater treatment and biogas upgrading can be combined in algal-bacterial photobioreactors 
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1. Introduction to microalgae-based wastewater treatment 

The treatment of urban wastewater is nowadays carried out using activated sludge processes due to their high 
robustness, efficient removal of carbon, nitrogen and phosphorus at low-moderate temperatures, and extensive 
experience in their design and operation. However, activated sludge processes still exhibit a negative energy 
balance, low nutrient recovery and a high carbon footprint. These processes are particularly inefficient from an 
energy point of view in wastewater treatment plants with population sizes of 1000-20000 inhabitants equivalent. 
On the other hand, the treatment of wastewater in algal-bacterial photobioreactors based on solar-driven 
photosynthetic oxygenation of the process results in a cost-efficient elimination of contaminants, a high recovery 
of nutrients and a positive energy balance. Figure 1 shows the energy balance for the treatment of 100 g of 
chemical oxygen demand (COD) using activated sludge processes and a microalgae-based wastewater treatment 
process (Alcantara et al. 2015). 

 

 

 

 

 

 

 

Figure 1. Energy balance for the treatment of 100 g of COD in an activated sludge process (left) and microalgae 
(right).  
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