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Laboratory of adaptive and innovative technique

 Experimental Platform for 

Characterization of Microalgae
– laboratory photobioreactors

 Experimental high performance 

photobioreactor – pilot scale 

photobioreactors

Cultivation of microalgae under precise 

control of cultivation environment and 

real-time monitoring of parameters. Extension of characterization platform to address 

real biotechnological applications.



Mathematical
modeling

ConstructionDevelopment

Development of intersectoral cooperation

New model of
photobioreactor

Technical University Brno

Development of new technical solutions for biotechnology



Overview

• Introduction to algal biotechnology for wastewater treatment

• Algal biofilms – evaluation of capacity for phosphorus and nitrogen 
removal

• Studying of possible mechanisms of removal process



Phosphorus – global issue

Eutrofication of water ecosystems Limited phosphorus resources

EU countries → dependent on the imports of P rock

× Great losses of P to wastewater and food waste

×Big losses of imported P to the environment cause 
serious environmental problems.

Van Dijk KC, Lesschen JP, Oenema O (2016) Phosphorus flows and balances of
the European Union Member States. Sci Total Environ 542: 1078-1093.



Algal biotechnology for wastewater treatment

ATSTM units, Florida, U.S.A
www.hydromentia.com

www.niwa.co.nz/



Aims of research

 Algal biofilm formation and cultivation methods

 Phosphorus and nitrogen uptake capacity under different 
conditions → Lights and initial concentrations of P

 Process of phosphorus and nitrogen uptake and dynamics –
insight into mechanisms   



Algal biofilm formation

Algal biofilm in nature

Algal-cyanobacterial consortium 
attached on the different surfaces 

immersed in water.

Main role in processes of water self-
purification  in water ecosystems

Algal biofilm formation

Isolated species from specific locality loaded 
by high concentration of nutrient were used 

for algal biofilm formation. 

Algal biofilm was formed by mat forming 
filamentous cyanobacteria, coccal green 

algae and filamentous green algae



Algal biofilm cultivation and experimental set up

• Total cultivation area 8 m2

Circulating volume of wastewater 400L

• It consists of four units

• placed in greenhouse

Algal biofilm wastewater 
treatment system
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Circulating flow  Experimental set up

• Phosphorus and nitrogen uptake capacity under different 
conditions → Lights and initial concentrations of P

• Process of phosphorus and nitrogen uptake and dynamics –
insight into mechanisms   

• Batch experiment – 5 days
• Continuous experiments – wastewater was changed every 24 

hours in reservoir 
• Simulated and real wastewater



Phosphorus uptake capacity

Reduction of Total P during batch experiments under different light conditions

(period spring-summer-autumn)
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High values of solar irradiance Low values of solar irradiance

Reduction around 92% of Total 
P after 24 hours in high solar 

radiation period (summer; 7-11 
MJ/m2/D)

Reduction around 50% of Total P
after 24 hours in low solar 

radiation period (spring, autumn; 
2-10 MJ/m2/D)

*Sukačová K. Trtílek M. Rataj T. (2015) Phosphorus removal using a microalgal biofilm in a new biofilm photobioreactor for tertiary 

wastewater treatment. Water Research 71, 55 – 63.



Phosphorus uptake capacity
Reduction of Total P during continuous experiments with different initial P concentration
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concentration 

Results:

● Algal biofilm was able to remove 98% of TP in 

cases of all tested concentration.

● It was reached limit for P in river.

Methods: 

● Simulated wastewater was changed every 24 hours.

● Tested TP concentrations ranged from 3 mg/L to 10,5 mg/L  

● TP concentrations were measured after 24 hours.

Sukačová K. Kočí, R. Žídková M. Vítěz T. Trtílek M. (2017) Novel insight into process of nutrients removal using an algal biofilm: The evaluation of 
mechanism and efficiency. International Journal of Phytoremediation 19(10): 909-914.



Nitrogen uptake capacity
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NO3-N uptake rate under different values of solar irradiance during batch and continuous

experiments

 Algal biofilm can effectively reduce nitrates.

 Reduction of NO3-N concentrations depend 

on solar irradiance

 Summary of results from batch and continuous 

experiments
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Phosphorus

Question: Why is nitrogen and phosphorus uptake
similar? Contrast with N:P for algae



What processes are important for phosphorus removal ?

• Precipitation• Assimilation into 
nucleic acid and 
proteins for 
biomass growth

• Adsorption on the 
surface of cells

• Uptake of P 
into the 
biomass for 
storage

Direct Indirect

removalassimilation

Mechanism of phosphorus removal consist of different biological, physical and chemical interactions.

*Sukačová K. Trtílek M. Rataj T. (2015) Phosphorus removal using a microalgal biofilm in a new biofilm photobioreactor for tertiary 

wastewater treatment. Water Research 71, 55 – 63.



Principles of phosphorus removal
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Phosphorus reduction during batch 
experiments lasted ten days

Based on our experiments we assumed

Average daily TP uptake

(ten day´s experiment)

0,013 g.m-2.D-1

Daily TP uptake 0,013 g.m-2.D-1 – batch experiments

Daily NO3-N uptake 0,1 g.m-2.D-1- batch experiments N:P = 8:1

Phosphorus reduction 
after 24 hours

Average daily TP uptake

after 24 hours

0,15 – 0,52 g.m-2.D-1

N:P = 2:1, 1:1

Assuming total amount of depleted nutrients over ten 

days period, we calculated average daily consumption 

of TP and NO3-N during batch experiments. 

9%

91%

Representation of particular 
processes in phosphorus removal

Direct assimilation

Indirect processes

Corespond with 

results cited for algae Adsorption and precipitation

Sukačová K. Kočí, R. Žídková M. Vítěz T. Trtílek M. (2017) Novel insight into process of nutrients removal using an algal 

biofilm: The evaluation of mechanism and efficiency. International Journal of Phytoremediation 19(10): 909-914.



Can algal biotechnology bring effective 
solution for closing of phosphorus cycle?

 Microalgae can be very effective in phosphorus removal because mechanism of phosphorus 
removal consists of the adsorption and the assimilation.

 The algal biofilm captured 1 g of phosphorus during treatment of 1m3 wastewater *

* We assumed a reduction of phosphorus concentration from 3 mg L-1 to 0,09 mg L-1 )

 Perspective of phosphorus recovery → Usage of biomass with captured phosphorus as slow 
release fertilizer in crop production **

**Mulbry W, Westhead EK, Pizzaro C, Sikora L, Recycling of manure nutrients: use of algal biomass from 
dairy manure treatment as a slow release fertilizer. Bioresource Technology 96, 2005.




