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Advantagesof  wastewatertreatmentbymicroalgal culture:

ÇNatural ecosystemsthereforenot environmentallyhazardous

ÇNo secondarypollution (biomassis reused)

ÇEfficient recycling of  nutrients



Green unicellular microalgae can generate

significantquantitiesof biomassandoil suitable

for conversionto biodiesel.

Estimated

Higher biomass productivity than plant crops 

Land area required

Lower cost per yield

Potential to reducegreenhouse
gases emissions through the
replacementof fossil fuels

Microalgae



Use abundant organic carbon and 
inorganic N and P compounds

A major requirement of 
wastewatertreatment,  is

necessaryto remove

Riskof eutrophication
in rivers and lakes

Microalgae

Efficient in:
Vremoving N

Vremoving p

Vremoving toxic metals

Many species of  microalgae are able to

eficientlygrow in wastewater

Through their 
ability to
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Green alga Botryococcus brauniihas an

unusuallyhighhydrocarboncontent

15%

75%

range
(dw)

long-chainunsaturedhydrocarbons

Is a potentiallygoodrenewablesource

of  chemicalfeedstocks or biofuels.

Colony of  Botryococcus braunii



Experimentswere carried out in batch

photobioreactors(stirredtank type)on a

laboratoryscale(meanvolume500cm3)



Experimentswere developedin batch

photobioreactors(stirredtank type)on a

laboratoryscale(meanvolume500cm3)

Pre-culture during 1 week

Pre-culture stage



Experimentswere carried out in batch

photobioreactors(stirredtank type)on a

laboratoryscale(meanvolume500cm3)

pH wasadjustedat 7.5 at thebeginning

Temperature298.15 K

Light-darkcycle12h/12h

Light intensityover0.077 

mE cm-2 s-1 (wet)



Air supply volume 0.5 v/v/min

Composition of  gas phase (CO2/Air) was modified
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Culture medium Secondarily treated urban wastewater

Previously sterilized Characterization before each experiment

ÅpH

Åconductivity

Åturbidity

Åtotal solids

ÅCOD

ÅBOD5

Åtotal carbon

Åtotal organic carbon

Åinorganic carbon

Ånitrates

Ånitrites

Åammonium

Åsulphates

Åphosphates

Åphenols

Åcopper

Åmanganese

Åzinc



Biomass concentration

Optical density of  

culture suspension at 

600 nm
ÅTotal chlorophylls 

ÅCarotenoids

ÅProteins

Evolution over time

ÅNumber of  cells



At the end of  each culture

Biomass is separated from liquid medium

Total lipids

Hydrocarbons

Fatty acids

Identified using gas chromatography

coupledmassspectrometry(GC/MS)



In all experiments performed using urban wastewater 

periods of  adaptation were detected (lag phase)
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Lag phase B. braunii growth curve using urban wastewater as 

culture medium



From the growth 

curves

ÅDurationof  theexponentialphase

ÅMaximumspecificgrowthrate(mm)

mm

least squares fit of  experimental 

values
ln (x/ x0) vs time

Kinetic parameters



In those cultures that biomass increased 

lineraly(after the exponential phase) 

Cellgrowthwasquantifiedthrough

biomassproductivity, Pb (mg dm-3 d-1)

Biomass 

concentration (x)
vs time x = a+ Pb t

Kinetic parameters
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in culturesusingwastewateras culturemedium
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Parameter Value Parameter mg dm-3

pH 7.6 Nitrate 15.3

Conductivity 978 mScm-1 Nitrite 0.30

Turbidity 3.97 FTU Ammonium 15.0

Total solids 0.06 % Sulphate 92.0

CDO 49.7 mg O2 dm-3 Phosphate 11.5

BOD5 16.0 mg O2 dm-3 Phenol 0.41

Total Carbon 39.2 mg C dm-3 Copper < 0.05

Total Organic Carbon 1.2 mg C dm-3 Manganese < 0.5

Inorganic Carbon 38.0 mg C dm-3 Zinc < 0.05

Secondarilytreatedwastewatercharacterization
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% CO2/Air Proteins, % Total chlorophylls, % Carotenoids, %

0.0 8.81 0.28 0.07

0.5 4.1 0.06 0.01

1.0 5.5 0.11 0.03

1.5 8.3 0.28 0.09

2.0 10.7 0.60 0.13

5.0 15.2 - -

Effect of  gas phase composition on 

proteins and pigments contents. 



Total lipids

Total hydrocarbons

Synthetic 

medium
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Reduction of  pollutant load in urban wastewater from the 

secondary treatment, at the end of  the culture
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ÅUrban wastewater from secondary treatment is an appropriate culture 

medium for B. braunii.

ÅThe use of  enriched air (0.5% CO2/Air), maximize the production of  

lipids (44.48%) and determines the highest values of  mm and Pb.

ÅA mixture richer in carbon dioxide, at 1.5% CO2/Air lead to a higher 

content of  hydrocarbons (26.15 %)
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