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Strategies on microalgal growth by using various waste 
feedstock, benefits, areas of usage

1st day 9th day

Microalgal growth in Sewage Sludge Waste



BEELAB – Bio - Energy Efficiency Laboratory  
IDRA – Interdepartmental Research on Algae

Waste Use on 
Microalgal Growth

Purification by 
microalgae
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Syngas Purification
Sewage Sludge Waste Purification

Heavy metal Purification

Biogas Digestate
Microbial Fuel Cell (MFC)

Neochloris oleoabundans
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24th European Biomass Conference and Exhibition, ETA-

Florence Renewable Energies, Amsterdam,
Netherlands, 2016

Fornovo



Tomato Waste
Almond Skin
Grape waste

Cheese whey 
and olive waste

Agricultural 
Waste

Microalgae Growth in 
Sewage Sludge Waste
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Waste feedstock optimized in BEELab and 
IDRALab to provide microalgal cultivation and 

biomass yield



Chicken manure waste

Arthrospira platensis = Spirulina platensis
cultivation in different kinds of waste 

feedstocks
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Algal Growth Medium 
optimized by waste 
materials

Solutions for cost effective energy use

Cost Effective 
Illumination 
Systems

Sizing of the illumination system for 
each wavelength

The optimal Energy flux for algae 
cultivation

LED illumination systems
Specific Wavelengths
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Caves

Thermal Springs Alpine Lakes

Travertines

Field surveys have been performed to understand 
natural behaviour of microalgal species

Extreme habitats 

Regional field surveys have been 
organized to observe algal flora

Secchia River Microalgae – Emilia Romagna
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The Microalgal Species used due to the research/product aim

 Major Chemical Composition of different algae biomasses (% of dry matter)

Algae Protein Carbonhydrate Lipid

Chlorella vulgaris 51-58 12-17 14-22

Arthrospira platensis 46-63 8-14 4-9

Neochloris oleoabundans 14 34 52

Scenedesmus obliquus 50-56 10-17 12-14
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Sludge wastes

Borgo 
Taro

Fornovo

Bedonia

C. vulgarisN. oleoabundans

Sludge waste
Feedstock for 

microalgae

Microalgae growth in sewage sludge waste 
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1,2  3,4  5,6 controlloStrain Description

NB N. oleoabundans in Bedonia Medium

NBT N. oleoabundans in Borgo Taro Medium

NF N. oleoabundans in Fornovo Medium

NBG11 N. oleoabundans in BG11 Medium

CB Chlorella sp. in Bedonia Medium

CBT Chlorella sp. in Borgo Taro Medium

CF Chlorella sp. in Fornovo Medium

CBG11 Chlorella sp. in BG11 Medium
N. oleoabundans
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Microalgal growth within 9 days

Inoculation
N. oleoabundans 

2x106 cell/ml

C. vulgaris 
1x106 cell/ml
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Neochloris oleoabundans

1st day

9st day

The analysis both on 
Chlorella vulgaris and 

Neochloris oleoabundans
to optimize the most 

efficient combination of 
the growth conditions

Growth Parameters
Cell Concentration

Optical Density
Growth Rate

Photosynthetic 
Pigment Content

Lipid Conctent
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Sludge used in each 
optimized medium

Quantity of sludge 

used (g,ss/L)

Bedonia Chlorella sp. 0,589

N. oleoabundans 0,589

Heterotrophic N. oleoabundans 0,589

Borgo Taro Chlorella sp. 0,542

N. oleoabundans 0,542

Heterotrophic N. oleoabundans 0,542

Fornovo Chlorella sp. 0,643

N. oleoabundans 0,643

Heterotrophic N. oleoabundans 0,643
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F: Fornovo BT: Borgo Taro  B: Bedonia
BG11: Standard Medium

Cell Concentration
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F: Fornovo BT: Borgo Taro  B: Bedonia
BG11: Standard Medium

Optical Density
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F: Fornovo BT: Borgo Taro  B: Bedonia
BG11: Standard Medium

Cell biovolume
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Photosynthetic pigment content (Chl a, Carotenoid, i. e. Astaxanthin)

F: Fornovo BT: Borgo Taro  
B: Bedonia
BG11: Standard Medium
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Total Lipid Content
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Total Lipid Content

Giulio Allesina, Simone Pedrazzi, Meltem Altunoz – 07-11-2017

Sludge (g) Lipid content (g) Quantitive sludge used 

(g,ss/L)

Bedonia Chlorella sp. 1 0,339558574 0,589

N. oleoabundans 1 0,679117148 0,589

Heterotrophic N. 

oleoabundans

1 0,735710243 0,589

Borgo 

Taro

Chlorella sp. 1 0,430504305 0,542

N. oleoabundans 1 0,455104551 0,542

Heterotrophic N. 

oleoabundans

1 0,688806888 0,542

Fornovo Chlorella sp. 1 0,76723691 0,643

N. oleoabundans 1 0,725764645 0,643

Heterotrophic N. 

oleoabundans

1 0,404354588 0,643
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 PROTOTYPES

24th European Biomass Conference and Exhibition
ETA-Florence Renewable Energies
Amsterdam, Netherlands, 2016

Water-Algae-Photo-Bio-Scrubber for 
Syngas Upgrading and Purification

Prototype made by LEDs light sources -according to 
wavelength and light intensity need of the microalgae 

(N.oleoabundans)

Altunoz, M., Pirrotta, O., Forti, L., Allesina, G., Pedrazzi, S., Obali, O., . . . Arru, L. (2017). Combined 

effects of LED lights and chicken manure on Neochloris oleoabundans growth. Bioresour Technol

Microalgae fed by several types of waste materials 



Giulio Allesina, Simone Pedrazzi, Meltem Altunoz – 07-11-2017

 PROTOTYPES
Microalgae fed by several types of waste materials 

2 L Photobioreactor 
Prototype

20 L 
Photobioreactor 

Prototype

Photobioreactor 
prototype - with various 

wavelengths and 
intensities of 

illumination systems

100 L Flat Panel 
Photobioreactor  

Prototype
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SOFTWARE

PHOTOBIOREACTOR HUMAN MACHINE INTERFACE

Automatic PBR 
parameters Control 

Experiments 
Database 



Giulio Allesina, Simone Pedrazzi, Meltem Altunoz – 07-11-2017

SOFTWARE

PHOTOBIOREACTOR HUMAN MACHINE INTERFACE

Easy Design of
Experiment

Real Time PBR
Monitoring 

Sensoors and 
Parameters 

Control



IDRALab 

• Taxonomical identification list of algal species

• Axenic algae cultivation; New species isolation.

• Protocol adjustment for algal growth optimisation (lipid 

content, high protein added value for animal feed, etc.) 

in different mediums (from commercial standard to 

waste management/purification)

• Analysis of cell concentration, cell size, optical density, 

growth rate

• Analytical determination of chlorophyll a, chlorophyll b, 

carotenoids, total lipids, total carbohydrates, total solids 

and ashes

• Climate change investigation by 

monitoring algal flora 

distribution and abundance

• DNA/RNA isolation and 

analysis

IDRA Culture 

Collection: Neochloris

oleoabundans, Spirulina 

platensis, Chlorella 

vulgaris, Gloeocapsa sp., 

Spirulina sp., Zygnema sp., 

Cladophora sp., 

Oedogonium sp.

http://www.idra.unimore.it

Università degli Studi di Modena e Reggio Emilia, Modena: Via Università 4, 41121 Modena, Reggio Emilia: Viale A. Allegri 9, 42121 Reggio Emilia

Laboratorio Prof. Andrea Antonelli

Fractionation and analysis of pigments;

Total lipid content and fatty acid profile 

analysis;

Determination of the volatile component;

Determination of total nitrogen content and 

analysis of the amino acid component.



Email: beelab@unimore.it http://www.beelab.unimore.it

BEELab,
Dipartimento di Ingegneria 

"Enzo Ferrari"

Laboratorio BEELab

The Bio-Energy Efficiency Laboratory -BEELab,

is part of the Engineering Department "Enzo

Ferrari" of the University of Modena and Reggio

Emilia. BEELab is the result of the experience

and knowledge gained throughout the years by

the research group of Technical Physics in the

field of renewable energies and thermo-

fluidodynamics measures. BEELab offers a

wide range of services to supporting

researches mainly focused on the development

of advanced and innovative solutions for bio-

energy efficiency

Università degli Studi di Modena e Reggio Emilia, Modena: Via Università 4, 41121 Modena, Reggio Emilia: Viale A. Allegri 9, 42121 Reggio Emilia

mailto:beelab@unimore.it
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THANK YOU

1st day 9th day

Microalgal growth in Sewage Sludge Waste


