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Circular economy - Definition
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2002 : « Cradle to Cradle » -
Michael Braungart and 
William MacDonough

Materials Manufacturing Transportation Use

« Infinite » non-
renewable
ressources

Unlimited waste

Conventional industrial process
« take, make, dispose »

Circular economy : 

Sustainable principle: 
Production Process including
Closed Recycling Loops based

on Ecosystem Organisation 
(biomimetism)
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Algotech
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Health & Lifestyle
(farma, chemicals, cosmetics, nutraceuticals…)

Alimentation
(food, feed)

Chemistry and Materials
(Commodity and building chemicals, fertilizers, …)

Energy
(Heat, Power, Fuels, ..)

Value pyramid of biomass in a biorefinery
concept
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Industrial fields
potentially covered with
microalgae ressources

Aqua-
culture
$-700 
millions

Nutrition 
$-4 billions

Nutra-
ceuticals
Cosme-tics

Green 
Chemistry

Energy
5 years

20 Years

Adapté de Pulz and Gross, 2004

High added value 
niche market 
segments

Mass Market
Low value 
products

10 years

Middle Market
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Chlorophylle
1 10-5- 1 10-4 

US$/mg

High Value Proteins
6.6 10-6 US$/mg DW

Polyunsaturated Fatty Acids
(PUFA’s) 

2.64 10-6 US$/mg

Carbohydrates for energy
1.32 10-6 US$/mg DW

Bulk proteins
9.9 10-7 US$/mg DW

Lipids for energy
6.6 10-7 US$/mg DW
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Ramirez & Olvera, 2006
Wijfels, Barbosa & Eppink, 2010

Phycobiliproteins

0.13 – 15 US$/mg

Value pyramid of biomass in 
a microalgal biorefinery
concept
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Mainstream Biorefinery with Microalgal Biomass
Cascad Principle
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Production Pre-treatment / 
Harvesting/Dewatering

Carbohydrates/ 
lipides/ 
proteins

Highvalue
compounds

Crude extract/ fractions

Fermentations /
Enzymatic reaction/
Chemical transformation Energy

Coproducts
valorization

Valuables
compounds and 

molecules

Sequential steps for optimal biomass use  
→ Energy recovery stage at the end 

of the lifecycle

Fractions of 
biomass and 

utilization 
cascades
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Microalgal biorefinery
integrating recovery and 
recycling of gaseous and 

liquid effluents 
+ by-products

Environmental
Biorefinery

Biomass coproducts
(human activities)

Resource 
exploitation

Processing

ConsumptionProduction

Waste

Microalgal Biorefinery
and Circular Economy
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Microalgae Biorefinery Barriers & 
Improvements
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Strain

Selection for 
higher

productivity -
Host cells

Production
Water 

management -
Culture 

protection

Harvesting
Dewatering
Flocculation

Flotation
Centrifugation

Extraction
Co-products -

Excretion -
Free organic

solvant

Valorization

Visibility for 
market -

Regulation
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Institute of Molecular Biology and Medicine 
(Biopark Gosselies) : Molecular Cell Physiology 

& Bacterial Genetics and Physiology
Institute for Environmental Management & 

Land-use Planning (IGEAT)

Chemical and Biochemical Process Engineering
Automatic Control

Proteomics and Microbiology
Organic Chemistry

Polymeric and Composite Materials

Laboratory of Mycology
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Algotech
In the CEEEDD
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Biomethane
potential 
and co-

substrates 
use

Methanization
test at lab 

scale

Pilot scale of 
biomethanization

Microalagal
biomass for 

energy supply

Gases 
analysis 

(CH4/NH3

/H2S/CO2)

Upgrated Biogas

Specific 
gazeous

treatment 
(capture 

step)

Strain selection

Biochemical composition analysis

Optimization of culture conditions and 
harvesting (lab scale)

Metabolic Flow Analysis
Synthetic Genetic

Biomass fractionating

PBR production of microalgal biomass

Harvesting/Dewatering

Raw materials

Industrial CO2

Nutrients

Recoverable liquid & 
gazeous effluents
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Valorization

Carbohydrates
Biostimulants
Biofertilisers

Bioactive 
molecules

Lipids

Building Blocks -
Materials

Waste

(Biofuel)

Life Cycle Assessment
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Strain selection

Biochemical composition analysis

Optimization of culture conditions and 
harvesting (lab scale)

Metabolic Flow Analysis
Synthetic Genetic

Raw materials

Industrial CO2

Nutrients

Recoverable liquid & 
gazeous effluents

Two main objectives : exploit synthetic genetics approaches to tackle two 
priority problems for biotechnological production : 
- contamination of bioreactors by other microorganisms (→metagenomics and 
bacteriocins)
- excretion of compounds (produced by yeast, bacteria) of industrial interest

Strain selection for saccharides and lipids production, culture optimization at lab 
scale and biochemical composition characterization for metabolic flow aanlysis :
- Cyanothece sp. PCC 7822 (EPS)
- Chlorella sorokiniana, Scendesmus obliquus & dimorphus, Neochloris

oleoabundans (lipids)
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(Biofuel)
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Biomass fractionating

PBR production of microalgal biomass

Harvesting/Dewatering

• Photobioreactor design and scale up study for lipids
and saccharides production at pilot scale

• Lipids extraction : 
• CO2 supercritical vs green solvant extraction ; 
• Simultaneous extraction/transesterification

• Saccharides :
• Extraction
• Molecular and structural characterization
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Valorization

Carbohydrates
Biostimulants
Biofertilisers

Bioactive 
molecules

Lipids

Building Blocks -
Materials

Waste

(Biofuel)
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Valorization

Carbohydrates
Biostimulants
Biofertilisers

Bioactive 
molecules

Lipids

Building Blocks -
Materials

Waste

Bioprotection/Biofertilisers/Biostimulation

MUCL41833

(Biofuel)

Induction of plant defense 
reaction 

application as biopesticide

Arabidopsis thaliana
2 weeks after
germination

Wheat seeds
Cultivar: Olivier

Plant cells in suspension Seed treatment

Foliar spraying
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Biomethane
potential 
and co-

substrates 
use

Methanization
test at lab 

scale

Pilot scale of 
biomethanization

Microalagae
biomass for 

energy supply

Gases 
analysis 

(CH4/NH3

/H2S/CO2)

Upgrated Biogas

Specific 
gazeous

treatment 
(capture 

step)

- Biomethane Potentiel Test  with microalgal

residues

- Optimal design to ammonia and sulfur inhibition 

impact  

- Modeling and simultation

- Pilot for biogas production

- Co-methanization study with sewage and agro-

industrials waste in collaboration with CEEEDD 

partners (Feder) 
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Life Cycle Assessment

Example: LCA of microalgae production Boxtel 2015

Data sources:

• Process descriptions from 

process flow charts, mass 

balances, measurements, 

purchase lists, etc…

• Market studies (potential, 

quality, production 

prices…)

Data needs: 

Process inputs:

• Raw materials

• Auxiliary materials (energy, 

chemicals inputs, etc.)

Process outputs:

• Products, by-products, waste

• Emissions
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Valorization
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molecules
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Building Blocks -
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ALGAE

FACTORY

Anne-Lise Hantson     |    Greenwin - May 24th, 2018 - White Biotechnology 22



Université de Mons 23Anne-Lise Hantson     |    Greenwin - May 24th, 2018 - White Biotechnology

ALPO
Partnership :

Microalgae production 
and Harvesting

LCA

Extraction and 
Fractionating

LCA

Structural Characterization

Formulation

Cellulosic nano crystals

Polymerization
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AlgaeFactory
Partnership:

Usinalgue
Valoalgue

Microalgae large 
scale production 

Production of 
High added

value 
compounds by 

immobilized
microalagae
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Environmental Microalgal Biorefinery

= 

Real opportunity
for circular econony

Conclusions
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Hellweg and Milà i Canals 2014
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