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Circular economy - Definition

Conventional industrial process
« take, make, dispose »

« Infinite » non- Unlimited waste

renewable
m -

ressources
Circular economy :

Sustainable principle:
2002 : « Cradle to Cradle » - Production Process including
Michael Braungart and Closed Recycling Loops based
William MacDonough on Ecosystem Organisation

(biomimetism)




OUTLINE OF A CIRCULAR ECONOMY
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Foster system effectivenes i leakage and negative
by revealing and designing ’ externdlities
out negative externalities 1. Hunting and fishing
All ReSOLVE levers Algotech 2. Can take both post-harvest and post-consumer waste as an input

Source: Ellen MacArthur Foundation, SUN, and MeKinsey Center for

Business and Environment; Drawing from Braungart & McDonough,
I Cradle to Cradle (C2C). .




Value pyramid of biomass in a biorefinery
concept

A

Health & Lifestyle
(farma, chemicals, cosmetics, nutraceuticals...)
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J
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(Commodity and building chemicals, fertilizers, ...)
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r
.

Added Value
Yied Volume




L Zhu /Renewabie and Sustainable Energy Reviews 41 (2015) 1376-1384
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Fig. 4. Potential products from microalgae during biorefinery.
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Value pyramid of biomass in Phy roteins
a microalgal biorefinery 0. S$/mg
concept
‘ Ramirez & Olvera, 2006
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Mainstream Biorefinery with Microalgal Biomass
Cascad Principle

Sequential steps for optimal biomass use bF_ractions o;
‘ I0mass an
— Energy recovery stage at the end > Utilization
of the lifecycle cascades
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Microalgal Biorefinery | Microa.lgal biorefinery
integrating recovery and

and Circular Economy recycling of gaseous and

liquid effluents
Residual microalgal biomass + by'prOdUCtS

Environmental
Microalgal

Biorefinery
blomass

Nutnents andtrace ..
elements u2

A

-

sasanses

ocoﬁnrica-nvvocuc-.iiii-o.--h-.ca-.otcnv-

Anaerobic digestion unit

E_ . Biomass coproducts
N Biofertili et -
s (human activities)

Biopolymers

fraction : & :
P iftiAzand E"ss’ Forage and feed [Tl :
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Bioplastics and Feed supplements and
pharmaceuticals pharmaceuticals

---------------------------------------------------------------




Microalgae Biorefinery Barriers &
Improvements

/
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( Metabolic Flow Analysis
Synthetic Genetic

Industrial CO,

Nutrients

Recoverable liquid &
gazeous effluents

Optimization of culture conditions and
harvesting (lab scale)

K Biochemical composition analysis

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)

»%Mz:;%:“m%% UMONS -~ S——
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UMONS

Université de Mons PBR production of microalgal biomass

fﬁw’w i

nMaterlaN vla“

1[h~\| LR &

Harvesting/Dewatering

Biomass fractionating j

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

* Lipids extraction :
* (O, supercritical vs green solvant extraction ;
 Simultaneous extraction/transesterification

* Saccharides :
* Extraction
 Molecular and structural characterization
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Bioprotection/Biofertilisers/Biostimulation

Induction of plant defense Foliar spraying

reaction ——

application as biopesticide

/T~

Plant cells in suspension Seed treatment

Wheat seeds

Cultivar: Olivier 2 weeks after
germination
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Microalagae
biomass for

energy supply

Specific Biomethane
gazeous potential
treatment and co- - Biomethane Potentiel Test with microalgal
(capture substrates residues
e - Optimal design to ammonia and sulfur inhibition
impact
Gases Methanization - Modeling and simultation

analysis test at lab

(CH4/N |_|3 scale
/H,S/CO,)

- Pilot for biogas production
- Co-methanization study with sewage and agro-
industrials waste in collaboration with CEEEDD

Pilot scale of partners (Feder)

biomethanization

UMONS

Université de Mons
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Life Cycle Assessment

RAW MATERIALS, WATER & FOSSIL FUELS ULB

R - Y Ve V7 S e e T Y N Y i Data needs:

i Process inputs:

* Raw materials

« Auxiliary materials (energy,
chemicals inputs, etc.)

Process outputs:

* Products, by-products, waste

* Emissions

CHEMICALS 1
[l (Nutrients & Cleaning [
Agents)

SUBSYSTEM 2:
MEDIUM SUPPLY

Data sources:

» Process descriptions from

, process flow charts, mass

| symEM . ‘  comwveanon balances, measurements,

! eonturssors) (MY purchase lists, etc...

» Market studies (potential,
guality, production
prices...)

® Transport &

Example: LCA of microalgae production Boxtel 2015
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Partnership :
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AlgaeFactory

Partnership:

.

" 4

Usinalgue

Microalgae large
scale production

Valoalgue

Production of
High added
value
compounds by
immobilized
microalagae




Conclusions

Environmental Microalgal Biorefinery

Real opportunity [ £
for circular econony

Université de Mons
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