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Microalgae and market access

Maximum biomass cost (€/kg) and minimum quantities (tonnes)
to enter the corresponding markets

Why thinking

industrial ecology ?
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We are deeply engaged in a circular economy /
sustainable development vision with our microalgae

4 concrete axis:

* CO, capture

* Bio-asphalt
 Methanation
* Smart cities...
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Autotrophy [or mixotrophy) and joint-economy required
a network of industrial activity interconnected

Economy
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Capture of CO, and
production of microalgae
with the flue gas produced
by a cement plant

+ Flue gas sampling +» Microalgae

[Flue gas compolllton , ! q‘a—%\ %
VS r\fk ’
i b O
Others gas b e
NOx,CO,. 2
N ; of microalgae :

Others
elements

i’-’ b) Chloreﬂa VUIQGI"S Mineral salts (NP X )
e Mechanism of photosynthesis

Microaigae are migromet:

. ig metric unicellular organisms. Microalgae are autotrophic, they produce
Sampling line compleX organic @@mpounds from CO, and water using the energy of light (artificial or
natural) by photosyhthesis mechanism implementing chloroplasts which contain chiorophylls

and r pigments ‘ﬂ: obtain 1kg of dry algal biomass, about 1,8 kg of CO, is required.

= A sophisticated sampling line is connected to the chimne!

extract the flue gas. The control of gas flow rate is imp The migroaigae haye many advantages:
electronic mass flowmeter (representative gas sample i :m:‘::gl ; 5&:2&"‘?&‘:‘3}2&” %m?:mﬂ;;‘g?aﬁdmw .
photobioreactor). - They producel S |

= The flue gas is composed mainly of dinitrogen , dioxyg

tg'nemus interesting products like protein, oil, pigment, ...
o re ; ing of industrial carbon dioxide
dioxide and water with traces of different mineral compounds ‘

it Microalgae powder

CO2 : coproduct of the cement industry

Challenge / Opportunity => (= 700 kg COZ/ t of cement) ™° valorization !!
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Artificial light

[Culture Madium

a) Plastic tubes airlift photobioreactors b) Flat panel airlift photob jore

a) This pilot is composed of two identical tubular photobioreactors
compare the productivity. The first photobioreactor is supplied with pul
the second with flue gas. Arificial light is used as energy so
temperature of the system is of 25°C with a pH of 7,5

b) This PBR is flat, it has a rectangular shape with a thickness of 1.5
culture conditions are similar than the other photobioreactor, exce
sunlight as energy source. A luminometer is used to measure the qu:
sunlight in order to make a data model.

the

w

e

of pH is a very important parameter to maintain a optimum pH.
jautotrophic growth, cells take up the dissolved CO, and the pH

he pure CO, are injected into the photobioreactor. When the pH
jtpoint value, the injection is stopped.

i f Industrial applications of microalgae
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| pH
| Transmitter
L

Electromechanical vaive

pH is above the setpoint value (it's 7,5 for our experiment),

Outlook

Short-term

2

Mid- and long-term

- Microalgae can grow with the flue gas —
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The growth between the culture with pure Cosmetic &
CO, is almost identical to the culture with Nutrition Health Environment Energy
flue gas
* Human = Antioxidant *Water treatment * Biofuel
* Animal « Carotenoid * Biomethane
* Phycobiliprotein * Bioethanol

Omega 3&6

Ciments Calcia
Italcementi Group
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m w I I Methanation Study on industrials’
vy

effluents capture and their
valorization with microalgae
production
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Figure 3 ; Evolutions du taux annuel ¢'utilisation de la chaleur et de la productivité annuelle en
fonction de la surface de produ :tl
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® [MSolution: associate microalgae cultures to
“the building

& e .
:REI Why: it exists a complementarity between
¢ microalgae cultures and building functioning

—> CO, capture from boilers

- treatment of local effluents

-> valorization of fatal heat and building
heat loss

-> production of algae biomass
for the health, cosmetic and
food sectors

- renewable energy
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Prototype demonstrator on the roofs of the University in
Saint-Nazaire => First result of interest:

- Reducing the use of
air conditioning

" D issues: cimate change, ;- Development of
ecological footprint of the city, global food algal mOdels With
extraction of high

challenge, end of resources and
fossil energy

added-value
molecules

MSolution: associate microalgae cultures to
the building

M Why: it exists a complementarity between
microalgae cultures and building functioning

-> CO, capture from boilers

- treatment of local effluents

-> valorization of fatal heat and building
heat loss

-> production of algae biomass
for the health, cosmetic and
food sectors

- renewable energy
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Microalgae biomass value

Essential aminoacids

sattern Snilar 1o food Polysaccharides [starch,
W

glucose, sugars]

Proteins Carbohydrates

Pigments (chloraphyll,
carotenoids - b-carotene and
astaxanthin - phycobiliproteins

Essential vitamins (A, BI, B2, B6,
B2, C, E, nicotinate, biotin,folic
acid and panthothenic acid]

PUFAs [ARA, EPA, DHAJ Other
compounds
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Step 1 : Identification of the value
(market study)

Step 2 : Topological analysis

Step 3 : Conceptual process and flow
sheet design

Step 4 : Economic pre-validation

Step 5 : Experimental validation

Step 6 : Techno-economic analysis
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Spirulina biorefinery

2 SRR -
8 SPIRULYSAT ® ALPHA BIOTECH

Product 2

R

Product 4

Product 5... => an example :
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Example of market development
Spirulina extract valorization

Bloo tonic,

the spiruline-based tonic

water!
o Beverages,

Functional drink
etc.

BR=TAGN=®
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aw) Spirulina residue valorization &&=

algoroute Hydrothermal liquefaction as a route to
transform microalgae residues in bio-asphalt
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e Results
— Feasibility is shown

— A process has been identified
e Viscoelastic properties can be tuned

— A Patent has been filed

e Qutook:

— To work on durability

— To optimize the process
e Understand more deeply HL

— Collaboration with industry
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Simulation study to predict the plant size
and evaluate its rentability

g
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, Microalgae: culture in greenhouses

Example °.f Splrullna pl_'oduct!on plant ... and after training people
after realization of a simulation study : | |
on the basis of the effluent available £0 Mwras’ghe cuituie

and quality management

to define the appropriate size...

B Mqa.nlummummu l

|

Easy to built + low price + low biomass output over-comes
by the rooftop / greenhouse and the waste recycling (heat, CO2...) process.
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AlgoSource provides tools for any stage of your project:
rom lab scale study to mass production

Mass P° units

A 250 m? to several acres
E =
% //ﬂq-p-d\\\ﬁ
> Pure Inoculums P* ..,Q
o for open ponds or directly «
2 aquaculture and cosmetic
2 50 to 200 litres
5
3]
>
=
c
0
2 Day/night cycles

investigation

0.5to1.5litres

Screening tool

small-scale
mini PBR
in parallel
6 x50 ml Autoclavable
Control i
supervisory In collaboration with E.EUE‘GUA
I software
9
:
2
MultiCells Flat panel & Torus Airlift flat panel Open pond system:
PBR PBRs PBR Raceway

Experimental throughput Industrial p;oductl:t
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COMSETIQUE / INGREDIENTS SANTE

0% "T Al NTS
e ey CHIMIE VERTE
GREEN CHEMISTRY

MICROALGAE R&D FACILITY

ALIMENTATION HUMA[NE ET ANIMALE
D AN EcD

The biggest R&D
facility in Europe
to run industrial
programs

) DEPOLLUTION / VALORISATION DU coz
l ] 6 CO2 VALCRIZATION, WASTE-TO-VALUE
BIOCARBURANTS

UNIVERSITE DE NANTES GEPEA SIOFUELS
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ALGOSOLIS

MICROALGAE R&D FACILITY www.algosolis.com

CONDITIONNEMENT ET
HALE 0F ReD REcoE © ORAGETE B'OMASSE HALLE TECHNOLOGIQUE PHOTOBIOREACTEURS
ET BIORAFFINAGE ” DE PRODUCTION SOUS SERRE  INTENSFIES
/

SOUCHES,
ANALYSES

BIOFAGADE
MICROALGALE

Sy THHNOLOGES
& <« [OW-C00ST>
X _PAONLCTION EXTENSIVE

PRODUCTION EXTERELRE SOLARE
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North

Atlantic .< We are here 7

Ocean . : A | AT |
Saint-Nazaire, France ! o
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Thank you  for your attention

TO CONTACT US:
Dr. Jean-Michel POMMET

Senior Manager, Business Development

Mobile: +33 676 365 958
E-mail: jean-michel.pommet@algosource.com

“Microalgae at the heart
of your future projects”




