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Introduction : microalgae ©

.‘:'I/MIIIIJEGF

— They are microscopic. Their size range from 2
to 50 microns

— They can grow very rapidly : generally biomass
is doubled every day

— The number of microalgae species is estimated
between 200 000 to 1 000 000
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Microalgae: they grow everywhere m
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They develop at large scale "
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They are cultivated in photobioreactors (PBR)
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They are cultivated (L1LO0 0000 tons per year) "
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Focus on the ANR-Symbiose project
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Biogas l
Organic Anaerobic Nutrients (N,P...) Microalgae
wastes © > Digestion cultivation —PCH4

P Flue gas and Organic waste treatment
P> Need for external inputs decreased

P> Solar energy recovery
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Bottlenecks of anaerobic digestion of microalgae

» Main identified limitationsin AD
- High proteins content (NH; issue)
- Cell wall resistance and cell survival
- Sodium toxicity for marine species

P Solutions
- Selection of adapted species
- Increase C/N Ratio (codigestion or metabolic strategy)
- Biomass pretreatments

(Sialve et al, Biotechnology Advances 2009)




Il - Modeling anaerobic digestion
of microalgae with ADM1
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Modification of ADM1

Complex particulate waste and inactive
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- Low production of NH,
- Low soluble COD

— Protein accumulation

In ADM1, hydrolyses are
represented by first order
kinetics.

Hydrolysis can be better
represented using the
Contois model (Vavilin et
al., Waste Management,
2008)

— modification of ADM1
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Comparison with experimental data (1)
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Comparison with experimental data (2) 5‘

YMB OS5

o
o
o
o

3)

E 0.4 E 0.4}

a a .

3 03 9 oal ¢ Experimental

2 2 data

E 0.2 ° 0.2 o

g€ oal € oal - —__. Original

s ) |3 . ot EE ADM1
0 50 100 0 50 100 .

____ Modified
ADM1

&

€

g

Q

O

(=2

<

o

©

5

g

a

5;’? IN R!A STIC&Environnement 2011 - Anaerobicdigestion of microalgae —Mairet etal.

[Il — Estimation of process
performances
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Influence of the HRT on the digester

performance
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* HRT<15d— Reactor acidification
* Optimal HRT= 20d

* Collet et al. (Bioresource
Technology, 2011) with HRT=46 d:

methane conversion: 56%

enitrogen mineralisation: 90%
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Step increases of the input concentration
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* Hydrolysis is the limiting
step

* No VFA accumulation
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Ammonia toxicity

* In ADM1, ammonia inhibits only the
methanogens

* Interaction between inorganic nitrogen,
VFA and pH, which tends to stabilize the
process.

» Since hydrolysis is the limiting step, a slight
inhibition of methanogenesis does not affect
the process
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Conclusions and perspectives

» The modified ADM1 represents adequately the artaero
digestion ofChlorella vulgaris

» The optimal productivity is obtained for a HRT21j d.

* The hydrolysis is the limiting step

 Ammonia does not destabilize the process

» \Validation with experimental data (other species)

» Effect of pretreatment (thermal or ultrasonic tneents, or
even lipid extraction)

» Simulation and optimization of the coupling betwee
microalgal pond and an anaerobic digester
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Thank you for your attention !

http:// www.anr-symbiose.org
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