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Microalgae : a 3" generation biofuel

A A strong potential :

U High productivity per ha
- High photosynthetic yield
- High-grade of lipid (between 30 and 60%)

t Cultivation in pond

- Better control of the emissions in the
environment

- Monitoring of the inputs (fixation of industrial
CO,)

- Lower competition with the food production

A Some significant drawbacks :

- Important need of fertilizers
- Harvest and extraction




Anaerobic digestion

A Mineralisation of the Organic Matter
U Energy recovery : CH4
U Nutrients recovery: NH4, PO4

A Efficient and widely used technology (food-processing liquid
waste, sewage sludge)

A Old concept (Golueke & Oswald (1957))

Energy : methane

Nutrients : digestate

Organic
atter
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Modelling of the LCI

AThe two major dynamics of the system are biological
mechanisms (algae growth and anaerobic
digestion), I.e. slow dynamics.

—> Steady-state takes time to be reached
—> Mean values used in LCA could induce bias

—> Coupling of the two could created conter-
Intuituve dynamics

ASymbiose = a three years project
—>Need to obtain data to realise the LCI as soon as

possible : modelling the different steps of the
Symbiose project.




Modelling of the LCI

Al ntroducti on timdd ti me LVCAr ii asblcemput at i
(Heijungs & Suh (2002)), because a matrix inversion is needed :

B A f=e()
ADevelopment of a dynamic LCIA by Levasseur et al (2008)

AA solution to obtain a dynamic LCI consists in limiting the simulation to a
part of the system where the dynamic has a crucial role.
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Modelling of the LCI

- Algae growth

~N

Hi(.)
A C, A Xa y Assimilation of the digestates
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- Anaerobic digestion
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Modelling of the LCI
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Model: algae growth

dXa/dt |=| -Da*Xa + H()*Xa
dNa/dt | =| -Da*Na + () Xa
dNi/dt | =| Da*(Ni, T Niy) -1 Ho()*Xa +  Opial-)
dCi/dt | =| Da*(Ci,1 Ci,) - K ()*Xa +  Oeial-)
dNo,/dt |=| Da*(No,+k*X, T No,)
dCo,/dt | =| Da*(Co,+ X,1 Co,)
dvfa/dt | =| Da*(Vfa,T Vfa,)
dZ_/dt =| Da*(Z,i Z,)
| Xia || | Hydraulic ~ Biological | | |I'Gas
| variations . phenomena . reaction




Model: algae growth

With: < i) = (ulmaXOp*(l-Na/namax)*(l'QO/Qa)*Cia) / (Cia+0
Iitn. | |

“2() = (lJ'Zmax*N|a) /(N|a+KS)
ANd: Mimaxe = f (light, temperature)

Himaxep = limax *Pd a2y * py ear

72




Modelling of the LCI
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Model: anaerobic digestion

[ (dXqp/dt | =[-Db*Xy, Ha(-)*X
dXop/dt | =|-Db*Xy, T () Xy
dI\Iib/dt = Db*(Nia + I\Iibin I Nib) 03 HS(-)*le gnib(-)
dCiy/dt | =Db*(Ni, + Ciy,i Ciy) Uy Ma()"Xyp  + Us ()" Xy Oein(-)
< dNo,/dt| =|Db*(No, + No,;. + Na i Nop) | i| Uy ps(.)*Xy,
dCo,/dt| =|Db*(Co, + Co,,, + Xai Co,) |i| U ts(.)*Xy,
dVfa,/dt = Db*(Vfa, + Vfa,,i Vfa,) S Ms()* Xy, +1 Us (W Xy,
k dzy/dt |=Db*Z.+Zyl Z) | |
1 xib " Hydraulic Biological e
. .. ! ! g as
e || | pnenomena | | RN SO
 Hg = Hama *CO/(Kr+Co,)*Ku/(Ku+Nh3,)*No,/(No,+ U
With:}
Mg = Huma” Via/(Via,+Kvfa+Via 2/Kivia)* Ku/(Ku+Nh3,)




Implementation
AMethodology

-The dynamic model enables: |
(i the evaluation of the biomass inthe pond o e B i 7

R BB I

U the evaluation of dynamic needs in fertilizers using a control law.

U the modelling of the dynamic production of CH, and NH, emissions.
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Dynamic LCA

Afunctional unit =1 m3 CH, / day
AMethodology

- Static LCA of the Symbiose process using the Ecoinvent ®
database.

A To obtain the different impacts (CML 2.04) for each « static »
structure used (pond, settl et
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Results

Acidification
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Results

karine aguatic ecotoxicity
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onclusion
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Importance of the dynamic to perform an environmental
optimization of the production chain




Outlooks

Almprovement of the model:

A Adjustment of the parameters

A Validation of the model (experimental data)

A A more complex model (emissions of N,O, loss of CH,,

evaporation and flush of water,
AODbjectives:

A To test the different impacts depending on the different ways of
operating the system:

-CH,production = constanté
- Use of different cosubstrates depending on their disponibility

A Integrate the dynamic of the energetic mix in the simulation

A Dynamic LCI AEé




Thank you for your attention

Questions ?




