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ÁField of competence : environmental assessment 

applied to agro-bio processes

ELSA research group (http://www.elsa-lca.org/)



Microalgae :  a 3rd generation biofuel

ÁA strong potential :

ü High productivity per ha

- High photosynthetic yield 

- High-grade of lipid (between 30 and 60%)

ü Cultivation in pond

- Better control of the emissions in the 
environment

- Monitoring of the inputs (fixation of industrial 
CO2)

- Lower competition with the food production

ÁSome significant drawbacks :
- Important need of fertilizers

- Harvest and extraction



Anaerobic digestion

ÁMineralisation of the Organic Matter 

üEnergy recovery : CH4

üNutrients recovery: NH4, PO4

ÁEfficient and widely used technology (food-processing liquid 

waste, sewage sludge)

ÁOld concept (Golueke & Oswald (1957)) 

Nutrients : digestate

Energy : methane

Organic 
Matter

AD



The Symbiose project
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Modelling of the LCI

ÁSymbiose = a three years project

Need to obtain data to realise the LCI as soon as 

possible : modelling the different steps of the 

Symbiose project.

ÁThe 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



ÁIntroduction of the variable ótimeô in LCA is computationally intensive 

(Heijungs & Suh (2002)), because a matrix inversion is needed :

[B(t)  A(t)-1] f = e(t) 

ÁDevelopment of a dynamic LCIA by Levasseur et al (2008)

ÁA solution to obtain a dynamic LCI consists in limiting the simulation to a 

part of the system where the dynamic has a crucial role.

Production processesSupply chain End of life

Static LCAStatic LCA

Modelling of the LCI

Dynamic simulation

AD

Algae



Modelling of the LCI

-Physical and chemical dynamics (pH, sedimentation, flowsé)

- Anaerobic digestion

ÅŬ0 (Na+Nb) + Ŭ1 (Xa+Cb) Ą X1b + Ŭ2 Vfab + Ŭ3 Nib + Ŭ4 Cib

Å Ŭ5 Vfab Ą X2b + Ŭ6 Cib + Ŭ7 M

Acetogenesis

Methanogenesis
µ4(.)

µ3(.)

- Algae growth

Å Nia      Ą Na

µ1(.)

Å Cia Ą Xa Assimilation of the digestates 

by the algae biomass                               
µ2(.)



Modelling of the LCI
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Model: algae growth

dXa/dt      =    -Da*Xa                         +    µ1(.)*Xa

dNa/dt      =    -Da*Na                         +    µ2(.) Xa

dNia/dt      =     Da*(NibïNia)              - µ2(.)*Xa                    +   gnia(.)

dCia/dt      =     Da*(CibïCia)              - µ1(.)*Xa                    +   gcia(.)

dNoa/dt    =      Da*(Nob+k*Xb ïNoa) 

dCoa/dt     =     Da*(Cob+ XbïCoa)

dVfaa/dt    =     Da*(VfabïVfaa)

dZa/dt       =     Da*(ZbïZa)

Hydraulic 

phenomena

Biological 
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Gas

Xia 

variations



µ1(.) = (µ1maxȹ*(1-Na/namax)*(1-Q0/Qa)*Cia) / (Cia+Ů)

µ2(.) = (µ2max*Nia) /(Nia+Ks)
With:

And: µ1maxȹ= f (light, temperature)

µ1maxȹ= µ1max * ȹday *ȹyear

Model: algae growth
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Model: anaerobic digestion

dX1b/dt   = -Db*X1b +       µ3(.)*X1b

dX2b/dt   = -Db*X2b +    µ4(.)*X2b

dNib/dt   = Db*(Nia + NibinïNib)               +   Ŭ3 µ3(.)*X1b +  gnib(.)

dCib/dt   = Db*(Nia + CibinïCib)                +   Ŭ4  µ3(.)*X1b      + Ŭ6 µ4(.)*X2b +  gcib(.)

dNob/dt  = Db*(Noa + Nobin + Na ïNob)   ï Ŭ0 µ3(.)*X1b

dCob/dt  = Db*(Coa + Cobin + Xa ïCob)   ï Ŭ1 µ3(.)*X1b

dVfab/dt = Db*(Vfaa + Vfabin ïVfaa)         +   Ŭ2 µ3(.)*X1b ïŬ5 µ4(.)*X2b

dZb/dt    = Db*(Za + ZbinïZb)

µ3 = µ3max*Cob/(Kr+Cob)*Ku/(Ku+Nh3b)*Nob/(Nob+ Ů)

µ4 = µ4max* Vfab/(Vfab+Kvfa+Vfab
2/KIvfa)* Ku/(Ku+Nh3b)

With:
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Implementation
ÁMethodology

-The dynamic model enables: 

üthe evaluation of the biomass in the pond

Xa

üthe modelling of the dynamic production of CH4 and NH3 emissions.

CH4

üthe evaluation of dynamic needs in fertilizers using a control law.

N



Dynamic LCA

Áfunctional unit = 1 m3 CH4 / day

ÁMethodology

- Static LCA of the Symbiose process using the Ecoinvent ®

database.

ĄTo obtain the different impacts (CML 2.04) for each « static » 

structure used (pond, settler, anaerobic digestion planté). 

Production processesSupply chain End of life

Static LCAStatic LCA Dynamic simulation

Impacts for one day of use of the infrastructures (pond, 

anaerobic digestion planté, energy) by m3 of CH4. 

Impacts for one day of production of sludge by m3 of CH4Dynamic LCA based on dynamic CH4 production, 

NH3 emissions and fertilizers need



Results
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Conclusion
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Outlooks

ÁImprovement of the model:

ĄAdjustment of the parameters

Ą Validation of the model (experimental data) 

ĄA more complex model (emissions of N2O, loss of CH4, 

evaporation and flush of water, supply of cosubstrates)é

ÁObjectives:

Ą To test the different impacts depending on the different ways of 

operating the system:

- CH4production = constanté

- Use of different cosubstrates depending on their disponibility

Ą Integrate the dynamic of the energetic mix in the simulation

ĄDynamic LCIAé



Thank you for your attention

Questions ?


