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Who am I ?

MSc in Electronics, 
Electrotechnics and Automation

PhD in Applied Mathematics
and Artifical Intelligence

for pharmaceutical bioprocesses
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A quoi peut servir un modèle ?

Système

Modèle

entrées

perturbations

mesures

grandeurs 
à estimer

grandeurs 
estimées

Pour garantir certaines propriétés (stabilité par exemple), le modèle doit être simple ! 

Informations
pour optimiser
le procédé
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1) A model is nothing else than a translation (in mathematic

form) of the reality observed at the present time.

3) Building a model without referring to its goal is a non-sense:

never forget the final objective of the model !

2) A good model is a model built by someone who really

knows the process.

Some basic ideas
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Biologie des systèmes
Modèles métaboliques
Aspects thermodynamiques

2005 - …

Fonctions minoritaires
Prise en compte de la diversité
Hétérogénéité spatiale et modèle neutre

2000 - …

Complexité 
des modèles

Complexité 
des systèmes

1 espèce

10 espèces

N espèces

Modèles 
descriptifs

Modèles 
explicatifs

Modèles d’action
 Fonctions majoritaires

1990 - 2005

Mes approches de la modélisation
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OM (without O2) +  CH4 +  CO2   (+ residual OM)

(50 to 70%) (30 to 50%) 

A biological process in Nature that degrades organic matter (OM)

Anaerobic digestion
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Anaerobic digestion in practice
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Anaerobic digestion in practice

Très grande diversité, complexité et
variabilité de matières premières

Déchets 

alimentaires

Déjection 

animales

Résidus

agricoles

Eaux 

résiduaires

Boues

Déchets 

abattoir

Drèches
Cultures 

intermédiaires

CH4 = ?
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Conversion processes in AD process
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Anaerobic lagoon Fluidised bed reactor

 300 m3

 21 days

 open loop (no control)

 0.15 m3

 1 day

 closed loop control

Same wastewater, same quatity of COD removed and of biogas produced

BUT...

Performances of AD Processes
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TITLE-ABSTR-KEY(anaerobic digestion) and TITLE-ABSTR-KEY(model*) 

Modeling AD processes in literature
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ADM1 works !!!
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1) How to optimise

biogas production in quantity and

quality ?

(PhD J. Hess)

In terms of applications: Better understanding of the dynamic link

between complex substrate and biogas quantity and quality

Modeling of AD processes
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2) How to optimise 

biohydrogen production ?

(PhD C. Aceves)

In terms of applications: How to drive the process

to « inactivate » some species and favour others?

Modeling of AD processes
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3) How to model and optimise 

microbial diversity ?

(PhD I. Ramirez)

In terms of applications: could we find relationships

between process performance and microbial community structure ?

Modeling of AD processes
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4) How to integrate

thermodynamical consideration ?

(PhD J. Bastidas)

In terms of applications: a better handling of physico-chemical

conditions for a better modeling and a new class of controllers

Modeling of AD processes
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5) Better understanding of 

solid waste hydrolysis

(PhD A. Mottet)

In terms of applications: could we find easy and reliable indicators to 

predict solid waste biodegradaility ?

Modeling of AD processes
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6) How to optimise 

start-up strategies

for biofilm processes ?

(PhD R. Cresson)

In terms of applications: Minimise the start-up to achieve specific

peformances while maximising flexibility of the microbial population

Modeling of AD processes
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Anaerobic Digestion Modelling
A Practical Scientist's Tool ?
A Practical Scientist's Toy ?

As a conclusion on modeling

BOTH !!! And both are very useful !
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Tout est résolu ?
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Never forget Mother Nature !
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Never forget Mother Nature !
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Plug-flow reactor

CSTRs in serie

Continuous stirred tank reactor (CSTR)

Batch reactor

Never forget Mother Nature !
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enzyme

microbe

enzyme

microbe

enzyme

microbe

BatchCSTR CSTRs in serie Plug-flow

Acidic pH

Neutral pH

Basic pH

Never forget Mother Nature !

In terms of pretreatment
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Acidic pH

Neutral pH
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Never forget Mother Nature !

In terms of pretreatment
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Carnivorous

Herbivorous

Slowly
Biodegradable

Substrates

omnivores

Readily
Biodegradable

Substrates

enzymes

assimilation 
(sugar, acetate, etc.)

20 % 70 %10 %

30 % 50 % 20 %

80 % 20 % 0 %

Never forget Mother Nature !

In terms of volume
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Hoazin

The ‘herbivorous’ configuration

Cow

Kangaroo

Lama

Never forget Mother Nature !
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Never forget Mother Nature !

From the analysis of 190 digestive tracts
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• Apporter une vision intégrative et systémique de la formalisation des interactions
microbiennes (modèle = médiateur disciplinaire pour formaliser)

• Identifier, comprendre et prédire les propriétés émergentes des écosystèmes (y
compris les dysbioses)

• Maitriser les interactions entre les « éléments du systèmes » : les fonctions, les
individus, les populations,… chacun des éléments du systèmes pouvant être regardé
à différent niveaux d’intégration (ingénierie des écosystèmes)

Pour conclure…
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Merci de votre attention !

http://www.montpellier.inrae.fr/narbonne 
Jean-philippe.steyer@inrae.fr



Macro-molecules

Monomers

Organic acids,

alcohols

Acetate CO2 + H2

Hydrolysis B.

Acidogenesis B.

Acetogenesis B.

Monoacetogenesis B.

CH4 + CO2 CH4

Acetoclastic

methanogenesis B.

Hydrogenotrophic

methanogenesis B.

Hydrolysis and

acidogenesis

Acetogenesis

Methanogenesis

Dark fermentation : low pH and short HRT
favoring H2 and metabolites production !

Dark fermentation for VFAs and bioH2 production



Major specie

Minor species : roles ?

?

Operating conditions (pH, °C, HRT…)

are very well studied

Biotic interactions

(link between structure  and 

function of the ecosystem)

Metabolic pathways that produce or consume bio-hydrogen

Ecological Engineering for biotic control



Ecological Engineering for biotic control
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In each reactor, same operating conditions 
(feed=glucose, HRT=10h, T=37°C, pH=5.5)
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Link between structure and function of the ecosystem ?

Ecological Engineering for biotic control

Identical major bacteria, 
so identical performance, isn’t it ?…. NO !!!
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Biotic
control of 

metabolim
(biohydrogen)

C. pasteurianum
seul

Ecosystème
+

C. pasteurianum

Ecosystème 
naturel seul

Ecosystème 
naturel seul

R. eutropha
seul

Ecosystème
+

R. eutropha

Study of the interactions in simplified microbial ecosystems

Study of the interactions in microbial ecosystems

Diversity and Engineering of Microbial Ecosystems


