? Pourquoi ai-je arrété de modéliser les
procédés de digestion anaérobie ?

JEAN-PHILIPPE STEYER

INRAE, LABORATOIRE DE

BIOTECHNOLOGIE DE L'ENVIRONNEMENT,
F-11100 NARBONNE

INRAZ

Séminaire interne BETTER
09/01/2023 - JP Steyer



Who am | ?

MSc in Electronics, € o O i s B
Electrotechnics and Automation QUALITATIVE REASONING METHODS
FOR CELSS MODELING

F. Guerrin,* K. Bousson,** J.-Ph. Steyer*** and
L. Travé-Massuyis**

* Instingt Navional de la Recherche Agronomigue, Blometrics and Artifictal
Inselligence Stasion, 31320 Castanei-Tolosan, France

** Centre National de [z Recherche Scientifigue, Swstem Analysis and
Automatic Control Laboratoire, 31077 Toulouse, France

% Lehigh University, Chemical Process Modeling and Research Center,
Bethlehern, PA 18015, [IL.5.A,

PhD in Applied Mathematics
and Artifical Intelligence el N G
for pharmaceutical bioprocesses

~

Fig. 1. Directed signed graph representation of a process in an aquatic ecosystem.
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A quoi peut servir un modele ?

perturbations
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Pour garantir certaines propriétés (stabilité par exemple), le modele doit étre simple !
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Some basic ideas

1) A model is nothing else than (in mathematic
form)
2) A model i1s a model built by someone who

knows the process.

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

INRAZ

Séminaire interne BETTER
09/01/2023 - JP Steyer



> Mes approches de la modélisation
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> Anaerobic digestion

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

oM + CH, + CO, (+residual OM)

(30 to 50%)

?‘f’i

kLS
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> Anaerobic digestion in practice
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> Anaerobic digestion in practice

Trés grande diversité, complexité et
variabilité de matiéres premiéres
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Conversion processes in AD process
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Performances of AD Processes

Anaerobic lagoon Fluidised bed reactor
Same wastewater, same quatity of COD removed and of biogas produced
BUT..
v 300 m? v 0.15m’
v 21 days v 1 day
v open loop (no control) v closed loop control
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Modeling AD processes in literature

TITLE-ABSTR-KEY(anaerobic digestion) and TITLE-ABSTR-KEY(model*)
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Modeling of AD processes

Complex particulate waste

and inactive/death biomass

inert particulate
soluble particulate

carbohydrates

|
| |
w m LCFA 1) How to optimise

biogas production in quantity and
| quality ?

------------------------

i“'* ropionate PINIEES Valerate
g ST

-

In terms of applications: Better understanding of the dynamic link
between complex substrate and biogas quantity and quality
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Modeling of AD processes

Complex particulate waste

and inactive/death biomass

carbohydrates

Vo
acetate

|
l

LCFA

-

inert particulate

soluble particulate

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?
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Modeling of AD processes

Complex particulate waste

and inactive/death biomass

inert particulate
soluble particulate

carbohydrates

|
|

LCFA
3) How to model and optimise
microbial diversity ?

R . : e valerate .
: k (PhD I. Ramirez)

i :_ _____ J___ _I i
v ¥ Ny :
acetate ' “

In terms of applications: could we find relationships
between process performance and microbial community structure ?
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Modeling of AD processes

Complex particulate waste

and inactive/death biomass

|

inert particulate
soluble particulate

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
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Modeling of AD processes

Complex particulate waste

and inactive/death biomass

|

inert particulate
soluble particulate

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 ?
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Modeling of AD processes

Complex particulate waste

and inactive/death biomass

|

inert particulate
soluble particulate

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
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As a conclusion on modeling

Anaerobic Digestion Modelling
A Practical Scientist's Tool ?
A Practical Scientist's Toy ?

BOTH !!! And both are very useful !
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Tout est résolu ?

>

'

A
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100

Treated Pollution (kggop/m3.j)
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file://localhost/Users/Jerome/Documents/BOULOT/Communication/Cours/Cours_DA-ISAM_2014/MVI_1030.AVI

Never forget Mother Nature !
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Overview of the Oldest Existing Set of Substrate-optimized
Anaerobic Processes: Digestive Tracts
Jean-Jacques Godon » Laure Arcemisbéhére »

Renaud Escudié « Jérdme Harmand - Edouvard Miambi -
Jean-Philippe Steyer

Large Intestine
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Never forget Mother Nature !
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Batch reactor @
Continuous stirred tank reactor (CSTR) _9

CSTRs in serie 4 HHH b

Plug-flow reactor -3




Never forget Mother Nature !

oome {7}
Acidic pH —
__microbe
—
Neutral pH —
__microbe
~r
BasicpH —
__microbe
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Never forget Mother Nature !

o O
Acidic pH
__microbe
enzyme
Neutral pH -
__microbe
- @ W
BasicpH -
__microbe
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Never forget Mother Nature !

assimilation

In terms of volume
(sugar, acetate, etc.)

Readily enzymes 1
Biodegradable
Substrates

—30% 50 % —— 20 %-

Slowly m
Biodegradable
Substrates

—80 %

20 % 0%-
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Never forget Mother Nature !

The ‘herbivorous’ configuration

Cow

Lama

Q Kangaroo
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Never forget Mother Nature !

From the analysis of 190 digestive tracts

S BMC Ecology | 10000000
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Vertebrate bacterial gut diversity: size

also matters

Jean-Jacques Godon'”, Pugazhendi Arulazhagan', Jean-Philippe Steyer' and Jérome Hamelin 100000
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Pour conclure...

All models are
wrong, but
some are
useful.

E .
- George Box ; >
&/'

e Apporter une vision intégrative et systémique de la formalisation des interactions
microbiennes (modele = médiateur disciplinaire pour formaliser)

* |dentifier, comprendre et prédire les propriétés émergentes des écosystemes (y
compris les dysbioses)

* Maitriser les interactions entre les « éléments du systemes » : les fonctions, les
individus, les populations,... chacun des éléments du systemes pouvant étre regardé
a différent niveaux d’intégration (ingénierie des écosystemes)
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Dark fermentation for VFAs and bioH, production
4 Macro-molecules

l Hydrolysis B.

Hydrolysis and Monomers

acidogenesis

‘ Acidogenesis B.

¥
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Dark fermentation : low pH and short HRT
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Lbe? . . . .
= Ecological Engineering for biotic control

Metabolic pathways that produce or consume bio-hydrogen

Matiére organique
(biomasse, déchets solides, effluents)

Changement de voies métaboliques . .
actéries hydrolytiques Operat|ng COndItIOI’]S (pH, OC, HRT...)

— are very well studied
I Protéines ] ’ SucresBinples Acides
\

Bactéries lactiques

Bactéries acidogénes
fermentaires

Metabolites
microbiens
Acetate,

) Butyrate
Bactéries
homoacétogénes
Meéthanogénes

| Lactate

= Ethanol
_ \ Biotic interactions

(link between structure and
function of the ecosystem)

Bactéries
sulfato-réductrices

Major specie

Minor species : roles ?
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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)

Relative Auondance of bacteria

In steady state in each reactor (after several HRTs),
only one major specie (difference only in minor species)



Lbe . . . .
= Ecological Engineering for biotic control

Identical major bacteria,
so identical performance, isn’t it ?....

NO !!!
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Diversity and Engineering of Microbial Ecosystems

Study of the interactions in microbial ecosystems
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Study of the interactions in simplified microbial ecosystems
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Nutritional stress induces exchange of cell material
and energetic coupling between bacterial species
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