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A long history
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Environmental Biorefinery

Multiple inputs and territory Commaodities for bioeconomy
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Anaerobic digestion

An old story for today and tomorrow
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Anaerobic digestion

A natural ecosystem !




Conversion processes in AD process
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= Why anaerobic treatment ?
Heat loss
Waste water
100 kg S AEROBIC |
Effluent,
' 2-10 kg COD
Sludge, 30-60 kg ]/ \[ Biogas
35 m3 (285 kWh)
Waste water

R  ANAEROBIC [

Effluent,

’ 10-20 kg COD

Sludge, 5 kg
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AD in France
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% AD in France

La méthanisation
en Champagne-Ardenne

o
1

— ——r=  REGION
CHAMPAGNE 4
e RDENNE @+

NR/AN

SCIENCE & IMPACT




L .
= AD in France
The next generation of WWTP — Towards WRRF
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The people

» 15 researchers (with permanent positions)
e 38 permanent positions in total
* On average 80 full-time equivalents

28 different nationalities

(but nobody from UK !)

A
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Our scientific backgrounds

Microbial

Biochemical
Ecology

Engineering
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The processes

v' 400+ BMP and BHP tests / year
v 60+ digesters (1 liter to 1 m3) in operation
v' Pretreatments (°C, US, O,, mechanical,...)
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Scientific production

v Over the last 4 years, 264 papers in 96 different journals
v’ 3.9 papers/researcher.year - 2.8 papers/PhD

v' 80% of our papers are co-authored (35 countries)
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A quick snapshot about our research:

Innovative process design inspired by Nature

—= SCIENCE & IMPACT



Innovative process design inspired by Nature

Organic load (kgqqp/m?3.d)
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Effect of microbiology ?

Effect of process design ?

Large Intestine
Small Intestine

(] pumei

L) (e Effect of operating
AN, L/ conditions ?
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Innovative process design inspired by Nature
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Innovative process design inspired by Nature

From the analysis of 190 digestive tracts

Batch reactor @

‘a&? Continuous stirred tank reactor (CSTR) -E)j)
C;&@;? CSTRs in série 4 HHHP

Plug-flow reactor 442 >
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Types of hydrolysis within the reactors

Chemical Enzymatic

\ \
[ | |

from animal from microbes
Acidic pH D
Neutral pH =E}
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Innovative process design inspired by Nature

be’
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Plug-flow
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Batch
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— Innovative process design inspired by Nature
CSTR Batch CSTRs in serie Plug-flow
o {3
Acidic pH —
|_microbe
Fenzyme
Neutral pH
|_microbe
Basic pH =

\microbe



Types of mechanic action found in organisms

@ grinding
cutting

b
mixing
—
\
\ Particle size separation
\ . .
\ Particle/water separation
—

Pressing (dewatering)
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= From the process to the organism

water enzyme Assimilation (sugar, acetate, etc.)




- Recycling : the cow’s testimony

Size particule separation

Re-grinding of the large particles

—= SCIENCE & IMPACT



Lbe’
= w Recycling : the rabbit’s testimony

First digestion
Production of special feces (caecotrophe)
Feces eating

Second digestion
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The termite’s testimony

First rapid digestion
Degradation in an external fungal reactor

Fungal reactor eating
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Innovative process design inspired by Nature
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enzyme

Readily Biodegradable
Substrates

carnivorous IR N
A

Assimilation (sugar, acetate, etc.)

20%

Slowly Biodegradable

Substrates 20% 70%




Lama

Hoazin

Cow

Kangaroo

The ‘herbivorous’ configuration part |




= Innovative process design inspired by Nature
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Mandibules:

mastication -> accesibilité

= SCIENCE & IMPACT

Our current research

Enzymes digestives endogenes

: MIDGUT ———ele——— HINDGUT ———!
1

l«————— FOREGUT {
i i '
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pharynx / %&::m/

\/ %M —— anus
' 4 y
.. 2o i —
Q I Malpighian peritroplmic @
| oM Crambre d

preoral cavity
Cellulase fermentation
endogeéene I I
I I
Ingestion, stockage, broyage, Enzymes digestives Iz)l[lcr?organlsn;e:r»
transport endogeénes; pH alcalin ~ SYmPplotiques produisant
les enzymes exogénes




Our current research

Microbial
CSTR first

Enzymatic Plug-flow first

)

__f,

\

Microbial
CSTR end
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éb’em Cow mimicking reactor parameters

H»

Inoculum wastewater sludge —

Rumen as inoculu
Feces as inoculu

—= SCIENCE & IMPACT



- . Termite mimicking reactor parameters

Inoculum digested. . — — — —— .
wastewater sludge

Termite as inoculum
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— Summary of the preliminary results
Type of process | Origin of microbe Methane Treatment
ypeorp - NmL/gpvs efficiency
Industrial Activated T
‘ sludge 0 150-350 30-40%
Lab scale gzt;‘éaeted ) 189 (cow ref) 36% (cow ref)
references 154 (termite ref) | 31% (termite ref)
Cow mimicking Acti g Ty
ﬁ Activate ‘ 343 62%
udge
Cow mimicking
Cow
n (rumen and R 362 61%
Feces)
Termite mimicking Activated Ty
sludge I I 209 39%
Termite
g_%ﬁfz; X in progress in progress
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The Bio?E platform for innovation and industrial transfer

LBE technological competencies

TRL
1 2 3 45 6 7 8 9

Anaerobic digestion (effluents, solid residues, biomass) 2P 22D 2D 2D 2D > > >

Biological waste-water (pre)treatment
Fermentation (Bio-hydrogene, Bio-hythane)
Platform molecules & downstream
Microbial resources management
Bioelectrochemistry
Micro-algae valorisation
Sanitary risk evaluation & control

Modelling, Instrumentation & control
Life Cycle Analysis & Eco-design

DI 0%

22>
22>
2223

) O 0 SV
222>
222>

b 2 2 D D D Do
22 >

TRL: Technology Readiness Level
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=INRA

—  SCIENCE & IMPACT

v’ 8 patents, 11 know-how licencings
v 6 PhDs paid by companies
v' POLLUTEC-ADEME Innovation Award in 2007, 2009, 2010, 2012, 2013

v’ Hosting of industrial partners (Mean « retention time » : 7 years)
v’ 54 jobs currently in activity in industry

=INRA
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Valorization and Industrial Transfer
The PROVEO process

From lab scale...

- ... to pilot scale... - ... and industrial

application

4 )
Patent and
licencing

\_ == SUBNCEEINPACT

NASKEO

environnement

i 3
3 lab scale PROVEO digesters Pilot scale PROVEO process (1 m3)

(10L) Study of the scale-up
Optimisation of operating

conditions and basis for design Industrial PROVEO process (50 m?)

For dairy effluents




éb}/ Valorisation of a patent:
the “Naskeo Environnement” company (2005)

NASKEO

environnement

, Unité de méthanisation Gatinals biogaz (45) en construction
! . _;}M.p‘il\‘,— BT - :-\‘




ébe/ INRA Transfert Environnement (IT-e)

A spin-off of the LBE %:?lN?A -

Technological offers

/'
From the « catalogue »

biodegradability, microbial biodiversity
5 (PCR-SSCP),...

/Dedicated studies

* Feasability at lab or pilot scales

environment
e Consulting for industrial plants

.

e Analysis and caracterisation of pollution,

e Monitoring of microorganisms in their

|NR/AN

—= SCIENCE & IMPACT

Trensfert ——

Ervironnameant

Tertiary offers

KI.

eaching, training

e Teaching of technical staffs

e Organization of dedicated
training days

e Bibliographic reviews

\: Project management
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400k€

300k€

200k€

100k€

Ok€

m Bioprocédés

m Microbiologie

= Projets

m Colloques

T = Effectif ITE

NOUVELLES PRESTATIONS EN
MICROBIOLOGIE MOLECULAIRE

Identifier par séquencage haut-
débit, es microorganismes présents

Extraire et amplifier

. PADN et FARN ce s

2010 2011 2012 2013 2014

Caractériser par bioinformatique
)tsm-cmmsmes demﬁts(dnm«w
i)




éb}/ Flash BMP®

Use of infrared spectrometry to predict methane potential (BMP) from solid waste

2006-2009 2009-2013 2014...

e o s mm s e s e m e mm s mm h o mm s mm s R R e s mm ok mm n o E mm o mm s Em R Em o e Eomm A omm o o=m s P

= INRA VA \©ondalys
= ECOLEDESMINESD'ALES
= . TR
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4501

Process Biochemisery 45 (2010) 431 430 400 O calibration
= Vvalidation
3504 I Standard Deviation

.......

Carnents lists available at Sckencalinect
Rice

Process Biochemistry j

i & Potatoes CATALOGUE ANALYTIQUE 2014 Liste de prix applicables du 01/01/2014 au 31/12/2014

journal www.slaaviar. B

Predicted values (ml CH4.g-1 VS)

2507 ANALYSES ENVIRONNEMENTALES
Revie: 4 METHANISATION
e . o o . ) 2007 Graen waste P
Alternative methods for determining anaerobic biodegradability: A review ] 8
150 e SECV: 31 mI CH..g" VS MENUS ANALYTIQUES METHANISATION
as I . A b < a ) . 49
M. Lesteur **, V. Bellon-Maurel *, C. Gonzalez®, E. Latrille®, .M. Roger™, G. Junqua®, |.P. Steyer o R* _:0.79
£[NWA, LIR30, Eabomioiy i otwchnolagie de Mavirassmtsnmns, Avmiat dvs Enmgs, Narhasss 111100, Prascy 100 . Cardboard - Menu Potentiel Méthanogéne Flash® : résultats en 5 jours Prix unitaire HT
Pririachprii Aty vty :—‘::\':::u::‘: L-M:::";v:w':: Eoden e i * RMSEP:28 ml CH,.g' VS Mesure du potentiel méthanogéne (Méthode Flash BMP® par spectroscopie infra-rouge), 237,79¢€

R 1076 Matiére séche - Matigre volatile, Préparation échantillon, Prise en charge

e Srolegy 102 (2011) 228022 0 T T T T T T T T T
s T R 0 50 100 150 200 250 300 350 400 450
d values (ml CH4.g-1 VS)

Contisits lists avadable @ SosenceDine

Bioresource Technology

journal homepage: www.elsevier.com/lscate/bioriech

50 analysis sold

First step towards a fast analytical method for the determination of Biochemical
Methane Potential of solid wastes by near infrared spectroscopy

since february 2014

M. Lesteur™™, E Latrille®, V. Bellon Maurel", .M. Roger", C. Gonzalez®, G. Junqua®, JP. Steyer**

SN LITR0, Laborctiore de Bisbeehmalogie d Flrndrommement. e des Bfongs, Merforme F-11 100, Framer
*Cemagref- Mestprer g g, (R (A7 - Lnjormenian axd Trifoiogies Jar Apaiaose, O 565, 3011 Mecrpe e Edra 1, Franoe
*Lidorarsie e d | ERvirmsemenr Indimmiel Frode des Mines FARS, 6aveous @ Olvdies, 3319 485 Coven, Frone

.

Fundamental research -
Technological development

and proof of concept

Commercialisation
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9/ C\/\I)/ Blo EnTeCh http://bioentech.eu

Biomasse Energie Environnement Technologie

Process Engineering, Modeling and Optimization of Anaerobic Digestion plants

Laboratory Operators

@ Stability

]

Soft
sensors

Diagnosis 5::// Monitoring
Advice Extranet Storage
Control
E x(t) = Soe ™ Performances

Expertise Modeling
r Tele-monitoring

Local monitoring




To conclude

My personnal view of innovation

v Imagine and think differently

v Dare to go for it

v" Don’t be affraid to be disappointed

'© Yves Dudal, INnovRA
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= Thank you very much for your attention
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Rechercher o ’Environnement
]

Accueil

Thémes de recherche

Edito Actualités

Production scientifique
Le Laboratoire de Biotechnologie de Prolongation du Réseau Mixte

Projets I'Environnement (LBE) situé 3 Narbonne est une E&chnologique :Elevag]-:-s et Themes de recherche
Enseignement unité propre de recherche de I'Institut National de |2 28;’;':,‘?;1?”'&”' pruriapeniode + Ecologie Microbienne et
Recherche Agronomique (INRA}. Concentré - Biodiversite
Personnel d’'innovation, le LBE méne des recherches centrées » Biofims Mixtes en Réacteurs!
sur le concept de |3 bioraffinerie environnementale. Lire I3 g N
Partenaires hébergés » Biodisponibiite,
biofaffmcrw environngmentade | onde_gradabllne et
Offres de thése/stage/emploi . oo - ! Le LBE dans les coups de coeur Cotraitements
9 yeumasice 8E | 2013 Tranferts LR S
s=wembiofilms % Environnement.- + Ingénierie et filidres de
Conférences digestion anaf’robxe.‘”r écobme&mo’ﬁv—n‘"i M hanias S
SO ___;_Eﬂg e'a_ valon’;a";'l'z?l Lire » Transfer technologique
; E %:po uants -z
Moyens techniques e !'§ . FESI(’US S Etude sur Iz réduction des gaz 3
,‘% g 2 ! arbonne 1 effet de serre en agriculture Le LBE en bref
Prestations de service S e s 4
3 y = = » Le LBE en vidéo
Partenariats === 5 iPage e
Implantations Rejoindre le LBE Journées Recherche et Industrie » Posters de présentation

sur Mendeley biogaz méthanisation du 16 au 18
octobre 2013 2 Narbonne

Rejoindre le LBE
sur Google +

‘ + Organigramme
u Rejoindre le LBE Conference ICA2013 - 18-20 » Suivez les actualités du LBE

sur Research Gate septembre 2012 !

Informations pratiques

» Annuaire

» Plans d'acces

» Intranet LBE

http://www.montpellier.inra.fr/narbonne
Jean-Philippe.Steyer@supagro.inra.fr
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