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A long history 
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An old story for today and tomorrow 

Anaerobic digestion 



A natural ecosystem ! 

Anaerobic digestion 



Conversion processes in AD process 
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AEROBIC 

Heat loss 

Sludge, 30-60 kg 

Effluent, 

2-10 kg COD 

Why anaerobic treatment ?  

Waste water 

100 kg COD ANAEROBIC 

Biogas 

35 m3 (285 kWh) 

Sludge, 5 kg 

Effluent, 

10-20 kg COD 

100 kg COD 

Waste water 



AD in Germany (at the farm level) 



AD in France 



AD in France 



The next generation of WWTP – Towards WRRF 

Source: VEOLIA, 2012 

TODAY 
Energetic balance < 0 

TOMORROW 
Energetic balance > 0 

AD in France 
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The people 

60

80

100

120

140

2005 2006 2007 2008 2009 2010 2011 2012 2013

28 different nationalities 
(but nobody from UK !) 

• 15 researchers (with permanent positions) 
• 38 permanent positions in total 
• On average 80 full-time equivalents 
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Our scientific backgrounds 
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The processes 

 400+ BMP and BHP tests / year 
 60+ digesters (1 liter to 1 m3) in operation 
 Pretreatments (°C, US, O3, mechanical,…) 
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Scientific production 

 Over the last 4 years, 264 papers  in 96 different journals 
 

 3.9 papers/researcher.year -  2.8 papers/PhD 
 

 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 
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Effect of process design ? 

Effect of operating  
conditions ? 

Effect of microbiology ? 
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From the analysis of 190 digestive tracts 

Plug-flow reactor 

CSTRs in série 

Continuous stirred tank reactor (CSTR) 

Batch reactor 
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from animal from microbes 

Chemical 
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Enzymatic 

Types of hydrolysis within the reactors 
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Innovative process design inspired by Nature 
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Types of mechanic action found in organisms 

Particle  size separation 
Particle/water separation 

grinding 

cutting 
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From the process to the organism 
enzyme water Assimilation (sugar, acetate, etc.) 

& 



Recycling : the cow’s testimony 

Size particule separation 
 
Re-grinding of the large particles 
 
 



Recycling : the rabbit’s testimony 

First digestion 
 
Production of special feces (caecotrophe) 
 
Feces eating 
 
Second digestion 
 
 
 
 



The termite’s testimony 

First rapid digestion 
 
Degradation in an external fungal reactor 
 
Fungal reactor eating 
 
Second digestion 
 
 
 
 



0,1 

1 

10 

100 

1000 

10000 

100000 

1000000 

10000000 

1 2 3 4 5 6 7 

(3) (3) 

(3) 

(3) 
(3) 

(3) 

(15) 

(35) 

(26) 

(3) 

(3) 

(2) 
(2) 

(3) 

(2) 

(2) 

(2) 

(4) 

Simpson microbial diversity index 

W
ei

gh
t 

(g
) 

Innovative process design inspired by Nature 



carnivorous 

herbivorous 

omnivorous 

Readily Biodegradable 
Substrates 

Slowly Biodegradable 
Substrates 

80% 20% 0% 

enzyme 

Assimilation (sugar, acetate, etc.) 

30% 50% 20% 

20% 10% 70% 

Innovative process design inspired by Nature 



Lama 

Hoazin 

Kangaroo 

Cow 

The ‘herbivorous’ configuration part I 



Our current research 

Ingestion, stockage, broyage, 
transport 

Enzymes digestives 
endogènes; pH alcalin 

Microorganismes 
symbiotiques produisant 

les enzymes exogènes 

Mandibules: 
mastication -> accesibilité 

Mastication 

Cellulase 
endogène 

Enzymes digestives endogènes 

Chambre de 
fermentation 

Innovative process design inspired by Nature 



Our current research 
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Inoculum wastewater sludge  

Cow mimicking reactor parameters 

Rumen as inoculum 

Feces as inoculum 



Termite mimicking reactor parameters 

O2 

Inoculum digested 

wastewater sludge 

O2 

Termite as inoculum 



Summary of the preliminary results 

Type of process Origin of microbe 
Methane 
NmL/gMVS 

Treatment 
efficiency 

Industrial Activated 
sludge 

 
150-350 30-40% 

Lab scale 
references 

Activated 
sludge 

 

189 (cow ref) 
154 (termite ref) 

36% (cow ref) 
31% (termite ref) 

Cow mimicking 
Activated 
Sludge 

343 62% 

Cow mimicking 

 
Cow 
(rumen and 
Feces) 

362 61% 

Termite mimicking 

 
Activated 
sludge 

 
209 39% 

Termite mimicking 

 
Termite 

in progress in progress 



TRL: Technology Readiness Level  
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The Bio2E platform for innovation and industrial transfer 



Innovation and Industrial Transfer 

 8 patents, 11 know-how licencings 

 6 PhDs paid by companies 

 POLLUTEC-ADEME Innovation Award in 2007, 2009, 2010, 2012, 2013  

 Hosting of industrial partners (Mean « retention time » : 7 years) 

 54 jobs currently in activity in industry 



Pilot scale PROVEO process (1 m3) 

Study of the scale-up 

… to pilot scale… … and industrial 
application 

Patent and  
licencing 

 
 

From lab scale… 

3 lab scale PROVEO digesters 
(10 L) 

Optimisation of operating 
conditions and basis for design 

The PROVEO process 

Industrial PROVEO process (50 m3) 

For dairy effluents 

Valorization and Industrial Transfer 



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

40 people in 2014, 9 M€ budget, 10 % of the digesters sold in France, R&D in Narbonne 



Tertiary offers 

Teaching, training 

• Teaching of technical staffs 

• Organization of dedicated 
training days 

• Bibliographic reviews 

• Project management 

Technological offers 

From the « catalogue » 

• Analysis and caracterisation of pollution, 
biodegradability, microbial biodiversity 
(PCR-SSCP),… 

 

Dedicated studies   

• Feasability at lab or pilot scales 

• Monitoring of microorganisms in their 
environment   

• Consulting for industrial plants 

• … 
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INRA Transfert Environnement (IT-e) 

A spin-off of the LBE 



INRA Transfert Environnement (IT-e) 

A spin-off of the LBE 

+36% 
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Use of infrared spectrometry to predict methane potential (BMP) from solid waste 

1 2 3 4 5 6 7 8 TRL 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fundamental research 
and proof of concept 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Commercialisation  

50 analysis sold  
since february 2014 

Flash BMP®  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Technological development 

2006-2009 2009-2013 2014… 



Biomasse Energie Environnement Technologie 

Process Engineering, Modeling and Optimization of Anaerobic Digestion plants 

http://bioentech.eu 

Expertise Modeling 
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To conclude 

My personnal view of innovation 
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 Imagine and think differently 

 Dare to go for it 

 Don’t be affraid to be disappointed 



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

Thank you very much for your attention 


