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Content of the presentation 

- Instrumentation in WW : Why ? 

- What is next ? 

- Instrumentation in AD : Liquid Samples 

- Instrumentation in AD : Solid Samples 



An example of the benefits of on-line instrumentation 

Analysis of the start-up of dark fermentation from an off-line measurement of pH every day at 9:00 am 

Lag phase 
of 2 days 

Constant activity for 7 days 

0.5 UpH decrease 



An example of the benefits of on-line instrumentation 

The same with on-line measurements of pH every 3 minutes 

No lag phase 
at all 

-0.5 UpH and + 0.7 UpH 
in just more than 1 day 

Constant activity for 7 days ? 

Not at all ! 
(decrease of microbial activity over time) 

Dynamics is  
   changing fast 

There is also a lot of information when looking at the actuators ! 



Change in AD process dynamics impacts 

requirements on instrumentation and control 
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At the farm level 

HRT : from hours… 
 Real time and closed loop control 
 Monitoring of the overall process 

 …to days and weeks 
 Human operator and open loop 
 Precise characterisation of the 

inputs (codigestion) 



Instrumentation for AD : How ? 

Acetogenesis B. 

Monoacetogenesis B. 

Macro-molecules 
 
 

Monomers 
 
 

Organic acids, 
alcohols 

Acetate CO2 + H2 

Hydrolysis B. 

Acidogenesis B. 

CH4 + CO2 CH4 

Acetoclastic 
methanogenesis B. 

Hydrogenotrophic 
methanogenesis B. 

From solid 

To gas 

Difficult 
to measure 

Easy to 
measure 

An end-product is not really informative 
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An Anaerobic Digestion Process in Narbonne 

Influent : Raw industrial 

  distillery vinasses 

 

Reactor : Circular column 

  Up-flow fixed bed reactor 
   - 3.5 m height, 

   - 0.6 m diameter, 

   - 982 liters of total volume.  

 

 

Media : Cloisonyl  
   - Specific surf. : 180 m2/m3 

   - Volume : 33.7 liters 

 

 

Total effective volume : 948 liters 



Schematic layout of the plant 

ultrafiltration  
membrane 

TOC 
analyzer 

Titrimetric sensor 
(TA, PA, VFAtot, Bic) 

Infrared Spectrometer 
(CODs, TOC, VFAtot, 

VFAC3, TA, PA, CO2d) 
 

TOC = 2.35 

UV Spectrometer 
(CODs, TOC, VFAtot) 

 

Heat 
Exchange Temperature 

Dilution 
System 

    

 pH 

Biogas 

Output 
pH 

1 m3 
Up-Flow 

Fixed Bed 
Reactor 

Raw industrial 
vinasses 

Water 

NaOH 

Heater 

CH4/CO2 sensor 

H2 sensor 

gas 
flowmeter 

Pressure 



TOC analyzer: Automated chemistry 

1) Chemicals are added to remove  

 dissolved CO2 from the sample 

3) The gaseous CO2 produced is analyzed 

 by an IR sensor and is proportionnal 

 to the TOC concentration 

2) The "dissolved CO2 free" sample 

 is oxydized with a UV lamp 



VFA = 0 g/l  &  Bic = 131 meq/l 

VFA = 1.25 g/l  &  Bic = 65 meq/l 
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Motor  rotations 

Titrimetric sensor: chemistry + basic maths 

Measurements  

of total and partial alkalinities 

 

Estimation  

of bicarbonate and VFA 

concentrations 

 

(every 3 minutes if needed) 
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From manual analysis (with GC) 
 

From on-line titrimeter 

The titrimetric sensor 



Combining titration and conductivity 

http://bioentech.eu 



 Energy conservation principle 

Measurements using light 

Incident Energy = Reflected Energy + Absorbed Energy + Transmitted Energy 

 EI (l) =  ER (l) + EA (l) + ET (l)  

EA (l) = Absorbed Energy 

EI (l) = Incident Energy ER (l) = Reflected Energy 

ET (l) = Transmitted Energy 

Sample 



Measurements using light 
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An example of advanced mathematics using light : UV or infrared 



Bicarbonate Acetate 

Propionate 
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Mid Infra-Red Spectra of Pure Samples 
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Input of the AD reactor 
(pure industrial distillery vinasses) 

Output of the AD 
reactor (after the  

ultrafiltration membrane) 

Mid Infra-Red Spectra of Complex Samples 



Calibration Principle 

1) Change of the organic 

loading rate 

 (i.e., input flow rate or 

input concentration) 

3) Calibration by statistical 

analysis (PLS) of the results 

ultrafiltration  

membrane 

Off-Line  

Manual Analysis 

(COD, TOC,  

VFA, TA, PA, ...) 

2) Samples are taken Infrared 

Spectrometer 

(for spectra 

acquisition) 

Dilution 
System 

1 m3 
Up-Flow 

Fixed Bed 
Reactor 

Raw industrial 
vinasses 

Water 



from off-line analysis 
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Calibration Results 

Similar results on partial and total alkalinity 
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UV spectrometer: light + advanced maths 

Input of the AD reactor 

(pure industrial distillery 

vinasses) 

Output of the 

AD reactor (after 

the UF 

membrane) 

Total VFAs Soluble COD 
TOC 



On-Line Results 

Similar results on partial and total alkalinity 



Optimal start-up of processes 

Within 5 months, start-up of a fluidised bed reactor 

from 0 to 100 kg COD.m-3.d-1 and 80% removal efficiency 
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VFA and setpoint (mg/L)
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A control law can be badly tuned 
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Few hours of bad functionning 
and more than a week to go back to normality 



Why so many on-line sensors ? 

 Practical evalutation of the respective benefits 

of each measuring technique 

Which sensor has the largest potential for industrial use ? 
(i.e., maximum of information for minimum of maintenance) 



Which sensor(s) for which measurement(s)? 

Partial Alkalinity 

Total Alkalinity 

Bicarbonate 

Dissolved CO2 

TOC 

Soluble COD 

Total VFAs 

Acetate 

Others (eg., N, P) 

From classical 
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Infrared spectrometer Anasense TOCmeter 

VFA = 0 g/l  &  Bic = 131 meq/l 

VFA = 1.25 g/l  &  Bic = 65 meq/l 
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Towards smart sensors 

Sensors should provide a confidence index to plant managers 
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 Characterization of the organic matter 

 Link with contaminants (eg., pharmaceuticals, detergents,…) 

Liquid Solid 

Single substrate Mixed substrates 

Biodegradability Aspects 

Microalgae 

Manure 

Organic waste 
Green waste 

Straw 

Sludge 

Digestate, 
Biosolids 

CH4 and/or H2 

Platform 
Molecules 



From global… … to fine characterization 

From quantity…  … to quality 

Dry matter 
Volatile solids 

Carbon 
Nitrogen 

Phosphorus 
Lipid 
Sugar 

Protein Fractionation 
(Van Soest, acid hydrolysis) 

Respirometry 
(aerobic, anaerobic) Infrared 

2D/3D Fluorescence  

Microscopy 

Rheology 

Biodegradability Aspects 



Use of infrared to predict OM biodegradability 

Biochemical 
Methane 
Potential 
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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 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Available on the market 

250 analysis sold  
since february 2015 

Flash BMP®  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Technological development 

2006-2009 2009-2013 2014… 



BMP reference test (ml CH4.gVS
-1) 
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Going further with NIRS 

Spectrum 
treatment 

Near infrared 
analysis 

• BMP 
• Carbohydrates 
• Proteins 
• Lipids 
• COD 
• CH4 kinetics 

Substrate 

0 4 days 

http://bioentech.eu 



Biodegradability vs. Bioaccessibility 

How many of these ? 

How many of these ? 

How to 
 differenciate them ? 



.037 

Another way to characterize 
accessibility and complexity 

PCA applied: 
Classification according 

accessibility and 
complexity 

accessibility 

Developped strategy 

Chemical extractions 3D fluorescence spectroscopy 60 organic residues 
           COD, N, C 

Complexity 



.038 

I-II-III: Proteins-like 
 
IV: Fulvic acids-like 
 
V:  Glycolysed 

proteins 
 
VI: Melanoidins-like, 

lignocellulose-
like 

 
VII: Humic acids-like 
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.039 

accessibility 

Anaerobic digestion coupled with composting 

Chemical extractions 3D fluorescence spectroscopy 
               COD, N, C 

  

Complexity 

Biodegradability 
Bioaccessibility 

Methane potential 

Potential efficiency as soil 
amendment 

Residual Organic C  
+ 

 Mineralization rate 

Another way to characterize 
accessibility and complexity 



.040 

Sole-Mauri et al.(2007) ADM1 : Batstone et al.(2002) 

Anaerobic digestion Composting 

Process modelling 



.041 

Sole-Mauri et al.(2007) ADM1 : Batstone et al.(2002) 

accessibility 

Dissolved organic matter 

Dissolved organic matter 

Process modelling 

Anaerobic digestion Composting 



.042 

Lab scale reactors to generate data for models calibration/validation  

Anaerobic 
Digestion 

Compost Cropped soil 
Incubation 

Organic micropollutants 

Process modelling 



.043 

Process modelling 
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Modeling of the digester performance 
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Modeling of the digestate fractions 

Process modelling 
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Better characterization leads to better pretreatments 



The added value for  
optimal valorization of organic residues 

Environmental 
Biorefinery 

Targeted services 

C, N, P, K, S and micropollutants fate: process modelling and reverse engineering 

Organic residues 

FFWSW 

Animal 

manure 
Cropped residues 

Organic 
residues 

H2, CH4  Wastewater 

sludge 

Soil and plants 

Composting or other 
process! 

and/or 

Anaerobic Digestion 



What is next ? 



Instrumentation for tomorow 



.049 

How to optimise codigestion ? 

QCH4 

Digestate 

Substrate #1 

Substrate #2 

Substrate #3 

Substrate #n 

. 

. 

. 

1 + 1 = 2 … or less ! 

 Model based optimisation 



Lack of actuators ? 



Dr. Monika Reuter, MicrobEnergy GmbH 

Power to Gas :  from H2 to CH4 (to store energy) 



Power to BIOGas :  H2 to improve CH4 

 Improved hydrogenetrophic methanogenesis 
 Lower inhibition of hydrolysis 
 Limitation  by gas transfer 

Substrate 

H2 

CH4 



Future : production based on weather 
conditions (AD as a central role in flexibility) 

Today: energy market is dominated 
by big central power plants 

AD as a flexible renewable energy production 



Towards optimal and engineered 
microbial ressource management ? 



For more information 



Thank you very much for your attention 

http://www.montpellier.inra.fr/narbonne  
jean-philippe.steyer@inra.fr 


