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Anaerobic Digestion 
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Ref: Gerardi M. H. The 

Microbiology of  Anaerobic 

Digesters. Wiley Interscience. 2003 



 

 

 

 

 
Process Microbiology 

The consortia of microorganisms involved in the overall 

conversion of organic matter to methane 

 Bacteria hydrolyze complex organic matter to simple 

carbohydrates, aminoacids, fatty acids. 

 Simple carbohydrates and acids utilized by fermenting 

bacteria for energy and growth, producing organic acids and 

H2. 

 Organic acids are partially oxidized by other fermentative 

bacteria, which produce additional hydrogen and acetic acid 

 Hydrogen and acetic acid are used by archael methanoges, 

which convert them into methane 
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Microbiology of Anaerobic Digestion 

Ref: Pavlostathis, S.G.; Giraldo-

Gomez, E. (1991) Kinetics of  

anaerobic treatment - A critical 

review. Critical Reviews in 

Environmental Control, 21 (5-6): 411-

490. 

Numbers indicate bacterial 

groups 

1. Fermentative bacteria 

2. Hydrogen producing 

acetogenic bacteria 

3. Hydrogen consuming 

acetogenic bacteria 

4. CO2 reducing 

methanogens 

5. Aceticlastic 

methanogens 
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Process Microbiology 

 Microorganisms are divided into three groups 

according to their response to molecular oxygen 

1) Strict aerobes 

2) Facultative anaerobes 

3) Anaerobes (methanogens) 
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Response to free molecular O2 

Ref: Gerardi M. H. The Microbiology of  

Anaerobic Digesters. Wiley Interscience. 

2003 



 

 

 

 

 
Process Microbiology 
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Ref: Gerardi M. H. The Microbiology of  

Anaerobic Digesters. Wiley Interscience. 

2003 



 

 

 

 

 

Electron transport 

•Electron transport molecules (e- acceptors) used in degradation of  soluble 

substrate 



 

 

 

 

 

Electron transport 

Depending upon the 

molecule used  

(O2, NO3
-, SO4

2-, CO2, or 

soluble cBOD) 

by bacteria to remove 

electrons from the cell, a 

variety of  substrates are 

produced. 

•e- 
•e- •e- •e- •e- •e- 



 

 

 

 

 

Oxidation-Reduction Potential vs Cellular activity 

Final Electron 

Acceptor (carrier) 

Ref: Gerardi M. H. The Microbiology of  

Anaerobic Digesters. Wiley Interscience. 

2003 



 

 

 

 

 

Energy yield and sludge production 

kg VSS Produced per kg 

COD Degraded 

Methane producing archaea 

Ref: Gerardi M. H. The Microbiology of  

Anaerobic Digesters. Wiley Interscience. 

2003 



 

 

 

 

 

Three steps of Anaerobic Digestion 
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Ref: Gerardi M. H. The Microbiology of  

Anaerobic Digesters. Wiley Interscience. 

2003 



 

 

 

 

 

Three steps of Anaerobic Digestion 
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Ref: Gerardi M. H. 

The Microbiology of  

Anaerobic Digesters. 

Wiley Interscience. 

2003 



 

 

 

 

 

Extracellular (exo)enzymes 

Ref: Gerardi M. H. The Microbiology of  

Anaerobic Digesters. Wiley Interscience. 

2003 



 

 

 

 

 

Enzymes used in AD 

•Stage of  AD •Enzymes 
 

 

Ref: Gerardi M. H. The Microbiology of  

Anaerobic Digesters. Wiley Interscience. 

2003 



 

 

 

 

 
Enzymes 
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Ref: Gerardi M. H. The Microbiology of  

Anaerobic Digesters. Wiley Interscience. 

2003 



 

 

 

 

 
Step 1 - Hydrolysis 
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Ref: http://bealbio.wikispaces.com/Period+3+ch+5+Q 



 

 

 

 

 
Hydrolysis 
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Ref:http://student.biology.arizona.edu/honors20

03/group15/BackgroundTrans.htm 



 

 

 

 

 

 

Hydrolysis 

 

 
 

 

 

•Cell membrane 

•Cell wall 
 

•Insoluble 

substrates  

 

•Extracellular 

enzymes 

•Intracellular 

enzymes 

 
 

 
 

   
 

 

•Soluble substrates  

 
 

 
 



 

 

 

 

 

Hydrolysis of cellulose 

Ref:http://www.biotek.com/resources/articles/e

nzymatic-digestion-of-polysaccharides-2.html 



 

 

 

 

 

Hydrolysis of 

Cellulose 
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Ref: Gerardi M. H. The Microbiology of  

Anaerobic Digesters. Wiley Interscience. 

2003 



 

 

 

 

 
Hydrolysis of Proteins 

 Peptide 

22 

Ref:http://chempaths.chemeddl.org/services/ch

empaths/?q=book/General%20Chemistry%20T

extbook/Chemical%20Kinetics/1789/enzymes 



 

 

 

 

 

Hydrolysis of proteins 

 
 

Ref: Gerardi M. H. The Microbiology of  

Anaerobic Digesters. Wiley Interscience. 

2003 



 

 

 

 

 

Step 2 – Acid Forming Phase (Fermentation) 



 

 

 

 

 

Fermentative bacteria 



 

 

 

 

 
Step 2 – Acid Forming Phase (Fermentation) 
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Ref: Gerardi M. H. The Microbiology of  

Anaerobic Digesters. Wiley Interscience. 

2003 



 

 

 

 

 
Step 3 – Methane Forming Phase (Methanogenesis) 

 Methane is mostly formed from acetate, H2, and CO2 

27 

acetoclastic methanogens 

hydrogenotrophic methanogens 

methyltrophic methanogens 

Ref: Gerardi M. H. The Microbiology of  Anaerobic Digesters. Wiley Interscience. 2003 



 

 

 

 

 

Habitats of methanogens 



 

 

 

 

 
Acetoclastic Methanogens 
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•Methanosarcina acetivorans  

•Methanosaeta sp. •Methanosaeta concilii 

http://www.wadsworth.org/resnres/bios/macario/slide-08_M_concilii_I_10_05.jpg


 

 

 

 

 
Methanogens 
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Mixed culture 

Substrate: Sucrose  

Methanosaeta 

Substrate: 

Acetate 



 

 

 

 

 

Competition: SRB vs Methanogens 

•Sulfate reducing 

bacteria 

•Methanogenic archaea 



 

 

 

 

 

Competition: SRB vs Methanogens 

•Model of  kinetic and thermodynamic competition among sulfate 

reducing bacteria and methanogenic archaea 
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Sugar-fermenting, acid forming bacteria 30 Min 

Methanogens growing on hydrogen 6 Hours 

Acetogenic bacteria fermenting butyrate 1.4 Days 

Acetogenic bacteria fermenting propionate 2.5 Days 

Methanogens growing on acetate 2.6 Days 

Minimum doubling times of major microbial groups in 

AD (Mosey, 1989) 



 

 

 

 

 
Sludge Granulation 
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Anaerobic sludge granules from a UASB reactor treating 

effluent from a recycle paper mill (Roermond, The 

Netherlands).  

Millimeter 

paper 

indicating the 

size of  the 

granules. 
Gas vents in 

the granules, 

where biogas 

is released  



 

 

 

 

 
Arhael Biofilm 
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Ref: 1. Sossa, K.; Alarcón, M.; Aspé, E.; Urrutia, H. 

(2004) Effect of  ammonia on the methanogenic 

activity of  methylaminotrophic methane producing 

Archaea enriched biofilm. Anaerobe, 10 (1): 13-18. 



 

 

 

 

 
Archael Biofilm 
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Ref: 

http://commtechlab.msu.edu/sites/dlcme/

zoo/microbes/media/biofilm.jpg 
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I) Disperse methanogens (filamentous 

Methanosaeta) 

II) Floc formation via entanglement 

III) Pellet formation (spaghetti balls) and 

IV) Mature granules, with attachment of  other 

anaerobic microorganisms onto the pellet.  

Spaghetti theory of granulation 


