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Methane from lignocellulosic material 

Lignocellulose: 

�  Abundant raw material for biogas production 
�  Cheap to produce, easy to handle and store 

�  Difficult todegrade efficiently 



…some type of pre-treatment is 
needed… 
�  Mechanical 
�  Thermal 
�  Chemical 
�  Biological 



…some type of pre-treatment is 
needed… 
�  Mechanical 

� Always needed for the 
material being suitable for 
feeding into anaerobic 
digester 

� Can be done efficiently 
only to a given extend 



How is it done in nature? 

�  Retention time ~72 h 
�  Combination of 

mechanical, enzymatic and 
biological pretreatment 

�  Efficiency of lignocellulose 
utilization ~70% 

�  Retention time ~600 h 
�  Mechanical pretreatment 

�  Efficiency of lignocellulose 
utilization ~50% 



How is it done in nature? 

�  Mechanical pre-treatment 
� We already do about 

maximum we can 
�  Enzymatic pretreatment 

� Not sustainable – expensive 
�  Biological pre-treatment 

�  ??? 
� Anaerobic fungi 



Anaerobic Fungi 
�  Strict anaerobes 
�  Sensitive for environmental conditions 

�  pH, temperature, hydraulics 

�  Hydrolysing activity 
�  Enzymatic 
� Mechanical 



Anaerobic Fungi 
�  Production of hydrolytic  

enzymes 
�  Mechanical destruction of  

lignocellulosic biomass 

�  Symbiosis with methanogens 



How can anaerobic fungi be used for 
biomass pretreatment? 

Isolation of suitable strains 

Choice of the most efficient strain 

Choice of the most suitable technological scheme 

Application in pilot scale 



Isolation of suitable strains 
�  Orpinomyces sp.  cow feces   KF7 
�  Anaeromyces sp.  cow feces   KF4, KF8 
�  Anaeromyces sp.  deer feces   JF1 
�  Piromyces sp.   cow rumen fluid  KF9 

�  Fliegerova, K., Pazoutova, S., Mrazek, J., Kopezny, J. et al., Special properties of polycentric 
anaerobic fungus Anaeromyces mucronatus. Acta Vet. Brno 2002, 71, 441–444, 573. 

�  Fliegerova, K., Hodrova, B., Voigt, K., Classical and molecular approaches as a powerful tool for the 
characterization of rumen polycentric fungi. Folia Microbiol. 2004, 49, 157–164. 

�  Fliegerova, K., Mrazek, J., Voigt, K., Differentiation of anaerobic polycentric fungi 
by rDNA PCR-RFLP. Folia Microbiol. 2006, 51, 273–277. 



Choice of the most efficient strain 
�  Batch experiments 

Substrate 
(maize silage) 

Anaerobic 
Fungi 

Liquid 
medium 



Choice of the most efficient strain 

New substrate 

New substrate 

Choice of the most efficient strain 



Choice of the most efficient strain 

�  Most of strains isolated had positive effect on methanogenic 
activity 

�  Only some of them had lasting effect 
�  Most of further experiments – KF8+KF9 

New substrate 

New substrate 

Choice of the most efficient strain 



Choice of the most suitable 
technological scheme 
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1-step process 
�  Mimicking conditions in cow 

rumen 
�  pH ~6.9 – 7.2 
� Anaerobic 
� Gentle mixing 
� Maize silage as substrate 

�  SRT 30 days 



1-step process 

With fungi 

Without fungi 



1-step process 



1-step process 



1-step process 

What is the problem? 
�  Environmental conditions 

� NH3 
� Temperature 
�  pH 
�  Presence of other compounds (VFA, alcoholes, …) 
� Absence of vital compounds 

�  Wash out 
�  Degradation by bacteria 
�  Hydraulic conditions (SRT) 

? ? 
? 
?? 



2-step process 
�  Batch experiment 



2-step process 

Control Increasing fungi dose Control Increasing fungi dose 

0th      10th     17th     24th    31st day  



2-step process 



2-step process 
�  Batch experiment 



2-step process 
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2-step process 
�  SBR experiment (dosage of substrate 1 per day) 



2-step process 
�  SBR experiment (dosage of substrate 1 per day) 

With Fungi 

Without Fungi 



Application in pilot scale 



 

�  Still to come…. 



Conclusions 
�  Utilization of anaerobic fungi pre-treatment for 

lignocellulosic materials is possible 
� Methane production increase 50 à 60% 

�  2-step system is more stabile than 1-step system 
�  Fungi cannot survive in anaerobic digester 

�  For inoculation, large amount of fungi was needed 



Remaining challenges 
�  Full understanding of fungi lifecycle and its implications for 

environmental technology 



Remaining challenges 
�  Full understanding of fungi lifecycle and its implications for 

environmental technology 
�  Quantification 

� Growth rate 
�  Inoculation ratios 

�  Exact specifications of environmental requirements 



Thank you for listening!! 
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