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ABSTRACT 

Gasification of biomass results to the production of syngas with a very high (more than 90%) 

conversion efficiency. Syngas, consisting mainly of H2, CO and CO2, can be used as a substrate for 

carboxydotrophic and hydrogenotrophic microorganisms towards the production of biofuels such as 

methane and alcohols. CH4 is an important energy carrier and has the advantage to be easily 

introduced in the natural gas grid; therefore syngas biomethanation has the potential to contribute 

substantially to the storage of biomass-derived energy.  

Existing syngas fermentation technologies face important challenges such as a) the need of 

maintaining sterile conditions due to the use of pure or well defined microbial cultures and b) the 

mass transfer of sparingly soluble syngas compounds (CO, H2) to the water-based cultures. The 

goal of this study is to propose and assess a methodology to remove the aforementioned 

bottlenecks. First, environments such as the ones in waste and wastewater treatment processes are a 

massive source for methanogenic microorganisms that come at no cost and are already adapted in 

harsh conditions and secondly, trickle bed reactors (TBR) are reported to provide higher mass 

transfer rates compared to conventional CSTR and bubble column bioreactors.   

Based on that, we developed a TBR inoculated with enriched mesophilic methanogenic anaerobic 

sludge and performed an analysis of the following operational parameters: liquid recirculation rate 

(LRR), gas inflow rate (GIR) and hydraulic retention time (HRT). In addition to these, we focused 

on the improvement of the minerals’ composition in the liquid medium in order to secure that there 

is no nutrients growth limitation (other than the syngas substrate) of the mixed microbial consortia 

growing in the form of biofilm in the bed of the TBR. The bioreactor was operated at 37 
o
C and 

atmospheric pressure having a total packed volume of 135 ml with the composition of syngas being 

45% H2, 20% CO, 25% CO2 and 10% CH4. The employed packing material was made of 

polypropylene/polyethylene and offered a surface area of 800 m
2
/m

3
. 

Primary results indicated that the LRR is strictly connected to the fraction of the bed getting wetted 

and as a result higher LRR values led to a more uniform biofilm growth throughout the bed and 

higher CH4 productivity rates. On the other hand, the HRT affected the concentrations of volatile 

fatty acids in the reactor due to carbon elongation phenomena from acetic acid which is the main 

byproduct. The maximum CH4 productivity rate achieved so far was 68 mmol/lbed/d with a H2 

uptake rate of 228 mmol/lbed/d and a CO uptake rate of 96 mmol/lbed/d  under 8 d HRT, 2130 l/lbed/d 

LLR and 14 l/lbed/d GIR. At these operational conditions the removal efficiency of CO and H2 were 

at 86% and 91% respectively and the CH4 yield 83% of its maximum theoretical value. Further 

experimentation is expected to lead to even higher values. 
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