
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Syngas biomethanation in a trickle bed reactor

Asimakopoulos, K.; Gavala, H. N.; Skiadas, I. V.

Publication date:
2019

Document Version
Peer reviewed version

Link back to DTU Orbit

Citation (APA):
Asimakopoulos, K., Gavala, H. N., & Skiadas, I. V. (2019). Syngas biomethanation in a trickle bed reactor. 1.
Abstract from CERE Discussion Meeting 2019 , Helsingør, Denmark.

https://orbit.dtu.dk/en/publications/c15c5457-7191-474d-b839-8bda4563cdf1


Syngas biomethanation in a trickle bed reactor 

 
Asimakopoulos K.*, Gavala H. N. and Skiadas I. V. 

Department of Chemical and Biochemical Engineering, Technical University of Denmark, DK-

2800 Kongens Lyngby, Denmark 

 

ABSTRACT 

Despite the efforts of the global policy makers to reduce the emissions of greenhouse gases through a 

transition to a biobased and circular economy, the concentration of CO2 in the atmosphere has exceeded 

400 ppm and keeps increasing  in a fast pace. As a result, it is urgent to establish new technologies that 

will allow the recycle of waste carbon and prevent its release to the environment. Such a source of 

carbon is the flue gas produced from the gasification of biomass which contains primarily CO, CO2 and 

H2. This gaseous mixture is broadly known as synthesis gas or syngas and constitutes a substrate for the 

production of CH4 through the Sabatier process or other longer carbon chain molecules through the 

Fischer – Tropsch process. These catalytic processes face important challenges such as the cost of the 

catalysts and the high temperature and pressure demanded. 

 

CH4 is a dense energy carrier and the most abundant molecule in natural gas, thus, it can be easily 

introduced in the existing natural gas grid facilities. Its production through biological processes is well 

founded and performed in biogas plants. Therefore, syngas biomethanation has attracted a lot of 

attention lately as an alternative to the existing practices. However, the fraction of methane in the 

fermented gas depends on the concentrations of H2, CO and CO2 in syngas and with the current 

gasification technologies CO2 is in a high stoichiometric excess resulting in a CO2/CH4 mixture which 

is not compatible with the natural gas grid. Surplus electricity from solar or wind farms may be used 

for H2 production (through electrolysis), which can be supplied to syngas in order to convert the excess 

of CO2 to CH4 satisfying thus the criteria for direct injection of the gas product in the natural gas grid 

of Denmark. 

 

Based on the above, we developed lab scale trickle bed reactors inoculated with enriched mesophilic or 

thermophilic methanogenic anaerobic sludge and performed an optimization analysis of the following 

operational parameters: syngas/surplus H2 ratio and empty bed residence time. The obtained results 

showed that syngas can be converted to a gas with a CH4 content of 97.5% at a flowrate of 4 

mmol/lbed/h in thermophilic conditions. The results obtained from the lab scale experiments were used 

for the design of a pilot scale trickle bed reactor (28 times the volume of the lab scale), which was 

constructed and started up at our department. Preliminary results suggest that the performance of the 

pilot scale reactor is even better than the lab scale ones when operated under identical operational 

conditions. So far, the system has only been fed with an artificial gas mixture as syngas. Currently, the 

pilot scale trickle bed is being connected to a pilot scale gasifier in order to confirm the suitability of 

our technology and assess its biomethanation efficiency with real syngas. 


