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Summary  : 
 
With an annual production estimated at 500 millions of tons of methane, methanogen archaea are a key actor 
of global carbon cycle. The formation of biological methane from hydrogen (H2) and carbon dioxide (CO2), id 
est biomethanation, is not only an important process in terms of quantity but is also one of the oldest processes 
[1]. From an industrial point of view, this reaction has a double interest: (i) the production of an stocrable energy 
vector (CH4) from an intermittent energy; (ii) a contribution to decarbonation. Industrialisation of 
biomethanation reactors is nevertheless limited by the rate of gaz/liquid hydrogen transfer [2, 3]. A classical 
solution to solve this problem is the increase the stirring but this has an antagonist effect on biological 
processes with archaea that are sensitive to mechanical stress inducing a reduction of productivity. A 
compromise need to be found; furthermore, energy cost due to the stirring can be an additional economical 
limitation of the process.     
 
A patented process involving gas/liquid system in a bubble column has recently been developed in the GePEB 
axis [4]. It has been shown that biomethanation process was probably related to an enhancement of H2 transfer 
rate or an increase of gas/liquid interfacial area due to biosurfactants in situ generation that is unavoidable for 
a long period of process time. Theoretically, a fast biological reaction could induce and enhancement of gas/ 
liquid mass transfer [5], but this enhancement has never been clearly demonstrated according to the literature. 
 
In the context of this PhD, original experiments with microbial consortia full of methanogen archaea will be 
carried out to measure the volumetric transfer rate (kLa). Two different devices will be used : (i) a thermostatic 
and pressurized cell and (ii) a bubble column, both equipped with a dissolved hydrogen sensor in order to 
conclude on the hypothesis of enhancement of gas/liquid transfer rate during bio-methanation process. A 
progressive raise of pressure will be tested in order to be freed from H2 transfer limitations but also to 
determine the maximum pressure where inhibition can appear on biomethanation process that can happen 
when to much H2 is dissolved in the liquid phase (7). Concerning gas/liquid interfacial area, trials on specific 
sparger and the presence of surfactants will be carried out. This surfactants would be those produced in 
biomethanation experiments because cells generate and release them in the culture medium affecting the 
transfer. The presence of these surfactants reduce indeed surface tension of the culture media inducing the 
formation of smaller bubbles and as consequence increasing interfacial area. This increased interfacial area 
would then be responsible for the increase of volumetric transfer rate kLa. These surfactants nonetheless can 
either have a negative effect [11] opening a discussion in the scientific community [12]. The mechanisms 
explaining the role and influence of surfactant on mass transfer coefficient and specific interfacial are would 
then be also studied in the context of this PhD. 

 
 
 

https://spi.ed.uca.fr/
mailto:edspi.drv@uca.fr
mailto:christophe.vial@uca.fr
mailto:j-sebastien.guez@uca.fr
mailto:alina-violeta.ursu@sigma-clermont.fr
mailto:alain.marcati@sigma-clermont.fr


 

 

Ecole Doctorale Des Sciences Pour L’Ingénieur – 8 AVENUE BLAISE PASCAL – TSA 60026 - 63178 AUBIERE CEDEX 
site web : https://spi.ed.uca.fr/ 

Tél. 04.73.40.76 09 
Email : edspi.drv@uca.fr 

 
1.  Balch, W.E.; Fox, G.E.; Magrum, L.J.; Woese, C.R.; Wolfe, R.S. Methanogens: Reevaluation of a Unique Biological Group. 

Microbiol. Rev. 1979, 43, 260–296, doi:10.1128/mr.43.2.260-296.1979. 
2.  Rafrafi, Y.; Laguillaumie, L.; Dumas, C. Biological Methanation of H2 and CO2 with Mixed Cultures: Current Advances, 
Hurdles and Challenges. Waste Biomass Valorization 2021, 12, 5259–5282, doi:10.1007/s12649-020-01283-z. 
3.  Jensen, M.B.; Ottosen, L.D.M.; Kofoed, M.V.W. H2 Gas-Liquid Mass Transfer: A Key Element in Biological Power-to-Gas 
Methanation. Renew. Sustain. Energy Rev. 2021, 147, 111209, doi:10.1016/j.rser.2021.111209. 
4.  Keramati, M.; Erdogan, K.; Guez, J.-S.; Ursu, A.V.; Dubessay, P.; Vial, C.; Fontanille, P. Intensification of Ex-Situ 
Biomethanation in a Bubble Column Bioreactor by Addition of Colonized Biochips. Bioresour. Technol. Rep. 2024, 101938, 
doi:10.1016/j.biteb.2024.101938. 
5.  Cussler, E.L. Diffusion: Mass Transfer in Fluid Systems Available online: 
https://www.cambridge.org/highereducation/books/diffusion/52ADCBD2746CA771AFF0CC572CE190A6 (accessed on 12 September 
2023). 
6.  Laguillaumie, L.; Rafrafi, Y.; Moya-Leclair, E.; Delagnes, D.; Dubos, S.; Spérandio, M.; Paul, E.; Dumas, C. Stability of Ex Situ 
Biological Methanation of H2/CO2 with a Mixed Microbial Culture in a Pilot Scale Bubble Column Reactor. Bioresour. Technol. 2022, 
354, 127180, doi:10.1016/j.biortech.2022.127180. 
7.  Lecker, B.; Illi, L.; Lemmer, A.; Oechsner, H. Biological Hydrogen Methanation – A Review. Bioresour. Technol. 2017, 245, 
1220–1228, doi:10.1016/j.biortech.2017.08.176. 
8.  Meijboom, F.W.; Vogtländer, J.G. The Influence of Surface-Active Agents on the Mass Transfer from Gas Bubbles in a 
Liquid—I. Chem. Eng. Sci. 1974, 29, 857–861, doi:10.1016/0009-2509(74)80205-8. 
9.  Volger, R.; Puiman, L.; Haringa, C. Bubbles and Broth: A Review on the Impact of Broth Composition on Bubble Column 
Bioreactor Hydrodynamics. Biochem. Eng. J. 2024, 201, 109124, doi:10.1016/j.bej.2023.109124. 
10.  Garcia-Ochoa, F.; Gomez, E. Bioreactor Scale-up and Oxygen Transfer Rate in Microbial Processes: An Overview. 
Biotechnol. Adv. 2009, 27, 153–176, doi:10.1016/j.biotechadv.2008.10.006. 
11.  Lebrun, G.; Benaissa, S.; Le Men, C.; Pimienta, V.; Hébrard, G.; Dietrich, N. Effect of Surfactant Lengths on Gas-Liquid 
Oxygen Mass Transfer from a Single Rising Bubble. Chem. Eng. Sci. 2022, 247, 117102, doi:10.1016/j.ces.2021.117102. 
12.  Nekoeian, S.; Aghajani, M.; Alavi, S.M.; Sotoudeh, F. Effect of Surfactants on Mass Transfer Coefficients in Bubble Column 
Contactors: An Interpretative Critical Review Study. Rev. Chem. Eng. 2021, 37, 585–617, doi:10.1515/revce-2018-0089. 

 
 

https://spi.ed.uca.fr/
mailto:edspi.drv@uca.fr

