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10µm

Methanothermobacter marburgensis

Phase contrast image of M. marburgensis. Specimen was
obtained in late exponential phase from a fed-batch cultivation.
The cells are rod shaped and elongated. Taubner et al., 2015

Electron micrograph of negatively stained cells in the
mid-exponential phase of growth. The polar bundle of
flagella is observed. Bar 0.4 µm. Takai et al., 2002

Methanothermococcus okinawensis

Scanning electron micrograph of Methanobacterium
thermaggregans.

Methanobacterium thermaggregans

Blotevogel and Fischer, 1985

Methanogens



Mauerhofer, unpublished
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BMP 
mode

MER
[mmol L-1h-1]

CH4
[Vol.-%] References

CSTR 1280 18.3 Nishimura et 
al., 1992

CSTR 530 96 Peillex et al., 
1990

CSTR 950 60 Seifert et al., 
2014

Fixed-
bed 267 26 Jee et al., 

1987

Fixed-
bed 228 58 Jee et al., 

1988b

Hollow
fibre 145 14.5 Jee et al., 

1988a

Trickle
bed 1.6* 97.9 Burkhardt and

Busch, 2013
* MER calculated per m3 matrix material, MER  methane
evolution rate, BMP  biological methane production

Rittmann 2015, Rittmann et al. 2015

(a,b) Anaerobic biofilm growing on matrix material for biomethane production in a trickle
bed bioreactor. (c) 2L Lab-scale STR-bioreactor for biomethane production.

(c)

Burkhardt et al. 2013 © Simon K.-M. R. Rittmann
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CH4 cell factories – BioHyMe

Mauerhofer et al. 2021 
Commun Biol
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CH4 cell factories – BioHyMe
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Rittmann et al. 2018 Appl Energy
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Enzymatic CO2 capture
Carbonic anhydrases
Formate dehydrogenase

Microbial Biomethanation
Screening of pure cultures 
Mixed culture 
Serumflasks, CSTR, trickle-bed
Substrates for biomethanation:  HCO3

-, formate

Analysis of microbial consortium

CarbonATE



STEP 1
Enzymatic CO2 sequestration

Enzymes
− Carboanhydrases: 

CO2 + H2O ↔ HCO3
- + H+

or
− Formate dehydrogenases:

CO2 + H+ ↔ COOH-

Contaminated
CO2 gas:
CO2 + O2 + N2  

HCO3
- or COOH-

STEP 2
Biomethanation

(H
2)

Microbial cultures
− Pure strains Archaea
or
− Mixed consortium 

(Bacteria + Archaea)

CH4

Source: Pan et al., 2016, „Methane production from formate, acetate and H2/CO2; 
focusing on kinetics and microbial characterization“ Bioresoucre Technology, doi: 
10.1016/j.biortech.2016.07.032

Archaea:

Acetogenic Bacteria:
2 H2 + 2 CO2  CH3COOH + 2 H2O

O2 + 
N2

HCO3
- + H+ ↔ CO2 + H2O

CarbonATE



Underground Sun Conversion

www.underground-sun-conversion.at



Welte 2016
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Pfeifer et al., 2020 Biotech Adv

Archaea Biotechnology

NitroFix
ACES
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