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Global energy systems transition, 1850-2150
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Methanogens

Methanothermobacter marburgens:s

hanobacterium thermaggregans

Phase contrast |mage of M. marburgensis
obtained in late exponential phase from a fed
The cells are rod shaped and elongated. T4,

Electron micrograph of negatively stained cells infs
mid-exponential phase of growth. The polar bundl
flagella is observed. Bar 0.4 ym.  Takai et al., 20!

Scanning electron micrograph of Methanobacterium
thermaggregans.

Blotevogel and Fischer, 1985



Biomethanation

® Lniversitat
Jwien

Al
4H2 + COz o> =77 CH4 + 2H20

methanogens

Mauerhofer, unpublished



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

BMP MER CH, References
mode [mmol L-'h-'] | [Vol.-%]

Nishimura et

Peillex et al.,

i Seifert et al.,
| Fixed- Jeeetal.,

Fixed- Jee et al.,
Hollow Jee et al.,
Trickle . Burkhardt and

* MER calculated per m?® matrix material, MER - methane
evolution rate, BMP - biological methane production

Rittmann 2015, Rittmann et al. 2015
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Terrestial environments
= soil sediment

= swamp/ permafrost sludge
= post-volcanic region

= oil-field associated

Marine & freshwater habitats
& marine sediment

marine Eukaryote-assasiated
= marine hydrothermal vent

& voleanic region

= ic digester/

= feshwater sediment
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= faeces » feshwater
» Eukaryots-associated

= wastef formation water

Methanoregula boonei 6AB #
Methanogenivm frigidum Ace-2
Methanogenium cariaci JR1®
Methanogenium marinuim AK-
Methanosarcina soligehdi SMA-21%
fum facus 17A1e

psychrophiles

Methanobacierium movilense MC-20%
Methanoculfeus marisnigr JR 1e
Methanoculleus chikugoensis MGE2e
Methanoplanus endasymbiostus MC1
Methanoplanus iimicola M3
Methanogenium organophiium Cve
Methanolobus profundi MobM e
Methanospirillum stamsii Pt1®
Methanococcus volise PSe
Methanobactanum petrolearium Mic5c12e
Methanobrevibacter arboriphilicus DH1e {wetwaod)
Methanobactarium beljingense B-
Methanobaclerium bryantiM o HG.»
Methanobacterium congolense C=
Methanobacterium movens TS-2»
Methanobacterium palustrs Fe
Methanobacterium subtecraneum ABps
I |Methanobactsrium fiexite GH =
Methanobactenium formicicum MF =
Methanobacierium oryzae FPis
Methanobactenum uliginosum P25te
Methanobacterium ivanavil Ivanav s
Methanobactenum arcticum M2s
| Methanobrevibacter goltschalkit HO
Methanobrevibacter millerae ZA-10s
Methanobrevibacter olleyas 1HG-1P ®
Methanobrevibacter ruminantium M1s
Methanobrevibacter smithii ALl e
Methanobrevibacter thaueri CWe
Methanobrevibacter woesei GS®
Methanobrevibacter boviskoreani JH1®
Methanococcus vannielif SB e
Methanocorpuseuivm labreanum 2 ®
Methanomassifiiococeus fuminyensis B10e
Methanospirillum hungatei JF1e
W | Methanoculleus baurgensis MS2 s
Methanaculleus hydrogenirophicus HC
Methanocuffeus paimalei INSLUZ =
Methanolobus zinderi SD-1 (coal)
Methanococcus maripaludis JJ &
Methanococcus maripafudis S0001
Methanococcus maripakidis S2 e
Methanosarcina horonobensis HB-1%
I |Methanosarcina siciliae T4 ®
Methanosarcina acefivorans C2A &
Methanosarcina mazei Gole
Methanosphaera stadfuranse MCB-3w
Methanosaeta harundinacea ®

petrolearia SEBR 4847 e (affshore)

mesophiles

Methanohacterium kenagiense 1698
Methanolobus vicani PL-12/M &
Methanogulleus submarinus Nankai-1e
Methanobacterium ferruginis Mic6c05® (gas pipe)
Methanobacterium sarhusense H2-LRw
Methanococcus aeoflicus PL-15/Hs
Methanoculleus receptaculi 2C-2®
Methanothermebacier thermeflexus |DZe
Methanoculieus thermophilus GR-1e
Methanothermobacter thermophilus M =
Methenolbacterium thermaggregans e
Methanothermobacter crinale Tmz «
Methanothemobactar marburgenis Marburg s
yphicus DeltaHe

Methanothermobacter wolfeii
it SN-1e

0| Methanothermacocous okinawensis IH1®
RMAS =

thermophiles

| Methanocaidococcus jannaschii JAL-18
Methanocsaldococcus villosus KIN24-TBO &
| Methanosaldococous vuicanits M7 e
Methanothermus fervidus HO »
Methanothermus saciabilis KF1-F| &
[0 Methanotortis igneus Kol 5 »
Methanopyrus kandleri AY19®

MCN
141
141b
141¢
SAB
282¢ 0

Medium 6

hyperthermophiles

Mauerhofer et al. 2021

Commun Biol
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CH, cell factories — BioHyMe
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I hyperthermophiles

thermophiles

mesophiles |

I hyperthermophiles

thermophiles

mesophiles |
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CH, cell factories — BioHyMe

15 8

RCB1 RCB2 RCB3 RCB4

MER / mmol L' h

Strains . M. marburgensis . M. villosus™® . M. igneus . M. jannaschii

thermophile hyperthermophiles

Mauerhofer et al. 2021 Commun Biol
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Methanothermobacter in Deutschland
{Institute/Arbeitsgruppen)

Max-Planck-Institut fir terrestrische
Mikrobiologie, Marburg, Biochemie anaerober
Mikroonganismen

Envbiotech | Universitit Tobingen

Methanbildende Mikroorganismen |
Universitat Dresden

Archasenzemtrum | Universitat Regensburg

Archaesa and Extremophilic Bacteria |
Leibniz-Institut DSMZ-Deutsche Sammilung von
Mikroorganismen und Zellkulturen GmbH |
Braunschweig

Archaea Physiology & Biotechnology |
Universitat Wien, Osterreich

Electrochaea | Startup fir Power-to-Gas-
Technolagie | Planegg

microbEnergy | Power-to-Gas-Systeme |
Schwandorf

MicroPyros | Power-to-Gas-Systeme |
Straubing

Krajete | Filotanlagen fir biclogische
Methanisierung | Pasching, Osterreich

Literatur

Methanothermobacter - Mikrobe des
Jahres | Biokatalysator fiir die
Energiewende | Seigo Shima, Rudalf K.
Thauer | BlOspektrum L2021

Mikrobe des Jahres 2021 |
Methanethermobacter - werborgen, aber
bedeuwtungswvoll | Harald Engelhandt |
BlOspektrum 1/2021

Genetischer Werkzeugkasten fur
Methanothermobacter
thermautotrophicus | Mikrobe des |ahres |
Bastian Molitor | BIOspektrum 1/2021

Alternative Produktionsmethoden -
Archaea in der Biotechnologie | Simon
Rittmnann et al | BIOspektrum 1/2021

Biomethanisierung - ein Prozess zur
Ermaglichung der Energiewende? | Simon
Rittmnanmn et al | BlOspektrum 7/2014

Permarfrost: Die Zeithombe im hohen
Morden | Roland Knauer | Spektrum.de 2019

Permafrost | Geology lllustrated 2017 |
Angelika Jung-Hattl

Elimawandel in Permafrostgebieten - ein
Lebensraum schmilzt | Wissenschaftsjahr
2018 | Bundesministerium fir Bildung und
Forschung

Bayerisches Start-up produziert Biogas
mit Mikroorganismen | Steve Haak, Welt,
28.0.2021
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Videos

Gas machen - Fasizination Wissen | Wie
Power to Gas funktioniert | Bayerischer
Rundfunk 2016, Susanne Delonge

Electrochaea: Power-to-Gas at the
Commercial Demonstration Plant in
Solothurn, Switzerland | Elektrochaea GmbH
2020

Weitere Informationen:

B Fotos/Pressebilder (Urheberrechte
beachten)

H Pressemitteilung Mikrobe des Jahres
2021

B Poster 2021

www.vaam.de

MIKROBE DES JAHRES 2021 ¢

%
Methanothermo@ﬁr% bedeutend fiur Wasser, Klima, Energie
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Enzymatic CO, capture
Carbonic anhydrases

Formate dehydrogenase Flue gas
with CO, _ - e Methane
ﬁ Enzymatic ﬁ_ methane ﬁ

. . . . CO, capture -
Microbial Biomethanation production

Screening of pure cultures
Mixed culture
Serumflasks, CSTR, trickle-bed

Substrates for biomethanation: HCO;-, formate

Analysis of microbial consortium
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CarbonATE

STEP 1 STEP 2
Enzymatic CO, sequestration Biomethanation

g o T
| / N, 2) \
O =P ncose —>1 } = cH,

CO,+0,+N,
HCO, + H* <> CO, + H,0

Enzymes Microbial cultures é{;&hﬁlea:
— Carboanhydrases: p
- — Pure strains Archaea™sgy yethano
genic reactions from typical substrates.
C02 + Hzo Aad HC03-+ H+ or
. . Reactions AG” Microorganisms
or — Mixed consortium (KJfmoICHy)
- Formate dehydrogenases: (Bacteria + Archaea) I Hvdrogen
* — COOH- s Co
CO, +H" & 4H,+C0; — CHy +2H;0 —135 Most methanogens
II. Formate
4HCOOH — -130 Many hydrogenotrophic
CH4 + 3C0O, + 2H,0 methanogens
Acetogenic Bacteria: 1IL. Acetate ‘
2 H2 +2 002 > CHSCOOH +2 H20—> CH3COO0OH — CH4+ CO, -33 xgﬁzgzzg:;na and

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



Underground Sun Conversion

Nachhaltiger UNDERGROUND
Kohlenstoff-Kreislauf SUN.CONVERSION @

www.underground-sun-conversion.at
erneuerbares Erdgas

Dar sus ernauerbaran Enargis-
E;:JI-:nIEiunn:- + Windl erzeugts
Strom wird rittels Elaktroky s -
werfahran in Hz umgawandalt.

Mikroorgenismen wandaln dis
singabrachten Stoffe (Hy + G0l
i ameuarbares Erdgas (CH,)
und Wasssr [H00 um.

CH, # 2H,0

Mutzung natiurlicher Erdgaslagerstatten
zur Umwandlung und Speicherung von ernsuerbarer Energie




Biomethane

Methane from coal
Coal seams produce natural gas (methane) through the activity of microbial food

chains or the methanogen Methermicoccus discovered by Mayumi et al.

Abandoned coal mine

Soil layers

Coal seam

Miscellaneous
coal
compounds

Greenhouse effect CHy Potential
coal-bed

methane
exploitation
Natural

gas

pipeline

Methoxylated
coal compounds

' Methermi o
Microbial food chain—m= CH; - sl il m,g/
Hy

£
LY

Welte 2016
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Acetoin & 2,3-butandiol

NitroFix
AC ES 3-Hydroxipropionate

Pfeifer et al., 2020 Biotech Adv
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