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[Exploring the Frontiers]

Microbial Electrochemical Technologies

METs

Microbial 
Electrochemistry

Microbial 
Electrochemistry

Study of the interaction 
between microorganisms 

and electrodes
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Pous et al. (2018). Microbial
Biotechnology 11(1), 119.



Logan et al., 2019. Nature Reviews Microbiology

Exo-electrogenic

Bacteria

•Geobacter spp.

•Shewanella spp.

Archaea

•Methanosarcina spp.
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Exo-electrogenic – Organic matter oxidizers

Biochar

https://www.gardenista.com

https://www.carbongold.com/
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An electrotroph is a microorganism which can receive electrons necessary for its 
growth from an electrode (power supply) terminal.

Electrode

Nitrates
(water)

Water + N2

Carbon-neutral products

CO2
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Logan et al., 2019. Nature Reviews Microbiology

Electrotrophs

Bacteria

• Clostridium spp.

• Sporomusa spp.

• Geobacter spp.

Archaea

• Methanobacterium spp.
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Electrotrophs – Nitrate reducers

• Growndwater wells

https://www.watertechonline.com



Electrotrophs - Methanogens

Ruminant gut

Paddy soils

Rice field

https://www.civitatis.com
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KEY PLAYERS AND THEIR EXTRACELLULAR ELECTRON TRANSFER PROCESSES

Paquete et al. (2022). Bioresource Technology 347, 126705



The microbe-electrode interaction

16

Butti et al., 2016

Electron transfer mechanisms

• Mediated electron transfer (a)

• Short-range electron transfer (b)

• Long-range electron transfer (c)

Yuri Gorby, Rensselaer Polytechnic Institute, Troy, New York

Exoelectrogenic microorganisms (give electrons)

• Geobacter, Shewanella, Thermincola

Electrotrophic microorganisms (uptake electrons)

• Desulfovibrio, Sporomusa, Clostridium

[Dialogues in METs]
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Strategic Research Pillars

Electro-Bioremediation

Restoring water quality through the bio-

electro-remediation of nitrates and 

microplastics in contaminated aquifers or 

wastewater.

Microbial Electrosynthesis

Synthesis of methane from (indoor) CO₂, 

Aviation Fuel (SAF) from solar, and 

bioethanol from recycled carbon.

Microbial Proteins

Empowering land-free protein production 

via continuous fermentation of H2-oxidizing 

bacteria using water, urea and electricity.

Polluted
Indoor Air

High quality
Indoor Air

Thermal
Energy

NOVEL PRODUCTS



Puig et al. 2017. Bioresour. Technol. 

[Carbon recycling – Air recovery]

Biocathode
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[Carbon recycling – Air recovery]



Batlle-Vilanova et al. (2014) Int. J.of Hydrogen Energy

H2

H+

4,77 mol H2 kWh-1

Abiotic vs. Biotic mediated H2 production

2,64 mol H2 kWh-1

[Carbon recycling – Air recovery]
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SOCIAL

ASPECTS



[Carbon recycling – Air recovery]
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[Carbon recycling – Air recovery]
[Carbon recycling – Air recovery]

Thermodynamics analyses

CO2

Acetate (C2) Ethanol (C2)

Butyrate (C4) Butanol (C4)

Caproate (C6)

Caprilic (C8)

Hexanol (C6)

Octanol (C8)

Chain elongation 

Biofuels production

ΔGr
o’=-7.22 kJ/mol

-3.58 kJ/mol

-7.55 kJ/mol

Mixed culture
H+/H2

37ºC
pH= 6.82

1 atm

-201.68 
kJ/mol

-190.00
kJ/mol

Adapted from Agler et al. (2011). Trends in Biotechnology
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Simultaneous CH4 and Cl2 production

Scrubber

TWW loaded 

with CO2

TWW

Biomethane
Tertiary 

treatment

Chlorine

2Cl− → Cl2 + 2e−  

E’o = 1.4 V vs. SHE

Salt

[Carbon recycling – Air recovery]

Batlle-Vilanova et al. (2019). Science of The Total Environ. 690, 352-360
EP3527538A1. (2018) 

[Carbon recycling – Air recovery]



Case scenario

Waste 
water

Treated 
waste water

Waste activated sludge
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Chlorine

Scrubber

+ 17,5% bioCH4

- 42,8 % CO2

Batlle-Vilanova et al. (2019). Science of The Total Environ. 690, 352-360 
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[Carbon recycling – Air recovery]
[Carbon recycling – Air recovery]

Advancing Anaerobic Digestion
e- e

-

< 1 V



[Carbon recycling – Air recovery]
[Carbon recycling – Air recovery]

Advancing Anaerobic Digestion

Molognoni D, Garcia M, Sánchez-Cueto P, Bosch-Jimenez P, Borràs E, Lladó S, et al. Electrochemical optimization of bioelectrochemically improved anaerobic digestion for
agricultural digestates’ valorisation to biomethane. Journal of Environmental Management 2025;373:123898.
S. Feilner, M. Espejo, M. Garcia, D. Molognoni, E. Borràs, K. Herkendell, CFD simulation for optimizing flow dynamics in a bioelectrochemically enhanced single-chamber
anaerobic digester. International Journal of Thermofluids (2025) 101432.
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1S. Tan, L. Li, S. Liu, L. Han, C. Duan, Y. Liu, X. Wang, Biogas upgrading via microbial electrolysis cell-integrated anaerobic digestion: A critical review of stabilization strategies towards practical 
application, Journal of Environmental Management 2026.
2Garcia-Montolio M. et al. Bioelectrochemical stimulation enhances methane production and microbial stability in anaerobic digestion. Bioelectrochemistry, under review

• Promotion of VFAs oxidation reactions, H2 production, and 
hydrogenotrophic methanogenesis

• Favoring Direct Interspecies Electron Transfer (DIET) 
• Electro-Fermentation process, with improved hydrolytic and 

acidogenic phases due to better redox balance
• Leitat validated AD-BES from lab to pilot scale (TRL 7)

[How does AD-BES work?]



[Carbon recycling – Air recovery]
[Carbon recycling – Air recovery]

Bolognesi et al., 2022. Carbon dioxide to bio-oil in a bioelectrochemical system-assisted microalgae biorefinery process. Sustainable 
Energy & Fuels 6(1), 150-161. https://doi.org/10.1039/D1SE01701B 

https://doi.org/10.1039/D1SE01701B
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Pepè Sciarria et al. Green Chemistry, 2018, 20, 4058 – 4066.



[Microbial protein]
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[Power-to-Protein: Our approach]

Pous et al., 2022. Bioresource Technology Reports 18, 101010

Edible microbial
protein



[Power-to-Protein: Our approach]

H2 O2

H2O

Hydro-
genase

CO2

CBB 
cycle ATP

HOB

NH3

Urea

Microbial
Protein

Anode Cathode

Magnetic stirrer

O2, H2, CO2 probes

Effluent

Gas

Hydrolysis of Urea: CO(NH2)2 + H+ + 2H2O --> 2 NH4
+ + HCO3

-

Biomass growth: 4H2 + O2 + CO2 + 0.24NH3 --> CH1.68N0.24O0.46 + 3.54H2O

Hydrolysis of Water: 2H2O --> O2 + 2H2

NH3 + H2O --> NH4
+ + OH- (pka= 9.25)

Centrifuge Dryer Product

Automatic controlRenewable power source

Urea

CO2



Digitalization

Pous et al., 2023. Journal of Environmental Chemical Engineering 11, 11550



[Growth rate under continuous-flow mode]

Production rate 1236 ± 47 mgTSS·L-1·d-1

Protein content 
60 – 70 %

N-NH4
+ 

consumption rate
62 ± 5 mgN·L-1·d-1

NH4
+

Pous et al., 2023. Journal of Environmental Chemical Engineering 11, 11550



[Product]

Rovira-Alsina et al., 2025. Chemical Engineering J. 526, 171375 



[Scaling up]



[Scaling up]



[Scaling up]



[Conclusions]

Resource recovery would become a new niche for the MET platform

Move towards upscaling METs

Minimization of intermediates
Lab-to-pilot scaling achieved

Zero-chemical-input technology

Move from synthetic to real water streams

Keep in mind the counter electrode

Pathway for regulatory approval of microbial 
proteins
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