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4. Relevance of the topic and state of the art: 

Microbial bioelectrochemical systems (BES) are highly innovative biotechnologies, the 

study of which has established itself in the scientific community in the last twenty years, 

with an exponential growth. However, real-world applications have yet to reach a pre-

competitive level of development in the many areas that research has focused on. 

Electromethanogenesis is an innovative microbial electrochemical systems for the 

production of methane from CO2 in a power-to-gas concept. With an innovative approach, 

the proposed research involves the experimentation of systems for interception of CO2 

natural geological gases vent from the subsoil and convert this gas, otherwise discharged 

into the atmosphere, into energy resources (methane) by natural microorganisms growing on 

polarized electrodes. The activity will initially focus on the study and measurement of gas 

flows in order to establish the minimum flow conditions and chemical-physical parameters 

(temperature, pH, presence of oxygen or other elements) for a possible recovery of gases 

with technologies of electromethanogenesis. Different sources and discharges of volcanic 

and geological gas will be investigated and mapped on the Italian territory. The study of the 

relevant chemical-physical and microbiological parameters of the soils impacted by gas 

vents and the set-up of monitoring tools is a relevant part of the research. Experimental 

laboratory tests of electromethanogenesis will be carried out, to test environmentally 

sustainable materials which can be used for the construction of electrodes and structural 

parts of the electrochemical cells to be used in sites impacted by gas discharges. 

5.Layout of the project (draft) 

5.1. Materials & Methods:  

Electrochemical tests at laboratory level will be performed with microbial electrochemical 

systems. Microbial pools will be analyzed and sequenced (by NGS analyses). 

An electrochemical monitoring of bacterial biofilms will be studied, set up and tested for 

monitoring the presence and activity of anaerobic bacteria and archaea underground. 
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Other tools for the characterization of the chemical-physical parameters of the soils (red-ox 

potential, conductivity, pH, etc.) will be developed to carry out a real-time monitoring of the 

gas conversion processes in the subsoil. 

DATA sets and GIS mapping of the soils will be used and implemented. 

 

       5.2. Schedule and major steps (3 years):  

1) First year: Identification and characterization of sites of volcanic gas emissions on the Italian 

territory of potential interest for the application of the electromethanogenesis process and set up of 

tools and for monitoring microbial activity and chemical-physical parameters to be used on site 

3)Second year: monitoring of site parameters and set up of electrochemical cell with geometries 

suitable for the identified sites in lab. 

2) Third year: select the most suitable site and electromethanogenesis test in field 
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