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• Ireland in 2017 had 25% RES-E; in 2030 expected to have 70% RES-E including for extensive 
plans for off shore wind.

• As an island grid have achieved c. 70% system non synchronous penetration (SNSP).
• Assuming 35% capacity factor then peak production could at times be 200% of average 

demand. Exacerbated by peak production at periods of low demand.
• Power to X can be a biological battery, can lead to integration of electricity and gas 

infrastructure and a means of changing the energy vector from electricity to gas or liquid for 
use in sectors that are hard to electrify such as trucks, ferries and planes

Managing large levels of intermittent renewable electricity
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€100/MWh = €4/kgH2 ≈ €1.00/Ldiesel

Is there such a thing as free decarbonized electricity to make free decarbonized 
hydrogen? Impact of run hours and price on sustainability

Electrolysis: 2H2O = 2H2 + O2



Integration of electricity with biogas systems: In-situ or ex-situ biomethanation

Biomethanation
4H2 + CO2 = CH4 + 2H2O



Laboratory assessment of biological
methanation configurations: 
in-situ vs ex-situ, batch vs cts



Strategies for upgrading



Electrochea biomethanation system upgrading biogas to biomethane

Sabatier Equation:  4H2 + CO2 = CH4 + 2H2O

67% increase in methane output



Can power to methane meet sustainable 
criteria?

Base case: 80:20 Grass: Slurry on a VS basis;  2% fugitive CH4 losses; 41% green electricity; Sequestration of 
2.2tCO2/ha/a



Is there such a thing as free decarbonized electricity to make free decarbonized 
hydrogen?



Applications of power to methane in circular economy system valorizing co-products



Integrating biological, thermo-
chemical and power to gas systems 

in a circular cascading bioenergy 
system
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Denmark which at present intends decarbonising the gas grid with 72PJ of 
renewable gas by 2035. Addition of Power to Gas systems could see a resource of 
100 PJ ,in advance of gas demand.

Extent of Green Gas in Denmark



Green methanol from biogas requires 75% CH4 and 25% CO2 in biogas 
3CH4 + CO2 + 2H2O = 4 CH3OH

Electrical driven catalytic conversion of biogas to CO and H2 with additional energy 
from hydrogen via electrolysis
CO + 2H2 = CH3OH

Coupling of biogas and power to methanol



Circular economy: electricity, cement, carbon capture, aviation fuel (WESTKUSTE 100)



Conclusions

The perception of the role of biogas has changed from a means of treatment of a range of wet organic 
wastes towards a source of renewable energy and from end use as combined heat and power to a 
renewable gas in the form of biomethane. 

Integration of energy vectors will be essential in facilitating PV during daylight hours, wind power on 
windy days and renewable sources of dispatchable energy such as from bioenergy.

The biogas plant operation itself can be controlled extensively and with this control comes high levels of 
flexibility. This is a huge advantage over other renewable energy provision systems. Biogas systems have a 
very positive attribute of being dispatchable but furthermore can be ramped up and down to match the 
vagaries of temporal mismatch between variable renewable energy supply with the demand for a variety 
of energy vectors. 

Biogas systems can be a node of integration between electrical and natural gas grids in providing a sink 
for electricity (through power to gas systems) that would otherwise be curtailed or constrained. The 
flexibility of biogas systems can facilitate energy delivery to:
•the electricity grid as close as possible to the electricity demand profile
•heat to consumers facilitating the seasonal demand profile of heat;
•to the gas grid to decarbonize gaseous fuels for various purposes;
•Biomethane directly to local consumers such as for transport biofuel for haulage and buses;
•Biogas can play an essential role as part of a virtual power plants.
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