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Milk from 140 cattle farm 
assessed as GHG negative at 
-0.82 kg CO2/ l produced. 

Carbon Efficient Farming / Carbon Neutral Breweries / Advanced Biofuel from parklands

Carbon Neutral Brewery
In Austria

65 cars fueled by grass cuttings from 
400 ha of campus parkland in Brazil



Anaerobic digestion is not merely a source of renewable energy.

It can not be compared to a wind turbine or PV array. 

Anaerobic digestion is a means of treating waste, is a means to 
reduce greenhouse gas in agriculture and in energy. 

It is a source of biofertilizer, through mineralisation of nutrients in 
slurry to optimise availability.

It is a means of protecting water quality in streams and aquifers. 

It is a source of renewable dispatchable electricity, heat and of 
advanced gaseous biofuel.

How do we account for the social and environmental benefits of 
anaerobic digestion?

Biogas in Circular Economy



Open slurry storage emits 17.5% of 
methane. At 2% methane slippage:
biomethane from slurry GHG 
negative (-250 g CO2/MJ)

California Air 
Resources Board 
awarded a Carbon 
Intensity score of -
255 gCO2e/MJ for 
a dairy waste to 
vehicle fuel 
pathway. 

GHG negative 
biomethane for advanced 

transport biofuel.

Ideal for haulage and bus 
services.



We have renewable electricity; now we need Green Gas



Audi E-gas at Wertle, Germany

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

Food waste 
biomethane

Production of 
hydrogen in 6 
MW electrolysis

Production of 
methane via 
Sabatier

1000 Audi NGVs

Conversion of electricity to hydrogen and on to methane



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

Biomethanation assessed in a batch system



Can power to methane improve 
efficiency of biogas systems

Base case: 

• 80:20 Grass: 
slurry on a VS 
basis; 

• 2% fugitive 
CH4 losses; 

• 41% green 
electricity;

• Sequestration 
of 
2.2tCO2/ha/a



• Ireland has ca. 8 GWe electrical capacity, target of 30% RES-E by 2020
• Ireland has plans for 12 GWe off shore wind by 2030 leading to 70% RES-E
• Assuming 40% capacity factor then peak production 175% of average demand. 
• Exacerbated by peak production at periods of low demand

Is there such a thing as free decarbonized electricity to make free decarbonized 
hydrogen?
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€100/MWh = €4/kgH2 ≈ €1.00/Ldiesel

Power to hydrogen, run hours, price, 
sustainability



Efficiency of Biomethanation



Can power to methane be economically 
feasible?

Hydrogen upgrading can be economically competitive when the feedstock in the biogas facility is 
expensive (grass silage or seaweed ) or has a low specific methane yield (slurry). This is because c. 70% of 
methane is produced from electricity and as such we are comparing power to methane with the more 
expensive sources of biogas



Integration of power to gas with wastewater treatment  in circular economy system



Improved biological performance due to Direct Interspecies Electron Transfer (DIET)



Increased biomethane yield of 17% while effecting a 26% decrease in digestate, 
reducing the amount of agricultural land required to spread digestate.

Biochar achieved comparable performances to high cost graphene.

DIET effect depends on conductive material and substrate.

Pyrochar as a conductive material in DIET?



Advanced gaseous biofuel produced by integrating 
biological, thermo-chemical and power to gas systems in 

a circular cascading bioenergy system

Anaerobic 
digestion

CO2

CH4

O2

H2

Power to Gas

Syngas/Bio-oil

Pyrochar

Pyrolysis

CH4

Biomethanation



Integration of biogas systems into the energy system

Biogas can couple the electricity 
and gas grids when serving as a 
biological battery. Biogas systems 
have a role to play in the future 
electro-fuel market using 
hydrogen from electricity 
(preferable curtailed or 
constrained) to react with CO2 in 
biogas producing biomethane 
(replacing the role of physio-
chemical upgrading techniques) 
and increasing the output of 
biomethane (typically by 70%). 



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
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