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6 INTERNATIONAL ENERGY AGENCY TCP in BIOENERGY: BIOGAS TASK

Technical Reports
http://task37.ieabioenergy.com/technical-
brochures.html

Case Stories: 
http://task37.ieabioenergy.com/case-stories.html

http://task37.ieabioenergy.com/technical-brochures.html
http://task37.ieabioenergy.com/technical-brochures.html
http://task37.ieabioenergy.com/case-stories.html


7 WE NEED BIOGAS, RENEWABLE BIOMETHANE, RENEWABLE FERTILISER AND CO2

REPowerEU
In 2020 production of biomethane in the EU was 3 billion cubic 
meters (bcm). REPowerEU set a target of 35 bcm for biomethane; a 
10 fold increase.

Climate Action Plan
5.7TWh of biomethane by 2030  in Ireland
Equivalent to 650MW of continuous production
Equivalent to 220 number 3MW facilities
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TWO-PHASE DIGESTION WITH BIOCHAR ADDITION9

stable carbon-rich 
electrically conductive 

cost-effective  

Biochar has a more significant effect on hydrolysis and acidogenisis



HOW TO ENHANCE OUTPUT OF BIOMETHANE FROM EXISTING FEEDSTOCK10

Biodegradability increases at anode
CO2 reacts with electrons at cathode to produce CH4
Catalytic role of electricity generated a 6-fold 
increase in electricity input
10g/L biochar and electrodes > electrodes
Modified cathode > cathode
We can double output from digester
Potential to halve feedstock required for RePowerEU



VOLATILE FATTY ACID (VFA) PRODUCTION FROM  DISILLERY BY-PRODUCTS11

Organic loading rates (OLR) impact VFA profile
• Higher OLR yields more valeric acid
• Lower OLR yields more caproic acid
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POWER TO FOOD: MICROALGAE BIOREFINERY WITH BIOGAS UPGRADING13
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OFFSHORE WIND FOR PRODUCTION OF ELECTRICITY16

Plans for 16.5 GW of offshore wind for a country 
that has never used more than 6 GW
• 2GW for non-grid use
• Highly likely 1 GW will be in south coast DMAP
• Cork requires about 200 MW
• Opportunity for energy hub in Cork
• Opportunity for hydrogen in Cork
• Opportunity for Power to X in Cork



THE CHALLENGES OF NET ZERO AND RATIONALE FOR BIOGAS & POWER TO X

X = 4 Ammonia (NH3):
• World production 150 million tonnes; 80% used for fertiliser, 20% for plastics, fibres, explosives, nitric acid 

X = 3 Methanol (CH3OH):
• Worldwide production of 110 million tonnes in 2021 used to make plastics, paints, cosmetics and fuels 

17

X = 2 Methane (CH4):
• Energy consumed from natural gas grid is up to twice that from electricity grid  in EU and USA

Agriculture: 
• responsible for 37% of GHG emissions in Ireland

X = 1 Hydrogen (H4):
• We need renewable hydrogen to replace fossil hydrogen. The hydrogen molecule is ubiquitous
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ANAEROBIC DIGESTION PROCESS19



Methanothermobacter 
Wolfeii

BIOLOGICAL CONVERSION OF HYDROGEN TO METHANE20



UPGRADING BIOGAS TO BIOMETHANE IN BIOLOGICAL METHANATION SYSTEMS
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CASE STORY: BIOCAT, AVEDØRE, DENMARK23



MAKE HYDROGEN AT A WASTEWATER TREATMENT PLANT24

• Curtailed electricity from a 144 MW offshore wind farm 
can supply a 10MW electrolyser.

• 10 MW electrolyser can supply O2 to a 426,400 person 
wastewater treatment facility.

• 22% of produced H2 is used for methanation of CO2 from 
sludge digestion.

• Pure O2 aeration can reduce emissions by 40% at the 
WWTP.

• Excess H2 and biomethane can fuel 390 heavy goods 
vehicles.



GREENING THE GAS GRID IN DENMARK

Denmark intends decarbonising the gas grid with 72PJ of renewable gas by 2035 leading to 100% green gas
Already at 39% substitution of natural gas; Addition of Power to CH4 (biomethanation) would see  65% green gas

25



26 INCREASE ROLE OF BIOMETHANE TO FUEL  HEAVY TRANSPORT



DECARBONISATION PATHWAYS IN FOOD AND BEVERAGE INDUSTRY27

To achieve GHG emissions savings greater than 67%, 
biogas from the anaerobic digestion of distillery feed 
products is required.



POWER TO METHANOL (CH3OH)

3CH4 + CO2 + 2 H2O = 4 CH3OH

CO + 2 H2 = CH3OH

28

Worldwide production of methanol is 110 
million tonnes 

We need renewable hydrogen (such as from 
offshore wind) and “climate neutral” CO2

Direct Air Capture of CO2 is expensive

We need biogenic CO2 (from biogas or 
distilleries)



GREEN AMMONIA FROM GREEN HYDROGEN AND NITROGEN (FROM AIR)29

Haber Bosch Process used to react 
Hydrogen (typically from natural gas) with 
Nitrogen (from air) at high temperatures & 
pressure over an iron catalyst to produce 
NH3

World production of NH3 150 million 
tonnes.

Produces 430 million tonnes of CO2 when 
produced from natural gas

Green NH3 is both a carbon free fuel and a 
source of fertiliser
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