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

Case Stories: 
http://task37.ieabioenergy.com/case-stories.html
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The role of anaerobic digestion and biogas in the circular economy

Anaerobic Digestion and BiogasEconomic and environmental considerations
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2.3 Biorefineries based around the biogas plant
Biorefineries can be designed in many ways and can uti-

lize a variety of raw materials to produce a variety of prod-
ucts for different markets. Biorefineries include for example: 
paper and pulp mills; sugar factories and ethanol plants; as 
well as biogas plants. In the future, as biomass will be the 
source for even a wider array of products such as materi-
als, chemicals, fuels and new food and feed products to an 
increasing population, the biorefinery concept needs to 
develop and penetrate an ever-increasing part of the manu-
facturing industry. For biomass to meet the needs of food 
and energy, the biorefineries must be resource-efficient. The 
products must therefore be reused or used as a resource in 
new processes in a circular manner (Willqvist et al, 2014). 

De Jong et al (2012) presents a blueprint of the wide ar-
ray of products that can be produced in a biorefinery; they 
describe various possibilities for raw material platforms and 
building block chemicals that form the basis of a very large 

proportion of the chemicals and materials used today. The 
biogas plant has a special place in this blueprint as one of the 
major facilities for converting biomass to high-value or bulk 
products in the circular economy. Solutions involving biogas 
can be part of a dynamic innovation culture where novel ma-
terials may be produced, which have a substantially higher 
value per mass or energy content than biogas and digestate. 
These materials may include specialty chemicals, single-cell 
proteins or enzymes. 

 

Figure 4. An example of how a modern co-digestion biogas plant fits into the circular economy (Source: Al Seadi et al, 2018) 
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Organic biogas improves nutrient supply
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Milk from 140 cattle farm assessed as GHG negative at -0.82 kg 
CO2/ l produced. 
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Parkland grass cuttings to transport biofuel, Brazil

60 cars fueled from 
400 ha of parkland 
campus
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Centralised biogas upgrading: distribution of biogas to upgrading facility9



Pipeline systems consist of double pipes; slurry from collection tanks to digester and 
sanitized biodigestate from digester back to collection point. Piping system reduces 
the need for 50 – 70 deliveries per day and facilitates collection of diffuse sources of 
slurry  

Denmark set a target for 
50% slurry digestion by 
2020 and has already met 
this

Pipelines to extend catchment of biogas10



Biogas for Large Energy Users (LEUs)11



The role of biogas in greening brewing industry, Austria12



Production of food grade CO2 from a biogas facility13



Fugitive methane emissions from biogas plants

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.
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Integration of biogas systems into the energy system15



Modelling Demand Driven Biogas 
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• In the EU and US, up to twice as much energy is sourced 
from gas grid as electricity grid.

• Ireland has c. 8 GWe electrical capacity at 40% RES-E

• Ireland’s electricity grid has already experienced and 
sustained some of the highest system nonsynchronous 
penetration (SNSP) in any national electricity grid

• Ireland targets a further 7 GWe of offshore wind by 2030 
leading to 80% RES-E.

• Target of 2GW hydrogen

• Dublin Declaration 260 GW offshore wind by 2050

• This level of intermittency on an island grid is extremely 
challenging and may lead to periods of over production, 
negative pricing, instability and requirements for storage.

GREEN HYDROGEN: INTERCONNECTIVITY OF ELECTRICITY AND GAS GRIDS18



Yearly breakdown of dispatch-down levels into constrain and curtailment on 
island of Ireland 
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• Levelised wind farm cost of 4.23c/kWhe gives levelised H2 cost of 11.3c/kWh (€3.77/kg).

• Round cycle electricity to H2 back to electricity (at 60% electrical efficiency) equates to 18c/kWhe
which is expensive

• As a transport fuel, 11.3c/kWh equates to ca. €1.13 per L diesel equivalent. Even better if used in a 
fuel cell (greater efficiency than IC engine 50% vs 40%), equates to ca. €0.90/L per L diesel 
equivalent

Hybrid system allows for production of electricity and hydrogen20
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Audi E-gas at Wertle, Germany - Catalytic Sabatier process

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

Food waste 
biomethane

Production of 
hydrogen in 6MW 
electrolyser

Production of 
methane via 
Sabatier

1000 Audi NGVs

Power to methane22



Methanothermobacter Wolfeii

Biological conversion of hydrogen to methane in a batch system23



Biological methanation in  continuous systems24



R1 R3R2



Upgrading biogas to biomethane in biological methanation systems

Fig. Gas compositions of the reactors in sequence (R1-R2-R3). 

• The final output CH4 concentration 
reached 97.1%.

• Increase of H2 loading rate decreased the 
output CH4 concentration.

• Short periods of intermittent gas supply 
did not affect the biomethanation 
performance.
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Potential to integrate electrolysers at wastewater treatments plants28



Increased output of methane from power to methane system
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Potential to incorporate  electrolysers at existing anaerobic digestion facilities30



Greening the gas grid in Denmark
Denmark intends decarbonising the gas grid with 72PJ of renewable gas by 2035. Addition of P2G systems could see a 
resource of 100 PJ, in advance of gas demand.
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PHOTOSYNTHETIC BIOGAS UPGRADING33



MARGINAL ABATEMENT CURVE34



35 MARGINAL ABATEMENT COSTS OF CO-PRODUCING BIOMETHANE, VEGAN FOOD & 
BIOFERTILISER
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DECARBONISATION PATHWAYS IN FOOD AND BEVERAGE INDUSTRY37

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



38 DECARBONISING HEAVY TRANSPORT



POWER TO METHANOL (CH3OH)

3CH4 + CO2 + 2 H2O = 4 CH3OH CO + 2 H2 = CH3OH
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Thank you


