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AD as a multi-product Biorefinery
 Anaerobic Digestion as an effective Carbon and Nutrient recycling platform
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Biogas production plants in Europe

(EBA, 2018)



Biogas upgrading plants in Europe

(IEA Bioenergy 2018)



CO2 Removal Technologies
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• Enzymatic
• Fermentative
• PPB-assisted

Hydrogenotrophic

A large portfolio of technologies



Biological CO2 Removal Technologies

Photosynthetic Upgrading
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Photosynthetic Upgrading

Biological CO2 Removal Technologies

CH4

CO2

N2

O2



Photosynthetic Upgrading

Key operational parameter: Recycling Liquid/Biogas ratio

Biological CO2 Removal Technologies



Photosynthetic Upgrading

Biological CO2 Removal Technologies



Photosynthetic Upgrading

Upgrading Capacity: 300 Nm3/h of biogas

Biological CO2 Removal Technologies



Photosynthetic Upgrading

Biological CO2 Removal Technologies
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Biological Siloxane Removal Technologies

 Siloxanes are biodegradable

 Siloxanes removal is limited by gas-liquid mass transfer

Two-Phase Partitioning Bioreactors

TPPBs are based on the addition to a bioreactor of an immiscible,
non-volatile, biocompatible and non-biodegradable organic
solvent with a high affinity for the target gas pollutant…..

e. g.
Silicone oil
Heptamethylnonane



Biological Siloxane Removal Technologies

Two-phase partitioning Bioreactors



Biogas bioconversion into 
commercial bioproducts
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Biogas bioconversion into commercial 
bioproducts
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Biogas bioconversion into commercial 
bioproducts

Culture condition

PHA

PHA content

(wt %)

HB fraction

(mol %)

HV fraction

(mol %)

Biogas 43.1 ± 1.8 100 0

Biogas + Acetic acid 52.3 ± 0.7 100 0

Biogas + Propionic acid 47.9 ± 0.7 98 2

Biogas + Butyric acid 52.2 ± 2.1 100 0

Biogas + Valeric acid 53.8 ± 0.8 75 25



Biogas bioconversion into commercial 
bioproducts

100 % biogas to CHP

1000 Nm3 biogas h-1

55 % biogas to CHP+ 45 % biogas to PHA

100 % biogas to PHA



Biogas bioconversion into commercial 
bioproducts

PHA production ~ 1,900 kg PHA d-1

PHA selling price ~ 7,1 € kg-1

PHA production ~ 800 kg PHA d-1

PHA selling price ~ 4,4 € kg-1

+0,06 € Nm-3

+0,09 € Nm-3

+0,09 € Nm-3



Biogas bioconversion into commercial 
bioproducts

Ectoine is an osmotic cell
protector with a high
market value (> 1000 € kg-1)

TLR 5 TLR 7



TAKE HOME MESSAGES

 Anaerobic digestion can be engineered as a multi-product biorefinery

 Biotechnologies for biogas upgrading are being successfully scale-up and validated

 Biogas represents a valuable feedstock for the production of commodities and high-added

value products

 TPPB can support an effective siloxane removal

 Photosynthetic biogas upgrading can support a simultaneous H2S and CO2 removal with a

concomitant removal of nutrients from digestate
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