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Stages of organic material degradation by microorganisms under anaerobic conditions
The anaerobic digestion process

Source:

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Mar/IRENA_Biogas_for_Road_Vehicles_2017.pdf


Net emissions (kg CO2-equivalent) per treatment 
option for one tonne of kitchen and garden waste

Importance of AD

Source:

https://www.eea.europa.eu/publications/waste-opportunities-84-past-and
https://www.eea.europa.eu/publications/waste-opportunities-84-past-and


Simplified diagram of the anaerobic digestion process
The anaerobic digestion process

Source:



SECTION 1
Current Technologies at small scale; focus on rural areas

Traditional technologies

• Differences between agricultural residues and other type of feedstock for the anaerobic digestion process

• Pretreatment technologies (physical, chemical and biological pretreatments)

• Logistics (Costs Distance for transportation of biomass and Investment schedule)

• Storage and seasonality of biomass (biomass ensiling of biomass for AD)

• Technologies for biogas upgrading

• Good Practice for Efficient Use of Heat from Biogas Plants

• Novel added-value products from biogas besides heat and power



Distribution of biomethane plants per feedstock type in %
Traditional technologies
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Source:

https://www.sciencedirect.com/science/article/pii/S1364032113005625?via%3Dihub


Biomethane yield from different feedstocks
Traditional technologies Source:

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Mar/IRENA_Biogas_for_Road_Vehicles_2017.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Mar/IRENA_Biogas_for_Road_Vehicles_2017.pdf


Related costs for different feedstocks
Traditional technologies

Source:
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• Pretreatment technologies (physical, chemical and biological pretreatments)
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• Novel added-value products from biogas besides heat and power



Pre-treatment technologies (1/2)
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Source:

https://www.sciencedirect.com/science/article/abs/pii/S0360128514000021?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0360128514000021?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0960852415006641
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Mar/IRENA_Biogas_for_Road_Vehicles_2017.pdf
https://www.sciencedirect.com/science/article/pii/S0360128514000021?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0960852415006641


Pre-treatment technologies (2/2): “biological ones”

Source:

https://www.sciencedirect.com/science/article/abs/pii/S1364032118301990?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1364032118301990?via%3Dihub
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An agricultural scheme of the anaerobic digestion process
Traditional technologies

Source:

https://www.sciencedirect.com/science/article/pii/S1364032115015361?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1364032115015361?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1364032115015361?via%3Dihub


Investment schedule of an agricultural biogas plant in Poland
Traditional technologies

Source:

https://www.sciencedirect.com/science/article/pii/S1364032112003127?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1364032112003127?via%3Dihub


Source:

https://www.sciencedirect.com/science/article/abs/pii/S0308521X1530010X
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Source:

Storage and seasonality of biomass through Ensiling 
Source:
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https://www.sciencedirect.com/science/article/pii/S0961953416302823?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1364032120306894?via%3Dihub
https://www.horsejournals.com/horse-care/feed-nutrition/hay-haylage-and-silage-whats-difference
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Biogas composition and Upgrading technologies
Traditional technologies

Consequences:

Decrease in the specific
calorific value

Explosion risk

Decrease in CH4
concentration

Corrosion in pipelines,
compressors, engines

Silicone oxide deposits:
Abrasion & malfunctioning 
ofEngines

Source:

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwj9l8nnzKftAhUiQUEAHRb4BfAQFjAAegQIBBAC&url=https%3A%2F%2Fwww.teknologisk.dk%2F_%2Fmedia%2F52679_Report-Biogas%2520and%2520syngas%2520upgrading.pdf&usg=AOvVaw2WDIvAD5spN88VBBmiWP_Q
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiI4KPz5rntAhWHX8AKHV3AA7QQFjABegQIAxAC&url=https%3A%2F%2Fwww.teknologisk.dk%2F_%2Fmedia%2F52679_Report-Biogas%2520and%2520syngas%2520upgrading.pdf&usg=AOvVaw2WDIvAD5spN88VBBmiWP_Q
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiI4KPz5rntAhWHX8AKHV3AA7QQFjABegQIAxAC&url=https%3A%2F%2Fwww.teknologisk.dk%2F_%2Fmedia%2F52679_Report-Biogas%2520and%2520syngas%2520upgrading.pdf&usg=AOvVaw2WDIvAD5spN88VBBmiWP_Q


Why upgrading?

Damages caused by siloxane-
containing gas on reciprocating 

Silica deposit on spark plugs

Combustion of siloxane-rich biogas in 
the blade wheels of microturbines

Silica deposits observed on 
domestic boilers

A
B

C

D

https://link.springer.com/chapter/10.1007/698_2018_372


Biogas upgrading

Water scrubbing

Organic solvent scrubbing

Chemical scrubbing

Pressure swing adsorption

Membrane separation

Photosynthetic biogas upgrading 

https://link.springer.com/article/10.1007/s11157-015-9379-1


Industrial example 1Biogas upgrading

Source:

https://task37.ieabioenergy.com/case-stories.html?file=files/daten-redaktion/download/Success%20Stories/success_bruck_austria2013.pdf
https://task37.ieabioenergy.com/case-stories.html?file=files/daten-redaktion/download/Success%20Stories/success_bruck_austria2013.pdf


Industrial example 2Biogas upgrading



Source:

https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Mar/IRENA_Biogas_for_Road_Vehicles_2017.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2017/Mar/IRENA_Biogas_for_Road_Vehicles_2017.pdf
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Example 1: District heating for residential houses in Margarethen am Moos, Austria

Good Practice for Efficient Use of Heat from Biogas Plants

Source:

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjsoPWCubrtAhXrxoUKHZ7UCV0QFjAAegQIBBAC&url=https%3A%2F%2Fec.europa.eu%2Fenergy%2Fintelligent%2Fprojects%2Fsites%2Fiee-projects%2Ffiles%2Fprojects%2Fdocuments%2Fbiogasheat_good_practice_examples_for_efficient_heat_use_en.pdf&usg=AOvVaw3c8F_8qggAe78qHyT9WrGD


Example 2: Heating supply to a SPA center in Trebon, Czech Republic

Good Practice for Efficient Use of Heat from Biogas Plants

Source:

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjsoPWCubrtAhXrxoUKHZ7UCV0QFjAAegQIBBAC&url=https%3A%2F%2Fec.europa.eu%2Fenergy%2Fintelligent%2Fprojects%2Fsites%2Fiee-projects%2Ffiles%2Fprojects%2Fdocuments%2Fbiogasheat_good_practice_examples_for_efficient_heat_use_en.pdf&usg=AOvVaw3c8F_8qggAe78qHyT9WrGD


Example 3: Use of heat in aquaculture in Affinghausen, Germany

Good Practice for Efficient Use of Heat from Biogas Plants

Source:

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjsoPWCubrtAhXrxoUKHZ7UCV0QFjAAegQIBBAC&url=https%3A%2F%2Fec.europa.eu%2Fenergy%2Fintelligent%2Fprojects%2Fsites%2Fiee-projects%2Ffiles%2Fprojects%2Fdocuments%2Fbiogasheat_good_practice_examples_for_efficient_heat_use_en.pdf&usg=AOvVaw3c8F_8qggAe78qHyT9WrGD


Example 4: Digestate drying in Azienda Agricola Andretta farm in Marcon, Italy

Good Practice for Efficient Use of Heat from Biogas Plants

Source:

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjsoPWCubrtAhXrxoUKHZ7UCV0QFjAAegQIBBAC&url=https%3A%2F%2Fec.europa.eu%2Fenergy%2Fintelligent%2Fprojects%2Fsites%2Fiee-projects%2Ffiles%2Fprojects%2Fdocuments%2Fbiogasheat_good_practice_examples_for_efficient_heat_use_en.pdf&usg=AOvVaw3c8F_8qggAe78qHyT9WrGD


Example 5: Heating of greenhouses in Rumbula, Latvia

Good Practice for Efficient Use of Heat from Biogas Plants

Source:

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjsoPWCubrtAhXrxoUKHZ7UCV0QFjAAegQIBBAC&url=https%3A%2F%2Fec.europa.eu%2Fenergy%2Fintelligent%2Fprojects%2Fsites%2Fiee-projects%2Ffiles%2Fprojects%2Fdocuments%2Fbiogasheat_good_practice_examples_for_efficient_heat_use_en.pdf&usg=AOvVaw3c8F_8qggAe78qHyT9WrGD


Example 6: Heat supply to a residential area in Poderwijk, the Netherlands

Good Practice for Efficient Use of Heat from Biogas Plants

Source:

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwjsoPWCubrtAhXrxoUKHZ7UCV0QFjAAegQIBBAC&url=https%3A%2F%2Fec.europa.eu%2Fenergy%2Fintelligent%2Fprojects%2Fsites%2Fiee-projects%2Ffiles%2Fprojects%2Fdocuments%2Fbiogasheat_good_practice_examples_for_efficient_heat_use_en.pdf&usg=AOvVaw3c8F_8qggAe78qHyT9WrGD
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Novel technologies/trends?



Novel technologies/trends?

https://www.sciencedirect.com/science/article/pii/S0958166917301581?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0958166917301581?via%3Dihub


Ectoine⇗

• Water soluble solute with a low molecular weight
• Protection mechanism to provide an osmotic balance to a wide 

number of halotolerant bacteria
• High effectiveness as stabilizer of enzymes, DNA-protein complexes and 

nucleic acids
• Ectoine has a value in the pharmaceutical industry of approximately 

1000€/kg and a global consumption of 15000 tones/year

https://febs.onlinelibrary.wiley.com/doi/full/10.1111/j.1432-1033.1985.tb08903.x


The upscaling of DEEP PURPLE

0.005 m3

0.02 m3

2 m3

https://deep-purple.eu/


Source:

https://task37.ieabioenergy.com/case-stories.html?file=files/daten-redaktion/download/case-studies/Case%20Story%20DK_%20Green%20Methanol_web.pdf
http://task37.ieabioenergy.com/case-stories.html?file=files/daten-redaktion/download/case-studies/Case%20Story%20DK_%20Green%20Methanol_web.pdf


SECTION 2
Current industrial examples

Biogas production technologies 

• Drivers: Energy demand for digestion production processes and auxiliary facilities

• Success cases: Digestion of own residues

• Broadening the raw materials used as feedstock



Source:

Current industrial examples
Drivers: Energy demand for digestion production processes and auxiliary facilities

https://www.mdpi.com/1996-1073/5/12/5198
https://www.mdpi.com/1996-1073/5/12/5198


Source:

Current industrial examples
Electrical energy production and consumption of the entire BGP case for 2010 and 2011
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Example 1: MORE THAN 10 YEARS PRODUCTION OF FOSSIL FREE AUTOMOTIVE FUEL AND CERTIFIED DIGESTATE FROM FOOD WASTE VERA 
PARK in helsingborg, sweden

Success cases: Digestion of own residues

Source:

https://task37.ieabioenergy.com/case-stories.html?file=files/daten-redaktion/download/Success%20Stories/NSR_Sweden_web.pdf


Example 2: Nutrient recovery from digestate and biogas utilisation by up-grading and grid injection

Success cases: Digestion of own residues

Source:

https://task37.ieabioenergy.com/case-stories.html?file=files/daten-redaktion/download/Success%20Stories/success_story_switzerland2012.pdf


Example 3: Pioneering biogas farming in Central Finland Farm scale biogas plant produces vehicle fuel, heat, electricity and bio-fertilizer

Success cases: Digestion of own residues

Source:

https://task37.ieabioenergy.com/case-stories.html?file=files/daten-redaktion/download/Success%20Stories/success-story-kalmari2012.pdf


SECTION 2
Current industrial examples

Biogas production technologies 

• Drivers: Energy demand for digestion production processes and auxiliary facilities

• Success cases: Digestion of own residues

• Broadening the raw materials used as feedstock



Example 2: Linko gas a reference plant for centralized co-digestion of animal manure and digestible wastes in Denmark

Broadening the raw materials used as feedstock

Source:

https://task37.ieabioenergy.com/case-stories.html?file=files/daten-redaktion/download/Success%20Stories/succes-story-denmark_nov_13.pdf
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