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Conventional biogas production process
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Figure obtained by http://www.bteam -energy.ro/en/information/biogas (last access 07/09/2017)
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Biogas upgrading

ȰThe process in which the final output gas consists of higher methane 
concentration compared to raw biogas, mainly due to removal or 
transformation of carbon dioxideȱ

Applications?

Can be used as a substitute for transport fuels , to produce combined
heat and power (CHP), heat alone or serve as feedstock for the
chemical sector . It can be transported and stored in the facilities and 
infrastructure available for natural gas.

Source: IEA Bioenergy 2014, Joint Study by IEA Bioenergy Task 40 and Task 37
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Biogas upgrading

IEA Bioenergy Task 37 as reported in Hoyer et al. (2016) and European Biogas Association
Hoyer, K., Hulteberg , C., Svensson , M., Jernberg , J., Nørregard , Ø., 2016. Biogas Upgrading ïTechnical Review. ISBN: 
978 -91 -7673 -275 -5.
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Biogas upgrading

Source: Bauer, F., Persson , T., Hulteberg , C., & Tamm, D. (2013). Biogas upgrading ïtechnology overview, comparison 
and perspectives for the future. Biofuels , Bioproducts and Biorefining , 7(5), 499 -511.



6 DTU Environment, Technical University of Denmark

Biogas upgrading

Source: Bauer F, Persson T, Hulteberg C, Tamm D ( 2013) Biogas upgrading ïReview of commercial
technologies . Swedisch Gas Technology Centre (SGC), Malmö 
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Surplus Energy/Energy Storage?
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Biological biogas upgrading
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Example 1: Serial configuration

Bassani et al 2015 
Environ. Sci. Technol.

Reactor Working 
volume 

(L)

Temp. 
( oC)

HRT 
(days)

R1 1.5 35 ± 1 25

SR1 2.0 35 ± 1 33

R2 1.5 55 ± 1 15

SR2 2.0 55 ± 1 20

Technical challenge: limitations in 

injection of H2 using metal diffusers

Cattle manure

H 2

Secondary

Reactor

Primary

Reactor

Upgraded

Biogas
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Example 1: Serial configuration

Mesophilic upgrading system

Thermophilic upgrading system

Bassani et al 2015 
Environ. Sci. Technol.
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Example 2: Ex - situ biogas upgrade

62% H2 - 23% CH4 - 15% CO2

Diffusers + Ceramic Sponge

0.5 ɛm 2 ɛm 

Ceramic Membrane

0.4 ɛm 1.2 ɛm 

Bassani et al 2017 
Bioresour. Technol.
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Example 2: Ex - situ biogas upgrade

Period GRT (h)
Input gas flow rate 

(L/LR*d)

Gas recirculation flow 

rate(L/LR*h)

I 15 1.5 3

II 15 1.5 6

III 7 3 6

IV 7 3 10

V 4 6 10

VI 4 6 20

R1 R2

R3 R4

Bassani et al 2017 
Bioresour. Technol.
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In upgrading anaerobic digestion system the injected exogenous H2 is coupled with 

CO2 and converted  into CH4 by the action of hydrogenotrophic methanogens 

Biological biogas upgrading

4H2 + CO2

CH4 + 2H2O

4:1
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Metagenomic approach: binning

Campanaro et al. 2016
Biotechnol. Biofuels

biogasmicrobiome.com
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Microbial upgrading taxonomy

Treu et al. 2016
Bioresour. Technol.

biogasmicrobiome.com

Comparison of high-resolution microbial trees 
with phylogeny and putative taxonomy , 

obtained using 400 broadly conserved proteins 
with PhyloPhlAnsoftware.

On the right the 106 Population Genomes 
(PGs) identified in standard thermophilic 

anaerobic digesters. 

On the left the 236
PGs binned from 
mesophilic and 
thermophilic 
biogas upgrading  
reactors.


