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Today....

The biogas upgrading market
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Membrane separation Unknown
® water scrubbing ® Physical scrubbing
Chemical scrubbing ® Cryogenic Separation

@® Pressure swing adsorption

(EBA 2022)

()iSP



T Physical/Chemical CO I Technologies (M)}
@Biorural ysical/Chemical CO, removal Technologies )|Sp

6000

s\\/ater scrubber

e Amine scrubber
- PPS A
s Membrane

2000 -

4000 -

s (Genosorb

Specific investment cost (€/Nm?h)

3000 A
2000
1000
D T T T T
0 500 1000 1500 2000
Capacity raw biogas (Nm?3/h)

(Bauer et al. 2013)



T Physical/Chemical CO I Technologies (M)}
@Biorural ysical/Chemical CO, removal Technologies )|Sp

Energy demand: 3-12 % energy content of gas
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Key operational parameter: Recycling Liquid/Biogas ratio
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INFLUENCE OF L/G RATIO
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INFLUENCE OF L/G RATIO
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INFLUENCE OF ALKALINITY AND TEMPERATURE
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DEMO PLANT at Chiclana de la Frontera

CO, removal efficiencies at biogas flowrate of 274+12 (), 370 +7( ®) and 459 +36 (¢) L/h
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PROCESS CONTROL
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ROBUSTNESS TOWARDS BIOGAS FLOW RATE
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Nutrient Recovery

Digestate

[Microalgae]=7-50 g/L

Low Photosynthetic
Efficiency
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Nutrient Recovery
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Biomass productivity (g m2 d-1)

- Removal

Total Phosphorous Removal (%)

Contents lists available at ScienceDirect

Algal Research
e
ELSEVIER journal homepage: www.elsevier.com/locate/algal
Photosynthetic biogas upgrading to bio-methane: Boosting nutrient @mum

recovery via biomass productivity control

Alma Toledo-Cervantes ?, Mayara L Serejo ®, Satil Blanco !, Rebeca Pérez ?, Raquel Lebrero ?, Ratil Mufioz **
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Metrics

Photosynthetic vs
# physical/chemical
processes

Environmental

HRAP Absorption Activated
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REFERENCE FLOW RATE: 300 Nm3/h
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Preliminary Sustainability Analysis () S

Versus Photosynthetic Biogas Upgrading
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Table S2. Investment costs of the HRAP-AC for the upgrading of 300 Nm? h* of biogas

Table S1. Investment costs of a ACF-WS for the upgrading of 300 Nm? h! of biogas Cost Units Total costs (€) References
- Land 10 127 € ha 188 712 MAGRAMA, 2014
Cost Units Total cost (€) References )
HRAP 26 616 € ha't 356 382 Craggs et al., 2012;
Land 100 €m? 10 000 INE, 2015 construction a Lundiquist et al., 2010
Activated 3yl ) . Paddlewheel 4 .
carbon filter 129 € (Nm /h) treated biogas 38 766 Xiao et al. (2008) stations 35400 € ha 474 006 Craggs et al., 2012;
E SGC Rapport .1 HUBER Technology,
Water scrubber 3500 € (Nm¥h) eseavioss 1 050 000 LA Screwpress 86000 € unit 86 000 Germany
_ HUBER Technology,
Solar dryer 325000 € unit 650 000 Germany
AC 3980 € unit? 51 745 Delf Grupo Espafia S.L.

Gas diffusers 250 € (10 units)* 3250 Xylem Inc.
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Thank you for your Attention

Contact: Raul Munoz raul.munoz.torre@uva.es

Website: www.ips.uva.es

WY Follow us in Twitter: @VOC_Odours
!j Visit us in: Facebook: facebook.com/VocOdoursGroup
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