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CO2 from biogas for microalgae

Nutrients from digestor (N,P, minerals and CO2) : 
ca. 25% savings in microalgae cultivation costs

+ 
Full utilization of biogas by

Upgrading biogas to bio-methane or bio-LNG

IDEA-PLUS project:

Development of economic viable 
value chains based on micro-algae 
cultivation in NW-EUROPE



Options for CO2 from biogas for microalgae

• Existing upgrading techniques (membranes, aq.amine scrubbers) are not economic at small (farm) scale 

• Separating CO2 and CH4 (methane): option to feed methane to gas grid.

{CH4 ,CO2}biogas

CHP

(WKK)

45% CO2

55% CH4
…

5% CO2

Flue gas (CO2, N2, O2,..)

power

Biogas upgrading

CO2 capture Bio-methane / bio-LNG

Concentrated  CO2 (1-100%)

?



Two technologies
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bio-methane

(CO2 adsorption)

CO2 production
(sorbent regeneration)

Requirements:

- Robust technology 
- high methane recovery (>99.5%)
- ‘low’ temperature and pressure
- min. energy requirement

Two concepts developed :

Option 1:   Fixed bed of  polymer IER (ion exchange resin) particles 
(see IDEA project - DAC pilot plant – CO2 from air)
(sorbent regeneration using air purge at 50 oC)

Option 2:   Fixed bed of modified clay particles
(vacuum-swing adsorption, 20 oC)



Option 1:  IER sorbent and regeneration with air purge

CO2 adsorption capacity: 
during adsorption from biogas: 2.5 mol/kg  (at 50oC)
during rinsing with air:      0.5 – 1.0 mol/kg (dep. on RH) 

CH4 adsorption capacity  0 Experimental  =>  adsorber model    => process design

Difference in capacity = basis for CO2 separation

Strong adsorption => strong temperature effects
Cyclic operation     => keep heat of adsorption inside bed

to avoid time/energy for heat up/cool down
(=> good insulation needed!)

Methane purity and -recovery > 98% , CO2 product purity = 2-5%

Steady state cyclic operation is demonstrated
Temperature excursions can be limited by feed gas preheating

Working 
principle 
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Option 2:  modified clay sorbent

Working principle: 
• CO2 storage in the clay ‘interlayers’
• size exclusion: CH4/CO2 selectivity  (~25-40)

Advantages: 
• Low heat of adsorption (low energy use)
• Fast adsorption / desorption
• cheap raw materials for sorbent preparation

Proof of principle – lab study + reactor model

Adsorption model:

Model is used to design farm-scale unit
Demonstration at farm scale is still needed

CH4 product



De-risking:  Sorbent stability in real biogas ?

{CH4 ,CO2}biogas

Both sorbents exposed to real biogas at Heirbaut farm

Sorbents (both IER and clay sorbent) did not show any degradation during 
experimental campaign  (discontinuous exposure, stretching over 9 months)

Other IER sorbent stability findings:
Same sorbent was used within IDEA for DAC, and was in 
contact with few% O2 at ca. 110 oC
Graph below shows degradation during IDEA-DAC campaign



Process design results*

IER Clay
Methane purity 98% 93% (both sufficient for NL gas 
grid)
Methane recovery 99.7 % 99.6 %
CO2 purity 2.4 % 99.3 %
Power consumption 0.10 0.13 kWhel/Nm3

Process intensity 47 25 (Nm3/h)biogas per m3 sorbent

*  Results can be tuned / improved further by process design changes

Comparison and Conclusions
• Two robust, fixed bed technologies have designed and tested with synthetic biogas

(1) IER based process with air purge for regeneration

(2) Clay based process with vacuum swing

• Sorbents were shown to be stable, when using real biogas
IER
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Both processes look promising. Concept proven and conceptual design is prepared. 
Next steps required: outdoor piloting and detailed evaluation of business case
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