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CO2 supply via carbon capture
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We examine carbon capture from the emission streams of energy sector and industry to provide

CO2 supply for P2X. We focus on post-combustion capture and inherent capture over direct

air capture due to better economics and higher technological maturity.
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Factors for carbon capture technology choice
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Emission source characterization

 Capacity, biogenic vs. fossil, feed gas composition (CO2 concentration, 

impurities), temperature, pressure

System integration

 Availability of energy streams: steam, low-grade heat, electricity, cooling

 Equipment size restrictions

 Emission and waste stream control, other utility needs

Desired capture properties

 CO2 quality (determined by transportation and end-use application)

 Capture efficiency (harmful fossil-CO2 vs. neutral bio-CO2)
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Literature review on post-combustion 

capture technologies
▪ Numerous technologies based on different phenomena are

available and in development, e.g., liquid solvents, solid

sorbents, membranes and fuel cell systems.

▪ No clear breakthrough technologies regarding performance, 

but amine-based solvents have a distinct lead in maturity.

▪ Commercial-scale operation is ongoing with amines mainly

in fossil-CCS applications. Many demonstration/scale-up

projects upcoming for other emerging technologies. 

▪ Capture costs are decreasing as technologies advance. 

Currently, approaching a capture cost of 30 €/tCO2 in post-

combustion capture applications.

Capture cost in post combustion capture:

• All the reviewed technologies: 34–80 €/tCO2

• On average: 40–60 €/tCO2 

Technology Energy requirement per 

CO2 tonne 

Capture cost per CO2 tonne 

Solid fuel Gaseous fuel 

Liquid absorbents MEA 3.3–3.7 GJ 1 44 € 2 64 € 2 

PZ+AMP 2.5 2; 3.2 GJ 3 34 € 2 56 € 2 

KS-1 2.6 GJ 4 $59 5 - 

KS-21 2.6 GJ 6 $55 5 - 

 CANSOLV 2.3 7 - - 

Multi-phase 

absorbents 

Aq. NH3 2.5 GJ 8 $53 8 - 

CAP 2.2 GJ 9 - - 

UNO MK 3 2.0–2.5 GJ 10 $45 11 - 

Hot-CAP 1.8 GJ 12 - - 

DMX <2.5 GJ 13 39 € 2 - 

Water-lean 

solvents 

eCO2Sol 2.3 GJ 14 $47 15 - 

 2.0 GJ (exp.) 14   

Solid adsorbents PSA >2.3 GJ 2 $40 16 - 

VSA 1.7 GJ 17 - - 

VeloxoTherm 1.5 GJ 18 41 € 2 - 

Membranes MTR Polaris 1.0 GJ 19 47 € 2 80 € 2 

   $30 (exp.) 20  

Hybrid systems Membrane-sorbent - $36 2 - 

Electrochemical 

separation 

NGCC-MCFC 

hybrid-cycle 

- - 34 € 21 

Ref: 1) GCCSI in Svendsen 2014; 2) IEAGHG 2019a; 3) Rabensteiner et al. 2016; 4) Yagi et al. in IEAGHG 2019a; 5) Carroll 2017; 6) 

Tanaka et al. 2018; 7) Singh & Stéphenne 2014; 8) Li et al. 2016; 9) Augustsson et al. 2017; 10) Smith et al. 2014; 11) UNO 2014; 12) 

Lu et al. 2014; 13) Broutin et al. 2017; 14) Zhou et al. 2018; 15) Lail 2016; 16) Ritter et al. 2015; 17) Krishnamurthy et al. 2014; 18) 

CCJ 2011; 19) Baker et al. 2018; 20) Merkel 2018; 21) IEAGHG 2019b 

 
Available: Review on post-combustion carbon capture technologies 

and capture of biogenic CO₂ using pilot-scale equipment

https://lutpub.lut.fi/handle/10024/162314
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Test site

VTT’s capture equipment

Carbon capture tested at TRL 5–6 in BECCU

▪ Three novel post-combustion capture technologies were tested with

synthetic gas mixtures, flue gases from biomass combustion (50 kW CFB-

pilot), and biogas at Jyväskylä, Finland in September of 2020.

▪ Objective of the test runs was to verify proper function of the technologies in

realistic conditions and to gather data on the effect of different operating

conditions on the performance of the capture technologies. The test results are

also utilized in process modeling.



Three novel Finnish technologies tested in BECCU
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Technology Enhanced water scrubbing Enhanced soda scrubbing Kleener-liquid

Capture

phenomenon
Physical absorption Chemical absorption Chemical absorption

Capture solvent Water (no chemicals)
Aqueuos sodium carbonate solvent

(Na2CO3)
A novel ash-based capture solvent

Absorber

equipment
Bubble-type absorption column VTT’s novel micro-bubble generator VTT’s equipment used in BECCU tests

Absorption 

conditions

5 °C

4–5 bar

30–40 °C

atm

50–65 °C

atm

Regeneration

conditions
Pressure flash ~0.4 bar

60–80 °C

Vacuum 0.2–0.5 bar

60–80 °C

Vacuum 0.2–0.5 bar

Required

energy supply
Electricity

Low-grade heat for regeneration

Electricity for auxiliaries

Low-grade heat for regeneration

Electricity for auxiliaries



Promising results achieved at small pilot-scale
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CarbonReUse Kleener* VTT Soda

Synthetic gas 15 vol-% CO2 95.1 - 96.7

Synthetic gas 30 vol-% CO2 98.3 - -

Pine chips (flue gas) 97.1 94.2 95.9

Washed straw (flue gas) 96.0 - 96.6

Spruce bark (flue gas) - - 96.5

Raw biogas - - 93.6

CarbonReUse Kleener* VTT Soda

Synthetic gas 15 vol-% CO2 74 - 83–86

Synthetic gas 30 vol-% CO2 86 - -

Pine chips (flue gas) 72–76 69–71 74–79

Washed straw (flue gas) 64–70 - 78–83

Spruce bark (flue gas) - - 88-90

Raw biogas - - 97–98

Purity of the captured CO2 [mean vol-% in dry gas]

Capture efficiency [%]

*A diluted version of the Kleener-liquid (25 wt-%. solution vs. the ”normal” 50 wt-% solution) was tested

in the BECCU test runs. Higher capture perfomance can be expected with the normal formula.



Conclusions and next steps
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CONCLUSIONS

▪ A literature review was conducted to map carbon 

capture technology options and to evaluate techno-

economic performance of the technologies. 

▪ Three novel capture technologies were proven 

functional in post-combustion carbon capture at 

realistic conditions at TRL 5-6. 

▪ Performance of the tested technologies are 

promising and in align with other carbon capture 

technologies at similar scale. Further work is 

required to evaluate economics of the capture 

processes at industrial-scale.

NEXT STEPS

▪ Process modelling and TEA for carbon capture.

▪ Carbon capture potential of forest industry and refinery

processes are evaluated, and suitable capture technology

options for these industries are assessed.

▪ As part of E-Fuel, carbon capture will be tested at a 

relevant industrial environment, with integration to SOEC

high-temperature co-electrolysis and mobile FT synthesis

unit for in-situ production of FT fuels. 

▪ VTT’s enhaced soda scrubbing technology is further

developed by enhancing mass transfer and energy

efficiency. Also, scale-up options are assessed.
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