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OVERVIEW: 
DIRECT AIR CAPTURE



Who am I?
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• BSc Chemical Engineering – Universitat Rovira i Virgili (URV), Spain

• Erasmus – Lappeenranta University of Technology (LUT), Finland

• Engineering Internship (Gas Industry) – BASF, Spain

• MSc Chemical Engineering – Universitat Rovira i Virgili (URV), Spain

• Process Engineer (Paper Industry) – Essity, Spain

• Researcher – Institute of Future Fuels (DLR), Germany



What is direct air capture of CO2?

3

CO2 CO2

DAC: Direct Air Capture420 ppm Pure



Why do we need direct air capture?
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Source: UNEP Emissions Gap Report 2017

Main solution for hard-to-abate 
sectors

Accelerate transition in other 
sectors

Reverse emissions

Carbon Capture & Utilization (CCU):

Carbon Capture & Storage (CCS):



How does direct air capture work?
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Ambient Air

Concentrated CO2 (+H2O)

Heat (≈100 °C)

CO2-poor Air

Source: Deutz and Bardow 2021
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Pellet 
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CalcinerAir in

Air out

Calciner
KOH(aq)

K2CO3(aq)

CaCO3(s)

CO2(g)

CaO(s)

Ca(OH)2(s)

T ≈ 900 °C

Solid Direct Air Capture (S-DAC) Liquid Direct Air Capture (L-DAC)

2KOH + COଶ → KଶCOଷ + HଶO

KଶCOଷ + Ca OH ଶ → 2KOH + CaCOଷ

CaCOଷ → CaO + COଶ

CaO + HଶO → Ca OH ଶ



How does direct air capture work?
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Sources: climeworks.com; iea.org

Solid Direct Air Capture (S-DAC) Liquid Direct Air Capture (L-DAC)

Climeworks (2021, 4 kt CO2/y, Iceland) Carbon Engineering (2024, 0.5 Mt CO2/y, US)



Other DAC approaches
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Electricity-based approaches
Metal-organic frameworks 

(MOFs)
Passive capture 

approaches

Sources: Casaban 2022, Küng 2023



The Good: DAC is the golden standard carbon source
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Biogenic sourcesDirect air capture (DAC) Point source capture (PSC)



The Good: DAC is the golden standard carbon source
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Biogenic sourcesDirect air capture (DAC) Point source capture (PSC)

• Has biophysical limits

• Competes with other SDGs

• Temporary solution (not carbon-neutral)

• LCA needed to assure CO2 reductions

Sources: Hanna 2021, IEA 2022



The Bad: DAC is expensive
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Sources: NASEM 2019, Fasihi 2019, IEA 2022

For ranges, the average is shown.
Costs have been adjusted with inflation to 2023.



The Bad: DAC is expensive
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Source: IEA 2022



The Ugly: DAC is energy-intensive
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The Ugly: DAC is energy-intensive
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Source: Deutz and Bardow 2021



Synergies: solar fuels & DAC
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D EA B C

Central solar
L-DAC

Central L-DAC Central S-DAC Hybrid S-DAC
Decentralized 

S-DAC

A B C

Source: Prats-Salvadó 2021



Synergies: solar fuels & DAC
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Source: Prats-Salvadó 2022

CSP: Concentrated solar power; TCC: thermochemical cycle, MS: Methanol synthesis, VS: Vacuum system; LT-DAC: Low-temperature DAC
(a.k.a. S-DAC); HT: High temperature; MT: medium temperature; LT: low temperature
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Environmental assessment on-going



Synergies: solar energy & L-DAC
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Sources: Fasihi 2019, McQueen et al. 2021

Fossil 
CO₂

Atmospheric CO₂

CO2 mostly limited to CCS



Synergies: solar energy & L-DAC
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Sources: Fasihi 2019, McQueen et al. 2021

Heliostat Field



Synergies: solar energy & L-DAC
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Take home messages
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DAC as carbon source: carbon-neutral, less invasive, more scalable

Cost of DAC: one order of magnitude higher than alternatives

DAC is energy intensive and requires relatively low carbon energy

DAC can (and should) be integrated into carbon utilization technologies
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Thanks for your attention!

Enric Prats-Salvado
Institute of Future Fuels

(DLR)
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