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DAC is currently high-cost. Even optimistic estimates place
long-run costs at S100—-170/tCO,, with significant uncertainty
around whether sub-5S100/tCO, is achievablel.

AR6 scenarios project DAC deployment of 0.5-5 GtCO,/yr by
20502

At $100/tCO,, this corresponds to S50-500 billion per year,
equivalent to 70-700 GW of solar capacity (3—30% of
current global capacity). DAC viability therefore hinges on
whether material and process-level performance can meet
these cost and energy targets.

a Aim & Objectives

Aim: Determine whether adsorption-based DAC can achieve
cost-competitive performance under realistic constraints.

Objectives:

Link material properties to DAC cost floors.

Quantify the impact of geometry and cycle design.

Evaluate the role of process flexibility.

Assess changes in material rankings under realistic
conditions.

Evaluate DAC deployment in cost-optimal energy systems
under realistic cost assumptions.

To address these objectives, the PrISMa platform links material
properties to process-level performance and system-level cost,
enabling physically grounded evaluation wunder realistic
constraints.

They requires moving beyond equilibrium-based material
screening to evaluate system design. The final objective
requires a PrISMa / PyPSA integration, minimizing the cost of

net zero infrastructure over a
network (PyPSA-Europe) using
PrISMa performance metrics.

We developed pyAdsCycle®, a flexible
and rigorous open-source framework for 0.8 -
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DAC companies today use either liquid sorbents or solid chemisorbents.

Physisorbents offer a potential advantage due to lower heats of adsorption (~25—-40 ki/mol vs
~75-95 kJ/mol for chemisorbents), enabling lower regeneration energy and potentially improved
cycle efficiency.

MOFs are promising candidates as they offer highly tunable pore environments and a large design
space. In principle, MOFs can be engineered to optimise CO, affinity, kinetics, and
selectivity under DAC conditions.

For MOFs to be viable for DAC, they must
simultaneously achieve:
= high CO, working capacity at low partial
pressure.
physisorption = strong selectivity over H,O.
= stability under humid, oxidative cycling.
" |ow-cost, scalable synthesis.
= fast adsorption/desorption kinetics.
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b,inding The central research challenge is therefore not
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identifying high-performing materials in isolation but
whether any material class can meet these
requirements under realistic process conditions, at a
competitive levelized cost.
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Climate solutions do not exist in the lab, they exist at
i industrial scale, and as such the industrial process
needs to be modelled to assess performance and cost.
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CALF-20: One of the few MOFs to perform
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We integrated the pyAdsCycle 1D model within the PrISMa
framework, enabling spatially and temporally resolved
simulation of DAC processes beyond equilibrium (0D)
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