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ABSTRACT:

The urgent need for affordable, sustainable, and environmentally friendly technologies to
meet current and future energy demands has driven scientists and industrialists to seek
impactful industrial-scale solutions. Innovations in materials design, particularly in gas
separation processes such as carbon dioxide (CO2) capture, have gained significant
attention. CO2, largely from fossil fuel use and major industrial processes (e.g., steel,
cement), is a major contributor to global warming. To significantly impact Net Zero
Greenhouse Emission targets, technologies like carbon capture, utilization and storage



ICFO”

(CCUS) must remove gigatonnes of CO2 annually.

Sorbent-based carbon capture, using porous materials like Metal-Organic Frameworks
(MOFs), separates CO2 from gas streams (e.g., flue gas, industrial gas, or air via Direct Air
Capture). Achieving efficient, sustainable, and cost-effective operations at scale requires
reducing energy demands and costs. Innovations in material design, driven by computational
techniques and reticular chemistry, have focused on identifying optimal MOF adsorbents.
Despite progress, research often lacks a systems approach that spans disciplines and scales,
necessary to overcome market entry barriers.

This seminar reviews our recent developments in designing a materials innovation pipeline
that addresses process requirements at scale. By integrating materials and process design
with technoeconomic and environmental performance indicators, we developed tools to
expedite material discovery and direct R&D towards feasible, scalable performance goals.
This systems-based approach accelerates the market entry of cost-competitive, low-impact,
resource-efficient sorbent-based carbon capture technologies. A similar approach can be
developed for other separations and systems beyond carbon capture, and a few examples
will be presented. By establishing the materials composition-structureperformance
relationship and by cleverly designing materials and anticipating their required systemslevel
performance, we can ultimately provide guidance for the development of more advanced,
nextgeneration materials for cost-competitive and efficient separation processes in energy,
industrial and environmental applications.
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national and international conferences and workshops. In recognition of her outstanding
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