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Background
Purification and separations have shaped technological progress for centuries, from Damascus steel to

enriched uranium to semiconductor-grade silicon. Today, chemical separations account for 10-15% of
global energy consumption, underscoring their industrial and societal impact. Lithium recovery, rare-earth
purification, PFAS removal, water treatment and CO: capture are critical frontiers for sustainable energy
systems. At the same time, scaling durable carbon dioxide removal (CDR) demands credible monitoring
and verification, buyer fluency in procurement, and data-guided siting and workforce capacity. Penn
Engineering is pioneering breakthroughs in both arenas, from novel sub-nanometer membranes for
lithium separation to Monitoring, Reporting and Verification (MRV) harmonization and Global South
capacity-building for CDR.

The Big Idea

Integrate Penn’s strengths in advanced separations science and carbon management policy into a unified
initiative that advances lithium recovery, water purification, PFAS remediation and durable CO. removal at
scale.

Why does this matter? Society urgently needs sustainable ways to meet rising demand for critical
materials like lithium while also removing billions of tons of CO. from the atmosphere. Breakthroughs in
separations can reduce energy intensity, unlock new material supplies and clean water, while
high-integrity CDR safeguards climate investments and accelerates the energy transition.

What will you do? Establish a joint Center, integrating membrane innovation, mineralization and advanced
ligands with policy-informed MRV, procurement science and siting analytics. This dual focus positions
Penn as a global leader in both molecular-level breakthroughs and system-level implementation.

How will you do it? Research teams will scale sub-nanometer polymer membranes for lithium and
rare-earth recovery, PFAS removal and CO: capture. In parallel, the CDR Integrity Lab will co-develop
MRV playbooks with U.S. National Labs, build a public BIL/IRA Data Commons with siting and finance
rubrics, and train corporate and public buyers through an executive course. Global South partnerships in
Brazil and Kenya will co-create curricula and pipelines for equitable deployment.

Impact

This integrated initiative delivers both technological breakthroughs and policy-to-practice translation. It
positions Penn to lead in the development of scalable, low-energy separations that enable lithium
recovery from seawater and PFAS remediation, while pioneering an MRV and procurement framework
that accelerates durable carbon removal. By aligning materials innovation with governance, finance and
workforce development, Penn Engineering can drive societal benefit at scale, ensuring that the transition
to a sustainable future is both technologically viable and environmentally responsible.
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