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Background

Artificial intelligence is transforming society, but its unprecedented demand for computation power
challenges current hardware and data center infrastructure. Training foundation models and serving
large-scale queries requires millions of processors and enormous data sets. Traditional scaling trends in
semiconductor technology have slowed, making hardware less energy-efficient and more costly.
Meanwhile, data centers consume vast amounts of electricity and generate significant greenhouse gases,
raising societal concerns about the environmental sustainability of large-scale computing.

The Big Idea

Create a Center for Sustainable Computing at Scale to develop energy-efficient, resilient and
environmentally responsible computing systems.

Why does this matter? Al’'s growth and societal impact depend on computational infrastructure, yet
current data center practices are unsustainable in energy use, cost and carbon footprint. Advancing
sustainable computing is essential to meet future scientific, industrial and societal needs.

What will you do? The Center will pursue five integrated research thrusts: improving energy efficiency of
computation through hardware and software innovation; enhancing thermal efficiency and cooling
strategies; developing flexible energy supply and management systems; designing grid-resilient data
centers that adjust energy use dynamically; and reducing environmental impact through life-cycle design,
reuse and recycling.

How will you do it? Penn Engineering brings deep expertise in semiconductors, computer architecture
and data center systems. Interdisciplinary collaboration with Wharton and Penn Carey Law will inform
economic, policy and regulatory strategies, while the Weitzman School of Design will guide sustainable
site selection and construction. Coordinated advances across hardware, software and energy systems
will create scalable, sustainable computing solutions.

Impact

This initiative will establish new foundations for environmentally responsible Al, enabling future data
center operations that are energy-efficient, resilient and economically viable. By integrating technology,
policy and design, the Center will position Penn Engineering to lead sustainable computing at scale,
influencing both research and industry practices.

Learn More


https://www.seas.upenn.edu/~leebcc/
https://www.sciencedirect.com/science/article/pii/S2666389925001448

