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Background 
Water is essential to communities, yet climate change and population growth are straining wastewater 
treatment plants (WWTPs). Wastewater contains persistent contaminants like microplastics and PFAS but 
is also enriched with nutrients and critical minerals needed for agriculture, electronics and clean energy. 
Existing WWTPs are energy-intensive and chemically inefficient, lacking the selectivity required for 
resource recovery. A circular, adaptive approach is urgently needed to provide clean water, recover 
valuable materials and reduce environmental impact. 

The Big Idea 
Transform wastewater from an environmental liability into a strategic asset by recovering nutrients and 
critical minerals while producing clean water. 

Why does this matter? STREAM addresses water scarcity, environmental health and the growing demand 
for critical minerals while reducing energy use and reliance on global supply chains. 

What will you do? Develop an integrated, intelligent platform that combines materials innovation, 
bio-inspired chemistry, AI-driven robotics and optimization to selectively remove contaminants, recover 
nutrients and critical elements, and return purified water for reuse. 

How will you do it? Our approach integrates cutting-edge chemistry, materials science, robotics and AI. 
Advanced metal-organic frameworks and nanocrystal photocatalysts will selectively capture microplastics, 
PFAS and valuable minerals, while engineered membranes and bio-inspired interfaces, such as 
nanofoams and hydrogel particles, will enhance extraction efficiency at surfaces and across flow systems. 
Mobile robotic platforms will perform adaptive, continuous sampling of wastewater streams, while 
AI-driven modeling will optimize treatment and recovery in real time. Pilot-scale testing in collaboration 
with WWTPs and the Philadelphia Water Department will ensure the system is effective and scalable 
under realistic conditions. 

Impact 
STREAM will redefine wastewater treatment as a circular resource recovery system, enabling 
breakthroughs in selective transport and adsorption, scalable microplastic and PFAS mitigation, and 
sustainable recovery of critical materials. Leveraging Penn’s interdisciplinary strengths across materials 
science, chemistry, engineering, AI and robotics, this initiative will train the next generation of 
researchers, establish national leadership in sustainable water systems and provide a blueprint for 
resilient, circular urban water infrastructure. 

Learn More 

https://shuyang.seas.upenn.edu/
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