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ABSTRACT

Achieving carbon circularity requires integrated strategies to re-valorize
waste carbon, mitigate emissions, and reduce reliance on non-renewable
resources. Wastewater systems are shifting from “removal-centered”
treatment toward carbon-aware, recovery-oriented management, where
traditional biological processes can be Al-enabled and electrified. This
presentation highlights an integrated approach that couples data science with
technology development to both understand and reshape wastewater carbon
flows. We will present AI/ML frameworks that combine field observations,
literature mining, and mechanistically informed hybrid models to improve
carbon accounting and pinpoint actionable levers to reduce emissions tied to
microbial pathways. We will also discuss emerging electrified treatment and
microbial electrochemical conversion technologies that convert organics and
CO, into useful products that enable resource recovery and circular economy.
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Dr. Z. Jason Ren is a Professor in the Department of Civil and Environmental
Engineering at Princeton University, where he also served as Acting Director
at the Andlinger Center for Energy and the Environment. His research and
teaching focus on the water—energy nexus, advancing Al-enabled
decarbonization and resource recovery in environmental and chemical
systems. His group integrates electrochemistry, microbiology, and data
science to uncover fundamental mechanisms and develop predictive models
and scalable technologies. Jason has published one book, 250+ peer-reviewed
articles, and holds 10 granted or pending patents. He has co-founded two
startups with students and translated lab research to field applications. His
recent honors include the 2024 Walter J. Weber, Jr. AEESP Frontier in
Research Award, the 2021 Paul L. Busch Award, and the 2020 Walter L.
Huber Research Prize. He is a Fellow of IWA and RSC, and he serves as
Executive Editor for ES&T and Associate Editor for ES&T and ES&T Letters.



