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This poster presents on case studies showing opportunities 
to recover critical materials through circularity and to 
address the end of life challenge for plastics. It shows 
examples of projects that are investigating the Circular 
Economy and helping understand each sectors unique 
challenges. It further lays out the methodology for the case 
studies that could be used for other industry assessments. 
Lastly, it demonstrates how the funded analysis tools can 
be used in conjunction with each other to answer both 
economic and environmental justice questions.

Recovering Critical Materials from NiMH Batteries Recovering Critical Materials from Electronics

Plastics and the Circular Economy
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Publications and Future Work
Publications
• Regional economic potential for recycling consumer waste electronics in the 

United States. Nature Sustainability (2023)
• Techno-Economic, Life-Cycle, and Socioeconomic Impact Analysis of 

Enzymatic Recycling of Poly(ethylene Terephthalate), Joule (2021)
• Manufacturing Energy and Greenhouse Gas Emissions Associated With 

Plastics Consumption, Joule (2021)
• Evaluating Opportunities To Improve Material and Energy Impacts in 

Commodity Supply Chains, Environment Systems and Decisions (2017)
• A systematic analysis of the costs and environmental impacts of critical 

materials recovery from hybrid electric vehicle batteries in the U.S., iScience 
(2022)

• Towards a circular economy for PET bottle resin using a system dynamics 
inspired material flow model. Journal of Cleaner Production (2023)

• Technical, Economic, and Environmental Comparison of Closed-Loop 
Recycling Technologies for Common Plastics. ACS Sustainable Chemistry & 
Engineering (2023)

Pending Publication:
• Paper under review for plastic and end of life
• Paper pending for PV siting for critical material recover
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o Availability of resources (i.e., gold) could be 
on the same level as virgin production

o There are large variation between resource 
availabilities from different types of 
electronics, which is one of the largest 
sources of uncertainties

o The involvement of virgin refining industry 
could play a key role in recovering 
resources from E-wastes

Key results: availabilities Large variations between electronics
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Key results: economic potential
On-going

o With the increase demand of electronics, the associated E-waste stream has been growing. Over 50 Million tonnes 
were produced around the globe in 2019 and U.S., within which 13 wt% were generated in the U.S.1  

o The electronics contains many critical material such as base and precious metals, REEs, and plastics, etc. The 
sustainable recycling of these resource from E-wastes could have both environmental and economical benefits.

o Techno-economics analysis 
and potential assessment for 
REE recycling from E-waste

o Reverse logistics planning

1. Forti et al., . (2020). The global e-waste 
monitor 2020. United Nations University 

2. Peng & Shehabi,. (2023). Regional 
economic potential for recycling 
consumer waste electronics in the United 
States. Nature Sustainability, 6(1), 93-102.

Relevance to IEDO/AMMTO

The analyses inform the development of secure, resilient, 
diverse, and sustainable critical mineral and materials 
supply chains that underpin clean energy transition, and 
Net-Zero manufacturing goals.

Comparing closed-loop recycling options

T. Uekert et al., ACS Sustainable Chem. Eng. 2023, 11, 965-978.

• Compared plastic-to-plastic 
technologies for PET, HDPE, LDPE, and 
PP across cost, environment impact, 
and technical capabilities

• Mechanical recycling  lowest cost & 
impact, worst contamination 
tolerance & material yield/quality

• Glycolysis  best chemical recycling 
option for PET

• Polyolefins have limited closed-loop 
options

The plastic end-of-life challenge

Ellen MacArthur Foundation, The New 
Plastics Economy: Rethinking the future 
of plastics and catalysing action. 2017

How can we go from plastic 
waste and virgin production to 

a circular plastic economy?

Especially when there are so 
many new plastic recycling and 

management technologies?

• Closed-loop recycling technologies are just one piece of 
the plastic landscape. How can we compare plastic-to-x 
options?

• Methodology:

T. Ghosh et al., J. Clean. Prod. 2023, 383, 135208.
T. Ghosh et al., in peer review, 2023.
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SOLAR

STATIONARY STORAGE
What energy storage technologies are 

emerging today?
Can supply chains meet future demand?

What are the research gaps and 
how can we fill them?What are the environmental impacts 

of at-scale deployment?

Solar Futures decarbonization targets will 
require ambitious PV deployment.

Recycling PV from EoL modules is an 
excellent source for critical material and 

prevent supply chain vulnerabilities.

This deployment will increase virgin material demands, some of which 
are critical and dependent on an already strained supply-chain.

Key

$2.6 Billion 
(potential revenue from material recycling)

Leveraging two national lab tools (PV ICE — 
NREL and RELOG – Argonne) we answer the 
questions:

Preliminary results of potential PV recycling plant optimal locations

How much material will be 
brought back to the US supply 
chain?
How many plants can process 
EoL modules?
Where should these be 
located?
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