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OOOQO  Design for Recycling

In pursuit of a circular economy, the proverbial last line of defense when a product
reaches its End-of-Life (EOL) is recycling.
Fundamentally, there are only two ways to improve recyclability; design a better

recycling process, and/or implement Design for Recycling (DfR) strategies during material loop, conserving natural capital and enhancing  targets, as well as uncertain assessment. / parameters.
product development. ) _ resource security. inputs like feed compositions minf (%) Qyied , [[Generateinital compositions
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The relationship between a circular economy, recycling stages, implementation, and
considerations necessary for effective DfR are illustrated in the figure below.
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Specific DfR strategies are a function of both the product in question, as well as the \|  complex
nature of available recycling processes. Additional factors, such as legislation and

business realities, must also be considered.

| distribution of input feed compositions feed compositions.
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Supply Chain Analysis of rPET Upcycling

Methodology

* Aliterature review was performed to compile a preliminary list of DfR best practices.

* The results of the literature review were socialized iteratively with 20 domestic and
international experts across PV, wind, and batteries within NREL, DOE, academia, and
industry.

Methodology

Most commercial PET plastic recycling is mechanical
Mechanical recycling leads to lower-grade plastic with fewer
applications (carpet fiber, etc.)

Chemical recycling of PET bottles back to monomers is
energetically and economically expensive

The Materials Flows through Industry (MFI) tool is a supply chain modeling
tool created at NREL to identify and analyze opportunities to reduce the
energy and carbon intensities of the U.S. industrial sector.

We model the lab-scale rPET upcycling process developed by other NREL
researchers to determine the requisite energy and material inputs, then
connect this lab-scale unit process to existing MFI unit processes

Energy requirements and combust lated greenhouse gas (GHG)
emissions were calculated for the full bio-based supply chain models and
compared to results from conventional GFRP manufacturing

Scenarios 2-4 below represent different methods of handling the impacts
attributed to the “first life” of the upcycled PET plastic bottle.

imest B rivergiass
and siica Manufacturing

What if we could make higher value glass fiber reinforced plastic
(GFRP) with chemically-recycled PET and bio-based additives?
Key analysis Are there energy, savings
associated with rPET-based GFRP production?

* Out of 95 sources reviewed, 40 were deemed to have some degree of direct
relevance to DfR.
* Breakdowns by subject matter and origin are shown in the charts below:
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* Industry feedback was generally positive, and often consisted of suggestions for
alternative wording to improve the clarity of the guidelines. In one instance, an
expert proposed two additional guidelines deemed appropriate for inclusion in
later iterations.
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