LCA for Eastman’s
advanced recycling
solution - Methanolysis



Our agenda
for today

 About Eastman: A materials innovation company
« Eastman’s Circular Economy Solutions
« Eastman / CE Delft LCA for Methanolysis technology

* Next Steps: independent analysis by Quantis
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Advancing
circular solutions

Already operating at scale, our Advanced
Circular Recycling technologies can:

CARBON RENEWALTECHNOLOGY

MIX OF HARD-TO-RECYCLE MOLECULES TEXTILES, EYEWEAR,
PLASTIC WASTE COSMETICS PACKAGING
® Process up to 23 thousand tons of waste O —
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® Use waste plastics as feedstock,
limiting our use of virgin materials and
preserving resources

POLYESTER RENEWALTECHNOLOGY

MIX OF HARD-TO-RECYCLE MONOMERS DURABLE FOOD CONTAINERS,
POLYESTER PLASTIC WASTE SMALL APPLIANCES, WATER BOTTLES

® Have a lower footprint than fossil-based
processes
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What does 114 thousand metric tons of plastic waste look like?

114,000 metric tons of plastic waste would fill Johan Cruijff Arena to the top MORE THAN TWICE.
We will be processing this volume of plastic waste each year starting in 2023.
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Methanolysis chemistry basics
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 Methanol is used to depolymerize PET into the monomers DMT & EG

« DMT, EG, and other specialty monomers are used to make specialty
copolyester plastics

« When DMT is used to make polyester, it gives off methanol which is
iInternally reused to make more DMT



Difficult-to-recycle polyester wastes

Methanolysis feedstocks will include:
» Polyester carpet fiber
» Polyester-rich fiber waste

* Residues, rejects, and waste streams from mechanical
recycling processes

» Polyesters not suitable for mechanical recycling such as
mixed colored materials, thermoforms, and copolymers

Colored Bottle Bales Green Strapping |
Purge Chunk Waste PET Thermoform Residues & Rejects Fibers






LCA scope —methanolysis

Methanolysis — System boundaries
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LCA scope — conventional DMT

Cormparative system: Conventional DMT production system (Eastrnan)
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Data and calculation methodologies

e Data sources

* Methanolysis based on final engineering design and permits for Eastman’s
110,000 metric tons-per-year plant under construction with planned completion

by end of 2022
» Conventional DMT is based on Eastman manufacturing primary data
» Secondary data from GaBi database where possible, USLCI otherwise

GaBi software

e Use of secondary materials

» “First responsibility” principle is applied. Plastic wastes carry no environmental

burden from previous systems using a “cut-off” approach. Wastes accrue burden SO 14040/14044
for transportation and pre-processing into a suitable form for methanolysis.

« Co-product allocation

» Allocation between recycled DMT and EG is avoided by use of system expansion
via substitution for EG



Impact assessment summary

Relative LCIA of DMT made by methanolysis as compared to

conventional e CML2001-Jan 2016
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* Methanolysis is higher in
ADP elements due to
Inventory gap in USLCI
paraxylene dataset used in
the background of
conventional DMT model

Bl Methanolysis-based DMT  essFossil-based DMT






Critical review statement

“The reviewers consider Eastman’s LCA of methanolysis in line with
the requirements of the ISO 14040:2006 and 1SO 14044:2006
standards on life cycle assessment”

Limitations requested by CE Delft to mention:

* Analysis is based on the best available data from final engineering
design, which may differ from operation in practice

* The main environmental claim (that rDMT from methanolysis has a 25%
lower carbon footprint than conventional DMT), is based on a comparison
to conventional DMT production at Eastman’s Kingsport site which could
differ from production on other sites or a global/regional average



Challenges with LCA for circular systems

 Allocation between co-products of multi-functional
systems

» such as waste avoidance and material recovery facilities
 Allocation between consecutive product life cycles
» especially in open loop recycling
« Emerging circular technologies
« potential for optimization

* Emerging waste supply chains for difficult-to-recycle
materials

« Challenges in directly comparing mechanical to
molecular recycling due to differences in functionality
« performing related & complementary but different services









Find more resources at

Eastman.com/circular
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