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ICL IP Market Leadership

* in Flame Retardants (BFRs + PFRs)

* In Bromine capacity

* in Bromine Iso-tank fleet

* in Self-extinguishing Hydraulic fluids
 in Brominated biocides

e in Clear Brine Fluids

* in Solid MgCl2
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Various Applications =»more plastics/electronics
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Value of BFRs as choice of FRs for
Fire Safe plastics

* Plastics are inherently flammable materials

» Automotive applications are using higher voltages =» higher
requirements =»compliance with flammability standards

* Electrical circuits = risk of self ignition!

Why BFRs?
« High compatibility with a wide range of materials
» Stable during the plastic processing

BFRs will be a growing market by 4-5% coming 5 years
 in B&C insulation halogenated FRs are > 90% of the use
* |n textile back coating > 95% are BFRs




Plastics part of a circular Economy
Limitations of mechanical recycling
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Emerging recycling technologies

Today's material recycling:
 Sorting and Mechanical processing

Physical recycling:

 Dissolution/purification: (separating additives & recycling polymer)
Chemical recycling:

* Depolymerisation into monomer

« Feedstock into fuel/syngas/residue

* Microwave

 Solvolysis of brominated epoxy resins (PCBs) incl bromine recovery

Pre-sorting is nearly always needed! Improving sorting technologies — more efficient recycling! 5



Emerging recycling technologies

Focus on chemical or physical methods that allow separation
of basic components and recycling them in dedicated streams

Depolymerization — monomers & naphtha (building blocks)

Dissolution processes/CO, extraction — polymers, ATO and Br recovery

v" CreaSolv® Technology: PolyStyreneloop, CloseWEEE, NONTOX
v PLAST2bCLEANED using heated solvent with ATO-Br recovery
v CO, extraction for removal BFRs: NONTOX, CREATOR



https://www.ivv.fraunhofer.de/en/recycling-environment/recycling-plastics.html#creasolv
https://polystyreneloop.org/
http://nontox-project.eu/
https://plast2bcleaned.eu/
http://nontox-project.eu/

Sorting technologies development

Plastics with BFRs separation using density separation

XRF-NIR technologies are used to separate bromine/halogens
containing plastics

Near and Mid Infra Red Sorting even becoming possible for black
plastics

Tomra technology, Steinert, Unisort, LIBS, RAMAN and others to be
used to separate different polymer type. May be combinations could
improve the overall performance \

Challenge for WEEE/ELV plastics sorting efficiency >98% - quality issue l\
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Dissolution process: CloseWEEE project --> NONTOX

Project for recycling mixed plastics (ABS/HIPS/PC-ABS and HIPS-PPQO)
containing flame retardants (ATO + Br recovery)

« EU H2020 funded + 12 partners: €5,9 million
 Technology based on CreaSolv® Technology

Results so far from the lab-pilot tests TR3-4:

* ATO can be recycled

* BFRs can be separated and bromine recovered
 Polymers can be recycled equal to virgin quality

'NO NTX
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Dissolution process: PLAST2bCLEANED

Project for recycling EEE Styrenic plastics containing flame retardants (ATO and
Br recovery)

« EU H2020 funded + 10 partners: €5,3 million
 Technology based on Heated Solvent using high pressure / temperature
Advantage: continuous process low energy demand = low carbon footprint

Results obtained so far: \{ s
o
» ATO can be removed to level below threshold coaress

e

« BFR limit not always met, some mixing with ATO or polymer

PLe&ST2bCLEe&NED ;



IMPACTS

Increased purity and/or desirable quality of
secondary raw materials

Increased recycling rate for secondary materials
and reduced landfill and incineration of wastes.

Reduced risk of retaining hazardous substances
in recycled materials.

Implementation of the EU Circular ECconomy
Action Plan and the 7th Environment Action
Programme.

The Commission Strategy on Plastics in a Circular
Economy and to the implementation of the SPIRE
PPP Roadmap.

PLSST2
DCLESNED
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PLEST20CLESSNED

in plast2bcleaned

y plast2bcleaned

www.plast2bcleaned.eu

This Project has received funding from the European Union’s Horizon 2020
Research and Innovation Programme under Grant Agreement N. 821087


https://www.linkedin.com/company/sustainable-innovations-europe/
https://twitter.com/SustainableInnE
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Assessed
Product

Technical readiness and CO,/LCA

Mechanical recycling has the lowest carbon footprint (CFP) and highest Technical
Readiness (>TR8%)

Dissolution processes are from TR 1to TR 4 and 50% CFP of virgin plastics
CreaSolv ® Technology TR 4-6 a demoplant built by Unilever Indonesia at TR6-7
PSLoop 3300 mtons/y under construction TR 5-7 and start up 2021

PLAST2bCLEANED: TR 2-3: very good carbon footprint close to mechanical
recycling

Chemical recycling depolymerisation TR3-TR6 pre-sorting/process/polimerisation
—>LCA CO, carbon footprint sheduled for 2021

Feedstock recycling TR3-TR7 Carbon footprint versus R1 incineration

« *TR1=idea; TR2 — 3 = Lab scale; TR 4 = pilot scale; TR 5-7 = demoplant industrial environment; TR8 = full proven technology
« CreaSolv® is a registered trademark of CreaCycle GmbH
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Objective PSLoop: key points

WHAT

 Recycle EPS and XPS from demolition
v" Destruct HBCD
v" Recover bromine and polystyrene

HOW

 Construction of a demonstration plant based on innovative
recycling process using the CreaSolv® Process

v" 3,000 tons recycled PS/year
* Innovative organization

v" Collaboration of the PS-foam value chain

FUTURE
* Replication across Europe

g Provincie !
::."::'::.",:3;::.-;;, /(r Zeeland | 0
1 PolyStyreneLoop 1

European Community LIFE 16 ENV/NL/000271



PS-foam and Bromine recycling

From demolition site to recovering bromine and polystyrene
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PS-foam is treated in the _—
PolyStyreneLoop demonstration g
plant in Terneuzen, Netherlands

Bromine is recovered

: and can be used in
HBCD—s!udge 15 new flame retardants
: treated in the (Poly-FR)
Compaction Bromine Recovery
Unit, safely
destructing HBCD
‘% GPPS can be used
for new XPS or X-EPS

&,

o~ From PS-foam new

Demolition GPPS is made
? Provincie ‘ j
CreaSolv® Process is used within PSLoop and is a registered ¢ i é Zeeland ' 20

PolyStyrenelLoop

trademark of CreaCycle GmbH European Community LIFE 16 ENV/NL/000271



Progress of construction
The past 18 months

Quarter 1
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January February 21. April 16. June



16th of June

Grand opening
PSLoop Demoplant




Conclusions

 Certain plastics need a fire safety function especially for high
voltage battery systems

« For Automotive plastics it means polymers with flame retardants
« BFR's are often the best technical solution

« Complete sorting of waste - technically/economically not possible yet
 Substances of High Concern hinder mechanical recycling

« Emerging technologies are the option: dissolution processes and solvolysis
v The SoC s isolated and properly converted into new resources being bromine
v" Real material efficiency, recovery of ALL materials at virgin quality
v Good progress on the technical developments for new technologies
v" Scale-up possible and ongoing into direction of demo plants full scale plants



Disclaimer

Copy or use of this presentation or any part thereof is forbidden, without the prior written consent of ICL. ICL
retains all intellectual property interests associated with this presentation, including but not limited to trade
names and marks.

ICL makes no claim, promise or guarantee of any kind regarding the accuracy, adequacy or completeness of
the content of the information presented and expressly disclaims all liability for any errors or omissions in such
content. ICL does not warrant that the information contained herein is true, up-to-date, or non-misleading.

ICL makes no warranties hereunder whether express or implied, including, but not limited to, warranties of
merchantability and fitness for a particular purpose. ICL shall not be held liable for any damages, whether
compensatory, direct, indirect, incidental, special, or consequential, arising out of, in connection with or based
on the content of this presentation and accepts no liability for the consequences of any actions taken on the
basis of the information provided.

The information herein is not intended to constitute advice or a recommendation, whether scientific,
regarding hazardous materials, chemical exposure or otherwise, and should not be relied upon in lieu of
consultation with appropriate scientific advisors.

ICL is a publicly traded company. The information herein may reflect the ICL's current views with respect to
future events or financial performance, which may change. You may not rely on this presentation as providing
an analysis of the ICL's financial position or trading prospects. This presentation does not constitute an offer or
invitation to purchase any securities, and no part of it shall form the basis of any investment decision in
relation thereto.
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AICL

Thank You

Lein Tange, Sustainability Director; |ein.tange@icl-group.com
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