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Conversio Market & Strategy GmbH
About Convers
Conversio employees specialize in b2b research and consultancyandwork in the fieldofplastics production, processing and waste managementmore
than 25 years. In 2018Conversioconducted afluoropolymer analysis focusing on potential recycling opportunities onbehalf of the PlasticsEurope:
Fluoropolymer project group.

In March 2022, Conversio was commissioned fo conduct a newreportwith focus on the end-of-life scenario of fuoropolymer products and applications
oyth dusty ssociaton rok
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Initial situation, frame and target

Fluoropalymers ae high-techpolymerswit fluorineatomsdirectlyatached totheircarbon backbone.Theyare lasts which ae virtual chemically
inert, non-ueting, non-stick, and ighy resistant 0 temperature reandweather Ths polymers are used various applicationsand diferent industries,
‘e.g. transportation, chemical process industry, (consumerJelectronic, pharmaceutical industry.

‘Sincethe discovery of PTFE in 1938, fuoropolymershavebecome criical componentsin numerous technologies, industrial processes and everyday
‘applications. Ther useiswidespread what makes ita challengeto evalua the ul ange of appications and shares(oyweigh) in associated waste
steams.

‘Compared toother lastc, Ruoropalymers are usually used as partof other applicaionsand represent around 0.1%of th total plastics processing
demand ofthe EU counties.

Nevertheless, hese plastics, wihtheir unique properties, aehigh-qualitymaterialswhereothermaterials are either infer orsimplydonot fer
‘adequate substites.

‘The data and information presented in ti reportreflectthe wilngness oftheuaropolymerindusty toprovideadditonal end-otie informationon
uoropalymerapplications and producsi response 0 requests fom EU legislators.

220110 | Pomevast nEos200 v



Project frame — 1

Regional focus
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Aly types offuoroplymerswithintisstudy
+ Nonml process foros, sch as PTF, present be minus of he sty” Ove cree
+ ThemessuchasPVDF En
+ Elastomers (ncanize, ubbers)schas FM wm rere

ee
Toul 40kt

Tadion 7 ssh nb han a ns offuorpolmes 8
un bhEOmradan fs ogoAh pire (Ql convertedto
Farsnobergos hsNothAner. } producsby EU por
Yn— Converters
cairo)orbusspsnns US 4
| rangescanty percompatEmer | Fon

Akeee ReSeeat
rv P——— .



EE
Project frame —2

Important applications and origin of luoropalymers waste
Fuoropoymers provid spciic physical and chemical characterisfor vid angeof diferent processes, componens and fal productapplications
“The widespread useofloropolymers in various applications and ndusty segments makes ita changeo evaluate thul extent of fuoropolymer
wast origins and coresponding pnetationofmajo waste teams.
Thisstywil foots on simajor inustieswhee the use and waste generationoffucropoymersis considered 0 beparticulary significant.
Within eachof the key sectr, the specif uses appcaons/ products) offuopolymers will ented. Foreach kyseco (vase on the
corespaning relevant products and pplatons), is report shows th quantoforopolymers put onthe marke, ferent aime scenarios and
endafifoteament of ropolymerwast.
The study wil cover the folowing ndustysegments:

Automotive
A Aerospace

Electronics& semiconductors
i Chemicals (CPI)

/* Metical & pharma
XK other (eg. cookware)

20118 | PosestEp220 5
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Project frame — 3

Fluoropolymer products and applications in different industry segments—Automotive, Aerospace, Electronics and semiconductors

Majorfluoropolymer applications and product illustrations|

Industry segment _ Majorapplications Fiuoropolymerproductlustrations
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Project frame - 4

Fluoropolymer products and applications in different industry segments~Automotive, Aerospace, Electronics and semiconductors.

Major fluoropolymer applications and product illustrations Il
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Project frame—5
Fluoropolymer waste in major waste streams~residential, electronics and automotive.

Correspondingwastestreams|
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Project frame — 6

Flsoropolymer wast in major waste teams-commercial and industial
CorrespondingwastestreamsI

Mastosteam_____ Definton_Fluoropolymerandokifeapplications
‘Commercial &industrial Commercial dust eslgonerald,colecte,soe,veledard + Automotive
Variosvaststeamscolecied (noth) 50058 ofbyprevast management companies,e.wasle + Aerospace
onbetallfpatovast management. sanicesforchemicalandpharmaceutical dusts,energy sock» Electonics&semiconductors
cunparie respectivelyGedcaedvaste (ponerpa), oodandbeveragenusty, ulding an consiucion + Chemicals (CP)
sonics for spec dusts. applcatons, medalspplcatons,soospceapplcatonscarrepar = Medical& ama

+ Durance $709,25wel ltmainde productsand aglcatons ro clectd +Other (eg professional cokers)
Sirsapostle (erin nesdontol householdvast andmunciol waste gerald byofhpymrsalar fo chil commercial acts,WEEEandELVwast steams.
prstage.
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Projectframe — 7

Waste etment
Recycling,Energy Recovery,Landi
Waste reatment Definition
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Project frame — 8

Target companies
Ende fuoropolymer applications and relevant players along the waste chain
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Main objective, key questions and targets — 1

Themainobjective of the projectwas to further determine and define the main applications and products, where fluoropolymers are used and to
‘understandwhathappens to those applications at the end of their life. Acorrelation matrix betweenfluoropolymer applications and the penetration of
relevant waste streams (by mass in kt and %) was developed and the waste treatment route (recycling, energyrecovery and landfil is shown.

‘Thisreport delivers an in-depth description onhow and where fluoropolymer containing products andcorrespondingwastes are generated and what
‘happens to the collected fractions at the end of their Ife. Quantitiesoffluoropolymer waste are included asfar as possible based on an end-of-life
fluoropolymer (and relevantfluoropolymercontaining products)lifetime assessmentmodel. This reporthasqualitative and quantitative character.

Themin scope ofth port canbe summarized solos:
+ Wanfcationwere archer sppaions rcsopt rdf Wo retain rose of processingspadeof
ae Po HrWas (iPeal0%wero oFFETopainhoa EU
ansmfor stesears wih he Raph pltons an acts 6nd up ntlvoles aswlso penaion
offuoropolymers (in kt and %) in the EU.
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Main objective, key questions and targets — 2

The feprt has asemi-quanitave character with additonal supplemental qualative case studiesforspecc waste steams and aplcalons providing
further infomation boutth ae of oropolymerrelevant appications the endif.

This report provides.
= information on wherethloroplymer application endupa th endoftheirff and inwhichwaste sears,
+ cata about hequantteof ferentwast seamswithamode based etiatonabouthe expected oropolymerpnetatn,
+ a general overview for h treatment levantwast steams and whre included end-ia furopohymers applications end p orare co-

eatod as part of commingled acon (.. mea rcycing, waste incineration, andl, ec),
+ infornaton about colecton and eatment apport of uoropoymer assocated products infos fcca,
= adconal Knowledgeon the tealmentofpre-consumer fuorapolmerprocessingwastof forapolmerproductmanactures.

Analysis ofandfefate of fluoropalymers within...
+ diferent appcations
+ diferent products
+ corresponding vaste seams

2220149 | Pomevas Ee220 "



EE
Methodology and data model - 1

‘Structureofthe fluoropolymer flow analysis

= Identification and assessment of pre-definedfluoropolymer applications and corresponding productswithinthe applicationsAutomotive,Aerospace,
eros&semconducirs, Chemicals (CPI,Medial & pharmaand Or (3.coord

= Description and assessment of the end-of-ife fateofdifferentfluoropolymerassociated applicationsand products

* Model calculationofcorrespondingwaste sireams and their treatment, including luoropolymer shares

Data model approach
+ entation mfropoymerelvan prude nd aplication in iflrnt industry egrets
= Endo analysisoffluoropolymer products based on individual EOL scenarios, e..,by average Ffetimesoffluropolymer products and

‘applications

= Modeling offuoropolymerwaste collection data forth man industry segments and applicationsconsidering the dated back FP market vokumes fo
‘a calculation of the total EUfluoropolymer waste in 2020 incl. continuous plausibility checks

+ entcatinf evant waste sean andte dflrnt wast atmenre (ecyceg,ncneraon, antl)
* Estimationofthe fluoropolymer penetration and (co-Jireatment routes within the different waste streams.

= Discussionofpreliminary resuls withtheFluoropolymer projectgroup and preparation ofa final model calculation and reporting

20224749 | PacropoymerwasteiEsrpe2020 ®



Methodology and data model - 2
Mulimethodological approach
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Methodology and data model - 3

Datamodel
Where cainon chicaoropcymer EOL roche sera as ncnadtexpanas arkemed, 3, ge rumbe of fren
conmorild nestasplat.
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Management Summary |

= 102020about40 of FPmatawere 59k 0EuropeanFPproductmanufacturers.The § eas favor iIrsshar accordforPTFE trl (56%) lowedby PVDF (12%),FN (54ad | ma :
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EE
Management Summary Il

= In2020,around23.5 HfFPvastwerecolectd rentesienl swelascommerceandnus vasesens
+ Aocatonswih ypcly ng Horsaccu or ergsshar of Fmalesusd.Accoringly fh backaldFP lunes wichvere, exange, isd
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Pos] roduc sndprocessagequipment pasengescar, oats amedicaland parma
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Management Summary lll

= Themos eleven vaseseamsfor he colecian ofeeFPappcatons re commerl and cust wase scams, whichareslycole bypte
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Management Summary IV
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Ata glance

> 102020, around 40 of fuoroplmermaterialswere sold 0 EU lorolymerproductmanufacturers.
235K of foropolymerwaste were coleced, iherin commingled wast seasor party in out separated wast rackons.

> Aimost 84% of al horopolymerapplicationswer incineratedat he endof hel Ife i energy tecovery (MSWI 72%) terra destruction (metal
recycling ~12%) processes. 13% ofthe coleced foropolmerwaste was lanciled and around 3% was recycled.

> Endfife foropolme productonandprocessingequipment used
for ferent industrial segmeni, such asChemical, Energy, Food&
beverage, Pharma and Semiconducoaccounied or th maosare
ofthe totalfuoropolmerwaste quanty colectd (~13 k).

> Theoverall fuaropolymer penetaon n al wast steams
as less tan 0.01%byweight. In comparison, lasts i total
accountedfor about 48% fhoa vaste colecion vehume

(exclmineral factons). Sn
> Chemical recyclingof fuoropolymerwaste ofers the opportu to

produce ign-ike fuoropolymerraw materialsor the production of
‘gods and products without qualyiitaons. Hower, ulding robust
Supply chains for rge-scale an economical feasilereycing processesisane of the mos important ssue tobe aressed i th coringyears.
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EE
Converting of fluoropolymer materials in EU in 2020 — by industry segments

Fluoropolymer market by industry segments 2020s + ond12-13 ofFP mati wasusd ohproduction stoma
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Converting of fluoropolymer materials in EU in 2020 — by products & applications

Fluoropolymer market by products & applications 2020plaisrscdibm
+ Toto alrnPsst platsvs saan sey ls.

a ot SN Sa " ‘withmorethan20diferentFPproductmanufacturers inthe EU.
‘Bears, 5 # = ThethreeFPapplicationandproductcategories Tubes & pipes (100% FP: i. ra, oeseertn eveltti)3 (1
2S rtesh iad en00510)op AFok trapesterhEU 25,Gosrlreot pe
a Nurses po seconor
firs + Taco le cs cesvsePm) atid

—— eoicned aioSon Sw 5 ple ATO pra WO SE
10 oe) ait cess urn. Ticoaoeoscsooisco

oa ‘architecturalandindustrial applications.

+ ThecolorOb ks,heraves,opingvin! (vr rep Son ioscotsh cor
Liners. “Textles & fabrics oFans es + far 8 esectiFL Roars Pavefr ars

go

20224749 | PacropoymerwasteiEsrpe2020 ®



Em
Converting of fluoropolymer materials in EU in 2020 — by FP types

Fluoropolymer market by polymer & elastomer types 2020pisrcderdiviny
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Fluoropolymers quantities by industry segment in the EU in 2020-long lifetimes, export surplus and

export of used cars and electronics
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Fluoropolymers quantities 2015 vs. 2020

FP raw materials soldto the EU FPproduct manufacturers - export and import adjusted
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Fluoropolymers quantities by industry segment in kt - differences between FP products

manufactured and FP waste collected in the EU in 2020
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FP waste collection by industry segment in the EU in 2020

Collected FPwaste by industry segmentinthe EU in 2020
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Waste collection by waste stream in the EU in 2020 total, plastics, fluoropolymers

CollectedFPwastebywastestreamintheEU in 2020
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Graphical lustration of FP waste collected by industry segment and waste stream

Total: 23.5 kt FP waste collected
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Waste stream flow chart — collection, treatment and utilization
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Circular economy illustration for fluoropolymers
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Treatment of FP waste by industry segment in the EU in 2020
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(Co-)treatment of FP waste and associated waste streams
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FP waste treatment routes post-consumer FP waste and treatment in the EU in 2020

(Correatment route of post-consumer FP waste in the EU in 2020
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Pre-consumer processing losses during the manufacturing of FP products and applications

#P raw materials sold to EU FP product manufacturers
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Case study ELV-1 &»
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Case study ELV -2 &»

Typical ELV processing route:
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Case study ELV -3 &»

ELV eatmentin Germany, France aly and UK
Ende vehicles collected and treated i slected European countries
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Case study Aerospace 4
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Case study WEEE -1
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Case study WEEE -2
WEEE vestnentn Gamay, France, lly and UK
Entotfevoices collectedand reatd i selected European counties
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Case study industrial processes — Chemical, Energy, Food & beverage, Pharma, Semiconductor 1
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Case study industrial processes — Chemical, Energy, Food & beverage, Pharma, Semiconductor 2
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Case study industrial processes — Chemical, Energy, Food & beverage, Pharma, Semiconductor 3

Commerdl&indus wast esment in Germany France, tly and UK
Commercial industri (mixed) waste collected and reste in selected European countries
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Case study cookware
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Status quo - recycling of FP materials
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Critical success factors for the circularity of FP — drivers & barriers

Drivers. Barriers.
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In-depth circular economy approach for FP pipe liners
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In-depth circular economy approach for FP coated cookware
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