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Municipal solid waste (MSW)accounts for 2% ofall the waste generated in Europeexcluding major
mineral wasteqEurostat, 2022)lts complex character, due to its compositiageneration frommany
sources, and itstrong link to consumption patternsgives it a very igh political profile The Waste
Framework Directive requiresb %of all municipal waste to be recycled by2B) with further targets for
2030 and 203®f 60 % and 65 % respectively

Furthermore, the 2020 Circular Economy Action Plan (CEAP) aims to halve residual municipal waste by
2030. Residual waste is defined as waste tlmnheither recycled nomprepared forreuse, i.e. waste

material not collected separately for recycling or qmusting/digestion, and residues from sorting
processes. Residual municipal waste is either incinerated or landfilled, two options that pose
environmental threats, destroy resources amecluce the circularity of material flows.

TheEEA has estimated thaven if all EU Member Stategre toreach their binding 606 recycling target
by 2030, current trends indicate that the amount of residual municipal wastgexceed 80 million tonnes
in that year, missing the targetf halvingthis waste fraction bynore than23 million tonneEEA 2022,
P&S Intelligence, 2020)

Over the lasffive years, the amount of residual municipal waste generated each yeasthbilised at
about 113 million tonneger year even though the EU recycling raggew slightly from45% of all
municipal wastén 2015 to 48% in 2020. Reaching the target of halving residual municipal was2@3ty
would mean reducing the amount of residual municipal waste by around 56.5 mdlimes equivalent
to around130kgper person per year.

Although noteworthy progresshas been madeacross the Eldiuring the last decaddinding a wayof
deaing with difficult wastesi.e. those that ardlifficult to handleand possibly dangerousyill be critical
in the efforts toreduce residual wasteAppropriate managementof these wastes is essential for the
protection of health and environmentbut presentssignificant handling and processimpallenges.
Meeting the targetslescribed above will require thauthoritiesreduce the use of disposalethods and
tackle these waste streams with effective reuse and recyeappmoaches

Table1.1showsthe average shares of recyclable materials in mixedhicipalwastein the EU27(%). Trese
are materials that could have beerollected throughseparate collection systesrand sentto recycling
On the averagethese makeup 74 %of the mixed household wés; the remaining 26% include many
non-recyclable or more difficult toacyclematerials Moreover, even théistedmaterials included in mixed
municipal wastamight not all be recyclabléor example cardboardcontaminatedwith food residuesThe
spreadby countryis considerablewith 48-91 % of mixed householdiaste beingecyclable

Tablel1l.1 EU27, average share of recyclable materjasid variation among Member States) mixed
municipal waste, per cent

Average
Paper and cardboard 13 %(7-23 %)
Metals 3 %(1.3-3.9 %)
Glass 4 %(2-9.2 %)
Plastic 14 9%(8.9-22.9 %)
Biowaste 34 %(18-48.4 %)
Textiles 5 %(2-14 %)
Wood 1 9%(0.254.1 %)
! EEA survey 2022022, nonpublished material The reference years vargetween 2010 and 2020,

depending on when the latest national investigation was carried out.
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TheJoint Research CentréR¢pr oposed in 2020 the foll owiteg def.
extent to which, through the recycling chain, the distinct characteristics of the material (e.g. polymer) are
preserved or recovered so asm@aximisetheir potential to be reused ithe circular econonmiy(Grant et

al., 2020) For that,sorting prior to highguality recyclingis needed topreserve the characteristics of
materials which make them most useful. Higality recyclingthusimplies rigorous sorting of waste into
homogenous fractions anah absence of hazardous compounds.

A significant part of products commonly udegtodays consumers lack circulaplutions,or the solutions
are limited for technological or economic reasolltimatelydiscardedn mixedMSW,no other solutions
existother thanincinerationor disposain landfills.From both circular econonmgnd waste management
perspective, such products can be considerbdadaches when striving to reach the targetsreeycling
andreducingresidual municipal wastd his report looks at product groups which today:are

a) not easily recycled

b) makeup a significant part of current residual wassnd

c) present an eleatedriskto humanhealth andthe environment in current enabf-life systems.

The EEAconducted a consultation with the EIONET members identify specific products or waste
fractionsthat require more attentionandto broadenthe knowledgebaseon possible solution§). This
consultation was followed by discussidnsstaff from theEEAandthe European Topic Centre on Circular
economy whichresulted ina list of eightvaste streamsvhich were considerethe most relevant.Table

1.2 lists theproductschosenwith a shortexplanationof why thesearec onsi der ed. “headache

Table 12 Headache products analysed in this report
Product What causes the headache?
Disposablaliapers voluminous, wet, hygiene and odothallengesgrowing issue
Beverage carton cups  recycling processes not developde\v options forreuse
Smartconsumer textiles composite productsnay contain sensorsnd/or connectors buare usually
disposed ofnvith conventional, norsmart products emerging issue
Expanded polystyrene very light and bulkyrisk of contaminationwith, for example,flame

(EPS) retardants Many kerbside recycling programes will not accept EP¢
materials or daot haverecyclingcapabilities

Products containing environmental and health hazardst the end-of-life stage (fluorinated

per-and polyfluoroalkyl compounds)

substancesPFA)

Mattresses voluminous complexcomposite structure may contain flame retardant:
andthusdifficult to recycle

Furniture voluminous, complexmulti-material products

Multi-material  gadgets Multi-material productspften containelectronicsandbatteries
for children

Emerging issues for circular resource useMbéch2022
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Disposable diapers and sanitatipads(absorptive hygiene products (AHR)ake up a considerable part
of residual municipal wast@ndthere are currently few recycling option3he producs aretypicallyvery
complex containing both natural fibres and various polymers. In addjtibair end-of-life management
presents challengesrelated to pathogensand odour and consequently has strict hygiengation
requirements further complicatingrecycling options

Products and consumption

Disposable AHRsbaby diapers, sanitary patiamponsand adult incontinence productsare a growing
product groupwith hugeglobalmarkets. Baby diapers are the domingmbductwithin the market with

a share of 80 %P&S Intelligence, 2020\Vhile disposablediapers areundoubtfully convenient they
currently made from fossil plastics primarily polypropylene (PP), polyethylene (PE)potyethylene
terephthalate(PET) that has been converted, in combination with wood pulp, superabsorbent polymers
(SAP) and elastics, into nonwoven fahrics

The producs are quite complexwhichmakestheir recycling challengingh baby diapettypically consists
of around 16 separate functional components in a complex engineering sybigrd.). Advances in the
construction of diapers have led to their weight dropping by more thaf6S@ver the past 20 years, and
simultaneously, theiperformancehas improvedBCC Research, 2020)

Figure 21 Construction of a baby diaper
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The global adult and baby diaper markets beergrowingandis currentlyforecast toincreaseby around
6 % per yeato 2029 (Facts and Famrs Research, 20220f the annual worldwide market oBO million
tonnesof diapers Europe accounts for around 28(European Commission, 2019)

Althoughthe baby diapes make up themajority ofthe global diaper markefadult diapers are the fastest
growing market segmentdue to the increasindy elderly population.The growing number of adult
incontinence cases, increasing awarenefsadult diapersreducedhesitation among adults ahthe easy
availability and affordability of adult diapers and incontinence products have led to thefrike adult
diaper market(P&S Intelligence, 2020)
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Current endof-life management

Although diapewastesincludea significant proportion of organic materials, their final destination in most
European countries is incineratiaor landfill 45 % (Table 21). In municipalitieswith a high level of
separate waste collection, disposable mias account for a significant part of thesidualwastefraction
and constitute one of the maiproblemsin increasing recycling level€olon et al., 2011)Currently, 8
million tonnes ofAHPsare landfilledor incineratedworldwide. This means that 1.5 billion diapers are
disposed of globally on a daily basisr about 18000 per secondBCC Research)20).

Thevolume of disposable diapers in municipal waste and their final destinatigcghénEU and selected
countriesare listed inTable2.1. Disposable diapers make U4 % oftotal household wagt in the EU,
while the share in residual municipal aste is generally highedepending on the intensity of source
separation and collection of recyclabliesindividual countries.

Table2.1 Currentmanagement of diaper wasteEU and selected countries

Geographical Year Generation Share of Landfilled or Source

area of municipal incinerated
disposable waste
diapers generation

ELP8 2017 6.7 million 2.7 % 87% landfilled and (Copello, 2021)
tonnes 13% incinerated

Finland 2016 98400 8.2 % 100 % incinerated  (Marjamaki, 2016)
tonnes

Italy 2019 900 000 4% landfilled/incinerated (Osservatorio  sulle
tonnes casa, 2021)

Sweden 2015 9.4 % 100 %incinerated (Vukicevic, 2015)

Note: in2020, 23 % of municipal waste was still landfilledurofe (Eurostat, 2020Q)

As seen imable2.1, recyclingdoes notappearin the statisticsA few emerging technology options for
recycling of diaperand recovering the cellulose and polymer fractions do, howesxstin Europe and
the United Sates(Table2.2).

Table2.2 Recycling solutions for diaper waste
Country Short description of the case

NetherlandgKlinger, 2021) The diapers are melted in a reactasing high pressure stean
During the cooling process, they turn into a liquid contain
plastic granules. The liquid is enriched with digested sew
sludge and used to produce biogas afedtiliser, and the
granules go for further recycling. The mairtut of the diaper
recyclingplant is plastic granules that can be further proces:
into various products- bottle tops, flower potsetc.

Netherlands(Diaper Recycling Europ Diapers are collected from municipalities, ezare centes and

nd.) care institutions.The material isfirst shredded washedand
sterilised The next step is the chemical deactivation of 1
superabsorbing polymergSAPswith a procesgatented by
Diaper Recycling Europe. Fibres and SAPs are sepa
recovered. The fibres continue to mechanical washing, clea
and screemg, producing a londength fibre which is baled an
sold as material for cardboard packaging, insulation mate!
and pet bedding.

Wales(NappiCyclend.) The company provides kerbside collection to all B2al
authorities in Walesfor used diapers and adult hygiene
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Country Short description of the case

products. They offer a zemvasteto-landfill option for
disposable diapers. The plastic and cellulose content
separated and directed to recycling. The cellulose fibre cal
usedin the production of fibre boards and acoustic panellir
with the plastics sent to secondary reprocessors for recyc
as, for examplematerial for pavemers

Why are absorptive hygiene products challenge for circularity

Absorptive hygiene productseincreasindy popular but havdew sustainable enaf-life solutionsThese
products are typically complex compositesluding asignificant share opolymers, and atheir end of
life, they are associated withygieneand odour problers, which, from the recycling point of viewadd
both complexity and costd odayl18 000 diapersare disposedf globallyeach secondending up eithein
landfills orincineration plantsin addition 30000 tomes peminute of industrialAHP waste is generated
in manufacturing plant$BCC Research, 2020)

A small share of the disposable diapers on the market are biodegradable, thmigfull decomposition
has been questioned, even fthe case ofndustrial compostindBCC Research, 202(hoo et al., 2019)
More frequently brand owners market soalled green diapersglaiming environmental benefitsA
Swedish studyhowever,concluded that theamount of biobased carbgreitherbiobased plastics such as
polylactide(PLA or cellulosginsoc al | ed “ g'rcaneba quitkimades20-53 %) thoughthis is
higher than 1315%) typicallyin conventional peer product¢Nealis, 2021)Solutions for extended
lifecyclesdo exist primatrily in the form ofreusablediapers whichcurrently have less thab5 %of current
global marketgP&S Intdigence, 2022)Reusable diapers are made of layers of fabric, mainly cotton but
also hemp, bamboo, microfibre, or synthetic fibres suchalglactide(PLA or polyurethane(PU) areused.
Thevariety of different materiag used,and possible&eomposite structure, may posechallengng at their
end of lifein terms of theirecyclability

What needsto change

The use of disposablkHPscurrently generates a significant amount of wasten somecases the largest
single waste fractiom mixedhouseholdwaste (Marjamaki, 2016)While technicalend-of-life solutions
do exist,there are very fewactualexamples theiimplementation.It should also be noted thafficient
recyclingalso requires changes imvaste collection systes) i.e, the separate collection of theised
diapers.

In 2019 a survey of the circularity of AHR was carried out amongstcompanies, institutions and
organisationsn ten Europeancountrieswith the aimof identifying major obstacles to circular economy
efforts and the development of specifiend-of-waste (EoW)criteria. The survey showed that most
responderts understoodthat efficient technical knowledge on material recovery was availablethat
the main obstacleso AHP recycling were thackof adequate separate collection systearsd the markets
for secondary raw materialgshich is linkedo nationalEoWcriteria. In this contextit is worth noting that
an EoW legislativedecree specifcally for the AHP was signed ialy in 2019 by the Ministry of the
Environment(Mattioli, 2019)

Cloth diapers are commonly acknowledged to reduce environmental impetaeusablediapers are still
consideredan unconventionabnd inconvenienthoiceby most parentsTocounteractthe trend, various
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public initiatives to promote reusable diapelsave taken place across Europ@aple 2.3) offering
economic incentives agstablishingother measures to encourage the use of reusabipers

Reusable diapersre not, howeverwithout environmentalchallenges linked tthe use of natural and
fossilraw materialsandenergy in themanufacturing process and washing.

Extended producer responsibilisan be an efficient tool to enhandbe circulaity of selected product
categories andhe use of this financial/policy tool has also been discussed in the context of single use
diapers Though no Europearass exist, the Republic of Korea isexample ofa countrythat applies an
advanced disposal fee support thewaste management costiealing withhard to recycle wastesuch
asdisposable diaperCurrently the Republicof Koreais the only country to havenplemented sucla
system for disposabldiapers butin 2021 ,the Republic o¥/anuatu became the first country to officially
ban AHPR, including disposable diapefsP t -0adylikka et al., 2022)

Good practice

Circular solutions for disposab¥HP require strict hygiesation, thus almost all existing circular solutions
for them are based on recyclingechnically recycling of the plastic arellulose fractions of the diapers
is possible andsne example®n emergingrecycling systemwere given inTable2.2.

In Italy, about 90@00 tomes of AHBend up in landfills and/or incineration plants every year. The first
system with an industrial capacity for processing AHP wigsléaly operates at a recycling centre in
Treviso. The plant is processing up to0ODD tomes of AHP wastannually The pra@ess involves an
autoclave process for steding AHPs, which are then separated into individual streams of reusable plastics
and a combination of cellulose and superabsorbent polymers, both of which have, goougrently
limited, commercial value. FrorB00 kg of waste materials and 500 kg of body fluids, the system can
recover 350 kg ddterilisedcellulose and SARNd a separate stream of 150 kgstérilisedplastics which

are recycled into hard plastic products such as pallets and furniture. €hkzsed cellulose findasecond

life as a viscose fib as well as in applications such as seedbed mats, cat litter and paper, while the
superabsorbent polymearcan be used isuchproducts as industrial absorbers and pet méattioli,

2019)

Table2.3 listssomepublic initiatives pranoting reusable diapergn Europe pffering economic incentives
or setting up other measures to encourage ithese.Moreover, laundry services that collect, clean and
distribute diapersto nurseries, kindergartens and families exisimanylarger Europearcities (Copello,
2021)mitigatingthe additional effort involvedising them

Shifting to reusable diapershas clear economic benefitsFor the municipalities the potential waste
reductioncouldbe translated into savings due to lower management and treatment cbsitshermore,
reusablediaperscan provideeconomic savingsf more thanEUR200 per yea for parents Even taking
into account thelaundrycosts, the savings could be up EWR1 800 per child(Copello, 2020; Krautsuk
and Ojala, 2017)
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Table2.3 Incentives to encourage the use of reusable diapers

Country Incentive

Belgium About 40% of cities give subsidies to families that use cthépers Onthe
presentation of an invoice to the city council, families receive a refoin
typicallyEURLOO or more.

Italy In Colorno, Emilia Romagna, the local administration offers a EUR 50 vc
to buy a reusable diaper kit that costs EUR 120.

UK More than 70municipalities offer economic incentives, such as daastk

schemes, free trial kits and vouchers, to promote reusable diapers.

Source (Copello, 2021)

Conclusion

Disposable diapermake a significant contribution to the volume of mixed waste in Europe. Th
recycling is technically possible, very few-fudale processes exist. Implementati@guiresthe separate
collection of used diapersvhich isgenerally available, whiledour andhygienisatiorrequiremens pose

some challenges.

Reusable diapers are a wagigeventing alternative, which comes with cost savings for the consuboer

to the inconveniencehowever,this alternative is not commonlysed

ough
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Traditionally, singleise beverage cups were typically made from high impact polystyrene (HIPS), EPS, PP,
(recycled) PE®r Polylactic acidRLA). Most biobased beverage cups are made from paperboard, often
lined with PE or wax to provide a barrier against water, grease and heat.

In Europe, since thiatroduction ofrestrictions and conditions set by the Singlee Plastic (SUB)rective,

more beveragecup producers have successfully launched biobased plastic maue ofstarchbasedor
cellulosebased PLAjolybutylene succinatéPB$. etc.,as well as paperboardasedoneswith innovative,
biodegradable coatings and linerdteknatives to regular or recycled kraft paper inclyshperboard made

from grass, bamboo, sugarcarend fungi mycela amongst others Especially for hot drinks, the
paperboard will typically contain sizing agents, such as alkyl ketyl dimer (AKD), edlyicsanhydride

(ASA) or fluorochemicals, to prevent penetration by liquids. Biobased liners that are used as an alternative
to PE include thermoplastic starch (TPS), PLA, biobased polybutylene succinate (bioPBS), and
polyhydroxyalkanoates (PHA). Ofteffrertdsof biobased plasticare used in linerfUNER2021)

Beverage cups are targeted Byrective(EU) 2019/904 on the driction of the impact of certain plastic
products on the environment. The followigticles and associated measur@® specificallyapplicable
to beverage cups

Table 31 Articles and associated measures from Directive (EU) 2019/904 applicalieverage cups

Article Measures applicable to beverage cups, including their covers and lids
Article 4 Consumption Member States shall take the necessary measures to achieve an ambitiou
reduction sustained reduction in the consumptiof beverage cups. The measures m

include national consumption reduction targets, measures ensuring that reus
alternatives are made avable at the point of sale to the final consumer, econor
instrumentsand agreementsuch agthose ensuring that beverage cups are n
provided free of charge at the point of sale to the final consumer and agreem
Article 5 Restrictions on Member States shatirohibit the placing on the markeof cups for beveragetheir

placing on the market covers and lidanade ofEPS
Article 7 Marking Member States shall ensure that cups for beverages placed on the market kt
requirements conspicuais, clearly legible and indelible markingnforming consumers of

appropriate waste management options for the product or waste disposal me
to be avoided for that product, in line with the waste hierarchy; afthe presence
of plastics in the productral the resulting negative impact of littering or othe
inappropriate means of waste disposal of the product on the environment.
Article 8(2) Extended Member States shall ensure that the producers of cups cover the costs pursui
producer responsibility the extended producer responsibility provisions, insofar as not already incju
the costsof the awareness raisingneasures; the costs afaste collectionfor
those products that are discarded in public collection systems, including
infrastructure and its operation, and the subsequetransport and treatmentof
that waste; and the costs afleaning up litterresulting from those products an
the subsequent transport and treatment of that litter.
Article 10 Awareness raisint Member States shall take measures to inform consumers and to incent
measures responsible consumer behaviour in orderrexuce litter, and shall take measure
to inform consumers of cups on:
(a)the availability of reusable alternatives, reuse systems and waste manage
options, as well as best practice in sound waste management;
(b) the impact of littering and other inappropriateagte disposal, in particular o
the marine environment; and
(c)the impact of inappropriate means of waste disposal on the sewer network
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These measures contained in Directive (EU) 2019/904 o &Usdth fossibased and biomass origin

have driventhe pursuit of more sustainableof beverage cups, often bghangingt he cups’ ma t
composition with growing shares of biobased and biodegradable matefTalantafillopoule and
Koukoulas, 2020)

End users of biobased and/or biodegradable singtanultiple-wall beverage cups for hot or cold drinks
include coffee shops, event orgaeis, educational institutions, and households. The use of disposable
beverage cups is expected to rise in line with changing food trends that favour consumer convenience
(UNER2021)

The lining produced from PLA is biobased, biodegradable andaxim Therefore, PL-Aned paper cups

are increasingly replacing the traditiondl00% plastic ones boosting the growth of theanmarket for
biodegradableas opposed tantirely fossitbased cupsAdditionaly, manufacturers are in the process of
further improving biodegradable cups wituchfeatures as heat resistance for oven applicagoneat
sealing, andensuring that theirwater-based elements pose no rigk human health. New paper
composites aralsobeing developed that do not require a barrier in cups, allowing them to effectively
biodegrade(Transparency Market Research, 282

Thevalue of theglobal biodegradable cups market is projectedite from US$ 449.7 million in 2028

US$ 578.7 million by 202(GlobeNewswire, 2022Europe, with high landfill disposal costs, a solid

|l egislative framework and significant public awa
cups(Mordor Intelligence, 20223nd its demand for them is expected to grow by around 8@per year

between 2021 and 2026.

With respect to the feasible and probable eanfilife management, aistinction must be made between
the different types of beverage cups.

In the case of celluloseased cups, plastics liners of either fossisedPE or PLA often hinder fibre

recovery at recycling mills. Although #&linersonly make up about % oftte cup’' s wei ght , n
recycling mills lack the equipment to filthrem out. Another issue that affects the recovery of fibres from
paperbased cups is the need forileking. The denking process is facilitatafisoy, vegetable and water

based inkare usedBASF SE, 202ZtoraEnso, 2022GIE Media, Inc., 2021)

In Europe, driven by the Directive 94/62/EC on packaging and packaging waste, a majority of municipalities
have implemented a separate collection system foo-mingled) plastic packaging from households
Usually, traditionalfossitbasedplastic cupsfrom householdscan bediscarded together with plastic
packaging.

In some municipalitiegpaper cupsfrom household are accepted within therbsidecollection of paper
and cardboardand sometimesbiodegradable plastics are accepted in the organic waste fraction
(Triantafillopoulos and Koukoulas, 20EroWerfnd.). Householdshowever, only usea very small share

of disposable beverage cuparket; commercial clientslominate a share ofabout 75% (Grand View
Regarch, 2022) Some quiclservice restaurants and coffee shops have implementestare takeback
systems and dedicated collection bifNER2021)

Nonethelesssingleuse beverage cups, including biodegradable omesst frequentlyend up in residual
waste fractionsand are either incineratedr landfiled. Typically, dedicated separate collection systems
are not in place, and industrial composting and digestion facilities are not equifipedcognise
biodegradable beverage cups asdparatethem from their nonbiodegradable loolalikes efficiently.
Therebre, to avoid contaminationcomposting and anaerobic digestion plagesnerallydo not accept
beverage cup§UNER 2021, Garrison et al., 2016)
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Table3.2 Technical possibilities for recycling and compostingsaigleuse beverageups

Type of beverage cup Home Industrial Fibre Plastic
composting composting recycling recycling

Paperbased cups with agqueous coating  Yes Yes Yes No

Paperbased cups with biodegradable (PLA No Yes Limited (*) No

wax) coating

Paperbased cups with PE coating No No Limited (*) No

Fossil plastics cups (PP, HIPS, EPS, PET, No No No Yes

Bioplastic cups (starebased, cellulose Yes Yes No No

basedPLA, PBS)
*(Stora Enso, 2022)

Singleuse beverage cups are convenient and cheap for takeaway drinks, andutieeinas become
widespread. As a result, theye amongst thenost frequently foundtems in litter.As mosbeverage cups
are made from nosbiodegradable plastic or polyniined paperboardwhen littered,they contribute to
longterm terrestrial and marie pollutionand impact economic activities such as tourifishing anceven
shipping(UNER 2021)

Biodegradable cups cdxe composted or collected for recyclifthesubsequentecycling operations aim

to recovereither the fibre contentfrom paperbased cups with (biodegradable) lisein paper millspr

part of the c u pcarkon content through of composing in industrial plants Fibrerecycled andalso
compostedcupscan be considered as more circular singde cups, evethoughcomposted plastic does
usually not deliver any benefito the compost. Oftenhowever, compostable plastics only biodegrade
under speific, controlled conditions of temperature, moisture and the presence of microorganisms that
are achieved in industrial composting plants, and will not fully compost in home comp(SEA202D).

Although bidased plastic and papebased beverage cups are often promoted as the more
environmentally sustainable options as compared to fdsaded plastiones this intuitive conclusion
cannot be unambiguously confirmed by comparative lifecycle assessnie@A)(Van der Harst and
Potting, 2013)Furthermore, @spite the fact that suitable and circular eoétlife solutions are available
for all types of beverage cup, most end up in landfills or incinerators as phe oésidual municipal waste
fraction.

To decreasg¢he impact ofboth singleuseandreusablebeverage cups, the share tiemthat is collected
separatelyat endof life and then directed to a material recovery facility, be it a compostaujity, a
material recycling facilitya plastic recycler or a fibre recycling rfiithble3.22), must increase.

Developing clear and consistent labelling and instructions on using and disposing of
biodegradable/compostable plastics is of utmost importafideecurrentEU Circular Economy Action Plan
envisages creating a clear policy framework, including harmonigéb rfor defining and labelling
compostable and biodegradable plastics and performing research to identify the applications for such
plastics that offer more environmental benef{fSEA 2022; 2020) In addition, the introduction of a levy

for singleusebeveragecups isconsideredan effectivepreventionaction that is being considered in some
European countriedpr example Ireland

3 https://www.gov.ie/en/pressrelease/611asminister-of-state-smythlaunchesconsultatioron-draft-

regulationsfor-environmentailevy-on-singleuse-disposablecups/
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An interesting case studgvailable from the Scottistpovernment presents a comprehensive approach to
addressing singlase disposable beverage cups. Scotland has proposed a sustainable model of

consumptionto be introducedby 2025 which aims to facilitate a transition to theesaf beverages in
reusable cups. The recommended measures relate to five key théeRESCOM, 2019)

Culture ofsustairability

1. Using Scotlanevide social marketing measures to promote sustainable consumption and help

make unsustainable consumption socially unacceptable.
Prevention

2. The introduction of a national, mandatory requirement to sell beverages and disposable cups

separately, including an initial minimum price of betwe8BP ®0-0.25 per cup.

3. Retailers and businesses should, in anticipation of future regulation, be supported and encouraged

to put in place voluntary separate pricirigr the beverage and cup to promote behavialir
change.
4. The Scottishgovernment should consider introducing an aitibbus national consumption
reduction ambition or target for singlese disposable beverage cups.
5. A ban on thesale of noarecyclableEP8VC beverage cupy 2021 in line withthe EU SingléJse
Plastics Directive.
Promoting reuse
6-8 Various measures f@romoting keusable cups as a substitute for singke cups
Recycling
9. Promoting the uptake of recyclinghenreuse is not yet possible by:
A innovationin disposable cup design to move to a positienvhichthey are more readily and
widely recyclable andan be recycled through existing collection infrastructure
A ensuringclearer consumer messaging and labelling, to avoid confusion aeutcyclability
of cups, especially those made of biodegradable or compostable materials, andirsighel
desiredbehaviour

A buildingon future implementation of changes to packaging producer responsibility schemes

to support further improvements ithe recyclability of cups and collection arrangements,

includingin the recycling infrastructure.
10. Developingsynthesisingnd | ear ni n g tofinformmoliey devetbpmert and promote
behavioual change, especially on expanding the drivers of respbmsionsumption.
11. Embedding robusanalysesaind evaluation of tests of change within a Scottish context
A publishshare the lessons learned ammcouragesharing knowledge from the private sector
to enable and support change.

Biobased beverage cups can be made from paper or biobased plastics and, in general, are meant for a

single use only. For them to be biodegradab]

e

be biodegradable ofeasily)compostable too. It isery challenging for the user of a biobased beverage
cup, as well as for the composting or recycling facility that receives beverage cups in waste fractjons, to

differentiate fossibased cups from biobased ones, and biodegradable and compostable cupedrem
biodegradable ones. Where possible, reusable cups should be preferred overusiagheips. In those

cases where singlese biobased cups offer practical, operational and/or environmental benefits,

harmonised definitions and unambiguous labelling led biobased, compostable and/or biodegradable

nature of these types of consumer products should be put in place.
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The past decade has seen a remarkable growth iptpailarity and increasing improvement of hitgch
consumer goods. One type of product emerging from years of research and developmerkaties,
otherwise referred to as smart clothing, wearable technology or simply wear@lkt#ger et al., 2011)
Wearables are clothing or accessoiite® which manufacturers seek to seamlessly integrate information
and communication technologysuch assensors. These technologies can then react to the physical
condition of the user, the exposed environment, and mechanical and electrical stimuli, yieldingé@tcrea
functionality (Veske and llén, 2021furthermore, with recent advancésflexible, stretchable and body
conformable electronics for wearables, the targeted applications are expanding tedigt as medical
monitoring and smartor digitally enabledashion, in addition to the existing fitness, health and wellness
wearable device(Schischke et al., 2020)hese producthave beerdeveloped with the overall objective
of having direct benefits forhealth andcomfort.

There isno internationally accepteddefinition of wearables These technologies, however, can be
classified based ortheir proximity to the human body(GEC, 2021)such as the International
Electrotechnical Committée $) definition of nearbody, onbodyandin-body electronicsand electonic
textiles. Since items such as smart watches and fitness trackers, smart eyewear-tasmdeahealth
monitoring devices fall under a specific category in Eié Directiveon Waste Electriand Electronic
Equipment(WEEE(Directive 2012/19/EU)}he foas of this sectioms on these smart gextiles, as this is
a rapidly evolving fielthe environmental impacts and disposal strategidsvhichstill remains unclear.
Many wearable technologies developédus far are powered by traditional rechargeable haties,
however, these tend to be relatively heavy and cannot withstand laundering, @armot be fully
integrated into the textilgDolez, 2021)To combat this, researchdnavedeveloped products that harvest
energy from various sources using the garment or |
thermal and mechanical energyr, for example, through the integration of solar célez, 2021Chen

et al., 2020) These energy harvesting components are integrabedugh woven, knitted or an overlaid
mat, which increases theomplexityof the disposal of these itemsThere are now even various types of
solar yarnsjn whichtiny silicon solar cells are linkday copper wires embedded within textile yarns
themselveqSatharasinghe et al., 2020un et al., 2015)

The market fosmart textileds projected to see strong growth in the coming decade, althogiylenthat
these products arenlynow emerging from years of research and developmenarket growth estimates
are stilluncertain. Some estimates suggeahat this technologicaldevelopment is creatinga fourth
industrial revolution for the textiles anthe fashion industryandthat the market for them will bevorth
more thanUSD130 billion by 2025Cientifica Research, 2016) 2020, thesesstimates predicted that
smart textiles would grow at aompound annual growth rateCAGIRof 29 % over the forecast period,
increasing from just USD $5.31 billion in 2QR@search athMarkets, 202Q)

Given that etextiles are relatively new produstthere iglittle publicly availabléenformationon theirend-
of-life managementA look at the textiles and electronics industry individuaan, however, provide
sense ohow consumersnaydispose otheir unwanted or obsolete-¢extiles.Smart textiles have usually
a relative short lifespan, with mosttextiles ending up in landfis, beingincinerated (Niinmaki et al.,
2020)or donatedto charities Muchdonated clothing howevereventuallyends up irdeveloping nations
where is may be dumpedsevidencedor examplebythe mountains of textile waste that litter the shores
of Ghana(Britten, 2022) Recycing of textilesis alreadya difficult processand dealing with dextiles is
especially challenging due to material inquattibility with other textile fractions.

4 https://teslasuit.io/blog/detailedwearablesclassificatiorby-teslasuitteam/
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Electronic waste has similar, known disposal problems. Consumer electronics often have shortdifespan
which leads evaste to be one of the fastest growing global waste stream2019, the Wited Nations
(UN)estimated that a record 53.6 million tares (Mt) of ewaste was gnerated worldwidea rise 0f21%

in just five years, anil is estimated that by 2030-aste will increase tG4 Mt by 203QUNITAR2020)

This waste contains valuable materials such as aluminium, copper, iron and gold as well as toxic
components (Widmer et al., 2005) However, ofthis massive waste stream, the Ubdktimated
approximatelyl7 % was recycled, with a majority of it bgisent tolandfill or shipped abroa@Baldé et

al., 2022)

Both electronics and textiles are consunmaoducts with relatively short lifespans. There is a fear that if
e-textiles proliferate as predicted, without thought to their sustainability or rethinking their desigay,
will become massconsumption productsubject tofleeting fashion trend (Gurowa et al., 202Q)That
could lead to premature obsolescence and virtual weat, due to short innovation cycles and software
incompatibility,eventuallyresulting in themhavingeven shorter lifespasithan traditional electronics or
textiles(Kéhler et al., 2011}-urthermore, there is a growingeind of rapidconsumer dissatisfaction. In a
2016 surveyEricsson, 2016pne third of individuals questioneeported thatthey had abandoned or
discarded theiproductwithin weeks of purchaselhe reasons for this varied from limited functionality,
poor integration with smartphones, and that newdevices with better features were available on the
market. It isalsoexpected thatas with othertextiles and electronic deviceanusede-textileswill be kept
by consumes at homedue toa lack knowledgabout the products recyclability and of precisely where
to take them contributing even further to global resource depleti@@uro\a et al., 202Q)

With the relatively recent development of these smart consumer produasy limited information is
currently available orsustainabilityissuegSchischke et al., 2020piven that eextiles aim for seamless
integration and unobtrusiveness, one of the major challengesbeilheir recyclability. The nature of the
complex heterogeneous xiure of these dextilesthat they containsmall volumes of valuable materials
that are dispersed over and woven through comparably largetiles (Kdhler et al., 2011)

Existingrecycling technolog camot currenty accommodatee-textile waste.The presentrecycling and

waste management systems are not yet equipped to handle such new, heterogenous and unique waste
streams(Kdhler and Som, 2014 urrently,e-waste is often recyclethy a process oflismantling and
mechanical separatigrbut e-textilesare likelyto causevarioustechnical poblems, such as jamming the
shredding and crushingechanismsAdditionally processing #4extilesmade fromsynthetic fibredn the

plastic recycling systenae likely to contaminate the plastic recycling streamdth e-waste Thus, the
processing of discardedtextiles in establishedecyclingsystemis problematic

There is also the issue of the toxicity or direct environmental impact of the materials that make up e
textiles. The washing of gextiles could potentially release contaminants into the wastewatdris well

known that simple washing of clothing maderir synthetic fibres releases numerous microplasticai

et al., 2020) There would likely also be an issue of releasing any nanopatrticles, as hanotechnology is highly
relevantto the functions ofe-textilesand wearabls (Schischke et al., 202Gupta and Xie, 2018)

The conceptof the circular economyncludesa systematic changm productdesign, whichallows for
extended product lifetimes with valuable materialseventually cycling back intthe economy In the
circular economy users arethus alsoencouraged to repair and eventually recycle produsts that
valuable, finite resources contained within these consumer prodoatsbe recovered and reusethis
overhaul of manufacturing would consequently yield less material usafee relativdy recent
introduction of etextiles and wearablegrovides aropportunity to influencethe end-of-life management
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or recyclability of dextiles before th&@ mass manufacturing renders environmental improvements
difficult (Kéher and Som, 2014By encouragingr requiringmanufacturers to consider these issuesm

the design and development phase, there is a chance to redirect the production to advance sustainability.
There isalsoa call for the development afearable ance-textile design guideline®r companies taitilise

to addresingthe questionof how fashion wearablesouldbest meet consumer needs and preferences in

an environmentally sustainable wégurova et al., 2020)

In a first attempt to develoguidelinefor green wearablesncluding etextiles, Schischke et al. (202&jid

out best practice cases from the existing literatamed their own research on heterogeneous electronic
systems.Theseguidelines describe how ranufacturers could reconsider material choices to include
components with lower toxicity anféwer upstream environmental impacts and processing technolggies
together with suggestions for understanding aedtendingproduct lifespas and usage. Similar s for
agreaterfocus on the specification and sourcing of more sustainable materials and on developing design
strategies to allow for recycling arde reuse of valuable componentave been made by othef¥eske

and llén, 2021Gurova et al., 202Kdhler and Som, 2014; Timmins, 2009)is includes developers and
manufacturers making the lifecycle inventory information availablegensourceLCA databases, in an
effort to help better manage the environmental aspects eegtiles(Kdhler and Som, 2014)

Given that etextiles have electric and electronic components, these pogl may end up in-easte
recycling systemg=textiles are not howeverexplicitly addressed by the 2012/19/EU WERfectiveand
arethus likelyto be rejected at collection pointdohler et al., 2011heEuropean EcdesignDirective
which mandates ecdesign requirements for energglated products, mayhowever,serve as a model
also for etextiles(European Commission, 2021) therecentproposal fot h e Di reeisionthevEd’ s
aims for all textilesto be longlived, recyclableand produced with regard to current social and
environmental aspectby 2030 Clarifyingthe legisature regarding dextiles is necessary for providing a
clear path forward for developers and manufactureand if the revision isadopted the Ecedesign
Directivemay just be the legislative vehicle to clarifyextile requirements

Sgnificant improvementén the recycling systemare neededo take accountof these novel gextiles.In
interviews, ewaste recyclers emphasd the need to improve the ease oftextile recycling, such as by
developingmechanical shredders designed aglipped to handle thie complexitiedKdhler etal., 2011)
Moreover, the valuablelements irtraditional WEEE are mostly found concentrated iritpented circuit
boards which is not the case fortextiles. Thus, personnel at WEEE recycling centres need to be trained
to recognisewhen etextiles enter waste collection systems, so they can be hanskgdrately(Kohler et

al., 2011)

Given how recerty theseproducts have been introduced, it is clear tlestextiles need to be designed for
repairability and consumers information on and accessettextile repair and reuse services used
product market, and, as mentionedglear recyclingoptions. This would requiresystemicchanges in
numerous aspects of societiyn recent years, foexample the younger generatiorisnterest in learning to
mend clothing has been in apparent declindeading Gwilt (2014)to make the casefor textile
manufacturersand society to start thinking of fashion as a community of suppliers, desigreteslers,
menders and recyclers, and the need fore-engagment with seeingclothingas repairableinstead of
simplyuseand diposal(Gwilt, 2014) Sucha changemight further encourage theepair and reuse ofe
textiles, once they are ubiquitous.

The primary issue with-eextiles and wearables itheir technological integration. One resedr group
decided to examine the possibility of designing smart textiles for disassent@dyesearchensivestigated
various techniques for reclaiming and reusing the valuable resourcetekiiles and explored how these
techniques could be incorporateidto their original designThey successfully demonstrated that with
various modifications to knitted and woven fabric structures, a desidoedisassembly extile could
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be createdandcalled on manufactures to include such designs into their product developniéhiand

Devendorf, 2020)

Anotherinnovativeideaisincludng pre-arranged delivery to a recycling centmetheendofa pr oduct ' ¢
life. The secalled HitchhikeBervicas a platform that atomates and simplifies the return of smart devices

to ensuretheir recycling. The idea is th#tte platform, througha digital smart contract, would take over

the connection between the smart device, logistics providers aretycling centre in the vicinity of the
device’'s | ocati on wh eits lifdtithee While ooiginallg intentedos ewastecire e d e d
general, the usefulness of such a system foexdiles and other wearables requsdurther exploration.

This work is currently in development and has yet to be integratedgriducts available on the market

(Lawrenz and Leiding, 2021)

Given that etextiles are only just recently emergiag mainstreantonsumer producmainstream, there
is still the chance to integrate more sustainable strategies int@ thesignand ensure easier disassembly
The issues associated withtextiles provide manufacturers a clear opportunity to incorporate more
circular strategies into their product lifecycles now, befarsustainabladisposal and the loss of valuable
resources becomes uncontrolled.
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Expanded polystyreneEP$is a rigid thermoplasti¢®) with good electrical insulating properties and
strength. Duringits manufacturing, small polystyrenéPS)pearls are heated under pressuir the
presence ofpentane which acts as a blowing agent toster a cellular structure The pearls widen into
balls that consist of 9% air and 26PS The immobile air within the plastic cells makes EPS very light and
gives it the ability to isolateatd from hot andvice vesa Anexcellent insulatorEP$s strong lightweight

and affordablecan resist abrasion an@tains its flexibility atow temperatures (BCC Research, 2021)

Expanded polystyrenis currently used widely ithe building and construction industry and in packaging
applications. In the building and construction industry, EPS isfose@rious applications because of its
insulation ability and lightnes&or examle, EPS is used in exterior and interior insaatand finishing
systems, cold storadacilities andightweightstructuresin whichsomerock material is replaced with EPS.
It is currently widely used as protective packaging for lightweight, fragitk slrocksensitive products
particularlyin the electronics industryA key attributeof EPS for packaging applications is its ability to be
shaped so as protect devices of various shapes and(@z&Research, 2021)

Globally, around 50 % of the total market volume of EPS is used in building and construction applications,
andaround 30 % in packaging applications. Consumer prodwcisunt for aroundlO % of the demand

for EPS&nd around 8 % is ad in automotive applicationg here is a need for lightweight,agchbleand
chemically stable materials ,ifior example,automobile parts and packaging solutioaad thus,the
demand for EPS is expected to griovthe comingyears althoughthe currentfocus on redaing the use

of plastic hasncreasedhe use of alternativesuch as corrugated paper and cellulobethe construction
industry, EPS consumption is driven by the need for insulation requoédcreasethe energy efficiency

of buildings.Globally, market$or EPSre forecast to groviy 4-6 % per yeato 2025, depending on the
segment(BCC Research, 202Ik) Europe, the growth rate is slightly higlf@echnavio, 2021)

In 2019 507 kilotomes (kt) of EPSwaste was collected in Europemost of which was generated by
Germany 114kt, followed byFrance 76 kt, Italy, 59 kt and Poland39kt. Ofthe total EPS wasteollected
2019 in Europe, 372 ki3 %,was packaging waste ariB4 kt, 27 % was construction waste. THew
diagram Fgure 5.1) shows tha#d6 %of EPS wastes incineratedwith energy recoveryabout 30 % is
recycled and 24 % is landfillé@onversio, 2021)

5 Thermoplasticsare a family of plastics that can be melted when heated and harden when cooled.
Thermoplastics can be repeatedly reheated, reshapedsatidified (PlasticsEurope, 2021)
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Figure 5.1 The collection and sorting of extended polystyrene waste, Europe, 2019.
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Table5.1 givesdata onthe end-of-life management folEP $ackagingand EP$onstructionapplications
separately In this context, it should be mentioned thdiecauseof the high prevalence of litter in the
marine environment and the availability of alternatives, singge food and beverage containers and cups
made of EPBave beerrestrided under theSingleUse Plastics Bictive Food containers made &P Sor
immediate consumptioras well as ERsverage containerand cupscannot be placed on the market.

Table5.1 Post-collection treatment ofexpanded polystyrengpackaging and construction wast&U27,
Norway, Switzerland and th&K 2019

EPS Waste Total amount (kt) Recycling Energy recovery Landfill/ Disposal
EPS Packaging 373 38% 38% 24%
EPS Construction 135 10% 66 % 24%

Source Conversio (2021)

Fifty-six per cenbf the EPS packaging wastames fromcommercial activities while hseholdsgenerate
44%. More than 55 % of that commercialapkaging waste is recycled, while the recycling rate for
household EPS packagiwgste is much loweat 15 % mostly due tothe lack of separate sorting and
collection (Conversio, 2021

Compared to EPS packaging waste, the amouiRstollected from construction is significantly lower,
and 65 % of this is from demolition activitiesthe recycling rate for EPS demolition wastehbwever,
currently very lowat 1.4 % likely because most of it is generally collected in mixed construetaste
streams. Moreover, the risk of contamination with flame retardants hampers recy@higrachtiger et
al., 2020) The overall recycling rate fdEPS constructiomnd demolition waste is 9.6 %, based
information collected from 22 European countries (Converai21). Howeverlow recycling rates have
alsobeen reported including by thd.ife EPSSureproject (CicloPlast, 2019)vhich might reflect the fact
that plastic recycling is generally a quitew and fast developing area.

In 2018 the Association for European Manufacturers of Exgad PolystyrenédEUMEP Sjigned a pledge
to increase the recycling activities of EPS waste Associatiomommitted to recycling257 kt of EPS
waste in 2025whichwill represent46 % ofall collectedEuropeanEPS wastel his amount is planned to
be reached by recycling 185,180 %,0f packaging waste and k2, 38 % of construction wast&EUMEPS,
2018)
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Some European countriehiowever,have already reached a recycling rate of EPS packaging higher than
thei n d usypledgal target for 2025.The countries with high performances in recycling EPS packaging
are Portugal83 % Norway, 76 %;Denmark 60 %;Netherlands 59 %;Austria andhe UK 56 % each; and
Ireland and Belgiunb2 % each Moreover, Austria, Denmark, Ireland, Norway, Portugal, Turkey and the
UK areall targetinga recycling rate ofnore than80% by 2030In Portugal most of recyclatriginates

from EPS fish boxes and the waste is first recycled as general purpose poly$GPPBandthereafter

as extruded polystyrene (XPS), whichded in construction.

During the last decadeolystyrenehas made u@round 10% of globalby weightof overall anddue to

poor recycling ratesit is a postconsumer waste ofhigh concern (HidalgeCrespo et al., 2022)
Furthermore removing food residues and odours from wagtdystyreneis challenigng, In particularEPS

fish boxeswhich,although in principle 100 % recyclable, mostly end uanfill, 45-50% in Europe and

55-60% in SpaifCicloPlast, 2019 ue t o t he ‘expanded’ characteri st
additional recycling challenges. Being composed mainly of air, EPS is very bulky from a handling and
storage point of \@w but with actually relatively little material content to generate value as a secondary

raw material. Additionally, its light weight makes it easily swept away in the wind or water, adding to the
problem of littering and ocean plastics.

As EPS is highlammable, flame retardants are commonly added to many EPS prqodsgtscially those
used construction. Aus, here is a high risk that EPS demolition waste contains hazardous brominated
flame retardants (BFRs3uch ashexabromocyclododecane (HBCDQurner, 202Q) This further
complicates the handling and recycling of this material.

Efficient recycling ofisedproductsusually requires that the waste @llected separately at sourcén
Europe, postonsumer EPS generallycollected comingledwith other plasticsor with mixed waste.
Thoughmechanical separation of EPS is challengiraimples from Swedeshows thatEPS can be sorted
from mixed postconsumer plastic wastand recycled at scaSvensk Plastatervinning, 202Eyamples
from initiative inFinland, Portugal an&ain show that centralised collectio of food boxes from the
industry and retai#rs can deliver the economy of scalenecessaryto inveg in recyclingincluding
appropriatedeodorisationandthus enablehat the materialcan berecycled intoother products, such as
insulation(Kesko, 2022SvenskPlastatervinning, 2091

TheEU is restricting placing singlse takeaway food containers on the markdipweverthere is still a
growing demand for lightweight, reusable and chemically stable matdoalthis application For this
reason, usagefoEPSs not likely to decreasén the shortterm, underlining the need foEPSecycling
systems to béurther developed. Emerging technologies in this area incllej@lymerisatioror pyrolysis
both ofwhich can allow the inclusion of contaminated Ele®d, althoughhe status ofsuch approaches,
termed chemical recyclin@s a sustainable recycling methark stillbeingdebated.

Most of Portugal recyclatesoriginate from EPS fish boxes and the waste is first recycled as GPlR8mand
used in construction as XPS. Téwstruction and packaging product company Bewi Circular started
collecting, compacting and recycling EPS fish boxes frdmaralburs and fishmarkets in Portugal in 2020
and Abythe end ofthat year, the recycling rate for fish boxes was 70 % (Conv@Gii).

Some other sectordor example toyand home furnishingoroducersare working toreplacingeEPS foam

with fibre-based materialsncludingcorrugated or malded paper which are easer to recycle To keep
the durable and lightweight properties of ER@&mM, honeycomb constructiaof fibre-based materials
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which are both strong and lightavebeen tried out as recyable shock absorbein packaging solutian

The home furnishing company IKES®k four years to phase out EPS foam in almostsflat packs and
replace it with the new recyclable packagsgutiorns. The company reported thahe change tofibre-

based materialsneart a reduction o8 000tonnes of EPS foamer year(IKEA, 2015)

ThePolyStyreneLoopooperative, countingnore than70 members and supporters from the entire-PS

foam value chain across Europe, was founded in November 2017 in the Netherlands with tbé aim
developng and offeing a sustainable solution for HB8am demolition waste containing
hexabromocyclododecane (HBCR flame retardant PolyStyreneLoop uses solvolysis technology, a
physical process, which allows the recyclindg® 8fvithout changing its molecular structure by separating

it from the HBCD. The HBCD is subsequently treatedbioraine recovery unit, wich allowsfor the

recovery of elemental bromine and the safe destruction of HBEC®! | owi ng P obagk@ptoyr enelL
in early 2022 its activities were bought by a German consortium apgerations are continuing
(Polystyreneloop, nd.)

Several initiatives in Europe demonstrate that EP$dadilyrecyclable materiabut to increasdts overall
recycling rate, separate collection both from households #ralconstructionindustry must increase
Economielly viablelogisticsto and fromcentral collection points need to be established. Dimettse of
packaging and construction EP8ifficult due to contaminatiorissues but fibre-basedalternativeshave
beendeveloped, whichauld, at least partlyreplaceEPS in packaging.
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PeZand polyfluorinated alkyl dastances (PFAS) are a group of more than 4 700 chemicals that are, or
degrade to, very persistent compounds. They are widely used as surfactants, stain and water repellents,
emulsifiers and lubricants in consumer products, pharmaceuticals, pesticidendustrial processes. As

a consequence, PFAS have been found everywhere, even in the most remote parts of the world. PFAS are
considered moderately to highly toxic to humans
2019)

The European Chemical Agency (ECHA) describes PFAS as‘fbflewall contain carbefiuorine bonds,

which are one of the strongest chemical bonds in organic chemistry. This means that they resist
degradation when used and therefore accumulate over timbumans, animals and the environment.

PFAS have been frequently observed to contaminate groundwater, surface water and soil. Most PFAS are
also easily transported in the environment covering long distances away from the source of their release.
Due to his persistence and mobility, cleaning up polluted sites is technically difficult and ¢BSIHA,

2022)

The useof PFAS hagrownvastly sincahey werefirst used in the 1950s due to their excellent water, oll
and dirt repellentcharacteristic{Buck et al., 2012)Thousands of different PFAS are used in a range of
applicationsin textile and fabric treatmert, furniture, cooking equipment, electronics, construction
products and upholstered furniture (Hill et al., 2017) They are alsaused inthe manufacture of
fluoropolymers for example PTFE-often known as Teflon.

Fluoropolymers may contain residual PFAS or PFAS may occur from polymer degradation. Table 6.1 gives
illustrative examples of consumer PFAS containing prodbetscould be disaaled in municipal waste
streams

Table 63 Examples of mixed municipal waste containing PFAS and fluoropolymers in mixed municipal
waste

Product group Specification (use of PFAS/fluorinated polymers)

Paper andcardboard: Various PFAS/fluorinated polymers are used in paper and cardboard pack

packaging materials, for example, popcorn bags, pizza boxes;féaxt containers and bakiny
papers(Bokkers et al., 2019)

Cookware Nonstick PTFIEcoatings are used various kiwhware, such as frying pans ar

other cooking utensil{Cousins et al., 2019ajlue to their high chemical ani
thermal stability as well as oil/wateaepellingand nonstickproperties.

Textiles: clothes Outdoor clothing and other oeiland dirtwater-repellent textiles made of multiple
layers(Knepper et al., forthcominddolmquist et al., 2016

Textiles: carpetsand PFA&reusal extensively as stain, soil, dirt and water repellents in carpets and

furniture and furniture(Rojello Fernandez et al., 2021)

Cosmetics and personal Fluainated substances are usedor examplejn hair products-up to 2.4 % PTFEE

care products mascaras- up to 13 ¥PTFEface powders-up to 3 % PTEEye shadow, dental

floss, sunscreeand protective maskgGaines, 2022;iich et al., 2018Johnson
and Zhu, 2018)

Technology Solar panels
PFTEare used as a protective layer in the backsheet of photovoltaic (PV) pa

makingup roughly % of t he backsheet mat er i%s
of weight of the what panel(Aryan et al., 2018)
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Product group Specification (use of PFAS/fluorinated polymers)

Electronics
Fluorinated polymersre used in numerous electronic applicatiomscludingflat
panel displays, liquid crystal displagdectronic devices and equipmeused for
testing, such asensorsas heat transfer fluids/cooling agenta cleaning solutions
and for etching piezoelectric ceramic fillers due to their dielectric properties
chemical stability. The share of tHeiorinated polymersis, however, typically
rather low relative to the total weight of the application. For example, in lithit
ion bateries polyvinylidene fluoride (PVDF), which is used as a binder ir
electrode layer, makes up just2 % of the totalveight(Mossali et al., 2020)
Construction products Many constructiorelements, includingoofs, facades, stones, flooandwindows
are surface treated with chemicals containing PF#@ne ofwhich have been
banned in recent years but may still be present in products in use.

Glass treated witiPFAS can be used in haadaccess locations, such as buildi
facades and solar panels on ropé&cesgo whichfor cleaning would be diffult
(Rojello Ferndndez et al., 2021)

Since 1951PFAS have been used in outdatathingto impart water and dirt repellencéGaines, 2022)
For example, PFAfsed impregnation agents are uded various outdoor clothing for children and found
in a test campaign tbe presenin 10-30 % of all childrens ¢ |(Lagsdn etalg 2015)he impregnation
treatment can be applied during productiari clothes or by treating clothes afterwards with dispersion
agents to regain water repellence lost during use. Typicdly fluorochemical makes up.05-0.5% by
weight of the textile to deliver durable repellen¢6aines, 2022)The loss of PFAS from clothes to the
environment can occur in the use phase due to wear &t enhanced by ultraviolet radiation, high
temperatures and humidity, which degrade divater repellent (DWR) polymelvan der Veen et al.,
2020; Gremmel et al., 2016l the posttreatment of textiles, a potential source of human exposure to
PFAS may occur through the inhalation of impregnation sprays.

There is no data ohow manytextile products actually containing PFAS/fluorinated polymers. Based on
the PRODCOIgales data and additional analysis, it is estimated thad@®-80000tonnes of PFAS are
consumed in textiles, upholstery, leather, apparel, and carpeti_ &) in the EU annuallf¢Vhiting et al.,

2020) Even though the industrgroducing, for examplegutdoor textiles is increasingly moving away from
using PFAS, many of these textiles are still in circulation and may end up in secondhand shops for further
use.

Currently, the only way teafelyhandle PFAS and fluoropolymer cainting waste is to incineraieat very

high temperaturesAlthough data is not available, ig likely thatmost fluorinated polymer containing
wastes are sent to municipal waste incineration plaméthin the EU, these facilitidsave a minimum
requirement that flue gases reach temperature of at least 850 °C for 2 seconds, but it is possible that PFAS
do not undergo complete degradation in these conditions amaly persist(®). There is also a lack o
measurement data on PFAS emissions from municipal waste incineration glaatformation of volatile
fluorinated gases during waste incineratibasbeen identified asa possible source of PFAS pollution
(Danish EPA, 2019)

Landfilling PFAS containing waste is a sourcgrotindwater pollution. Goncentrations have been
detected in European landfill leachates due to tligh-water solubility of PFAS compounded thereare
challengesn capturingPFAShrough leachate treatmentThe efficiency of the treatment technologies is
substance specific ardkegradation of PFAS to other hazardous substances may occur. Besides efficiency,

6 If the halogen content exceeds 1 % (recalculdmdfluorine), temperatures of 1 108C with a minimum

residence time of 2 seconds are needed to mineralise all organic compounds. High fluorine content,
however, does not generally occur in consumer products.
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the treatment costs, such as costly regeneration and energy costshamtiallengesnvolved inhandling
of the high volume of wastewater sludge need attenf&@mC WMGE and ETC/CM, 2021)

According to a review by Tang2022) inhalation of PFAS is a significant exposure route for the workers
at WEEE recycling operatigremd thisissue is also relevamd the handling of textile and carpet waste
Since PFAS are not chemically bound to waste materials, they are releasediuoiraimprocessing for
example shreddingandsorting andare thentransportedby atmospheric diffusion

In the EU, separately collecteghd-of-life textiles are reused or recycled by charities or industrial
enterprises. The reusable clothes are saithinly on foreign markets. Thenused textile waste is
incinerated or landfilled on some casemay bedowncycledo rags, upholstery filling or insulatidiTC
WMGE, 2019)

Toxicity and persistence issues mean tR&ASontaining products should be removed from material
loops and in principl@either reused nor recycledddequate labelling of products is a kelyallenge for
limiting reuse and recycling of PFAS containingtev&urrently PFRAS and also other legacy substances
like flame retardants areeusedrecycledin, for examplecarpets.

Besides concernabout their waste managementa specificchallenge of the PFAS and fluoropolymer
containing products relates to tlireproduction Especially duringFAS/fluorinated polymer productipn
not only do toxic emissions of PFAS &, soil and water occubut also the use ofaw materialsand
chemicalsinduce high emissionsof greenhouse gas and ozodepleting substanceswhich needs
attention. Furthermorehazardous wastgare generatel in the procesETC WMGE and ETC/CM, 2021)

The concept of essentiabe was introduced ithe EUChemicals Strategy fsustainabilitjtowards a toxie
free future. The Committeedor Risk Assessmeiaind SocieEconomic Analysithat support theECHA
proposethe restrictionof PFASvith some PFA8assified asubstance®f very high concerrSVHC)One
option presentedby experts insomeMember Stategs to limit the use of PFAS arftliorinated polymers
only for essential usd.e.,for whichno substitutes areavailable(Cousins et al., 2019bfor the oil and
dirt-repellent effect required forprotective work clothing and medical textilefor example, no
comparalby effectivePFASfree optionsare yet availableThisconceptrequiresa broad indepth analysis
of the benefits and risks associated with the use of fluorinated polymers in diffapgptications andalls
for the development of a frameworkvith criteria for the categorisation of different applications as
essential or noressential.

The substitutiorof PFASvith other chemicals or raw materiadéfers a solutiorfor several product groups
such as textiles.

Water-repellent textile surfacewith a variety of polymer architectures, including lingarlyurethanes,
hyperbranched polymersilicones waxesand nanoparticleshave been createdCousins et al., 2019b;
Holmquist et al., 2016)For example, foroutdoor apparel similar waterrepellent properties can be
achieved with noffluorinated finishegHill et al., 2017)in the textile sector, some brand nam@scluding
H&M, Adidas, Lindeand Jack Wolfskipnhaverecognisedhe problems with PFAS amdw market textile
productsfree of PFAS.

In considering good practicettention needs tobe paid tothe concept of regrettables ubst i t ut i on” ,
there is irsufficient informatioravailableon the substitutedchemicalsSomenon-fluorinated alternatives
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for example,do not perform as well as fluorinated ones in repelling oil (Schellenberger et al., 2019;
Holmquistet al., 2016) and might not be sufficient for usgoccupational protective clothinfpr workers

such as those oail platforms(Schellenberger et al., 201%urthermae, substitution is alsmot available

for protective textilesusedto minimise risks from exposure of infectious agefus medical staff and
patients

Labelling of products containing PFAS and fluorinated polymers is mighisgs especially important fg
waste management to enserthe suitable disposal of eraf-life products.

-

Action to phasing PFAS and fluorinated polymers out, for example, in textiles is needed. Awareness raising
among various stakeholders, including product designers, for them to considerntlagérial choices
authorities and enforcement bodies, and consumers would be an important first step. General and specific
guidance to consumers and businesses on how to find fEARiternatives is provided by consumer
organisations and some nationaktitutions.
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7 Furniture

Furniture is a broad product group that encompasiseds,chairs, tables, wardrobes, shelves, cupboards
and more, madef various materials with very different usesn schools, officedhomes outdoors, etc.

The product group is defingd the Council decision EC 2016/1322free-standing or builin units whose
primary function is to be used for the storage, placement or hanging of items and/or to provide surfaces

where users can rest, séat, study or work, whether for indoor or outdoor UgEuropean Commission,
2016)

7.1 Current situation
The consumption of different categories of furniture per yeathiswnin Figire 7.1.

Figure 7.1 Furniture consumption by category, EU28, million tonnes.
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Note: mattressesareincluded herebut excluded irthe definition fromCouncil decisioC 2016Y332(European
Commission, 2016patarefersto 2016 or earliergxactreference year not available)

Source Forest et al. (2017)

Furniture comprises multiple raw materiateludingwood, chipboard, sawdust, fibreboard, metal, plastic,
textiles, foam materials andnetal/electronic appliancesfor example in adjustablebeds and plastic
(Wagner et al., 202%ilas, 2019Bauer et al., 2018; Forrest et al., 20I7dble 7.1 presents indicative data
on the compositionof furniture, wood beingthe dominant material across most categories.

Depending on the type of furniture, the average useful life ranges betwéaghtand 15 years, with large

differences in individual caselurniture made of woodsuch aschairsand kitchen furniture and metal
furniture islikely to have longer liimesthan plastic and composite furnitui@vagner et al., 2022)
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Table7.1 Indicative composition okelectedfurniture, main categoriesEU28, per cent

Furniture item Indicative composition (principal materials only)
Textile Aluminium  Steel Wood Plastic/ Polyurea  Chipboard

latex foam

Kitchen 2% 40 % 2% 54 %

Metal furniture 20 % 80 %

Non upholstered 80 % 20 %

seats

Other furniture 50 % 50 %

Upholstered 15 % 10 % 45 % 30 %

seats/sofa

Wooden furniture 50 % 50 %

Source Forrest et al. (2017)

There are no explicit statistics on the amount of wdsimiture. Used furniture can be collected as bulky
or wooden waste or even as metal scrap. Furthermore, pieces@l furniture may also end up in
householdwaste bins. If the furniture containstagrated electronic components, it is classified and
managed as WEEHese different collectiomethodsmake the quantification diurniture waste difficult.

One approach for estimating furniture waste, including mattresses), is presented in a European
Environmental Bureau (EEB) rep(fbrrest et al., 2017)which assumes that the furniture waste makes

up 3.75 % of the municipal wasten the EU27andthe UK its share is reported to vary betweer?2and

5% of MSW. Additionally, the furniture waste from businesses is here added to the calculated amount by
using a factor 1.18. As result, the total annual furniture waste is estimated in this repoavi lieen
around 10.8 Mt irthe EU27and the UKor 21 kg/persorfForrest et al., 2017)

Theamountfurniture waste can also be calculated from PRODC&3kyming thaall furnitureproduced
corrected for imports and exportsvill end up in the waste stream. This approach was used in a German
study(Wagner et al., 2022 estimatefurniture waste generated in Germany. As PRODCOM only contains
information of piece&units of furniture, the estimate was calculated based on units of 27 common types
of furniture, the average weight of different funiture units and expected lifetinee As result of the
calculation, furniture waste estimated to be generated in Germany was 3,&itMt3 kgpersoriyr, of
which 1.7 Mt or 20 kgpersoriyr, is collected separately in bulky waste. The German study indicates
significantly higher waste amousper personcompared to the EEB studgpart from the different
methodology, other reasa contributing to the higheramounts of furniture waste ould include
population growth the rising number of singtperson househals,the amount ofliving space per person
and increasingemployment (Wagner et al., 2022¥imilar trends can be expected in many otlted
countries.

According to European Federation of Furniture Manufacturers statistics, 80 % to 90 % offtivaittitk
waste in MSW is incinerated or dispos&dn landfills, and only 10 % is recycl@@orrest et al., 2017).ow
recycling rates mighbe the resilt of furniture being treated as bulky waste, not sorted from other
municipal waste appropriately, and theleeinga lack of suitable recycling servicésaterials that are
recycledfrom furniture are mainly valuablenes such asteel and aluminium.

Retse occurs only to minor exteind is selectivel-or example, the demand for higjuality solid wood
furniture generally tends to be higldurableand valuable furniture in good conditias quite frequently
resold by private individuals auctions, irflea marketsthroughsecondhand shops or online portals. The
number of items traded through these channels is not covered by any statistics and this makes it difficult
to estimatehow much furniture iseused.For heavy and largéems, suchas large wardrobes, the resale is
limited by distance due to available transpamnd its cost. Furthermore, the demand of secondhand
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furniture isdepresseddy the availability and affordability of new leaostproducts(Wagner et al., 2022
Forrest et al., 2017

One of the challengda meetingcircularity goaldor end-of-life furniture relates toits non-circular design
—for example not beingsufficienty duralde orlacking possibilities for repaimemanufacture orecycling
or even thereuse of componentsf lifetimes of furniture could be extended, furniture manufacturers
would experience reduced sales, creating a need to find new business corieptEuropean furniture
industries confederation EFIC claims that pieces of furniture imported from outsid@dshould also
meet the same circular economy rules applied for furniture made I§EELC, 2020)

A lack oftonsumer information is alsachallengein extending thdifetime of furniture consumers are
rarely given guidance on how to maintain and refradgividual items althoughonline resources on repair
techniques help to address this issUée availability of the repair servisand labour costs related to
repair, especially for uphotered furniture, mayalso bea barrier. Furthermore, the transport of reusable
furniture needs more effort tharits shipment for material recycling as furniture needs to be handled
carefullyto avoid damagef-inally, storage of furniture pending reuse peats a challenge due fits bulky
nature and also the need to protect stored items from damage by water, rodetts(Cooper et al.,
20213 Ohgren et al., 2019; FURN360, 2018

One challenge ifurniture recycling relatsto alack of information orthe potential presence of chemicals.
In some cases, textseandleather containing flame retardants and chemicalsripellingdirt have been
used in furniture manufacturingfor example PFAS have, in the past, been usediggepellentsand, as
toxic legacy substancesemain a barrier to the recycling apholsteed furniture (Rojello Fernandez et
al., 2021)

Moreover, furniture is oftenmade of severallifferent materials which need to be separated for material
recycling.Upholstered furniture, forexample, may contain wood, metals, textiles and foams that are
tightly connected by glues, staples or nails. Dismantling the furniture faenmahrecyclingincurs high
labour costs whereas shredding makes recovery of saiye materials, such as metalseconomically
feasible(Wagner et al., 2022Dften, there is aweakmarket for manyif the material streams that can be
recovered from furniture.

In particularthe high share of wootbased materialssuch aghipboard and recyclable composisevhich
are technically difficult to recyclémit the potentialto increa® furniture recycling-kitchen furniture for
example,is typically wood based. ¥éden furniture generally containglues, paintsvarnishesand
staples,and information orthesematerials is often lacking. The use of such furnitura asurce oénergy
is often thepreferredoption, however this presents an environmental rile to potential release of toxic
compoundsn combustion gases

Furniture manufacturers shoulohtroduceecodesigror their products Additionally the use of hazardous
substancessuch aglame retardantsshould be phased out, and,tifey areused,they should be clearly
labelled to avoidthe recycling of materials containindgpem. The EuropeanCommission has published
ecolabelling criteria for furniture(European Commission, 20165 well as voluntarygreen public
procurementcriteria for furniture(European Commission, 201&hich provieg a good base for funiture
designto support circular economy goals. The criteria concern material choices aasasflects related
to the longevity of furniture.
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The benefitsof introducing extended producer responsibili{iEPR) schemes fdurniture need to be
explored.

In the use phase, actido prolong the lifetime furniturdés needed aneasy wayof doing thisis to provide
guidance to consumers on maintenance and regair. this, theavailability of spare parts to repladest,
damaged, or worrout components helpsto prolong lifetimes. Consumer riformation about the
importanceof purchasingsustainable furnituresuch aghe benefitsof prolonging product lifetimealso
needs to be increasedMunicipalities couldorovide information to households on marketplaces fie
resale of furniture and charity organisations taking used furnifivtdios, 2016; Cooper et al., 2021b)

An idea for pomoting reuse igor municipalitiesto collaborate with moving companids transport end
of-life furniture carefully topreventing and so maintain its value and étianality. For consumers, the
effort needed for arranging transport of old furniture fiaruseisrelatively high, and being offered an easy
way to dispose old furniture is considered of great importagidéios, 2016)

The reuseof office furniture rather than household furniturenight be easier to implement. Office
furniture is usually expensive and durable, and there is a high potential for restoring used furniture
through, for example, textile washing, changing frame parts or textiles and repair of scratchestdéere
collabaation between companies relocating or restructuritingir offices and reuse centres have shown
good results- in Vienna Austria, for examplereuse centresihd customers for secondhanfiirniture
before itarrivesat the centre thusoptimising thetransport of furniture for reusgMilios and Dalhammar,
2020; Ohgren et al., 2019)

Improved collection and sorting dgsns for furniture at recycling centres asdso required, enabling
recycling of valuable materials. Crucial is here information on the material composition of furniture.
Information on potential legacy substanceslsoimportant to ensure safe waste magement andhat
furniture containing toxic materials is removed and not recycled.

To achieve circular economy goals, the following policy instruments haveshiggestedWagner et al.,
2022; Forrest et al., 2017)

1 Ecodesigrreuse, recycling, separability of materials/disassembly, material chaiwdurability.
Standardisatiorand compatibility, which entail manufacturing modules, parts and elements that
can be used in different produgthave also been recommended.

1 EPRscltemes (7): collection and takeback systemsrganisedby manufacturers,which can
promote ecodesigrand improveproduct information

1 Green public procuremen@PP €): implementation ofthe circular economy by the public sector
in purchasing products #t fulfil defined criteria, for examp)establishingdlemandfor recyclable
or recycledcontent, repairability etc.

1 Ecolabellingcriteria supporting a durable and higfuality product that is easy to repair and

disassemble

Tax initiativesthe reduction ofvalue-added tax YAT) on repairs andremanufacturing

Standardisationmethods to test product characteristiesid performancesuch aslurability.

Financial support for innovation

=a =4 =

7 EPR is a policy approach in which the oesbility of producers is extended to the pastnsumer stage of
a product’s I|lifecycle. EPR schemes are a diverse
financially, and sometimes also organisationallsesponsible for the collection, sorginand treatment of
end-of-life products. It thereby aims to increase the separate collection ofafHide products and enable
their (more) circular treatment.

8 A process whereby public authorities seek to procure goods, services and works with adreduce
environmental impact throughout their life cycle when compared to goods, services and works with the
same primary function that would otherwise be procured.
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Several of these policies are linked. According to therEgdt , the firststepis to establish a common
more comprehensive ecolabelling systeimcludingratings, that can be used to support the different
policy tools Although theuptake of the current ecolabelling regulation is limifedsystem similar tothe

EU energy labetould provide consumers and procurement professionals with clearer information on the
environmental and circularity features of furniture product8. report from Germany's Central
Environmental AuthoritfUmweltbundesamtrecommendshe introduction of anEUlevel EPR scheme,
including ecomodulated fees set by Producer Responsibility Organisations (ARQsgr et al., 2022)

The impact ofa combination ofthe different policy options listed abovieave been assessed in the EEB
report (Forrest et al., 2017)ully mandatory EPR schemes, ecodesign and GPP would lead to the highest
reduction ofgreenhouse gas emission, up t@ Bt of carbon dioxide equivalent annually. Furthermore,

the EEB report estimates that by implementing this combination of instruments, abol@WbAew jobs

could be createdA significant increase over the current Eurgpeworkforce of about 11,600 employees
involved in repair of furniture and home furnishing in EU 27 (2083L/CE, 2022)

In Francean EPR scheme has been ussidce 2012to finance the collection, recycling and reuse of
furniture. The main objectives of this scheme étogg et al., 2020)

9 reducingwaste furniture sent to landfi

9 increasingecycling/reuse; and

9 stimulatingfurniture manufacturers to adopt ecodesign principles.

The following specific targetsere setfor 2020(Au-Devant, 2020)
1 acollection target of 31 % for separately collected furnituvaste;
i atarget in terms othe coverage of the collection system: 9d of the French population
1 treatment targets for collected furnitureup to 85 % for recovery (including energy recovery) and
45 %for reuse/recyclingn 2020

A graduated environmental fedependingon the furniture category, material and size (weight) is paid by
the end consumer at the time of purchass an ececontribution. The fees are collectdoly accredited
recyclingorganisations, EeMobilier for household waste streams aivhldelia focommerciabnes(Hogg

et al., 2020) Furniture thatmeetscertain environmental criterigfor example, furniturecontainingmore
than 95% of wood from certified forest(®) and without upholstery making iteasy to recyclgbenefits
from a reductionin the environmental fe®f about 15% (Micheaux and Aggeri, 2021)

EceMobilier, (2019; nd.) has reported examplesf the increasedate ofcollectionsince theintroduction
of the EPR schemg@&ceMobilier, (2019; nd.).

1 In2011morethan 50 % of used furniture ended up at landfills

 from 2015 to 2019the amount ofcollected usedurniture increased from 25000 tomes to
874052 tomes;

1 in 2019 about57 % of the collected used furniture was recycled and 36 % umsxzderated with
energy recovery-no dataare giveron the type of recycling

1 In2021 1.2 million tomes of used furnituravere collected, of which 946 waseither incinerated
with energy recovery arecycledand 5% reuseal —no data are given on the type of recycling

° Forest certification is a mechanism for forest monitoring, tracing and labelling timber, \anddpulp
products and nortimber forest products, where the quality of forest management is judged against a series
of agreed standards, e.g. those of Forest Stewardship Council (FSC).

ETGCE Repor2023/3 29



In the short term, to promote the achievement of circular economy goals, pgihg the life and the reusg

of highrquality furniture made from wood and/or metal could be supported through the fostering of re
services and the establishment of marketplaces for secondhand furniture. In the longer term, fur
should be designetbr disassembly and recycling, and the introduction of EPR schemes could effe
support circularity.
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Mattresses are available invariety of sizes and price ranggbough each type of matess is composed
of asimilarset of materials, mostly arranged in a multilayer configuration.

Mattressesaretypically built up from a support core that provides structure, an upholstery corafetem

for softness, and a (removable) outer titlat facilitatesmaintenance. Different types of mattresses are
distinguishedby the main materials used for tliresuppat core. Innerspring mattresses have steel coils
wrappedin polyester orPPfleece, whereas latex and foam type mattresses have latex blends or (high
density) polyurethane cores. Upholstery layers include natural and/or synthetic latex, low resistance
polyurethanefoam, memory or viscoelastic foam, natural and/or styrdngadiene rubber (SBR) latex
blends, polyurethanegel, polyester, wool, cotton, coconut fibre, feather, hemphorsehair Ticks are
usually woven fabrics made of cotton, polyester, $#R, nylon (polyamide), wool or viscose. The use of
many material combinations allows for different levels of contouring, motion isolation and temperature
and humidity regulatioffOneCare Media, 202Peliege and Nijdam, 2010)

In France, where an ERRRhemefor mattresses has been in existence since 2012, the collected material
has beercataloguedin detail(Recyc Matelas Europed.). Data from a UK studfChapman and Bartlett,
2012)also providecompositions details of thaverage mattressBoth studiesshow that approximately
one quarterof the weight ofdiscarded mattresssconsistsof polyurethane(Table8.1).

Table8.1 Material composition of mattresseg~rance and the United Kingdorper cent by weight
Material category  Weight % (France) Weight % (UK)

Polyurethane 23% 27%
Metals/steel 18% 31%
Latex 11% 3%
Mixed textiles 10%

Polyester 8% 4%
Residues 8% -
Felt 8% 1%
Wood 8% -
Wool 5% 4%
Cotton 2% -
Nonwoven cotton - 16%
Woven cotton - 6%
Fibre - 7%

Note: percentages may not sum due to rounding
Sources: Recyc Matelas Europe (nd); Chapman Badlett (2012)

Polyurethane foam is manufactured from chemicals commonly derived from crude oil. According to
polyurethanefoam producers, nearly 90% of mattresses produced in the EU contain oneretypes of

it. The EU’ s pr @dyurethamnetmam isoof arolirid 80000 lohnes pelear(Recticel NV,

nd.).

The total European production of mattresses is around 50 million units annually. Of those, alndést 90

contairs 2-30 kg ofpolyurethanefoam. About 50 % of mattresses produced iBuropeare innerspring
ones 40% bam, andabout 7% htex. The share of PU core mattresses is slowly growing, especially thanks
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to the strong growth obed-in-a-box mattresses(*?) (EUROPUR02D). TheEU27mattresses markeis
forecast to grow from USD 5.87 billion in 201@tound USE8.96 billion in 202§Statista, 2022)

The key factors responsible ftris growth includethe growinghealthcare and hospitality sectort.is
further explained by the rising purchasing power of people in Eeireynich allows them to buy premium
mattresses but also to replace them more frequently tlathe past(Bonafide Research & Marketing Pvt.
Ltd., 2022PR Newswire, 2022)

Mattress composition has changed dramatically in the last decadepaiticular, there has been an
increase in use of pocket springs, from less tha®ol6f the market 15 years ago to nearer%Qoday,

with most of this growthoccurringthe last 10 years. Pocket springs are typically lighter as compared to
opencoil sprhgsets, which means the steel content of newer mattresséavwer (Bell et al., 2019)

The average weight of mattresses received by recyclers in the UK has been calildtkd per mattress
(Bell et al., 2019)

Mattress lifetimes vary greatlgetweendifferent types, material combinations and the intensity of use.
Lifespans vary from-8 years for innerspring mattressaspre than8-10 years for hybrid anchemory
foam typesandup to 12 years for higher quality foam and latex mattregSdsepopolis UK, 202€asper,
2020)

In the EU, more than 30 million mattresses annually reach their end of life and it is estimated that 60 % go
to landfilland 40 % are incineratédEur opean Beddi ng | n.dAssaninganawge AS S 0 C
unit weight of 24 kg, mattresse¢lus account fomore than 700000 tomes of waste.

Technically it is possible to recycle mosttbé material in amattress. In practice, recycling activities
concentrate on the most valuable materials and the easiest to recover, in partiollarrethanefoams
and aluminium and steel coils and frames.

The recycling of mattresses requires separate collection sysietns in place. Since mattresses are very
diverse with heterogeneous material combinatior@ganisedin complex multilayer structures, the
discarded and collected units need to be separated into different categories and disassembled in order to
produce diferent material fractions to be recycled into secondary raw materials that can be used. The
disassembly proceggpicallyconsists of:

reception:unloadingand dry storage to avoid contamination, sorting by mattress type

sanitising: applying chemical beat treatments for sterilisation

filleting: cutting the mattress' outer fabric cover and the binding flanges

disassemb and sortingsegregatinghe different materials by type

handling materials: baling processes, product storage as Batess material (sorting residues) or

in containers (metals), before delivery to downstream processesh as theecycling of metals

=A =4 =8 -8 -4

Textile fibres, bothwoven andnon-woven fabricscontainingcotton, wool, linen or polyester, can be
reprocessed into gaextiles, oil filters, insulation, etc. Metal springs and frames are recovered as metal
scrap, and wood can be used for chipboard or energy recqtzemppean Commissiong.). The separated

and sortedPUfractions can be recycled either mechanically or chemically.

Mechanical recycling of polyurethane foam
The polyurethanesused for mattresses are thermosets, which means they cannot be remelted and
reshaped. As a consequence, the common mechanical metsets for recycling thermoplastiese not

10 Foam mattresses, usually sold online that have been rolled and essgd to be shipped and delivered to
the end user’s door in a box
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applicable. Mechanical recycling pdlyurethanefoam is therefore limited to shredding the foam scrap
into smaller piecesvhich carthen be used for rebonding, adhesive pressing, compressioruiding, and
injecion moulding of thePU particles along with a molten polymer or additional isocyanate monomer
resin.

Applications of rebonded foam include sound dampening, impact resistance, vibration dampening, and
cushioning uséin products such as carpet underlayymgmats, acoustic insulation and shock padder
sports and artificial grass pitch@EUROPURO021).

Most of the existing EPR systems in the EU rely on mechanical mefhiogsocesing discarded
mattresses andecyclingthe polyurethanefoam fraction. Discarded mattresses are collected through a
central point, such as a civic amenity sibeilky waste kdoside collectios; on-demand collectionor
through (voluntary) retailer takéack systems. An example is RetourMatras in the Netherlands, that
receives mattresses from civic amenity sites and retailemperates a production line for manufacturing
rebonded foam from collected mattresses. The production process produces large rptiyofethane
foam that are steamed into flakes, glued and compressed by a mechanical piocesheets, whicban

be cut to any desired thickness and lengile used agsulation materisdand underlagfor sports floors,
artificial turf and playground¢RetourMatras, 2022)

Chemical recycling of polyurethane foam
Chemolysis includes acidolysis, glycolysis, hydrolysis, amiratggidosphorolysis differentiated by the
base materiafor dissohngthe foam.

Through chemolysis, the foam waste can be graddaipolymerisedo form organic compounds, original
reactants or other low molecular weight oligomers. The properties of the ciisis products depend
greatly on the type of degradation reagents used during the process. Currdrahe chemical recycling
technologies focus on the production of highality recycled monomers of polyol, to be used as a
feedstock for new polymers.

The glycolysis technology has been in use at an industrial scale in Europe since 2013-ifedystsal
waste i.e., production oftuts, and is increasinglysedto recycle postonsumer foams(EUROPUR,
2021a) Acidolysis islsoa mature technology applied at industrial scale. Hydrolysisbeas introduced
in pilot projects while aminolysis and phosphorolysis hawdy been studiedn the lab (Grdadolnik et al.,
2022)

Thermochemical treatment techniquesuch as pyrolysis, gasification and hydrogenatiwealsoused to
convert discarded mattred®BUbased foams into either valuable monomers, feedstock chemicals, syngas
or hydrogen. The thermal treatment of a copolymsuch agolyurethane always givesise to several
chemicals, with different possible applicatiofi@eng et al.2021;Gadhave et al., 2019)

Reuse options ardimited for mattressesdue to hygieneconcerns and low consumer demd Some
initiatives for refurbishinghem have been identified*!), but the associated health risks and liabilities
remaina major challenge.

11 https://www.linkedin.com/pulse/mattressefurbishingdoneright-barbaraeastwoodcoombs/
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For discarded mattresses to be considered recyclable, they must
91 be collected for recyclingnd sorted intospecific material fractions
1 have market value, and/or be supported by a legislatively mandated progeam
1 allow disassembly, separation, sorting and recycling with mature, commercially available
processes
1 generaterecycled output matedlsthat is indemand for usen the production of new products.
(RecyClass, 2022)

The bulkinessof mattressesmakes them difficult to handle during wastmllection and subsequent
transport. In the EU, most mattresses areverthelesseffectively collected through municipal collection
systems for bulky waste, anttansported to disposal facilities, mainly landfills (66) and waste
incinerators (40%) (European Commissiongd.). In incineration, because of their bulkiness, mattresses
need to be cut down and mixed with other lower calorificstessbefore beingfed into the waste burner.

Metal coils can easily jam the shredding and feeder equipment, leading to costly process disruptions.
Additionally, the incineration of mattress materials can cause damage to flue gas installations. Mattress
incineration is therefore complicated, expensive and potentially polluting ¢ABTRO, 2019).

Mattresses arghusa problematic and costly waste stream because of their weight, bulkiness and difficult
compression. For endf-life options besides disposal, $uas reuse and recycling, other challenges are
added to the list, such as low reuse potential and the low value of the recoverable materials.

Looking to the recyclability criteria, mattresses are indeed collected, but at high cost and not for recycling.
They have a low market valuehowever, and in only three EU countriesBelgium, France and the
Netherlandsis end-of-life mattress collection and treatment supported by legislatively mandated
progranmes in particular through the establishment of specifieREschemes The disassembly of
mattressesprior to the separation and sorting of materigls complex and lahg-intensive, and current
commercially available recycling routes are mainly limited to the mechanical recycRtfadm into low

value insulation and paddintjike products. The complex structure of mattresses,ithmultilayer
architecture, the presence of many different materjatdten incombination, and the diversity of sizes,
types andquality add to the challenge dheir recycling.

Design

All product designfor-recyclingguidelines underscore the need to use as few different materials as
possible.For mattress however,added valuefor purchaserds obtainedby addingspecialisedeatures

and providing more flexible and customsgpecific solutions that unfortunately seem to require ever more
complex material combinations.

Another design issue relevatu recycling is the avoidance of hazardous substances, in ordewoid the
contamination of recycling loops by legacy substances. Mattresses may contain carcinogens and other
hazardous components, particularly in tFéJfoam, adhesives and flame retardants. These substances
include polybrominated diphenyl ethers (PBD#&ymaldehyde, and antimony trioxide, among other
(Barner et al., 2021)

Finally, especially for multilayer products, design for recycling should consider reversible connections

Layers that are connected tone arother should beeasilyto disasserble — glued connections and
composite materials make recycling more difficult.
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Recycling systems

Currently, most discarded mattresses in the EU are collected through municipal bulky waste collection
systens and incinerated or landfilledin 2021, 1.305 million tonnes @re-consumer trim foamwere
produced globallyand EU exports increased to 3000 tonnes Post-consumer trim foamfrom the
disassembly and treatment of collected discarded mattresses was BH000 tonnesin 2020.1t is,
however, doubtful whether markets could absorb additional volumes of foam scrap generated by
increased mechanical recycling of pasinsumer mattresses in the EU.

By further developing and implementing large scale chemieaycling methodsit would be possible to
boost material recovery from discarded mattressébese couldhecomean economicalhsound option

to complement the existing mechanical disassentbiyetal, fibre and woodrom matresseshy enabling

the produdion of chemicals such as polyols and diarviioh substance mixtures that can be used for the
production of diisocyanatesfor which a there is strong market demafi€lJROPUR, 2081However, the
environmental and health impacts of this approach would require careful investigation prior to
commencement of commercial operations

Collection and recycling systems

In the EU, Belgium, France and the Netherlands have implemented EPR systems to sugpbiife
mattress collection and treatment. In Belgium, since 2021, a-taak obligation applies to discarded
mattresses. As a result, manufacturers and importers of mattressm=sesponsiblgor the collection and
processing ofvastemattresses and mst meet collection and recycling targets. The tal@ck obligation
applies both to discarded mattresses from private individuadsnpanies and institutionsuch ashotels,
holiday parks, hospitaksndresidential careentres.

Belgian mattress produceend importers are affiliated t@a producer responsibility organisatiq@RQO)
Valumat vzw, the management body for discarded mattressedthsmissumetheir take-back obligation.
Valumat reimburses recycling ceesr for the collection, transport and processingstsof discarded
mattresses and provides financial compensatiometailers who voluntarily accept discarded mattress
when selling newanes. Valumat also reimburses companies and institutions that dispbd®ir discarded
mattresses. To finance the Valumat system, the producers/importers pay an environmeritabfadund

for each mattressold. Thigostis passed on to the customer who pays an environmental contribution for
each new mattress, whichay or may not beshownseparately on the invoice or recei®VAM, 2022)

The first operational scheme in Europe that targeted mattresses was the FEswMobilier, which
started in 2013. EcMobilier also takes care of the collecting, sorting, recycling and recovering ajfend
life furniture, pillows and blankets. The scheme is financed by apadiipation fee paid by consumers,
similar to the enironmental contribution in Belgium.

In the Netherlands, an EPR scheme has been set up, thétlobjective of recycling75% of waste
mattresses by 2028.As of 1 January 2022, all mattress manufacturers pay a waste management
contribution for mattressesitat they place on the Dutch market. Municipalities are compensated for their
recycling costs- rental of civic amenity site container, transport and recycldéegs— for the mattresses
they collect and offer to registered and certified mattress recyclénis reimbursement starts at 26 of

the costs in 2022 and increases to 2680n 2028NVRD, 2021)

The Netherlands isurrently thefrontrunner in mattress recycling, with an estimated 75% of mattresses
being collected and recycled annually. The company RetourMatfasyhich IKEA and the waste
management company Renewi astakeholdersyeported that it handled1 million mattressesn 2020.
The mattresses are disassembled in five facililiesated in the Netherlands and Belgiumith a total
recycling capacity of 1.5 million mattresses per y&WROPUR, 2021ngka, 2021)The textile fraction

is baled, and the metal is also sorted for recycling. The mattresseshegdded and the latex and PU
foam e pressed into balegeighingaround300kilos.
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CurrentlyPU foam is mechanically recyciketourMatras, 2022ut industrial scaler pilot plants forits
chemical recyclingre either planned or under construction iBelgium,France GermanyNetherlands
andSpaiEUROPUR, 2081 Typically, these initiatives result from multisectoral collaboration efforts and
are undertaken by partnerships that include waste managemeompanies, chemical recycling
technology providers, research institutes, chemical companies, foam producers and brand owners. Most
of the initiatives target the production of polyols from recovered faad postconsumerPUfoams by
chemolysis. Others, st as Triple Helix Molecules as a Sergliceovation Origins, 2022) Belgium and
PUReSmart in GermaffUReSmart, 2018)soclaim tobe able recover theliisocyanate segment of the
polymer.

dgnificant research efforts have been set up in the EU, including several under Horizon 2020, that aim to
facilitate the development ofchemical recycling technology, boost material recovery from discarded
mattressesand increase the market potential of the recycled outp{Recticel NV, 2022)

PUReSmart (PolyUrethane Recycling towards a Smart Circular Economy)
Recticel, aBelgian companycoordinates the PUReSmart projg@019-2023). The PUReSmart
consortium nine partners from six different countrieseeks ways of transitioning from the
current linear lifecycle dPUproducts to a circular economy model.

Valpumat (Valorization of Polyurethane MATrasses)
The ValPUMat Pject is an Ec®obilier France initiative, in collaborationith the BelgianPU
proces®r Recticel, and Tesca French automotive supplier for textiles and seat components. The
objective is the development of new products based on-efitife foam derived from collected
mattresses. Mechanical recycling options are under investigation. At the same time, there is
need to eliminate all legal and technical constraints hindering the reusmabf-life mattress
materials and to develop effective sorting methods.

NIPUEJD (Synthesi€haracterisationStructure and Properties of Novel Nencyanate Polyurethanes
European Joint Doctorate)
The NIPLEJD programe, set up by a consortium of seven academic and eightatademic
partners,aimsto develop novehorrisocyanate polyurethanes

Design

Driven by consumer preferencesr more sustainabldifestyles, sales of mattresses based biobased
materials are projected to grow significantlg a result op e o prisieg awareness products made from
organically sourced material$his intudes biobased materia suchas natural latexor memory foam,
wool, horsehair, organic cotton, plaiiased fibes and foams made from, amongst other thing&om
bamboo and silkAdditionally, these mattresses commonly referred to as organic mattressedfer
advantages such dseing odour freeand more durable thanconventional mattressedviarket analysis
shows that global demand for organitattresssincreasedby 9.2% in 202lover 2020 growing to1.9
million units. Worldwide sales of organic mattresses are expected to increase at a CAGR ahfl.&2ach
a marketvalueof U 13.87 bilion by the end of 203%Fact.MR, 2022)

Apart from an increasing share of orgamattresses and of organic content in other types of mattresses,
it seems likely that recyclers will be faced with more changabke average material composition of
discarded mattresse# higher share and more different types and qualities of latexRdébamsis likely
together withalower metal content(Chapman and Bartlett, 2012)
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Mattresses are voluminous, multilayer products made of a diverse and often very complex rapge of
materials. Currently, nearly half of the weight of the 50 million mattresses discarded annually consists of
PU foams and aluminium and steel coils and frarBesh PU and metals are valuable materials for which
mature recycling technologies are available. Market outlets for mechanically recycled PU are, hawever,
limited. The collection of more mattresses for material recovery, driven by the implementation of EPR
schemes and chemical recycling technologies, such as chemolysis for recovering polyols from RU foam,
would offer a good opportunity for increasing the circularity of a significant and challenging waste product
stream.
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Chi | dr énaudeevetytbiggsrom building blockthroughsports equipmentanddolls, to consumer
electronics such as large gaming consoles. Similarly, gadgets for childreonsist of everything from
bottle holders or bath devicesuch adloating water temperature sensors, to teething soothers. While
theseitemsmayappear simplethey areoften rather complex of mixtures of plastiasibber and silicong
electronic componats; textiles and metals, including those founds in paintsach type of materiahay
alsobe a mixture of various components, including some with chemicals or elements which are now on
the SIN lis(*?) (Chemsec, 2022)or substancs of concern to be rgulated undetthe REACHRegulation
(ECHA2022) restricted or prohibited in toys under the EWBoy Safety Directiveuropean Commission,
2009) or even banned under the Stockhol@onventdbn (2004). As the movement towarda circular
economy encourages recyclinfpere is a risk thathese le@cy substances are reincorporated into the
newly manufactured products.

As in other areas of society, ®ynd gadgets designed for children are becomingre wirelessly
connected and smart, allowing faninteractive experience. Specifically, this market is trending towards
the inclusion ofnear field communicatiofNFC) technologgnd science, technologyengineering, and
mathematics(STEN! based toys(The Business Research Company, 2082ar field communication
technology allows for a smart phone to wirelessly interagéth nearby objects containing an NFC
microchipthrough an appMontegriffo, 2021) Parents looking for educatiahtoys are also driving the
STEMbased toy marke(Business Research Company, 20ZR)jsdiverse fieldincludestoys made of
mixed materials from plasticthrough metallic pieceso electronic components.

The most common materials found (UNEP,Q0L4PératBekset’ s t 0
al., 2013) Similarly, silicone and synthetic rubber are commonlyntbin many products for children.

During themanufactureof toys and gadgets, most plastics are mixed with various additives, to improve

their performance gngendeiflexibility, enhance product durability, and/or add a level of flame retardancy
(Hahladakis et al., 201.8pome of the most commazurrent or historicadditives include some chemicals

of concernunder theREACHRegulatioror are substancedannedby the Stockholm Conventioimcluding

bisphenolA; brominated flame retardantssuch agpolybrominated diphenyl etherandPBDEshosphate

flame retardants chlorinated paraffins phthalates and heavy metalssuch as lead and cadmiu(8CC

Research, 202ZT'urner and Filella, 2021; Hahladakis et al., 2018

The second most common materials found in various toys and gadgets are electrical and electronic
components, by some estimates accounting for up t&d®/ weight on averagéPérez-Belis et al., 2013)

This is a vast category and encompasses small devices such as LED lights in plush dolls to larger devices
with PCB componentsuch agemote-controlled model cars, anthosepowered with standard or solar

charged batteries.

Final vy , another broad category of materi al found i
which occur mostly on or in plush tognd dolls butcanalso be found in gadgetsuch asweighted

swaddles or baby carriers. These tend to be mixturesyothetic fibreqpolyester), cottonwool, plastic

pellets, bamboo fillesor syntheticPUfoams.In the pastsynthetic foam fillers contained PBDE additives

but thesehave since been replaced with other additives such as fRtelaki and Vouts2019)

12 TheSIN (Substitute It Now!) Lis a database developed bythe International Chemical
Secretaria{ ChemSec)
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In addition, several textiles or fillers found in or on toys can also contain chemicals stivérras-
chromatic inks, engineered nanoparticles, gotentially, PFAS. Thermochromic dyes and ink are
temperature sensitive and are used to generat@our changing propertiegWoodford, 2@1). They
commonly contain BPAe et al., 20&). Moreover, silver nanopatrticles are increasingly being added to
textiles for their antimicrobial propertiegSchacht et al., 2013nd have been found in plush toys and
gadgetsincludingblankets and sippy cupg®Quadros et al., 2013Finally, given the prevalence of using
PFAS for waterproofing fabridsjs likelythey couldalso be found in the fidlr or on the textilesn toys or
gadgets, though no literature specific¢oh i | grodeiais’was found.

Volumes ananarket growth
The global toy market has experienced steady growth in the last decade alone, seeing constantsncrease
from USDB1.56 bilion in 2016 taUSD107.13 billion in 202{The Business Research Company, 2022)

In 2021 the largest market for toys, dolls and games wag\#ie Pacific region with market sharef just

over 30%, followed by Western Europe and North America. Western Europe was the second largest
market,generatingdSD29.02 billion or about 2% of the total market. Eastern Europe tartharket share

of abou a 9%, worth approximatelyUSD9.64 billion(The Business Research Company, 2022)

Similarly, over the past decade, the breakdown betw#smelectronic and norelectronic toy segments
has also changk In 2021 electronic toys accounted forore than64 % of the toy market and nen
electronic toysalmost36 %. Electronic toys had thegherCAGR6 %for 2016-2021.With societygrowing
ever more connected anty complexity and functionalitincreasing, this segment is expected to grow at
a CAGR of 13.38for 2021-2026(The Business Resrch Company, 2022)

At the same timewith public environmental consciousnesgreasingand the demandor critical raw
materialsrising the sustainable toy markebr toysmade from biodegradable and/or recycled materials,
is expected to see rapigrowth in the coming years. This will be a resulaafidening interest of toy
manufacturers inutilising used and recycled materialather than dwindling virgin resources. The
sustainable toy market was valued at abdD18.9 billion in 2020 and expectedto reachUSD69.6
billion by 2030equating toa strong CAGR of 126(Anil and Roshan, 201

The demand for sustainable toys will also increaseglmbaldemand forbiobasedand recycled plastics.
It is expected thatalue of therecycled plastic market wilise to$76 billion or justmore thanl1 % of the
expected marketby 2029(Market Research Report, 20243 more toy and gadget manufacturers turn
towards sustainable production.

Currentend-of-life management for many toys and gadgetsdaot consider circulaty. Until recently,

most toyswere designed foshort-term use followed by disposdlLevesque et al., 2022%ome estimates

suggest that up to 8% of all toys end up either in landfills or incinerators, with an estimated 40 millio

tonnes of toys from France alone ending up as wastaually(Levesque et al., 2022a) surveyin 2019
revealedthat more than25 %of parents surveyed adm#dt o di sposing of  cstili | dr en
in perfect working condition after a loss of interest by their ckRdbertsonFall, 2021)

Exact statistics of the amount of waste in lafidfihat can be attributed to toys, however, is lacking. This

is due in part to the nature of the mixed materials found in toys. In a 2014 study looking at the overall
composition of landfill material, Chinese researchers determined thate than 10% ofthe landfill
samples could be attributed to plastic, with about%@lof that being attributed to noplasticbag plastic
(Zhou et al., 2014)roys would likely fall into thigastefraction (Levesque et al. 2022)elto plastics being

the primary component of most toy8JNER 2014 PérezBelis et al., 2013)in addition, the increasing
amountof smart, electronictoys means thatheseshould actuallype considerecasWEEE
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A key problem for circularity in toys comes with consumerism itddHnufactuers of many consumer
productsdesignthem for rapid consumption anshort lifespas by a supposed planning for obsolescence
(Levesque et al.,, 2022Satyro et al., 2018)In the toy industry, this occurdor example,when
manufacturers slightly twealkproduct designtwice over the course of one year, sihléo increasesales
(Levesque et al., 2022dh a 2018 study, researchers found that supposed planned obsolescence reduces
the consumers perception of value afproduct and increases the likelihoakat they willpurchase the

slightly newer versiofKuppelwieser et al., 2019 the toy industry, thissdue in parttothei ndust ry’' s

heavy marketing towards children and the subsequaetanddirectly from childrerfor the latest toys
(Levesque et al., 2022aYhis quick turnover has significant consequences for the volume of waste being
generated.

Another problemlies with the fact that recycled plastihas differentmechanicalproperties Recyclate
plastic, plastic that has been recycled, éaample, ofterhasconsiderably different mechanical properties
compared to virgin polymer@iahladakis et al., 201,8ffecting performance and likely discouraging usage
by manufacturers. Furthermore, the breakdown of plastic into miened nanoplastics bultra-violet
sunlight is a widespread angell documented problenfWang et al., 2021}hat canrelease additives in
plasticanto the environmentSgrensen et al., 202Ihe improper disposal of toys and gadgets containing
plastics likely contributes to this problem.

The European Commission has announced the establishment raght to repair to facilitate the
development of a circular econonfiguropean Parliament, 202Rates of repair depend on the type of a
product, with the cost being the most important reason consumers awvibidResearch shows that
consumers favour products thatan easily be repaired, but their willingnes to pay(more) for such
products depends owhat it isand the way information ofts reparability is presentedlhe legislation on

the right to repair is currently being considered for eventual inclusion into the Circular Economy Packages
of the EuropearCommission.

In general, consumers are familiar with the suitable meardisfosing ofarge WEEEuch as household
appliances and computers€Consumers, howevelknow less about the recydhg of products which
traditionallyhavenot includedelectronics Thisleads tosuch itemsheingdeposited in the household trash
with other waste(PérezBelis et al., 201,3Dimitrakis et al., 2009Furthermore, the cost of collecting,
separating, processing and transportisgecificmulti-material waste streams often exceeds the cobt
collecinganddisposing ofhe material asnixedwaste (Gradus, 2020Bohm et al., 2010)

Anotherchallenge tdmprovingthe circularityof toys and gadgets for children is the diversity of chemicals

of concern detected iimporteditems. In Europe, it has been reported that more banned chemhtale
beenfoundmore frequentlyin toys than in any other product tyg&antos, 20188mall discrepanciem
definitions can potentially lead tothe exploitation of loopholes in environmental legislation intended
ensuretoy safety.Furthermore,e-commerce that has endéd consumers to buy toysvhich may not be
compliant with EU standards, directhpm outside EuropeThis suggesthatt h e E U’ ssafegbiafdor t s
consumes might beinadequate(Almroth and Slunge, 202anhde-commerce carincrease the likelihood

of putting toyscontaining unsafe levels of contaminamis$o circulation

The threat of substances restricted under REACH or banned under the Stockholm Corstéhbeimg
detected in toys and gadgets in circulation in thed®thesnot only from the direct importatio of new
products produced from virgin materialudies showthat legacy additiveavebeen detected in newly
manufactured plastic products produced from recycled matefigigiwara et al., 2022; McGrath et al.,
2021;Guzzonato et al2017, lonas et al., 2014; Chen et al., 2008¢]uding toys containingBDEsade
from recycled plastic originating frord/EEE(Strakova et al., 2018)While concentrations of these
chemicalsis generally low, the enhanceexposureof children and infants could have implications for
human health.
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There are other contaminants of concern found in toy materials that cause problems for circulagity.
transition to a circular economyencourageghe use of vintage toys as a means of wastevpntion,
potentiallyleaving toys with high concentrations of chemicals, such as Cd and/or E&igulation (Miller
and Harris, 2015) Similarly ¢ h i | dproducts sontaining antimicrobial agentssuch as silver
nanoparticlescanhavelongterm impactson mammalgLyu et al., 2021 though more research is needed
into the healtheffects on children.

Broad and systemic changes are needed tackle the many problems facing the market of toyisesnd
c hi | grodeats: Gne option for change could teoughlegislation that fosters durability in produg;t
such as requing longer product warrantiegMaitre-Ekern and Dalhammar, 201&jrance has adopted
legislation on improving the repairability of products by requiring manufacsiceinform the consmers
of availability of parts as well as beiting first country to adopt planned obsolescence legislafidaitre-
Ekern and Dalhammar, 201@®)is not clearhowever, if this legislationappliesto toys.

Another option for change could be as simple as increasing the transparengy@mdation abouta oy ' s
environmental impact, as a meangcounteractngthe pressurdo buy the newest toy models from their
childrenfelt by parents(Levesque et al., 2022land the marketing pressures from toy manufacturers
Finally, increasing consumer awareness ofrapair andrecycling options would allow for more informed
decisions onextendng a products lifecycles anddisposal. According to thenon-governmental
organisationRight toRepair Europ€er0 % ofelectric and electronic toyand 76 % of nowlectronic ones
brought torepaircaféscan be repaireguccessfulljRepair café2021)

With regard to the chemicals of concern found in toys, there are many changes that could be made to
make toys saferfThe exemption in the Stockholm Convention permitting higher concentrations of certain
bromated flame retardants in recycled plastaltowsfor weaker chemical safety standards for products
made fromplastics recyclatg¢Strakova et al., 2019). THevel of oversight on the prevention of this
recyclateending up in new toys is unclear

Similarly,as discussed earlier, sonod the additives fond in plastics need to be replaced yore
sustainable alternativesThiswould require integrating more ecodesigimat would at least consider end

of-life material recyclingnto plastic productior(Hahladakis et al., 2018furthermore, there are calls for
manufacturers in Asia, the largest exporter of toys,inorease toy safety and producticstandards
(Almroth and Slunge022) such as the 2020 appeal to the Association of Southeast Asian Nations (ASEAN)
to produce its own directive or policy on toy safety to further facilitate global tr@gsimail et al., 2020)

Finaly, vintage toys with high concentrations of chemicals or additives of concerhavayto baemoved

from circulation andparticularly the recycling chain.

Since 2011the Repair Café Foundationot-for-profit organisationhas providedrofessional support to
local groups in the Netherlands and other countries wishing to start theirrepair cafésTheseprovide
tools, materialsand expert supporfor the repairof various consumer produciacludingtoys, electrical
appliancesand bicycles TheF o u n d adctivitles als® include cline repair guidelines and visits to
schoolto encourage and teaching young people to repair tiganlgetsAccording tathe Foundation there
are nowmore than2 200repair @fésin Eurge (RepairCafe2022.

One example of innovative solutions to tlpeoblems oftoy waste is demonstrated bthe Belgian

company, Ecobirdf). Its foundersused their experience ithe international fashion and design industry

to address the environment al problem of toy was
furniture, such as chairs and tables. The plassedi n Ecobi r dy ' s pdycled fliomtused e i s
and broken plastic toys. The company also does not use dyes tar ¢tbéfurniture. Insteadit relieson

13 https://www.ecobirdy.com/
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the coloursof the upcycled toys to provide a speckled appearance to their products. In addition, Ecobirdy
has developed a method for the recycling of mixed plastics, often considered too difficult to recycle
(European Circular Economy Stakeholder Platform, 2019)

Possible solutions can come from existing toy manufacturers themselves. Such an exameghaigBack
programmestarted bythe global toy manufacturer Mattel. The prograne encouragesconsumers to
return end-of-life Mattel toys and the companythen recycleshem into componens neededto build
modern playground, whichare donated to children's chaiiigs A consumer can download a free shipping
label fromMa t t welsitesandeturnto the company any broken toy frofour of Mattel market brands
(*% (Mattel Inc., 2022)

There is a growing public awareness of various issues associated with the dispo¢aliof dr en] s t 0
gadgets. Many consumers lack knowledge about the disposal and possible repair of toys and gadgets,

especiallytoys containing electronic components, which can be disposed ofraaste. It is probable the
increasingpublic consciousnes®f dwindling critical raw materialsand the harmful effects of many
chemicals of concern, the demand for more sustainable toys will increase. Together with legislation on
right to repair, this could have the potential to drive a significdratrge in the market for toys and gadgets.

14 Brands currently accept edPrarcee ® aarnbdi eMeE G AM™ ttcohybso.x ™ a
further brands in the futureHttps://www2.mattel.com/en-gb/playbach.
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If municipal waste generation continues growing, at leas¥/@fit would need to be recycled to meet the
CEARarget of halving the amount of residual municipal waste by 2030. This is a sigtiyfinigher rate

of recycling than at presenglternatively, the target could be achieved by reducing the amount of waste
generated by around one third or through a combination of these approaches.

This report analysesight product categories whidoday largelyend up in residual municipal waste and
are consideed challengingto reduce These are disposable diapers, beverage cups, digital consumer
products, products made of or containingEPSand PFAS, furniture mattresses,and multimaterial
childrerl gadgets and toysComplex structureand health and environmental perspects/are the main
factorshindering the reuse or recycling of these product.

Generallythe larger the volume of a particular waste stream, the more ecological, ecorammisocial
benefits can be provided through specific measures. Moreover, large waste streams offer better
conditions forusinglargescale recycling facilitiesherebyachieving bettereconomiesof scale in their
end-of-life management. Foseveral product categories analysed in this repsdch as furniture and
mattressesEPR schemese seen asnstruments with significantpotential to increaseircularity.

Preventingthe generation ofvaste, especially nerecyclable waste, can delivédre greatest benefits for

the environment. The reduction in waste needed to meet @EARarget would require very ambitious
waste prevention measures to be implemented at both EU and Member State levels, for instance by
increasing the lifespan of consemgoodsthrough ecodesign and ensuring strong support for product
reuse.Most of the products need a redesign that enables and allows for more circularity, inclding
extension of lifespasthroughgreater durabilityandrepair.

Assuring health and satfy aspects is a prerequisitef greatercircularity, and a special concern in the
products categories containing P&Fa&nd flame retardantssuch acarpets furniture, products containing
or made ofEPSanddemolition wasteThough considerable developmeot safer alternative components
is ongoing hazardous fractions will continue ending up in waste when products contgmewously
banned substances reach their end of life

For some of these problematic waste streamste@ded producer responsibility schemes are delivering
promising outcomes in terms of improved collection and recycling rates. This model offers good potential
for wi der application t dothadn tersmg of Uriviegaimpaoved evastp r o d u
marnagement, and stimulating greater interest in upstream approaches such as desigtycling and
safe-by-design.

Finallyincreasing the information qdfroductrepairability, together withsupport foranincreased network

of repair cafés andhe greater availabilityrepair guidelinesare important life extending and waste
preventingactions which, in most casesalsoprovidecost savingfor consumes.
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