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Abstract

Oc™ @P nom\o bt ajm npnoldiV]g™ Vi _ ~dm*pg\m o sodg n
capacities for innovative fibrego-fibre recycling, while the incineration and landfilling of textiles is reduced to the
h d i d hThé generhobjective of this study is to summarise the techszientific knowledge base of different
recycling, recovery and disposal options for waste textilésst, it is indicated that postconsumer textile waste

is the largest waste fraction, and thaannualy more than 8 million tonnes used and waste textiles are
incinerated or landfilled, a much higher share thanuse, preparing for rause and recycling togetherTextile
waste recycling idimited andcurrently dominated by transforming apparel and homextées into cleaning rags

and insulation materials, but closelbop recycling facilities are emergingn the EU particularly for post
industrial textile wasteSecond the life cycle assessment and cost analysis indicated thatuse and preparing

for re-use are the most coseffective options and hve the best environmental performance. Whereas recycling
is associated togreater coss than incineration and landfilling, it commonly brings supplentary environmental
savings. Third economic and no®caomic barriers to recycling, particularly closémbp recycling were
identified. The information provided in this report may contribute to informing policy design and implementation
on textile waste management.
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Executive summary

Policy context and study objectives

The European consumption of textiles has a major impact on environment, climate change as well as water and

land use (EEA, 2022). With respect to textile waste management, thentBcdaunched EU strategy for
sugainable and circular textiles i gqdn\ b~ n ©\ ANdmfpg\m o sodg nfof *jntno
innovative fibreto-fibre m™ ~t ~gdi b' rcdg” oc di~di m\odji \Vi_ g\i_e
The general objective of this study is to summarise the teckswentific knowledge base of different recycling,

recovery and disposal options for waste textilehe specific objectives are to analyse textile material flows,

waste management options forsed and waste textiles and capacities for textile recycling, the environmental

and techneeconomic impacts of these management routes and existing barriers to recycling

Background © textile end -of-life management in a circular economy

The textile value chain is comprised of all the activities that include the design, manufacturing, distribution, retail
and consumption of a textile produgtUN Environment Programme, 2020} involves fibre productiorfibre
processing, and finishing and assembly steps, with environmental impacts being generated from each of these
manufacturing stepgRoos et al., 2019fFigure ESLL

Endof-life options, involvinge-use?, preparing for reuse® and recycling are management options for used and
waste textiles that are located at the higher echelons in the waste management hierarchy according to the
Waste Framework Directive. In principle, they enable to extend the life cycle of textiles or building bloaksfther
and thus to displace incineration and landfilling as alternative waste management op{ieigsire ESYL

Figure ES1. Endof-life treatment options for used and waste textiles

recycling as

P
/
’

non-woven producer e ™ nonwoven

C—0

=

v G in (GO e B (@

fibre producer yarn producer garment producer retailer -
monomer oligomer, polymer fibre recycling fabric recyclmg\y /
recycling VAR
incineration

landfilling

inputs from other "
~o sectors _ .~ — .

Source: own work based on UN Environment Programme (2020) and Sanding and (Réféd}s(icons: Flaticon.com)

IFibre processing ikrgely omitted for the production of nofwoven textiles as alternative techniques (e.g spunbonding, heating) are applied
instead of weaving or knitting techniques for apparel production.

2Accordingtothe. " adi dodj i n di oc  Rpmo % Am\h 'nr j\mft Fdkm m\ooddgi' ]%mrcd”c kmj _
r\'no” \m> pn° _ \b\di ajm oc’ n\ Rprkpakdm i jag m rrc\dmact ohe\Vit\ kT hmTi o

%k m® k\ mginb Yajhm\ mn ~c ~Afdib' ~g \Vidib jm m k\dmdib m ~jg ' mt jk > m\o
become waste are prepared so that they can beused without any other prgrocessing. In practice, a management operation for
usedteodg n rdgg “g\nndat'’ \Vhj-pbn% jjomc¥%khmpkKk Wndiolk\ gj @i o jj mn'oc\ n g¥i)
n>k\m\o gt "jgg "o _ o sodg’ h\' o  md\ g' ApmmTiogt gvust2ddb bY€mjnn
common sense of the wak and thus not necessarily in the legal sense of the word to circumvent terminology issues resulting from
different schemes for waste status assignment for used textiles in EU Member St@es.” o -pnmh’ “44nd’i  noag thus also™ k j mo
i Ajhk\nn A~ mo\di om \ oh i eem " d£ \da g \hn n d@Ptisddssibn) é4alercordisténpdefinijona j m m*
ja %o sodg” r\no % alggn ] tji_ oc®™ n”jk’ ja ocdn m kj mo)

““am® At ~gdi b% h'\in \ hichwaste materialsnate rejpricessed mtd producis,tmaterials or substances whether for the
original or other purposes.



Main findings
Textile mass flows

We performed a mass flow analysis to estimate and traktile flows through the EX27 textile production and
consumption system for the reference year 205 well as for the year 2035 under forwartboking scenario in
the absence of further policy changédt is noted that substantial uncertainties apply tbe available data, and
that official statistics and waste generation data were incomplete and only of limited use for this analysis.
Therefore, the numbers presented in Figure ES2 are best estimates based on available tsgibntific data.
Neverthelessregardless of any quantitative deviations from the actual-dine-ground situation, the conclusions
and ensuing problems identified from this assessment are believed to be robust.

The analysisfor the reference year 2019indicated that postconsumer wasteparticularly from households,
represents the greatest share of the textile waste generated (Figure ES2)-iRdsstrial and preconsumer
waste were indicated to make up a smaller share of the total waste (11% and 3% of the total textile waste,
respectivdy). Annually, more than 8 million tonnes (Mt) of pestnsumer textile waste are being incinerated or
landfilled in the EU. The separate collection of used and waste-{gosisumer textiles is estimated at 2.4 Mtyr
whereas the sorting capacity is assesd to be lower at 1.8 Mt y¥ (Figure ES2). Hence, it is indicated that a
significant part of the separately collected textiles is exported to third countries for sortingyse and/or
recycling. Export is also the dominant fate of sorted textiles; ie&imated that about 48% of the textiles are
exported to third countries following sorting in the EU. In total about 1.8 Mt of textiles are exported to third
countries annually (Figure ES2).

The final fate of exported textiles to third countries has be#re focus of a recent report from the European
Environment AgencyYEEA, 2023) This study indicated that Africa and Asia are the main destinations for
exported textiles. The main purpose of the textiles imported by African countries isadEEA, 2023)but it is
likely that a large share of the textiles is finally not resable and may contribute to adverse environmental and
social impacts in the country of destinatiof€obbing et al., 2022)Textiles sent to Asia are subject to a greater
degree d sorting processing for rause and recycling as industrial raggEA, 2023)

Along with export (~50% of the collected and sorted textiles), a small share of the sorted used and waste
textiles in the EU is reused locally within the EU (~10%f total collection) (Figure ES2). This is the-called
“r"m '\ h% am\ ~odj i ja oc’ o sodg n _dn™~\m_" _ ]t oc dm
recycling operationsHigure ESR. A final share of about 10% of the collected and sadtéextiles is not suitable

for recovery operations and is thus directly sent to incineration or landfilling (Figure ES2).

With respect to textile composition, the analysis indicated that cotton (34%), polyester (29%) and polyamide
(7%) were overall the mai fibres used in textiles. A higher share of cotton is shown for apparel compared to
textiles for industrial and commercial applications, typically having relatively more synthetic fibres.

In sum, the mass flow analysis points to two main problems witspect to waste management. At first, a small
share of the used and waste textiles is actually collected in the EU, leading to a missed opportunity to recover
valuable material after textile reuse, preparing for rause or recycling out of the more than 9 ittion tonnes of
textile waste being incinerated and landfilled. Secondly, a large share of the separately collected waste is sent to
third countries, and possibly contributing to adverse environmental and social impacts in the country of
destination. The forward-looking assessmenfor the year 2035 suggest that textile waste generation may
further increase in the future due to increased textile consumption. Even thasgparately collected waste
volumes may also grow, a large share of waste is still praget to be incinerated and, to a minor extent,
landfilled.



Figure ES2.Mass Flow Analysis for textile production and waste management in the2Elfbr the reference year 2019. The mass flows in each node are expressed in-Mayd
represent best estimates based on available data.

Source: own work



Recycling techniques and capacities in the EU

Whereas the reuse of textiles is an established and wethown practice since long, less is known about
textile recycling in the EU. To address the information gap, we have presented -&xtmustive overvievof

the available technologiedased on the recent work of Duhoux et gR021), and mapped technology
providers active in textile recycling within the EU. Recycling technologies for textiles rely on mechanical,
chemical and thermal material transformation pathways, but at present mainly mechanical and to a smaller
extent chemical recycling is being operatally implemented in the EU at a relevant scale. Mechanical
recycling involves actions that cut, shred, grind, open and tear textiles, whereas chemical recycling involves
processes that deconstruct textile waste to chemical monomers or polymers that camnudsal for the
production of fibres or plastics.

Figure ES3. Schematic overview of textile recycling processes grouped per shathd n  k mj ~ ° nn -loopoc mj pbc
mechanical, chemical or thermal processes (blue circle on the left)’andk ~ i  gepspsk(felowknmgutting, grinding or
shreddingblue circle on the right). The final use applications of the recovered materials are indicated in green, whereas
intermediate materials fronclosedlooprecycling processes are depicted in yelldethickness of the arrow and the
accompanying values approximately correspond to the estimated mass that is processed/generated through the pathway,
indicating that at present most textiles are being recycling for applications other than apparel and hortilesex

0.2-03Mtyr" [ \ 0.5-0.6 Mtyr’
/,/ waste processed with \ \ // / waste processed ™
[ the objective to obtain “:I o I:‘ through cutting, ‘
spinnable fibres | grinding or shredding
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—
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non-woven composite materials) X
\ 4 N

Source: own work.

It is indicated that most recycling facilities rely on mechanical recycling that transform textile waste into
cleaning wipes and newoven materials (e.g. insulation materials for the construction or automotive sector)
(Figue ES3). Whereas some of these recycling facilities tear and open textiles, they do not envisage
applications of the output material as yarspinnable fibres for apparel application. The outputs from such
recycling techniques mostly find further use as cteéag wipe or insulatiorh\ o~ md \-@j j#k4aj k. 7t ~gdi &
Numerous other companies are activedlvosedlooprecycling processes that target applications of the output
materials in the apparelor home textile sector # %" ggjjnj "k_ m". Also”ay tthasdreéyling plants,
mechanical recycling is most common, but a current limitation is that most technology providers only recover
small shares of the input mass as long, yaspinnable fibres. Nospinnable fibres for norwoven textile
applications are thuslso the most abundant output material for ost technology providers. Such closkxbp
mechanical techniques may also face technological challenges and barriers with respect to type of input
materials they can process; currently the input is mostly limitexd postindustrial wastetextiles rich in a



single fibre, of a homogeneous colour, and with removable #textile parts (Jgrgensen and Werner, 2022;

van Duijn et al., 2022; Dahlbom et al., 2023}hemical recycling for textile waste is still at its onset, but

facilities are emerging that target the recycling of textiles rich in natural fibres to be recycled as-made

natural fibres, and textiles rich in certain polymef@r monomer production. For currengécycling techniques,

with the exception of those thatecycle chemical monomers, the output material is typically not equivalent to

oc’ Yagdmbdi % ~jpi o mk\ mo' Vi m I pdm n k\mod\g Jg i _
material for use as a precursor in the apparel sector.

A total current recycling capacity of about 0.70.85 Mt yr! is estimated, with cleaning wipes and navoven
textiles as main outlets for the recycled materials (Figure ES3). Planned future capacities for the period 2030
2035 could mount up tol.5 - 2.0 Mt yr%, though such capacity growth and upscaling would occur
substantially faster compared to past efforts for the recycling of other secondary raw materials. Therefore,
the future outlook is to be understood with the necessary caveats.

Environmental andechnaeconomic characterisation of waste management routes

The environmental benefits of moving textiles up in the waste management hierarchy-tesee preparing for

re-use and recycling acts upon two main mechanisms: (i) the avoidance of adverse imfracts waste

management under the status quo situation, mainly textiles managed in the lower echelons of the waste
hyYiv\'b " h io cd m\m~rct' \'i _ #dd$ oc® n dudib ja \__dodj
their precursors in a more @ular economy.

We performed a life cycle and life cycle costing assessment to respond to thepremged research question
29q rfc qecn_p_rc amjj car ghaheficiagractsiogzlbso, ddedbthisualsahold true c v r g j
for textiles andgarments that have a low potential for reise because they areworms r mp b _k _ecb =B

To respond to this question, we used life cycle assessment models to compare the combined impact of
separately collection, sorting, tese and recycling versus the impactfsom throwing textiles in mixed
municipal solid waste for their incineration or landfilling. Both costs for private operators involved in waste
management as well as environental impacts were considerggigure ES4).



Figure ES4. Overall summary of theriternal (dark blue/pale blue) and external (red/rose) costs for textile waste
management, relative to a baseline (y0) of textile waste incineration. The Figure reports findings for present (dark colours)
and future (light colours) conditions for differem¢xtile waste management pathways and textile waste compositions (see

legend on the right hand side). Recycling pathways group mechanical recycling (middle, points on the left hand side),
opentloop recycling (middle, point in the centre) and chemical réogdmiddle, points on the right hand side). Negative y
values represent greater savings compared to incineration as a baseline, whereas positalags indicate greater costs
relative to incineration.
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The answer to the first part of the research questionn®ostly indicatedfor re-usable textiles, regardless of
the fibre composition of the textile. Our results point toneutral effect or minorsavings for both private
actors involved in textile enaf-first-life management whereasre-use clearly shows a better environmeait
performancerelative to incineration as a benchmark. In case the alternative scenario would involve landfilling,
the benefits are even more clearly exprest Reuse is associated to climate change areghvironmental
benefits because emissions from all xéle production steps can be displaced (fibre production, fibre
processing and finishing assembly steps, all cdmiting to environmental impac)s and minimal impacts
from waste management ariseWhen summing internal and external costs, overall staliesavings are
indicated for the reuse pathway.These results lend support to the tgraling of reuse as a key strategy to
accelerate a more sustainable textile managenmafter its first use.

The answer to the second part of the research question on the benefits of recyclingrewasable textiles is
more complex. Private costs are aws higher for recycling than for incineration, and with the current
technology outlook this seems likely to remain so in the future. The occurrence of environmental impacts
basically depends on three main factors:

i. Atfirst, it depends on the Member Statghere the textile is being handled, and more specifically,
the treatment that (textile ending up in) mixed municipal solid waste receives. In case this were
landfilling, recycling always provides environmental benefits, though mostly at higher (privagt$ co
compared to this disposal treatmeht Relative to incinerationrecycling generally provides
environmental gains, bypoints (ii) and (iii) determine theveralloutcome.

ii. At second, it depends on the input materiakecycling technology configuratiofor instance, the
recycling of viscose or polyester is more environmentally beneficial than recycling cotton, a short

SNote that this comparison is not directly visible from the Figure as here incineration is used for benchmark comparisevoulhéave
to compare the recycling to landfilling (at the right hand side) for each individual textile fraction and composition.



lived crop whose CQemissions upon incineration are not counted towards global warming. Overall,
the recycling of textiles may thus natecessarily lead to environmental benefits because the joint
additional impacts from collection, transport, sorting, and recycling are not necessarily better than
incineration.

iii. At third, it depends on the time and future technological progress. A morétigesscenario with
increased material recovery (e.g. greater amounts of long fibres recovered) from mechanical
recycling may increase the environmental savings to levels that render the societal costs (private
costs plus external cost) negative. Such saga could evernprovide net monetary benefits to society
because the additional private costs relative to recycling are offset by the environmental gains that
could be obtained from the recycling process.

Economic and noeconomic barriers to recycling

The EU Waste Framework Directive's waste management hierarchy ranks recycling as a better alternative
than incineration and landfilling. In addition, a high demand for recycled materials by the apparel retail sector
has been indicatedMcKinsey & Company, 20225%till, recycling is not sufficieht taking place, and the lack

of a strong business case for recycling may even challenge the business model for the collection and sorting
of used and waste textiles overall. Therefore, we performed an assessment to better understand the current
market bariers that recycling is facing (Figure ES5).

Figure ES5. Overview of the problem tree indicating the interlinks between drivers considered to be barrier to a more
extensive and performant textile waste recycling industry (yellow box), in turn contribtagitiye main problem observed
outlined in the blue box.
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The overall low cost of products (fibres, yarns, fabrics, finished textiles) from primary raw materials on the

market makes it challenging for products from recycled materialscimpete. One of the explanations for the

jg mygg gjr ~“jno ja kmj_p~ron ji ocC’ hy mf > o h\t m:> g\
subpar working standards and textile waste management in the global supply chain. Hence, there is an
insufficient internalisation of externalities in the global textile supply chain, which creates economic market

barriers to recycling (Figure ES5).



A number of economic and nen”~j i j hd”? hi\mf > o J]\mmd mn c¢c\hk mn _ q°
particularly for closé-loop recycling (Figure ES5) (OECD, 2006). These barriers can include technological
limitations (see above) and the design of naacyclable textiles whose product design falls beyond the

control of recycling companies (technological externalities), aiggrsion from using recycled materials by the

next value chain user (consumption externalities), and high transaction costs and challenges associated with
determining the quality of input materials for recycling (high transaction and search costs combaitd

information failures) (Figure ESD5).

Future outlook and conclusion

With an assumed increase in textile consumption, increased separate collection, and a poterdiamation

of currently exported textiles out of the EU, a wélinctioning textilere-use and recycling market is more

than ever a necessity in a sustainable and circular textile economy. Policy measures already proposed as part
of the 2023 Waste Framework Directive revisida.g.Extended Producer Responsibility (BRRY Endof-

Waste criteria for textiles may help to address drivers of the problems observed for the current waste
management of textiles.
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1 Study objectives and link to the ongoing revi sion of the Waste
Framework Directive

The European consumption of textiles has a great impact on environment, climate change and water and land
use (EEA, 2022a)lhe Commission already identified textiles in 2020 as a key value chain in the Circular
Econony Action Plan. This points toward a need for a revised approach on how textiles are designed, used,
and managed at the end of their life to ensure that waste is minimised and the resources used are kept in the
EU economy for as long as possible.

With resgect to waste management, the recently launched EU strategy for sustainable and circular textiles

igdn\b " n °\ A~AdmApg\'m o sodg n ~ ~j nt notofibregecycling, c\' n np
while the incineration and landfilling of tedtg " n  r j pg_ ] ° m-> _ p " -of-life @pgtionsy ¢ ° hdi
involvingre-use®, preparing for reuse€’ and recyclin§ are management options for used and waste textiles
that are located at the higher echelons in the waste management hierarchy according ¢oWhaste
Framework DirectiveThe Waste Framework Directive (2008/98/EC) states that Member States shall set up
separate collection for textiles by 1 January 2025.
The JRGrovides independent, evidentmsed knowledge andcience, supporting EU policiehe general
objectiveof this study is to assesand summarise thaechnoscientific knowledge base of different recycling,
recovery and disposal options for waste textiles
Specific objectiveare to update and analyse available data on:
0 Textile materialsflows, including reuse rates, textiles discarded within and outside of the EU, including
future estimates;
0 The various waste management options for textile waste (collection, sorting, preparation foseg
recycling, other recovery and disposal), thecycling/recovery processes currently available and the
emerging techniques likely to play a role in the future and linked processing capacities;
0 The composition of textiles;
Actors in the recycling market, as well as current applications for recoverxtiés;
An environmental and techreconomic characterisation of the different recycling or other recovery
routes and technologies
0 Drivers as well as economic and technological barriers with respect to the management and treatment
options for textile wase, with a specific focus on recycling.
The informatia laid down in this reporimay support policy development on textile waste management.
S<arjm_dib oj oc’ _“adidodjimndia dhc\ iR\ Ad't A\ mm\rojdmfi qdm’rcadd g’ 'k mpn
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operations, by which products or components of products that have become waste are prepared so that they camskee reithout
any other preprocessing. In practice, a management operation for used textiles will classify, amongst other potential factors, %am*
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sense of the word to circumvent terminology issues resulting from different schemes for waste status assignment for uséelstext
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reprocessed into products, materials or substances whether for the original or other purposes.



2 The framework and structure of the report

The textile value chain is comprised of all the activities that include the design, manufacturing, design,
distribution, retail and consumption of a textile product (or providing the service that a textile product renders)
(UN Environment Programme, 202®.also includes the supply of raw materials, as well as the eofdlife

stage of textiles (UN Environment Programme, 2020). For a textile product, the first step in the value chain is
the production of afibre (Figurel). This involves agricultural activities that cultivate certain crops to extract
natural fibres (e.g. cotton), or the extraction of fossil fuel materials to manufacture synthetic fil{eeg.
polyester), or a combination of both (UN Environment Programme, 2020). Subsequent manufacturing stages
for woven textiles turn fibres into yarns (yarn spinning), after which these are knitted, weaved or bond into
fabrics Figurel). The fabric is then processed chemically and/or mechanically to produce a textile with the
desired properties. The final finishing step in the value chain involvesrgueind sewing into finishegroduct

that is distributed and retailed (UN Environment Programme, 2020). Textiles can also bevoven, with
fibres bonded into fabric by chemical, mechanical or heat treatmdfiggrel). Norwoven fabrics are made
directly from fibres, and their production process omits the yaminning, weaving, and/or knitting. During the
textile manufacturing process, textilike materials (e.g. cutting leftover) are generated as residues that are
either reused or recycled (osite or following transport to a different facility) or disposed (Figure 1). Textiles
are placed on the market and used by households (e.g. garments, hortigetg cleaning products) as well as

for industrial applications in the building and construction, automotive, medical, agricultural, and many other
sectors. When reaching their end of life, the materials are subject taise or waste management (prepag

for re-use, recycling, energy recovery or disposkly(rel).

A mass flow and composition analysis of the apparent textile consumption and-poasumer waste in the
EU27 are provided in section 3 of the report. Section 4 focuses on reviewing theagament options as
well as the opportunities and technical limitations associated with the different management pathways,
followed by an assessment of the environmental and tech@conomic characterisation of impacts from the
management of waste textilessection 5). Based on this evidence and knowledge, this report brings forward
an assessment of barriers observed to a sustainable textile waste management system, particularly for
recycling (section 6)The conclusions of the report are provided in section

A draft version of this report was shared for consultation with about ~150 stakeholder organisations,
including Member States representatives, industry actors, -poofit organisations, academics and non
governmental organisations, in April 2023. Féadk on this draft report was received orally and in written
during a stakeholder workshop (189 April) and an associated questionnaire.

Note that this report has a waste management perspective and aims at researching and comparing different
waste managerent options for used and waste textiles, and that an explicit evaluation of the added value
and environmental benefits of using recycled fibres in textiles products placed on the market falls beyond the
scope of this study.



Figure 1. Overview of the textile life cycle for woven and navoven textile products, including the ertd-life management of textiles
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3 Textile flows and composition of waste textiles
3.1 Textile flows

3.1.1 Terminology for textiles

<n k' m M bpglodji # @FK$M| | pdagsUary 2raw, seivorked,Yagorked 0 skmi”
manufactured, manufactured, seamade-up or madeup product which is composefbr at least 80% of
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the following: (i) a unit of matter characterised by its flexibility, fineness and high ratio of length to maximum
transverse dimension, which render it suitable for textile applications; (ii) a flexible strip or tube, of which the
apparent width does not exceesl mm, including strips cut from wider strips or films, produced from certain
substances used for the manufacture of the fibres (listed in Table 2 of Annex | of the Regulation) and suitable

for textile applications. Some categories of products that havessiable share of textiles (e.g. footwear) were

also considered as textilein the recent Commission proposal for a targeted revision of the Waste Framework
Directivé. Waste is generated at different stages in the life cycle of textiles, and consequelatijned as:

8 Postindustrial waste: Waste generated during the manufacturing of textile products and their precursors;
8 Preconsumer waste: Waste generated at retail stages (e.g. unsold textiles).

8 Postconsumer waste: Textiles that have been disposed deatonsumption and use by the citizen or
end-users of commercial and industrial activities (hotel, care, automotive, etc.), commonly referred to
household and commercial pesibnsumer textile waste, respectively.

It is noted that residues from textile prop * o dj i \'m> ~glywdndapdomdegmr\ho $kjh
legal status of these materialamnayvary\ i _~ h\t \ gnj di "gp_~ h-xk mj mdX*gn» od\
some countries and regions. At present, separately collected-possumer textiés classify differently across

EU Member States. In line with the Commission proposal for a targeted revision of the Waste Framework
Directive, this section considers used and waste textiles, texélated and footwear products as waste upon

collection.

Three main categories of postonsumer waste products can be discerned:

- Apparel: trousers,-shirts, sweaters, coats, footwer dresses, apparel accessories such as scarves,
handkerchiefs, etc.)

- Home textiles (curtains, bed linen, carpets, etc.);

- Usedtextiles from professional textile applications: automotive applications, medical textile, agro
textile, protective equipment, etc.

Note that technical textiles, meaning any textile product manufactured for #a@sthetic purpose where
instead function isthe primary design criterion (automotive applications, medical textile, agro textile,
protective equipment, etc.), are distributed amongst both household@néessionalapplications

3.1.2 Methods and assumptions

To map textile flows, including waste managenteoptions for textiles, a Mass Flow Analysis (MFA) was
performed. This study builds upon available evidence of recent studies (EEA, 2019; Kohler et al., 2021), but
further expands the boundaries to textiles other than apparel and household textiles (ingedg. norwoven

and technical textiles) and other stages of the life cycle (including waste generated during the production and
retail life stage of textiles). The MFA thus details the amounts of fibres, yarns, fabrics, and finished products
flowing along the textiles value chain (poshdustrial waste), as well as preand postconsumer waste
(Figure 3. Imports and exports of textiles are likewise conside(Eajure2). Waste flows undergoing separate
collection and sorting, reise, recycling, landfilling and energy recovery are estimated, in order to highlight
priority areas toimprove in textile waste management system.

® https://environment.ec.europa.eu/publications/proptsajeted-revisionwaste-framework directive_en

10 Footwear and accessories may or may not contain >80% by weight of textiles and may thus fall in the scope of the Textidisgab
Regulation. All footwear has been included in this assessment as they are separately collected together with textieesomtn EU
Member States.



Figure 2. System boundaries considered in the MFA of EU textiles.
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Moreover, flows composition in terms g@froduct type (clothing, household and technical textiles) and fibre
type (e.g., acrylic, polyester, cotton, wool etc.) have been also added to the model. The MFA was conducted for
the whole value chain of textile in the ER7 with 2019 as reference year.nl addition, considering that
uncertainty is associated with many flows and parameters (e.g. finished products life expectancy, share of
separate collection,) an uncertainty analysis of MFA results has been also conducted.

A total of 342 products were condered in the scope of this study, covering fibre production, yarns
production, fabrics production and finished textile production (Annex 1 of seétibr).

Further details on the methodological approach applied for ttevelopment of the MFA are given in section
8. The sections below focus on the assessment and budgeted flows, principally in relation to textile waste
management.

3.1.2.1 Post-industrial and pre -consumer waste

The total amount 6 losses during the manufacturing processes of textiles was estimated using default loss
coefficients found in scientific literature.

3.1.2.2 Retail and use

°<kk\m io ~“jinphkodji» h > \in _jh nod” m -tolbdsipesss i _ o0 s
ak kgd®~\odjin) Do dn ~\g”pg\o _ \'n oc  nph ja @P kmj_p
indicates the use of textile products by consumers fgpare| household, and technical purposes, and takes

into consideration that a share dhe retail is unsold. For further details, please consult sectoh 3

3.1.2.3 Post-consumer waste

Past-consumer textile waste was estimated according to a dynaWIEA approach, thus considering the
average textils life time and waste geneation after they are placed on the mark&t Postconsumer waste

in the MFA reference year was estimated as the sum of products reaching the end of their life expectancy in
MFA reference year, according to the following steps:

0 Life expectancy is assigned to each product, according to Laitala et al. (2018) and the International Fair
Claims Guide for Consumer Textiles Products (Drycleaning Institute of Australia Ltd, 2015). The assumed
life expectancies are reported in secti@n

d Flow of textiles products put on the market from 1995 to 2021 is calculated using Prodcom dataBase
for each year. Life expectancy is summed to the year of product placement on the market to obtain an
estimate of the yeaiit becomes waste.

8 The sum of flows of products becoming waste in the MFA reference year corresponds to the post
consumer waste flow.

By using the above methodology, textiles products are considered as durable goods which can become waste
years after theyare put on the market (according to their lifetime). Hence, the amount of yumstsumer

textile waste presented in the Figures does not correspond to the amount of textile products put on the
market in 2019

3.1.2.4 Stock

The stock represents the textiles thatepreserved by consumers during their use phase. Stock is calculated
as the mass difference between the flow of textiles placed on the market, pomtsumer waste and
microfibres release (see sectidhl.4.9 during the e phase. It is referred to sectidh 1.4.3for more details.

3.1.2.5 Waste treatment

It is referred to thereport Annexessection8) for all assumptions to budget textile waste management imet
EU, including separate collection as well as downstream options tose recycle, recover or dispose textile

11 Example: the average life time of bed linen is 3 years (Annex 3 of section 8). Bed linens put on the market in the yedc@iellated
from prodcom database) is wasted in the year 2019 (MFA reference year)
12 https://ec.europawdeurostat/web/prodcom



waste. In the MFA model, waste treatment flows foruse, recovery and disposal operations are calculated
as shares of total posttonsumer wate, assuming coefficients found through a literature review. For
recycling, the input of the assessment of recycling capacities for textile waste in the EU was also considered.
The list of considered references and coefficients is presentedmmex 4of section8. Energy recovery and
landfilling are reported as an aggregated flow, i.e., a single coefficient is assumed to calculate sum flows
going to the two destinations, both in case abt separately collected and not sorted. This aggregated flow
was then broken down into specific stflows going to energy recovery and landfill, assuming a ratio between
energy recovered and total landfilled and energy recovered flow equal to 0.51, lzéul using 2019
Eurostat data on municipal wasté Import of separately collected waste was considered as additional input
flow to sorting. Data on such flow were retrieved from Comext dataset (Eurostat, 2022a), assuming that all
textile waste imported fom extraEU countries comes from separate collection

3.1.3 Findings

Flows of textile product and waste in the EU in 2019 as estimated by the MFA model are illustrated as a
Sankey plot(Figure 3). Note that the Figure and text below refers to fixed numbers, but that substantial
uncertainties apply to the flows, as outlined in the Supplementary Information (uncertaintyyaisa section
8.1.5. Values of each mass flow are reported in Annex 8 of secBofhe total textile waste is estimated at
12.6 Mt yr! of which postconsumer waste was the dominantdction, corresponding to 87% of all textile
waste (10.9 Mt y#, with an uncertainty range of 10.211.5 Mt yr?).

18 https://ec.europa.eu/eurostat/databrowser/view/ENV_WASMUN/default/table?lang=en



Figure 3. Mass Flow Analysis for textile production and waste managementintheExJJ ajm oc™ m a m i " t >\ m
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3.1.3.1 Production, placing on the market, and use of finished textiles

A total of about 12 Mt yr* of textiles are placed on the EU market. Only about 33%atiftextiles placed on
the EU market originate from domestic productiofidgure 3). The import of fibres, yarns, fabrics and
particularly finished products jointly corresponds to 13.5 Mtlytt is noted that the total amount of textile
waste presented in this study is fger than in previous studies (e.g. Kéhler et al., 2021) because of the
extensive scope of the study. In contrast to other studies, this study expands the boundaries tingostrial,
pre-consumer and postonsuner waste from commercial and industrial séors (thus including nomwoven
and technical textiles, and waste generated during the production and retail life stage of textiles)

Postindustrial waste (1.3 Mt yt; 11% of all textile waste) and preonsumer waste (0.33 Mt ¥, 3% of all
textile wage) constitute a smaller fraction of the total waste. In addition, it is indicated that 0.21 Mt gf
microfibres are emitted during the life stage of textiles. The results also suggest thatithese textiles in the
EU increased in 2019 (supplementasyock of 0.6 Mt y1) because of the rising textile consumption in the
years preceding to the 2019 reference year.

Postindustrial waste was assumed to be 37%, where 8%, 13%, and 20% are attributed to Yarns, Fabrics, and
Finished textiles productions, resgtively (Sadowski et al., 2021). The estimated manufacturing losses are in
line with the information reported in the EU textile strategy, where it is reported that in factoriegl@% of

all fabric used is either leftover or becomes waste (Aus et al., 2DZPreconsumer waste was assumed to be
4%, with 70% of unsold products exported outside EU, and the remaining 309 petted into EU retail
market (McKinsey, 2022). The available information in teclsetentific literature on the topic is limited, and
individual publications point to a high degree of local variations in waste generation and treatment in
Europé®. An assessment of posindustrial waste in Lithuania indicated that the amount of cutting waste
reaches 2025% of the total quantity of materialsused for production (Dobilaite et al., 2017). It was found
that cutting waste corresponded to about 20% of the produced textiles, and that waste is not sorted in
Lithuanian clothing enterprises and is disposed in landfills in most cases, notwithstandiagpbsitive
tendencies of recycling of waste observed (Dobilaite et al., 2017). Roos et al. (2019) estimatednplostrial
waste during the fabric manufacturing stage at 180% for garments. A study performed for the Swiss
textile industry indicated thayarn and fabric residues equalled 9.5% of the total textile production (Schmutz
and Som, 2022). Incineration was the most used eofdlife treatment (37%, mostly containing mixed fibres),
whereas reuse (36%), opetloop recycling(21%), and closedoop recycling (5%) where more common
options for unmixed natural and synthetic materials. Hence, the few available information indicates that
significant amounts of textile residues are being generated during the manufacturing process, and that
residues may nonecessarily be managed in line with the waste management hierarchy, especially in regions
with no availability of textile recycling infrastructure.

Even though the recycling of the poestdustrial waste is upscaled and the preferred feedstock for certain
recycling operators, the masses that are actually recycled are still low (see sedtidd). Based on the data
presented in the latter section, it is estimated that at present 0.17 Mt!'yof the total generated post
industrial (mostly yarns and fabrics wasfeand preconsumed textile waste is recycled. The remaining waste
is assumed to be split between incineratiavith energy recovery and landfilling (in line with the weighted EU
average for mixed municipal waste).

3.1.3.2 Post-consumer textile waste management

The separate collection of postonsumer textiles is the dominant textile waste fraction making up a total of
10.9 Mt yr! (Figure3). The separate collection of textile waste is calculated based on the estimated share of
textile waste collected for apparel and home textiles (togethiepresentings7% of the postconsumer textile
waste; see sectior3.2). Both materials are commonly within the scope of national separate collection
systems for use textiles and textile waste. The values documented in literature, for apparel laohe
textilesonly (section8, Annex 4), indicate an average value of 38%, resulting in about 2.4 Mt of used textiles
and textile wastethat is annually collected for further processing. This value is aligned to other studies
documenting separate collection from 2.1 Mty(Kohler et al., 2021) to 2.8 Mt yr (EURATEX, 2021). The
amount of separate collection of used textiles and textileaste represents about 22% of the postonsumer
waste.

14 The 27 EU countries, extended to European Economic Area (EEA) and European Economic Area (EFTA) countries in this assessment



This implies that a significant share (8.5 Mt)rof the textile waste generated is not separately collected and
thus largely being diverted to incineration or landfill (recovery and disposal opamaji Figure 3). This
number may be slightly overestimated in case some other textile waste fractions are subject to
supplementary collection at the municipal level or busindgsbusiness waste transactions for recycling.
However, based on the overview of current recycling capacities (sedti®d), it seems unlikely that at EU
level a substantial share of the textile waste is recycled in this manner. Therefore, it is likely that more than 8
Mt yrt of textile waste is effectively going to incineration with energy recovery or disposal (landfilling)
operations.

It is estimated that thecurrent capacity in the EU for the sorting of separately collected waste is-2.8 Mt

yrl, based on findings documeed by Kohler et al. (2021), McKinsey (2022) and EURATEX (2624yré 3.

Most sorting presently takeplace manually. Sorting may also take place in a different Member State;
particularly Germany has a sorting capacity that is significantly below the levels of separate collection
(Watson et al., 2020b; Van Duijn et al., 2022). In addition, some separatdlgcted textile fractions (about

0.3 Mt yrt) are imported from countries outside the EU, mainly the UK and Turkey (Eurostat, 2022a). This
may involve separately collected textile waste fractions for further sorting and processing at EU facilities, as
well as textile fractions that are directly sent to recycling operatrs

Hence, it is suggested that a substantial share of the separately collected waste is shipped from within the EU
to third countries without prior sorting (~50% of the total exports 0r5-1.0 Mt yr?; Figure 3)), other than
sorting out nontextile fractions. This can be mainly attributed to the lewcost of the (manual) sorting
process in these third countries. In addition, export is the most common fate of separately collected textile
waste sorted in the EU (0.85 Mt ir; 48% of the total collected). Together, this means that annually a total

of 1.35, 1.85 Mt yr! of used and waste textiless exported from the EU to third countries. This flow is
aligned to the data flow of about 1.7 Mt y*documented in trade databases for the same reference year (UN
Comtrade, 2023). A recent EEA report (EEA32(@oints out that Asian and African countries atiee main
destinations for these textiles (jointly receiving close to 90% of the EU exports). The exports to Asia are
mostly subject to sorting and processing in the country of destination, and then redyldcally (mostly for

the production of industrial rags or filling materials), or-exported to other (mostly African) countries (EEA,
2023). The import of used textiles seems to be mainly meant for localuse in Africa, but it is likely that a
substartial share of this material is ultimately nowe-usable. Hence, thenanagement ofunsorted textile
waste in certain receiving countries is not necessarily stgiahd environmentdy sound because of the
insufficient quality of this material for reuse (anly 58% is deemed suitable for reise after sorting of similar
fractions in the EU), a potential lack of aptness foruse in country different than the country of origin, and

the absence of a good recycling and disposal infrastructure in the receivingtcies (Cobbing et al., 2022).

Reuse'® within the EU of separately collected waste is estimated at about 10% of the separately collected
waste, or 0.18 Mt yt (Figure3). Reuse within the EU, either in the same country of collection or following
shipment to other EU regions, is the-6o\ g g ° % "m> >\ h% am\ ~odji rdocdi oc

important share of the revenues for the sorters (Ngrup et al., 281

~

The fraction after sorting that does not meet the quality requirements for (preparing foruse is mostly
recycled, and low amounts of waste for energy recovery or disposal{%o) are generated after the sorting
process Figure3) (Ngrup et al., 2019a; Watson et al., 2020a; Le Relais, 20@8)tson et al. (2020b) report
that 32% of the separately collected wastis recycled. If these results are extrapolated to the total sorted
fraction, this would correspond to 0.56.60 Mt yr! (Figure 3. Most of this fraction is mechanically recycled
for further use as cleaning rags or newoven materials for the norwoven textile sector and other industrial
applications (e.g. insulation material for construction or automotive sector), either in or outside the EU (see
section 4.3.4). The share that is actly recycled for further applications as apparel is low, as recently
reported by the Fashion for Goods report (Van Duijn et al., 2028yether with the recycled share of pest
industrial and preconsumer waste, the total mass that is effectively enterirtgxtile recycling plants,
corresponds to the estimated recycling capacity in the EU (Q.7085 Mt yr!) as outlined in sectios.3.4 of
this report. Hence, triangulated independent data supports the conclusions ofssgisament on recycling and
by extension management of separately collected textile waste.

15 See sectiond.3.4 on the mapping of recycling operators. Some of the entities document the intake of specifisquted textile
fractions (e.g. wool) for recycling and the manufacturing of recycled fibres and apparel.
18 Includingpreparing for e-use



Importantly, waste management and treatment derived in this MFA study are based on data representative of
the whole EU, so they might differ from Member States sffiecvalues, since municipal and country textile
waste management strategies can change significantly (Amsterdam University of Applied Sciences, 2020;
Dahlbo et al., 2021; Kjellsdotter Ivert, 2022). Austrian Environment Agéneyports higher share of textile
waste sent to energy recovery consistently to Eurostat data on municipal waste treatment, which indicates a
dominant fraction of residual household waste sent to incineration. Dahlbo et al. (2021) and Kjellsdotter Ivert
et al. (2022) report higher shares of separate collection for Denmark and Finland, respectively, which can be
explained by a longer and betterstablished textile waste management practice in comparison to the EU
average.

Further information and a full uncéainty assessment of the Mass Flow Analysis results are presented in
section8.

7 https:/ivww.umweltbundesamt.at/en/news220207en



3.2 Composition of textile waste

3.2.1 Composition in terms of textile categories

The textile waste consists of different fractionpptentially havinga different potential for (prgparing for) reuse and recyclingRigure 4.

Figure 4. Overview of the textile waste composition in terms of material categories, with a particular focus onqoystumer waste (1® Mt yr1). The exact values for material categories
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It shows that apparel is the dominant fraction that accounts for 48% (5.2 Mt)yof the total postconsumer
textile waste, whereas home textiles and carpets make up another 16% of the total used textiles and textile
waste. Technical textiles cover a variety of materials that are used by households and professional users, and
represen 36% of the textile waste. Jackets and coats, sweaters and midlayers, pants and shorts, and T
shirts are the dominant apparel fractions (>50% of all appavedste)(Figure 4).

A different manner of assessing textile waste stream is to estimate how muehste can theoretically be
collected using collection systems for small household items (e.g. bring banks, street containers; see section
4.1), as opposite to collection schemes for textiles contained in bulky items aaxtilé waste from
professional users. Such assessment was performed by allocating certain textile fractions to their determined
collection systems (e.g. apparel, workwear), and estimating the share of textile materials that find outlets for
both types of ollections (e.g. splitting items such as nevovens and cleaning articles between households
and professional users) (see sectid®). It suggests that 78% of the postonsumer textile waste could
theoretically be collecté via collection systems for small households. This involves apparel (48%, split up
between clothes (41.6%) and footwear (6.6%)), home textiles (8%, excludingwawen textiles) and
technical textiles used by households (sacks and bags,-women househals items, cleaning articles for
households; together 21%). It is, however, noted that not all items are recyclable (e.ewoeen household

items include disposable items such adsorbent hygiene productsStill, 6670% of all postconsumer used

and wage textiles originates from households and can (theoretically) be collected feuge or recycling

using already established separate collection systems in EU Member States. This involves not only apparel,
home textiles but also sacks and bags, and cleanarticles (of a low degree of contamination). Less than
25% of the total postconsumer waste originates from professional applications or involves bulky items (e.g.
carpets, noAwoven industrial products).

3.2.2 Fibre composition

Cotton (34%), polyester (29%@nd polyamide (7%) make up together 70% of the fibres contained in post
consumer waste fractiorfFigure 5) Other fibres (including wool, polypropylene, acrylic) have a small share in
the overall waste composition. Finally, neextile materials (leathermetals in zippers, etc.) make up 11% of
the total textile waste massKigure 5.

Figure 5. Fibres contained in the postonsumer textile waste fraction.

&
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m Polyamide Wool
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Source: own work

It is also relevant to assess the typical composition at the levels of the individual textile pieces collected (e.qg.
a single garment, and home textile). Detailed information on the typical composition is available in Annex 7 of
section 8. It shows that clothing is a textile waste fraction that contains more cotton and natural fibres
compared to home textiles and technical textiles. Particular items with a high cotton content and/or wool
content are Tshirts, shirts and hluses, pants and shorts, dresses, skirts, jumpsuits, linen and towels, and
cleaning articles that contain commonly 4B0% cotton. Textiles rich in polyester and other synthetic fibres
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are blankets, curtains, carpets, navoven articles and technical texti$, each of them having shares of >30
40% polyester, often polycotton.

Information on the composition of individual textile items is available from two European studies: Van Duijn
et al. (2022) and Refashion (2023). They focused on measuring the-neoisalle fraction of separately
collected textile waste to assess its suitability for recycling purposes (current situation, study performed in
selected countries). It was documented that cotton {83%) was the dominant fibre, followed by polyester
(19-21%). Heace, the share of cotton is higher in their study, likely due to the fact that the study focused on
the textile waste fraction that is currently collected, dominated by apparel. Another relevant outcome of the
study is also that 326 to 37% of potential regclable fractions analysed are contained in fibre mixes, often
polycotton blends. The actual share is likely even higher, given that elastane may also be present in the
am\~odjin ~g\nndad” _ \n ¥kpm % di o efor-Gawods keparidvan p - 0]
Dujin et al., 2022) also provide data on share of specific textile fibres in apparel and home textiles which are
part of blends (see Annex 9 for further estimates on blended fibre shares).

More information on the fitness of fibresiiterms of their potential for recycling is given in sectidn
3.3 Preliminary outlook on textile flows

3.3.1 Textile sector growth

The present analysis attempts to develop a consensus on the future evolution and growth forefast
m-~t~rgdib ~\Vk\~dot ajm @pmjk *%¥n r\no” o sodg n amjh o

At first, this section reviews five publicly available studies (scientific and grey literature) that offer future
scenarios and market forecasts for the market for textilesxtide waste, and recycling capacity (Table 1).
They were selected because their analyses of the market for textiesre carried outin the context of
sustainability and/or circular economy (reductioesuse, recycling).

This review of the literature dérs a crosscutting understanding of how industry stakeholders and academics
assess each of the following topics, which are important for policy analysis of the future of textile recycling
industries in the EU:

o0 future growth trends

0 methods for assessinghe industry, given data availability
0 realistic time frames for forecasts / scenarips

0 key drivers in the industry

The summary establishes the order of magnitude for the expectations of industry stakeholders and
academics rather than a precise forecagthis is a consequence also of the fact that the reviewed literature
ANiijo ] ~dm> ~ogt ANphkymt ) Oc"’ gdo m\opm  %n n” i \n
underlying variables and methodologies in several respects.

First, the scope ofhe textile products analysed, and the unit of measurement applied. The scope of textiles
analysed can be all textiles, clothing, ine textiles, industrial textiles, apparel, or footwear. The unit of
measurement is at different points in the value chaifror example, volume of textiles as production capacity
in kilograms or tons, or the unit of measure can be monetary (i.e., revenue / turnover in US dollars or Euros).

N™ A oc” odh > am\h n ja oc ™ njpm”~  néadatamimblein g _\ o\
the original source, a simple time series forecast is applied to adjust the data to the 2030 and/or 2050
timeframe used in many of the analyses.

Third, the analyses were carried out before, during, and after the global Corona pandsiitclude differing
dindbcon ]\n> _ ji oc’ Thelsuimmarhd thediteratire presentddghablel.d h k \ ~ 0)
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analysed: all textiles, clothing, hte textiles, industrial textiles, apparel, or footwear. Unit of measurement: volume (i.e.,
productioncapacity in kg or tonnes, consumption in tonnes, disposal of textile waste in tonnes) or the unit of measure can
be monetary (i.e., revenue / turnover in US dollars or Euros).

Study

(title, author, year)

All textiles
Measured in
units Revenue in

il E {27 Textile Recycling
Industry Market Research Re por t
Maia Consulting,
2023
volume

i P ulofthe Fashion| ndu st r y Apparel and footwear
Global Fashion Agenda and Boston | Consumption
Consulting measured in volume
Group,

2017

fiFashdnehi mateo,
Mckinsey & Global Fashion Agenda,
2020

Apparel
Consumption reported,

measured in
units

i Anew textiles economy:
Redesigning fashion 6fsut ur e o
The Ellen McArthur Foundation,
2017

production
Measured in volume

iScal itedile recycling in
Europed turning wasteintov a | u e Waste

McKinsey Apparel, Fashion & Measured in volume
Luxury Group, -

2022

Recycling capacity demand
based on post-consumer

clothing and home textile
waste volume available for

recycling

Main focus of the study

monetary

dollars and measured

reported,

Measured in volume and
monetary

Clothing and textile industry

Clothing and home textile

Timeframe and results of
the study

Key drivers identified

2021-2028 Less durable clothing /

15% growth fast fashion, high
disposable income,

Compound Annual Growth population growth

Rate (CAGR) 2.3%

20217 2030 18%

Growth CAGR 2.3%

(inferred)

2021-2050 40%

CAGR 1.78%

(inferred)

20157 2030 Population, items per

63% capita, growth of retail

CAGR 3%

2030 Population and scenarios

CAGR 2.1% with circular for
business models at 20% or

sharing/renting and
post-consumer recovery

at current low level of

circularity

CAGR 2.7%

2015-2050 Projected volumes of

CAGR 3.5% materials (e.g., cotton,
plastic-based fibres)

2020 -2030 Consumption trends,

Post-consumer household waste  trends, post-

waste consumer collection rate

scenarios derived from
French curve

18% growth

CAGR 2%
(inferred)

base case is 50%, of waste
recycled i u p s icase ds
80% by 2030)

Source: own work.

Having acknowledged these boundary conditions, the literature review of the scenarios and forecasts

s
0

uggests the following conclusions:

b

Textile waste volumes and textile recycling industry capacity is expected to grow in the EU and globally

by 2030 and 2(0. None of the sources foresee a decrease in overadl e d g °

r\'no” amjh

There is a general lack of robust data in the sector, consequently the need to incorporate a number of

assumptions, which kds to significant uncertainty;

The averageeompoundannual growth rate (CAGR) is 1.8.5% for the five sources

The main observed key drivers in the literature are: demographic trends (population and disposable
income); consumption trends, particularly apparel; and pmmtsumer textile colleatin rates.
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The studies indicate that the textile industry is expected to generate more waste in the-¢bort and long

term, even with stronger regulation/guidance regarding apparel durability and the emergence of new circular
business models designed tprevent product waste. When surveydyy the JRC roughly 67% of 48
stakeholders responded that 2.5% CAGR was a reasonable estimate. Roughly 14% chose higher than 2.5%
and 19% of respondents believed lower or no growth was likely.

3.3.2 Baseline projection for the year 2035 on textile waste management

Parameters of the MFA described in section 3.1 are projected in 2035 according to a baseline scenario, which
assumes businesss-usual economic and technological trends, considering only policies already in place
before 2023. Assumptions of the baseline scenario involve future production, import and export of
manufactured products, separate collectiome-use rate, recycling capacity, import and export of discarded
textiles and energy recovery and landfill rate asramarised below.

3.3.2.1 Apparent consumption

The projection of import, domestic production and export (and then, apparent consumption) of textile products
is estimated assuming a Compound Annual Growth Rate (CAGR) equal to 3%.

This value is aligned to the Strategy for Sustainable and Circular Textiles. In addition, this number is in line
with the data provided in the JRC 2023 repdidoint Research Centre, 2023puring the JRC workshop on
textile wasté®, stakeholders confirmed that a 3% compound annual growth rate is a realistic outlook for the
EU.

The valie of each indicator (import, domestic production or export) of a product in 2035 is calculated as:
O O p 660 oY

Where:
1 O :isthe value of the indicator in 2035.
1 O :isthe value of the indicator in 2021.
1 60 0OYm8to
T Y0 p 1behg the time (in years) between 2021 and 2035.

Note that projections are made starting frothe year when we have the most recent observation (2021).

3.3.2.2 Recycling of post -industrial and pre -consumer waste

Postindustrial and preconsumer waste generation are estimated as 37% of the textiles produced in the EU,
with losses assumed from the production of yarns, fabrics, and finished textiles equivalent to 8%, 13%, and
20% of their total production, respectile (Sadowski et al., 2021)Preconsumer waste was assumed to be
3% of the textile placed on the markegfMcKinsey & Company, 2022} is assumed that these shares do not
change in comparison with the status quo scenario (reference year 2019).

The recycling of posindustrialand preconsumer textile waste is assumeak a constant share of the total
recycling capacity estimated. It is assumed that the ratio of (posdlustrial plus preconsumer waste sent to
recycling)/total textile waste sent to recycling) remains equal totstaquo scenario, at 33%.

The projection is thus based on two following assumptions:
o0 future total recycling capacity in 2035 of 1.3 Mt yr(see below);

0 as for the 2019 status quo scenario, 1/3 of total recycled textile mass is assumed to come from-post
industrial waste.

Recycled posindustrial and preconsumer waste in 2035 is then projected as:

18 Workshop organised by JRC on-18 April 2023 to discuss a draft version of their report (Joint Research Centre, 2023). More than
150 organisations, including industry organisations active in thditexsector, participated in this workshop.

14



[ofc3) 00
— @ 0=
o] wi

Note that this 0.43 Mt will include a minor share of pestdustrial waste which is imported in EU (data
retrieved from Comext database) arassuned to go directly to recycling.

3.3.2.3 Separate collection

Based on historical yeaon-year improvements in countries/regions that have made strong efforts to increase
collection rates through target setting, communication and an emphasis on collection eftinreusable
collection waste (France, Flanders and Netherlands), Kéhler et al. (2021) estimate that the annual collection
will increase by a further 65 000 to 90 000 tonnes annually in coming years as Member States begin to
adjust or roll out supplemertry collection systems to implement the provisions on separate collection of
textiles in the Waste Framework Directive. This would further increase the separately collected veititee

by 0.8, 1.1 Mtin 2035, to a total of 3.2, 3.6 Mt yr1. The uppebound is preferred since separate collection

is low in many EU countries and is likely to increase significantly before 2035. Based on these assumptions,
the best estimate for separately collected textiles in baseline scenario is assumed 3.6Mt yr

3.3.2.4 Export of unsorted separately collected textiles

Relative to the 2019 quo scenario, a relative decrease in the exports to third countries of unsorted textile
waste is expected because:

® At present, approximatel96% of the textiles are exported to ne@ECxountries (EEA, 2023).
In the Commission proposal for a revised Waste Shipment Regulation, environmental sound
waste management practices and the demonstration thereof is proposed for textile waste
shipped to norOECD countries;

(i) In addition, receiving cotiries may set stricter quality requirements on the amourdad types
of textiles thatthey import. Some of the countries have already banned import of used clothes
(e.g. Nigeria, Zimbabwe), whereas others (e.g. Kenya, Zambia) have introduced a leveit prev
competition with local industries.

At present, no data are available to estimate the impact of such revised settings on the export of unsorted
waste, but it seems likely that some of the exports may continue to take place to third countries, whereas a
different share of the fraction may be rerouted to the EU for domestic sorting. The impact assessment of the
Commission proposal for a revised Waste Shipment Regulation, estimated that the exports of waste-to non
OECD countries may overall decrease by-5®% (average 37.5%). We assumed that (i) sorted testile
suitable for reuse will not be affected in the future as it will be shipped as a good, rather than waste, after
compliance with Enaf-Waste criteria; (ii) exports of unsorted textile waste to OEGOntries will continue to

take place at the same order of magnitude, and (iii) exports of unsorted textile waste te@BED aantries

will decrease by 37.5%.

3.3.2.5 Textile re -use and export after sorting in EU

Uncertainties apply with respect to the quality afie additional textiles collected when shifting towards
increased separate collection. It seems intuitive that textiles with the lowesuse potential are more
prevalent in the textile fraction of mixed municipal waste, but the few available researchitfigs are
inconclusive. Ngrup et al. (2019b) and Hultén et al. (2016) found similar or only marginally higher shares of
re-usable and recyclable waste in separately collected textiles compared to residual waste in Sweden
(containing 6670% re-usable clothing andhome texties). This stands in contrast with findings from Watson

et al. (2018). In this study, it was indicated that 23% of the textiles separated from mixed household waste
would have been reusable and 26% recyclable. Theusable share issimilar to values reported by a
Norwegian study (Laitala et al., 2012) indicating that only 28% of the textiles disposed as mixed municipal
solid waste can be raised. No information is available from studies performed in other geographic EU
regions with alower consumer expenditure on textiles.

A lower quality in the separately collected textiles, and subsequent reductions in the fraction thatlisaigle,
could be expected in case increased separate collection circumvents certain-pumoror damaged) tetiles
from ending up in mixed municipal solid waste. It can be assumed that this value decreases to 42% for the
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supplementary collected apparel arftbme textiles(average value of studies listeth the paragraph above
Reuse share of sorted textiles is then projected in 2035 as the weighted average of thaisabilty of
currently separately collected textiles (2.44 MtYyrand the future fraction that will be separately collected
(1.16 Mt yr1), as follows:

81 o c8 1
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Where:

1 2.44 Mtyrl is the mass of separately collected tébes in currentstate scenario.

T +)02 dn oc -l plcd dnot % ao Yesmsbdrgandcoutside EU) bftersgrting.
1 3.6 Mtyrlisthe mass of separately collected textiles in baseline scenario.
il

+)/ - dn oc” nc\ m | bcoflegtgdytéxtites gomg toe-dise insand#Hutside EUY d j i \ ¢
after sorting.

The exports involve both textiles that are destined foruse as well as further sortingn the third country of
destination.

Similar to the status quo scenario, it is assumed thatuse in the EU of the separately collected waste is
only a small fraction of the total fraction of the separately collected waste (~8%).

3.3.2.6 Recycling of post -consumer textile waste (after sorting)

The current recycling capacity for the year 2023 is estiradtin the EU at 0.78.80 Mt yrl. In case we
assume an average compound annual growth rate that is similar to historic capacity developments for the
recycling of other secondary raw materials (paper and cardboard, packaging waste (with a compound annual
growth rate of 3% 5.5%), the total textile waste recycling capacity in 2035 would grow to approx. 1.3 Mt yr

1. Assuming that, similar to the status quo scenario, about 66% of this capacity is being used to process post
consumer waste, the total recycling post-consumer waste would be projected as:

0o
PE TR ¢ TR X

It is noted that any restrictions on chemicals present in recycled materials could possibly limit recycling. In the
absence of a sound assessment the matter, this aspect has however not been considered in this assessment.

3.3.2.7 Incineration and landfill rate

The mass of discarded textile not separately collected, selected f®iuse or recycling or exported, was sent

to energy recovery or landfill, based on proportions found in data on mixed waste treatment in Eurostat. In
case of currentstate scenario, this mportion was calculated based on Eurostat data for 2019. In case of
baseline scenario, the proportion for 2035 was projected by meahkn@ar regression over time.

3.3.2.8 Import of textile waste

The mass of imported textile was estimated based on data fromr@ext database. For currerdtate scenario,
data referred to 2019 were used. In case of baseline scenario, imported textile waste in 2015 was projected
by means of linear regression over time.

3.3.2.9 Outcome

The baseline scenario for the reference year 2035 is nigidriven by a significant increase in import and
production, due to the expected increase in apparentile consumptionKigure 6;see Annex 8 for numerical
values). Textiles placed on the EU market in the baseline scenario are approximately 30% haorehie
current state scenario of (about 17 Mt ). As in the 2019 scenario, only about 35% of all textiles placed on
the EU market originate from domestic production and the import of fibres, yarns, fabrics and, particularly,
finished products jointly arresponds to 20 Mt 1. Increase in mass of manufactured products determines a
proportional increase in both poshdustrial waste and total discarded textiles after consumption. Post
industrial waste increased by 25% (2.22 Mt), still representing a derafraction (13%) of the total waste,
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similarly to the 2019 scenario. 0.3 Mt ¥t of microfibres® are emitted during washing of textiles. The overall
share of separately collected discarded textiles is substantially the same in 2035, estimated as 23%isT hi
due to an expected annual increase in flow of discarded textiles which basically equals growth of separate
collection, as consequence of the increase in consumption. As a result of baseline scenario assumptions, more
textiles are sorted in the EU, du® a reduction of textiles exported after being separately collected. An
increase in recycling capacity, both for pasdustrial and sorted textiles, is projected. Importantly, the other
main difference of baseline scenario with respect to 2019 lays hretshare of textile waste sent to energy
recovery, which drastically increasdd€from 39% to 59%), with a consequent decrease of landfilled waste.
Flow of discarded textile not separately collected and sent to energy recovery is approximately 9.09 Mt yr
in the baseline scenario and 4.33 Mt-{irin 2019. Such increase was projected due to the observed increase
in the share of incinerated textile waste observed in historical data. Uncertainty analysis results for the
baseline scenario are summadd in Annegs 10 and 11.

19 Textiles are a major source of microplastic pollutidvicroplastics are ubiquitous, persistent, very mobile and virtually impossible to
capture once released into the environment.
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Figure 6. Projected Mass Flow Analysis for textile production and waste managementintheBU aj m oc”™ m> a m i ~° t
expressed in Mt yd, and represent best estimates characteriseddnycertainties as atlined in Annex 10 and 11

“\'m

+ .

Source: own work
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34 Mogg[ls i mn[e_bif~r_Im¥% -~ __"~\[]le ih ™I r

A draft version of this report was shared for consultation with about ~150 stakeholder organisations,

including Member States represeives, industry actors, noprofit organisations, academics and non
governmental organisations, in April 2023. Féedk on this draft report was received orally and in written

during a stakeholder workshop (189 April) and an associated questionnaire™(m™~ \ ao " m ©°no\ f ¢
Njinpgolodji»$)

3.4.1 General overview

Feedback on the draft report was mainly provided by industry (52% of the total), Member States
representatives and noiprofit organisation(both 14%), research orgasation (10%) and local Authoritand
non-governmental orgarsations (both 5%). 28% of the received stakeholder feedbacks are related to the
specific section 3 on textile material flows. Comments addressed scope definition (24%), discrepancies with
stakeholders' data (29%), doubts on theathodology (19%) and provided additional references and data
sources (29%). A general overview of the comments is provided below:

8 Clarification on scope definitiomost comments suggested to improve some descriptive parts in text and
figures, such as thalefinition of the MFA model structure and the difference between textile waste and
second hand and reusable textiles;

0 ?2dn~m>  k\i~d’  n r dontost nomindnts evgreg provided ¢ compleneri data on waste
generation and management activities, highlighting differences with previous studies and technical
reports.Several key references and data wereqvided to complement MFA data;

& Clarifications on thenethodology:comments suggested to better clarify the methodologies followed for
the development of the MEA

3.4.2 Main changes compared to draft report

Main changes compared to the draft report are as follows:

Comment Short description of review
addressed

Clarification of & Figure 2 of the report has been updated for including a better distinction betw

scope textile waste and second hand and reusable textiles. A clarification has been

definition added in the Terminology for textiles (section 3.1.E)jgure 2 also includes two extr
boxes for fibres that do not become yarns and yarns that do not become fabrics.

8 Mass of yarns not becoming fabrics is estimated as = to the mass of ropes, cort
and net products produced in the EU. Within this mass,reha& imported yarns is
estimated as = to the overall share of imported yarns (considering all kind of yal
This is required since we do not have specific information on yarn products use
net, ropes and cordages.

8 Flow of fibres directly going to farics is estimated and represented in results.

Fraction of blended fibres was calculated (but prevalence of specific blend
missing). A comment on this was added in section on composition and some addi
results were added in Annex 9.

0 Description 6 MFA methodology (calculation and assumption of domestic produc
import and export of fibres, yarns, fabrics and finished textile products) was upd
in section 8.1.2.

Discrepancies  All stakeholder inputs/references have been analysed and compared to the MFA rt
with and relevant additional references have been included in the bibliography. The rec
stakeholder inputs are related both to the EU and single member state. These inputs and refes
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data

Clarification
of
methodology

generally validated the information and assumptions reported in the MFA. However,
discrepancies are present and discussed in the report:

d

Waste management and treatment shares included in the MFA are retrieved fron
literature and they are remsentative of the whole EU, so they might differ fro
Member States specific values, since municipal and textile waste manage!
strategies can change significantly for each country (clarification added in se«
8.1.1);

The total amount of textile wasteresented in this study is larger than in previo
studies because of the extensive scope of the study. In contrast to other studies
study expands the boundaries to textiles other than apparel admoime textiles
including norwoven and technical tdies, and textile waste management, includil
waste generated during the production and retail life stage of textiles. Indeed,
study covers posindustrial, preconsumer and postonsumption waste from textile
used by both citizens and commercialcers (clarification added in section 3.1.3.1).

Waste composition calculation (clarificaticadded in sections 3.1.3.2 an8.2.2 and
annex 9)

Better explanation on the methodology adopted for the calculation of poshsumer
waste in section 3.1.2.3, indaling an example in the footnote 6.

Better explanation of the calculation of separate collection of pasinsumer textiles
share in section 3.1.3.2

Better explanation have been added in the report on the following aspects:

Methodology (Dynamic MFA) adopted for the calculation of pmstsumer waste ir
section 3.1.2.3, including an example in the footnote.

Estimation of total amount of textile waste (the amount presented in this study
larger than in previous studies becagisof the extensive scope of the stud
clarification added in section 3.1.3.1).

Estimation of there-usefraction outside the EU (section 3.1.2.5)
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4 Management options for used and waste textiles

4.1 Separate collection

Separate collection of waste fractiondiverts recyclable materials from the residual or mixed municipal solid
waste and thus provides opportunities to make more value out of valuable resources that would otherwise be
landfilled and incinerated (Albizzati et al., 2023). This is particularlyartgnt for textiles as this stream is a
small part of the total waste generated (estimated to be at around686 of mixed municipal households
waste), and textile intermingling of this fraction would reduce possibilities for recycling (e.g. due to mogptenin
and associated quality loss of the material). Therefore, the Waste Framework Directive (Article 12b of
Directive (EU) 2018/851) obliges Member States to set up separate collection for textiles. Main collection
strategies for dry recyclables and textilggpically consist of pickup schemes and dropff schemes (bring
points, including civic amenity site@Commission et al., 2015; Albizzati et al., 203Zpble2).

Table 2. Main ollection strategies for textiles

Collectiontype Features

Pickup schemes Pickup schemesinclude door-to-door and kerbside collection, where collection rounds on the
territory are typically organisedfor the most voluminousand commonwaste streams,referring to
bio-waste,dry recyclablesand residualwaste

Dropoff schemes(or | Drop off/bring schemesinclude road and undergroundcontainerswith a number of containers
bring banks/points) | placed on public areas, where householdsor businessescan deliver waste. For textiles in
particular, retailers can also set up take back systems where citizens can dispose their used
textiles. Civic amenity sites also accept a wider range of waste streams including large
voluminouswaste suchas bulkywaste (furniture, bulky gardenwaste, etc.) or hazardousstreams
(suchas paints,etc.)and waste from electricaland electronicequipment etc.

Source: own work

Note that Member States have different schem for the target textile materials for separate collection, both

in relation to physical fractions as well as to the acceptance of frerusable textiles. In some countries such

as Italy and the Netherlands, all textiles collected via containers are ladehs waste. In other Member
States, the legal status depends on whether the (majority) of the collected textilesremased or not (ECAP,
2018). Finally, in certain municipalities (e.g. in Sweden), there are two bins at the curbside; one belonging to a
charity organisationfor high-quality textiles or targeted reuse, and one belonging to the recycling company

for (worn out, broken and damaged) waste textiles (Redgills, 2013). Collection of reusable textiles over the
counter in seconchand shops or otar manned collection points is not classified as waste collection, since the
receiver has had the chance to inspect items to check suitability feuse (Kohler et al., 2021).

4.1.1 Post-industrial and pre -consumer waste

Postindustrial textile residues are gemated during the manufacturing process (e.g. -ait leftovers), and

their management is controlled by the textile manufacturer. It may involve-site recycling, posterior
management by an industrial waste management as a thjpdrty (businesgo-busines), or disposal. Post
industrial waste is usually clean and undamaged and of a wealbwn chemical composition, and can thus
often be recycled without any additional cleaning or sorting. Therefore, it is a preferred source for mechanical
recycling processe (see sectiord.3.4). Unsold textile goods are labelled as ptensumer waste and their
management is generally unclear. In some cases, they i@ieranded and sold in outlet shopdpnated to
charity organisationsand/or exported to other EU or extrBU countries (Granum, 2013). In other cases,
unsold goods are destroyed by companies.

4.1.2 Post-industrial waste from households

In the EU, municipalities, charities, social enterprises, sed¢@rdl shops and retail companies giake-back
schemes) play a varying role in the collection of pastnsumer textile waste. The organisations involved in
separate collection are typically also responsible for sorting the collected textile material.
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4.1.2.1 Municipalities

Routinely, municipalite \ m>~ di “~“c\ mb~ ja c¢c\i _gdib oc®™ "~dodu in¥% r
on who may set up the collection infrastructure. For example, in Estonia, due to legal obligations,
municipalities carry out 37% of all collection, and in Lithuania thegve a 30% share (Watson et al., 2020a).

Germany has developed a draft revision of the German waste legislation that places the responsibility for the
collection of textile waste from households on municipalities, provided that the treatment of these evast
quantities is technically and economically feasible (Kohler et al., 2021). Similarly, in Denmark and in Italy,
municipalities are required to carry out the separate collection of textile waste since the beginning of 2022,

and Spanish municipalities fror2025 (Gazzetta Ufficiale, 2020; Watson et al., 2020b; Boletin Oficial del

Estado, 2022)It seems that Finland will also place the responsibility on municipalities (Watson et al., 2020b).

Collection via dropff schemes is reported to be the dominant form of used textile collection in many
European countries. For example, in France838% of collection is via bring banks, of which three quarters

are placed on streets and other public grudy and the remainder on private ground, while 88 % of collection

in Germany is via bring banks (EcoTLC, 2020a; Van Duijn et al., 2022). Bring banks are often placed on
streets, private areas and at civic amenity centres on streets (Watson et al., 20&0b)important to mention

that the quality of the collected textile waste is thought to be linked to whether the collection system is
manned or unmanned. Especially if the municipality collects textile waste feuse purposes only, an
unmanned collectio system typically implies that 280% of the collected textile waste are suitable for
recycling but not for reuse (Kéhler et al., 2021).

Kerbside collection is another way of collecting textiles, yet it is significantly less prevalent, in part due to
higher costs but also due to risk of theft (EcoTLC, 2020a). Currently, it comprises only df.8@llection in
Franceand 3% in Germany. In Austria, kerbside collection via special textile waste bags is carried out by a
small number of municipalities but halsecome rarer in recent years. A handful of municipal waste companies
have begun kerbside collection of textiles waste in Denmark, the Netherlands and Sweden, generally using
bags that are sealed and placed with other dry recyclables (Watson et al., 202Diagre is no kerbside
collection in the Baltic States (Watson et al., 2020b).

4.1.2.2 Charity organisation s

Charity organisations have historically been the main actors involved in the collection of used textiles, and
they still are (Kohler et al., 2021). Charitrganisations collect used textiles via bring banks (containers), or
over the counter in the charity organisations shops. Containers can be located in civic amenity sites (also
named recycling stations in some countries) or on the streets. In some casgsin The Netherlands, charities

are asked to pay a fee to the municipalities for the textiles they collect via containers in public space (ECAP,
2018). Following collection via bring banks, textiles are then collected and transported to central sorting
bagging locations for either local second hand or exported to sorting companies. Textiles are sorted into
different qualities which are usually directed to different markets. This kind of collection gives an average
quality of collected textiles, withelss quality than instore collection, but likely more efficiency in terms of

|l p\iodot ja o sodg n “jgg “~o _ #N~chd_o "o \g)' -+, 1\
second hand shops, which makes the quality of textiles fotuse higher than collection via containers, since

oc” "jgg "~odji dn “\m apggt hjidojm _ ]t oc” ncj k?¥»%n |k
nfjg_ _dm ~ogt di oc- "~“c\mdot ¥n ncj k' r die aljegtian by ¢ ° i

charities is very rare, although some charities offer-demand pickup services, usually in return for a fee.

The main aim of charitable organisations is normally to sell used textiles for direaige, without any type of

repair or memling. Therefore, charitable collectors in most countries tend to make it clear on their bring banks

that they only wish to receive clean and reusable textiles (and footwear), often due to the negative impact

that collecting norreusable textiles have on #ir economies (Kdhler et al., 2021). Some organisations then
AN'mmt jpo njmodib dioj -cdapaa’ mbi g onomh\ mp mdj Ak gk\amnog tj
internally (usually differentiating between textile for domestic-tese vs textiles fo treatment in other EU or

nonEU countries), and sell another part unsorted (Palm, 2014). However, the collection system by charity
organisations usually does not address textile material for recycling outside the portion of collected textiles

that is not suitable for reuse and that is sold as unsorted stream to other countries/actors.

Currently, charity organisations are by far the main actors for the collection of used textiles in many EU
countries, especially the Nordic countries (Denmark, Norwayd&weFinland and Iceland), but also globally
(Palm et al., 2014: Watson et al., 2020a). For example, charities accounted for 87% of the collection of used
textiles in 2013 in Sweden (Elander et al., 2014). In fact, charity organisations have often preigren
treatment in that they are the only ones allowed by the municipalities to set up collection containers.
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However, these organisations have been recently joined by a number of other actors, sus#rasdhand

shops social enterprisesand online plaforms for the sale and exchange of clothes. For example, in the
Netherlands the collection share of used textiles managed by charities has dropped from nearly 100% in
2000 to 55% in 2013 (ECAP, 2018). In some countries like the Netherlands, charitabl@isegens create
dedicated private companies to carry out the textile collection, sorting and sales operations with the revenues
returned to the charitable part of the organisation (Watson et al., 2020a). In the Baltic countries, separate
collection is redtively evenly split between charitable organisations, commercial/private collectors and
municipalities/contracted waste companies (Watson et al., 2020b). In Italy, where collection of textiles via
bring banks is considered as waste, there is a complegrattion of companies and cooperatives active in the
sector of separate collection of textile waste, managed at national level by a large association (Unicircular,
2018). The sole country where charity organisations are less involved is France, wherehotdigextile

waste is managed through an Extended Producer Responsibility (EPR) scheme, and the collection is managed
by an accredited Producer Responsibility Organisation (PRO) (Kéhler et al., 2021). However, charities can
register as official collectorainder the EPR scheme (ECAP, 2018). Some countries collect both reusable and
non-reusable textiles, building thus a centralised system for all textiles.

Large charity organisations active in the coltem of used textiles are Oxfam andCaritas and are
characterised by having at least a share of the workers not receiving a full salary when supporting the
organisation.

4.1.2.3 Social enterprises or organisations

Social enterprises involved in the collection of textilesrtly differ from charitiesin that their empbyees are

not volunteers, they normally have a social or environmental goal, and can b@iffit or nonprofit. Social
enterprises can organise textile collection via kerbside, doffpor in-store systems. In the EU there are many
examples of social eiities that collect used textiles or textile waste. In the Netherlands, Flanders and Austria,
sociceconomic reuse organisations under the HERWIN and RepaNet networks specialise in receiving used
goods including textiles across the counter for processimgl aepair in the shop (ECAP, 2018). These national
networks are all part of the EuropeanREUSEnetwork®, an international nonprofit network of social
enterprises. In 2021, REUSEhad 31 members across 29 countries. As of 2021, 341 000 tonnes of textiles
were collected by REUSEmembers, of which 39 000 were reised locally (REUSE 2022). Other social
enterprises includghe Red Cross in the Nordic Countries, Humana in severahtdes such as Lithuania,
Spain, Italy and Sweden, and Komosie in Belgium.

4.1.2.4 Secondhand shops

Secondhand shops have recently increased their role in the handling of used textiles, although they are
usually not estimated to represent a significant sharé ttal used textiles collection. It is challenging to
estimate the used textiles volumes that are handled through secdraohd shops, particularly given the recent
popularity of online platforms for direct consumdo-consumer sale or exchange (e.g. Vintédestiaire
Collection). Collection of reusable textiles over the counter in sedwrdl shops is not classified as waste
collection in Europe, since the receiver has had the chance to inspect items to check suitability Use.re
Indoor collection in sendhand shops is estimated to represent 13% of total collection in France, and 4% in
Germany, while it is not thought to represent a significant share of the textile flows in the Baltic States and in
the Nordic countriegKohler et al., 2021)

Similar to the case of charities, the main aim of secoffthnd shops is reuse, or reselling, therefore only
textiles in very good quality are accepted at the counter, and the focus is almost exclusively on apparel and
apparel accessories. Secot@nd shops are normily run by private actors, that retain a part or the total of

the price at which secontiand textiles are sold.

4.1.2.5 Retail companies

Circular business models (CBM) aah» m> \ odi b \ __ " _ g\l gp”~ ©°o0]j m- _p"e
resources andthegenerodj i ja di _pnomd\g \i _ “~“jinph " m r\no n»
the OECD (OECD, 2019). In the textile sector, CBMs aim to exploit resource values by maintaining or restoring
the function of textile products as long as possible, amongthers based on sound waste management (CTP,

2 https://rre use.org/workareas/environmentaind-circular policies/
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2015). Brands such as Patagonia, Zara, and H&M have already introduced their owsbaakescheme. Some

brands have established brand maiack systems, i.e. users are asked to mail their unwanted clothes back

brand€!. Some other brands opted for retailer drayf containers, where users bring their garments at the

m- o\ dg #nn%j mcjlh hkg ' C!H¥%“n M ~t~g" Tjpm >gjoc ™ n did
drop-off containers at their shops (H&MGroup, 2020). In some cases,-$tore collection is incentivised by

rewarding citizens with a voucher with which they can immediately get money off a new purchase in
exchange of their used textiles (Palm et al., 2014). Other companies decided to keapntlag role as

producers, but committed to improving textiles recycling by initiating tdeek schemes or separate

collection of used textiles by bring banks placed directly in their shops. -Balol systems can also be part of

a broader EPR scheme.

4.1.3 Non-household and bulky post -consumer waste

Generally little information is available for technical textiles used for industrial applications, and only
information on workwear could be retrieved (ECAP, 2017). Workwear garments are unlikely to reach the end

of their functional life before being discarded, making them suitable foruge if technical and security issues

can be overcome (ECAP, 2017). The collection systems for workwear comprise three principles routes:
commercial recycling (and rase) collectionstake-back and commercial collections, and household waste

disposal. Estimating the proportions for these routes is not possible although case studies, e.g. City of Herning

di ? i h\mf Vi _ R gnc I CN Ompno i pmn  mskeh gsiumdf@msrmion ' ij o’
the household waste collection system was significant (ECAP, 2017). If separately collected, the majority of
workwear is bulked with hoe textiles and clothing, and delivered to sorting stations.

It seems likely that disposal toge#r with other waste streams is a comnmomanagement routefor other
technical textiles, often designed for very specific applications, being contaminated or subject to wear and
contamination during first use (e.g. medical, cleaning and agricultural textieesd/or being intimately
intermingled with other materials (e.g. construction and automotive applications). For instance, most textile
products placed on the healthcare market are currently incinerated or sent to landfill because of the
contamination withdrugs, body fluids and blood during use (Das et al., 2021). Cars and car parts including
textiles are increasingly being dismantled, but incineration with energy recovery or other use outside the
textile sector for the textile fraction is commdh Agriculural textiles may also be designed to biodegrade
after use (Sharma et al., 2022).

Textiles in carpets, mattresses and furniture are bulky waste streams that may contain a variable share of
textiles. Such materials are typically collected via kerbsidénacivic amenity sites. Alternatively, the company
that sells new products or an appointed recycler may pick up the used mattress, carpet or piece of furniture
from the customer.

4.2 Textile recognition and sorting techniques

Increasing collection quanigs should go hand in hand with establishing or scatimg sorting and recycling
processes at the same time, in order to improve the opportunity to capture value from collected
materials. The sorting of postonsumertextiles is a critical process for asssing its reuse potential
and recycling potential (Dahlbom et al., 2023). The assessment of textile sorting is limited to small
postconsumer waste items from households and bulky waste items containing textiles.- Post
industrial and preconsumer waste a not sorted as separately collected fractions will have a well
identified composition and qualitybut customer returns may undergo a quality cheBkilky waste is
typically separated in different fractions, textiles and ndextiles. The textile fractiorof these
materials may be separated during materiapecific dismantling process by specialised recyclers, for
instance for mattresse¥ or carpet$®. The obtained materials may then be recycled using
mechanical, chemical or thermal techniques.

2 Examples are Patagoni&ttp://www.patagonia.com/recycling.html ) and Eileen Fishehttps://www.fisherfound.com )

2 Examples are H&M https://about.hm.com/en/sustainability/get -involved/recycle-your-clothes.html) and  Zara
(https://www.zara.com/uk/en/info/join __-life/clothes -collecting-c861007.html)

2 See example on the uses of textiles following car dismantling: https://www.recycleaid.co-akttaehiclerecycing/1221/

24 gee for instance, https://cefic.org/a -solution-provider -for -sustainability/chemistrycan/drivin _g-the-circular-economy/giving-
new-life-to-old-mattresses/
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4.2.1 Manual sorting of post -consumer waste from households

At present, most of the revenues for organisations involved in textile sorting are the result of sales to
different re-use markets, pointing towards the value of assessing theuse potential of separately collected
textiles, mostly apparel and footweaiThis involves a quality control on the textiles for damage, stains,
puncture or signs of discoloration, loss of quality, and other defects (e.g. pilling). In manual sorting the need
for highly trained staff is crucial to sort the textiles rapidly in categes based on type, size, style, and quality.
Many sorting facilities sort the textiles in over several hundred different categories, mostly farseein
different markets (Ngrup et al., 2019a). A lot of the manual sorting of European textile waste isedaout
outside the EU (see sectidh 1.3, or in the Baltic States and Eastern Europe, where the labour cost is lower
than in western Europe (Ngrup et al., 2019a; Watson et al., 2020b).

4.2.2 Automated sorting

Textiles for ecycling need to have a known fibre composition, since there are requirements and limitations of

fibre composition on the input material going to recycling processes (Watson et al., 2020b; Dahlbom et al.,
2023). Automatic sorting technologies are faster @more precise compared to manual sorting to assess

fibre composition (9004500 kg per hour versus 1050 kg per person per hour for manual sorting)
(Dahlbom et al., 2023). The most promising technology is spectroscopy that analyses the material
compositon via electromagnetic waves, and interactions and measurements of the wave and chemical
nomp~*~opm n) < nk > "omph dn “m VAo _ rcd”c m km n ion
categories such as pure material (100 percent cotton), mix cftarial (40/60% cotton/polyester) or material

families (cellulose fibres). The most common spectroscopic approach is near infrared light (NIR) (Dahlbom et

al., 2023).

At least a few operational plants have started to implement automated sorting based ¢ &4 part of their
activities. Sipte¥ is an automatic textile sorting facility in Malmo, Sweden. It is a result of a Swedish research
project and today operated by the municipalibwned waste management company Sysav. The sorting
capacity is 24 000 tonne per year at a maximum, and presently 8000 tonnes per year are already sorted
automatically. Another example is the Coleo Recyélirtgxtile facility in A Corufia, Spain, with a current
capacity of 2 200 tonnes per year, relying on NIR and Atrtificial ligehce techniques of the PICVEBA
technology provider. Also, the NewRéfaextile sorting facility in Denmark makes use of NIR technology and
aims at upscaling its automated sorting capacity to 40 000 tonnes in 2025 (DukovBk@ovska et al., 2023).

In some other sorting plants (Boer GrotipLSJE!) hand scanners with NIR technoldgyre already used to
d_"iodat oc’ kmj p~ron% ad]m ~jhkjndodji \'i _ pkn~\gd
(Dahlbom et al., 2023). Also other technologyopiders for manual, serrautomatic and integrated sorting
systems for textiles based on NIR technology are emerging (e.g. Fibf&s@bme limitations to automated
sorting apply (e.g. when assessing the composition of deolored textiles, or separatinfijpbres with a similar
chemical composition). NIR spectra can also be further processed using Artificial Intelligence (Al) to improve
the classification or to sort out specific materials (e.g. of a specific shape). Near infrared remains relatively
inexpensie, with a CAPEX of about 150 090200 000 EURfor an optical sorting machinéEcoTLC, 2020b;
throughput capacity not reported, but likely a few kilotonngr yea), for integrated solutions with a high
sorting capacity. This means that the return on @stment could be high when a demand for sorted bales for
recycling processes exist.

Another promising methodology to improve sorting, and particularly sorting for recycling relates to the digital
product passports initiative, part of the proposed EcodedignSustainable Products Regulation and listed as
one of the actions in the EU strategy for sustainable and circular textiles. Use of digital information carriers
(e.g. RFID tags; Radio Frequency IDentification) integrated in garments have the potergiehtly increase

% See for instance, https://www.vanheede.com/en/our -treatment/carpet -recycling/ and http://www.tarkett -
carpetrecycling.com/news/

% hitps:/iwww.sysav.selen/

27 https://coleo.eslen/

28 https://picvisa.com/en/ecosetextil/

2 https://newretex.dk

%0 https://boergroup.eu/

31 https:/iwww.Isjh.fi/en/jatteideabc/textile/

32 E.g. https://trinamixsensing.com/textiles

3 https:/iwww.fibresort.com/
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future traceability throughout the supply chain and facilitate subsequent sorting processes prior to recycling.
Implementing such passports requires the adoption of uniform standards and concensus amongst actors
involved in the textile ad waste sector.

4.2.3 Outlook on sorting

Highquality sorting of separately collected textiles from households is a prerequisite for theise and
recycling of textiles. Although still in the initial stages (<1% of pasinsumer textiles are subject to
automaed sorting), it seems likely that in a near future automated sorting could become complementary or
partially replace the sorting of textiles that are destined for recycling. This will particularly hold true when
increasing amounts of textiles are beingltected and recycling technologies continue to rely on composition
specific feedstocks. At thsame time, manual sorting mighremain highly relevant to evaluate textile quality,
particularly when assessing fase potential for client markets. To the besf our knowledge, no automated
technologies are currently available that could take over actions other than assessments of fibre and colors.
However artificial intelligence may in a future help tprogress in recognition techniqueSiven the high cost

of manual sorting by trained and skilled personnel, it seems likely that manual process may continue to take
place to a significant extent in countries with low labor costs, inside or outside the EU.

4.3 Textile repair and recycling

4.3.1 Removal of non-textile parts and disruptors for recycling as a pre -treatment step

Pretreatment and the removal of (hard) netextile parts is a prerequisite for many repair and recycling
processes, and therefore this section lists promising developments to facilitate this prostegs. Several
disintegration technologies to facilitate textile disassembly are currently under development. Wear2Go is a
patented sewing thread (WearZ®combined with innovative microwave technology to disassemble-efid

life clothing and other textileproducts. Various types of textile and accessories including logos, tags, labels,
zippers, buttons, high visibility tape, etc. can be separated quickly (<1 minute) without damaging the
components. The Wear2 yarn and industrial microwave for assembly aisdsdembly is being further
developed to TRL 7 in the Circtex project (262022). Resortec® is a melting stitching thread combined
with industrial disassembling ovens to facilitate straightforward disassembling on an industrial scale, for
posterior recyling and repair.

In addition to novel sewing/stitching yarns to facilitate textile disassembly, technologies for the removal of

coatings and laminated layers are available. Current technological developments at varying levels of
technological readiness el include selective polymer dissolution, triggerable smart polymers, reversible

crosslinkingdecrosslinking systems, and supramolecular polymer adhesives (Duhoux et al., 2021).

4.3.2 Repair services
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components of products that have become waste are prepared so that they can-fused without any other
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extends from detailed product care gies to freerepair truck tours across the US, Europe and South America.

Starting in 2017, the Worn Wear sitesells repaired and refurbished Patagonia clothing. Amongst others,

Nudie Jeans and Finisterre offer repairs and have dedicated repair seficgara, part of the multinational

Inditex, is to launch pilot repair services in the ¥JKivhereas H&M offers repair instructions on its webgite

Finally, online repair services are enging, both for custmers and brandge.g. clothes doctd?).

3 https:/iwear2.com/en/

% https://resortecs.com/technology/

3 https://wornwear.patagonia.com/

37 https://Iwww.nudiejeans.com/freepairs/

Bhttps://elpais.com/economia/202P0-21/zara-entra-en-la-ropa-de-segundamano-con-un-serviciede-reventaarreglosy-
donacion.html

39 https://Iwww2.hm.com/en_gb/hisustainability/takecare.html

40 https://clothesdoctor.com/
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4.3.3 Recycling technologies
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materials are reprocessed into products, materials or substances whether for the original or other purposes. It
includes the reprocessing of ganic material but does not include energy recovery and the reprocessing into
materials that are to be used as fuels or for backfilling operations.

This report summarises the main findings of the study of Dehoux et al., published in December 2021. Duhoux
et al. (2021) identified 78 identified technology providers, and inventoried information collected from 32
entities through questionnaires and interviews. The study groups recycling in mechanical, thermal and
(bio)chemical technologies. The sections belaw thus directly referencing and quoting the work of Duhoux

et al. (2021), but further own insights and additional references are added (see additional citations).

4.3.3.1 Mechanical recycling

Figure 7. Overview of mechanical recyclingqamesses and applications of the resulting enthaterial (green circles, with
their size being indicative for the shares currently being used for the application)
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materials recovery
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compressed/grinded/ o} Soct gooce)

opened textiles

Source: own work, based on Duhoux et al. 2021

43311 Procesdglescription

Textile material ispre-treated manually or semautomated to remove unwanted netextile components (if
possible; e.g. labels, buttons, zipper) and sanitised (if needed; following industrial cleaning/washing).
Alternatively, nortextile components can be removed after mechieal processing. The textiles are shredded

or cut into smaller pieces.

Closedloop recycling processes include mechanical action through a sequential tearing process (e.g. rotating
cylinders or drums, covered with saw wires or steel pins) to open up aleése the individual fibres (Duhoux

et al., 2021). The output material obtained following tearing consists of yapmnnable fibres of variable fibre

length, shorter fibres that cannot be respun (so called flock or fluff), and dust (Duhoux et al., 2021).

Tcmj pbcjpo oc™ m kj mo' nprc o ~“cijgjbt rdgg ] m a’ mm
An important share of the shredded textiles are used directly for certain industrial applications, outside the

retail apparel sector e.g. as wiping rags. Restcfrans from the cutting are sent to incineration or further

processed into noiwoven materials. The rags can also be further processed after a textile opening process

that exclusively generates short fibres and fluffy material, afterwards bond into +veovens (e.g. insulation

materials or acoustic in automotive applications). Hence, there are in fact great similarities between the
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only generate a minoamount of long fibres that can be yarspinned, particularly for cotton (see below). The

difference mainly relates to the use of a technologically advanced opening equipment, and the interest to

target a different market for the generated output material§ hroughout the report, such technology will be

m™ a  mm openlaop redyaling )

Practically any textile waste stream (material and structure) can be processedpéloop recycling Any
chemicals and impurities present in the input material are retained in the end materials of the process
(Duhoux et al., 2021). Sorting is, however, required and fabrics should be first sorted into different fibre
blends. The fibre limitations on inpumaterials are not very stringent when the output material is used for
wiping rags or insulation materials, and fibre mixes can be tolerated (a common requirement is >50% cotton
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to ensure adsorptive properties, but no strict requirement apply). In casgbof_q\ i ~° _% pi m\ g ggdi

should ideally consist of a single fibre (Duhoux et al., 2021). In case of fibre blends, the unravelled output is
an inconsistent mix of fibres with different properties, limiting further applications, particularly Fer tetail
apparel sector (Duhoux et al., 2021). For some fibres, it may be possible to combine mechanical recycling
process with chemical dissolution to selectively retain fibres of interest (Duhoux et al., 2021).

43312 Output materials and applications

Some extiles are reused as wiping or industrial cleaning rags, after the removal of hard components such as
eyelets, straps, hooks and zippers. Cleaning rags made from sorted out textile waste commonly comply with

oc” o' sodg’ nol\i _\mkk?Dp dji 1@8+mloddYy OclKpoowdi \ m_

the used clothing must meet; they must be dominantly made of cotton, viscose or d@emn, and must be

clean, firm and dry. Such textiles are then cut into manageable irregular pieces of at Bag 30 cm and
packed. Cutting waste is, however, been generated during this process. In addition, textile waste can also be
further shredded, opened and compressed for further use in car insulation, roofing felt, panel linings and
furniture padding. Tlsiapplication is most common at present.

Spinnable fibres are the targeted output material when advanced fitodibre recycling is envisaged.
However, in case of natural fibres, commonly only between, 2% of a good quality textile inputs can be
recoveed as goodquality spinnable fibres, though greater amounts (25856%) can be used when synthetic
fibres are used as input material for the recycling process (Duhoux et al., 2021). Fibre blending can be used in
order to ensure an input of higlguality fibres of minimum length and strength so that the quality of the
output is more consistent (thus resulting in yarns wéryingthicknesses and qualities) (Duhoux et al., 2021).
The ability to process recycled fibres is dependent on the textile product andddyation process (open end
versus ring spinning, weaving versus knitting). For instance, a greater amount of recycled fibres can be used in
the production of jeans than in the manufacturing process for blouses). Recycled fibres are also particularly
suitable for the manufacturing of carded yarns.

When the fibre length has become too short following tearing, respinning will be impossible, and fluff or flock
is obtained. The majority of the recovered fibres (i.e. about3® for cotton) are currently notaspun into
yarn but processed into newovens instead (Duhoux et al., 2021). The short fibres can be used as filling
material or to produce notwoven cleaning rags, insulation material or technical nonwovens for the
automotive industry (Duhoux et al., 2021

Also dust and other filling materials are produced, particularly from heavily worn textiles, which are either
sent as waste to incineration or usedafilling material (Duhoux et al., 2021).

43313 Technological advantages, limitations aptbgress
1 Relativey simple and straightforward technology process, requiring a relatively low investment cost.

1 Mechanical recycling processes that target wiping rags or insulation materials (following removal of
hard parts and cutting) are wekstablished, and currentlyleeady implemented at great scale. The
production of a clean material is sufficient for the envisaged application, and the presence of
colouring dyes is not considered problematic for the envisaged application. Within limitations and
knowledge on the appromate fibre composition (e.g. dominant fibres), a relative high tolerance to
the input materials in terms of fibre heterogeneity exists. Still, a main share of the cutting waste
cannot be recycled.

1 More advanced mechanical recycling following the unrawgllof textile waste is subject to greater
limitations (Duhoux et al., 2021). Whereas in principle fibre blends can be unravelled, the composition
of the output material will reflect the composition of the input material used for the mechanical
recycling pocess. Any blends will thus result in a mixture of fibres of a variable antbirsistent
composition, possibljimiting further uses in the retail apparel sector (Duhoux et al., 2021). Also
textiles with a high elastane content may be still problematidthaugh certain (chemical) pre
treatment process may help to overcome the issue (Phan et al., 2023). Advanced mechanical
recycling of laminated, coated, printed or contaminated (e.g. pain stains) input will not result into
spinnable fibres.

1 The mass share of the input textile that results in higlguality spinnable fibres following unravelling
is currently low (<20% for cotton) (Duhoux et al., 2021). Alternatively, fibres of a shorted length can
be mixed in smaller amounts with virgin (long) fibres, to neakarded yarns for e.g. technical
applications. Some technology holders claim to be able to recovei98% of spinnable fibre in
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specific cases of cotton waste (e.g. Recovertex protgsEhis is due to the use of larger pieces of
textile, improved technolgy and better performing machinery. Such technologies are, however, not
yet widespread, and even the technology holders indicate 100% commercial viability, they also
acknowledge that the quality of the recovered yarns is not equivalent to virgin qudlityaddition,

oc” o "cijgjbt cjg_"m di _d~\ o n oci3dmeh, butlkalyi d”\ g
* a]

hjim " k>i _dib ji k mj _ p "openlé&op recacling tedhinofogies need to be » ]
applied due to the technical limitations (shorter fibres).

1 For apparel applications, the remaining of impurities and colorants results, even after estoting,
may be a challenge when targeting coleaonsistent recyahg outputs (Duhoux et al., 2021; Van
Duijn et al., 2022). The same holds true when mugtiloured textiles are used as input material for
the process (Duhoux et al., 2021). Bleaching could be considered but it depends on the colorant if this
is possible ad even if it would be possible, it would probably damage the fibre too much.
Alternatively, different processes can be set up for cesmrted waste.

1 Contaminants that are resulting from the textile use phase will be retained in the output material
(Duho et al., 2021).

43314  Status andoutlook

Mechanical recycling is often stated to have a technological readiness level (TRL) of 9 (Duhoux et al., 2021).
This particularly holds true when the resulting end material of the recycling process is used outside #ike ret
apparel sector. Important hurdles and technological barriers remain to be overcome before mechanical
recycling can contribute to placing on the market spinnable fibre volumes that mirror a large shares of the
textile waste volumes generated. At preseittis estimated that about 20% of the separately collected
textiles have a homogeneous fibre composition, mostly pure cotton materials, and have no or removable
disruptors (Van Duijn et al.,, 2022). In addition, using the current stHtéechnology and mahinery, at
maximum ~25% of this material can be turned into higuality spinnable fibres e.g. in terms of length and
strength. Furthermore, possible issues on colour and contaminant quality requirements may apply in a future
more mature market for recyeld fibres. The impact of multiple mechanical recycling cycles on output quality
remains elusive. This implies that, with the current state of technology, the greatest field of applications for
the output of mechanically recycled fibres $ién textile appications outside the apparel sector. Particularly,
nonwoven textiles and composite materials are main applications for the materials resulting from
mechanical recycling. The implementation and upscaling of new developments that are currently at SRL 7
focused on increasing the amount of spinnable fibre and improving the quality of the fibres, may further
increase the technological potential of mechanical recycling to contribute to recycling for apparel applications.
It is concluded that mechanical recym) is a proven and scalable technique, but that additional technological
hurdles need to be surmounted before mechanical recycling can play a central role in converting textile waste
into new textiles at scale for the retail apparel sector.

4.3.3.2 Thermo-mechanical recycling

Figure 8. Overview of the thermeanechanical recycling process for thermoplastic textile waste and the possible
application of the resulting endnaterial. Note that these processes have not yet reached full technodgiaturity.
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41 https://www.commonobjective.co/mie/insiderseriesrecoverturns-textile-waste-into-valuable yarn
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43321 Procesglescription

Thermoplastic textile waste is processed via compounding and regranulation techniques (Duhoux et al., 2021).
Examples of thermoplastic materials include PET, PA6, PA6,6P&1drhe préreatment step involves the
removal of nontextile parts, washing/cleaning, drying and shredding/grinding to fibres. Afterwards,
reprocessing into a granulate occurs followed by melt spinning or other processing techniques to generate
fibres Duhoux et al., 2021). Melt filtration is typically applied to remove small quantities of contaminants and
impurities (such as wood, paper, cellulose fibres, chemicals, rubbers, and higher melting polymers) from the
polymer melt (Duhoux et al., 2021).

Thermo-mechanical recycling thus recovers polymers in the form of regranulate or fibres (Duhoux et al.,
2021).

43322 Applications

The output are fibreghat can be used in various textile applications, depending on the quality. Similar to
outputs from mechanical realing, blending with virgin counterparts (polymers in this case) can take place.
Thermoplastic polymer pellets (regranulate) can also be used for other applications in case fibre spinning is
not targeted or technically possible (Duhoux et al., 2021).

43323 Techmwlogical advantages, limitations and progress
9 Similarities with production process (melt processing) for virgin materials.

1 The input material should consist of only one polymer type or of compatible polymer types (Duhoux
et al., 2021). Due to the high riséf contamination, posttonsumer waste is generally not considered
as a suitable feedstock (Duhoux et al., 2021).

1 Contaminants such as pigments, dyes and other chemicals are transferred to the output material.
The output colour is thus dependent on thelours of the input materials and process conditions that
degrade colour dyes (Duhoux et al., 2021).

1 The polymer/fibre properties deteriorate after each cycle and specialised equipment or components
are required to ensure a wefuinctioning recycling pragss (Duhoux et al., 2021).

1 The addition of virgin material is to obtain functional output materials. One of the technology holders
blends 20% of recycled polyester with virgin material (Duhoux et al., 2021).

43324  Status andoutlook

One of the technology holderby Duhoux et al. (2021) processes about 5000 tonnelyrand is about to
reach TRL 7 for posindustrial textile waste (Duhoux et al., 2021).

4.3.3.3 Chemical recycling °© cotton polymer recycling via a pulping process

Figure 9. Overviewof cotton polymer recycling via a pulping process and applications of the resultingmeaigérial (green
circles, with their size being indicative for the shares currently being used for the application)
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43331 Processdescription

A pretreatment is required to remove any hard parts from the textile waste and the material is
shredded/grinded. The textiles are then suspended in a liquid with chemicals and depolymerised,
om\inajmh\odji o c ~ bd ikkppgok »d$i ofj ? pkcpgoks #° dmngn)j'g gqd+t- , $)
applied to remove dyes and finishes as well as a bleaching step, similar to the traditional wood pulp
production process (Duhoux et al., 2021). Some technology holders implement an addsiagal for the
removal of impurities and nottarget fibres (polyester, elastane, etc.) (Duhoux et al., 2021). The output is
commonly blendedvith wood pulp and processed in traditional or custom spinning processes for-made
cellulosic fibres, though somtechnology holders process 100% waste (Duhoux et al., 2021). A low amount of
waste is generated in case of use of cottaich input material (Duhoux et al., 2021).

This process can be categorized as polymer recycling, as the cellulose chain is not lblmkarto monomer
level (i.e., glucose), although it can be partially degraded (Duhoux et al., 2021).

Textiles dominantly composed of cellulosic fibres are used as input material for the process, but the pulping
process or prareatment is specific to the ibre composition. At present, cotton is mostly used as an input
material for the process (Duhoux et al., 2021). Technology holders prefer textile waste with a cotton content
of at least 50%, preferably as high as possible (Duhoux et al., 2021). Some tdabies can separate PET
from cotton, but most are still working on the recovery of PET and currently only the cellulosic fraction of
blends can be recycled (see also sect3.3.5.

43332 Applications

The regeneratedellulose or viscose is used as yarn for woven or knitted fabrics or for paper production.

43333 Technologicahdvantages limitations and progress

1 The tolerance to dyed textiles and contaminants depends on the process, but most technologies
include a decolourig, bleaching and/or purification steps, although with varying efficiencies (Duhoux
et al.,, 2021).

1 The mass shares of cottenich input textiles of high purity, and with no or removable hard parts, is
currently low. In case a certain degree of impuritiesutt be acceptable, volumes might increase as
cotton is a dominant fibre, particularly in apparel.

1 Theoretically the cellulose recovery process can be repeated several times, however the polymer
chain degrades with each repetition (Duhoux et al., 2021).

43334 Satus andoutlook

At present, most technologies have already reached a high TRL of 7 to 9, at least for pure or -caton
textiles as input material. Facilities that apply this technology are already operational at high scale. The TRL
7-8 technologies a expected to reach TRL 9 by 2025 at the latest (Duhoux et al., 2021).

4.3.3.4 Chemical recycling © monomer recycling of PET and PA6

Figure 10. Overview of chemical recycling process (monomer recycling) of PET and PA6 and the applicatians
resulting endmaterial (green circles, with their size being indicative for the shares currently being used for the
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43341 Procesglescription

A pretreatment to remove any hard parts fromhé textile waste and separating netarget materials is
required Pretreatment can also include shredding/grinding, washing, granulation and/or pelletising steps. The
PA6 or PET materials are depolymerized, some after first dissolving the polymer, ¥éedit technologies

and various reaction conditions (temperatures/ pressures/ time/catalysts) (Duhoux et al., 2021). PA6 is
generally depolymerized via hydrolysis, via acid hydrolysis and siyeated steam, or via glycolysis. For PET,
hydrolysis methanaglsis and glycolysis are used for depolymerisation, with glycolysis being the most common
technique (Duhoux et al., 2021). Recently also enzymatic depolymerisation has become available as a bio
chemical alternative (Duhoux et al., 2021). Pastatment steps are applied for purification (not strictly
necessary, but enabling the removal of contaminants and colorants), separation (e.g. solvent removal), and
drying (Duhoux et al., 2021). The output includes pteeephthalic acid (PTA) and Mono Ethylene GI{&IEG)

as the traditional monomers obtained from PET, but alternatives are possible dependent on reagent used
(Duhoux et al., 2021). These monomers can be depolymerised to obtain high purity, virgin grade PET.
Concerning PAG6 recycling, the output is cagetdm which can be repolymerised to virgin grade PA6 (Duhoux

et al., 2021).

Chemical recycling via depolymerisation implies that the polymer chains are completely broken down into
monomers and is thus classified as monomer recycling (Duhoux et al., 202Bse monomers are separated
and typically purified before entering the polymerization process again to produce new Agrgitity
polymers. Hence, no quality degradation occurs during the recycling process.

Knowledge of the composition and adequate sogtiof the input textile waste is of great importance. Most
technology holders request a minimum of 880% PET or PA6 content for economic reasons (Duhoux et al.,
2021). In theory many polymers can be depolymerized, but presently only recycling ofiBénd PETrich
textile waste is under development on a commercial scale (Duhoux et al., 2021).

43342  Applications

The recycled chemicals have similar applications as their equivalents derived from fossil fuels as primary raw
materials. Most caprolactam is used for the production of PA6 and textile applications, but it can also be used
as a highstrength precursor foindustrial uses (e.g. automotive sector). Recycled PET can be used for textiles
as well as other PET applications, such as packaging (Duhoux et al., 2021).

43343 Technological advantages, limitations aptbgress

1 Potential to remove contaminants and achieve hogeneous colours in the recycled material, and to
obtain textile fibres with high and consistent mechanical properties.

1 Just like the pulping process of cellulose fibres, the efficiency of the chemical recycling of synthetic
fibres depends highly on the pity of the input material. The waste that is generated is a non
PET/PAG solid residue or sludge consisting of other synthetic or natural fibres, dyes, chemicals from
finishings/coatings/prints, etc. depending on the input composition.

1 The mass shares of qglyesterrich and PA@&ich input textiles of high purity, and with no or
removable hard parts, is currently low.

43344  Status andoutlook

Chemical recycling of PA6 textiles via depolymerisation is already an established technology at TRL 9 for
more than a decad. For PET recycling from textiles, the technology is not yet mature, and TRL levels vary
from 4 up to 7 (Duhoux et al., 2021).

32



4.3.3.5 Chemical recycling °© polymer or monomer recycling of fibre blends

Figure 11. Overview of chemical recling process for textiles of a mixed fibre composition and the envisaged application
of the resulting endmaterial. Note that, with the exception of wool recycling, the processes have not yet reached full
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Procesglescription

Several technologies focus on the recycling of cotton, wool and PET from polycotton blends via different
approaches. Some of these technologies maintain fibres, others do not affect polymer chains and are thus
classified as polymer recycling, whereas arthshare breaks textiles down to monomers.

Most technologies can deal with a certain percentage of contamination with other materials (nylon, acrylic,

rjijag

g\ no\ i -tefti® 'accasgonies suchms zippers and buttons and generally also caating

must be removed. Sorting of textiles waste is required as knowledge of the composition is often required for
a good process efficiency.

f

Colorsorted wool or cashmererich textile recycling are subject to hydrochloric acid vapors, which
break down the cellulose and synthetic residues/fibres, whereas animal fibres remain intact. The
fibrous material preserves the fibre length and the initieharacteristics of the fabric, dried, and used

as an input to the carding process.

Cotton and PET polymer recycling via a dissolution process: PET and cotton are both dissolved, each
with a different solvent. The PET pathway includes -dgeoval, polyme solvent separation,
purification and polymer restoration steps. PET polymers are kept largely intact, but the final process
step is meant to increase the molecular weight and achieve virgin quality (Duhoux et al., 2021). The
output of the cotton pathwayis cellulose pulp for marmade cellulose fibre production.

Hydrothermal recycling processes: Textiles are treated with water containing one or more acids (e.g.,
an organic acid or sulphuric acid) and without organic solvents, under increased temperatdre an
pressure (Duhoux et al., 2021). Some technologies result in the decomposition of cotton which is
recovered as powdered cellulose. In a next step, the polyester fibres are separated via filtration,
retaining as such the quality of the fibres. The fibrearcalsobe melted, extruded and pelletd, and
additional chemical processing can be used to obtain virgin quality PET pellets (Duhoux et al., 2021).
Other hydrothermal technologies work inversely; PET is depolymerised to PTA and MEG, and
subsequently thecellulose fraction is recovered via a dissolution process. The different processes can
include a colour removal/bleaching step as well (Duhoux et al., 2021).

Enzymatic recycling process: A fungus is grown onto the textile waste, and its enzymes arereztove
for use in textile waste hydrolysis. Cotton is hydrolysed into cellulose and soluble glucose, while PET
and/or other norbiodegradable material remains chemically unaltered and can be filtrated as fibre
(Piribauer et al., 2019). The cotton hydrolysasethen further purified to obtain a glucoséch pulp,
whereas the PET is +gpun into yarns (Duhoux et al., 2021).
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43352 Applications

At present, the state of technology is insufficient to assess applications. In principle, the recovered materials
are similarto these of the individual processes described for chemical recycling above, thus implying similar
fields of application.

43353  Status and outlook

The main advantage is that the recycled material can be obtained from mixed fibre mixtures (Duhoux et al.,
2021). Wbol recycling using hydrochloric acid has since decades been a tradition and operation practice in the
Italian Prato district. The solveritased dissolution and filtration technology is currently at TRI6.5The
different hydrothermal technologies are atRLL 67, while the enzymatic approach is at TRL 5 (Duhoux et al.,
2021).

4.3.3.6 Thermo-chemical recycling

The thermechemical recycling processes pyrolysis and gasification differ from one another and from
combustion in several ways. Combustion is performed at pematures in between 800 and 1200°C with
sufficient oxygen in order to completely oxidize the material and is mainly used to generate steam for
electricity production or for heating. Hence, in such case it would not be considered a recycling/material
recowery process. Gas and oil output products from gasification and pyrolysis can be used for heat and power
production or be converted into chemical intermediates for the chemical industry (Roos, 2010; Duhoux et al.,
2021).

Figure 12. Overview of the thermechemical recycling process and the envisaged application of the resulting end
material, mostly fuels.

chemical
intermediates
— syngas
pre-treatment (cutting, remaoval ’
of hard parts and other Sﬁ":z‘;::: .

unwanted items) i i
textle material (broad g;";;‘,‘;?ﬁf;';‘;;; — &/ meltprocessing — s
composition spectrum ) reactor

———— far, ashes, char

Source: own work, based on Duhoux et al. 2021

43361 Procesdglescription

Nontextile parts such as metal buttons are removed as thegn cause problems during processing. Drying is
performed for wet input material with a view to reduce energy input, and homogenizing and compacting the
input textiles may also be required (Duhoux et al., 2021). The actual gasification or pyrolysis stajsen
heating the waste to temperatures of 400 to 1100°C with a controlled amount of oxygen, air, oxygen
enriched air and/or steam. During the process a series of complex endothermic chemical reactions occur,
resulting in the production of pyrolysis oilphatiles (i.e. gases and tars) and a solid residue (i.e. char or ash). A
series of traps/separators each collect a fraction of the reaction products. The specific outputs of the process
and their relative shares depend on the input waste, the reactor tgpe process parameters (temperature,
heating rate, residence time, etc.). The obtained fractions are mostly used as a fuel, but can also serve as a
feedstock for the chemical industry following upgrading. In order for the syngas to meet the requirements fo
the production of chemical intermediates (e.g. methanol), components containing sulfur, halogens, nitrogen,
etc. need to be removed (Duhoux et al., 2021).

43362 Technologicahdvantages limitations and progress

1 The main advantage of the process relates to its ability to process more complex, heterogeneous
r\'no> nom \ hn' di ~gp_dib ad]lm n \i_ ]Jg i_n ja
The process does not need higjuality, sorted textile wast and may even include materials from
different industries (e.g. biomass, plastics). It is also more tolerant to contaminants compared to
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thermo-mechanical or chemical recycling technologies and therefore does not require thorough
cleaning and decontaminain pretreatment of the input textiles (Duhoux et al., 2021).

1 The technology leads to pure, uncontaminated, vitlike monomers, offering possibilities to be used
for the production of textiles and other materials of higiuality (Duhoux et al., 2021).

1 The process of therma@hemical recycling is energy consuming due to the high temperatures needed.
The additional cleaning steps to obtain chemical intermediates increase investment and operational
costs (Duhoux et al., 2021).

1 The output materials are mostl used as a fuel, rather than for the production of new textile
products.

4.3.3.7 Summary overview of recycling processes

The summary of the main features (input and output materials, barriers to recycling, and technological
readiness level) of the different recjing processes are summarised iflable 3 so as to facilitate a
technology comparison.
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Advanced
mechanical
recycling

Open-loop
recycling

Thermochemical
recycling

Any textiles with a
high share of a
dominant natural or
synthetic fibre.
Mostly textiles rich
in cotton or other

natural fibres are
used.

Any textiles. For
the production of
cleaning rags,
textiles of a greater
dimension (e.0.

home textiles) are
preferred.

Typically
thermoplastic
textiles  of

purity.

high

Table 3. Summary of different recyclingechnologies for textile waste.

Yarn-spinnable
fibres, short fibres
for the production
of non-woven
textiles

Short fibres for the
production of non-
woven textiles

Polymers in the
form of regranulate
or fibres

Limited

In principle
depending on
application area of
output material

yes,

the
the

No, with the exception

of mixtures
compatible

types of high purity.

of

polymer

No, non-textile materials can or
need to be removed before or
during the recycling process.
Contaminants and colours will be
transferred from input to output
materials. This may, depending on
the application of the output
material, require a need for colour
sorting or use in multi-coloured
textiles.

No, non-textile materials can or
need to be removed before or
during the recycling process.
Other contaminants and colours
remain in the output material but
given their targeted applications
(e.g. insulation materials for
construction of automotive sector),
this is not considered a main
hurdle.

No, non-textile materials can or
need to be removed before or
during the recycling process.
Contaminants such as pigments,
dyes and other chemicals remain
in the output material.
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High, but current technologies
mostly generate a low amount
of  yarn-spinnable fibres.
Technologies that target
longer and stronger fibres for
use in apparel production is at
a lower level of technological
readiness.

High and fully mature, with a
long history as the dominant
recycling technique for textile
waste.

Intermediate, technology
readiness level of ~7.

Yarn-spinnable materials that are
the targeted output material is of
a lower quality than virgin
equivalents. Therefore, fibres
should be blended with virgin
fibres, and possibly be used for
the used for the production of
carded vyarns. Uncertainty on
potential for multiple recycling
cycles, likely limited to ~3.

When rags are further processed
through opening, grinding or
cutting, the process is very similar
than 6 a d v a n cmechénical
recycling, with the difference that
no yarn-spinnable fibres are
targeted as output. Non-woven
materials are therefore the main
application area for materials
generated through this process.

A deterioration of polymer/fibre
properties occurs following the
recycling process. Therefore,
fibres should be blended with
virgin fibres.



Chemical recycling
for natural fibres
( A c opolynzen
recycling via a
pulpingpr oc e ¢

Chemical recycling
for synthetic fibres
(Amonomer
recycling of PET
andP A6 0)

Chemical recycling
for textiles with fibre
mixtures ( Aipol
or monomer
recycling of fibre
bl endso)

Thermo-chemical
recycling

Textiles dominantly
composed of
cellulosic fibres, but
impurities in terms
of other fibres can
reasonably be
accepted.

Different polymers
can be
depolymerized, but
presently only
recycling of PA6-
rich textile waste.

Several
technologies focus
on the recycling of
cotton, wool and
PET from
polycotton blends

The process does
not need high-
quality, sorted
textile waste and
may even include
materials from
different industries
(e.0. biomass,
plastics).

Man-made

cellulosic pulp.
The regenerated
cellulose or

viscose is used as
yarn for woven or
knitted fabrics or
for paper
production.

Chemical
monomers

Depending on the

process, can be
natural fibres,
polymers,
monomers.

Syn gas, oil, tar
and char, can also
be converted into
chemical

intermediates and
therefore serve as
feedstock for the
chemical industry

Yes, typically an
additional stage for the
removal of impurities
and non-target fibres

(polyester,  elastane,
etc).

Most technology
holders request a

minimum of 80-90%
PET or PA6 content

Most technologies can
deal with a certain
percentage of
contamination with
other materials (nylon,
acrylic, wool,
el astaneé),

Yes

Source: Own workased on the work of Duhoux et al. (2021)

Partly, disruptors can or need to
be removed before or during the
recycling process. Commonly a
chemical treatment removes dyes
and finishes as well as a
bleaching step of which the latter
is similar to the traditional wood
pulp production process.

Partly, non-textile materials can or
need to be removed before or
during the recycling process.
Potential to remove contaminants
and achieve homogeneous
colours in the recycled material.

Disruptors and generally also
coatings must be removed. Colour
removal can be performed and a
bleaching step as well.

Yes, though non-textile parts such
as metal buttons are typically
removed as they can cause
problems during processing
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Most technologies have
already reached a high TRL of
7 to 9, at least for pure cotton
textiles as input material.

For PA-6 available at
operational scale since long.
For PET textiles the TRL-
levels vary from 4 up to 7.

Wool recycling using
hydrochloric acid is a tradition
and operation practice in the
Italian Prato district. The
solvent-based dissolution and
filtration technology is
currently at TRL 5-6. The
different hydrothermal
technologies are at TRL 6-7,
while the enzymatic approach
is estimated by Duhoux et al.
(2021) at TRL 5.

Pyrolysis has already been
implemented as industrial
plants (TRL 9), but unknown
scaled up applications for
textile waste.

The regenerated cellulose or
viscose is used as yarn for woven
or knitted fabrics or for paper
production.

The main advantage relates to its
ability to process more
heterogeneous waste streams,
including fibres and blends of
fibres that ¢ a nhkitrecycled by
any other technology. Some
studies claim a higher energy use
compared to other recycling
technologies due to external heat
requirements of the process.



4.3.4 Mapping the current textile recycling market landscape in the EU and applications
of recycled materials

The mapping of textile recycling plants is based on a review of recent literature, involving recently published
key studies from Fashion for Good (Van Duijn et al., 2022), the Swedish Environmental Research Institute
(Dahlbom et al., 2023) and Lifestyle &esign Cluster (Jgrgensen and Werner, 2022). In addition, also a
market study on textile recycling was taken into account (MaiaConsulting, 2023). The review was
complemented by checking crosseferences from existing technscientific publications during hie
development of this report and internet searches. A draft list has been reviewed and complemented based on
the feedback from experts active in the field of textile recycling on a first draft of this report. Publically
available information from the wehises of each of the companies was reviewed and inventoried. The review
of the consulted sources is believed to provide a good overview of the structure of the recycling market, but
cannot be considered as complete and nolentified additional actors in th market are certainly existent.

This holds extensively true for recycling processes that do not involve final applications for the apparel sector.

In the context of this study, the scope of recycling is aligned with the definition in the Waste Framework
Directive, and thus includes recycling techniques that process textile waste through cutting and shredding for
apmoc m {oop mechéniggl et i gdi b ¥64.318.]). Thisnscopeoisibiroader than most studies

that exclusively focus on recycling for potential applications in the apparel and home textile sector. Materials

that find an applicationthat is different than the original product (e.g. apparel transformed into industrial

cleaning wipes) are classified as recycling because only products and components of products which are being
reepn” _ ajm oc dm jmdbdi\ g kpmkj% mrk\impn™ %} jmdimd gdm™ _ ra
definition under the Waste Framework Directive.

Figure 13.N* ¢~  hVod” jg mgd ' r ja o> sodg m ~t~gdib kmjg}jrkndz n bmj
mechanical, chemicalas¢c * mh\ g kmj~ > nn"n #]gp° ~dm~g” ji oc® g ao$ \i '
shredding, blue circle on the right). The final use applications of the recovered materials are indicated in green, whereas
intermediate materials from tosedlooprecycling processes are depicted in yellde thickness of the arrow and the
accompanying values approximately correspond to the estimated mass that is processed/generated through the pathway,
indicating that at present most textiles are beinmgcycling for applicationsther than apparel and home textiles

/
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chemicals and other
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textiles and other Gl
‘ /| || materials )\ |
0.03-0.05
‘:u\lﬂt yr! 0.15-0.25 Mt yr’’ 0.5-0.6 Mt yr -
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,‘f‘/ other textile applications (e.g. cleaning
| appareland | wipes, car insulation, roofing felt, panel linings | fuels
",‘ home textiles | and furniture padding, playground filling, other \
non-woven composite materials) X
N y \‘

Source: own work
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It is noted that feedstocks and output material of recycling processes are subject to substantial trade on the
international market. Hence, EU companies active in textideste recycling often import textiles (often rags,

not always labelled as waste) from third countries, whereas textile sorting companies in the EU often export
waste to third countries for recycling abroad. Also the recycled fibers from plants locatethénEU find
outlets in EU countries or international markets, including countries located in the Americas.

4.3.4.1 Recycling processes for potential applications of end-materials in the apparel retail
sector

The summed capacity of the different operators applyifg” g 4g i j récyeling processes for potential
applications of endmaterials in the apparel retail sector is at present estimated at about ©.2.3 Mt yr?.

Note that this Figure is based on the mentday (year 2023) capacity, and does not take into account any
forward looking capacity upgrades (see also sectB.5for the assessment of outlook and future markets).

In total, around 40650 companies were identiéid that are grouped into 11 larger players (individual
companies or grouped entities that are active in the same region and market niche) with an identified
processing capacity of more than 5 kilotonnes (kt) per year (together processing an estimated vesile
mass of about 0.15 Mt yt), and 36 players with either an unknown capacity or small current capacity
(estimated to have a joint capacity of about 0.050.15 Mt yr?).

The feedstock materials used bhese companies mostly involviextiles made & a dominant fibre (e.g. >
95% cotton).

The recycled fibres are then further used by yarn and fabric manufacturers and retailers that place textiles
made from recycled fibres on the market. Examples of such companies are Chemosvit Fibrdchewop a
Life**, Noverplum&®*, Pure Wast®, Rohde¥, Sodrd’, Purfi®, andWeTurr®.

43411 Large economientities

It is observed that main players are mainly located in South, West and to a smaller extent in Northern Europe,
thus largely aligned to the location of the main tebdi producers (mostly active in Italy, France, Germany,
Spain and Portugal)l@ble4).

About more than one third of the recycling facilities (based on capacity,-60 kt yr? out of 150 kt yr?)
exclusively accepts poshdustrial preconsumer and postonsumer waste from ridustrial applications
(Table 4. Some plants (SOEX, Wolkat, together processing 20 ktofrtextile waste) exclusively accept paest
consumer waste, mainly from households. The remaining recycling facilities accepletexdiste from all
origins, though facilities that mainly target uses in the apparel retail sector only accept certain fibres like
cotton, viscose or wool. Overall, it is assumed that at least 50% of the input materiatddsedlooprecycling
plants involve postindustrial and preconsumer waste. Hence, it is indicated that proportional to the waste
mass generated, posindustrial waste is subject to a greater relative degree of recycling than postsumer
waste inclosedloop recycling plants, likely bewse of a greater homogeneity and increased information on
fibore composition as well as the reduced challenges to recycling (e.g. no wear from use phase, potential
contamination).

Mechanical recycling is clearly the dominant technology being used (-i8®f 155 kt yr? of textile input to
the recycling process) over chemical recycling (15 Kt 9f textile input) Table 4. No thermal recycling plants
of great capacity (> 5 kt yt) have been found in this literater review. With the current state of technology,
mechanical recycling mainly results in fibres of a relatively short length (see seeti8r8.]). This observation
explains the fact that the applications of the output maitals mainly involve uses as cleaning wipes,

42 www.fibrochem.sk

43 https://loopalife.com/

4 http://www.neokdun.com/

4 https://purewastetextiles.com/
46 http://rohdex.com/

47 https://www.sodra.com/en/

48 https://purfi.com/

4 https://weturneco/
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insulations materials in the automotive and construction sector, rather than uses in the apparel retail sector.
Hence, the properties of the fibres generated (see secdd3.1; in general <20% for cotton that is the most
common fibre in the input material) limit further uses of apparel and other applications equal to their original
use purpose. One notable exception to this general trend observed involve the Recover (roacheayicling)

and Renewcell (chemical recycling) plants that mainly target applications for the apparel retail sector as part
of an effort to upscale recycling for further use aligned to their original purpose.

Other applications of the end materials dfie recycling process include use as fuels (e.g. rest materials that
cannot be valorised in the recycling process, e.g. dust or very short fibres). The output products of chemical
recycling processes are currently used for the manufacturing of apparel attter woven/knitted textile
products.

Table 4. Overview of the main economic organisations located in the different EU Member States (MS) active in the
processing of textile waste through advanced mechanical (following the unravelling of textiles), chemical or thermal

processes
Process type MS Capacity Input materials Output application
estimate  (kt
yr)
Altex Textil Mechanical DE 25 Mostly  post-industrial and pre- insulation,
Recycling consumer waste. Post-consumer automotive,
httos:// ltex.d waste is less than 20% of the total geotextiles, non-
ttps:/iwww.altex. input. Interest to take in all types of woven
e/en textiles
Aquafil (Econyl) Chemical, IT Estimate <5 Only a small share (< 5 kt) originates fabrics, clothing

polyamide of textile form fabric scraps (post-industrial
https://www.econyl. (Nylon 6) waste, even waste). The main input materials are
com/ recycling though total old fishing nets, fabric scraps, used
feedstock plastic, and other types of ocean
processing is waste.
about 50 kt
yri.
Associazione Tessi Mechanical IT 22 Post-industrial and post-consumer clothing
le Riciclato Italiana  (wool and waste rags rich in wool and
. . cashmere) cashmere.
https://astrirecyclin
g.it/en
ETS H. Moncorgé Mechanical FR 5-10 Management of scraps and textile automotive, clothing,
http://divi- production waste, but also certain geotextiles, home
extra.com/en/ post-consumer textles can be textiles, other
processed. industry products
Frankenhuis  B.V. Mechanical NL 9 Post-industrial waste, workwear and automotive, non-
(Boer Group) post-consumer waste woven, insulation,
https:/iwww.franke I other
nhuieby nl/ industry products
Procotex Mechanical BE 25 Post-industrial waste and post- automotive,
consumption of textiles from industrial mattress, insulation,
https://en.procotex. applications non-woven,
com geotextiles
Recover Mechanical ES 20 Post-industrial, pre-consumer and clothing, home
post-consumer  waste. Exclusive textiles

https://www.recove
rtex.com/
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Renewcell Chemical i SE 10 Textile production waste with high Dissolving pulp

pulping of cellulosic content, like cotton or cellulose that can be
https://WwWW.renewc \aqte with high viscose. Currently  post-industrial used for the
ell.com/en/section/ cellulosic waste is mainly used. production of man-
our-technology/ content made cellulosic

fibres (approx. 68%
of the output is

Circulose®)
Rester Mechanical Fl 12 Used technical textiles and textile nonwovens,
) production waste. Received material technical,
https://rester filen/ fractions are at the moment cotton, automotive & geo-
polyester, cotton-polyester, wool, textiles, insulation,
polypropylene and mixed materials. yarn, fabric  for
apparel etc
SOEX Recycling Mechanical DE 11 Post-consumer waste Mostly insulation
Germany GmbH material for  the
automotive and
https://wv_vw.soex.d construction
e/en/services/recyc industries. Certified
ling/ recycled fibres from
previously  defined
material
compositions and
colors are produced
Wolkat Mechanical NL, 9 (~ 30 kt Post-consumer waste (cotton, Yarns, knitted or
MAS0 processed polyester, acrylic, synthetics, other woven end products
https:/www.wolkat. per year, of blends, polycotton blends, wool and also non-woven
com/en which ~30% blends) fabrics.
recycled)
Total Mechanical (11 MS in ~ 150-160 See text See text

plants) and S/WIN
chemical (2 EU
plants)

Source: own work.

43412 Economic entities of unknown capacity or small curreapacity

These economic entities involve a mixture of pileants (startups/scaleups), including also a few more
established operational/commercial plant$gble 5. Textile recycling organisation of unknown capacity or
small current capacity are also located in South, WestNwrth Europe Kigure 14), similar to the larger
economic entities. A main difference compared to the larger economic entities lies in a more diversified
technology field, covering not only mechanical recycling (28emtors), but also chemical recycling (9
operators) as dominant processing pathways. In addition, thermochemical processing (one operators) and a
combination of mechanical and chemical processing (2 operators) are observgpiré 14). For these
processes, cotton polyester, polyamide, and woelich materials are main input materials. Also textiles
containing feathes and down are an important input materials, dominantly for we#itablished economic
operators. Both posindustrial and postconsumer waste are used as dominant input materials, with 64% and
58% of the operators accepting these input materials, respegljv Preconsumer waste is less common as
input material, with only 19% of the plants stating its acceptance.

A remarkable difference with the larger established economic operators is that the main output materials of
these facilities, particularly emergg players, involve (envisaged) uses in the apparel sector.

50 Headquarters are located in the NL, but the actual recycling process is performed in Morocco.
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Figure 14. Overview of the economic entities of unknown capacity or small current capacity active in the recycling market
with a treemap for the geographic location dfie plant (left hand Figurels well as an overview of the type of recycling

thermo- .
) mechanical and
mechanical . .
X chemical recycling
recycling

mechanical
recycling

chemical
recycling

applied at the different facilitiesright hand pie chart).

Sourceown work
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Table 5. Overview of economic entities of unknown capacity or small current capacity (estimated < 5Kt active in

textile recycling in the EU

B | VI

Antex
(EcoAntex)
Belda Lloréns
(EcolLife)

Carbios

Cardato

COM.L.STRA

CuRe
Technology

Eastman

European
Spinning
Group
Fast Feet
Grinded

Filatures du
Parc

Fulgar (Q-
NOVA)

Hivesa Textil
SL

Infinited Fiber

JSNeaustima

Lenzing AG
(Refibra)
Manteco Spa
(MWool)
Marchi & Fildi
(Ecotec TM)

MPO
Recycling

https://antex.net/

https://www.ecolifeby
belda.com/home-
english/

https://www.carbios.c
om/en/enzymatic -
recycling/
http://www.cardato.it/
en/brand -cardato-
recycled/
https://www.comistra.
com/
https://curetechnology.
com/

https://www.eastman.c
om/en

https://www.esg -
group.eu/en/collection
s/green
https://www.fastfeetgr
inded.eu

http://ffilatures -du-
parc.com/NotreEntrepr
ise_EN.htm
https://www.fulgar.co
m/eng/products/q -
nova
http://www.hivesa.co
m/inuestraempresa.ht
mi

https://infinitedfiber.c
om
https://neaustima.lt/en
/

https://www.tencel.co
m/de/refibra
https://manteco.com/
mwool/
http://www.ecotecproj
ect.com/english.html

https://www.mporecyc
ling.nl/producten/

Thermo- Spain
mechanical
Mechanical | Spain
Chemical Franc
e
Mechanical | lItaly
Mechanical  Italy
Chemical Neth
erlan
ds
Chemical Franc
e
Mechanical @ Belgi
um
Mechanical Neth
erlan
ds
Mechanical | Franc
e
Mechanical  Italy
Mechanical | Spain
Chemical Finla
nd
Mechanical @ Latvi
a
Chemical Austr
ia
Mechanical | Italy
Mechanical Italy
Mechanical | Neth
erlan
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PM

PM

PreC,

PM,P

PI,PC

PC

PM,P

C,Pre

PI,PC

PC

PC

PI,PC

PreC

PM

PM,P

Pl

PM,P
PreC,

PC
PM,P

PM

Polyester,PP,
PBT,PTT,PLA
Cotton,man-
made
cellulosics
(MMC)
Polyester,
Polycotton
blends

Wool

Wool

Polyester,
Polycotton
blends
polyester

Cotton,denim,
polyester

Rubber

Wool

Polyamide
(Nylon 6.6),
Polyamide
Cotton,Wool,
Polyester,
Polyamide,
Acrylic, MMC
Cotton

Polyester,
cotton, wool,
hemp, flax,
acrylic and
mixed fiber
blends.
Cotton,MMC

Wool

Cotton,Wool,
Wool/Acrylic
blends
Cotton,Wool,
Polyester,

Yarn

Yarn

Resin

Yarn

Yarn

Fibre, resin
Monomers
for fibre and

others
Yarn

Rubber,
foam, fibre

Yarn

Fibre

Fibre,yarn,
non-woven

Yarn

Pulp
Fabric

Yarn

Fibre,
granulates



ds Polyamide,PP,
Jute, MMC
Nurel https://nurelfibers.com = Chemical Spain PM Polyamide Fibre,yarn
(RecoNylon) /en
Pure Loop https://www.pureloop. Mechanical | Austr | PI,PC| LDPEFPP,PE Pellets
com/en/plastic - ia
recycling-material/
Radici Group https://www.radicigro Mechanical Italy @ PM Polyamide Yarn
(Renycle) up.com/en (Nylon 6),
Polyamide
Re:Down https://lwww.re - Mechanical | Franc | PC Down Down
down.com/down- e
recycling-our-processes
Re:Mix http://mistrafuturefash ~ Chemical Swed PM,P Polyamide,Ela @ Fibre, flakes,
ion.com/wp - en C stane chipsor
content/uploads/2017 pellets
/11/Remix.pdf
Re.Verso http://www.re - Mechanical | Italy @ PM Wool, Yarn,fabric,
verso.com/en/info/chi - cashmere farment
siamo
Really https://reallycph.dk/pr Mechanical Den @ PM,P Cotton,Wool, = Non-woven
oducts mark C Polyester
Robert Levy http://www.textile - Mechanical = Franc | PM Cotton, Fibre
alsace.com/fr/ e Aramid
SaXcellB.V. http://saxcell.nl/ Chemical Neth = PI,PC Cotton Yarn,fibre
erlan
ds
Spinnova https://spinnova.com/ Mechanical | Finla | PM, Cotton-rich Fibre, pulp
nd PreC, | materials
PC
Sysav- Siptex  https://www.sysav.se/ = Chemical Swed PI,PC Blends, Fibre and
en/ and en various yarn
mechanical
Tesma http://www.tesmacash | Mechanical  Italy | PC Cashmere Yarn
Cashmere mere.com/
Textile https://textilechange.c = Chemical Den PIl,PC Cotton, Fibre
Change om/ mark polyester
Velener Textil | https://wecycled.de Mechanical = Germ PM Cotton Yarn
GmbH any
(WECYCLED)
Vicente http://www.vbmateria Mechanical Spain PreC @ Cotton, Fibre
Barber Belda @ stextiles.com/producto Polyester,
s/ Acrylic
Vanotex https://www.vanotex.b | Mechanical @ Belgi PM, PP,Polyester Construction
e/ um PReC | (PES)carpet ,fibre,
waste,needle | agricultural
felt, mattress sector
ticking, wool,
sisal,PAG,PA,
cotton,

*Pl: post-industrial waste, PreC: pre-consumer waste, PC: post-consumption waste

Source: own work.

4.3.4.2 Recycling following cutting, grinding, or shredding of
of end-materials outside the apparel retail sector

textiles for potential applications

The most common recycling process for separately collected qgosisumer textiles involves their shredding
and reprocessing into cleaning rags, either in the EU or third camidften located in Asia). After opening
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and transformation of the fibres into a fluffy fibrous state, the rags can be further transformed into non
woven and/or garnetted products for industrial applications (e.g. insulation materials). This processéypas
both yarnspinning and weaving/knitting, and is therefore able to rely exclusively on short fibres and fluffy
material, and remaining colours in the output materials are generally not considered as problematic.
Altogether, a best estimate suggests thabout 0.5- 0.6 Mt yr! of textiles are processed in this manner in

the EU, thus a much higher mass compared to the textile waste shares that are processed through more
advanced techniques that aim at recovering precursors for the apparel retail industry (see sdc8ghl).

The market players that are active in this fieldd¢ble § nonexhaustive list) are typically more established
companies, active since longer in the textile recycling market, compare¢hee@ntities involved irclosedloop

m ~t~rgdib kmj~” " nn > n) Jao i oc°> m ~t~rgdib \"odgdot dn
involve collection and sorting for rase and export to other entities in or outside the EU. The like&son for

this business structure is that high revenues are obtained froruse that can compensate for the net cost

of the recycling activities. Although textile waste rich in natural fibres are preferred, in principle all types of
textiles can be procesed. Therefore, the companies indicate that the textile fraction that is not suitable as
input material for such recycling processes and effectively goes to incineration with energy recovery and/or
landfill is very low (<510%), indicating a high efficiencof the recycling process and ability to process a
broad range of materials. However, further process losses occur during the recycling process e.g. in the form
of cutting losses that are then used as fuel or subject to disposal operations.

Oc dpenldop recyclingz h\ di gt o\ f n kg\”~" _dm ~ogt \No g\ mb" ndc
waste in Germany, France, and Poland and Hung@aple §. For Germany alone, it is indicated that of the

approx. 1 milliortonnes of textile waste annually collected, about 21% (212 kt) is recycled as cleaning rags,

and 17% (172 kt) further transferred into nomvoven textile products for applications as e.g. insulation

materials (Watson et al., 2020b; Striebel Textil, 2023)nfarly, a dominant (55%) share of the nereusable

separately collected textile waste in France is processed in this manner by the company Le>RéMfer

organisations that were inventoried as part of this study are located in Hungary, Poland, dtadly Slovakia

(Table §. Compared to the identified closddop recycling techniques, it is likely that the overview of

economic operators active is noticeably less complete, and that a main share of the recycling takesimplace

third countries.

It is indicated that the operators identified mainly focus on the management of (sorted) separately collected
post-consumer waste, rather than the processing of pastlustrial or preconsumer wasteThe feedstock for
these recycling pcesses is subject to a mimaf limitations compared to recycling processes that focus on
applications for the apparel sector.

Table 6. Nonrexhaustive overview of textile recycling facilities that apply cutting, grinding, orddfirey of textiles for
potential applications of endnaterials outside the apparel retail sector

Organisation Website Member State

Ecotex https://ecotexgroup.com/ Germany, Poland
Hotex recycling https://www.hotex-recycling.de/ Germany

Le Relais https://www.lerelais.org/index.php France

Pistoni srl https://www.texile-plastic-materials- Italy

recycling.com/index.php

Re Textil DE https://www.re-textil.de/en/home/ Germany

51 See https://www.lerelais.org/decouvrir.php?page=collecte_et_valorisation_textile
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Remitex https://remitex.de/en/ Germany

SK-tex https://sk-tex.com/ Slovakia
Striebel Textil https://www.striebel-textil.de/ Germany
Texaid https://www.texaid.ch/en/products-and- Hungary/Germany

services/recycling.html
Textrade https://textradekft.hu/en/ Hungary

VIVE textile recycling https://www.vivetextilerecycling.pl/?lang=en  Poland

Source: own work.

4.3.4.3 Summary of recycling pathways

Based on the inventory of the recycling capacities, it is estimated that a total of Q.7085 Mt yr?* of textile

waste is annually recycled in the EU. Most recycling takes place following the cutting, grinding and shredding
of textiles into rags for further use as cleaning wipes or namven textiles for industrial applicationgigure

13).

4.3.5 Present-day barriers and o utlook on textile recycling

4.3.5.1 Present-day barriers to recycling

The technology overview (section 4.3.3) combined with the mapping of recycling facilities (section 4.3.4)
indicates that presentlay recycling process experientazhnology hurdleshat limit their potential to process

an important share of the textlewas™ b~ i " m\ o~ _ di oc @P di \'  YWrgjon®
used for the production of e.g. garments for the apparel industry:

- 9

- The feedstock applied are mostly texti®f a homogeneous composition, e.g. pure cotton or wool,

- Mostly, processeeely on postindustrial waste as its composition is wethown and informed by the
supplier. Moreover, the material is clean and has not been subject to wear;

- Due to the strong limitations on input materials, feedstock for recycling facilities in the E&s cot
only originate from the EU, but also from imports from industrial plants located outside the EU;

- The output from mechanical recycling plants, the dominant technology providers in the BEtldsity
not used for the production of apparel because itnst fully equivalent to primary raw materials.
Ncjmo ad]lm n #Yagpaa¥%$ dn \i dhkj moléio jpokpo h
spinnable fibres are produced, they are mostly used in the manufacturing process of a limited set of
textiles €.g. home linen) or intermixed with virgen fibres in textiles made from carded yarns.

4.3.5.2 Technology outlook

Recycling processes, particularly mechanical recycling processes that turn textile waste into industrial rags
and fluff that can be used for the pduction of noawoven textiles, are prevalent and technologically mature.
No or negligible technological limitations apply to these technologies.

However, a more diverse recycling market that generates output materials that can also be used in other
industrial applications (e.qg. for apparel production) is desirable under future scenario of market diversification.
Mckinsey (2022) assumes, based on interviews with technology providers, that current technological
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limitations can be overcome in the short termnd that up to 70% of the textile waste can technically be
recycled in 2030 for posterior use in apparel. This would mainly involve textiles with a high content of a single
fibre, and assuming that a certain degree of fibres other than the main fibre d¢snaccepted and other
current challenges (presence of ndextile parts, such as hard netextile parts) can be overcome.

4.3.5.3 Outlook on recycling capacities in the EU

The available literature (Dahlbom et al., 2023) and outlooks from identified several adtothe EU recycling
market (section4.3.4 as listed on their websites) suggest that substantial capacity upgrades have been
planned in the near future, padularly for closedlooprecycling technologies.

Dahlbom et & (2023) indicate that the planned total capacity (mass of feedstock entering the recycling
plant) from 17 closedloop recycling actors would increase to 1.3 million tons per yéaMost of the future
capacity would be for mechanical recycling (1000 kt'yr and lower capacities are claimed by chemical
recycling operators (250 kt y%). Hence, this would involve an increase of about 1 million tonne per year in
just a few years of time. Main growth is projected and claimed by a limited set of economidiestfe.g.
Renewcell 250 kt yt, Recover 200 kt y, Spinnova 150 kt yt, Carbios 40 kt yt), indicating that a certain
degree of caution is required to ascertain that industry claims can actually be realised in practice. Together
with opentloop recydhg processes growing at a slower pace (currently 0.®.6 Mt yr'; subject to a 2.3%
compounds annual growth rate for this sector as projected by MaiaConsulting (2023)), textile recycling
capacity would grow to roughly 2.0 Mt yrin 2035. This would equal an overall compounds annual growth
rate of 8.5% to accommodate an absolute capacity growth of about 1.25 Mt gver a time span of 12
years.

Schumpeter (1942) distinguishes three stages in the process by which a new techndé&gops (OECD and

IEA, 2023), invention, innovation and diffusion. However, technical capacity development is not a linear
process, but a cyclical process based on feedback lofye$ween market experience andechnical
development (OECD and IEA, 2023)mParing the compound annual growth rate to that of other processes
and sectors may provide an alternative estimate of how capacity development may evolve with time.
Projecting forward using the evolution of dissimilar technologies is unwarranted sinceetienological and

policy tools, including investment subsidies and legal requirements, may be different. Still, within broader
limits, the concept may be partially useful to compare and project immature technologies such as textile
recycling. The recyclingapacities for the EU beverage industry (1992005) for paper and board collected

and recycled increased during the phase of exponential growth by an average rate of 5.5% per year (CEFIC,
2020), whereas packaging waste recycling capacity during the peti®38 , 2006 in the EU15 increased at

an average compounds annual growth rate of 3.2% (EEA, 2008). Hence, the projected capacity growth is
predicted based on pledged future recycling capacities seems only possible if compounds annual growth rates
are significantly higher than these observed fapenlooprecycling technologies in the past.

Altogether, our best estimate is an increas# average compound annual growth rate that is similar to
historic capacity for other secondary raw materials (4.25% compads annual growth until 2035). This value
would increase the total textile waste recycling capacity in the EU for the reference year 2035 to approx. 1.3
Mt yr-1.

4.4 Summary of stakeholder feedback on the draft report

A draft version of this report was sharedor consultation with about ~150 stakeholder organisations,

including Member States representatives, industry actors, -poofit organisations, academics and non
governmental organisations, in April 2023. Feedstock on this draft report was received aradlyin written

during a stakeholder workshop (184 <kmdg$ Vi _ \i \'nnj~d\Vo” _ I p nodj
"Njinpgo\lodji»$)

52 For 2025 as reference year. Given the claim of annual recycling gnawte that are substantially higher in the next years compared
earlier time periods, and due to delays observed in upscaling to industry pledged capacities for recycling in other grdéahlert
and Bening, 2022), it is assumed that this number alqupies to the 2035 reference year.
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4.4.1.1 General overview

About25-30 responseswere received on questiongelated to this sectionmostly from recycling ad sorting
organisations, with following general observations:

0

Most organisations and recyclers, except three to four, were alrdélgd in the draft reportand had
thus previously been;

Recycling technologies, agreed on the importance of currently listed tdobies. Most redrred to
chemical and mechanical methods, some refer to thermal techniques. A shift towards chemical recycling
(Iyocell, viscose, polyester recycling into monomers) is indicatidive to the present situation;

Most recyclers indicated dy the intake of pure materialand do nottake in apparel of a mixed fibre

composition, unless they are foced on making materials for norapparel applications (insulation
materials, cleaning rags). Most focus on cottorglyester and polyamide, from dirent waste types

(postindustrial and postconsumer)

On volumes, most actors seem to confirm the information that we have collected from their websites.
Some additional information was received from specific organisations on present and future outlook.

Organisations flaggedhe international market offeedstocks for recycling processes, riaularly due to
the very specific nature and purity requirements for input facilities. Baleseaf. pure cottonoften

originate from Pakistan, Dubai or US, and orteri production that are shipped as (Byroducts rather
than waste.

4.4.1.2 Main changes compared to draft report

Text parts were revised to account for the new informationn® updatesto the Tables that document
recycling entities, and theicurrent andfuture capaciy estimates on recycling capacity were performed
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5 Environmental and techno -economic characterisation of the different
recycling or other recovery routes and technologies

5.1 Methodology

This section describes the lifeyclebased methods used ithe study to quantify the potential environmental
and economic impacts (savings or burdens/costs) of textile wastese, recycling, incineration or landfilling,
based on Life Cycle Assessment (LCA) (Sechdhl), Envionmental Life Cycle ©sting @.CC) andfull
EnvironmentalLife Cycle @sting fELCQ (Sectiorb.2).

5.1.1 Potential environmental impacts (LCA)

The quantification of potential environmental impacts was carried out followingabkshed practice for
waste management LCA (see literature (Finnveden, 1999; Clift et al., 2000; Joint Research Centre, 2012) and
in accordance with the guidelines of the ISO 14040/14044 standards (ISO, 2006a, 2006b). Specific
methodological and modellingules of the Environmental Footprint (EF) Method (European Commission,
2021) relevant to the goal and scope of the study were also applied. These regard, notably, the selection of
impact categories and Life Cycle Impact Assessment (LCIA) methods. Fomdldelling of background
activities and processes involved in the investigated waste management pathways and scenarios (e.g.
electricity use, transport and capital goods), we relied on Ecoinvent 3.8 datasets. Further detail is provided in
Sectionsb.1.5(life cycle impact assessment) arsl1.6 (life cycle inventory).

5.1.2 Goal, scope and Functional Unit

The goal of this study is assessingand comparingthe impacts associatedwith the treatment of a selected
waste material fraction (e.g. cottonrich textile waste) via selected technology pathways and their
combinationsj.e.re-use mechanicaland chemicalrecycling® as well as incinerationand landfilling. Sincethe
main purposeof this study is to assessthe impact of the treatment of 1 metric tonne in different
technology scenarios, we assumein the re-use and recyclingscenariosthat the separatecolledion rate by
household/servicess 100% (all waste generatedis collected).Note that assuminga separatecollectionrate
less than 100% would just cloud the performanceof the downstreamsorting and recyclingtechnologies,
whichis insteadthe main goal of this LCA*.

The geographical scope of the study is the European Union, represented by the entirety of its Member States,
i.e., ELR7. As for the temporal scope, the study reflects current conditidysar 2023) This applies both to

the foreground systenincluding all activities associated with the specific waste management scenario, and to
the background system including all ancillary activities such as energy and material supply.

Inthisstudyoc™ api ~odjil\g pido #APS$ d rtricctdnheioflatséldetéditextile\ i _ o m’
r\ino’ h\o " md\g am\ ~odj i r> o r dbco di~gp_dib dhkpme
prioritized (reported in the interim reporting) are those that together make up more than 80% of the Elth

27 textile waste by weight1) cotton, 2) polyester, 3) wool, 4) polyamide, 5) viscose, and 6) mixed polycotton

5.1.3 System boundary and supporting software

Theboundarystarts from the waste collectedin householdsor businessesand endswith the final recovery
(e.g.into new products,materials, substancesor fuels/energy)or disposalin landfill of the studied material.
Sincethe main purposeof this study is to assessthe impact of the treatment of 1 metric tonnein different
technologyscenarios,we do not corsider the source separationinefficiencies(no mass lossesat separate
collection stage). Energy consumptionsJabour, and costs for collection operations (both for separate and
mixedcollection)are includedin the assessment.

The processesincluded are: collection, sorting, recycling (including pre-treatment), energy recovery via
incineration,and landfilling. The system ends with the final recovery (e.g.into new products, materials,

S Seesectiorb.l4ajm o ~"cijgjbd n ~jind_"m _) M ~t~rgdib di~“gp_"n ]joc ¥\ _q
well as openloop recycling technologies that trafgm i) natural fibres to secondary wipers, ii) synthetic fibres to PP granulate and
iii) mixed fibres to insulation material based on Faraca et al. (2019).

5 In a full impact assessment, one should also include the rate of separate collection at sousceptaall the generated waste is
captured by separate collection schemes.
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substancesor fuels/energy)or disposalin landfill of the material, i.e. with the end of its Yaa dj rd rand &ny
impacts from a possible¥an *~ “gj diaf re¥dsed and recycledmaterials is consideredthrough LCAcrediting
(see below). The system boundary of each LCA scenario includes all the operations involved in the
management of the waste through the specific technology,i.e.:i) transport; ii) collection and sorting; iii)
processingof the waste material; iv) handling of separatednon-recyclablematerial fractions, residuesand
lossesfrom recyclingand residuesfrom energy recoveryprocessesas well as v) substitution of market
materials,productsand/orenergyfrom the recoveredmaterials/productsand/orenergy.

Systemexpansionis performedto accountfor the multi-functionalitiesof waste managementsystemswhere
additional productsare generatedalongsidethe main servicerequired,whichis treating the waste. Thus,any
flow of secondarymaterial or energygeneratedfrom the waste managementsystemis creditedvia system
expansiorby assumingthe replacementof correspondingprimary material or energyin the EUmarket (Figure
15). Tothis end, marginaP® backgroundprocessesare usedto describethe replacedproductionprocessegor
supplyprocesswhentransportneedsto be includedtoo). Whilemarginal processesvere usedfor this specific
exercisethe model has beenset up to accommodateswitchesfrom marginalto averageprocessesand vice
versa.

Incineration residues (bottom ash after metal separation and air pollution control residues) are each sent to a
specific treatment and fate, i.ere-use as construction material and disposal in underground dsifs
respectively. In case of chemical recycling, any required mechanicairpagment of the inputwaste is also
included (if not already covered by the inventory data applied).

% Marginal processes are those processes that are expected to change as a result of an increased/decreased demand, normally
consisting of suppliers that are able to respond to a marldemand increase/decrease. In LCA, this is an alternative approach to
using average market processes, which instead normally consist of the weighted average of the market suppliers for agauthin
or service.
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Figure 15. Graphical representation of technicahthway scenarios including system boundary, waste and product flows
as well as both induced (continuousack lines) and avoided processes (dottigrky lines). The illustrative example is for
the case of polyester (PES), but can as well be extendedéadimaining textile waste fractions. Note that, since the
focus of this study is on the impact of the treatment of 1 metric tonne in different technology scenarios, we consider a
separation rate of 100%, i.e. no loss at separate collection stage.
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The inputwaste is assumed to carry no environmental burdens from the respective upstream life cycle,
following the common "zerdurden" assumption applied in waste management LCA (see, for instance| Ekval
et al. (2007); Finnveden (199% as the impacts occurring before the waste is generated would be exactly the
same across the alternative management scenarios herein compared.

The assessment of the investigated waste management scenarios and technologies is conducted with the
support of the LCA software EASETECH v3.4.4 (Astrup et al., 2012; Clavreul et al., 2014) specifically developed
to assess waste management technologies asgistems. This tool is applied to model the different waste
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management activities and processes included in each scenario, and to calculate the respective potential
environmental impactsenvironmentalife cyclecostsand full environmental life cyclecods.

5.1.4 Scenarios definition

The assessment considers comparison among different waste management scenarios relying on alternative
pathways and technologies for treatment of specific textile waste streams, $able 7for the overview. Not

all technologies described in secti@gn3.3are addressed in this section. For instance, thermechanical and
thermo-chemical technologies are not included in this assessment due to a lack of data ancmapitation

in operational plants at high technology readiness level.

Note that although this study compares fibigorted feedstock/technology combinations, sorting was
assumed to take place for reise and recycling operations as this operation would takecp on (mixed)
separately collected used and waste textiles. This enables a fair comparison amongst management routes for
used and waste textiles, and allows to present impact of the entire waste management chain, including
sorting.

5.1.5 Life cycle impact assessment

The following 16 environmental impact categoriesncluded in the currently recommended EU Environmental
Footprint (EF) methods (European Commission, 202&jere considered in this study: Climate Change (CC),
Ozone Depletion (ODP), Human Toxiagncer (Htox_c), Human Toxicity, raancer (Htox_nc), Particulate

Matter (PM), lonising Radiation (IR), Photochemical Ozone Formation (POF), Acidification (AC), Eutrophication,
terrestrial (TEU), Eutrophication, freshwater (FEU), Eutrophication, mavik&)( Ecotoxicity, freshwater
(Ecotox), Land Use (LU), Water Use (WU), Resource Use, minerals and metals (MRU), and Resource Use, fossils
(FRU). Notice that MRU is mostly affected by the consumption or recovery of critical minerals and metals (e.g.
gold, dlver, antimony, lithium, indium), while FRU by the consumption or avoided use, via energy recovery
from waste, of fossil resource (gas, coal, oil, peat, uranium, etc.). The EF 3.0 Life Cycle Impact Assessment
(LCIA) method, as implemented in the LCA saftevused to model the investigated waste management
scenarios (EASETECH v3.4.4), was applied to calculate the potential environmental impacts of each scenario in
these impact categories. Notice that the categgs LU and WU are not regionadid in EASETEGI3.4.4 and

therefore their results are to be considered as an indication of the tendency of these impacts rather than an
accurate figure.

5.1.6 Life cycle inventory modelling

The life cycle inventory data consist of foreground and background data. Foregrouna Her to
input/output technology data (e.g., consumption of electricity and chemicals as well as outputs produced to
treat 1 unit of input waste, which here corresponds to the reference flow that fulfils the functional unit).
These were developed basenh scientific and technical literature as well as data obtained from the previous
JRC’s projectsTable 7provides an overview of the technologies and processes involved in each management
scenario investigated. To dedoei the technologies and processes, uncertainty rangese used to cover the

data variation when multiple studies (or players) provide data on a similar or same technology. Background
data refer to processes that are input to the foreground system but that are (typically) not affected by
choices operated on theofeground system (e.g., by policy makers or operators). These were covered with
external datasets dcoinvent database). Where needed, these data were complemented with specific
assumptions. It is referred to sectidh3 for more information and data.

5.1.6.1 Recovered products/materials/substances and substitution of primary production

Recovered products/materials/substances (e.g. recycled secondary wipers) as well as recovered energy or
fuels (e.g. electricity and heat from in@nration) were identified as those process outputs that can be directly

sold on the market and used, as such or after further external processing/conversion, to replace virgin textile
materials, chemical intermediates (e.g. monomers) or feedstock (e.g.thaphand/or conventional fuels or
energy (e.g. electricity and heat from the grid).

According tothe applied methodological approach and system boundary (SecBdh3), recycled and
recovered products/eproducts wereassumed to replace equivalent primary products on the market,
obtained from primary or conventional production routes. Specific substitution factors were applied, where
relevant, to account for any real or potential difference between the quality of reay@nd replaced primary
products, as detailed ifable 8 The substitution factor thus intends to reflect a quality ratio, i.e. how well the
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secondary material is able to fulfil the same function of its virgin counterpaftr an intended market
application. A substitution 1:1 means that the secondary material/product/substance is fully equivalent to its
virgin counterpart.

Regarding energy substitution, recovered electricity was assumed to replace electricity from thgridU
represented by the marginal EU electricity grid mix for the period 2820 (0% nuclear, 32% natural gas,

0% hard coal, 15% hydro & marine, 42% wind, 0% biomass, 0% oil and 11% solar (KERAMIDAS et al., 2021)).
The choice of a past period was detemeid by focus on showcasing reality to as high degree as possible. For
thermal energy, we distinguish between space and industrial heating. The space heating mix is represented by
the marginal space heating mix for EU27 for the period 202620 (8% naturalgas, 7% oil, 9% hard coal,

10% electricity, 66% biomass). The industrial heating mix is represented by the marginal industrial heating
mix for EU27 for the period 20182020 (48% natural gas, 28% oil, 8% hard coal, 16% biomass).
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Table 7. Overview of the waste management scenarios and technologies assessed for each textile waste stream and
details of the technology applied and main products obtained in each scenario. CHP: combined heat and power; COT:
cotton waste; ®: chemical recycling; EG: ethylene glycol; EN: enzymatic recycling; EU: current distribution of municipal
solid waste management in EU between incineration and landfilling (we use 54% incineration and 46% landfilling based
on (Albizzati et al., 2023); INhcineration; LA: landfilling; MR: mechanical recycling; MSW: municipal solid waste; GR: open
loop recycling (mechanical processing to products that are different and used for different purposes than the material

from which the waste has originated); P@olyamide waste PC: polycotton waste; PES: polyestemeRIde TPA:
terephthalic acid; VIS: viscose waste; WOL: wool waste.

[jpus- Functl_onal SHEEEND Type of treatment Main technology Main products O
waste unit name products
COTRU Re-use/preparing for Cutting and sewing Sec_ondhand N/A
re-use textiles
Mechanicalrecycling, | Shredding,separation of Spinnable Fluff, filling
COTMR closedoop (see impurities, washing, density °P material,
) - . fibres
section4.3.3.]) separation,drying metals,dust
. . . . Cleaningrags/
COTOR Openloo_p recycling Shreddl_ng,was_hlng,densny secondary N/A
(seesection4.3.3.]) | separation,drying -
wipers
Managemen Chemicalrecycling .
Cotton t of 1 tonne COTCR (seesection4.3.3.3 Pulping Pulp N/A
waste of cotton
waste Incineration (MSW)with
Energyrecoveryand | CHPgeneration,controlled .
COTEU | landfiling landfilling with gasand E('git”c'ty and | \ya
(54%/46%) leachatecollection system
and gasutilization
Incineration (MSW)with Electricity and
COTFIN Energyrecovery CHPgeneration heat N/A
Controlled landfilling with
COFLA Landfilling gasand leachatecollection N/A N/A
systemand gasutilization
PESRU Reuse Cutting and sewing Sec_ondhand N/A
textiles
. . Shredding,separation of . Fluff, filling
PESMR Mechanu_:alrecycllng impurities, washing,density Splnnable material,
(seesection4.3.3.]) : > fibres
separation,drying metals,dust
PESOR Openloo_p recycling Shredd|_ng,was_h|ng,densny Non-vnfgm N/A
(seesection4.3.3.) | separation,drying gradefibres
Chemicalrecycling . Sodium
Managemen | PESCR (seesection4.3.3.4 Depolymerization TPA,EG,PES sulphate
Polyester | t of 1 tonne
waste of polyester Incineration (MSW)with
waste Energyrecoveryand | CHPgeneration,controlled | i oo
PESEU landfilling landfilling with gasand heat y N/A
(54%/46%) leachatecollection system
and gasutilization
Incineration (MSW)with Electricity and
PESIN Energyrecovery CHPgeneration heat N/A
Controlled landfilling with
PESLA Landfilling gasand leachatecollection N/A N/A
systemand gasutilization
. . Secondhand
WOLRU | Reuse Cutting and sewing textiles N/A
Managemen
Wool t of 1 tonne WOLOR Openloop recycling | Shredding,washing,density | Non-virgin N/A
waste of wool (seesection4.3.3.) | separation,drying gradefibres
waste
) Energyrecoveryand | Incineration (MSW)with Electricity and
WOLEU landfilling CHPgeneration, controlled heat N/A
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(54%/46%)

landfilling with gasand
leachatecollection system
and gasutilization

Incineration (MSW)with

Electricity and

WOLIN Energyrecovery CHPgeneration heat N/A
Controlled landfilling with
WOLLA Landfilling gasand leachatecollection N/A N/A
systemand gasutilization
PARU Reuse Cutting and sewing Sec_ondhand N/A
textiles
. . Shredding,separation of . Fluff, filling
PAMR gzgzg’tfgr:rgéyghgg impurities, washing,density ]?tr))rlre\gable material,
R separation,drying metals,dust
PAOR Openloop recycling | Shredding,washing,density | Non-virgin N/A
Managemen (seesection4.3.3.) | separation,drying gradefibres
Polyamid g?f L tonne Incineration (MSW)with
ewaste . Energyrecoveryand | CHPgeneration,controlled .
bolyamide | PAEU | landiling landfilling with gasand E('git”c'ty and | \ya
waste (54%/46%) leachatecollection system
and gasutilization
Incineration (MSW)with Electricity and
PAIN Energyrecovery CHPgeneration heat N/A
Controlled landfilling with
PALA Landfilling gasand leachatecollection N/A N/A
systemand gasutilization
VISRU Reuse Cutting and sewing iifi?::hand N/A
. ’ Shredding,separation of . Fluff, filling
VISMR Mechampalrecycllng impurities, washing,density Splnnable material,
(seesection4.3.3.]) - . fibres
separation,drying metals,dust
Managemen Incineration (MSW)with
] Energyrecoveryand | CHPgeneration,controlled -
x;’t‘fe E,?\f,,ls e | VISEU | landfiling landfilling with gasand E'ee;t”c'ty and | \/a
waste (54%/46%) leachatecollection system
and gasutilization
Incineration (MSW)with Electricity and
VISIN Energyrecovery CHPgeneration heat N/A
Controlled landfilling with
VISLA Landfilling gasand leachatecollection N/A N/A
systemand gasutilization
. . Secondhand
PCRU Reuse Cutting and sewing textiles N/A
. . Shredding,separation of . Fluff, filling
PGMR Mechanu_:alrecycllng impurities, washing,density Splnnable material,
(seesection4.3.3.) - . fibres
separation,drying metals,dust
PGOR Opertloop recycling | Shredding,washing,density | Non-virgin N/A
Managemen (seesection4.3.3.) | separation,drying gradefibres
Poly- t of 1 tonne
eotton of Dissolution of cotton and Recovered
waste polycotton | pgcR Chemicalrecycling SSOU cellulose PET | N/A
recovery of polyester . ’
waste y Of poly! resins
. . . Dissolution of polyesterand | Cellulosic
PGCR Chemicalrecycling recovery of cotton fibre, TPAEG N/A
Energyrecoveryand | Incineration (MSW)with .
PGEU landfilling CHPgeneration, controlled E(Ieea(;trlmty and N/A
(54%/46%) landfilling with gasand
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leachatecollection system
and gasutilization

Incineration (MSW)with

Electricity and

PGIN Energyrecovery CHPgeneration heat N/A
Controlled landfilling with
PGLA Landfilling gasand leachatecollection N/A N/A

systemand gasutilization

Source: adapted &m Solis et al., in preparation.
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Table 8. Main assumptions related to the modelling of the substitution of primary market products by products obtained
from the investigated recycling scenarios: substituted products and corresponding substitution factors. CR: chemical
recycling; EN: enzymatic ngading; MR: mechanical recycling; OR: elo@p recycling (mechanical processing to products
that are different and used for different purposes than the material from which the waste has originated); PET:
polyethylene terephthalate; Rtk-use TPA: tereghalic acid.

Re-used or T
Ii[aut EET recycled Substituted product ST Source
waste nology factor
product
RU Sec_ondhand Virgin fibres 1:0.725 (Farrant etal.,2010)
textiles
Fluff Insulation material 1:0.8 (Faracaet al.,2019; Duhouxet al.,2021)
MR (Schmidtet al.,2016b; Rittfors, 2020;
Cotton Spinnablefibres | Virgin fibres 1:0.525 Duhouxet al.,2021; Textile Exchange,
2021)
Non-virgin . .
OR gradefibres Secondarywipers 1:0.8 (Faracaet al.,2019)
CR Pulp Wood-basedpulp 1:1 Stakeholderconsultation
RU Sec_ondhand Virgin fibres 1:0.725 (Farrant etal.,2010)
textiles
Fluff Insulation material 1:0.8 (Faracaet al.,2019; Duhouxet al.,2021)
MR (Schmidtet al.,2016b; Rittfors, 2020;
Spinnablefibres | Virgin fibres 1:0.525° Duhouxet al.,2021; Textile Exchange,
2021)
Poly- OR Non—wrgln Syntheticgranulate 1:0.8 (Faracaetal.,2019)
ester gradefibres
Terephthalic TPAfrom virgin fossil- . . .
acid (TPA) basedfeedstock 1:1 (GarciaGutierrez et al.,2023)
Ethyleneglycol | EGfrom virgin fossil- . . .
CR (EG) basedfeedstock 1:1 (GarciaGutierrez et al.,2023)
Polyester (PES) Virgin PES 1:1 (Garcia-Gutierrez et al.,2023)
polymers
RU Sec_ondhand Virgin fibres 1:0.725 (Farrant et al.,2010)
textiles
Wool
Non-virgin ) .
OR gradefibres Secondarywipers 1:0.8 (Faracaetal.,2019)
RU Sec_ondhand Virgin fibres 1:0.725 (Farrant et al.,2010)
textiles
Fluff Insulation material 1:0.8 (Faracaet al.,2019; Duhouxet al.,2021)
Polyami MR
de (Schmidtet al.,2016b; Rittfors, 2020;
Spinnablefibres | Virgin fibres 1:0.525° Duhouxet al.,2021; Textile Exchange,
2021)
Non-virgin . .
OR gradefibres Syntheticgranulate 1:0.8 (Faracaetal.,2019)
RU Sec_ondhand Virgin fibres 1:0.725 (Farrant etal.,2010)
textiles
. Fluff Insulation material 1:0.8 (Faracaet al.,2019; Duhouxet al.,2021)
Viscose
MR (Schmidtet al.,2016b; Rittfors, 2020;
Spinnablefibres | Virgin fibres 1:0.525° Duhouxet al.,2021; Textile Exchange,
2021)
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RU Sec_ondhand Virgin fibres 1:0.725 (Farrant etal.,2010)
textiles
Fluff Insulation material 1:0.8 (Faracaet al.,2019; Duhouxet al.,2021)
MR ; . B .
(Schmidtet al.,2016b; Rittfors, 2020;
Spinnablefibres | Virgin fibres 1:0.525° Duhouxet al.,2021; Textile Exchange,
2021)
OR NO”'V'Fg'” Insulation material 1:0.8 (Faracaetal.,2019)
gradefibres
Polycott
on CR Recovered Wood-basedpulp 11 Stakeholderconsultation
cellulose
Terephthalic TPAfrom virgin fossil- .
acid (TPA) basedfeedstock 11 (Petersonetal. 2022)
CR*
Ethyleneglycol | EGfrom virgin fossil- .
(EG) basedfeedstock 1:1 (Petersonetal.,2022)
) S . (Duhoux et al. 2021; Textile Exchange,
EN PETfibres Virgin fibres 1:0.525 2021)
Glucosesyrup Virgin syrup 1:1 Duhouxet al.,2021

Source: adapted &m Solis et al., in preparation.

5.2 Environmental | ife cycle costing and full environmental life cycle costing

An Environmental LCG® (ELCC) focusing on internal costs (budget costs and transfeetated to
environmental taxes that are already internalised, e.g. landfill and incineration taxes paid bytopgrand
reflecting a traditional financial assessment was performed. THERCC adhered to statef-the-art
methodology as presented in Hunkeler et al. (2008) and MartiBanchez et al. (2015). ThELCC and LCA
share the same object, scope, functional Lirdnd system boundaries. The cost assessment includes internal
costs (budget costs and transfers); strictly defined, budget costs are costs incurred by the different actors
involved in the management chain of the waste (collectors, operators, transporeges), while transfers refer

to money redistributed among stakeholders (taxes, subsidies, value added t&AT, and fees). In our
analysis, for the purpose of simplicity and the resolution of the data obtained, we will refer only to the
aggregated intenal costs in general reported as operational expenditures and capital expenditures (sum of
OPEX and CAPEX), i.e. we will not report budget costs and transfers separatel,Clhevas carried out with

the software EASETECH v3.4.4 (Astrup et al., 2012réllbet al., 2014).

Full Environmental Life Cycle @sting (ELCQ accounts for the internal costs after subtraction of
environmental taxegcovered inELCC) and external coststriving to take perspective of the entire costs
borne by society. The externabsts are not covered by current market prices (i.e. not internalised in the
current products and/or services price paid by consumers). To pricegonmentalexternalities we here used

the shadow prices of environmental emissions by de Bruyn (2018) aygssted by the official EC guidelines

for impact assessment studies (European Commission, 2023). Thepti€e was corrected to 10EEUR
based on a recent update and recommendation by DG ENV and CLIMA (van Essen et al., 2019), which is more
in line with arrent ETS prices. Notice that only the externalities associated with environmental emissions to
soil/water/air are included in de Bruyn (2018) while other external caostsnly related to social aspectée.g.

time spent by citizens to sort their waste, itdiren labour to produce textile product, gender or other inequality
issues, and all the other social effects that one may think of) are here not accountedtfehould be noticed

that the term fELC(preciselyrefers to the fact that only environmental externalities are consideradthe
assessmentwhile social aspects are not. In previous studietsofrom the same authorsthe term Societal

LCC was useth place of fELCBoth H.CCand fELCQollowed the stae-of-the-art methodolay as defined

and presented irMartinezSanchez et al(2015) and AlbizzatiZ021).

% This is different from a full environmetal LCC (where environmental externalities are monetised and summed to the internal costs, all
expressed as shadow prices) or from a societal LCC (where environmental and social externalities are manedisetinmed to
the internal costs, all expressed ahadow prices) that strive to quantify the total cost carried by the society, thus reflecting a
socieeconomic or welfare assessment.
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As previously, théEL CC and LCA share the same object, scope, functional unit, and system boundaries. The
fELCCQwas carried out with the software £&SETECH v3.4.4 (Astrup et al., 2012; Clavreul et al., 2014).

5.3 Inventory data

This section summarises the main data used for the assessment and relates sources. While our choice is not
to show the detailed technology and process inventories in this remt@tailed information (i.e. inpubutput

data used in terms of amount of energy, fuel, chemicals consumption per unit of waste treated, product
yields out of one unit of waste treated, etc.) will be prepared and made available under rejuest

The foregrounddata (consumptions, emissions, yields, etc.) to describe the waste treatment technologies
were taken from previous JRC studies or the recent literature. For cotton, RU was based on (Farrant et al.,
2010; Schmidt et al., 2016b; Faraca et al., 2019)JR on(Schmidt et al., 2016b; Rittfors, 2020; Duhoux et al.,
2021; Textile Exchange, 2021PR on(Faraca et al., 2019)and CR oriSchmidt et al., 2016b; Spathas, 2017,
Duhoux et al., 202]1 stakeholder consultatign incineration was modelled based on GarGétierrez et al.
(2023), which performed a similar exercise on plastic waste, while landfilling on (Cruz and Barlaz, 2010; Kabir
et al., 2013; Olesen and Damgaard, 2014; Chamas et al., 2020; Jin et al., 2022; Shoaf, 2022).

For polyester, RU, MR and OR wbased on same sources as for cotton, CR on (Schmidt et al., 2016b;
Spathas et al., 2017; Duhoux et al., 202GarciaGutierrez et al., 2023)Incineration and landfilling were
modelled similarly to cotton, but the emissions are specific to the polyester following the waptific logic

of the EASETECH software (Clavreul et al., 2014).

For viscose RU and MR were based on same sources as &vioms textile fractions. Incineration and
landfilling were modelled similarly to cotton, but the emissions are specific to the viscose following the
waste-specific logic of the EASETECH software (Clavreul et al., 2014).

For polycotton CR was based on (Reson et al., 2022) whereas EN was based on Duhoux et al. (2021).
Incineration and landfilling were modelled similarly to cotton, but the emissions are specific tpohgotton
following the wastespecific logic of the EASETECH software (Clavreul €2@1.4).

The background data describing the input to the foreground system (e.g. electricity supply, fuels, chemicals,
ancillary materials) are represented with datasets from the ecoinvent 3.8 database. With respect to prices

(e.g. for consumption of chewgals, electricity, heat, fuels but also for recovered products, chemicals, etc.),

most data were taken from previous studies (TorBs$vas et al., 2018; Ngrup et al., 2019a; Duhoux et al.,

2021; Bassi et al., 2022; Hilde van Duijn et al., 2022; McKinseZd@npany, 2022; Albizzati et al., 2023;
GarciaGutierrez et al., 2023While the specific background data are available in a separate document upon
request, the following unitost (cost of treating 1 t input to the unit treatment) are especially importdot
understanding the LCC results: landfilling cost (OPEX and CAPEX): 69.5 EUR/t; landfill tax 43 EUR/; incineration
cost (OPEX and CAPEX): 125 EURV/t; incineration tax: 21 EUR/t; separate collection cost (OPEX and CAPEX): 181
EUR/t; mixed waste colleoti cost (OPEX and CAPEX): 106 EURI/t; transport cost: 0.0057 EUR/t/km;
depolymerization cost (OPEX and CAPEX): 47 EUR/t; sorting cost (OPEX and CAPEX): 418 EUR/t; mechanical
recycling (OPEX and CAPEX): 234 EURIt.; price of EG: 775 EUR/t; price of TBR/t7pEde of scondhand

textiles: 1100 EURY/tprice of spinnable fibres: 535 EUR/t; price of secondary wipers: 125 EUR/t, price of
synthetic granulate: 525 EUR/t; price of insulation material: 796 EUR/t; price of pulp: 1411 EUR/t; price of
electricity:0.18 EUR/KWHh; price of heat (assumed as natural gas heating): 0.024 EUR/MJ. Both electricity and
heat prices are for the first semester of 2022 based on Eurostat data for EU27. More details may be found in

the studies abovementioned or upon request.

5.4 Addressing uncertainty

In this assessment, the uncertainty is mainly associated with i) data inputs (data parameter uncertainty), ii)
framework conditions assumptions (such as the energy mix used fo2EWdr other similar assumptions), iii)
model uncertainty lated to the equations and constants used to represent physibemical processes) and

iv) impact assessment uncertainty, which refer to the uncertainty of the characterization factors used to
represent the impact of an emission (e.g. methane has an impzc28 kg CQ../kg methane on Climate
Change following IPCC methodology). We will address the point (i) and (ii), while points (iii) and (iv) are out of
the scope.

57 One of the reasons is that some of the data used are protected by-d@tlosureagreements.
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To cover point (i), we performed analytical propagation of the parameter uncertaintyafbithe (data)
parameters used in the model. The methodology to propagate the error analytically is based on the classic

O\tgjm¥n "~ mmjm kmjk\b\odji oc jmt \i_ c¢c\n ] i ocjmjp

so, we are also ableat identify the most uncertain (data). The results of the uncertainty propagation analysis
\'m> m kjmo  _ \'n om\ _dodji\g ¥ mmj rB.5]Tagethelswe\alsy bpefly o ¢
point out to the most uncertain (data) parameter.

To cover point (ii)we performeda dedicated sensitivity analysis on future technology and framework
conditions to illustrate how the evolution of recycling techogy, in terms of recovery yields, and the
evolution of the EU energy system, in terms of energy supply sourcing, will impact on our default results. To
do this, the following modifications were done on the inpidta used in the model:

- The EU electricitysupply mix was based on the growing suppliers (i.e. marginal suppliers) for the
period 20302040 based on the EU Commission GECO report (KERAMIDAS et al., 2021) (i.e. 0% coal,
0% natural gas, 5% natural gas with C&S0% oil, 25% biomass and waste, 2#omass and waste
with CCS, 13% nuclear, 0% hydro, 27% wind and 28% solar). Notice that this affects both energy
consumption (e.g. by the waste treatment technologies) and recovery (e.g. via incineration).

- The EU heat supply was based on the growing s@pgl{i.e. marginal suppliers) for the period 2030
2040 based on the EU Commission GECO report (KERAMIDAS et al., 2021) (i.e. for industrial heat:
27% coal, 10% natural gas, 21% oil, 5% biomass and 37% hydrogen; for space heat: 35% natural
gas, 1% oil, 5% cal, 58% electricity, 0% biomass and 2% hydrogen). Notice that this affects both
energy consumption (e.g. by the waste treatment technologies) and recovery (e.g. via incineration).

- For mechanical recycling of cotton, we assumed that the yield of spinnéible would increase from
approximately 12% (average of reported-30% interval (Duhoux et al., 2021)) to 85% based on
data from RecoveP, while simultaneously decreasing the yield of fluff from 40% ((Duhoux et al.,
2021)) to 7% based on the reporting fronfrontrunners. The yield of filling materials which was
previously replacing fuel was diverted to fluff instead and therefore replacing insulation material.
The residual 8% (100%485%+7%)) to close mass balance is assumed to be incinerated.

- For mechanicakecycling of polyesterand viscose, we assumed that the yield of spinnable fibre
would increase from 40% (average of reported Z5% interval (Duhoux et al., 2021)) to the
maximal value in that interval namely 55%, and the yield of fluff increased from 2§¥@uhoux et
al., 2021)) to 37%. Just as in case of cotton, the yield of filling materials which was previously
replacing fuel was diverted to fluff instead and therefore replacing insulation material.

- For chenical recycling of cotton and polyestewe didnot assume any change, as the data seem
already in the higher range of achievable yields.

- For incineration, across all waste material fractions, we assumed an increased electricity recovery
efficiency from 15% to 23.2% based on (Danish Energy Agency,30Pleat recovery efficiency was
kept to 35%, as in the default calculations.

- For landfilling, across all waste material fractions, we assumed no technology changes as landfilling
is anyway expected to be phased out, conforming to EU legislation.

- For prices, we assumed no changes as our intention is to illustrate the effect of increased recovery
yields (e.g. for spinnable fibres) and of increased decarbonisation of the EU energy system (for both
heat and electricity), maintaining current prices.

Notice thatwe assume that the primary production of fibres and n@oven textile takes place outside EU,
therefore it is not affected by the decarbonisation of the EU energy system (point i and ii above). The results
of the future scenario analysis are reported iecion5.8.

%8 CCS stands for Carbon @tare and Storage
%  Textle Exchange interviews Alfredo Ferre, CEO of Hilaturas Ferre & Recovertex. Available at:
https://www.commonobjective.co/article/insideries recoverturns-textile-waste-into-valuable yarn
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5.5 Results - present-day situation

In the following sections, the potential environmental impacts of the investigated scenarios are presented for
a subsetof impact categories, namely: Climate Change, Resource-Usssils, Human toxicity cance and

Water Use. These impact categories were selected because of their relevance in the context of textile waste
managementEnvironmentalife cycle costs of the investigated scenarios are also presented (Se&i6pas

well as the full environmentallife cycle costs (Sectiorb.7). The remaining impact categories results are
reported in the annexes.

5.5.1 Life cycle assessment of re-use, recycling, incineration, and landfilling scenarios

This section presents the results of the environmental life cycle assessment, which are expressed per
functional unit, i.e. management of one tonne (1t = 1000 kg, wet weight) of textile waste input to each of the

compared set of scenarios including impue. Positive impact contributions represent burdens to the
environment, while negative impact contributions represent savings to the environrietnet impact of the

management of the waste at the level of the individual scenarios is calculated as ffferénce between the

burdens of the management pathway and the savings from the substituted products angroducts arising

amjh oc\o klocr\t' ne»i didomcdn mna*pmmdjiojjal mc® m npgol
n\qdi b%2bAodig i jm \ % o ]pm_"i% rc’i kjndodq ) Oc’
Change, Resource Use, fossils, Human toxicity, cancer and Water Use, with a breakdown of the contribution of

each subprocess/activity, are presented herein. Notet the textile waste input was considered to enter

"ANArc nA i\ mam \xm' °d)pm_ " am ° ja Vit pknom \h “iqgdmjih’
generating the waste would be the same across all the scenarios handling such waste. The impact
contributions were aggregated into eight clusters, representing the main processes and activities of the
investigated scenarios: collection and transport, sortinguse recycling, incineration, landfilling, material

recovery and energy recovery. The dusm %“h\ o md\ g m>  ~jg mt% di“gp_"n o
recovery of seconchand textiles, spinnable fibres, nespinnable fibres (e.g. fluff), chemicals (i.e. terephthalic
acid, ethylene glycol and hydrotreated pyrolysis oil), and pulp. The ctusté/a™ i ~ mbt m>~j g mt¥

savings associated with the recovery of electricity and heat from incinerating the waste as well as from
landfilling, via gas capture and utation.

Across all the recycling scenarios investigated (Figure 19, 21, 23), the following general and recurrent
observations apply:

- For the recycling scenarios, the most important contribution to the burdens isréogclingitself
(processingin terms of use of energy and chemicals) and theatment of the residuesgenerated
within the processing itself\ja incineration or landfilliny The most important contribution to the
savings issubstitution of materialsvia recycling and other forms of recovery. In selected recycling
pathwayssubstitution of energwia energy recoverylao becomes important owing to the significant
mass loss during recycling and the consequent diversion to incineration of a significant portion of the
inputwaste treated.

- For the direct incineration scenarios, the most important contribution to the buwsdén the
incinerationprocess itself (combustion and related emissions), while the most important contribution
to the savings is energy substitution. Notice that for Climate Change, the burdens from direct
incineration (scenario namely IN) are always larger than the savingsiobt via energy recovery
and substitution (i.e. incineration burdens are much larger than energy substitution savings, leading
to a net burden on Climate Change) for synthetic or mixed text{jgslyester, viscose and polycotton;
PES, VIS, and PQhis & not the case for natural fibres like cotton (COT) given that the material is
not originating from fossil fuels, but is shotfived biomass. This trend does not apply to the
remaining environmental impact categories where typically the energy substitiganings are larger
than the direct burdens from incineration. This is a known result in environmental assessment of
waste management and it is due to the fact that flugas cleaning in EU incinerators has stricter
emission limits than the EU average mi% energy (power or heat) plants. This means that currently,
other than for C® for which no emission control exists, air emissions are typically lower at the
average EU incinerator relative to the average mix of EU (power or heat) plants, per kWh or MJ
produced.
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5.5.1.1 Cotton waste

Figure 16showcases the mass balance resulting from the management of 1 tonne of cotton waste. Textile
material recovery is maximised ire-use (RU) and mechanical recycling (MR) due to yields of sedwrl
textiles and spinnable fibre that could potentially replace virgin textiles and be used in the apparehome
textile sector, compared to th@penloop processes where such material quality is not recovered. However,
openlooprecycling (OR) and chemical recycling (CR) achieveehighss recovery overall.

The mass of primary material replaced is the highestr@use, followed byopentloop recyclingand chemical
recycling, both with comparable results. Notice that, even though the products from mechanical recycling
have a higher gality than those fromopenloop recyclingor chemical recycling, the mass of primary material
replaced is lower for mechanical recycling due to the combined effect of: i) lower yield of spinnable fibres
compared with secondary wipers in OR and pulp ina@®ii) lower potential to substitute virgin counterparts
(substitution factors, estimated to 0.525 for spinnable fibres from MR, vs 0.8 for wipers and insukiken
recovered material in OR and CR, respectively;Tsabée 8).

Figure 16. Overview of mass balances and substitution potential of management pathways for used and waste textiles,
in the investigated scenarios for the management of 1 tonne of cotton waste (COTemise (RU), mechanical recycling
(MR), opetioop recycling (OR: production of secondary wipers), chemical recycling via pulping (CR), incineration (IN),
landfilling (LA) and combination of the last two (EU) (it is referred to Table 7 for a description of ffexefit treatment
scenarios and technologies). The data presented on the positiaeigindicate the mass partitioning of the textile
material that is used as input materials for a management pathway. The number presented on the negadixis Y
indicatesthe amount of primary material that can be replaced, taken into consideration the material(s) generated at the
output of the management pathway as well as its quality and potential to displace primary (virgin) materials. The
category mass recovered textdeor apparel includese-used textiles and spinnable fibres from mechanical recycling that
could potentially be used in the apparel retail industry and contribute to avoiding production of virgin textiles. The
category mass recovered other materials indes short fibres and other products (e.g., pulp, secondary wipers) that can
replace other materials such as e.g., virgin cleaning cloths.
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Source: adapted from Solis et al., in preparation

Figurel7 shows that the management of cotton waste results in:

Climate Change: Net savings forre-use, mechanical recycling, opdoop recycling, chemical recycling, and
incineration scenarios witle-use achievingby far the highest net saving. Among the recycling scenarios,
mechanical recycling to fibers is preferred ovepenloop recycling to secondary wipers and comparable to
chemical recycling to pulp. Net burdens for landfilling and the EU average treatment scenario (mixed waste
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treatment) scenario. The uncertainties are abatt0-t0-30% around the default value, depending upon
scenario. Mechanical and chemical recycling pathways largely overlap.

Resource Use, energy carrier: Net savings for all investigated scenarid®e use achieves incomparably the
highest net saving. In this case direct incineration achieves slightly higaeings than mechanical and open
loop recycling thanks to energy recovery. The uncertainties are ak@uip-60% around the default value,
depending upon scenario.

Human toxicity, cancer : The trend follows results for Climate Change impact category. Nwirgys forre-

use recycling scenarios (mechanical recycling is best among the three recycling scenarios) and incineration,
with re-use achieving by far the highest net saving. The remaining scenarios incur net burden with landfilling
showing the highest ne. The uncertainties are abotfl0-to-35% around the default value, depending upon
scenario.

Water Use: Net savings for all scenarios investigated except for ogeap recycling via production of
secondary wipersReuse achieves by far the highest net séng followed by mechanical recycling. Savings
from the remaining scenarios are of significantly lower order of magnitude comparedraaise and
mechanical recycling. The uncertainties are abad0-to-20% around the default value, depending upon
scenario.

In general, across all impact categories the (data) parameters contributing the most to the total uncertainty
are identified in substitution factors, shares of sorted waste sent to different treatment pathways, technology
performance, and yields of mostesirable products from the treatment pathways.
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Figure 17. Management of 1 tonne of cotton waste (COT) wause (RU), mechanical recycling (MR), Ofmap recycling (OR: production of secondary wipers), chemical recycling via
pulping (CR), incineration (IN), landfilling (LA) and combination of the last two (EU): Climate Change, Resource usareaergyman dxicity, cancer, and Water use impact indicators.
Negative values represent savings, while positive ones represent burdens. The error bar reptegenstandard deviation around the default value. S€able7 for description of the
different treatment scenarios and technologies.
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5.5.1.2 Polyester waste

Figure 18showcases the massdlance resulting from the management of 1 tonne of polyester waste. Textile
material recovery is maximised ire-use and chemical recycling, due to yields of secehand textiles and
spinnable fibres that could potentially replace virgin textiles and bedig the apparebr home textilesector,
compared to theopenloop recyclingporocesses where such material quality is not recovered. Overall material
recovery is maximised ime-use and chemical recycling followed by opdoop recycling and mechanical
recycling.

The mass of primary material replaced is maximézl in chemical recycling scenario, which suggests that the
products from the process have the highest quality and thus thghast potential to replace their virgin

counterparts.

Figure 18. Overview of mass balances and substitution potential of management pathways for used and waste textiles,
in the investigated scenarios for the management of 1 tonokpolyester waste (PES) via-use (RU), mechanical
recycling (MR), Opdnop recycling (OR: production of synthetic granulate), chemical recycling via depolymerization (CR),
incineration (IN), landfilling (LA) and combination of the last two (EU) (&fisrred to Table 7 for a description of the
different treatment scenarios and technologies). The data presented on the positasdsyindicate the mass partitioning
of the textile material that is used as input materials for a management pathway. The benpresented on the negative
Y-axis indicates the amount of primary material that can be replaced, taken into consideration the material(s) generated
at the output of the management pathway as well as its quality and potential to displace primary (vingatgrials. The
category mass recovered textiles for apparel includesused textiles and spinnable fibres from mechanical recycling that
could potentially be used in the apparel retail industry and contribute to avoiding production of virgin textikes. Th
category mass recovered other materials includes short fibres and other products (e.g., pulp, secondary wipers) that can
replace other materials such as e.g., virgin cleaning cloths.
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Figure19 shows that the management of 1 tonne of polyester waste results in:

Climate Change: Net savings fore-use and chemical recycling. Mechanical and ogeap recycling achieve
net burdens becase of lower material recovery yields relative to chemical recycling, which imply higher loss
of material that is sent to incineration, incurring €@®missions and related impacts. Incineration, landfilling,
and the EU average (mixed waste treatment) scéoaesult in net burdens. The uncertainties are aba@t
t0-80% around the default value, depending upon scenario.
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Resource Use, energy carrier: Net savings for all scenarios except for landfilling. Chemical recyclingrend
useresult in the highest nesavings, with a similar order of magnitude, followed by oplep recycling and
mechanical recycling. The uncertainties are abad0-to-50% around the default value, depending upon
scenario.

Human toxicity, cancer : Net savings forre-use all recycling pthways and incinerationReuse and
chemical recycling achieve the highest net savings. Landfilling incurs the highest burden, followed by the EU
average (mixed waste treatment) scenario and incineration. The uncertainties are afi@udto-30% around

the default value, depending upon scenario.

Water Use: Net savings for all scenarios analysed except for landfilliRpuse results in the highest net
saving, followed by chemical recycling, mechanical and efwap recycling. The uncertainties are abatitO-
to-50% around the default value, depending upon scenario.

In general, across all impact categories the (data) parameters contributing the most to the total uncertainty
are identified in substitution factors, shares of sorted waste sent to different treant pathways, technology
performance, and yields of most desirable products from the treatment pathways.
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Figure 19. Management of 1 tonne of polyester waste (PES) reause (RU), mechanical recycling (MR), op@sp recycling (OR: production of synthetic granulate), chemical recycling via
depolymerization (CR), incineration (IN), landfilling (LA) and combination of the last two (EU): Climate Change, Resamesysmier, Human Toxicity, cancer, and Water use impact
indicators. Negative values represent savings, while positive ones represent burdens. The error bar represents + the deiaidod around the default value. See Table 7 for description
of the different treatment scenarios and technologies.
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5.5.1.3 Wool waste

Figure 20showcases the mass balance resulting from the management of 1 tonne of wool waste. Textile
material recovery is maximised ire-use due to yields of secondand textiles that could potentially replace
virgin textiles and be used in the apparahd home tetile sector, compared to thepenloop recycling
processes where such material quality is not recovered. Overall material recovery and mass of primary
material replaced are maximised ire-use followed by operloop recycling.

Figure 20. Overview of mass balances and substitution potential of management pathways for used and waste textiles,
in the investigated scenarios for the management of 1 tonne of wool waste (WOLjevizse (RU), opetioop recycling

(OR: production of secondary wipers), incineration (IN), landfilling (LA) and combination of the last two (EU) (it id referre

to Table 7 for a description of the different treatment scenarios and technologies). The data presentéhe positive Y

axis indicate the mass partitioning of the textile material that is used as input materials for a management pathway. The
number presented on the negative &kis indicates the amount of primary material that can be replaced, taken into

consideration the material(s) generated at the output of the management pathway as well as its quality and potential to
displace primary (virgin) materials. The category mass recovered textiles for apparel inglerdessd textiles and

spinnable fibres fron mechanical recycling that could potentially be used in the apparel retail industry and contribute to
avoiding production of virgin textiles. The category mass recovered other materials includes short fibres and other

products (e.g., pulp, secondary wigkethat can replace other materials sh as e.qg., virgin insulation.
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Source: adapted from Solis et al., in preparation

Figure21 shows that the maagement of 1 tonne of wool waste results in:

Climate Change: Net savings fore-use, openrloop recycling, and incineration witte-use achieving by far

the highest net saving. Net burdens for landfilling and the EU average treatment scenario (mixed waste
treatment) scenario with landfilling incurring the highest net burden. The uncertainties are atidito-20%
around the default value, depending upon scenario.

Resource Use, energy carrier: Net savings for all scenarioReuseresult in by far the highst net savings,
followed by incineration and opeloop recycling with results relatively close to 0. The uncertainties are about
+1-t0-20% around the default value, depending upon scenario.

Human toxicity, cancer : Net savings fore-use, openrloop recycling, and incineratioRe use achieves the
highest net savings, closely followed by opéop recycling. Landfilling incurs the highest burden, followed by
the EU average (mixed waste treatment) scenario. The uncertainties are abbdtto-20% around the
default value, depending upon scenario.
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Water Use: Net savings for all scenarios analyseReuse results in the highest net saving, all the other

scenarios offer significantly lower savings with similar order of magnitude. The unceiésirsre about+10-
to-15% around the default value, depending upon scenario.

In general, across all impact categories the (data) parameters contributing the most to the total uncertainty
are identified in substitution factors, shares of sorted waste seatdifferent treatment pathways, technology
performance, and yields of most desirable products from the treatment pathways.
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Figure 21. Management of 1 tonne of wool waste (WOL) viause (RU), opettoop recycling OR: production of secondary wipers), incineration (IN), landfilling (LA) and combination of the
last two (EU): Climate Change, Resource use, energy carrier, Human Toxicity, cancer, and Water use impact indicat& vaNegatepresent savings, whitsitive ones represent
burdens. The error bar representdhe standard deviation around the default value. See Table 7 for description of the different treatmeenarios and technologies.
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5.5.1.4 Polyamide waste

Figure 22showcases the mass balance resulting from the management of 1 tonne of polyamide waste.
Textile material recovery is maximised ime-use and mechanical recycling due to yields of secenand
textiles andspinnable fibres that could potentially replace virgin textiles and be used in the apper@ihome
textile sector, compared to th@penloop recyclingprocesses where such material quality is not recovered.
Overall material recovery and mass of primary tesial replaced are maximised ire-use followed by open

loop recycling.

Figure 22. Overview of mass balances and substitution potential of management pathways for used and waste textiles,
in the investigated scenarios for the magement of 1 tonne of polyamide waste (PA) viause (RU), mechanical
recycling (MR), opeloop recycling (OR: production of synthetic granulate), incineration (IN), landfilling (LA) and
combination of the last two (EU) (it is referred to Table 7 for asdeption of the different treatment scenarios and
technologies). The data presented on the positivexXis indicate the mass partitioning of the textile material that is used
as input materials for a management pathway. The number presented on the negataxis indicates the amount of
primary material that can be replaced, taken into consideration the material(s) generated at the output of the
management pathway as well as its quality and potential to displace primary (virgin) materials. The categosy mas
recovered textiles for apparel includee-used textiles and spinnable fibres from mechanical recycling that could
potentially be used in the apparel retail industry and contribute to avoiding production of virgin textiles. The category
mass recovered dter materials includes short fibres and other products (e.g., pulp, secondary wipers) that can replace
other materials such a e.g., virgin insulation.
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Figure23 shows that the management of 1 tonne of polyamide waste results in:

Climate Change: Net savings only fore-use The lowest net burden for mechanical recycling followed by
openloop recycling. Incineration and the EU average treatment scenario (mixed waste treatment) scenario
incur net burdens. The uncertainties are abatt0-t0-145% around the default value, depeing upon
scenario.

Resource Use, energy carrier: Net savings for all scenarios except for landfillifgeuse results in by far

the highest net savings, followed by opdaop, mechanical recycling, incineration, and EU average treatment
scenario (mixed waste treatment). The uncertainties are aboutl0-t0-30% around the default value,
depending upon scenario.
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Human toxicity, cancer : Net savings forre-use all recycling pathways, and incineration. Mechanical
recycling achieves the highest net savings,ld@led byre-use Landfilling incurs by far the highest burden,
followed by the EU average (mixed waste treatment) scenario. The uncertainties are ai@dto-20%
around the default value, depending upon scenario.

Water Use: Net savings for all scenarios except for landfillingeuse results in the highest net saving,
followed by mechanical and opeloop recycling. Incineration and the EU average (mixed waste treatment)
scenario offer similar net savings, relatively close ®. The uncertainties are aboutl0-to-20% around the
default value, depending upon scenario.

In general, across all impact categories the (data) parameters contributing the most to the total uncertainty
are identified in substitution factors, shares gbrted waste sent to different treatment pathways, technology
performance, and yields of most desirable products from the treatment pathways.
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Figure 23. Management of 1 tonne of polyamide waste (PA) wause (RU), mechanical recycling (MR), Ofmop recycling (OR: production of synthetic granulate), chemical recycling via
depolymerization (CR), incineration (IN), landfilling (LA) and combination of the last two (EU): Climate Change, Resamemyssrrie Human Toxicity, cancer, and Water use impact
indicators. Negative values represent savings, while positive ones represent burdens. The error bar regréiserstandard deviation around the default value. See Table 7 for description
of the different treatment scenarios and technologies.
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5.5.1.5 Viscose waste

Figure 24showcases the mass balance resulting from the management of 1 tonne of viscose waste. Textile
material recovery is maximised ire-use and mechanical recycling due to yields of secelnand textiles and
spinnable fibres that could potentially replace virgiextiles and be used in the appareind home textile
sector, compared to thepenloop recyclingprocesses where such material quality is not recovered. The
overall material recovery and the mass of primary material replaced are maximised inrthase and
mechanical recycling scenarios.

Figure 24. Overview of mass balances and substitution potential of management pathways for used and waste textiles,
in the investigated scenarios for the management of 1 tonne of viscose wast8) Vilare-use (RU), mechanical recycling
(MR), incineration (IN), landfilling (LA) and combination of the last two (EU) (it is referred to Table 7 for a descfight®n o
different treatment scenarios and technologies). The data presented on the potavas indicate the mass partitioning

of the textile material that is used as input materials for a management pathway. The number presented on the negative
Y-axis indicates the amount of primary material that can be replaced, taken into consideratiom#terial(s) generated

at the output of the management pathway as well as its quality and potential to displace primary (virgin) materials. The
category mass recovered textiles for apparel includesused textiles and spinnable fibres from mechanical retigg that

could potentially be used in the apparel retail industry and contribute to avoiding production of virgin textiles. The
category mass recovered other materials includes short fibres and other products (e.g., pulp, secondary wipers) that can
replace other materials such as e.g., virgin insulation
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Figure25 shows that the management of 1 tonne of viscose waste results in:

Climate Change: Net savings forre-use and mechanical recycling. Net burdens incurred by incineration (i.e.
burden due to waste incineration exceeds savings from energy recovery; notice than viscose material contains
a significant shae of fossil carbon together with the biogenic one) the EU average treatment scenario (mixed
waste treatment) scenario as well as landfilling. Notice that the degradation of viscose was assumed as for
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mixed textile waste and comparable to cellulosic/paparttboard material®’. The uncertainties are abou2-
t0-80% around the default value, depending upon scenario.

Resource Use, energy carrier: Net savings for all scenarios analysedeuse results achieves by far the
highest net savings, followed by mechaal recycling and incineration. Landfilling incurs the lowest net
saving. The uncertainties are abat10-to-50% around the default value, depending upon scenario.

Human toxicity, cancer : Net savings fore-use, mechanical recycling, and incineratidte use results in the
highest net savings followed by mechanical recycling and incineration. Landfilling results the highest net
burden. The uncertainties are abaotit0-t0-25% around the default value, depending upon scenario.

Water Use: Net savings for alscenarios analysed except for landfillinBeuse results in by far the highest
net savings, followed by mechanical recycling and incineration which offer significantly lower savingsahan
use The uncertainties are aboutl0-t0-30% around the default vlue, depending upon scenario.

In general, across all impact categories the (data) parameters contributing the most to the total uncertainty
are identified in substitution factors, shares of sorted waste sent to different treatment pathways, technology
performance, and yields of most desirable products from the treatment pathways.

80 The krate was 0.021y*]1\' n> _ ji n g m\ g nop_d  n ] tUSEPA(R0LL) Rinal Backglound Ihfarrhation + , + $ '
Document for LifeCycle Inventory Landfill Process Model. U.S. Environmental Protection Agency, Air Pollution Prevention and Control
Division, Ofite of Research and Developméfit k mj qd _ " n A\ t Ynidr ;dividual#waste material fractonst ~ \ m

disposed in landfill, considering a tirtgorizon of 100y, for use in LCI.
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Figure 25. Management of 1 tonne of viscose waste (VIS) wause (RU), mechanical recycling (MR), incineration (IN), landfilling (LA) and combination of the last two (EU): Climate Change,
Resource use, energy carrier, Human Toxicity, cancer, and Water use impact indicators. Negative values represent skvpastjwelones represent burdens. The error bar represents
the standard deviation around the default value. See Table 7 for description of the different treatiseenarios and technologies.
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5.5.1.6 Polycotton textile waste

Figure 26showcases the mass balance resulting from the management of 1 t of polycotton waste. Textile
material recovery is maximised ire-use and mechanical recycling due to yields of secehnand textilesand
spinnable fibres that could potentially replace virgin textiles and be used in the appardl home textile
sector, compared to thepenloop recyclingprocesses where such material quality is not recovered. The
overall material recovery and the mass of primary material replaced are maximised inrthase and
dissolution (CR) scenarios.

Figure 26. An overview of mass balancen the investigated scenarios for the management of 1 tonne of polycotton
waste (PC) viae-use (RU), mechanical recycling (MR), of@op recycling (OR: production of insulation material),
dissolution in two variants: 1) dissolution of cotton and recovefyolyester(CR) and 2) dissolution of polyester and
recovery of cotton (CR*), enzymatic recycling (EN), incineration (IN), landfilling (LA) and combination of the last (iwo (EU)
is referred to Table 7 for a description of the different treatment sceits and technologies). The categanass
recovered textiles for apparehcludesre-used textiles and spinnable fibers from mechanical recycling that could
potentially be used in the apparel retail industry and contribute to avoiding production of viegiiles. The category
mass recovered other materiaiscludes short fibers and other products (e.g. insulation material) that can replace other
materials such as e.g. virgin insulation. The categogss primary material replaceghows to what extent theproducts
from the selected scenarios can rigze their virgin counterpart.
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Figure27 shows that the management of 1 tonne of polycotton waste results in:

Climate Change: Net burdens for all analysed scenarios except feruse and mechanical recycling with the
highest net saing for re-use The main burden in the opéoop recycling and dissolution (CR) scenarios
stems from incineration of the losses originated from the low chemical recycling yield. These are sent to
incineration together with the portion of polyester presemm the mix, incurring GHG emissions but also
savings via energy recovery (however GHG emissions >> GHG savings because of the large amount of
synthetic textile incinerated). The burdens incurred by the dissolution* (CR*) and enzymatic recycling are
significantly larger than from dissolution (CR) and are the highest from all scenarios. This is mainly due to
high impact from recycling processes as they are energy intensive. Incineration incurs lower net burden than
dissolution* and enzymatic recycling scemaiand results in the lowest net burden compared with the EU
average treatment scenario (mixed waste treatment) scenario which has a similar result to dissolution (CR)
and landfilling. The uncertainties are abot#-t0-300% around the default value, depeimy upon scenario.
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Resource Use, energy carrier: Net savings for all scenarios except for dissolution* (CR*) and enzymatic
recycling. Enzymatic recycling incurs the highest net burden. The uncertainties are sl®wiv-40% around
the default value, depetling upon scenario.

Human toxicity, cancer : Reuse, mechanical recycling, opdnop recycling and incineration achieve net
savings withre-use achieving by far the highest level. Landfilling incurs the highest net burden followed by
enzymatic recycling, ith the EU average treatment scenario (mixed waste treatment) scenario and
dissolution* (CR*). The uncertainties are abaudid-to-70% around the default value, depending upon
scenario.

Water Use: Net savings forre-use mechanical recycling, opdonop regcling, incineration, and the EU
average treatment scenario (mixed waste treatment) scenario. The highest net burden for enzymatic recycling
followed by dissolution* (CR*) and dissolution (CR). Landfilling incurs a significantly lower net burden,
relatively close to 0. The uncertainties are aboti10-t0-400% around the default value, depending upon
scenario.

In general, across all impact categories the (data) parameters contributing the most to the total uncertainty
are identified in substitution factorsshares of sorted waste sent to different treatment pathways, technology
performance, and yields of most desirable products from the treatment pathways.
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Figure 27. Management of 1 tonne of polycotton waste (PC) throughuse (RU), mechanical recycling (MR), epaop recycling (OR: production of insulation material), dissolution in two
variants: 1) dissolution of cotton and recovery of polyes(@R) and 2) dissoligin of polyester and recovery of cotton (CR*), enzymatic recycling (EN), incineration (IN), landfilling (LA) and
combination of the last two (EU): Climate Change, Resource use, energy carrier, Human Toxicity, cancer, and Water usdicajoast Negatie values represent savings, while positive
ones represent burdens. The error bar representhe standard deviation around the default value. See Table 7 for the description of the different treatseenarios and technologies.
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5.5.2 Life cycle costing of re-use, recycling, incineration, and landfilling scenarios

This section presents the preliminary results of tlenvironmentallife cycle costing ELCQ, which are

expressed in EUR O$ K fional uaip iie} one tonnef textile waste managed. The result at the scenario

level is calculated as the difference between the sum of the costs associated to the management pathway

and the revenues obtained from selling any products andproducts arising from that pathway. This is

m a mmne» ofdi \eac® _dn”pnndji ja oc’ m npgon) >jno ~ji
representing the main processes and activities of the investigated scenarios: collection and trgrsmting,

re-use recycling, incineration, landfilling, material recovery and energy recovery. Each category includes all

the costs associated with CAPEX, OPEX and labour cost from a given process.

5.5.2.1 Cotton waste

Highlights : Reuse is the only scenario Wwere revenues are higher than costs, i.e. a net income is achieved
(Figure 28. All the remaining scenarios have net costs, i.e. revenues < management costs. Incineration, thanks
to the revenues from energy recovery, and chemical recycling, because of f@génue from material
recovery, are the cheapest scenarios. The mechanical and-tugnrecycling scenarios achieve comparable
costs in the range 693706 EUR/tonne., with mechanical recycling slightly less expensive because of the
higher revenues.

Figure 28. Environmentalife cycle costs for the management of 1 tonne of cotton waste (COT)retase (RU),
mechanical recycling (MR), op&op recycling (OR: production of secondary wipers), chemical recycling via pulping (CR),
incineration (IN) and landfilling (LA) as well as combination of the two last ones according to the EU average management
of residual mixed (not separately collected) municipal waste (EU). The error bar repreistérgstandard deviation
around the default value. It is referred to Table 7 for a description of the different treatingcenarios and technologies.

1,000 !

a _ n

H 500 O

18]

= . 148
i ? A
=

c CI

a]

£

o

-

L 500

-1.000

COT-RU COT-MR COT-OR COT-CR COT-IN COT-LA COT-EU

M Collection and Transport M Landfilling Reuse
Energy Recovery Material Recovery M Sorting
Incineration Recycling ® et

Source: adaptedfom Solis et al., in preparation

Key Cost Contributions : Collection and transport, recycling, incineration, and sorting are the most important
contributions to the costs. Separate collection is about 1.5 time the cost of mixed collection (ca. 225 vs 150
EUR/tonne). Sorting, which is an additional step in separate collection relative to mixed collection, has a cost
around 419 EUR/tonne, while recycling costs4lB8 EUR/tonne waste (notice that values are here reported
per one tonne put into the processkepending upon the specific recycling technology. The most important
contributions to the revenues are material and energy recovery. As indicated in
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Figue 28, energy recovery revenues are significant even in recycling scenarios owing to the material losses
during the process.

5.5.2.2 Polyester waste

Highlights : Reuse (RU) and incineration (IN) are thelgrscenarios where revenues are higher than costs
(Figure 29. All the remaining scenarios have net costs, i.e. revenues < management costs. As for the recycling
scenarios, opetioop recycling (OR) achieves the lowest net cost because of relatively lovagenent cost.
Landfilling (LA) is a net cost, though still lower than mechanical (MR) and-tgmmrecycling (OR).

Key Cost Contributions : Collection and transport, recycling, incineration, and sorting are the most important
contributions to the costs. $&@rate collection is about 1.5 time the cost of mixed collection (ca. 225 vs 150
EUR/tonne). Sorting, which is an additional step in separate collection relative to mixed collection, has a cost
around 419 EUR/tonne, while recycling costs@0 EUR/tonnentice that values are here reported per one
tonne put into the process) depending upon the specific recycling technology. The most important
contributions to the revenues are material and energy recovery. As indicated in

Figure29, energy recovery revenues are significant even in recycling scenarios owing to the material losses
during the process. For chemical recycling via depolymerization, the revenues from TPRGarecovery are
significant compared to the revenues from material recovery in the other recycling pathways. This is a result
of higher yields and uniprice taken for the material sale.

Figure 29. Environmentalife cycle costsfor the management of 1 tonne of polyester waste (PES) rgause (RU),
mechanical recycling (MR), optop recycling (OR: production of synthetic granulate), chemical recycling via
depolymerization (CR), incineration (IN) and landfilling (LA) as welbamination of the two last ones according to the
EU average management of EU average management of residual mixed (not separately collected) municipal waste (EU).
The error bar represents the standard deviation around the default value. It is referredTable 7 for a description of
the different treatment scenarios and technologies.
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5.5.2.3 Wool waste

Highlights : Reuse (RU) and incineration (IN) are the only scenarios where revenues are higher than costs
(Figure 3Q. All the remaining scenarios have net costs, i.e. revenues < management costs. As for the recycling
scenarios, opetoop recycling@R) has higher net cost (almost 5 times) than landfilling (LA).

Key Cost Contributi ons: Collection and transport, recycling, incineration, and sorting are the most important
contributions to the costs. Separate collection is about 1.5 time the cost dfeh collection (ca. 225 vs 150
EUR/tonne). Sorting, which is an additional step in separate collection relative to mixed collection, has a cost
around 419 EUR/tonne, while opévop recycling costs around 20 EUR/tonne (notice that values are here
reportedper one tonne put into the process). The most important contributions to the revenues are material
and energy recover{Figure 30)

Figure 30. Environmentalife cycle costs for the management of 1 tonne of wool waste (WOL)rgause (RU), opethoop
recycling (OR: production of secondary wipers), incineration (IN) and landfilling (LA) as well as combination of the two last
ones according to the EU average management of residual mixed (not separately collected) municipal waste€EU). Th
error bar represents the standard deviation around the default value. It is referred to Table 7 for a description of the

different treatment scenarios and technologies.
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5.5.2.4 Polyamide waste

Highlights : Reuse (RU) and incineration (IN) are the only scenarios where revenues are higher than costs
(Figure 3). All the remaining scenarios have net costs, i.e. revenues < management costs. As for the recycling
scenarios, mechanical (MR) and openp recycling(OR) have higher net cost (about 2.5 and 2 times
respectivelyYhan landfilling (LA).

Key Cost Contributions : Collection and transport, recycling, incineration, and sorting are the most important
contributions to the costs. Separate collection is aboli fime the cost of mixed collection (ca. 225 vs 150
EUR/tonne). Sorting, which is an additional step in separate collection relative to mixed collection, has a cost
around 419 EUR/tonne, while mechanical recycling costs around 177 EUR/tonne (noticeltiest aee here
reported per one tonne put into the process). The most important contributions to the revenues are material
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and energy recoveryEnergy recovery revenues are significant even in the mechanical recycling scenario
owing to the material lossesuring the procesgFigure 3J.

Figure 31. Environmentalife cycle costs for the management of 1 tonne of polyamide waste (PA)retase (RU),
mechanical recycling (MR), op@op recycling (OR: production of synthetic granulate), incineration (IN) and landfilling (LA)
as well as combination of the two last ones according to the EU average management of residual mixed (not separately
collected) municipal waste (EU). The error bar representise standard deviation around the default value. It is referred
to Table 7 for a description of the different treatrm scenarios and technologies.
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5.5.2.5 Viscose waste

Highlights : Reuse (RU) and incineration (IN) are the only scenarios where revenues are higher than costs
(Figure 32. All the remaining scenarios have net costs, i.e. revenues < management costs. As for the recycling
scenarios, mechanicaécycling (MR) has higher net cost (about 3 times) than landfilling (LA).

Key Cost Contributions : Collection and transport, recycling, incineration, and sorting are the most important
contributions to the costs. Separate collection is about 1.5 time thetof mixed collection (ca. 225 vs 150
EUR/tonne). Sorting, which is an additional step in separate collection relative to mixed collection, has a cost
around 419 EUR/tonne, while mechanical recycling costs around 177 EUR/tonne (notice that valueseare her
reported per one tonne put into the process). The most important contributions to the revenues are material
and energy recovery. As indicated Figure 32 energy recovery revenues are significant even in the
mechanical recycling scenario owing to the tedal losses during the process.
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Figure 32. Environmentalife cycle costs for the management of 1 tonne of viscose waste kgause (RU) openloop
recycling (OR: production of synthetic granulate), incineration (IN) and landfilling (LA) as well as combination of the two
last ones according to the EU average management of residual mixed (not separately collected) municipal waste (EU). The
error bar represents the standard deviation around the default value. It is referred to Table 7 for a description of the
different treatment scenaids and technologies.

- !
£ 500 .

> -
+] ]
l:!::‘ wr

o

o

L

-500

VIS-RU VIS-MR VIS-IN VIS-LA VIS-EU
M Collection and Transport M Landfilling Reuse

Energy Recovery Material Recovery M Sorting

Incineration Recycling ® et

Source: adapted from Solis et al., in preparation

5.5.2.6 Polycotton waste

Highlights : Only re-use (RU) in net cost savingsFigure 33, i.e. revenues are higher than the costs.
Incineration (IN) achieves the lowest net cost (slightly above zero), while enzymatic recycling (EN) results in
the highest net cost, about 327old the cost of landfilling (LA).

Key Cost Contributions : Collection and transport, recycling, incineration, and sorting are the most important
contributions to the costs. Separate collection is about 1.5 time the cost of mixed collection (ca. 225 vs 150
EUR/tonne). Sortin which is an additional step in separate collection relative to mixed collection, has a cost
around 419 EUR/tonne, while chemical recycling around 60 500 EUR/tonne (notice that values are here
reported per one tonne put into the process). The most imguaricontributions to the revenues are material

and energy recovery. As indicatedRigure 33 energy recovery revenues are significant even in the recycling
scenario owing to the material losses during the process.
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Figure 33. Environmentalife cycle costs for the management of 1 tonne of polycotton waste (PC) throtegghse (RU),
mechanical recycling (MRopenloop recycling (OR: production of insulation material), dissolution of cotton and recovery
of polyester(CR) incineration (IN) and landfilling (LA) as well as combination of the two last ones according to the EU
average management of residual mixgdot separately collected) municipal waste (EU). The error bar represethis
standard deviation around the default value. It is referred Table 7 for a description of the different treatment scenarios
and technologies. (Source: adapted from Solis etialpreparation). Note that dissolution of polyester and recovery of
cotton (CR*, EUR 3 628) and enzymatic recycling (EN, EUR 60 858) are not represented in the Figure because out of scale.
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5.5.3 Full environmental life cycle costing of re-use, recycling, incineration, and
landfilling scenarios

This section presents the preliminary results of tiidl environmentallife cycle costing fELCQ, which are
skminn® _ di @PM #0% k m api~odjil\l\g pido' Bopitive ' | i
contributions reflect induced costs, while negative contributions reflect revenues and avoided external costs.
The result at tle scenario level is calculated as the difference between the sum of the (internal and external)
costs associated to the management pathway and the sum of the revenues and avoided external costs. This
dn m a mets diojod'™n °dn” p Notickjalso thatantema and emterngb gpsisnare herein
illustrated as aggregated (e.g. the internal cost reported in the figures herein represents the total sum of
internal costs and revenues, minus taxes, for that pathway). This also means that, leeg. the internal costs

(blue stack) are negative, a net income is expected for that management scenario.appimximatel{y*
Afymmi nkji _n 0] ®&«COn skction®62 m™ kj mo™ _ aj m

5.5.3.1 Cotton waste

Highlights : Reuse (RU) and chemical recycling (CR) incur net savings (revenues > c&agsire( 39.
Incineration (IN) shows net cost equal to zero @thimeans that revenues = costMechantal (MR) and open

loop recycling (OR) recycling scenarios incur net costs as the net internal costs are not sufficiently
compensated by the (avoided) externalities from (avoided) primary productionfullhenvironmentalcost of
landfill (LA) is the highest rad, relative to theELCQC is significantly increased because of the external costs
related to fugitive (mainly methane) emissions.

Key Cost Contributions : The detailed brealavn of the internal costs has been described in secttof. The
external costs are driven by G@missions to a large extent. Notice that the cost of landfilling also includes
the landfill tax, which is therefore here osidered in addition to the environmental emissions externalities (in

purple).

Figure 34. Full environmentalife cycle costs for the management of 1 tonne of cotton waste viuse (RU), mechanical
recycling (MR), opeloop recycling (OR: production of secondary wipers), chemical recycling via pulping (CR), incineration
(IN) and landfilling (LA) as well as combination of the two last ones according to the EU average managemesitioale
mixed (not separately collected) municipal waste (EU). The error bar represents + the standard deviation around the
default value. It is referred to Table 7 for a description of the different treatment scenarios and technologies
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5.5.3.2 Polyester waste

Highlights : Reuse (RU) incurs net savings because the internal costs incur a net income (revenues > costs)
and because of the further (avoided) external cosigure 39. The remaining scenarios incur regists as the

net internal costs are not sufficiently compensated by the (avoided) externalities from (avoided) primary
material or energy production. THall environmentalcost of chemical recycling (CR) is the highest.

Key Cost Contributions : The detdied breakdown of the internal costs has been described in secid@ The
external costs are driven by G@®missions to a large extent. Note that the cost of landfill includes also the
landfill tax, which is thereforenere considered in addition to the environmental emissions externalities (in

purple).

Figure 35. Full environmentalife cycle costs for the management of 1 tonne of polyester waste vause (RU),
mechanical recycling (MR), optaop recycling (OR: production of synthetic granulate), chemical recycling via
depolymerization (CR), incineration (IN) and landfilling (LA) as well as combination of the two last ones according to the
EU average management of residual mixed (not sepalatmllected) municipal waste (EU). The error bar represerite
standard deviation around the default value. It is referred to Table 7 for a description of the different treatracenarios
and technologies.
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5.5.3.3 Wool waste

Highlights : Reuse (RU) incurs net savings because the internal costs incur a net income (revenues >> costs)
and because of the further (avoided) external cosBdure 3§. Incineration also incurs savings thanks to the
net income from the sum of internal costs and the (avoided) externalities related to the energy recovery and
substitution of electricity and heat in the market. Opéoop recycling (OR) incurs net coststag net internal

costs are not sufficiently compensated by the (avoided) externalities from (avoided) primary production. The
cost of landfilling (LA) is the highest and, relative to tH& CC, is significantly increased because of the
external costs relatd to fugitive (mainly methane) emissions.

Key Cost Contributions : The detailed breakdown of the internal costs has been described in sebt®The
external costs are driven by G@missions to a large extent. Note thahe cost of landfill also includes the
landfill tax, which is therefore here considered in addition to the environmental emissions externalities (in

purple).
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Figure 36. Full environmentalife cycle costs for the management of fonne of wool waste (WOL) vie-use (RU), open
loop recycling (OR: production of secondary wipers), incineration (IN) and landfilling (LA) as well as combination of the two
last ones according to the EU average management of residual mixed (not sepamtécted) municipal waste (EU). The
error bar represents the standard deviation around the default value. It is referred to Table 7 for a description of the
different treatment scenarios and technologies.
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5.5.3.4 Polyamide waste

Highlights : Reuse (RU) is the only scenario that incurs net savings because the internal costs incur a net
income (revenues >> costs) and because of the further (avoided) external c&sgsiré 37. The rest of
scenarios incurnet costs as the net internal costs are not sufficiently compensated by the (avoided)
externalities from (avoided) primary production, with mechanical recycling (MR) resulting in the highest net
cost. Thefull environmentalcost of landfill, relative to he BLCC, is significantly increased because of the
external costs related to fugitive (mainly methane) emissions.

Key Cost Contributions : The detailed breakdown of the internal costs has been described in sebtbte
external costs are driven by G@®missions to a large extent. Notice that the cost of landfill also includes the
landfill tax, which is therefore here considered in addition to the environmental emissions externalities (in

purple).
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Figure37. Full environmentalife cycle costs for the management of 1 tonne of polyamide waste (PA)reiase (RU),
mechanical recycling (MR), optop recycling (OR: production of synthetic granulate), incineration (IN) and larggfLLi)
as well as combination of the two last ones according to the EU average management of residual mixed (not separately
collected) municipal waste (EU). The error bar represerte standard deviation around the default value. It is referred
to Table7 for a description of the different treatrant scenarios and technologies.
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5.5.3.5 Viscose waste

Highlights : Reuse (RU) incurs net savings because the internal costs incur a net income (revenues >> costs)
and because of the further (avoided) external cosEgure 39. Incineration also incurs savings thanks to the

net income from the sum of internal costs and the @ded) externalities related to the energy recovery and
substitution of electricity and heat in the market. Mechanical recycling (MR) incurs the highest net costs as the
net internal costs are not sufficiently compensated by the (avoided) externalities ffavoided) primary
production. The cost of landfill (LA) relative to tB2CC, ihigherincreased because of the external costs

related to fugitive (mainly methane) emissions.

Key Cost Contributions : The detailed breakdown of the internal costs has beksscribed in sectio®.6. The
external costs are driven by G@®missions to a large extent. Notice that the cost of landfill also includes the
landfill tax, which is therefore here considered in addition to the environtakemissions externalities (in

purple).
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Figure38. Full environmentalife cycle costs for the management of 1 tonne of viscose waste ause (RU), mechanical
recycling (MR), incineration (IN) and landfilling (LA) as well as combination of the two last ones according to the EU
average management of residual mixed (not separately collected) municipal waste (EU). The error bar reptebents
standard deviation around the default value. It is referred to Table 7 for a description of the different treatracenarios
and technologies.
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5.5.3.6 Polycotton waste

Highlights : Reuse (RU) incurs net savingebause the internal costs incur a net income (revenues >> costs)
and because of the further (avoided) external cosBgure39). Incineration (IN) incurs net zero ¢t®shanks

to net income from the sum of internal costs and the (avoided) externalities related to the energy recovery
and substitution of electricity and heat in the market. All recycling scenarios incur net costs because the net
internal costs are not sdiciently compensated by the (avoided) externalities from (avoided) primary
production. The cost of enzymatic recycling (EN) is the higf@sta not shown in Figure because of selected
scale) The cost of landfill (LA) relative to thELCC, is significantly increased because of the external costs
related to fugitive (mainly methane) emissions.

Key Cost Contributions : The detailed breakdown of the internal costs has been described in sebttbihe
external costs are driven by G@missions to a large extent. Notice that the cost of landfill also includes the
landfill tax, which is therefore here considered in addition to the environmental emissions externalities (in

purple).
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Figure39. Full environmentalife cycle costs for the management of 1 tonne of polycotton waste (PC) throtgghse
(RU), mechanical recycling (MR), e@op recycling (OR: production of insulation material), dissolution in two variants: 1)
dissolution ofcotton and recovery of polyest€CR) and 2) dissolution of polyester and recovery of cotton (CR*), enzymatic
recycling (EN), incineration (IN) and landfilling (LA) as well as combination of the two last ones according to the EU
average management of redual mixed (not separately collected) municipal waste (EU). The error bar repressémts
standard deviation around the default value. It is referred to Table 7 for a description of the different treatment scenarios
and technologies. Note that dissolutiai polyester and recovery of cotton (PCR*, EUR 4 037) and enzymatic recycling
(PGEN, EUR 62 089) are not represented ie fligure because out of scale.
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5.6 Technology outlook - future scenario

The results of the sensitivity analysis on future scenario are illustrated for the category Climate Change
(Figure40) and Environmentalnd full Environmatal Life Cycle CostsdHigure41 and Figure42, respectively).

For Climate Change, we observe that mechanical recycling now becomes clearly preferred to incinanation

other recycling scenarios for all investigated textile waste streaexzept for polyester. This is a result of two
simultaneous and additional future effects: i) increased material recovery via recycling technology
improvement, ii) decarbonisation of the EU energy mix, which makes efrexxyvery oriented technologies

less environmentally preferable (e.g. for carbon, there are less GHG credits for unit of energy recovered). For
kjgt no m h > 7*c\id*\g m ~t~gdib ~g \mgt dhkmjg n don
clearly preferred to incineration tthas still higher impact than chemical recycling, under the assumptions

taken.

Theenvironmentallife cycle costs Figure41) pinpoint that recyclig scenarios are always significantly more
expensive than direct incineration or landfilling (often by an order of magnitude) due to the additional costs
related to separate collection, sorting and processing which are not fully counterbalanced by theuessen
associated with material (and to some extent energy) sale. However, costs are signifidantty compared
rdoc oc Y_~a\lpgo% n”~ i\mdj jrdib oj oc” di“m \n’ _ o
that the future costs are not disamted for economic savings resulting from potential increases in scale of
recycling because the challenge associated to such estimation. Hence, the future cost have not benefited from

an® " *jijhd > n ja nc"\g ' » _dn”jpio)
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Figure 40. Future scenario analysisClimate Change impact for the management of 1 tonne of cotton (COT), polyester (PES), wool (WOL), polyamide (PA), S)sandgp@¥icotton (PC)

waste viare-use (RU), mechanical recycling (MR), of@op recycling (OR), chemical recycling (CR), enzymatic recycling (EN), incineration (IN) and landfilling (LA) as virlia®narh

the two last ones according to the EU average management of residual mixedsgumrately collected) municipal waste (EU). The error bar represetite standard deviation around the
default value. It is referred to Table 7 for a description of the different treatmescenarios and technologies.
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Figure 41. Future scenario analysisEnvironmentalife cycle costs for the management of 1 tonne of cotton (COT), polyester (PES), wool (WOL), polyamide (PA), viscose (VIS) an
polycotton (PC) waste viae-use (RJ), mechanical recycling (MR), ofenp recycling (OR), chemical recycling (CR), enzymatic recycling (EN), incineration (IN) and landfilling (LA) as well as
combination of the two last ones according to the EU average management of residual mixed (remasely collected) municipal waste (EU). The error bar represetite standard
deviation around the default value. It is referred to Table 7 for a description of the different treatment scenarios anddiecfies. Note that for polycotton, dissolution pdlyester and
recovery of cotton (PLCR*, EUR 5 577) and enzymatic recycling BNC EUR 61 235) are not represented in the Figure because out of scale.
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Whilethe full environmentalcosts (Figure4?2) are significantly affected by the internal costs (grey stack),the
contributionof the externalities(purple stack) is significant for recyclingscenarios,and often leads the full

environmentalcost to be negative and smaller than incineratingor landfilling the waste. Notably, for all

investigated textile waste streams, we observe that mechanical recycling continuesto incur higher full

environmentalcosts than incineration.Thisis becausehigher revenuesdue to the higher material recovery
yield expectedin the future scenario,do not counterbalancehigher external cost savings(becauseof more
primary material displacement).The most expensivemanagementoptions from an environmentalpoint of

view are opentloop recyclingfor cotton and polyamide,chemicalrecyclingfor polyester,landfilling for viscose
andwool as well as enzymaticrecyclingfor polycotton
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Figure 42. Future scenario analysis Full environmentalife cycle costs for the management of 1 tonne of cotton (COT), polyester (PES), wool (WOL), polyamide (PA), viscoske (VIS) an
polycotton (PC) waste via-use (RU), mechanical recycling (MR), opaop recycling (OR), chemical recycling (CR), enzyneatycling (EN), incineration (IN) and landfilling (LA) as well as
combination of the two last ones according to the EU average management of residual mixed (not separately collected) rhwiaisipdEU). The error bar representshe standard
deviation apund the default value. It is referred to Table 7 for a description of the different treatment scenarios and technologiesthdofor polycotton, dissolution of polyester and
recovery of cotton (PCR*, EUR 6 698) and enzymatic recycling BNC EUR 6269) are not represented in the Figure because out of scale.
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A draft version of this report was shared foconsultation with about ~150 stakeholder organisations,
including Member States representatives, industry actors, -pmofit organisations, academics and non
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governmental organisations, in April 2023. Feedstock on this draft report was received orallynandtten

during a stakeholder workshop (18 4

<kmdg$ Vi _
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ANjpinpgo\lodj i a®ljow upbeeting withdexpdris in'the field, including representatives from
different recycling companieswas oganised by JR@n 30 May to discuss data used for the LCA/LCC

assessment.

The main feedback and changes made to the draft report are summarised as fo)lawd mainly relate to
the cost of sorting and data for a specific recycling process

Item/process

Feedback
report

received on draft

Action taken for final report

Scope and boundary o
the study

Sorting

Chemical recycling
(pulping process)

Requests for clarifications were
received regarding scope, F!
boundary of the LCA an
substitution factors. Particularly
stakeholders required clarifying
that re-use & recycling also avoids

landfilling or the current
management in place (e.c
incineration/export to third

countries).

Sorting forre-use is greater than
assumed in the draft report (OPE.
350-400 EUR/tonne). In additior
future costs assuming partia
automated sorting to analyse the
composition of the textiles sent tc
recycling may further increase
sorting costs (76130 EUR/tonne
for OPEX& 400-700 EUR/tonne
for CAPEX). Sorting vyield loss f
future automated sorting are to
be set at 20%

Substitution factor cotton plp-to-
wood pulp=1:1, In addition, th
technical substitution is to be
based on the alpha cellulose
content, which is actually slightly
higher in cottonderived pulp in
comparison to woodlerived pulp
(98% against 9196%), indicating
a substitution equal or> 1. The
limiting factor is the low supply of
recyclate, not a technica

We clarified in the scope
discussion and conclusions the
recycling & re-use also have
the consequence of avoiding
alternative bndfill or
incineration of textile. Howevel
we did not change the results
figures as we aim to compare
management options, rathe
than the shift from one
management  pathway to
another. In addition, result:
show the difference betweer
these pathways (i.e.the net

Ya_ " go\ % M\ ]1°
comparing two alternative
pathways).

Sorting for re-use OPEX was
changed to 400 EUR/tonn
(range 350450), while CAPE:
was maintained to 18.6
EUR/tonne. The sorting fc
recycling cost for the future

scenario was set in line with the
expert suggestions accordingh
(OPEX: 100 (~130); CAPEX
550 (400-700). Sorting loss
was maintained at 15%, as it
similar to the suggested 20%.

The substitution factor cotton
pulp-to-wood pulp was
increased to 1:1. The pricef
recycled cotton pulp was set tc
1411 EUR/tonne for 2021 anc
recalculated according to ou
reference year in this study
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limitation per se.The sales price
of recycled cotton pulp was
indicated to be 1411 EUR/tonn
(2021)

5.8 Limitations and perspectives for further work

The results should be cautiously interpreted, bearing in mind the folloviimgations or assumptions of the
study:

i Scope and objective: this work aims at comparing the differemanagement options based on
hypothetical scenarios. In reaborld situations, textile waste is distributed over different
management options. For instance, recycling is part of a management pathway that involves
separate collection, sorting and partial-tese of separatelycollected fraction for which sorting and
collection could be attributed to reise as the main intention of this route rather than to recycling.
Under such assumption (i.e. that collection of nusable textiles would occur anyway), the
environmental impcts and particularly the cost of recycling would be reduced relative to incineration
or landfill. This is because also the incineration and landfill pathways would require separate
collection and sorting prior to final incineration or landfilling undeetassumption that nofreusable
textiles would be collected separately anyways.

ii.  The substitution factors (Table 8) used to reflect how much of the primary material can be replaced
with the secondary (recycled) material, thus their quality, are based ondit\ opm™ ' \ pocj mn% e
and have been discussed with stakeholders. On top, we accounted for uncertainty around the
Yo al'pgo¥% q\lgp’ pn’ _) l jordocnoli _dib oc  n~ T aa
information is available on these aspectsd that future research is needed to obtain more detailed
information on the quality of recycled products.

iii. The inventory data used for chemical recycling via depolymerisation of polyester (PES) waste are
based on previous JRC reports on chemical recydfigET waste; although, chemically PES=PET, the
two waste flows may have different impurities and challenges for management; therefore, future
research is desirable to obtain specific information for chemical recycling of textile polyester waste
specificdly and confirm that yields and processing costs are comparable to those of PET.

iv. Data for costs of waste treatment technologies and materials/products derived from them are
subject to significant variations due to market fluctuations and should be consideras
representative of 2021 conditions only.

v. The LCA and LCC do not take into account the separate collection rate (i.e. the efficiency of source
separation of the textile waste), thus the results are valid only under the assumption that 100% of
the generated waste is properly source separated by the citizens/services. Notice that lower collection
m\ o~ ripg_ jlagdjpngt S A"m \n° oc ] i Tadon ja ¥
landfilling.

Notice that point (i) and (v) will be address@da next stage of the JRC work that takes into consideration the
actual mass flows of textile waste, with its proportional allocation to the different processes and stages in the
life cycle. Several broad scenario analyses will be performed on the emildetextile waste management
system, encompassing all material fractions and all management stagisch analyses will account fahe
entire system efficiency (including the separate collection rate).

5.9 Conclusions

5.9.1 Climate Change

Reuse stands out as the last impactful management option for all the waste fractions investigated
Recycling performs better or for some compositions equivalent to incineration, whereas landfilling is the
management option associated to the greatest burden. For cotton, a domifilarg type fraction, mechanical,

and chemical recycling show a better performance than opyeop recycling. For polyester as the other
dominant fibre type, a contrasting trend is observed, with chemical recycling showing the best performance
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5.9.2 Other envir onmental impact categories

Reuse stands out as the best management option for all the waste fractions investigated across all impact
categories consideredvlechanical and chemical recycling pathways, except for polycotton waste, generally

perform better than incineration and it is always better than landfilling (or the EU average treatment scenatrio,

i‘h gt ¥%@P% di oc”™ adbpm n$) Ajm kjgt”~jooji r\no ' nk
than chemical recycling due to the low matekigeld in the chemical recycling process.

5.9.3 Environmental and full environmental costs

Reuse is a management pathway with net income for all the material fractions, i.e. revenues > costs
(throughout the entire management life cycle). Direct incineratioal& a net income (i.e. revenues > costs)

for polyester and viscose or close to a breakq ~ i #d) ) m q ip " n y “~“jnon$ ajn
incineration, the costs of collection and processing are compensated by the revenues from energy recovery,

which depend upon the calorific value of the material fraction incinerated (e.g. higher for polyester and

viscose, being fossibased materials). The cost of the recycling scenarios is always higher than landfilling or
incineration taken individually (oct™ hds j a oc  h' i\'h gt Yi@P%$' "sM"T ko a
cotton (pulping) for which the high revenues incurred reduce the management costs, ultimately making this
pathway comparable to direct incineration or to the EU average treatmeahado. As for the recycling of the

other material fractions, life cycle costs are higher than direct incineration or landfilling, as costs of separate
collection, sorting, and recycling (with eventual preparation for) are not sufficiently counterbalamgeide

revenues from material salesThese results should however be taken with care in the light of the
uncertainties reported.

Thefull environmentalcosts follow very closely the trend observed for tlvironmentalcosts, as thefull
environmental cost (sum of internalcosts, minus environmental taxes, plusxternal costs) is largely
dominated by the internal costdJnder a future scenario, the external cosisr mechanical recyclingould
further decrease relative to incineration, pointing towardtscreased environmental benefitselative to
incineration. For such pathwayfsill environmental costsvould be lower or similar to incineration.

Notice that when we refer to costs, we account for all the costs throughout the management life cycle
including collection, transport, and sorting (not only the final recycling, incineration, or landfilling). However,
the individual breakdown of the costs provided in this study also allows to see the specific cost of each
individual stage (e.g. incineration algnghich can be compared to the cost of e.g. recycling alone).

The overall internal and external costs are depictedrigure 43.
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Figure 43. Overall summary of the internal (dark blue/pale blue) and external (red/rose) costs for textile waste management, relaiageline (y0) of textile waste incineration. The
Figure reports findings for present (dadolours) and future (light colours) conditions for different textile waste management pathways and textile waste composgstenkegend on the
right hand side). Recycling pathways group mechanical recycling (middle, points on the left hand sidepagpeetycling (middle, point in the centre) and chemical recycling (middle, points
on the right hand side). Negativewalues represent greater savings compared to incineration as a baseline, whereas positalags indicate greaterasts relative to inaieration.
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5.9.4 Future outlook

Assuming improved performances of the technology and a cleaner EU energy mix expected for the decade
2030-2040, the results and the conclusions for the impact categories Climate Changdwahenvironmental
costs would change significantly, in particufar cotton and viscose waste.

When looking into the evolution of technology (improved material recovery efficiency) and EU energy system
(low carbonintensity; higher shares of renewables), mechanical recycling of cotton and viscose waste
becomes increasijly superior to the alternative options, notably incineration, in terms of impacts on Climate
Change. This is also reflected in lowenvironmental and full environmentatosts because of the higher
revenues from material recovery and the associated higlesternal costs avoided (because more primary
production will be displaced, thanks to increased material recovery).
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6 Drivers and barriers to a sustainable and circular management of
waste textiles

6.1 Current opportunities and barriers to recycling

6.1.1 Moving textile waste up in the waste management hierarchy

Based on current and future technology settings, the environmental impact assessment points to
environmental benefits when textile waste would be moved up in the waste management hierarchyseRe
leads to the clear benefits for all types of textiles considered. To a smaller extent, selected recycling
pathways show a better performance over landfilling and incineration, even though this observation is not
sustained for all input materiatecycling pathway combations when comparing recycling to incineration.
Particularly under a future scenario of further technological development and a further greening of the EU
energy mix, environmental benefits could be reaped.

From a cost perspective, revenues from theuse of used textile waste offset costs for collection and sorting
and is thus a profitable activity today. Thiaternal and full environmentatosts for the recycling of textile
waste are typically greater than the incineration or the landfilling of textilaste.

The assessment indicates that the cebenefit ratio for the reuse of used and waste textiles is better
compared to incineration and landfilling as alternative management options. For recycling, the picture is more
complex with some recycling faways showing greater benefits at higher costs compared to incineration, but
others showing a higher cost than incineration without a clear occurrence of overall environmental benefits.
Future technological evaluation may further improve the cdsnefit ratio of recycling pathways, but the
path of further technological progress for some recycling technolggyput material combinations remains
unclear.

6.1.2 Problems and drivers

Despite the requirement to manage textile waste aligned to the waste managemerghthy, the main share

of textile waste is currently being incinerated and landfilled, thus managed according to the lower levels of
the hierarchy. The textile waste proportion that is actuallyuged and recycled is minor compared to the total
textile waste that is being generated and recovered (incineration) or disposed (landfilled). Hence, the main
problem is that the current implementation of textile &t management is not aligned withhe Waste
Framework Directive and does not seize the full potential in terms of environmental and cost savings offered
by best practices for textile waste management.

A full problem tree on problems and drivers observed in relation to textile waste (e.g. includaste w
generation) falls beyond the scope of this studystead, this work mainly foces on identifying the main
barriers to a more extensive and environmentally performant recycling industry, particularlglésedloop
technologies thatmay offer greater environmental benefits compared to incineration and landfillifiigure
44).
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Figured4. Overview of the problem tree indicating the intieiks of drivers considered to be barrier to a more extensive
and performant textile waste recycling industry (yellow bar)furn contributing to the main problem observed outlined in
the blue box. A main barrier is the insufficient internalisation oferralities. Market barriers, other than the consideration
of externalities in the global textile supply chain, particularly relevantdtmsedlooprecycling processes are discussed in

section6.1.4
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The business model for the separate collection and sorting of textile waste is driven by the revenues
generated from the reusable fraction that offset gross costs from separate collection, sorting, and the
management of norre-usable textile fractions (rastly sent to incineration or landfilling) (Watson et al.,
2016). At present, the overall net cost (expensesevenues) for the recycling of the nereusable fraction is
positive, thus the small revenues from the sales of this fraction do not cover thé expenses from the
collection and separation of this fraction (see sectibro).

Source: own work

In addition, the business model for the management of separately collected textile waste, based on revenues
from re-use, is currently beigp challenged by the decreasing prices for-usable textile fractions that are
mostly sent to countries outside the EU (See section 3 on MFA; EEA, 2023).

In sum, these two observations explain why a substantial share of the separately collected textite wa
being exported without prior sorting, and also contributes to adverse environmental and social impacts
generated by used and waste textiles in countries outside the EU (see sefion

The lack of a net positive income from the recycling processes is attributed to both economic and non
economic barriers. These economic and +smonomic market barriers are not evident for the more
established reuse markets.

6.1.3 Insufficient consideration o f externalities in the global textile supply chain

Studies suggest that there is an insufficient internalisation of externalities in the global textile supply chain,
which creates economic barriers to recycling. The majority of stakeholders answering utveys (68%)

agreed that the very low prices of primary raw materials prevents the recycling industry from growing. The
Yuk mdh\ mt % o sodg™ npkkgt "c\di dn ~c¢c\m\ 20  mdn™ _ ]t
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low wages, unhealthy workgn conditions) and the environment (Greenpeace, 2016; European Parliament,
2019; Niinimaki et al., 2020; UN Environment Programme, 2020; Amicarelli and Bux, ZI0#R)is one of the
explanations for the overall low cost of primary products (fibres, yarfadyrics, finished textiles) on the
market. There is concern about the safeguarding of workers' safety and social rights in several of the
developing countries where many textiles imported to the EU are manufactured. The relocation of supply
chains to manuécturing centers outside of the EU has decreased the price of finished textile products and
their precursors (fibres, yarns, fabrics) placed on the EU market over the last decades. Therefore, recycling
processes in the EU that comply with EU environmengald social standards face a competitive
disadvantage, as the revenues they make from their recycled fibres, yarns or fabrics are determined by the
low , or too low - market prices for primary products. The distortion of the level playing field is further

g mmjl]jm\io  _ ]t oc’ "jhk ododgqg" igdmjih>io di oc’ C
internetbased technologies in a market dominated by low prices, cheap imports and international sub
contracting" as main features (Leal Filho et alQ1®). In addition, textile waste that is subject to unsound
management, either in the EU or following export (e.g. exported textiles brought to open landfills or other
dumping sites) is associated with greater external costs than textile recycling prosgsse sectiorb.2). This
distorts the markets in a manner that has negative consequences for textile recovery processes (Scheffer,
2011; Leal Filho et al., 2019).

6.1.4 Insufficient economies of scale and coordination in the v alue chain for closed-
loop recycling

Critical scale and coordination across the value chain is required to provide sufficient feedstock (following
collection and sorting) talosedloop recycling technologies, and to allow recycling technologies to become
more profitable by operating at a larger scale (Piribauer et al., 2019; McKinsey & Company, 2022). This may
be particularly the case for chemical and thermal recycling facilities that require high initial investments. For
the collection and sorting stagehe same argument holds, but here the driver is not the absolute size of
single installations or the overall market, but rather the fragmented business environment that lacks a well
working connection between the different collection, sorting and recydicrs (Riemens et al., 2021). As
overall impact, the recycling industry might be prevented from reaching a critical size that would make it
costcompetitive visa-vis the primary material industry, even though the market equilibrium with a critical
size lecycling industry would be preferable from an economic, environmental and social perspective to the
jic rdocj po) Ocdn "\ pn°’ ja h\mf o dlodedlooam™otd’j gdinb ¥ t
processes (generating precursors for apparel produrctithat may potentially have a high (future) potential to

be costcompetitive, rather than for recycling processes that turn textile waste into cleaning rags and non
woven industrial products. Still, the implementation and upscaling of such technologies & set of
technological market barriers as discussed in sectth.4 Market power in primary and secondary markets

is not relevant for textiles according to our analysis, although it is a common market barrier fockaiohe$?2.

The sections below are based on the review and expansion ofemmnomic market barriers in recycling
markets as identified and quoted by the OECD (2006). These have been evaluated, considering a specific
focus on recycled market for textiles.

6.1.4.1 Technological barriers and technological externalities to recycling processes, deterring
investment

The Fashion for Goods report indicates that only 16% of the-meusable separately collected textile waste is
suitable for mechanical recycling because thechnology cannot handle fibre mixes, muldiyered or multi
coloured textiles, or textilesvith nonremovable nortextile parts (Van Duijn et al., 2022) (see section 4 for
technological challenges; also suggested in literature by Leal Filho et al., 2019; Piribauer et al., 2019). Hence,
mechanical recycling is most effective with higiuality, elatively clean sorted waste, but may experience
limitations such as restricted availability of appropriate feedstock and resulting material properties that may
limit end-market applications. Chemical recycling has a greater potential to handle a widétyaf textiles,

but still limitations apply to current technologies.

62 Market power would be of relevance if a few large textile firms would dominate the market for textiles and textiles recyating
thereby manage to limit other innovative firms oriented towards textile recyclingnfrentering the market. Given that in the
literature the textile industry is typically characterised as the opposite, namely as fragmented (see sec8af, this potential
source of market inefficiency is not deemed to belevant.
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With the current state of newly emerging technologies and types of textiles placed on the market, a well
functioning value chain foclosedloop recycling would require a continuous fulp of textile waste materials

of a specific and welldefined nature (e.g. fibre composition, uniform colours, absence of disruptors) (see
section4). Automated sorting (e.g. based on spectroscopic techniques) maytdéeithe grouping of textile
waste, butstill has technological limitations (e.g. when assessing coated or loosely knitted fabrics) (Cura et al.,
2021). Also, large amounts of feedstock for sorting centres are required to achieve sizable output for
different fibre-colour combination classes.

Still, for many processing technology combinations that use textile waste feedstock, the current state of
technology recovers only a low amount of materials with high economic value (e.g-g@imable fibres,

chemicg hjijh > mn$ _p° 0] oc’ 0" "~ c i d ~spignable filjres amd tosses’s  d i \ ]
during the recycling process when processing fibre blends. Moreover, the environmental benefits from the
current recycling processes for mixdibre textile waste relative to energy recovery are modest or not always

clearcut (see section5). In the future, better technologies and design for recycling may increase
environmental and cost benefits from the recycling process (seetion5).

A current problem is also that technological externalities may exist that complicate the development of an
"aad”rd io h\mf o) <A~*jm_dib o] J@>? #-++1%uncton o ~ci j
ja ji> \A\bio "io " mn \Vijoc m \b io%¥n kmj_p~rodji jm p
(Kolstad, 2000); technological externalities arise when one firm manufactures a product in such a way which
increases the cost of recycling fahe downstream processor, but for institutional reasons there is no means

by which the potential waste recovery facility can provide the manufacturer with the incentives to change

oc dm kmj _p”ro _ " ndbi #>\ g~ j oo \isidentiRed fpgtextile recyching B Kj mo ° |
Hole et al. (2020). An illustrative example involves the placing of the market of a coloured,-tayéred

textile of low quality with noaremovable componens that is of not sufficient quality for reuse and

challenging to recycle, leading to significant costs for textile waste operators (Greenpeace, 2016; Leal Filho et

al., 2019; Piribauer et al., 2019; Candido, 202Wost survey respondents8%), agreed with the statement

»Kmj _p”~> mn j a o ahing go nottake timekrecycldbility gf theirj ppoduétsgsufficiently into
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Hence, the ongoing technology evolution combined with market uncertainty might discouragstors.
Investors and technology holders could wait for the market to consolidate to a more mature technology
potentially accompanied by a cost drop (secemmbver advantage). This could particularly hold true for
recycling technologies that require ige investments (e.g. chemical recycling). Most stakeholders disagreed
with the statement that the lack of investment is the only barrier recycling processes in the EU that aim at
recovering materials for apparel products. This means that stakeholdersgmse that the noreconomic
barriers are not easily solvedegardless of economic incentives. Therefore, understanding the drivers of non
economic barriers is critical in this sector.

6.1.4.2 Consumption externalities and risk aversion of users of recycled mater ials (e.g. yarn
manufacturers)

Spinnable fibres frontlosedlooprecycling are not perfect substitutes for primary raw materials in all cases,

for instance due to the decreased fibre length or strength compared to primary materials or potential
presence ofcontaminants in recycled products. When some textile products derived from recycled textiles are

not (or are not perceived as) equal to those from virgin material, the next actor (e.g. yarn or fabric
manufacturers) may become hesitant to alter their valabain and prefer to wait for others to move first and
Y%_~hjinom\o” % oc” “lpdglg i”~") Ocdn g \_n o0]j \' m _p”
market (OECD, 2006). Consumption externalities may thus slow down the upfafecycled magrials, and

even perceived risks can have strong adverse impacts on the emerging market (OECD, 2006).

6.1.4.3 High transaction and search costs in secondary material markets

The fact that textile waste is generated in many locations and from many sources {paktstrial, pre
consumer, postonsumer) and that it is heterogeneous in terms of material (cotton, polyesters, elastane, and
blends) and quality (reusable for original purpose, suitable for rags or insulation, or suitable for chemical

recycling) contribute®j \ c¢dbc di~d_"i " ja Yom\in\?~odji¥ \i _ Yan’
-+,0%$) <Arjm_dib oj J@>? #-++1$%$' om\in\ ~oiéjmarketj non \
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For textile recycling, transaction and search costs are high because of the lack of intemaatbr national
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point of friction in the market raised by stakeholders is the potential presence of substances of concern and
other contaminants ircollected textiles. Resellers and recyclers find it costly to rule out vintage clothing that
hdbco "~jio\di rgdi ovVb » ~jio\lhdil\ion) <ijoc m ~c\g
#o°akpm™ »$ di kpo h\ o’ md)\ gathatag geograpbically dispérse mgridet \bith eamy ~ ° n
nh\gg m \i _ pifijri kg\t "mn c¢c\n o] ]1° "skgjm )
transactions in an emerging market that involve a learning investment and cost.
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6.1.4.4 Information failures rela ted to waste quality

Information failures may originate from the absence or incompleteness of the waste quality characteristics
(OECD, 2006). Hence, recyclers may buy certain textile waste fractions, but may require performance tests to
gain better knowlede on detailed composition and its consistency over time of the material they receive. This
concerns weaout and material composition, including the presence of hazardous chemicals. Possibly, the
quality of textile waste must be determined for each indivial batch. In addition, the willingness to pay a fair
price for waste materials may be low due to the additional need to verify quality in an imperfect market
(OECD, 2006). Some companies may take advantage of testing by the buyer to put low qualityiathater

on the market, as such further contributing to a negative feedback loop (OECD, 2006). Note that part of this
problem is interlinked with technological barriers (sectiéri.4.]). These information failures may caa a
sub-optimal fit between feedstock characteristics and recycling technology.

6.2 Demand for recycled textiles

This study has mainly looked at the supply side, evaluating the potential of textile recycling industries to
manufacture recycled fibres that cabe used as components of new textile and other products. However, it is

also important to evaluate the demand for the uptake of these recycled materials to ensurefanettioning

markets where supply and demand is aligned. Chickend-egg problems may oag if recyclers produce few
m-~“t~"g> _ o sodg"’ Km  “pmnjmn ] > ~\pn° ~dm "o ~jinph™m
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because they are not widelgvailable on markets (OECD, 2006).

To the best of our knowledge, at present no evidence points towards a lack of uptake of the produced
secondary raw materials in finished textile products. However, it is noted that production volumes of recycled
materials, especially yanspinnable fibresfor apparel production, are negligible, and that recycle content in
finished products is typically low. Hence, the market for recycled textile materials is still a mcr&et.
Demand may also be driven by the added value for customers in terms of rejrtat and cost benefits from
green claims.

McKinsey (2022) reported that almost half of the European brand executives (apparel and home textile
sector) surveyed for the development of the McKinsey study indicated that more thaiT@a% of their
products $iould come from recycled fibres in a future, more mature recycling market. In such case, the EU
demand for recycled fibres in finished textile produced in the EU would correspond te 2.2 Mt yr* &,
indicating that market demands could be largely aleghto maximum supply of recycled fibres under future
legislative settings, assumed no technological or capacity issues that may limit actual supply. The demand of
1.2- 2.7 Mt yrt also corresponds roughly to the envisaged future capacity for recyclingedam the planned
recycling capacity (see sectigh3.5.9.

These manufacturers form part of an extensive supply claitdence, it would be important to better grasp
the willingness of all actors in the value chain, and tetter understand their needs based on the challenges
and uncertainties faced by all actors in the textile value chain.

Ecodesign criteria for textiles could be targeted to demaside issues, including recycled content standards,
tradeable credits for regcled content, public procurement preferences for goods made from recycled

8 minimum and maximum for 2025 and 2035 reference year, respectively

5 Presently, 2.9 Mt yd of finished textiles are being produced in the EU, leading to estimated EU production volumes of 3.91Mt yr
under a scenario of 2.5% compounds anngabwth rate, and equal shares of textiles placed on the market produced in the EU.
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materials, ecelabels related to recycled material content, and support for research and development for use
of recyclable materials (OECD, 2006). Each of these measures may prindgdatives to increase demand for
recycled materials but should be carefully evaluated to reduce unintended adverse impacts. Such measures
could potentially be covered under the Ecodesign for Sustainable Products Regulation.

6.3 Future problem evolution

6.3.1 Will the problem persistin the future?

From the outlook sections in different parts of the report (on flows, technologies, and capacities), it is clear
that without any further policy measures many problems will persist. Two main issues are expectetiefor t
future:

0] more textile waste to be separately collected, potentially including fractions that have a reduced
aptness for reuse, and

(i) a reduced potential to export unsorted textile waste to countries that do not manage waste in an
environmentally sound nmaner and potential further price drops for (exported)usable textile
fractions.

These two issues challenge the existing business models for the sortingsee and recycling of used and
waste textiles. The current management of separately collectextites may become notwiable if the future

joint revenues for reusable and recyclable textile products may no longer-séft the expenses (e.g. for
collection and sorting). Hence, there is a possibility that used and waste textiles management systents woul
require additional economic support from public authorities in charge of waste management and taxpayers, in
the absence of other policy measures. Member States may set up alternative financing systems (e.g. EPR
schemes), but risk setting up such systerimsa norrharmonised manner (different scopes, fees, etc.) that
could result in additional market distortion and would not fully address current economic aneeconomic
market barriers to textile collection and sorting for recycling.

6.3.2 Key measures of the e nvisaged revision of the Waste Framework Directive

The Commissiomas developeda legislative proposal to amend the Waste Framework Direéfivéhis is a
targeted revision to address food and textile wastdwo resource intensive sectors.

One of the keymeasures for textiles that is being assessed as part of the impact assessment is the mandate
to set up national extended producer responsibility (EPR) schemes for textiles to close the investment gap for
collection, sorting, and recycling. The organisatioand operational modalities of the EPR scheme are also
considered in view of ensuring a high level of harmonisation and consistency with the Delegated Act under
the Ecaedesign for Sustainable Product Regulation. This is important to ensure consistenttye adesign
signals as well as to reduce administrative burden.

The proposal for textile waste also consiéer as part of the accompanying Impact Assessment Report the
setting waste performance targets for the precursors to recycling, for example limitimgte generation,
preparation forre-use separation collectin. However, setting the level of those targetsas considered
challenging because of a lack of consistent and robust data on textile waste generation and management.
Therefore, the initiativealso considers measures to harmonise the definitions and indicators for data on
textiles.

In 2021, the Commission conducted a scoping study with the aim of identifying top candidate streams for the
development of Etlvide endof-waste or byproduct criteria The work on the development of eraf-waste
criteria for textile waste has been launched 2023.

% https://environment.ec.europa.eu/publications/proptesa@eted revisionwaste-framework-directive_en
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6.3.3 Which problem drivers are already addressed by proposed measures under the
WED revision?

Extended Producer Responsibility (EPR) is a key measure in thesptofhe OECD_ " adi " n @KM \ n
igdmjih io\lg kjgdnt \kkmj\ ~rc di rcd”rc \ Kkmj - p”~" m¥n
Ajinph™m nolb® ja \ kmj_p~ro%¥%n gda ~t~g ») Do \dhn o
on the market finance the costs of the collection, sorting and recycling of waste textiles. Also, costs for
expanding R&D efforts could be covered under EPR schemes. Hence, EPR schemes fostepmpestive

market where recycled materials can effectively rapete with textiles and textile precursors from primary

materials. EPR fee modulation is the modification of fees paid by producers in a collective producer
responsibility scheme based on measurable product characteristics (e.g. durability, recyclabisity).

modulation of the EPR schemes are intended to address technological externalities related to the recovery,
recycling,andrgn> ja n > ~ji _\mt h\Vo md\gn \i " i~jpm\b” ©° " nd

The development of enaf-waste criteria partly seeks to prade incentives for market participants to comply
with a minimum quality for wastederived materials. This increases transparency in the market, and fosters
efforts to meet quality requirements so secondary raw materials can better compete with primary rizdse

in terms of quality (OECD, 2006). These esfdwaste criteria could receive significant support from the
industry as they help to reduce business risks related to subpar quality and safety for recyclers. Altogether,
end-of-waste criteria partly addres informationgaps and may help to mitigate consumption externalities
and risk aversion for recyclers. The combination of both measures, together with greater harmonisation of the
definitions and robustness of data on textiles, thus aim to address keybpgm drivers observed.

57 see https://www.oecd.org/environment/extengedducerresponsibility.htm
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7 Conclusion

The main problems observed for textile waste management relate to the lack of separate collection and the
export of nonsorted fractions to norOECD countriesvhere they can create negative environmental and
social im@cts due to the low quality and reisability of this exported material. Both management pathways
are not aligned to the waste management hierarchy as they involve the incineration and, worse, the
landfilling, and dumping of textile waste.

The available edence indicates that following the waste management hierarchy leads to the best possible
environmental outcomes, but exceptions may apply as certain recycling pathways do not show a superior
performance over incineration. It is shown that-use clearly rsults in the greater environmental and
economic benefits than recycling, and is always associated with net gains for the involved economic actors.
Promoting reuse and preparing for reise remains critical, but a further focus on textile recycling is jfiet

as many textiles that are separately collected cannot beused. The business model for the sorting of
textiles may be challenged if an increasing share of textiles with an overall lower potential feuseeis
collected.

Currently, operators that mnage separately collected waste typically rely on recycling as the preferred option
to manage nonreusable waste over incineration and energy recovery. Most of the recycled materials are used
as cleaning rags or for the production of nemoven textiles, ach as insulation material# Y4j -loop i

m™ Nt 2 Emengilbgidéselopments in recycling technologies focus on generating output materials that can be
used for applications in the apparel industry, with potentially higher economic benefits for operators and

"igdmjih io\Vg k> maj mh\i~"" \'n “jhk\m> _ o] oc~ “~pmm i

technologies rely on specific feedstocks, mostly textiles dominantly composed by a single natural or synthetic
fibre, and are currently still implemead at small scale and with a low recovery of input mass that can
actually be used for apparel production. These low performances hinder their potentialoeméntal and
economic benefits.

The capacity for textile recycling is growing, and a demand tlee use of recycled materials in apparel
applications appears to exist. However, upscaling recycling is hampered by significant economic and non
economic market barriers, including technical limitations. Barriers to textile waste recycling may perdist in t
future, and policy intervention may be desirable to overcome them
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List of abbreviations and definition s

AC Acidification

CAGR Compound Annual Growth Rate
CAPEX Capital expendiire

CBAM Circular business models

CcC Climate Change

CHP combined heat and power

COoT cotton waste

CR chemical recycling

Ecotox Ewmtoxicity, freshwater

EG ethylene glycol

ELCC Environmentalife cycle cating
fELCC Full environmental life cycleosting
EN enzymatic recycling

EPR Extended Producer Responsibility
EU European Union

FEU Europhication, freshwater

FRU Resource Use, fossils

FU functional unit

Htox_c Human Toxicity, cancer
Htox_nc Human Toxicity, nerancer

IN incineration

IR lonising Radiation

JRC Joint Research Centre

kt kilotonnes

LA landfilling

LCA Life Cycle Assessment

LCC Life cycle costing
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LCIA
LU
MEG
MEU
MFA
MR
MR
MSW
Mt
NIR
ODP
OPEX

OR

PA
PA6
PA6,6
PC
PES
PET
PM
POF
PP
PRO
PTA
RFID
RU
TEU

TPA

Life Cycle Impact Assessment
Land Use

Mono Ethylene Glycol
Eutrophication, marine

Mass Flow Analysis

Resource Us minerals and metals
mechanical recycling
municipal solid waste

Million tonnes

Near infrared

Ozone Depletion

Operational expenditure

openloop recycling (mechanical processing to products that @ifeerent and used for
different purposes than the material from hich the waste has originated)

polyamide waste

Polyamide 6 lylon 6

Polyamide 6.6

polycotton waste

polyester

Polyethylene

Particulate Matter
Photachemical Ozone Formation
Polypropylene

Producer Responsibility Organisation
Para-terephthalic acid

Radio Frequency IDentification
re-use

Eutophication, terrestrial

terephthalic acid
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VIS viscose waste

WOL wool waste

Wwu Water Use
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polyester and recovery of cotton (CR*), enzymatic recycling (EN), intame¢iN) and landfilling (LA) as well

as combination of the two last ones according to the EU average management of residual mixed (not
separately collected) municipal waste (EU). The error bar repregetite standard deviation around the
default value.lt is referred to Table 7 for a description of the different treatment scenarios and technologies.
Note that dissolution of polyester and recovery of cotton {ER*, EUR 4 037) and enzymatlc recyclrnglﬂN;
EUR 62 089) are not represented in the Figlrecause out of scale... 91

Figure 40. Future scenario analysisClimate Change impact for the management of 1 tonne of cotton (FOT
polyester (PES), wool (WOL), polyamide (PA), viscose (VIS) and polycotton (PC) wasiseviiid),
mechanical recycling (MR), op&op recycling (OR), chemical recycling (CR), enzymatic recycling (EN),
incineration (IN) and landfilling (LA) as waB combination of the two last ones according to the EU average
management of residual mixed (not separately collected) municipal waste (EU). The error bar represeats
standard deviation around the default value. It is referred to Table 7 for a desienn of the different
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Figure 41. Future scenario analysisEnvironmental life cycle costs for the management of 1 tonne of cotton
(COT), polyester (PES), wool (WOL), polyamide (PA), viscose (VIS) and polycotton (PC) wastie (e
mechanical recycling (MR), op&op recycling@R), chemical recycling (CR), enzymatic recycling (EN),
incineration (IN) and landfilling (LA) as well as combination of the two last ones according to the EU average
management of residual mixed (not separately collected) municipal waste (EU). The arredresentst the
standard deviation around the default value. It is referred to Table 7 for a description of the different
treatment scenarios and technologies. Note that for polycotton, dissolution of polyester and recovery of
cotton (PECR*, EUR 5 57hnd enzymatlc recycllng (PEJ\I EUR 61 235) are not represented in the Flgure
because out of scale... . ; S ...93..

Figure 42. Future scendp analysis, Full environmental life cycle costs for the management of 1 tonne of
cotton (COT), polyester (PES), wool (WOL), polyamide (PA), viscose (VIS) and polycotton (PC) waste via re
(RU), mechanical recycling (MR), of@op recycling (OR), chécal recycling (CR), enzymatic recycling (EN),
incineration (IN) and landfilling (LA) as well as combination of the two last ones according to the EU average
management of residual mixed (not separately collected) municipal waste (EU). The error baseeise the
standard deviation around the default value. It is referred to Table 7 for a description of the different
treatment scenarios and technologies. Note that for polycotton, dissolution of polyester and recovery of
cotton (PECR*, EUR 6 698) andzymatlc recycllng (P-(EN EUR 62 469) are not represented in the Flgure
because out of scale... eeemereeeee et s eeene e .95...

Figure 43. Overall summary of tk internal (dark blue/pale blue) and external (red/rose) costs for textile
waste management, relative to a baseline (y0) of textile waste incineration. The Figure reports findings for
present (dark colours) and future (light colours) conditions for diffareextile waste management pathways
and textile waste compositions (see legend on the right hand side). Recycling pathways group mechanical
recycling (middle, points on the left hand side), ogenp recycling (middle, point in the centre) and chemical
recycling (middle, points on the right hand side). Negativeajues represent greater savings compared to
incineration as a baseline, whereas positivwglues indicate greater costs relative to incineration.......... Q9..

Figure 44. Overview of the problem tree indicating the interlinks of drivers considered to be barrier to a more
extensive and performant textile waste recycling industry (yellow box), in turn contributing to the main
problem observed outlined in the bluek. A main barrier is the insufficient internalisation of externalities.
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Market barriers, other than the consideration of externalities in the global textile supply chain, particularly
relevant for closedloop recycling processes are discussed in sectidn............cc.coccveeceeeeeecviieeneennne 102
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8 Supplementary data on the Mass Flow Analysis
8.1 Methodology

8.1.1 Scope and system boundaries

The system boundaries cover the value chain of textile, starting from fibres production to theoétite of

textile products, including fibres, yarns, fabric and finished textiles production, import gmaite¢described in

section8.1.2% ) Oc "’ hj _“~ggdib \nnphkodji di m> g\lodji 0] va\ Kk
section8.1.3 whereas the generation and management of wastevis and emissions (poshdustrial waste,

pre- and postconsumer waste, and microfibre release) are described in se@ia.

Prodcom database on manufactured products was used to estimate domestic production, isupedexport

of fibres, yarns, fabrics and finished articles and derive mass of textiles put on the market in the reference

year, as further detailed in section8.1.2 and 8.1.3 A literaure review was performed to collect data on
manufacturing losses, textile waste export and treatment shares (separate collection, recyclingeyeand

shedding of microfibres during washing (more details in sect®h4). Such review was performed through a

search on the Scopus® database aimed at gathering documents related to material flow assessment at level

of sectors in the EU. Several keywords were considered for screening the literature documents (titles and

absth *on$' np”c \'n5 °h\nn agjr hj _~g o sodgcomsbmef o sodg
o0 sodg  rF\jnionp»he" M koj'nsoodg™ r\no » °hd” mjad]m m g \n n
2010-2022 and EUbased studies or stdies providing sectespecific information were prioritized.

8.1.2 Domestic production, import and export of fibres, yarns, fabrics and finished
textile products

Textile manufacturing is a high complexity system, which, in cat¢his MFA model, was schemadid into

four main points of textiles manufacturing that were considered: fibres production, yarns production, fabrics
production and finished textiles production. Fibre production stage involves both extraction of natural fibres
from plants and animals angroduction of maanmade synthetic fibres. Yarn production corresponds to the
process of spinning fibres into yarns, which are then transformed into fabrics mainly by weaving and knitting.
Finally, fabrics are used to produce finished products to be placedthe market. Norwoven textiles
products, namely textile products which are not produced by weaving or knitting, were also considered in the
MFA scope. Production of navoven textiles was considered as part of thenished textiles production step
sinceit involves direct transformation of fibers into finished products,-pgssing intermediate manufacturing
stages. Production of cordage, ropes and nets involves direct transformation of yarns in finished products,
thus by-passing the fabric production stge. Flows of domestic production, import and export of fibres, yarns,
fabrics and finished textiles were estimated using Prodcom database (Eurostat, 2022b), which contains data
on domestic production of manufactured goods and related external trade for Altbtal of 342 products

were considered in the scope of this study, falling in the NACE categories reporfeabie 9 where they are
mapped to each manufacturing stage. Each NACE category, identified by a sikdjgtNACE code, includes
several products identified by -8ligit codes. When the same NACE category is mapped to more than one
manufacturing stage, different &ligit product codes are used to calculate flows related to each of those
stages. More details on prodtscconsidered in the MFA study are givenAmnex 1 In case no data were
available for import and export, data from Comext dataset were used. In addition, in case of some Prodcom
products considered in the scope, quantitié@® originally expressed in pairs (e.g., footwear, gloves), number
of items (many clothing products) or m2 (fabrics). Clothing and footwear products mass expressed as pairs or
number items was converted into kg applying conversion factors assumed in @ug@021) for
subcategories of products. Household products expressed as pieces were converted based on coefficients
found on online sources (Carpets Closeouts, 2019; Sleep Foundation, 2023). Conversion factors assumed for
all units are reported in Annex.2n case of cordage, ropes and nets Prodcom products description of yarns
product does not allow to identify mass flows of yarns specifically dedicated to the production of such
finished products. Mass of yarns directly flowing from yarns production tosfied products production for
manufacturing of cordage, ropes and nets is estimated as equal to the mass of domestically manufactured
products of such kind (which is available in Prodcom). Then, shares of import and domestic production of the
estimated mass are assumed as equal to the overall shares of import and domestic production of the total
production of all other type of yarns.
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Table 9. NACE categories of Prodcom products considered in the Mass Flow Analysis

MFAmanufacturing stage 4-digit code NACEcategory
Fibres production 1310 Preparation and spinning of textile fibres
2060 Manufacture of man-madefibres
Yarnsproduction 1310 Preparation and spinning of textile fibres
2060 Manufacture of man-madefibres
1399 Manufacture of other textiles n.e.c.
1396 Manufacture of other technical and industrial textiles
Fabricsproduction 1391 Manufacture of knitted and crochetedfabrics
1320 Weavingof textiles
1399 Manufacture of other textiles n.e.c.
1396 Manufacture of other technicaland industrial textiles
Finished Textiles production 1392 Manufacture of carpetsand rugs
1520 Manufacture of footwear
1413 Manufacture of other outerwear
1412 Manufacture of workwear
1419 Manufacture of other wearing apparel and accessories
1414 Manufacture of underwear
1439 Manufacture of other knitted and crochetedapparel
1431 Manufacture of knitted and crochetedhosiery
1394 Manufacture of cordage,rope, twine and netting
1396 Manufacture of other technicaland industrial textiles
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1399 Manufacture of other textiles n.e.c.

1395 Manufacture of non-wovens and articles made from non-
wovens,exceptapparel

8.1.3 Apparent consumption and Use

Apparent consumption (AC) means domestic retail, namely all ratiVities selling finished textile products
di @P) °Pn°» di _d”~\o"n oc"’ pn’ ja o sodg"’ kmj p”~on
purposes. Input flow of the retail node was calculated as:

0 & "0an éQ{E&pB,QG i€ (bd:’)"@ég,ﬁ(‘g gaoOwn éQ.,‘hf_pS.Q
where 'Od 1 59’53,:9@;9 1 €£€Q6 (;}Qplfma Own sﬂgﬁps@{e import, domestic production
and export of finished textiles products, respectively. Ouffjmws of the AC node are the input flow

to the use node, namely the flow of finished textiles put in the EU market, and the flow of export of
unsold products. They are calculated as:

OwngdiQ (‘J("Qa ol
ViR 6 & 00N & by
whereO @ N § i Qis the export of unsold products (i.e., peensumer waste) and is the share

of products which remain unsold and is then exportedvas calculated assuming that 4%00th s
unsold and 70% of unsold prochs are exported outside EU, with remaining 30%nputted into EU
retail market (McKinsey, 2022). Output flows of the Use node are-gastumer waste and stock.
These flows are detailed in secti8ril.4

8.1.4 Textile waste

8.1.4.1 Post-industrial waste

It is referred to the main text, sectioB.1.2.1 Coefficients of generation of textile waste from
manufacturing processes weobtainedfrom Sadowski et al. (2021).

8.1.4.2 Post-consumer waste
It is referred to the main text, sectidh1.2.3

The calculation of Postonsumer Waste)(6 is calculated as follows assuming an average life time
expectancy

@ @ 00
06w BTYi Q wherew 0001 QQQ1I Q& OQWQOI
Where:

w, is the year when a given product becomes waste, i.e., it is discarded by the user.

o'q is the year when a given product is put on the EU market, either because it was imported or produced in
the EU.

0 'Gs life expectancy of a given product.

Yi (%{) is the mass flow input to the Use node (i.e., put on the EU market) of pro@uttich is discarded in
yeara .
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8.1.4.3 Stock

Difference between the flow of textiles put on the markél( ‘Msee sectiorB.1.3 postconsumer waste and
microfibres release go int&tock, representing the variation of textile mass stored in EU.

8.1.4.4 \Waste treatment

It is referred to section3.1.2.5of the main text and Annex 4 of this section for all assumptions on the
modelling of textile waste flows.

Microfibres release

It was estimated that at global level washing synthetics releases 0.5 million tons of microfibres into the
ocean, accounting for 35%f primary microplastics released into the environment (EEA, 2022c). A single
laundry load of polyester clothes can discharge 700.000 microplastic fibres that can end up in the food chain.
However, the overall quantity of microplastics released by textil® the environment varies across different
publications. Indeed, the final estimated range for the microplastics generated from the washing of synthetic
clothing ranges between 13.0@040.000 tons per year (Hann et al., 2018; ECHA, 2020; OECD, 202&jsIn t
study, along with the estimation of microfibres (MF) released by the washing of synthetic textiles, also the
release due to the washing of natural textiles has been calculated by means of the following formula:

00| i Qo
Where:

\ : shedding fibre coefficient for fibre typ&2(seeAnnex §

1 :content of fibre type’®f input flow to use node.
0 : number of washes per year (Hann et al., 2018).

As can be understood from the abovaescribed formula, only washing of new textile products starting to be
used in the MFA reference year is considered in the calculation of microfibres shedding, while washing of
older products (starting to be used at least one year earlier than MFA ref@grear) is neglected, since an
estimate of total mass of textiles in use in EU was not found for any year. Also, the fact that not all textile
products in use in the EU have the same usage rate is not considered. Since it is likely that newer products are
the most used, being purchased for immediate needs and pushed by latest fashion trends, consumption of
new products was anyway considered a good proxy of products undergoing washing in MFA reference year, in
lack of more precise data.

8.1.45 Composition

Composition of flows of finished products put and sold on the EU marRét (Q see sectior8.1.3 and post
consumer waste was estimated at the level of categories, subcategories, and fibres, as described in sections
8.1.4.78.1.4.8and8.1.4.9

8.1.4.6 Categories

As often assumed in literature (EEA, 2019; Euratex, 202%JRC, 2021)textiles products were categosl

as: clothing and footwear, home textiles, and technical textiles, in line with EEA (2019), EURATEX (2021) and
Kohler et al. (2021). In this analysis, this last category includes ropes, cordage, twines, netting, sails,
parachutes, textile hose piping, rits, tarpaulins, sunblinds, labels and badges, and conveyor belts. The
assignment of each product to categories was based on the description of NACE category and Prodcom code
(see sectiorB.1.1for details on Prodcom datet use and processing).

8.1.4.7 Subcategories

Considered products were assigned to subcategories witthdridevel of detail, as summared in Annex 6
Clothing and footwear products subcategories defined in Quantis (2021) wassumed, which already
classifies most of relevant Prodcom product codes, assigningdigits Prodcom codes to each siudategory.

Since 6digit Prodcom codes can include a group of several products identified-bjgB code, same &igit

code is sometimesassigned to multiple subcategories in Quantis (2021). In such cases, in this waligi6
codes were assigned to subcategories representing most of single products within the group. Products within
this work scope which were not classified in Quantis (2D2vere assigned to sufcategories based on
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Prodcom description of product. Household products subcategories were assigned to products based on
description of Prodcom NACE codes andi§it codes. Since only a smaller number of technical textiles were

incp _~_ di oc” rjmf%¥%n n~jk"'" oc t r " m ijo _dgd_" _ dio
fibres composition (and not specifically for group of products) of technical textiles was found in the literature,

as further detailed in sectior8.1.4.9 Kmj _~jh _\‘o\ i h\'nn agjrn ] gjibd
°oArg Vidib \ nmrojdggic n\vwmad”~g iy ir " m° \Annph® _ \n di“*gp_dib
Di nprc ~“\'n n' hi\'nnordmdg ggiVno™ _dojhr naamjgly cj pn - cj g
r\'no” \i _ o sodg ' n "jio\di > _ 814.7andAgnhex § based on'share$ \ o~ bj m

derived from lierature data (Huggard Consulting Group, 2016; Grand View Research, 2018; AISE, 2023;
Edana, 2023).

8.1.4.8 Fibres

Composition by type of textile fibre was estimated by assigning a representative composition to eaech sub
category. Sukcategory compositions from Qumtis (2021) for clothing and footwear category were assumed.
Compositions of household sutategories were estimated based on composition data on products from two
selected representative manufacturing companies (Gabel Group, 2022; IKEA, 2022). Teaxtileaptoducts
composition reported in Khalifa (2012) was assumed for all products within the category. Compositions
assumed for all subcategories are reported in Annex 7. As can be noticed, some shares -d&xtibs
materials are included in compositioof a few subcategories (particularly in case of clothing and footwear)
and they were removed from the MFA flows, since they representtestiles parts of products (e.g., rubber

in footwear soles, leather, fur and metal parts in clothing, glass fibreteichnical textiles).

8.1.5 Uncertainty analysis

Uncertainty assessment was done using Monte Carlo simulation for the following parameters:

Life Expectancy parameter: Minimum and maximum values are provided for each product according to Laitala
et al. (2018).Then, two data points are considered for the analysis.

Separate collection share: five data points for textile waste that can be separately collected are considered.

Recycling: five data points for textile waste that can be recycled (i.e. forfitme to fibre applications or
wipers) are considered.

Export of separately collected waste: three data points for separately collected textile waste that are exported
(the other amount goes to sorting) are considered.

Reuse (in and outside EU): four data pts for sorted textile waste that are raised in and outside EU are
considered.

Share of domestic raise: two data points, (calculated from data reported Annex 4for the share of
domestic reuse (i.e., rause in EU)) are considered.

Microfibre release: Standard deviation for each shedding coefficient is measured.

Besides standard descriptive statistics, relative uncertainty was calculated on results of Monte Car
simulations, as done in previous research on probabilistic MFA (Kawecki et al., 2018). Relative uncertainty is
defined as the standard deviation divided by the mean of the mass distributions and is here used as a
measure of the spread foresults distribution, normaligd by its mean value.

8.2 Supplementary results

8.2.1 Annexesto the Mass Flow Analysis
Annex 1 Textile products considered in the analysis

Following table reports completeinventory of Prodcomtextile products consideredin MFAscope.

Prodcom Product description

8-digit code
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13104030 Yarn spunfrom silk waste,n.p.r.s.

13921450 Woventoilet linen and kitchen linen, of textiles (excluding terry towelling or similar terry fabrics of cotton)
13931100 Knotted carpetsand other knotted textile floor coverings

13931200 Woven carpetsand other woven textile coverings(excluding tufted or flocked)

13931300 Tufted carpetsand other tufted textile floor coverings

13931930 Needlefeltcarpetsand other needlefelttextile floor coverings(excluding tufted or flocked)
13931990 Carpetsand other textile floor coverings(excluding knotted, woven, tufted, needlefelt)
13102100 Rawsilk (not thrown)

13102200 Wool, degreasedor carbonised,not carded or combed

13102300 Noils of wool or fine animal hair

13102400 Wool or animal hair, carded or combed (including wool tops)

13102500 Cotton,carded or combed

13102600 Juteand other textile fibres (exceptflax, true hemp and ramie), processedbut not spun
13102900 Other vegetabletextile fibres, processedbut not spun

13103100 Syntheticstaplefibres, carded,combedor otherwise processedfor spinning

13103200 Artificial staple fibres, carded,combedor otherwise processedfor spinning

13104010 Silkyarn, n.p.r.s.(excluding spun from silk waste)

13104050 Silkyarn and silk wasteyarn, p.r.s.;silk-worm gut

13105010 Yarn of cardedwool or fine animal hair, n.p.r.s.

13105030 Yarn of combedwool or fine animal hair, n.p.r.s.

13105050 Yarn of wool or fine animal hair, p.r.s.

13106132 Yarn of uncombedcotton, n.p.r.s. for woven fabrics (excluding for carpetsand floor coverings)
13106133 Yarn of uncombedcotton, n.p.r.s. for knitted fabrics and hosiery

13106135 Yarn of uncombedcotton, n.p.r.s.for other uses(including carpetsand floor coverings)
13106152 Yarn of combedcotton, n.p.r.s.for woven fabrics (excluding for carpetsand floor coverings)
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13106153 Yarn of combedcotton, n.p.r.s.for knitted fabrics and hosiery

13106155 Yarn of combedcotton, n.p.r.s. for other uses(including carpetsand floor coverings)

13106160 Cottonyarn, p.r.s.(excluding sewing thread)

13106171 Cottonyarn of uncombedfibres, n.p.r.s.

13106122 Cottonyarn of combedfibres, n.p.r.s.

13106200 Cotton sewing thread

13107110 Flaxyarn,n.p.r.s.

13107120 Flaxyarn, p.r.s.

13107200 Yarn of vegetableor bastfibres (excluding flax); paper yarn

13108110 Multiple or cabledsynthetic filament yarn, n.p.r.s.

13108130 Multiple or cabledyarn of artificial filaments, n.p.r.s.(excluding sewing thread)

13108150 Man-madefilament yarn, p.r.s.(excluding sewing thread)

13108210 Yarn (other than sewing thread) containing >=85 % by weight of synthetic staplefibres, n.p.r.s.

13108250 Yarn (other than sewing thread) containing >=85 % by weight of synthetic staple fibres, p.r.s.

13108320 Yarn containing < 85 % by weight of polyester staple fibres (other than sewing thread), mixed with artificial fibres, n.p.r.s.

13108333 Yarn containing < 85 % by weight of synthetic staple fibres (other than sewing thread) mixed with cardedwool or fine animal hair, n.p.r.s.

13108336 Yarn containing < 85 % by weight of synthetic staple fibres, mixed with combedwool or fine animal hair, n.p.r.s.

13108340 Yarn containing < 85 % by weight of synthetic staple fibres (other than sewing thread), mixed with cotton, n.p.r.s.

13108380 Other yarns, containing < 85 % by weight of synthetic staple fibres (other than sewingthread), n.p.r.s.n.e.c.

13108390 Yarn containing < 85 % by weight of synthetic staple fibres (other than sewing thread), p.r.s.

13108320 Yarn of synthetic staple fibres mixed with wool, n.p.r.s

13108410 Yarn (other than sewing thread) of artificial staplefibres, n.p.r.s.

13108430 Yarn (other than sewing thread) of artificial staplefibres, p.r.s.

13108510 Sewingthread of man-madefilaments

13108550 Sewingthread of man-made staple fibres
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13201100 Wovenfabrics of silk or silk waste

13201230 Wovenfabrics of cardedwool or cardedfine animal hair

13201260 Wovenfabrics of combedwool or combedfine animal hair; woven fabrics of coarseanimal hair

13201330 Wovenfabrics of flax, containing >= 85 % by weight of flax

13201360 Wovenfabrics of flax, containing < 85 % by weight of flax

13201400 Wovenfabrics of jute or of other textile bastfibres (excluding flax, true hemp, ramie)

13201900 Wovenfabrics of true hemp,ramie or other vegetabletextile fibres (excluding flax, jute, other textile bastfibres); paper yarn
13202014 Wovenfabrics of cotton, not of yarns of different colours,weighing <=200 g/m?, for clothing

13202017 Wovenfabrics of cotton, not of yarns of different colours, weighing <= 200 g/m?, for householdlinen or home furnishing textiles
13202019 Wovenfabrics of cotton, not of yarns of different colours, weighing <= 200 g/m?, for technical or industrial uses(excluding gauze medical gauze)
13202020 Wovenfabrics of cotton weighing <= 100 g/m?, for medical gauzeshbandagesand dressings

13202031 Wovenfabrics of cotton of yarns of different colours, weighing <=200 g/m?, for shirts and blouses

13202042 Wovenfabrics of cotton, not of yarns of different colours,weighing > 200 g/m2, for clothing

13202044 Wovenfabrics of cotton, not of yarns of different colours, weighing > 200 g/m?, for householdlinen or homefurnishing textiles
13202049 Wovenfabrics of cotton, not of yarns of different colours, weighing > 200 g/m2, for technicalor industrial uses

13202060 Woven fabrics of denim cotton weighing > 200 g/m? (including denim other than blue)

13202072 Wovenfabrics of cotton of yarns of different colours, for other clothing

13202074 Wovenfabrics of cotton of yarns of different colours, for householdlinen or home furnishing textiles

13202079 Wovenfabrics of cotton of yarns of different colours, for technicalor industrial uses

132020Z1 Cotton fabrics,<=200 g/m? (excluding gauzeand coloured yarns)

13202022 Cotton fabrics,> 200 g/m? (excluding coloured yarns)

13202023 Wovenfabrics of cotton of yarns of different colours (excluding denim)

13203130 Wovenfabrics of man-madefilament yarns obtained from high tenacity yarn, strip or the like (including nylon, other polyamides,polyester, viscoserayon)
13203150 Wovenfabrics of synthetic filament yarns (excluding those obtained from high tenacity yarn or strip and the like)

13203170 Wovenfabrics of artificial filament yarns (excluding those obtained from high tenacity yarn)
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13203210 Wovenfabrics of synthetic staple fibres, containing 85 % or more by weight of synthetic staple fibres

13203220 Woven fabrics of synthetic staple fibres, containing lessthan 85 % by weight of such fibres, mixed mainly or solely with cotton (excluding fabrics of yarns of
different colours)

13203230 Wovenfabrics of synthetic staple fibres, containing lessthan 85 % by weight of suchfibres, mixed mainly or solelywith cotton, of yarns of different colours

13203240 Wovenfabrics of synthetic staple fibres mixed mainly or solely with cardedwool or fine animal hair

13203250 Woven fabrics of synthetic staple fibres mixed mainly or solely with combedwool or fine animal hair

13203290 Wovenfabrics of synthetic staple fibres mixed other than with wool, fine animal hair or cotton

13203330 Wovenfabrics of artificial staplefibres, not of yarns of different colours

13203350 Wovenfabrics of artificial staplefibres, of yarns of different colours

13204100 Warp and weft pile fabrics; chenille fabrics (excluding terry towelling and similar woven terry fabrics of cotton, tufted textile fabrics, narrow fabrics)

13204200 Terry towellin g and similar woven terry fabrics of cotton

13204300 Terry towelling and similar woven terry fabrics (excluding of cotton)

13204400 Gauze(excluding medical gauze narrow woven fabrics)

13204500 Tufted textile fabrics (excluding tufted carpetsand other textile floor coverings)

13204600 Wovenfabrics of glassfibre (including narrow fabrics, glasswool)

13911100 Pile fabrics, terry fabrics, knitted or crocheted

13911910 Knitted or crochetedfabrics (excluding pile fabrics)

13921130 Blanketsand travelling rugs of wool or fine animal hair (excluding electric blankets)

13921150 Blanketsand travelling rugs of synthetic fibres (excluding electric blankets)

13921190 Blankets (excluding electric blankets) and travelling rugs of textile materials (excluding of wool or fine animal hair, of synthetic fibres)

13921230 Bedlinen of knitted or crochetedtextiles

13921253 Bedlinen of cotton (excluding knitted or crocheted)

13921255 Bedlinen of flax or ramie (excluding knitted or crocheted)

13921259 Bedlinen of woven textiles (excluding of cotton, of flax or ramie)

13921270 Bedlinen of non-woven man-madefibres (excluding knitted or crocheted)

13921330 Tablelinen of knitted or crochetedtextiles
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13921353 Tablelinen of cotton (excluding knitted or crocheted)

13921355 Tablelinen of flax (excluding knitted or crocheted)

13921359 Tablelinen of woven man-madefibres and of other woven or non-woven textiles (excluding of cotton, of flax)

13921370 Tablelinen of non-woven man-madefibres

13921430 Toilet linen and kitchen linen, of terry towelling or similar terry fabrics of cotton

13921470 Toilet linen and kitchen linen, of non-woven man-madefibres

13921530 Curtainsand interior blinds, curtain or bed valances of knitted or crocheted materials

13921550 Curtainsand interior blinds, curtain or bed valancesof woven materials

13921570 Curtainsand interior blinds, curtain or bed valancesof non-woven materials

13921620 Hand-woven tapestries of the type Gobelins,Flanders,Aubusson,Beauvais,and needle-worked tapestries (including petit point, cross-stitch) whether or not
madeup

13921640 Bedspreads(excluding eiderdowns)

13921660 Furnishing articles including furniture and cushion covers as well as cushion covers, etc. for car seats (excluding blankets, travelling rugs, bed linen, table
linen, toilet linen, kitchen linen, curtains, blinds, valancesand bedspreads)

13922130 Sacksand bags,of cotton, usedfor packinggoods

13922150 Sacksand bags,of knitted or crocheted polyethylene or polypropylene strip, usedfor packing goods

13922170 Sacksand bags,of polyethylene or polypropylene strip, usedfor packing goods(excluding knitted or crocheted)

13922173 Sacksand bags,of polyethylene or polypropylene strip, weighing <= 120 g/m2, usedfor packing goods(excluding knitted or crocheted)

13922175 Sacksand bags,of polyethylene or polypropylene strip, weighing > 120 g/m2, usedfor packinggoods(excluding knitted or crocheted)

13922190 Sacksand bags,usedfor packing goods(excluding of cotton, polyethylene or polypropylene strip)

13922210 Tarpaulins, awnings and sunblinds (excluding caravanawnings)

13922230 Tents (including caravanawnings)

13922250 Sails

13922300 Parachutesand rotochutes, parts and accessoriegincluding dirigible parachutes)

13922430 Sleepingbags

13922493 Articles of bedding of feathersor down (including quilts and eiderdowns, cushions,pouffes,pillows) (excluding mattresses,sleepingbags)
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13922499 Articles of beddingfilled other than with feathersor down (including quilts and eiderdowns, cushions,pouffes,pillows) (excluding mattresses,sleepingbags)

13922953 Floor-cloths, dish-cloths, dusters and similar cleaningcloths, of non-woven textiles

13922957 Floor-cloths, dish-cloths, dusters and similar cleaningcloths (excluding knitted or crocheted,articles of non-woven textiles)

13922990 Floor-cloths, dish-cloths, dusters and similar cleaningcloths, knitted or crocheted; life-jackets, life-belts and other madeup articles

13922993

13922997

13922998 Floor-cloths, dish-cloths, dusters and similar cleaningcloths, knitted or crocheted:; life-jackets, life-belts and other made up articles (excluding protective face
masks,sanitary towels and napkins and similar articles)

13922999 Floor-cloths, dish-cloths, dusters and similar cleaningcloths, knitted or crocheted; life-jackets, life-belts and other madeup articles (excluding sanitary towels
and napkins and similar articles)

13941130 Tv\_/intj, cordage,rope or cables,of sisal or other textile fibres of & A C Aofjuteddn other textile bast fibres and hard leaf fibres (excluding binder or baler
twine]

13941133 Twine, cordage,rope or cables,of sisal or other textile fibres of § A C An@abuling >100,000 decitex, of jute or other textile bast fibres and hard leaf fibres
(excluding binder or baler twine)

13941135 Twines of sisalmeasuring<= 100,000 decitex (10 g/m) (excluding binder or baler twine)

13941153 Sisalbinder or baler (agricultural) twines

13941155 Polyethyleneor polypropylene binder or baler (agricultural) twines

13941160 Cordage,ropes or cablesof polyethylene, polypropylene, nylon or other polyamides or of polyesters measuring > 50 000 decitex, of other synthetic fibres
(excluding binder or baler twine)

13941170 Twines of polyethylene or polypropylene, of nylon or other polyamidesor polyesters measuring<=50 000 decitex (5 g/m) (excluding binder or baler twine)

13941190 Twines, cordage,rope and cablesof textile materials (excluding jute and other textile bastfibres, sisal,abacaor other hard leaffibres, synthetic fibres)

13941233 Made-up fishing nets from twine, cordageor rope of man-madefibres (excluding fish landing nets)

13941235 Made-up fishing nets from yarn of man-madefibres (excluding fish landing nets)

13941253 Made-up nets from twine, cableor rope of nylon or other polyamides (excluding netting in the pieceproduced by crochet, hairnets, sports and fishing nets)

13941255 Made-up nets of nylon or other polyamides (excluding netting in the piece produced by crochet, hairnets, sports and fishing nets, those made from twine,
cableor rope)

13941259 Knotted netting of textile materials (excluding made-up fishing nets of man-madetextiles, other made-up nets of nylon or other polyamides)

13941280 Articles of twine, cordage,rope or cables

13951010 Non-wovens of aweight <=25 g/m? (including articles madefrom non-wovens) (excluding articles of apparel,coatedor covered)
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13951020 Non-wovens of aweight of > 25 g/m2 but <=70g/m? (including articles madefrom non-wovens) (excluding articles of apparel, coatedor covered)
13951030 Non-wovens of aweight of > 70 g/m2 but <=150 g/m? (including articles madefrom non-wovens) (excluding articles of apparel,coatedor covered)
13951050 Non-wovens of aweight of > 150 g/m? (including articles madefrom non-wovens) (excluding articles of apparel,coatedor covered)

13951070 Non-wovens,coatedor covered (including articles madefrom non-wovens) (excluding articles of apparel)

13961100 Metallised yarn or metallised gimped yarn

13961300 Rubberthread and cord, textile covered;textile yarn and strip impregnated, coated,coveredor sheathedwith rubber or plastics

13961400 Textile fabrics,impregnated, coatedor coveredn.e.c.

13961500 Tyre cord fabrics of high tenacity yarn, of nylon, other polyamides, polyestersor viscoserayon

13961620 Textile hosepipingand similar textile tubing, whether or not impregnated or coated,with or without lining, armour or accessorief other materials
13961650 Textile wicks, conveyor belts or belting (including reinforced with metal or other material)

13961680 Textile fabrics and felts, for paper-making machinesor similar machines(including for pulp or asbestoscement)

13961730 Narrow woven fabrics other than labels,badgesand other similar articles

13961750 Labels,badgesand similar articles in textile materials (excluding embroidered)

13961770 Braids in the piece;tasselsand pompons,ornamental trimmings (excluding knitted or crocheted)

13991130 Tulles and other net fabrics (excluding woven, knitted or crocheted)

13991150 Machine-madelacein the piece,in strips or in motifs

13991170 Hand-madelacein the piece,in strips or in motifs

13991230 Embroidery (without visible ground) in the piece,in strips or in motifs

13991250 Cottonembroidery in the piece,in strips or in motifs (excluding embroidery without visible ground)

13991270 Embroidery of textiles in the piece,in strips or in motifs (excluding without visible ground, cotton)

13991300 Felt,whether or not impregnated, coated,coveredor laminated, n.e.c.

13991400 Textile flock and dust and mill neps

13991500 Gimpedyarn and gimped strip and the like, of man-madetextile materials of an apparentwidth <=5 mm; chenille yarn; loop wale-yarn

13991600 Quilted textile products in the piece (excluding embroidery)

13991900
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14121120 - AT & B (eAsémblesof cotton or man-madefibres, for industrial and occupationalwear

14121130 - AT & B Jadietsand blazers,of cotton or man-madefibres, for industrial and occupationalwear

14121240 - AT & BT UWrbusers and breeches,of cotton or man-madefibres, for industrial or occupationalwear

14121250 - AT & BT Wib &ndbraceoveralls, of cotton or man-madefibres, for industrial or occupationalwear

14122120 71 1 AlordC&E @hséndbles of cotton or man-madefibres, for industrial or occupationalwear

14122130 71 1 AlordCE Guckéxdand blazers,of cotton or man-madefibres, for industrial or occupationalwear

14122240 71 1 ATordQE Grbugeds and breeches of cotton or man-madefibres, for industrial or occupationalwear

14122250 71 i AToriG&E dib &nd braceoveralls, of cotton or man-madefibres, for industrial or occupationalwear

14123013 - A1 & D1 Wwbé garments,of cotton or man-madefibres, for industrial or occupationalwear

14123023 71 1 ATordG&E @ihed garments,of cotton or man-madefibres, for industrial or occupationalwear

14131110 - Al @ A1 Wedcoats,car-coats,capes,cloaks and similar articles, of knitted or crochetedtextiles (excluding jackets and blazers, anoraks, wind -cheaters
and wind -jackets)

14131120 - AT ér@ 1 Un@idtcoats, anoraks, ski-jackets, wind -cheaters, wind -jackets and similar articles, of knitted or crocheted textiles (excluding jackets and
blazers)

14131230 - AT & B JadKetsand blazers,of knitted or crochetedtextiles

14131260 - Al @ BT Wdtsand ensemblespf knitted or crochetedtextiles

14131270 - AT @ BT Urusers, breeches shorts, bib and brace overalls, of knitted or crochetedtextiles

14131310 71 1 AlordC&E @vef@dats,car-coats,capescloaksand similar articles, of knitted or crochetedtextiles (excluding jacketsand blazers)

14131320 71 i AToBQE Quai€dbats, anoraks, ski-jackets, wind -cheaters,wind -jackets and similar articles, of knitted or crocheted textiles (excluding jackets and
blazers)

14131430 71 1 ATordC&E Qeickéxdand blazers,of knitted or crochetedtextiles

14131460 71 1 AToriG&E Giitsadd ensemblesof knitted or crochetedtextiles

14131470 71 1 AlordGE @iesdds of knitted or crochetedtextiles

14131480 71 1 ATordQ&E Ghirt® and divided skirts, of knitted or crochetedtextiles

14131490 71 1 AlordQ&E Grbugeds, breeches shorts, bib and brace overalls, of knitted or crochetedtextiles

14132110 - AT @ AT Udndoats

14132115 - AT @& BT Udngoats,overcoats,car-coats,capes etc.

139




14132120 - AT & B (b@eécoats,car-coats,capes.etc

14132130 - AT & @1 Un@itcoats, anoraks, ski-jackets, wind -jackets and similar articles (excluding jackets and blazers, knitted or crocheted,impregnated, coated,
covered,laminated or rubberised)

14132200 - A1 & BT @S & ensembles(excluding knitted or crocheted)

14132210 - AT & BT bdtd (excluding knitted or crocheted)

14132220 - AT @& BT (eAsémbles(excluding knitted or crocheted)

14132300 - AT & B Jadketsand blazers (excluding knitted or crocheted)

14132442 - A1 & BT Urbusers and breeches of denim (excluding for industrial or occupationalwear)

14132444 - AT & BT Urbusers, breechesand shorts, of wool or fine animal hair (excluding knitted or crocheted,for industrial or occupationalwear)

14132445 - AT & BT UWrbusers and breechesof man-madefibres (excluding knitted or crocheted,for industrial or occupationalwear)

14132448 - A1 & BT Urbusers and breeches of cotton (excluding denim, knitted or crocheted)

14132449 - AT & BT UrGusers, breeches shorts and bib and brace overalls (excluding of wool, cotton and man-madefibres, knitted or crocheted)

14132455 - AT & B Wib &nd braceoveralls (excluding knitted or crocheted,for industrial or occupationalwear)

14132460 - A1 & BT Whibés, of cotton or man-madefibres (excluding knitted or crocheted)

14133110 71 1 AlofiCE Gdintoéts

14133115 71 1 AlordQ&E @din€bats and overcoats,etc

14133120 71 1 AlordCE @vef@dats,etc

14133130 71 1 AlodCE Ovhigiobats,anoraks, ski-jackets,wind -jacketsand similar articles (excluding jackets and blazers, knitted or crocheted,impregnated, coated,
covered,laminated or rubberised)

14133200 71 1 AloriCE Giitxdensembles(excluding knitted or crocheted)

14133210 71 1 AlofiCE Giit€éxcluding knitted or crocheted)

14133220 71 1 AfordQ&E @hséndbles(excluding knitted or crocheted)

14133330 71 1 ATordC&E QGeckéxdand blazers (excluding knitted or crocheted)

14133470 71 1 ATordCE @iegdds(excluding knitted or crocheted)

14133480 71 1 ATordC&E Gitirtd and divided skirts (excluding knitted or crocheted)

14133542 71 1 ATordQE Grbugeds and breeches of denim (excluding for industrial or occupationalwear)
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14133548 71 1 ATordQ&E Grbugeds and breeches of cotton (excluding denim, for industrial or occupationalwear)

14133549 71 I) A TorBQE Qrbuebs and breeches,of wool or fine animal hair or man-madefibres (excluding knitted or crocheted and for industrial and occupational
wear

14133551 71 1 AloiCE dib 4nd braceoveralls, of cotton (excluding knitted or crocheted,for industrial or occupationalwear)

14133561 71 1 ATordC&E Giodsdof cotton (excluding knitted and crocheted)

14133563 71 1 Alob ©E Chib@id brace overalls, of wool or fine animal hair and man-made fibres (excluding cotton, knitted or crocheted, for industrial or
occupationalwear) andx 1 | A br& & Ghodsdof wool or fine animal hair (excluding knitted or crocheted)

14133565 71 1 ATordC&E Ghiosdof man-madefibres (excluding knitted or crocheted)

14133569 71 1 AlordCE Grbuéess, breechesbib and brace overalls, of textiles (excluding cotton, wool or fine animal hair, man-madefibres, knitted or crocheted)

14141100 - A1 & BT Whirés, knitted or crocheted

14141220 - AT & BT WAadérpants and briefs, of knitted or crochetedtextiles (including boxer shorts)

14141230 - AT & BT (higHishirts and pyjamas,of knitted or crochetedtextiles

14141240 - A1 & D1 Weedsinggowns,bathrobes and similar articles, of knitted or crochetedtextiles

14141310 71 1 AloriCE Gloudds,shirts and shirt-blouses,of knitted or crochetedtextiles

14141420 71 1 ATordG&E biiefs &nd panties, of knitted or crochetedtextiles (including boxer shorts)

14141430 71 1 AloriCE Gighfids and pyjamas,of knitted or crochetedtextiles

14141440 71 1 AToriGE deégliydesbathrobes,dressinggownsand similar articles, of knitted or crochetedtextiles

14141450 71 1 ATordC&E Glip<aad petticoats, of knitted or crochetedtextiles

14142100 - AT & BT Whkirés (excluding knitted or crocheted)

14142220 - A1 & BT Wadérpants and briefs (including boxer shorts) (excluding knitted or crocheted)

14142230 - A1 & BT higlitshirts and pyjamas (excluding knitted or crocheted)

14142240 - AT & Bi siddiets,vests,bathrobes,dressinggowns and similar articles (excluding knitted or crocheted)

14142300 771 1 ATordQ&E blousds,shirts and shirt-blouses(excluding knitted or crocheted)

14142430 71 1 ATordCE Gighhiessesand pyjamas(excluding knitted or crocheted)

14142450 71 1 ATordC&E Glip<add petticoats (excluding knitted or crocheted)

14142460 71 1 AToBQE Ginglets and other vests, briefs, panties, negligees,bathrobes, dressing gowns, housecoatsand similar articles of cotton (excluding knitted

or crocheted)
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14142480 71 1 AToBQE Oegliydes bathrobes, dressing gowns, singlets, vests, briefs and panties (including boxer shorts), of man-made fibres (excluding knitted or
crocheted)

14142489 71 1 AloBQ@E Gingdleds, vests, briefs, panties, negligees,bathrobes, dressing gowns and similar articles, of textiles (excluding cotton, man-made fibres,
knitted or crocheted)

14142530 Brassieres

14142550 Girdles,panty-girdles and corselettes(including bodieswith adjustablestraps)

14142570 Braces,suspendersgarters and similar articles and parts thereof

14143000 T-shirts, singletsand vests,knitted or crocheted

14191100 " A A méreitsand clothing accessoriesknitted or crochetedincluding vests,rompers, underpants, stretch-suits, glovesor mittens or mitts, outerwear (for
children of height <=86 cm)

14191210 Track-suits, of knitted or crochetedtextiles

14191230 Ski-suits, of knitted or crochetedtextiles

14191240 - A1 & D1 Wwidwear, of knitted or crochetedtextiles

14191250 71 1 ATordQ&E Gwirbvear, of knitted or crochetedtextiles

14191290 Other garments,knitted or crocheted (including bodieswith aproper sleeve)

14191300 Gloves mittens and mitts, of knitted or crochetedtextiles

14191930 Shawls,scarvesmufflers, mantillas, veils and the like, of knitted or crochetedtextiles

14191960 Clothing accessoriesand parts thereof, of knitted or crochetedtextiles (excluding gloves,mittens, shawls,scarves mufflers, mantillas and veils)

14192100 " A A Eeldtirfg and accessoriespf textiles, not knitted or crocheted (for children of height <= 86 cm) including vests, rompers, underpants, stretch-suits,
napkins, gloves,mitte ns and outerwear

14192150 Babiesclothing and accessoriespf textiles, not knitted or crocheted (for children of height <=86 cm) including vests, rompers, underpants, stretch-suits,
gloves,mittens and outerwear (excluding sanitary towels and napkins and similar articles)

14192210 Otheri AT d &1 Uagpareln.e.c.jncluding tracksuits and jogging suits (excluding waistcoats, ski-suits, knitted or crocheted)

14192220 Otherx T | A br&& @pp&é n.e.c.including tracksuits and jogging suits (excluding waistcoats, ski-suits, knitted or crocheted)

14192230 Ski-suits (excluding of knitted or crochetedtextiles)

14192240 - AT & BT Wadidwear (excluding of knitted or crochetedtextiles)

14192250 71 1 ATordQ&E Gwirdviear (excluding of knitt ed or crochetedtextiles)

14192310 Handkerchiefs

14192333 Shawls,scarvesmufflers, mantillas, veils and the like (excluding articles of silk or silk waste,knitted or crocheted)
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14192338 Shawls,scarvesmufflers, mantillas, veils and the like, of silk or silk waste (excluding knitted or crocheted)

14192353 Ties,bow ties and cravats (excluding articles of silk or silk waste,knitted or crocheted)

14192358 Ties,bow ties and cravats,of silk or silk waste (excluding knitted or crocheted)

14192370 Glovesmittens and mitts (excluding knitted or crocheted)

14192393 Clothing accessoriesof textiles (excluding shawls, scarvesand mufflers, mantillas and veils, ties, bow-ties and cravats, gloves, mittens and mitts, knitted or
crocheted)

14192395 Parts of garmentsor of clothing accessoriespf textiles (excluding bras, girdles and corsets,braces,suspendersand garters, knitted or crocheted)

14192396 Clothing accessoriesparts of garments or of clothing accessories,of textiles, n.e.c.and parts thereof, (excluding shawls, scarvesand mufflers, mantillas and
veils, ties, bow-ties and cravats,gloves,mittens and mitts and parts thereof; bras, girdles and corsets,braces,suspendersand garters

14193180 Belts and bandoliers, of leather or composition leather

14193190 Clothing accessorief leather or composition leather (excluding gloves,mittens and mitts, belts and bandoliers)

14193200 Garmentsmadeup of felt or non-wovens,textile fabrics impregnated or coated

14194130 Hat-forms, hat bodiesand hoods, plateauxand manchonsof felt (including slit manchons)(excluding those blocked to shape thosewith madebrims)

14194150 Hat-shapes plaited or made by assemblingstrips of any material (excluding those blocked to shape thosewith madebrims, thoselined or trimmed)

14194230 Felt hatsand other felt headgear madefrom hat bodiesor hoodsand plateaux

14194250 Hatsand other headgear plaited or madeby assemblingstrips of any material

14194270 Hats and other headgear knitted or crocheted or made-up from lace,felt or other textile fabric in the piece (but not in strips); hair-nets of any material

14194300 Other headgear(except headgearof rubber or of plastics, safety headgearand asbestosheadgear); headbands linings, covers, hat foundations, hat frames,
peaksand chinstraps, for headgear

14311033 Panty hoseand tights, of knitted or crocheted synthetic fibres, measuringper singleyarn <67 decitex

14311035 Panty hoseand tights, of knitted or crochetedsynthetic fibres, measuringper single yarn >= 67 decitex

14311037 Pantyhoseand tights of textile materials, knitted or crocheted (excl. graduated compressionhosiery, those of synthetic fibres and hosiery for babies)

14311050 7 1 1 ATuB-Bngth or knee-length knitted or crocheted hosiery, measuring per singleyarn < 67 decitex

14311090 Knitted or crocheted hosiery and footwear (including socks; excluding x I 1 A Tfu-@ngth/knee-length hosiery, measuring <67decitex, panty-hose and
tights, footwear with applied soles)

14391031 - AT @ @i Uddsiys,pullovers, sweatshirts, waistcoats and cardigans,of wool or fine animal hair (excluding jerseys and pullovers containing >=50 % of
wool and weighing >=600 g)

14391032 71 1 ATodQE Qers€yd,pullovers, sweatshirts, waistcoats and cardigans,of wool or fine animal hair (excluding jerseysand pullovers containing >= 50 % of

wool and weighing >=600 g)

143




14391033 Jerseysand pullovers, containing >=50 % by weight of wool and weighing >=600 g per article

14391053 Lightweight fine knit roll, polo or turtle neckjumpers and pullovers, of cotton

14391055 Lightweight fine knit roll, polo or turtle neckjumpers and pullovers, of man-madefibres

14391061 - AT & @1 Uddeys, pullovers, sweatshirts, waistcoats and cardigans, of cotton (excluding lightweight fine knit roll, polo or turtle neck jumpers and
pullovers)

14391062 71 1 AToBQE Qdrséyd, pullovers, sweatshirts, waistcoats and cardigans, of cotton (excluding lightweight fine knit roll, polo or turtle neck jumpers and
pullovers)

14391071 - AT & BT Uedsdys,pullovers, sweatshirts, waistcoats and cardigans,of man-madefibres (excluding lightweight fine knit roll, polo or turtle neck jumpers
and pullovers)

14391072 71 1 Alob@E Qdrséys, pullovers, sweatshirts, waistcoats and cardigans, of man-made fibres (excluding lightweight fine knit roll, polo or turtle neck
jumpers and pullovers)

14391090 Jerseyspullovers, sweatshirts, waistcoats and cardigans,of textile materials (excluding those of wool or fine animal hair, cotton, man-madefibres)

15201100 Waterproof footwear, with uppers in rubber or plastics (excluding incorporating a protective metal toecap)

15201210 Sandalswith rubber or plastic outer solesand uppers (including thong-type sandals flip flops)

15201231 Town footwear with rubber or plastic uppers

15201237 Slippersand other indoor footwear with rubber or plastic outer solesand plastic uppers (including bedroom and dancingslippers, mules)

15201330 Footwear with awooden baseand leather uppers (including clogs) (excluding with aninner soleor a protective metal toe-cap)

15201351 - A1 t6wd footwear with leather uppers (including boots and shoes;excluding waterproof footwear, footwear with a protective metal toe-cap)

15201352 71 1 A fo@iOfootwear with leather uppers (including boots and shoes;excluding waterproof footwear, footwear with a protective metal toe-cap)

15201353 # EEI1 AdvA fodivi@ar with leather uppers (including boots and shoes;excluding waterproof footwear, footwear with a protective metal toe-cap)

15201361 - A1 gar@alswith leather uppers (including thong type sandalsflip flops)

15201362 71 1 Alsandalswith leather uppers (including thong type sandals;flip flops)

15201363 # E E1 As@nBldisdith leather uppers (including thong type sandals flip flops)

15201370 Slippersand other indoor footwear with rubber, plastic or leather outer solesand leather uppers (including dancingand bedroom slippers, mules)

15201380 Footwear with wood, cork or other outer solesand leather uppers (excluding outer solesof rubber, plasticsor leather)

15201444 Slippersand other indoor footwear (including dancingand bedroom slippers, mules) with uppers of textile materials

15201445 Footwear with rubber, plastic or leather outer solesand textile uppers (excluding slippers and other indoor footwear, sports footwear)

15201446 Footwear with textile uppers (excluding slippers and other indoor footwear aswell asfootwear with outer solesof rubber, plastics, leather or composition

leather)
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15202100 Sportsfootwear with rubber or plastic outer solesand textile uppers (including tennis shoes basketball shoes,gym shoes training shoesand the like)

15202900 Other sports footwear, exceptsnow-ski footwear and skating boots

15203120 Footwear (including waterproof footwear), incorporating a protective metal toecap,with outer solesand uppers of rubber or of plastics

15203150 Footwearwith rubber, plastic or leather outer solesand leather uppers,and with a protective metal toe-cap

15203200 Woodenfootwear, miscellaneousspecialfootwear and other footwear n.e.c.

20601110 Aramids staple,not carded,combedor otherwise processedfor spinning

20601120 Other polyamide tow and staple, not carded,combedor otherwise processedfor spinning

20601130 Polyestertow and staple, not carded,combedor otherwise processedfor spinning

20601140 Acrylic tow and staple, not carded,combedor otherwise processedfor spinning

20601150 Polypropylene synthetic tow and staple not carded,combedor otherwise processedfor spinning

20601190 Other synthetic tow and staple not carded,combedor otherwise processedfor spinning

20601220 High-tenacity filament yarn of aramids (excluding sewing thread and yarn put up for retail sale)

20601240 High-tenacity filament yarn of nylon or other polyamides (excluding sewing thread, yarn put up for retail saleand high-tenacity filament yarn of aramids)

20601260 High-tenacity filament yarn of polyesters (excluding that put up for retail sale)

20601310 Polyamidetextile filament yarn, n.p.r.s.(excluding sewing thread)

20601320 Polyamidecarpet filament yarn, n.p.r.s.(excluding sewing thread)

20601330 Polyestertextile filament yarn, n.p.r.s.(excluding sewing thread)

20601340 Polypropylene filament yarn, n.p.r.s.(excluding sewing thread)

20601350 Elastomericfilament yarn, n.p.r.s.

20601390 Other synthetic filament yarn, n.p.r.s.(excluding sewing thread)

20601420 Polypropylene monofilament of >= 67 decitex and with a cross-sectionaldimension of <=1 mm (excluding elastomers)

20601440 Synthetic monofilament of >=67 decitex and with a cross-sectional dimension of <=1 mm (excluding polypropylene monofilament); strip and the like (for
example,artificial straw), of synthetic textile materials, of an apparentwidth <=5 mm

20602120 Artificial filament tow and staple fibres (not carded,combedor otherwise processedfor spinning), of viscoserayon

20602140 Artificial filament tow, of acetate

20602150 Artificial filament tow and staple fibres (not carded,combedor otherwise processedfor spinning, excluding the onesof acetate)
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20602190 Other artificial filament tow and staplefibres (not carded,combedor otherwise processedfor spinning)

20602200 High tenacity filament yarn of viscoserayon, n.p.r.s.(excluding sewing thread)

20602320 Yarn of viscoserayon filament, including monofilament of < 67 decitex,single,n.p.r.s.(excluding sewing thread and high-tenacity yarn)

20602340 Filament yarn of celluloseacetate,including monofilament of < 67 decitex,single,n.p.r.s.(excluding sewing thread and high-tenacity yarn)

20602390 Other artificial filament yarn, including artificial monofilament of < 67 decitex,single,n.p.r.s.(excluding sewing thr ead)

20602400 Artificial monofilament of >=67 decitex and of which the cross-sectional dimension <=1 mm; strip and the like of artificial textile materials of an apparent

width <=5mm
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Annex 2 Conversion factor

Following table report conversioa\ *oj mn amj h ©°i ph] > m % a\ ndnophh'n»"'aj°nk\amn
products.

Prodcomcode | Productdescription Prodcomunit Conversionfactor to kg
13931100 Knotted carpetsand other knotted textile floor coverings m2 1.6
13931200 Woven carpetsand other woven textile coverings(excluding tufted or flocked) m2 1.6
13931300 Tufted carpetsand other tufted textile floor coverings m2 1.38
13931930 Needlefelt carpets and other needlefelt textile floor coverings (excluding tufted or | m2 1.6
flocked)
13931990 Carpetsand other textile floor coverings(excluding knotted, woven, tufted, needlefelt) | m2 1.6
13201100 Wovenfabrics of silk or silk waste m2 0.25
13201230 Wovenfabrics of cardedwool or cardedfine animal hair m2 0.25
13201260 Woven fabrics of combed wool or combed fine animal hair; woven fabrics of coarse | m2 0.25
animal hair
13201330 Wovenfabrics of flax, containing >= 85 % by weight of flax m2 0.25
13201360 Woven fabrics of flax, containing < 85 % by weight of flax m2 0.25
13201400 Wovenfabrics of jute or of other textile bastfibres (excluding flax, true hemp,ramie) m2 0.25
13201900 Woven fabrics of true hemp, ramie or other vegetabletextile fibres (excluding flax, | m2 0.25

jute, other textile bastfibres); paperyarn

13202014 Woven fabrics of cotton, not of yarns of different colours, weighing <=200 g/mz?, for [ m2 0.25
clothing
13202017 Woven fabrics of cotton, not of yarns of different colours, weighing <=200 g/mz?, for [ m2 0.25

householdlinen or home furnishing textiles

13202019 Woven fabrics of cotton, not of yarns of different colours, weighing <=200 g/m?, for [ m2 0.25
technical or industrial uses(excluding gauze medical gauze)

13202020 Woven fabrics of cotton weighing <=100 g/m?, for medical gauzes,bandagesand | m2 0.25
dressings

13202031 Woven fabrics of cotton of yarns of different colours, weighing <= 200 g/m2, for shirts | m2 0.25
and blouses

13202042 Woven fabrics of cotton, not of yarns of different colours, weighing > 200 g/m?, for | m2 0.25
clothing

13202044 Woven fabrics of cotton, not of yarns of different colours, weighing > 200 g/m?, for | m2 0.25

householdlinen or home furnishing textiles

13202049 Woven fabrics of cotton, not of yarns of different colours, weighing > 200 g/m?, for | m2 0.25
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technical or industrial uses

13202060 Woven fabrics of denim cotton weighing > 200 g/m? (including denim other than | m2 0.25
blue)

13202072 Wovenfabrics of cotton of yarns of different colours, for other clothing m2 0.25

13202074 Woven fabrics of cotton of yarns of different colours, for household linen or home | m2 0.25
furnishing textiles

13202079 Woven fabrics of cotton of yarns of different colours, for technicalor industrial uses m2 0.25

132020Z1 Cotton fabrics,<=200 g/m? (excluding gauzeand coloured yarns) m2 0.25

13202022 Cotton fabrics,> 200 g/m? (excluding coloured yarns) m2 0.25

13202023 Wovenfabrics of cotton of yarns of different colours (excluding denim) m2 0.25

13203130 Woven fabrics of man-made filament yarns obtained from high tenacity yarn, strip or [ m2 0.25
the like (including nylon, other polyamides,polyester, viscoserayon)

13203150 Woven fabrics of synthetic filament yarns (excluding those obtained from high [ m2 0.25
tenacity yarn or strip and the like)

13203170 Wovenfabrics of artificial filament yarns (excluding those obtained from high tenacity | m2 0.25
yarn)

13203210 Woven fabrics of synthetic staple fibres, containing 85 % or more by weight of [ m2 0.25
synthetic staplefibres

13203220 Woven fabrics of synthetic staple fibres, containing lessthan 85 % by weight of such | m2 0.25
fibres, mixed mainly or solely with cotton (excluding fabrics of yarns of different
colours)

13203230 Woven fabrics of synthetic staple fibres, containing lessthan 85 % by weight of such [ m2 0.25
fibres, mixed mainly or solely with cotton, of yarns of different colours

13203240 Woven fabrics of synthetic staple fibres mixed mainly or solely with carded wool or | m2 0.25
fine animal hair

13203250 Woven fabrics of synthetic staple fibres mixed mainly or solely with combedwool or | m2 0.25
fine animal hair

13203290 Woven fabrics of synthetic staple fibres mixed other than with wool, fine animal hair | m2 0.25
or cotton

13203330 Wovenfabrics of artificial staplefibres, not of yarns of different colours m2 0.25

13203350 Wovenfabrics of artificial staplefibres, of yarns of different colours m2 0.25

13204100 Warp and weft pile fabrics; chenille fabrics (excluding terry towelling and similar | m2 0.25
woven terry fabrics of cotton, tufted textile fabrics, narrow fabrics)

13204200 Terry towelling and similar woven terry fabrics of cotton m2 0.25

13204300 Terry towelling and similar woven terry fabrics (excluding of cotton) m2 0.25
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13204400 Gauze(excluding medical gauze narrow woven fabrics) m2 0.25

13204500 Tufted textile fabrics (excluding tufted carpetsand other textile floor coverings) m2 0.25

13921130 Blanketsand travelling rugs of wool or fine animal hair (excluding electric blankets) p/st 0.5

13921150 Blanketsand travelling rugs of synthetic fibres (excluding electric blankets) p/st 0.5

13921190 Blankets (excluding electric blankets) and travelling rugs of textile materials | p/st 0.5
(excluding of wool or fine animal hair, of synthetic fibres)

13921530 Curtainsand interior blinds, curtain or bed valancesof knitted or crocheted materials m2 0.25

13921550 Curtainsand interior blinds, curtain or bed valancesof woven materials m2 0.25

13921570 Curtainsand interior blinds, curtain or bed valances,of non-woven materials m2 0.25

13921640 Bedspreads(excluding eiderdowns) p/st 0.5

13922430 Sleepingbags p/st 0.5

13922493 Articles of bedding of feathers or down (including quilts and eiderdowns, cushions, | p/st 0.5
pouffes,pillows) (excluding mattresses,sleepingbags)

13922499 Articles of bedding filled other than with feathers or down (including quilts and | p/st 0.5
eiderdowns, cushions,pouffes, pillows) (excluding mattresses,sleepingbags)

13961400 Textile fabrics,impregnated, coatedor coveredn.e.c. m2 0.25

13961500 Tyre cord fabrics of high tenacity yarn, of nylon, other polyamides, polyesters or | m2 0.25
viscoserayon

13991600 Quilted textile products in the piece (excluding embroidery) m2 0.25

13991900 Powder-puffs and padsfor the application of cosmeticsor toilet preparations p/st 0.5

14111000 Articles of apparel of leather or of composition leather (including coatsand overcoats) | p/st 0.9
(excluding clothing accessoriesheadgear footwear)

14121120 - A1 ®OAT Uéndembles, of cotton or man-made fibres, for industrial and | p/st 0.5
occupationalwear

14121130 - Al & @i Udbkets and blazers, of cotton or man-made fibres, for industrial and | p/st 0.95
occupationalwear

14121240 - Al @& @i Wodsers and breeches,of cotton or man-made fibres, for industrial or | p/st 0.45
occupationalwear

14121250 - Al @ @i Wiband brace overalls, of cotton or man-made fibres, for industrial or | p/st 0.45
occupationalwear

14122120 71 1 Aldb @ E Odnsebles, of cotton or man-made fibres, for industrial or | p/st 0.5

occupationalwear
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14122130 71 1 AToBQE Qeckétdand blazers, of cotton or man-made fibres, for industrial or | p/st 0.95
occupationalwear

14122240 71 i AToBQE Qrbuéels and breeches,of cotton or man-made fibres, for industrial | p/st 0.45
or occupationalwear

14122250 71 i AToBQE Wib énil brace overalls, of cotton or man-made fibres, for industrial | p/st 0.45
or occupationalwear

14123013 - A1 8rQA T Udiher garments, of cotton or man-made fibres, for industrial or | p/st 0.5
occupationalwear

14123023 71 1 Alob ©E Cothé garments, of cotton or man-made fibres, for industrial or | p/st 0.5
occupationalwear

14131110 - Al 6@ 1 UdDdicoats, car-coats, capes, cloaks and similar articles, of knitted or | p/st 0.95
crocheted textiles (excluding jackets and blazers, anoraks, wind -cheaters and wind -
jackets)

14131120 - AT 8rOA T Uwiadstcoats, anoraks, ski-jackets, wind-cheaters, wind-jackets and | p/st 0.95
similar articles, of knitted or crochetedtextiles (excluding jacketsand blazers)

14131230 - AT & BT JadKetsand blazers,of knitted or crochetedtextiles plst 0.95

14131260 - AT & BT bdtdand ensemblesof knitted or crochetedtextiles plst 0.5

14131270 - AT 8rGA T Utéddsers, breeches, shorts, bib and brace overalls, of knitted or | p/st 0.45
crochetedtextiles

14131310 71 1 AToBQE @Vefddats,car-coats,capes,cloaksand similar articles, of knitted or | p/st 0.95
crochetedtextiles (excluding jacketsand blazers)

14131320 71 1 Alob ©E Onai€idpats, anoraks, ski-jackets, wind -cheaters, wind -jackets and | p/st 0.95
similar articles, of knitted or crochetedtextiles (excluding jacketsand blazers)

14131430 71 1 ATordQ&E Qeckéxdand blazers,of knitted or crochetedtextiles plst 0.95

14131460 71 1 AlofiCE Giitand ensemblespof knitted or crochetedtextiles plst 0.5

14131470 71 1 ATordQE @ilegdds of knitted or crochetedtextiles plst 0.3

14131480 71 1 ATordQ&E Ghirt® and divided skirts, of knitted or crochetedtextiles plst 0.25

14131490 71 1 Alob ©E Qrouddrs, breeches, shorts, bib and brace overalls, of knitted or | p/st 0.45
crochetedtextiles

14132115 - AT & BT Udngoats,overcoats,car-coats,capes etc. p/st 0.5

14132130 - A1 8rQA T Uuiadstcoats, anoraks, ski-jackets, wind-jackets and similar articles | p/st 0.95
(excluding jackets and blazers, knitted or crocheted, impregnated, coated, covered,
laminated or rubberised)

14132200 - AT & B bt & ensembles(excluding knitted or crocheted) plst 0.5

14132300 - AT & BT Jadketsand blazers (excluding knitted or crocheted) plst 0.95
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14132442 - Al ®OAT Utdsers and breeches, of denim (excluding for industrial or | p/st 0.45
occupationalwear)

14132444 - A1 & @1 Wodsers, breechesand shorts, of wool or fine animal hair (excluding | p/st 0.45
knitted or crocheted,for industrial or occupationalwear)

14132445 - A1 8rQAT Utfddsers and breeches, of man-made fibres (excluding knitted or | p/st 0.45
crocheted,for industrial or occupationalwear)

14132448 - A1 ®OAT Utibésers and breeches, of cotton (excluding denim, knitted or | p/st 0.45
crocheted)

14132449 - A1 ér@ i Ut@dsers, breeches,shorts and bib and brace overalls (excluding of | p/st 0.45
wool, cotton and man-madefibres, knitted or crocheted)

14132455 - A1 & B Wib &nd brace overalls (excluding knitted or crocheted,for industrial or | p/st 0.45
occupationalwear)

14132460 - AT & BT Whknéts, of cotton or man-madefibres (excluding knitted or crocheted) plst 0.45

14133115 71 i AlorBGE Gdintpatsand overcoats,etc p/st 0.5

14133130 71 1 Alob ©E Onai€idpats, anoraks, ski-jackets, wind -jackets and similar articles | p/st 0.95
(excluding jackets and blazers, knitted or crocheted, impregnated, coated, covered,
laminated or rubberised)

14133200 71 1 AloliCE Giit€sdensembles(excluding knitted or crocheted) plst 0.5

14133330 71 1 AloriCE Guckéxdand blazers (excluding knitted or crocheted) plst 0.95

14133470 71 1 AlordCE @iegdds(excluding knitted or crocheted) plst 0.3

14133480 71 1 ATordQ&E Ghirt® and divided skirts (excluding knitted or crocheted) plst 0.25

14133542 71 1 Alod QE Ottowérs and breeches, of denim (excluding for industrial or | p/st 0.45
occupationalwear)

14133548 71 1 AToBQE Qrbudels and breeches,of cotton (excluding denim, for industrial or | p/st 0.45
occupationalwear)

14133549 71 1 AloB@E Qrouddis and breeches,of wool or fine animal hair or man-made | p/st 0.45
fibres (excluding knitted or crochetedand for industrial and occupationalwear)

14133551 71 1 ATodGE bib &nd brace overalls, of cotton (excluding knitted or crocheted,for | p/st 0.45
industrial or occupationalwear)

14133561 71 1 ATordC&E Gliodsfof cotton (excluding knitted and crocheted) plst 0.45

14133563 Women's or girls' bib and brace overalls, of wool or fine animal hair and man-made | p/st 0.45
fibres (excluding cotton, knitted or crocheted,for industrial or occupationalwear) and
women's or girls' shorts, of wool or fine animal hair (excluding knitted or crocheted)

14133565 71 1 ATordC&E Ghofisdof man-madefibres (excluding knitted or crocheted) plst 0.45

14133569 71 1 AloB ©E QrouBdrs, breeches,bib and brace overalls, of textiles (excluding | p/st 0.45

cotton, wool or fine animal hair, man-madefibres, knitted or crocheted)
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14141100 Men'sor boys' shirts, knitted or crocheted p/st 0.25

14141220 - AT & 1 We6dgrpants and briefs, of knitted or crochetedtextiles (including boxer | p/st 0.08
shorts)

14141230 - AT & B Uhiglitshirts and pyjamas,of knitted or crochetedtextiles plst 0.15

14141240 - AT & &1 Weessinggowns,bathrobes and similar articles, of knitted or crocheted | p/st 0.3
textiles

14141310 71 1 ATordGE Glousds,shirts and shirt-blouses,of knitted or crochetedtextiles plst 0.25

14141420 71 1 AToBQE viies &nd panties, of knitted or crocheted textiles (including boxer | p/st 0.08
shorts)

14141430 71 1 AlordC&E Gighids and pyjamas,of knitted or crochetedtextiles plst 0.15

14141440 71 1 AToBQE Oegligdes bathrobes, dressinggowns and similar articles, of knitted | p/st 0.3
or crochetedtextiles

14141450 71 1 AloriCE Glipgaad petticoats, of knitted or crochetedtextiles plst 0.5

14142100 - A1 & BT Whirés (excluding knitted or crocheted) plst 0.25

14142220 - AT & @1 Udderpants and briefs (including boxer shorts) (excluding knitted or | p/st 0.08
crocheted)

14142230 - AT & BT (higiishirts and pyjamas (excluding knitted or crocheted) plst 0.15

14142240 - A1 ®OA T Uénlets, vests, bathrobes, dressing gowns and similar articles | p/st 0.3
(excluding knitted or crocheted)

14142300 71 1 ATordQ&E blousds,shirts and shirt-blouses(excluding knitted or crocheted) plst 0.25

14142430 71 1 AlodiCE Gighfiéessesand pyjamas(excluding knitted or crocheted) plst 0.3

14142450 71 1 AloriCE Glipgaad petticoats (excluding knitted or crocheted) plst 0.5

14142460 71 1 Alod QE Odingidis and other vests, briefs, panties, negligees, bathrobes, | p/st 0.08
dressing gowns, housecoats and similar articles of cotton (excluding knitted or
crocheted)

14142480 Women's or girls' negligees,bathrobes, dressing gowns, singlets, vests, briefs and | p/st 0.08
panties (including boxer shorts), of man-madefibres (excluding knitted or crocheted)

14142489 71 1 AToBQE Gihgless, vests, briefs, panties, negligees bathrobes, dressing gowns | p/st 0.08
and similar articles, of textiles (excluding cotton, man-made fibres, knitted or
crocheted)

14142530 Brassieres p/st 0.05

14142550 Girdles,panty-girdles and corselettes(including bodieswith adjustablestraps) p/st 0.5

14143000 T-shirts, singletsand vests, knitted or crocheted p/st 0.17
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14191210 Track-suits, of knitted or crochetedtextiles p/st 0.5

14191230 Ski-suits, of knitted or crochetedtextiles p/st 0.5

14191240 - AT @& BT Wwidwear, of knitted or crochetedtextiles plst 0.12

14191250 71 1 ATordQ&E Gwirbvear, of knitted or crochetedtextiles plst 0.12

14191300 Glovesmittens and mitts, of knitted or crochetedtextiles pa 0.1

14191930 Shawls,scarves mufflers, mantillas, veils and the like, of knitted or crochetedtextiles p/st 0.1

14192210 Otheri AT & @1 UaPgarel n.e.c.including tracksuits and jogging suits (excluding | p/st 0.5
waistcoats, ski-suits, knitted or crocheted)

14192220 Otherx T 1 A br&& @pparédin.e.c.including tracksuits and jogging suits (excluding | p/st 0.5
waistcoats,ski-suits, knitted or crocheted)

14192230 Ski-suits (excluding of knitted or crochetedtextiles) p/st 0.5

14192240 - AT & BT Waidwear (excluding of knitted or crochetedtextiles) plst 0.12

14192250 71 1 AloriCE Gwirdwiear (excluding of knitted or crochetedtextiles) plst 0.12

14192310 Handkerchiefs p/st 0.5

14192333 Shawls,scarves,mufflers, mantillas, veils and the like (excluding articles of silk or silk | p/st 0.15
waste, knitted or crocheted)

14192338 Shawls,scarves,mufflers, mantillas, veils and the like, of silk or silk waste (excluding | p/st 0.15
knitted or crocheted)

14192353 Ties, bow ties and cravats (excluding articles of silk or silk waste, knitted or | p/st 0.15
crocheted)

14192358 Ties,bow ties and cravats,of silk or silk waste (excluding knitted or crocheted) p/st 0.15

14192370 Glovesmittens and mitts (excluding knitted or crocheted) pa 0.1

14193175 Gloves, mittens and mitts, of leather or composition leather (excluding for sport, | pa 0.1
protective for all trades)

14193180 Belts and bandoliers, of leather or composition leather p/st 0.1

14193200 Garmentsmadeup of felt or non-wovens,textile fabricsimpregnated or coated p/st 0.1

14194130 Hat-forms, hat bodies and hoods, plateaux and manchons of felt (including slit | p/st 0.1
manchons)(excluding those blocked to shape those with made brims)

14194150 Hat-shapes, plaited or made by assembling strips of any material (excluding those | p/st 0.1
blockedto shape thosewith madebrims, thoselined or trimmed)

14194230 Felt hatsand other felt headgear madefrom hat bodiesor hoodsand plateaux p/st 0.1
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14194250 Hats and other headgear plaited or madeby assemblingstrips of any material p/st 0.1

14194270 Hats and other headgear,knitted or crocheted or made-up from lace, felt or other | p/st 0.1
textile fabric in the piece (but not in strips); hair-nets of any material

14311033 Panty hose and tights, of knitted or crocheted synthetic fibres, measuring per single | p/st 0.07
yarn < 67 decitex

14311035 Panty hose and tights, of knitted or crocheted synthetic fibres, measuring per single | p/st 0.07
yarn >=67 decitex

14311037 Pantyhose and tights of textile materials, knitted or crocheted (excl. graduated | p/st 0.07
compressionhosiery, those of synthetic fibres and hosiery for babies)

14311050 7 1 1 ATfud-Bngth or knee-length knitted or crochetedhosiery, measuring per single | pa 0.01
yarn < 67 decitex

14311090 Knitted or crocheted hosiery and footwear (including socks;excluding x T i A fuB-{ pa 0.07
length/knee-length hosiery, measuring <67decitex, panty-hose and tights, footwear
with applied soles)

14391031 - Al 6@ U@seys, pullovers, sweatshirts, waistcoats and cardigans, of wool or | p/st 0.5
fine animal hair (excluding jerseys and pullovers containing >=50 % of wool and
weighing >=600 g)

14391032 71 1 AToBQE Qerséyd,pullovers, sweatshirts, waistcoats and cardigans,of wool or | p/st 0.5
fine animal hair (excluding jerseys and pullovers containing >=50 % of wool and
weighing >=600 g)

14391033 Jerseysand pullovers, containing >=50 % by weight of wool and weighing >= 600 g | p/st 0.3
per article

14391053 Lightweight fine knit roll, polo or turtle neck jumpers and pullovers, of cotton p/st 0.5

14391055 Lightweight fine knit roll, polo or turtle neck jumpers and pullovers, of man-made | p/st 0.5
fibres

14391061 - AT 6r@ i Uj@geys, pullovers, sweatshirts, waistcoats and cardigans, of cotton | p/st 0.5
(excluding lightweight fine knit roll, polo or turtle neckjumpers and pullovers)

14391062 71 1 AToBQE Qdrséys, pullovers, sweatshirts, waistcoats and cardigans,of cotton | p/st 0.5
(excluding lightweight fine knit roll, polo or turtle neckjumpers and pullovers)

14391071 - AT @& @i Udbsdys,pullovers, sweatshirts, waistcoats and cardigans,of man-made | p/st 0.5
fibres (excluding lightweight fine knit roll, polo or turtle neckjumpers and pullovers)

14391072 71 1 Alob@E Qdrséys, pullovers, sweatshirts, waistcoats and cardigans, of man- | p/st 0.5
made fibres (excluding lightweight fine knit roll, polo or turtle neck jumpers and
pullovers)

14391090 Jerseys, pullovers, sweatshirts, waistcoats and cardigans, of textile materials | p/st 0.5
(excluding those of wool or fine animal hair, cotton, man-madefibres)

15111030 Tannedor dressedwhole furskins, not assembled of rabbit, hare or lamb p/st 0.5

15112100 Chamoisleather and combination chamoisleather m2 0.25

15112200 Patentleather; patent laminated leather and metallised leather m2 0.25
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15114150 Sheepor lamb skin leather without wool on, parchment-dressed or prepared after | m2 0.25
tanning (excluding chamois,patent, patent laminated leather and metallised leather)

15114250 Goator kid skin leather without hair on, parchment-dressedor prepared after tanning | m2 0.25
(excluding chamois leather, patent leather, patent laminated leather and metallised
leather)

15114350 Leather of swine without hair on; parchment-dressed or prepared after tanning | m2 0.25
(excluding patent leather; patent laminated leather and metallised leather)

15115200 Compositionleather with abasisof leather or leather fibre, in slabs,sheetsor strips m2 0.25

15121210 Trunks, suitcases,vanity cases,briefcases,school satchelsand similar containers of | p/st 0.5
leather, composition leather, patent leather, plastics, textile materials, aluminium or
other materials

15121220 Handbags of leather, composition leather, patent leather, plastic sheeting, textile | p/st 0.5
materials or other materials (including thosewithout ahandle)

15121270 Travel setsfor personaltoilet; sewing;or shoeor clothescleaning(excluding manicure | p/st 0.5
sets)

15121300 Watch straps, bands, bracelets and parts thereof (including of leather, composition | p/st 0.01
leather or plastic; excluding of precious metal, metal or base metal clad/plated with
precious metal)

15201100 Waterproof footwear, with uppers in rubber or plastics (excluding incorporating a | pa 0.9
protective metal toecap)

15201210 Sandalswith rubber or plastic outer solesand uppers (including thong-type sandals, | pa 0.5
flip flops)

15201231 Town footwear with rubber or plastic uppers pa 0.9

15201237 Slippers and other indoor footwear with rubber or plastic outer soles and plastic | pa 0.35
uppers (including bedroom and dancingslippers, mules)

15201330 Footwear with awooden baseand leather uppers (including clogs) (excluding with an | pa 0.9
inner soleor aprotective metal toe-cap)

15201351 - AT @@n footwear with leather uppers (including boots and shoes; excluding | pa 0.9
waterproof footwear, footwear with a protective metal toe-cap)

15201352 71 1 Altdv® footwear with leather uppers (including boots and shoes; excluding | pa 0.9
waterproof footwear, footwear with a protective metal toe-cap)

15201353 # EEl AtQwh ffodtear with leather uppers (including boots and shoes;excluding | pa 0.9
waterproof footwear, footwear with a protective metal toe-cap)

15201361 - AT garalswith leather uppers (including thong type sandalsflip flops) pa 0.5

15201362 71 1 Alsandalswith leather uppers (including thong type sandals flip flops) pa 05

15201363 # E E1 As@nlldisdith leather uppers (including thong type sandals flip flops) pa 0.5

15201370 Slippers and other indoor footwear with rubber, plastic or leather outer solesand | pa 0.35

leather uppers (including dancingand bedroom slippers, mules)
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15201380 Footwear with wood, cork or other outer solesand leather uppers (excluding outer | pa 0.9
solesof rubber, plasticsor leather)

15201444 Slippers and other indoor footwear (including dancing and bedroom slippers, mules) | pa 0.35
with uppers of textile materials

15201445 Footwear with rubber, plastic or leather outer soles and textile uppers (excluding | pa 0.9
slippers and other indoor footwear, sports footwear)

15201446 Footwear with textile uppers (excluding slippers and other indoor footwear aswell as | pa 0.9
footwear with outer solesof rubber, plastics,leather or composition leather)

15202100 Sportsfootwear with rubber or plastic outer solesand textile uppers (including tennis | pa 0.9
shoes basketball shoes,gym shoes training shoesand the like)

15202900 Other sports footwear, exceptsnow-ski footwear and skating boots pa 0.9

15203120 Footwear (including waterproof footwear), incorporating a protective metal toecap, | pa 0.9
with outer solesand uppers of rubber or of plastics

15203150 Footwear with rubber, plastic or leather outer soles and leather uppers, and with a | pa 0.9
protective metal toe-cap

15203200 Woodenfootwear, miscellaneousspecialfootwear and other footwear n.e.c. pa 0.9

22292920 Outer solesand heelsof plastics p/st 0.1
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Annex 3 Life expectancy of textile products

Following table reports minimum, average and maximum values assumed for life expectancy (in years) of
finished textile products considered in MFA scope.

Prodcom Product description Min | Average | Max | Source

8-digit code

13931100 Knotted carpetsand other knotted textile floor coverings 5 5 5 Fair ClaimsGuide
13931200 Woven carpetsand other woven textile coverings(excluding tufted or flocked) 5 5 5 Fair ClaimsGuide
13931300 Tufted carpetsand other tufted textile floor coverings 5 5 5 Fair ClaimsGuide
13931930 Needlefeltcarpetsand other needlefelttextile floor coverings(excluding tufted or flocked) 5 5 5 Fair ClaimsGuide
13931990 Carpetsand other textile floor coverings(excluding knotted, woven, tufted, needlefelt) 5 5 5 Fair ClaimsGuide
13961650 Textile wicks, conveyor belts or belting (including reinforced with metal or other material) 10 10 10 Fair ClaimsGuide
13921130 Blanketsand travelling rugs of wool or fine animal hair (excluding electric blankets) 10 10 10 Fair ClaimsGuide
13921150 Blanketsand travelling rugs of synthetic fibres (excluding electric blankets) 5 5 5 Fair ClaimsGuide
13921190 Blankets (excluding electric blankets) and travelling rugs of textile materials (excluding of wool or fine | 5 5 5 Fair ClaimsGuide

animal hair, of synthetic fibres)

13921230 Bedlinen of knitted or crochetedtextiles 3 3 3 Fair ClaimsGuide
13921253 Bedlinen of cotton (excluding knitted or crocheted) 3 3 3 Fair ClaimsGuide
13921255 Bedlinen of flax or ramie (excluding knitted or crocheted) 3 3 3 Fair ClaimsGuide
13921259 Bedlinen of woven textiles (excluding of cotton, of flax or ramie) 3 3 3 Fair ClaimsGuide
13921270 Bedlinen of non-woven man-madefibres (excluding knitted or crocheted) 3 3 3 Fair ClaimsGuide
13921330 Tablelinen of knitted or crochetedtextiles 2 2 2 Fair ClaimsGuide
13921353 Tablelinen of cotton (excluding knitted or crocheted) 3 3 3 Fair ClaimsGuide
13921355 Tablelinen of flax (excluding knitted or crocheted) 2 2 2 Fair ClaimsGuide

13921359 Table linen of woven man-made fibres and of other woven or non-woven textiles (excluding of cotton, of | 2 2 2 Fair ClaimsGuide
flax)

13921370 Tablelinen of non-woven man-madefibres 2 2 2 Fair ClaimsGuide

13921430 Toilet linen and kitchen linen, of terry towelling or similar terry fabrics of cotton 3 3 3 Fair ClaimsGuide

13921450 Woventoilet linen and kitchen linen, of textiles (excluding terry towelling or similar terry fabrics of cotton) | 2 2 2 Fair ClaimsGuide
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