Toxics in Carpets in the European Union

Report Prepared by: Jessica OnysHioRob Hewlett
Report Approved byPaul Ashford, Peter Scholes
Date:March2018

@Anthesis




Anthesis Consulting Group PLC has prepared this report for the sole use of the clientthedritended

purposes as stated in the agreement between Anthesis and the client under which this report was completed.
Anthesis has exercised due and customary care in preparing this report but has not, save as specifically stated,
independently verifiednformation provided by others. No other warranty, express or implied, is made in relation
to the contents of this report. The use of this report, or reliance on its content, by unauthorised third parties
without written permission from Anthesis shall betheir own risk, and Anthesis accepts no duty of care to such
third parties. Any recommendations, opinions or findings stated in this report are based on facts and
circumstances as they existed at the time the report was prepared. Any changes in saanfhctrcumstances

may adversely affect the recommendations, opinions or findings contained in this report.

Anthesis Consulting Group, 2018 2



Toxics in Carpets in the European Union

Prepared for:

Stichting Changing Markets,
Oorsprongpark 12, 3581 ET,
Utrecht,

Netherlands

Report written by:
Jessica OnyshkBr Rob Hewlett

Quality Assurance
Peter Scholes, Paul Ashford

Report approved by:
Paul Ashford, Director

Anthesis Consulting Group, 2018

Prepared by:

Anthesis Consulting Group
The Future Centre,

9 Newtec Place,
MagdalenRoad,

Oxford,

OX4 1RE

E-mail: contaci@anthesisgroup.com
Website:www.anthesisgroup.com

Tel: 01865 250818
Fax: 01865 794586

Company Registration8425819

March2018


http://www.anthesisgroup.com/

Anthesis is a specialist global sustainability services and solutions provider founded on the belief that sustainable
business practices are at the heart of letegm commercial success. We develop vatlieven sustainability

strategy which is underpinned kigchnical experience and delivered by innovative, collaborative teams across the
world. We not only develop solutions for clients using our data analytics and broad insight, but provide creative
solutions and act as both a delivery and financing partoer t

We combine the reach of big consultancies with the deep expertise of our practice leaders andhousén

energy and engineering delivery teams from across the globe. We provide a broad range of specialist sustainability
services and solutiorecross every business segtorcludingtK S W. dzA £ ( whighi® AnNEaterndveé (i Q

added enormous value for our clients from Landlords, Occupiers, Estate Management to Investors, that include
delivering significant P&L impacts through energyuetion and generation, carbon, water, waste and engineering
solutions. Anthesis has clients across industry sectors, including corporate multinationals likedGcBesco,

and RB. Building productive, lasting relationships with clients is at the bkaur approach.

Anthesis Consulting Group, 2018 4



On18n October 2017, the Healthy Building Network with support from Changing Markets and the Global Alliance
F2NI LYOAYSNIFG2NI ' f GSNYIFGABSE&sY Llzof AAKSR (KS NBLIZ2NIY
wSO& Of Ay 3¢ udedf ehpniical Adiives in akp& manufacture, and their impact on human health and
carpet recyclability.

This study carried out by Anthesis Group, builds upon that carried out for the US, and adapts it to the European
market both in terms of market practices and regigat This study is designed to give an overview of the most
worrying chemicals used in carpets currgrdgbld into the European market atite impacts @ these chemicals on
human and environment health as well as the transition to the circular economg sitldyinvestigateshow

these chemicals are viewed in the current regulatory framework and certification schemes, and actions that can
be taken for their elimination or replacement transition to the circulaeconomy This study lays out extensive
detail on the extent of the European carpets market and chemical additives used in manufacture for that market,
whilst developing pertinent recommendations for regulators, manufacturers and consumers.

The EU is the second biggest market in the world for carpet after the US,

as well as being one of the largest producers. The demand for carpet Gd & & GKS (26l f
the EU amounts to almost 1.8 million tonnes (Mt) per year, while aroy
1.6 Mt arises peyear as waste. Of the waste carpet arising in the EU
each year, the vast majority is likely to be landfilled, a large proportion ¢, as neurotoxicants, air pollution,
incinerated, and only a few percent recycled. Several barriers exist tg and endocrine disruptors] likely

the recycling of carpets including carpet designlemtion, exceed 10% of the global GDP [e.g.,
contamination, andhe presence ofoxic substances. The focus of this $10.75 trillion]. . . the data presented
report is to look at the toxic substances currently found in carpets ang
how these could be replaced and/or eliminatedfexilitate thecircular
economy.

[Burden ofDisease] costs [from
exposure to environmental chemicals

suggest that environmental chemical
need to be moe highly prioritizecE
- Philippe Grandjean and Martine

, . Bellanger Environmental Health
In order to achievenore recyclable and less toxic carpets at scale, (2017)[149], [330]

market transformation is neededhis report has identified a list of 59+
toxic substancessedin carpets sold on thEU marketThis list of
substances includsphthalates perfluorinated compound¢PFASs flame retardants and toxic heavy metals.
Based on the research, it appears many of the chemicals found in carpets may volatilize and/or migrate from
carpets through typical use and abrasion of carpet as well as adhere tq cuating dermal, inhalatigrand
ingestion exposur#o their toxic effectsall possible.

Some of the toxic effects of the chemicafsconcernidentified in this report include carcinogenicity,

mutagenicity, reproductive toxicity, and endocrine disruption just to name a fMoveover, children are
particularlyvulnerable to these toxic chemicals, particularly during critical stages in thesigathyand cognitive
development.Of the 59 substanceadentified in this report37 are not restricted or banned for their use in carpet

or carpet materials. Additionally, many of the certifications that monitor chemicals in carpets do not currently ban
or restrict the chemicals of concern in this report either. For example, thel@gTonly bans or restricts 13 out

of the 59 identified chengials of concern.
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costs and lost earnings linked to the exposto@ndocrinedisruptors is estimatedtobe mc o 6 A f f IRy S|
[2]. Thereare alsdhiddencosts associated with environmental contaminatgwch asiecessarynfrastructurefor

cleanup Industry is therefor@ften not responsive tdhe true costsassociated with toxichemicals and/othe

products they creat¢3] and these costs typicalbre passed onto tax payers.

As a result of ouresearch and findings, recommendations have been prepared for policy makers, carpet
manufacturers, carpet certifiers, as well as consumers to ensure the highest level of consumer and environmental
protection in the manufacturand useof carpets. These commendations come at a critical time, as the

European Union is reviewing legislation on the interface betwgemical, waste and product legislation

Key policy recommendations

Ensure an integrated health approach to the circular econdfnwoye works needs to be done under REACH and
related Directives to support a newoxic circular esnomy. Part of this workeeds to address the short comings of
REACH, which would include solutions to optimizing the identification, evaluation, restriction daa/an

chemicals of concern. Ensuringiategratedhealth approach to the circular economy would include carpets
designed with a nottoxic circular economy in mind. Ensuring this type of integration requires the collaboration of
multiple stakeholders aossthe industry. For the carpet industry, it means all actors in the supply chain working
towards the common goal of facilitating transpareras/well as scaling up ndaxic solutions to new carpet

designs.

Identify and restrict/remove chemicals of centin carpets The59+chemicals of conceridentified in this report
asusedin carpets sold on th&U marketshould be restricte@nd/or banned to ensure consumer safety,
environmental protection andiacilitate thecircular economy. The use of these substances is not limited to
carpets, so in order to give adequate protection it is recommended to restnidfor banthem viathe REACH
regulation. The process of identifying and evaluating chemicgistehtial concen under REACH is often lengthy
andefficiencies are needed to drive these processes atorensure these substances are quickly and adequately
restricted or banned. The continued use of chemicals of concern has negative implications on human and/or
environmental health as well as impedimgcycling efforts. Additionally, where the existence of a ban or limit
exists for a chemical of concern in virgin materials, the same limit should exist for recycled materials, as some
restrictionscurrentlyallow for hgher concentrations of hazardous chemicals in recycled materials.

The report also concludes that REACH issnfficientto manage chemicals found in carpmt its own Because
many people are exposed to the toxics in carpets across its life cycle,rethdations are needed to protect
workers, environmentand consumers, especially the most vulnerable osash aghildren. Therefore,
Directives that help mitigate these issues should be created and/ongtresned.

Extended Producer Responsibidityl carpet specific legislatio There is growing support for EPR systems for
carpets, mattresses, and furniture within the EU. It is recommended that, as the EU Circular Economy Package
requirements are finalised and transitioned into law in each of thdigigating countries, Member States

consider the introduction of an obligatory EPR scheme for carpet to cover the costs of responsibfditnd
management options and use modulated fees to incentivize recyclable, reusable anttéextarpet.This may

f SYR AGaStT G26FNR | &/ FNLISG 5ANBOGADGSE aAYATI N G2

Reintroducean ambitious EUa-label for textile floor coveringé\s stated above, it is recommended that a
minimum set of regulatory requirements governiclgemicals, design, and EPR be put in place for canpét
recommended that the EU satroduce an ambitious EU edabel for textile floor coverings'he reintroduction
of an EU ecdabelfor textile floor coveringsvould limit or banall chemicals otoncern in virgin and recycled
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materials and include thB9 substances identified in this repoAdditionally, the EU eelabel wouldestablish a
setof robustdesign criteria so carpets can berycled at the end of lifél he critera should go above ahbeyond
anyregulatory requirements.

Key manufacturing recommendations

Remove chemicals of concern from carpeétkileregulatoryprocesses are put into motion as they are necessary,
manufacturers should take immediate action to phase these toxicsmkéép credibility and ensure consumer
safety.Industry shouldavoidthe use of PVC as well as the stances identified in Appendixn this report.
Chemicals of concern should also be phased out from their use in cahpesse cases whergafer altenatives

do not existthese carpets should be phased out or new technologies soligtdming recycled content should

be tested to avoid high concentrations of toxic legacy chemicals

Promote ecalesign Design carpets with the circular economy in mirfldss toxic and recyclable. Use siniijbee
materials to increase recovery and recyclability. Make carpet backing from same material filsreaae easily
separable. Avoid the use of SBR binderd itumen as they provide a barrier to recycling and replace with-non
toxic adhesives which allow easy separation of face and bafikiieg. Do not use PV&3 the chemicals used in its
manufacturer are particularly toxic and contribute to a toxic circulameeny. Additionally, avoid the usBFASs
antimicrobials, and flame retardants as safer alternatives exist to achieve the same function as these toxic
substancesWhere possible, avoid all other chemicals of concern.

Key carpet certification recommendatits:

Expandhe list of restrictedchemicals This report concluded that each certification scheme is failing to identify

and restrict/ban chemicals of concern in carpdihese certification schemes may be misleading to consumers

who believe their carpetare void of toxic substances or have the highest degree of safbtyBlue Angedco
labelcurrently does the best job in addressing chemicals of concern in carpets as it restricts b lbanh®f the

59 substances identiéid in Appendix Ibf this repat. Furthermore all substances identified #sppendix Ibf this

report should be restricted/banned by all certification schemes that certify carpet. Additionally, these certification
schemes should go further to phase out the use of other chemicals of concern, ban the use of phthalates and PVC
as well as avdithe use of biocides and toxic flame retardants. Certification schemes must act fast to maintain
credibility with the consumers.

Setcomplementaryecodesign requirements fabtainingcertification for carpetsCertification requirements
should restret/ban the use of chemicals of concern as well as those chemicals idemifiggpendix Ibf this

report in the use of carpdibres, carpet materials, and any carpet treatments. Additionally, certification should
favor materials that require the leasumber ofchemical additiveas well as set design criteria so carpets ban
recycled at the end of life through takeack programs.

Key consumer recommendations

Look for the Blue Angel Nordic Swan eelabels The Blue Angel edabelcurrently places the strictesthemical
requirements on carpet manufacturers as it bAmits 51 out of the 59 chemicalsn Appendixl|, with the Nordic
Swan ecdabel as a close second as it bans/limits 49 out 59.
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Acronym
4-PCH
APE
ASE
BBP
BNA
BOM
BOS
BPR
CE
CLP
CMR
CoRAP
DBP
DBT
DEHP
DIDP
DINP
DMIT
DNOP
DOT
ECHA
EEB
EFTA
EPA
EPR
EU
GPSD
GRS
GUT
HCN
HEAL
HMW
IPBC
IPTP
Kg

Kt
LMW
LOC
MDI
MSC
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Definition

4-Phenylcyclohezene
AlkylphenoBhoxylates
AlkylsulphonidPhenyl Ester

Benzyl butyl phthalate
2-bromo-4,6-dinitroaniline

Bill of Materials

Bill of Substances

Biocidal Products Regulation
Circular Economy

Classification, Labelling and Packaging
CarcinogenicMutagenic andReproductive
Community Rolling Action Plan
Dibutylphthalate

Dibutyltin
Bis(2ethylhexyl)Phthalate
DiisodecyPhthalate
DiisononyPhthalate

Dimethyltin

Din-octyl Phthalate

Dioctyltin

European Chemicals Agency
European Environmental Bureau
European Free Trade Area
Environmental Protection Agency
Extended Producer Responsibility
European Union

General Product Safety Directive
Global Recycled Standard
Gemeinschafmweltfreundlicher Teppichboden
Hydrogen Cyanide

Health and Environment Alliance
High Molecular Weight
3-iodo-2-propynylButylcarbamate
IsopropylatedTriphenylPhosphate
Kilogram

Kiloton (thousand tonnes)

Low Molecular Weight
Level of Concern
MethyleneDiphenylDiisocyanate
Member StateCommittee
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Acronym
MSW
MSWI
Mt
NFPA
NP
NPE
OBPA
OELs
PA
PACT
PAH
PBDE
PBT
PCDD
PCDF
PET/PE/PES
PFASs
PFC
PFOA
PFOS
PP
PPM
POPs
PTT
POTW
PU
PVC
R&D
REACH
RFID
RoHS
ROI
RMOA
SB
SBR
SuD
SVHC
TBT
TCEP
TCP
TCPP
TDI
TeBT
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Definition

Municipal Solid Waste

Municipal Solid Waste Incineration
Million Tonnes

National Fire Protection Agency
Nonylphenols
NonylphenolBhoxylates
10-Oxybisphenoxarsine
Occupational Exposure Limits
Polyamide

The Public Activities Coordination Tool
Polycyclic Aromatic Hydrocarbons
PolybrominatedDiphenylBhers
Persistent, Bioaccumulate and Toxic
Polychlorinateibenzodioxins
Polychlorinatedibenzofurans
Polyethylene Terephthalate/Polyester
PefrfluoroalkylSubstances
Perfluorinated Compounds
PerfluorooctanoicAcid
PerfluorooctaneSulfonic Acid
Polypropylene

Parts Per Million

Persistent Organic Pollutants
PolytrimethyleneTerephthalate
Publicly Owned Treatment Works
Polyurethane

Polyvinyl Chloride

Research and Development
Registration, Evaluation, Authorisation and Restriction of Chemicals
Radio Frequencyldentification Devices
Restriction of Hazardous Substances
Registry of Intentions

Risk Management Option Analysis
Syrene Butadiene

Styrene Butadiene Rubber

Safe Use Determination
Substances of Very High Concern
Tributyltin
Tris-(2-chloroethyl)Phosphate
TricresylPhosphate
Tris(1,3dichloro-2-propyl) Phosphate
TolueneDiisocyanate

Tetrabutyltin
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Acronym
TSD
TPP
TXIB
UAE
us
VCM
VOC
vPvB
WEEE
WED
WHO
WRAP
ZPT

Term

Actors
Bioaccumulate
Biocide

Broadloom
Carcinogen
Chemicals of Concern

Circular economy

Contamination
Depolymerisation

Downcycle

Energy from waste

Faceyarn
Flame retardant

Halogenated substances
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Definition

Toy Substance Directive
TriphenylPhosphate
l-isopropyt2,2-DimethyltrimethyleneDiisobutyrate
United Arab Emirates

United State®f America

VinylChloride Monomer

Volatile Organic Compounds

Very Persistent Very Bioaccumulative
Waste Electrical and Electronic Equipment
Waste Framework Directive

World Health Organisation

Waste & Resources Action Programme
Zinc Pyrithione

Definition

A participant in an action or process.

A substance that can become concentrataside the bodies of living things.

Defined in the European EU legislation as a chemical substance or microorganism
intended to destroy, deter, render harmless, or exert a controlling effect on any
harmful organism by chemical or biological means.

The production of carpet on a wide loom, producing large rolls.

A substance capable of causing cancer in living tissue.

For this study, is defined astegory 1 and category 2 CM@sarcinogenic, Mutagenic
and Reproductiveubstances)endocrine disruptors and other substances of equivalt
concern

A circular economy is where resources are kept for as long as possible, extracting
maximum value from it during its use phase, products tteen be recovered and
NEISYSNIGSR Id GKS SyR 2F SIFOK &aSNBAC
linear economy.

The action of making something impure by polluting.

The bonds between monomer residuesthe plastic are broken either chemically
(hydrolysis or glycolysis), or thermally, generating monomer species which can be
in raw material productiorg these processes can also be referred to as
monomerization.

To reuse a product anaterial in such a way as to create a product of lower quality
than the original.

Wasteto-energy or energyrom-waste is the process of generating energy in the fori
of electricity and/or heat from the primary treatment of waste

The top layer of a carpet that is typically made of yarns that are tufted or woven.
Flame retardants are chemicals added to materials to slow or prevent the start or
growth of fire.

A volatile compound containg halogens such as chlorine, fluorine or bromine.
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Landfill
Municipal Solid Waste

Mutagen
Needle Punched Carpet

Off-gassing
Plasticisers
Primary backing
Secondary backing
Supply chain
Surfactants

Tile

Toxic (substance)
Tufted Carpet

Upcycle

Virgin material
Woven Carpet
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the disposal of waste material by burying it

Consists of household waste and other sources which are similar in nature that col
of everyday items that are discarded by the public and is collected by local authorit
An agent such as radiation or a chemical substance that causeaengation.
Needle punched carpet entangles carpet fibres bonded with materials such as late
creates a hardvearing surface typically found in neasidential applications.

Where something gives off a chemlicia the form of a gas.

A substance to promote or produce plasticity and flexibility to help reduce brittlene
The layer of the carpet that the face yarn is secured to.

A secondary backing (or cushion) is attached to the primary backing with a body a
to provide further stability to the carpet.

The sequence of processes involved in the production and distribution of a comma
Used in tte carpet industry as cleaning, dyeing, and rinsing agents, and are primari
used as a detergent in wool scouring where natural oils are removed from the woo
other textile fibres

The production of carpet in modular tiles, predominantly seen in-residential
applications.

A substance that can be poisonous or cause health effects.

Tufted carpet has tufts of face yarn within the primary backiygialocked into place
using adhesives.

To reuse a product or material in such a way as to create a product of higher qualil
than the original.

Previously unused or raw material.

Woven carpet is a more traditionally produced carpet, created by interlacing pile y
with backing yarns, locking them into place.
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1 Introduction

The concept of the Circular Economy is entering the mainstream, notably through!th@ & / A N dzf I NJ 9 C
Package which aims to implement new Directives for various key waste streams, includes revised legislative
proposals on waste, and an EU Action Plan for the Circular Ecqdbrdutside of government, many businesses

are deriving substantial value from implementing Circular Economy (CE) principles into their business models, and
GKS 9ftftSy al O! NI KdzNJ C2dzy RI i A 2 y68di key ise @8 aDdl cOredpls While K S LIS
the concept of Circular Economy is interpreted differently in different regjitimere is a growing agenda around
implementation of resource efficiency, even in areas where the Circular Economy is perhaps not looked on as
favourablyas it is in Europe.

TheCircular Economy is a model in which growth and prosperityaténtrinsiclly linked tonatural resource
consumption, as is the case for the current, consumptased linear economi]. At its core, this means optimal

use of resources by applying systems thinking, and using material & product lifecycles to make better design and
manufacturingchoices. While Circular Economy is often associated with improvements in recycling, it follows the
Waste Hierarchy principle of: Reduction > Reuse > Remanufacture > Recycle > Recover for Energy > Landfill as
shown in Figure[¥].

Figurel. The Circular Economy and waste hierarchy concept diagrams
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From a broader perspective, Circular Economy requires actors at each stage of the value chain to participate, with
producers taking greater responsibility for products placed on the market, consumer participation and
engagement, and greater collatadiion and involvement with the sectors which treat materials at the-efiife.

Often, the Circular Economy has to start with better product design, which is the responsibility of the producer,

and must take into account the eraf-life and afterlife of the product, the accessibility and recyclability of its
components. Better design not only relates to the physical structure of products, but also to the materials and
chemicals used to manufacture theqithere is growing concern around toxic substancessiging in material

loops as it is not always possible to remove them during the recycling process. Therefore, a shift towards
elimination of hazardous substances where possible at the design stage is of key importance.

Carpetsas a groughave been iderfied as a product stream which is not being optimally treated at-efalife[8],
[9]. While there are some higprofile, manufactureroperated carpet takeback programmes in place in Europe,
the return volumes are small in comparison to the total carpet waste arising eachagisitipnally,many of the
products returned are not easy to recycle. Of the waste carpet arising in the Eyeschhe vast majority is
likely to be landfilled, a large proportion incinerated, and only a few percent recycled.

There are several barriers to recycling carpets. The focus of this report is on toxic substances usdHeduring
manufactureof carpet andcarpet materials as well gosttreatment processesvhich may lead to human and/or
environmental exposure across a carpets life cy€hgs is an area which is important on several levels: firstly, a
variety of substances present a health hazard to actorl ON2 &8 & § KS tLINBeRmxdaddm f A FS0e8
manufacturing, installers, endsers (particularly more vulnerable groups such as children), cleaners, those
removing the carpets at endf-life, and those involved in management and processing of weestget. Secondly,
recycled material containing these substances can then be used again in other products, therefore exposing more
people to their toxic effects. Lastly, these pose a substantial environmental risk, through migration of substances
into the environment during use or endf-life processing, from leaching when carpet is disposed of in landfill

sites, and from hazardous thermal decomposition products generated during incinerataditionally, the

presence of some hazardous substances can hirepgocessing of plastics during mechanical recycling

This study identifies major hazardous substances which are used in carpet manufacturing in the EU, or in carpets
imported into the EU, which are of key concern from an environmental and health pérspacross their
lifecycle, and which potentially need to be carefully controlled to facilitate safe recycling affdifd carpets.

1.1 Carpet Types
One of the major challenges in carpet recycling arises from the variety of different carpet types anlnater
These are outlined below.

1.1.1 Carpet Form

Firstly, carpet may be classified in terms of form: Broadloom and Tile.

Broadloom production of carpet on a wide loom, producing rolls. Broadloom carpets may be made using several
different techniques andnaterials, and are used widely across residential,-residential, and other applications

(e.g. transport). Broadloom carpets are often installed with a secondary backing, typically consisting of materials
such as polyurethane (PU), polyvinyl chlorideGR\r other latextike or foam materials such as styrene

butadiene rubber (SBR). From a materials efficiency perspective, there are several drawbacks with broadloom:
firstly, there is often significant wastage during installation (although offcuts aendétken back by retailers or
manufacturers); secondly, it is difficult to repair the carpets during the use phase (certainly compared to tiles);
thirdly, reuse can be impractidaD].
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Tile:the tile carpet market has grown substantially in the past 20 years. Tile carpet is modular, with a standard size
of 50 x 50 cm, and is usually installed usidhesves which do not hinder uplifsometimesreferred to as

tackifierg, facilitating redeployment, repair, and reuse. As with broadloom, the face yarn of tile carpet can be
produced using several different techniques and materials. Tile carpet instaltgpaally produces less waste

than broadloom, and tiles can be replaced easily if worfid]t While these carpets are predominantly used in
non-residential applications, there is a growing fledgling market ésidential tile. Tile carpets typically come with

a heavy backingypically made from bitumen and PM@aking them significantly heavier than broadloom carpet

per nv.

1.1.2 Face Yarn Production

There are several techniques used to build the face yarn ofggetamnotably, these techniques may be applied to

both tile and broadloom. The method used to produce face yarn can have a strong influence on the recyclability of
the carpet, as some carpet types are harder to disassemble than others. The majority ydifiaé® composed of
synthetic fibres, with polyamide (Ppolyamidg being the most prevalent, and polypropylene (PP) and polyester
(PETalso used in large quantities. Natural materials, especially wool, are enjoying a resurgence in Europe, and
we estimate that these now command around 10 % of the market, with greater popularity in regions such as the
UK12]. Blended fibres are also used widely, which can pose issues for separatiom many cases where the
materials cannot be separated, totally precludes recycling

Needlepunchingentangles carpet fibres, bonatj them with materials such as latex. This creates a-heraring
surface, making needlpunched carpets very popular in noasidential applications. These carpets (broadloom
type) are typically thinner than other types. Sin{jlee needlepunched carpts can be recycledfor example,
Reeds Carpets in the UK have a closed loop recycling programme for their polypropylene[dé&ipetshereas
blended ona will be typically sent for energy recovery due to difficulty in sorting the polymers. However, only
small quantities of needle punched carpets are likely to be recycled. Npediehed carpets are popular for hard
wearing applications, as well as eventfgbition carpets.

Tufted carpets have tufts of face yarn within a primary backing layer (such as polypropylene), locked into place
using adhesives such as styrene butadiene rubber (8®R)A secondary backing layer (polypropylene, or woven
fibres sut as jute) is used for stability. Tufted carpets are more easily massjmrated than others, with

equipment for shaving off the face pile used by many recyclers. The resulting fibre can be recycled into new fibre
in some cases (particulanhplyamide6), or downcycled to produce felts, equestrian riding surfaces, insulation, or
horticultural bedding. Tufted carpets make up the vast majority of carpets sold in the EU, arai8Q@I%[14].

Wovencarpets use more traditional processes, with the pile yarn locked into place by backing yarns, making them
hardwearing. Due to the interweaving, the fibres are hard to pull §gaowever, it is possible to process woven
carpets to make felt, even where different fibre mixes are used. However, at present, the majority of these
carpets will be used in energy recovery. Woven carpets are generally quite expensive and make uyeby/relat

small part of the market, ~6 % in the UK (considered an upper limit for tHé &U)

! Polyester is the common name for polyethylene terephthalate textile materials (PET), which also a key material
used in packaging. Polyester is also commonly abbreviated to PE or PES.
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1.1.3 Supporting Layers and Backing
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the case of tile. The primary backing layer supports #ue fyarn; this can be a namoven material (e.g.
polyester), or a natural material (e.g. cott¢b].

Interlayers can be used to provide further stability or cushion (e.g. glass fibre layers), as well as to bind the primary
and secondary backings together (e.g. synthetic latex such as styrene butadiene rubber).

Secondary backings provide dimensional 8itytXo carpets: a wide range of materials can be used here, such as
jute, polyester, bitumen, PVC, or polyurethane, depending on the carpet form or application. These materials
often use fillers, such as calcium carbonate, while in the US, fly ash éasibed as it can be labelled as recycled
contenf17]. It remains unclear as to whether fly ash can be found in carpet manufactured in or imported into the
EU.

Due to the complexity of the structure of backing layers and extensive use of latex adhesises;ahgonents

tend to be hard to recycle and are likely to be landfilled or incinerated. Improvements in backing layer separation
and material selection should be a design priority to improve carpet circukamidysome manufacturers have

made significanstrides in this area, with the NiagaSM partnership making this a key part of their mission

1.2 ¢KS 9! Qa /3 NLISG al NJSi

The EU is the second biggest market in the world for carpet after the US, as well as being one of the largest
producers: Belgium, the NehNI | yR&>X |yR (KS ! yAGSR YAY3IR2Y I NB (KS
Overall, we estimate that 65% of EU demand for carpets is fulfilled HyaE&d manufacturing, which is high

compared to other textile products. Additionally, 17 % of EU produds exported, with the US being the most
popular destination, and the European Free Trade Area (EFTA) countries, Russia, the UAE, Australia, and Japan
receiving significant volumgk3]. The United States importechrpet valued at $600 million from Europe in 2016,
mainly from Turkey (valued at $267M) and Belgium ($9381)

The demand for carpets in the EU amounts to almost 1.8 miitiones (Mt) per year, while around 1.6 Mt arides
per year as was{8], [9], suggesting that there is a slight growth in the overalpet stock in the EU. It should be
noted that there is also a significant market for carpets in-&thcountries in Europe, notably in areas where

there are high levels of construction activity, such as Russia. Broadloom continues to be the most @opatar ¢
form, although there are indications that the carpet tile market will continue to gain market share, particularly for
commercial applicatiorf20].

2We have produced estimates for carpet sales volume and waste arising per year from publicly available data.
Further information on the research methodologygisen in the AppendicesNote that these figures are used to
provide an idea of the scale of tlvarpets issue, and require further study to corroborate.

3 This figure is an old estimate which requires further study. For reference, Carpet Recycling UK estimate that
around 400 kt of carpet arises as waste each year in the UK alone, amounting tocaig{69].
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Tablel. 2016 estimates for carpet manufacture and demand in thé EU

698,000,000 548,000,000 | 245,000,000 | 95,000,000
Residential 55 %
Non-Residential 39 %
Other (Transport) 6 %
Carpet Type % by area
Broadloom 87 %
Tile 13 %

Weight of Carpet Sold Per Annum Total Waste
Carpet

Arisings Per
Annum

1.77 Mt 1.6 Mt

A 2017 report by Changing Markets and Zero Wasaémce also shed light on the use of carpet in the events

sector in France, and which is broadly applicable across the EU: exhibition events and trades shows typically insta
new carpets for the length of the event (usually a few days), after whichahewplifted and discardg]. This

report estimated that around 6,000,000%af carpet is employed per year in France, whiled@eCarpets, a UK

based supplier, estimates that the UK events industry uses 12,000,0p6riyeaf21]. Event carpet is typically
needlepunched broadloom and relatively lightweid®®]; however, this still amounts to significant tonnages of

waste (we estimate this to be around 12 kt for the UK and France combined, and potentially over 30 kt for the EU
as a whole if this demand is extrapolated over the region), particularly given thielgbtime of the carpet.

For installed carpet, typical lifetimes are aroungllB years depending on durability, foot traffic, and style tastes,
and while there is a sapling tile reuse market, most carpet only has one life (broadloom carpet is generally
extremely hard to reus§)0]. As such, yearly waste arisings are expected to reflect the carpet satkstm 10

years prior, which can be challenging for a recycling market which requires stable incoming volumes to remain
economically viable.

1.3 2KSNB N’ (KS 9'Qa /I NWSGa al RSK
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relocation of industry has been less pronounced than for some other sectors. Turkey is a major global centre for
textile manufacturing, and is the leading carpet exporter to the EU (with at least one major European

manufacturer hawvig manufacturing facilities in the region), followed by China and India. Turkey and India
predominantly export woven carpets, whereas China mainly produces tufted npediehed carpetd 8].

4 Determined fom market research and trade data. Further information on the research methodoloyeisig
the Appendices
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Figure2. Top ten countries producing carpet for use in the EU, estimated using the methodology and sources outiingppendices.
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1.4 Key Manufacturers
Key manufacturers of carpets consumed within the EU are summarised in Table 2.

Table2. Key manufacturers of carpets consumed in the EU (from publicly available data)

Tarkett France Canada, US, China, | € H Z T%§2B],Y | Also owns Tandus
Ukraine, Serbia [24]
Balta Group Belgium Belgium, US, Turkey | € n o [2%]
Interface us Australia, China, € M (J26]
Netherlands, Thailand
UK, US
Milliken us US, UK, China, N/A
Australia
Beaulieu Belgium Belgium, Spain N/A Also has polymer and
International Group yarn manufacturing
facilities
Desso Netherlands | Netherlands, Belgium| € H n @B]Y[27] | Now owned by Tarkett
Associated Weavers Belgium Belgium, Czech Rep.,| € m T 28] Part of Belgotex
France, UK International Group

® Usually includes entire European region, not just the EU

6 For Europe, Ntidle East and Africa

"Includes Nyobe (BE), PA yarn producer; Associated Weavers Europe (BE); Balsan (FR), carpet manufacturer; an
other operations in South Africa, Brazil, and Australia.
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Company Company Manufacturing Estimated Notes
Base Locations European
Revenué
Forbo Netherlands | France, Netherlands, | € m p 29
Russia, Switzerland,
UK
Brintons UK UK, India, Poland, N/A Owns Agnella, a majo
Portugal Polish carpet produce
Egeteepper Denmark Denmark € Mo B0]

These manufacturers supply to households and businesses through a wide range of retailers and distributors, from
large national companies temaller local providers.

1.5 Barriers to Recycling Carpets
While this study focuses on toxic substances, this is just one aspect which presents a barrier to recycling carpet.

Design:Carpets are rarely designed with recycling in mind: there are severalatfiffgypes of carpet construction
(tufted, needle punched, woven), and a broad array of materials used, both in the face yarn, and in backing
material. Multi-layeredmaterials can also be problematic, and blended yarns are usually downcycled through
shredding, rather than being used to create fresh yahdditionally, certain materials such as 3&f@x and
bitumencannot be recycled, and for many materials theradscommercial capacity for recycling at this point.
Different types of carpet require different strategies for disassembly, and in several instances, the combination of
construction type and materials make recyclteghnologically and/or economicaligfeasible. While this is being
addressed, particularly in the tile market, these practices have not yet reached the mainstream; however, projects
4dzOK & bAF3IlFQa Y2y 2YH3ASNALFE OF NLISG FNB LINBYAAaAyS3

Collection:Carpetcollection presents a number of challenges. Firstly, the use of adhesives in common for
installation which can make carpets difficult to removedahey are frequently damaged during uplift which can

be problematic from a recycling perspective. Secondly, while significant amounts of carpet arise as waste each
year, individual lots (i.e. those removed from a single premises) are typically low vaitihmaigh this problem is

less pronounced in the B2B sphere. While there is infrastructure in place for the collection of carpets, particularly
in the enterprise sphere, there are differing levels of awareness (both on the part of retailers and congamers)
household carpet is often collected as part of the general bulky waste stream rather than through dedicated
collection routes. The diversity in carpet materials and construction can pose a problem if recyclers do not receive
adequate volumes of a gaet type. The growing popularity of tile carpet addresses some of these igsues

generally, these are fitted usinmgleasableadhesives which aid destallation [32]and there is a growing tile

reuse sector, particularly where premisasdergorefit before carpets reach endf-life[33]. Collection issues are
highlighted by the events sector which accountsfolaa G A YI G SR p 22 2F b2NIKSNY 9dz
year: while there is a significant opportunity for reuse and recycling, this is rare, and most of the carpets are single
use and disposed of immediately after.

Contamination:material contaminatiorand soiling is a major issue in recycling, and is a common problem in

waste management of packaging materials. A combination of the use of adhesives during installation and their use
profile, carpets are prone to heavy contamination and ideally requirgpdaeaning prior to endaf-life

processinflLO]; this is exacerbated when carpets are not removed ealyn the renovation or demolition

process. Additionally, carpet waste is often bulked at collection sites, and can be stored in ways which may

Anthesis Consulting Group, 2018 20



increase contamination (e.g. in a ground pile, left outside). Heavy contamination makes it economically lenfeasib
to recycle carpet due to the additional stages required to reclaim the material, and therefore carpets received in
this condition will likely be sent for incineration.

Toxic Substances broad range of chemical substances, many of which are toxicsaatin the manufacturing
process of carpets. They can remairthia recyclate and contaminate the produdtswhichthey aresubsequently
used, and they pose a general hazard for people across its lifecycle. For example, many of the materials used in
campet needto be cut, ground and/or melted during manufacture or during eidHlife ¢ generating dust and

vapour- potentially leaving workers exposed. Consumers are exposed to toxics in carpet through dermal contact
as well as through the migration ohemicals into air and household dust which can be inhaled or ingested.
Additionally, in some cases the presence of toxic substances can hinder recycling processes (particularly in
mechanical recyclingjs they can impact the quality of the recycled endenial andincressethe overall process
costs.Toxic substances may also aggregate in recycled material, posing greater risk to thosead expitsse
materials.These toxic substances are the principal subject of this report

2 A0K GKS 9! Qa LizaK (261 NRa | / ANDdz I NJ 902y 2Yéx GKSN
substances will be recycled unknowingly and remain within circulation, and this agenda has beerddnopt

NGOs such as the European Environmental Bureau[@EB)ealth and Environment Alliance (HEAL), IPEN,
BEU(35][28], and the Centre for International Environmental Law, drjfeninstancepy reports of persistet
2NBIFYAO LRffdzil yda SyRAy 3 dzLJ [B6] Wiyt aderdBestred@irg) Ra & dzOK
techniques, it can be hard to identify sources of chemical contamination, and this issue may lead to much more
stringent standards concerning recycling inputs. As such, the current standards of carpet manufacturing present a
major obshcle to recycling, and emphasige need to implement better practice, from product design through to
manufacture, in the short term. Unfortunatelgywingto the typical %15 year lifespan of carpets, waste

processors will still have to manageethurrentinstalledstock of carpets, and the recycling industries may require
additional support in order to effectively process this waste stream in an appropriate way until better designed
carpet starts tareach their end of life stage

2.1 EU LegislationChemicals, Carpet Manufacture, and End of Life

There are separate areas of EU legislation which affect carpets and the chemicals used in them at each stage of
0§KS LINRPRdzOGQa tAFSOe0ftSd hy (GKS 3It20l f edripiomd&iagaidkS 9
ambitious in scope; moreover, its regulation of certain product groupings, e.g. the Restriction of Hazardous
Substances (RoHS) in Electronics and Electrical Equipment has driven changes in manufacturing practices
worldwide, notably in tie widespread adoption of Pibee solder andhe shift away fromhe use ofseveral

halogenated flame retardants. For eiodHlife material, the Waste Framework Directive has helped to drive

collection rates for various product streams, and the adoptiorandfill taxes by member states has played an
important role in reducing dependence on landfill.

With the EU aiming to transition to a Circular Economy, to consider material lifecycles, and to reframe waste as a
resource, there is a need for harmonisatiand complementarity between these different pieces of legislation.
Individually, these different pieces of legislation have made significant positive contributions to their respective
areas; however, the European Environmental Bureau, BEUC, CHEM Tau&tranVaste Europe (among others)
have indicatefB4], [35], [37], [38] there are currently some disconnects between the different pieces of

legislation which apply to different phases of product lifecycles, which may lead ts@etm hazardous
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substances due to unwitting recycling of material contaminated with hazardous substances petsist in the
material loop and environment for a long period of time.

2.2 Chemical Regulation: Manufacture & Upstream Use
In the EU, chemicalsaregulated through three complementary pieces of legislation: CLP, REACH, and POPs.

Classification, Labelling, an®ackaging: CLP Regulation

The CLP regulations stipulate that all chemicals placed on the market in the EU are to be classified theesed on
UN Global Harmonised System (GHS) of classification and Ial38llinBepending on the substance, this can

confer additional obligations around notification of the European Chemicals Agency (ECHA), labelling packaging
with hazard information etc., and packaging hazardous substirca suitable way to protect the engser.

Notably, CLP applies both to substances in virgin material and in recovered méteai&d.extends to polymers
(plastics).

Registration, Evaluation, Authorisation and Restriction of Chemic&EACH

REACHsia legislative regulation required to produce and sell products containing chemicals in the European
Union (EU). The main objectives of REACH are to protect human and environmental health by understanding and
managing the risks of chemicgi8].

Registration: Substances manufactured or imported into the EU in quantities >1 ton/year must be
registered (in the form of a registration dossier) with ECHA. Registration obligations apply only to
substancesnd currently exclude polymeralthough some other minor exemptions apply, virtually a
substances, hazardous and nbazardousrequire registrationCompanies are responsible for collecting
information on the properties and uses of the substance they manufacture or import when ntaimed

or imported in quantities >1onnelyear [41]. They do this through the registration dossier. The
registration dossier requires a minimum level informatregarding hazards, exposures, risks, and control
measuref2].

Evaluation Substance Evaluation is an integraft of the REACH implementati@3]. Substances are
evaluated to determine whether their use poses a risk to humaanmironmental health. To clarify the

risks, the registrants may be asked for more information on the substance. Substance evaluation is carried
out bynominatedMember States, while ECHA is responsible for dossier evaluation. The substances to be
evaluated annually are listed in th€Eommunity Rolling Action Plan (CoRAB)Member $ateg44], [45]

The aim is to identifhazards and associateisksg¢ not manage risksthat were not identified as part of

the original registration dossier and to matecommendations on next stepSlext steps may conclude

that no action is necessary or the substance iagssigned to have Risk Management Optidnslysis

(RMOA) carried ouiThe Public Activities Coordination Tool (PA@IIpws the public to track progss

and have access to possildptionsbeing considered

Authorisation: The aim is risk management and ensusedstance of Very High Concern (SVH{S)
progressively replacgd6] where risks cannot be effectively managddhe first step in identifying a SVHC

is that a Member State must submit a proposal to identify a substanceS&4H& to th®egistry of

Intentions (ROI) Once the proposal is published in the ROI, anyone may comment to provide information
on the substance within 48ays. If no comments are received, the substance is automatically added to
the Candidate List. If caments are received then the comments are referred to the Member State
Committee (MSC) to agree on whether the substance should be identified as a SVHC and consequently
added to theCandidate ListSubstances are added to the Candidatedurist prioritisedfor eventual
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inclusion on theAuthorisation List(Annex XIV) where they will eventually be banned from commerce
unless an authorized use is granted

SVHCs include:

1. Carcinogens, mutagens, and reproductive toxicants (CMR) categorized as IA and BLuhder

2. Substances identified as persistent, bioaccumulative and toxic (PBT) or very persistent very
bioaccumulative (vPvB) according to REACH Annex XIlII

3. Substance on a case by case basis that cause equivalentoeeeincern (e.gsome endocrine
disruptors)

Restriction The aim is to control known risks which cannot be managed by other risk reduction
measurefd7]. A Membe State, or ECHA, at the request of the European Commission, can start the
restriction procedure when they are concerned that a certain substance poses an unacceptable risk to
human health or the environme®8] within a particular use of set of useRestrictions are normally used
to restrid or ban the manufacture anplacing on the market (including importsf) substances for certain
uses A restriction may apply to any substance either on its own, in a mixture, or in an article.
Authorisation is the process of identifying substances of high concern for the eveatu@ lsommerce.
ThisAuthorisationprocess could take years and a restriction may be necessary for certain uses of a
substance that are on thauthorisationList because unreasonable risk has been identifiedample

CMRs in textilesThere is currentha proposal for a Restriction of Carcinogenic, Mutagenic, and
Reproductive toxic substances (CMR) for texd®8k. Some CMRs in the proposed restriction may be on
the Authorisationlist, but not yet banned from commerce. The restrictiartéxtiles would make them
banned from that particular use before their complete ban from commerce. Once the restriction has been
adopted, industry must comply. That means all including manufacturers, importers, distributors,
downstream users and retailer$he Member States are responsible for enforcing the restriction.

Annex Il Inventory

Annex Il inventory of substancessalist of substances likely to meet Annex Ill hazard criteria to the REACH
regulation (CMR, PBT/VPvB, or other hazardous critaridjor have disperse use. The presence of a substance on
the inventory is a not a tool for classification but rather shows an indication for concern. It does mean, however,
that publicly available databases with experimental data and chemical modellirgused in drawing

conclusions that these chemicals are of concern and that evidence should be gathered in making an affirmative
classification.

Community Rolling Action Pla(CoRAP

CoRAP indicated substances that must undergo evaluation by the metabes within three years of their
inclusion to the listECHA and the Member States develop-tiaked criteria on which substances are selected for
the CoRARMiemberstates contribute to the CoRAP process by identifyirigrity chemicaldor possible intusion.

The evaluation under CoRAP aims to clarify the initial concerns of the substance and identify whether the

potential exists that the substance poses a risk to human or environmental health. Many substances are added to
the CoRAP list because of cems theymight bePBT, CMR, endocrine disruptor or substance of equivalent

concern. The addition of a substance to CoRAP only indicates a possible risk as the substances identified have no
been fully evaluatedb0]. The process often results in requests for further data.

The Public Activitie€oordination Tool (PACT)
The Public Activities Coordination Tool (PACT) is an infaemahunicationtool and as no legal standing under

Anthesis Consulting Group, 2018 23



REACH ¢KS LJzN1J2aS Aa G2 3IAAOS I ROFyOS y20A0S 2F adzmai
risk managemerib1].

PACT lists the substances for whichiformalhazard assessment is undidgvelopment inorder to determine if
the substance is a PBT, vPvB or endocrine disruptor. If the substance appears to be a cagpara)\itgoes
throughrisk management option analysis (RMOA)

Inclusion in the PACT means that a Member State or ECHA is examining the substance, it does not mean that a
substance has the suspected properties or that there is need for regulatory risk management ati@psrpose

of the hazard assessment is to explore a potential PBT/vPvB or endocrine disruptor concern. PACT gives
stakeholders additional time to prepare for changes should a substance become part of a formal risk management
process such dseingidentified as a SVHC or restricted.

PersistentOrganic Pollutants: POPs Regulation

POPs arsubstancesvhich are known to persist in the environment and which have potential for
bioaccumulation; at present there are 26 substances which are covered by the PCRioegdlhe regulations
cover the lifecycle of these substances, and restrict their production, placing on market, and use, as well as
managing their enaf-life and mitigating accidental releg&2]. Use of Annex | substances is prohibited, and
there are regulations to limit recycling of materials contairtingse substances.

Biocidal Product RegulatiorBPR

The Biocidal Products Regulation (BPR, Regulation (EU) 528/2012) concerns the placing on the market and use of
biocidal products, which are used to protect humans, animals, materials or articles against harmful organisms like
pests or bacteria, by the aot of the active substances contained in the biocidal prodi8it [54. This regulation

aims to improve the functioning of the biocidal products market in the EU, while ensuring a high level of

protection for humans and the environment.

Biocidal products require afiuthorisationbefore they can be placed on the markand the active substances
contained in the biocidal product must be approved for their intended use (some exemptions may apply such as
substances previously approved under the old BPR legislation which are currently under[&5liew)

An authorized use as a biocide does not mean the biocide idyapardous, it just means the biocide is
authorized for a particular product type: there are 22 biocidal product types, grouped into 4 mainh=fkeas
The BPR sets rules for articles such as carpets treated with, or intentionally incorporating, biocidal fs&¢ucts

2.3 Product Legislation

While there are a number of produgroup specific directives which aim to ensure product safety (e.g. through
restriction of chemical use, fire safety etc.) and to drive sustainability-destgn, promoting reuse/recycling),

there is currentlyminimal legitation directed specifically towardsarpet, and none which address the full scope of
requirements that are necessary to support less toxic recyclable carpets at scale. The following Directives identify
legislation that may be applicable to carpets and wehthought should be given to how these existing pieces of
legislation may complement a Directive specific to carpets

Gereral Product Safety Directive (GPSD)

The EU General Product Safety Directive (GPSD) is implemenitgehityer Sates to ensure that dicles on the
market do not harm humans health or safefroma general consumer safety perspective, the General Product
Safety Directive may be applicable to carpets. GPSD stipulates that only safe products are placed on the EU
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market, either through adérence to EU produetpecific legislation, or through national standards (based on EU
ones]57]. This can be used to limit hazardous chemical use in products, and may be used to recall products found
to be potentially hazardous to consumers.

Toy Safety Directie (TSDR009/48/EQ58], [59]

¢ KS ISYSNIt LINE DA aA Feftive defifie whdt Snstutel as atog, dutlifiek t€cBnical 5 A
documentation requirements, establishes production control and more. Chemical requirements of this directive
include restrictions on toxic chemicals as well as the use of €M&ancesnd inclues the following categories
under CLP and corresponding concentration limits

Table3. Toy Safety Directive, categories and concentration limits

Carcinogenicity & Mutagenicity Cat 1A & 1B 0.1
Carcinogenicity 8Mutagenicity Cat 2 0.1
Toxic for reproduction Cat 1A & 1B 0.3%
Toxic for reproduction Cat 2 3%

*These concentratiofimits apply if no specific concentration lingkistsfor a particular substan¢é0]

As carbe see, this regulatiorgoes beyonather regulatory frameworks, such as REACHemoove known CMRs
fromOK A f Ro)EROdreeaspecific legislatidhat addresgeschemicals of concefnsimilar tothat of toys, should
be justifiablycreated, given the amount of time infants and small children spend on the floor.

Construction Product Regulation (CPRegulation 305/2011& HarmonisedStandardEN 14041

The CPR is the regulation that establishes the requirements for placement of construction products on the market.
EN 14041 ishis standardvhichspecifies the health, safety, and energy saving requirements for resilientigtext

and laminate floor coveringél]under the CPRSpecifically, the standamgbverns carpetPVC flooring, rubber

flooring, textile flooring, and otherd.he main objective of the CPRdsestablish a minimum set of health, safety,

and performance requirements @bnstruction products to allovree trade within the EUProducts meeting

standard requirements should bear the CE marking (although not complilaod can trade freely within the EU.

There are multiple issues with this regulatiand standardastheir requirementsseemto be governed by the

avoidance of trade barriers arghsuringperformance requirementswith lessemphasis given to health dn

safety criteria such as the restriction and/or removal of chemicals of concern in p&8péthe work of CEN TC351

is scoped at addressing the presence of toxic substances in construction products, but most of its work is focused
on emisions rather than content. It is also progressing at a very slow rate.

2.4 Waste Legislation

The Waste Framework Directive formalised the adoption of the Waste Hierarchy (Figure 1) in the EU, and governs
authorisation of waste processing facilities, transpbandling of hazardous waste, and transportation. The WFD

a a0 S the dasgsificatiort of waste as hazardous waste should be based, inter alia, on the Community
legislation on chemicals, in particular concerning the classification of preparationsaasitaz, including

concentration limit values used for that purpag@]. While this would suggest that hazardous substance
classification is aligned with the chemicals legislation outlined above, in practice waste codes are commonly used
to identify hazardous waste, as per the 2000/532/EC Decision: here, waste isaldsgifhe waste collectors or

8C2NJ GUKA& aldzReéx a/ KSYAO!I t a al€ategoyy? CI8R$YCarcihodEBic, Rutagehiy’ S R
and Reproductive substances), endocrine disruptors and other substances of equivalent concern.
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processors according to its source (e.g. Construction & Demolition waste, Municipal waste, waste from the
leather/fur/textile industries)62], [63] While SDSs should be available for waste from-paktstrial sources (if
requested by the waste collector), information on paesinsumer waste will largely be naxistent, and these
wastes will frequently be mixed together.

Under the European Waste Catalogue codes, carpets are likely to fall under 20 01 11 (Municipa] Véasttes),

20 03 07 (Bulky waste), or 20 03 01 (mixed municipal wastes), none of which are classified as hazardous. In any
event, given the role of carpén buildings, it is unlikely that operators would consider them to be hazardous, and
screening municipal waste for hazardous substances is highly impractical. With the lack of information on the
carpet origin or iruse treatment €.g.antimicrobial or ati-stain), not only doethe lack of identification

potentially open up workers to exposure to the hazardous chemicals, bubélifé treatment may not be
appropriate,because it could leatb incomplete destruction of halogenated substances during greition

(treatment at insufficient temperatures), or persistence of flame retardants inqpoasumer recycled plastic
products.As a consequence, thiscreases the likelihood of hazardous chemicals in carpets persisting in recycled
or downcycled material

2.5 Extended Producer Responsibility

Extended producer responsibility regulatory schemes are designed to pass the costs of collection-aftifend
treatment of products back to the produceiith the objective of driving better product desigand the EJ

mandates that member states install such systems for key product streams such as electronics and batteries, and
packaging EPR systems are common across the region; furthermore, individual member states can install similar
systems for other products, e.glothing textiles in Fran§é4], [65]

EPR is also used by the EU to limit use of hazardous materials where possible, as has been the case for electronic
equipment and packaging. Recently, there have been some developments on hazardous substances in consumer
products, with poposals for improved transmission of information around substances of concern to ECHA and a
database available to waste operators and consumers; decontamination of hazardous waste where necessary; anc
modulation of EPR fees based exp-design drivers asgiated with the Circular Economy Package.

There are currently no extended producer responsibility schemes in place in the EU for carpets. However, there
are growing concerns around carpet at a policy level, and there is a precedent, with the US Staliéoonia

notably signing extended producer responsibility legislation into law in 2012, and has just been updated to require
a 24 % recycling rate by 20B6]; at the federal US level, there is a voluntary stewardship programme run by
industry, CARBEyhich has received criticism for not meeting its recycling goals and making recyclers sign that they
will not support EPR legislation anywhgh@, [671 2 A G K / F f AF2NY AL AYLI SYSyGAy3I |
system, it is likely that the EU will see this as area to review and consider for EPR.

In the EU Member Statebulky wastes such as carpet and mattresses are a ggopvivblem for local

governments. In the UK, an earlier WRAP study found that around 5 % of the household bulky waste stream
consisted of carpet, with ~22 kt collected by councils at the kerbside@arkd taken to municipal recycling

centres. Bulky waste is typically very costly due to its high volume and, in the case of carpet, relatively low value of
the material; as such, EPR systems are attractive to offset the logistics costs which are oéerekxhigh68],

[69]. EPR systems majsobe seen agn effective way of stimulating recycling, improving manufacturer

stewardship of carpets, and improving their design. Some EPR systems in the EU already offer incentives for eco
design: for example, Edémballages, the producer responsibility organisafmmpackaging in France, offer fee
reductions for ecalesign, specifically around material reduction, improved recyclability, and use of recycled
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conten{70]. A similar system could be implemented for carpets (threshold for number of materials used,
I @2ARFYyOS 2F WRA TSBRa@}q4itim@noyPvVa, willande & ch@mi@li of todetd non
recyclable material§66].

As well as covering eraf-life treatment, EPR also extends to manufacture: in the EU, the WEEE Directive for
Electronic Waste is closely linked to the Restriction of Hazardous Substances (RoHS) legislation which restricts the
use of 10 substances (Pb, Hg, C&', ®BB, PBDE, @#4 substances of phthala{@)l]. Due to the importance of

the EU to the global electronics market, there has been a largely global shift towards RoHS compliance, leading to
the complete phasing out of Plased solder and keflame retardants by many manufacturers. Additionally,

several countries have implemented theirown ReHE & LA NBR f S3Aaf I GA2y® [ A]1S6Aa
also sets out heavy restrictions on Pb, Hg, Cd, affd Cr

While EPR for textile produdtes been discussed by multiple EU member states, France is the only country which
has implemented a mandatory system to this point, although this only covers clothing: this system mandates that
LINE RdzOSNE LI & 0Sdi6SSy € n dnnnoosize o FRTLE whizn gumiyistetsIB&NI A G SV
systenj65]; there are also concessions for praskrs using recycled fibres (pr@nd postconsumer), and small
odzaAySaasSa ofr eTtpnInnn GdzZNYy2@SNI LISNI 8SEFNDL LIX & | Ff
Plan passes the costs to consumers for finance, with a surcharge of $0.2&%peS |j dzA @1 £ Sy G (G2 de s
A72].

There is growing support for EPR systems foratarpnattresses, and furniture. For example, Zero Waste Europe
have called for a producer tax on carpets and a corresponding refund based on the amount of carpet [f&f}ycled
Additionally, a recent paper by Wil&t al.on the Circular Economy potential of carpets recommended both
inclusion of carpets withi KS a2 02 1LJS 2F (G(KS 9! Qa 902RS&aAdIy 5ANBOGA DS
producers to effect real change within the carpet induftd), [75]

2.6 Policy Assessment

2.6.1 Positives

REACH is continually evolving

Innovation almost always progresses at a faster rate than policy. REACH has set a global standard for chemical
regulation, and requires manufacturers to provide data on risk for chemtated on market; in contrast, many
other systems have looser risk assessment requirements and often puts the burden on a central authority to
demonstrate that a substance on market is hazardous in order to confrél.iOwingto the extensive

registration and testing requirements, REACH e@olve yeaon-year to respond to new hazards, and is

responsive to new data on hazards becoming available.

Productspecific legislation driving better manufacturing practice and protecting consumers

Legislation such as RoH3] for electronics has driven changes in material selection on a worldwide scale,
LINEGARAY I 0SOGGSNILINRPGSOGARZ2Y F2NJ GK2aS g2NJAy3 Ay (K
provided an additional layer of protection to vulneralgled-users by restricting chemicals usage and reducing

risks through better design. Additionallyroductspecificegislation allows for fast response (more so than

REACH) in the case that substances are suspected of beingtazafdditionally, regulanssuch as the

proposed CMRs in textiles legislation, are starting to emerge around teixtitgder to drive industry best

practices consequently facilitatingcreasedevek of worker, consumer and environmental protection.
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¢KS 9! Q& ¢dnh4as BrasficdliFimgidvdd ivdste management in the member states

The Waste Framework Directive has formalised important concepts such as the Waste Hierarchy and the Polluter
Pays Principle (passing environmental costs of waste back to the producertpsahdlped to drive relatively

high recycling and landfill diversion rates across the region. While the legislation requires reform to drive further
growth of the Circular Economy and address some of the shortcomings of systems developed under the WFD, the
extended producer responsibility frameworks have provided a blueprint for other countries to follow.

2.6.2 Gaps

REACH process is time consumargl potentially incomplete

Despite being arguably the most progressive chemical legislation to date and the canditihving proven to

be a major driver for innovation, the regulatory process to identifying and regulating SVHCs is slog timaein
consuming and in practcit can take years to restrict or ban these substances. On major hurdle in the process
remairs the overall poor quality of thbazarddata insomeregistration dossiers, which are fundamental to the
effective functioning of the regulation and a large majority of them are not beirsguated by ECHA aungdated

after the first submission. Finallglternative chemical substitution has not been granted the resources it deserves
so far, although recent developments are giving encouraging signals of the European Chemicals Agency (ECHA)
commitment to progress on this aspdat7].

Chemicals legislation and secondary materials

While REACH requirements are often the same for both virgin and secondary materials, the loss of information
betweenthe upstream suppliersfanufacturers) and waste processors mean that hazardous substances may
unwittingly persist at increased concentrations in recycled matdtiabuld be technically feasible to screen
secondary material fomany of thehazardous cbmicalsthat may befound in carpets. For example, Interface has

a comprehensive array of chemical testing for incoming sdtdagever, gien the number of substances

regulated under REACH, itileely not economically feasible and neartypossible to seen secondary material

for all potential hazardous chemicalkherefore, theelimination of toxic substances upstream remains the most
effective solution. With the rise of asset tracking technology (e.g. QR codes, RFID tagging), it would be possible to
implement mandatory tagging of certain products, connected to a database of bills of materials/substances to
help endusers and waste processors effectively sort out contaminated material; however, this puts further
burdens on the downstream actors. The Huean Commission announced it is launching a feasibility study,
addressing representative sectors, on the use of different informadimiems, innovative tracing technologies

and strategies which could enable relevant information to flow along articlelgubains and reach recycldizg]

This daunting task of monitimg hazardous substances in recycled materials suggests that it should be
recommended to manufacturers that they phase out the use of hazardous chemicals in the design phase of new
carpets.

Relaxation of concentration limits for recycled materials

Thereare some cases of concentration limits of hazardous substances for recovered materials being less stringent,
e.g. the flame retardant pentaBDE, regulated under the POPs regulation, has a concentration limit of 0.001 % w/w
for virgin material, but a limiof 0.1 % w/w in recycled material: this has ostensibly been set in order to protect
recycling operations which would suffer from the reduced availability of feedstock, or from the extra costs
associated with removing the substance during processing. Whidig@rotects recycling businesses (which

operate under difficult market conditions), this poses a hazard to consumers and may lead-terlong

persistence of legacy chemicals inige material sicks as welhs underminingconsumer confidence in recyde
products.a LG @6Aff 06S YdzOK Y2NB RAFFAOdAZ G G2 ARSYyGATFE | yF
reeOe Oft SR LINBRdzO(Ga ¢gAff -coBigsioried reportini2BNeg. y23GSR Ay |y 9/
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Lack of producitspecific legislation or standards for carpets

l'a YSY(A2ySR: GKS 9! Qa ¢2&8a 5ANBOGAGS KI a -usm®WARSR
restricting chemicals usage and reducing risks thraeafbrdesign.As part of its main objectivehé Toy
Substancd®irectivehas done a bettejob atsetting stricterchemical limits and general twafetyrequirements

more efficiently than REACH or any other Directive applicable to Ttys.suggests a Carpet Directive similar in
approach is sensible.

While @arpets are currently covereander the CPRroductspecific legislationthe requirements of the regulation
and standard are rather minimalparticularly in addressing chemicals of concern and better design towards a
more circular economy which should be a main objectiwd any produt-specific regulation and/or standard
governing carpets.

Disconnect in definitions of hazardous waste

The lack of harmonisation between the methods for classifying hazardous waste under the Chemicals and Waste
legislation leads to waste containihgzardous substances (particularly pesnhsumer) being classified as ron
hazardous at endf-life, potentially leading to persistence of hazardous substances in secondary materials or
released into the environment through disposal or incinerafga}). For example, flexible PWéaste containing
G2EAO IRRAGADGSE I NBK2ThHIR20M08 wOBRIKBEIAFXSK2I1dA KYYiKE |
classified as a hazardous chemical mixture under the CLP regulation. From a practical standpoint, screening mixec
post-consumer waste is not a viable solution, and elimination of substances from manufacture would be the most
effective route to ensuring worker and consumer safety, and removing the threat of secondary material
contamination (as there is no obligation to decantinate waste before recovery).

2.6.3 Progression

2018 Circular Economy Package

The European Commission has publishedrmmunicationS y (i A Anal\&iR of tihe interface between chemicals,
products and waste legislation and identification of policy opionsg KA OK ' AYa G2 Oo6ANAR3IS
areag80]:

1 Addressing information gap around substances of concern in waste streams

1 Investigating potential frameworks for monitoring substances of concern in recycled materials
1 Creating more concrete definitions around the delineation between waste anebémdste.

1 Reviewing difficulties around waste classification and the impact on natexyclability

As reported in ChemicalWat¢81], because legacy substancethose chemicals for which restriohs were set in

the past but may be present in products recycled from older materials containing ¢remma barrier to recycling,

the Commission plans to develop, by R2d19, a specific decisiemaking methodology to support decisions on

the recyclabity of waste containing substances of concern. It aims to prepare guidelines to ensure the presence
of hazardous substances in recovered materials is better addressed in the early stages of proposal drafts to
manage their risks. And it is "considering eirag implementing legislation to allow an effective control of the use
of the existing exemption from REACH registration for recovered substaridese are also growing calls for
extension of Extended Producer Responsibility to other key product strearols,as textiles. [58]

CMR in textiles REACH Restriction Proposal
The EU is exploring restriction of CMR substances in consumer goods which pose a high risk of a exposure, which
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would be implemented via Article 68(2) of REf82H A public consultation was launched in late 2015: this

proposed a twestage phasén of items, with the first stage limited to direct skimntactinterior textiles, and the

second potentially covering floor coverings, carpets, upholstery, etc. The scope of a revision including carpet
remains to be seen, and what sort of derogations would be included. Euratex has recommended that articles
made fromrecycled materials should be excluded from the scope, or at least considered for derogation due to this
LROGSYGALft@ AYyiSNFSNARyYy3I B3I iNpresent3he propesad résthiciddsiafolldbver O 2 y
substances such as heavy metalsthalates, PAHs, aztyes and others.

While carpet is considered to be a limited skin contact product, children are likely to be most at risk, particularly
from topical treatments and dyes, and there is a strong argunfi@nincluding carpets within this framewods
later suggestedn this report

2.7 Manufacturer Trends

While the European carpet market is clearly in need of regulation to help to drive change, some manufacturers
have taken positive steps towards making th@ioducts safer. Interface took the lead in eliminatirBAS&om

their carpets some years ago, and as of December 2017, Tarkett have announced that all of its Tandus Centiva
branded products will be treated with fluoriAeee soil protection produc{84]. While there needs to be greater
transparency around the substituted substances, given data gap around the toxicity ofctaasg®of PFC (and
historic mismanagement of this family of chemicals), ihia welcome step. Aquafil have also developed its
Econyl® StayClean yarn, which claims a high level of stain resistance without using topical tré@&inents

With regards to transparency, some manufacturers are starting to disclose more information through voluntary
standards such as Health Product Declarations (HPDs) and Environmental Preclacations (EPDs). HPDs

provide a standard format to enable product level disclosure of ingredients. EPDs communicate information about
the life cycle environmental impacts of products. The usePbDs/EPDis a good step towards transparency,

however, KS& R2y Qi Ffglread 2FFSNI Fdzf £ GNIyaLIl NByoOoed C2NJ
and therefore many high priority substances may not be reported. HPDs allow varying levels of disclosure.
Additionally, EPDs and HPDs can be difficulinderstand by the average consumer as they require certain
knowledge on their methodology and terminology.

While some manufacturers have taken on their own initiatives to clean up carpets, many rely on certification to
show their commitment to addressirgnvironmental issues. Third pantgrtificationssuch assUT, Cradle to

Cradle, Oekdex, Nordic Swan, and Blue Angel resonate with consumers; therefore, it is important to ensure that
the product standards within these programmes are up to date and miailstaingent standards around

permitted chemical use.
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