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Executive'sumr

All textiles shed microfibres, including natural, synthetic and semi-synthetic

textiles.

Fibre fragmentation or ‘microfibres’ are the released
microscopic fibres, some of which find their way into the natural
environment. Microfibres have been found in the deep ocean,
on beaches, in rivers and in the atmosphere, as well as in
animals, plants and human food. Thus, microfibres are rapidly
becoming an environmental and health concern.

An estimated 0.48-4.28 million metric tonnes (MMT) of
synthetic and natural microfibres could enter the environment
every year (internal estimate, see Exhibit 1and Appendix ).
The amount of synthetic microfibres accumulated in the
environment so far is thought to exceed 5.6 MMT!

Existing studies have largely focused on microfibre shedding
from synthetic textiles during washing, so there are significant
knowledge gaps that would bengfit from further research.
Nonetheless, we attempt to consolidate the available data in
this report to provide wider context for readers (Exhibit 1and
Appendix 1).

Despite the environmental and health concerns associated
with microfibre pollution, microfibre release is still largely
unregulated.? Moreover, the environmental presence

of microfibres is expected to increase as global textile
consumption increases; annual global fibre production of
textiles is estimated to increase by about 33% to 146 MMT
by 2030 (from 109 MMT in 2020).2

Microfibres pose a problem to humans and the environment for
three key reasons:

1. Wide distribution in the environment

Microfibres have been found in virtually every type of
habitat on the planet due to their ubiquity, small size and low
density, all of which facilitate their transmission.

However, microfibres are not evenly distributed in the
environment. For example, the Mediterranean Sea has
been found to have a higher concentration of microfibres
compared to other ocean basins. Such regional differences
in pollution rates and concentrations could be relevant
when contextualizing the impact of microfibre pollution and
its solutions.

Microfibres: the invisible pollution from textiles

2. Lack of biodegradability

Synthetic microfibres biodegrade slowly under natural
conditions, if at all. This leads to their accumulation in the
environment.*® This lack of biodegradability is problematic
because microfibres can:

e Serve as breeding grounds for pathogens;?

e Actas concentrators for contaminants such as metals and
other chemicals;®

e Be mistaken as food and ingested by marine biota.

When microfibres are ingested by organisms and move up
the food chain, they can eventually contaminate human
food. Microfibres have been found in bottled water, tap water,
beer, salt, shellfish, fish, birds, vegetables, and fruit. Humans
are estimated to consume or inhale between 75-120 thousand
microfibre particles per year, which is roughly equivalent

to a paper clip’s worth of microfibres (assuming that 1,000
microfibres is roughly equivalent to 1 mg®).

3. Impact on the environment and
human health

The acute health implications of microfibre ingestion or
inhalation by marine fauna and humans has not been
extensively studied, as most studies so far have examined the
impact of microplastics more generally. However, microfibre
exposure has been linked to several negative outcomes in
aquatic species, including endocrine disruption, toxicity, gut
blockages, reduced reproduction and death.°™? I[n humans,
atmospheric microfibre exposure has been linked to respiratory
complications including lung disease.”®

The longer-term impacts of microfibres on ecosystems and
human health are also not well understood. For example, it

is unknown whether reduced reproduction or death at the
bottom of the marine food chain could have cascading effects
on marine populations, or how consumer awareness about
contaminated seafood could impact related fishing industries
(through lower consumer demand for example).
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Pathways and drivers of microfibre release

Textiles and apparel contribute to microfibre pollution through
their entire lifecycle: while being manufactured, while being
used (washed and dried), and after they are disposed of

Microfibre release from all stages of the textile lifecycle

would generally benefit from further research. Exhibit 1 below
summarises estimates available in existing literature, as well as
internal estimates drawing on existing knowledge.

Exhibit 1: Internally estimated global microfibre release through the textile lifecycle (synthetic and natural fibres)

Where available, estimates from existing literature are also shown

0.06-0.14 MMT

0.12-1.07 MMT

Available estimates
0.18 MMT synthetic only?
0.36 MMT synthetic only®

0.5 MMT synthetic only*

0.24 - 214 MMT

L

- .

| i .

0.24 - 214 MMT*

|

0.48 -4.28 MMT*

Available estimates
0.52 MMT synthetic only’

Source: 1) Boucher & Friot (2017); 2)Belzagui et. al (2020); 3) Gavigan et. al (2020); 4) Ellen MacArthur Foundation (2018); Refer to Appendix 1 for calculation details; *Estimate range excludes one

outlier estimate of over IOMMT. MMT = million metric tonnes

Despite scarce quantifiable data in some areas, there are
specific problem drivers associated with textiles that are
known to drive microfibre pollution. Understanding and
addressing these problem drivers presents an opportunity to

make a strategic impact in efforts to curb microfibre pollution.

These drivers include:

The textile manufacturing process
Textile maintenance and use
Textile composition and weave
Wastewater treatment

rwon o
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1. Textile manufacturing process

Various stages of textile and garment production release
microfibres due to the abrasive processes associated with
dyeing, printing, and finishing textiles and apparel.”®

The microfibre losses from textile production have not been
well-studied but are expected to make up a significant portion
of overall microfibre pollution.’®® Indeed, it has been suggested
that textile production produces as many microfibres as textile
use,® and it is possible that 10-15% of textile mass is lost
during production in the form of microfibres!
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Pathways and drivers of microfibre release

Textile maintenance contributes to microfibre pollution because as fabrics
are washed and dried, microfibres become detached from fabrics due to
chemical and mechanical abrasion.”

2. Textile maintenance and use 4. Wastewater treatment

An estimated 012-1.07 MMT of natural and synthetic microfibres Microfibres can be intercepted before they are released

could be released from textile laundering every year (internal into the environment when wastewater from residences or

estimates, Exhibit 1and Appendix 1). industry is treated at wastewater treatment plants (WWTPs).

However, the effectiveness of wastewater treatment plants at

The number (and volume) of microfibres that is released with intercepting microfibres depends on several factors:

every load of laundry varies widely with estimates from 700,000

t0 1.5 million™ to 7 million fibres . It is estimated that each wash e Connectivity to wastewater treatment infrastructure:

releases approximately 0.5-1.3 grams of microfibres.® Less than a third of the human population is connected to
wastewater management infrastructure,? and an estimated

It has also been suggested that textiles may shed as many 80% of wastewater globally is released to the environment

microfibres when they are being worn as when they are being without sufficient treatment.?®

washed, although atmospheric microfibre losses are less well-

studied than losses from washing.?® e Capture efficiency of microplastics, including
microfibres, by WWTPs: The capture efficiency of WWTPs

3. Textile com position and weave is often higher than 90%,°%2% despite the fact that modern
wastewater treatment infrastructure was largely not

Textile composition and weave also affect shedding rates. For designed to filter out small buoyant particles.©262728

example, natural fibres, such as cotton and wool, tend to shed

more than Synthetlc ones (EXh|b|t 2), and fabrics with a greater ° App"cation of S|udge to agricu'tura' lands: Removing

number of exposed filaments, such as fleece, tend to shed microfibres from wastewater effluent by sequestering them

more compared to those with a tighter weave.” in sewage sludge does not necessarily prevent them from

entering the environment. This is because sewage sludge,

a semi-solid by-product from wastewater treatment that is
high in nutrients and organic matter, is frequently applied as
fertiliser to agricultural lands in North America and Europe.?62°

Exhibit 2: Shedding rates across major textiles

M Median of sample averages @ Sample averages
400

350
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200

Fibre shedding
(mg of lint shed per kg of wash)
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100

o 0o ¢

g s i

Cotton (n=3) Wool (n=1) Polyester (n=11) Nylon (n=3) Mixed (n=15) Unspecified (n=4)
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a’ [ ] (] [ [ ]
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Source: Vassilenko et al. (2021).

Individual sample data depicts the average weight of lint over three laundry washes. Standard deviations are not pictured but vary between 1% and 61% for all samples. Category medians are
calculated based on averages for the samples within a given subcategory. Two outlier samples are excluded from both the chart and the calculation of the category medians (polyester (778 mg lint/
kg wash) and mixed fabrics (838 mg lint/kg wash)).
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Interventions to reduce microfibre pollution

The most efficient opportunities for action prevent microfibres from
entering the environment to begin with and are thus at the source of

microfibre formation.

This is because, while technology to remove microfibres directly
from the environment is emerging,*° this process is generally
considered very inefficient as microfibres are microscopic,
lightweight, and widely dispersed in diverse, complex ecosystems.

Microfibre pollution prevention measures can be both
mandated by policymakers and voluntarily adopted by
industry. Further, investors could proactively work with industry
to encourage the voluntary adoption of microfibre pollution
prevention measures.

Some of the potential interventions require as a pre-requisite
a standard, universally available testing methodology for
determining the microfibre shedding rates of different textiles.
At the time that this report was written, a universal and publicly
available standard testing methodology did not exist.

Exhibit 3: Summary of available interventions by action group

Intervention Intervening group
Policymakers & Regulators

Test and approve industry-
developed standards

While the regulation of textile shedding rates may still be on the
distant horizon, microfibre capture technologies during laundry

already exist and are affordable for consumers. The installation

of such technologies would be important:

e Inthe medium term, until shedding rate regulations
become more widely introduced;

e Inthelongerterm, as low-shed fabrics are still largely
under development.

Industry Investors

Partner with research groups to
develop the standard

Set a maximum textile
shedding rate

Engage with textile and garment
value chain to: 1) adopt shedding
rate standard; 2) encourage pro-

1. Regulate textile shedding rates Place a levy on higher

emitting products

. I active reduction of fabric shedding
Engage in voluntary initiatives to

self-regulate shedding rates

Require the shedding rates of

different textiles to be disclosed

on the product label

Understand economic impact
on the value chain from potential
wide-reaching shedding rate

2. Curb microfibre loss during textile

. best practices to minimise
manufacturing

microfibre loss

Require industry to adopt relevant

regulation (e.g. R&D costs,

Implement practices during fabric  jncreased value chain costs)

and garment manufacturing to
curb microfibre loss

3. Use microfibre filters on washing Pass legislation requiring all

machines microfibre filter

new laundry machines include a

Engage with washing machine
manufacturers to encourage
product development and
commercialisation

Develop new product lines with
filters or retrofit existing washing
machines

4. Improve microfibre retention at

wastewater treatment plants .
regulatory bodies.

Implement tertiary and quaternary treatment stages in existing WWTPs or build WWTPs where they do not
currently exist. Given the capital intensity of such initiatives, those are largely to be driven by government and

Microfibres: the invisible pollution from textiles
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~ Introduction

Microfibres were first understood to be an environmental issue in the
2000s.%" Since then, microfibre sources, distribution and effects on
human health and the environment have become increasingly studied.
Even so, the full implications of microfibre pollution are still not well
understood and remain the subject of continuing research.

Although we do not yet have a comprehensive understanding of the
long-term effects of microfibre pollution, there is sufficient evidence to
demonstrate that chronic exposure to microfibres has negative effects
on both human and ecosystem health. Therefore, the aim of this report
is twofold:

1. To synthesise existing knowledge about the sources and
implications of microfibre pollution, and

2. Tosummarize possible areas of action for policymakers, companies
and investors to reduce microfibre pollution.

Microfibres: the invisible pollution from textiles 8



Introduction

Definition and types of microfibres

Microfibre definition

Microfibres are typically defined as any natural or
synthetic microscopic fibres shed from textiles or
related fibre-based products with a diameter of
>50 micrometers, a length from 1 um to 5 mm,
and length to diameter ratio greater than 100.
Thus, these fibres are only about 1/5 the diameter
of a human hair.

For the purposes of this report, ‘microfibres’
refers to fibre fragments shed from natural,
semi-synthetic, and synthetic textiles.

Microfibres are expected to come principally
from apparel and clothing, as this represents the
main use of both natural and synthetic fibres.®

However, given the diverse application of textiles
in modern life, microfibres have diverse sources
including:2%

Apparel

Industrial textiles (e.g. carpets)

Home textiles (e.g. bedding furniture, towels)
Automotive textiles (e.g. seating fabric)
Geotextiles (e.g. those used in construction)
Cigarettes

Fishing lines and nets

Personal care products

-
Microfibres: the invisible po\luti?n from textiles

r
L]

All textiles shed microfibres,
including natural, synthetic and
semi-synthetic textiles.

While ‘natural’ fibres come from plants and animals, ‘synthetic’
fibres are derived from plastics.®? In between the two are

what are referred to as ‘semi-synthetic’ fibres, which are
regenerated, artificially produced cellulosic

(i.e. plant-based) fibres.

Semi-synthetic fibres are originally derived from natural materials
but undergo extensive chemical processing, and so are
considered by some to be artificial®® (Exhibit 4). Synthetic and
semi-synthetic textiles, which together represent around 2/3

of current annual fibre production,® are often woven together
with natural fibres to reduce cost and produce other desired
characteristics such as performance, comfort and ease of care

Exhibit 4: Types of textiles

Type of fibre Examples Definition

Natural Cotton Minimally processed fibres
Silk from natural sources
Wool (e.g. plants, animals)

Synthetic Polyester Plastic-based fibres
Polyethylene
Acrylic
Elastane

Semi-synthetic  Viscose (rayon) Avrtificially produced fibres
Acetate originally derived from plants but
Lyocell that have undergone extensive
Modal chemical processing

Source: Manshoven et al. (2021); Napper et al. (2020)



Introduction
Scope of the problem

An estimated 0.48-4.28 MMT of natural and synthetic microfibres
could enter the environment every year (internal estimate, Exhibit 8

and Appendix 1). At least 5.6 million metric tonnes (MMT) of synthetic
microfibres were estimated to already be in the environment as of 2015!

Synthetic microfibres constitute approximately 35% of annual
microplastics release to the ocean? (Exhibit 5) and there

is evidence to suggest that synthetic microfibres account

for over 70% of accumulated microplastics in deep sea
sediments.®* For more information on the wider issue of
microplastic pollution, please refer to our earlier paper on this
topic: “Microplastics pollution: The causes, consequences and
issues for investors”, May 2021.3

Exhibit 5: Estimated annual synthetic microfibre release to
the environment in the context of global releases of primary
microplastics

3.7% Personal care products Plastic pellets 0.3%

3.7% Marine coatings ‘

0.8-2.5

24% City dust MMT

-

7% Road markings

Synthetic textiles 35%

Tyres 28%

Source: Boucher & Friot (2017)
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Despite their concerning characteristics, microfibre pollution

is still largely unregulated.? If left unaddressed, growth in

textile consumption is likely to exacerbate microfibre pollution.
By 2030, global apparel consumption could increase by

as much as 63%, up to 102 MMT of product annually (from
approximately 62 MMT in 2017).36 Similarly, global fibre
production, including fibres used for textiles other than apparel,
is estimated to increase by 33% to 146 MMT per annum by
2030 (from 109 MMT in 2020).3

As a result, some suggest that annual microfibre release

into the environment could increase by 54% by 2030% (or to
approximately 0.5 - 6.0 MMT per annum when considering our
internal estimates for current annual release). Another estimate
suggests that further 22 MMT of synthetic microfibres could
enter the environment by 205028 This is approximately 0.75
MMT per year, under a simplified assumption of equal annual
release over the next 30 years to 2050.

With respect to geographical microfibre generation and entry
to the environment, some countries appear to contribute
disproportionately to the total pollution. Some estimates
suggest that China, Indonesia, the USA, Sri Lanka, and India are
the top contributors.®®

The larger contribution of these countries to microfibre
pollution could be driven not only by population size and textile
consumption patterns, but also because of their role in global
textile production and relatively lower availability of wastewater
treatment infrastructure per capita. For example, China
produces almost 70% of the world’s polyester, and together,
China, India, and South East Asia produce over 80%.%°
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Problematic characteristics of microfibres

Microfibres pose a problem to humans and the environment for three

key reasons.

1. Wide distribution in the environment

Microfibres have been found in virtually every type of habitat on the
planet due to their ubiquity, small size and low density, all of which
facilitate their transmission. They have been found in the deep
ocean,*© on coastlines,* in Artic seawater*? in freshwater lakes and
rivers,Z#344 in soil,%° on mountaintops,*® and in the air*4

The presence of microfibres in terrestrial ecosystems has been
less well-studied. However, it is known that microfibres exist

in terrestrial systems due to the practice of applying sludge to
agricultural soils as fertiliser.?® Microfibres have also been identified
in even very remote locations, such as the peak of Mount Everest.*

The abundance of microfibres in the marine environment has
been especially well-documented. For example:

e The Indian Ocean has approximately 4 billion microfibres
per square km of sediment;*®

e Synthetic microfibres account for over 90% of the
microplastic pollution identified in Arctic seawater;*®

e The most commonly found type of synthetic microfibre in
the ocean is polyester.>©

Microfibres are not evenly distributed in the environment.

For example, the Mediterranean Sea has been found to contain
relatively high concentration of microfibres, despite the fact that
it is not proximal to some of the largest entry points for microfibre
pollution, such as Asia and the US. (Exhibit 6). Such regional
differences in pollution could be relevant in contextualizing the
impact of microfibre pollution and distribution.

Exhibit 6: Microfibre concentrations in different

ocean basins
M Q1-Q3interquartile range e Median

N W b OO N ®©

-

Fiber concentration (fibers liter -1)

g ¢

Altlantic Southern
Ocean Ocean
(>60°S)

o

Southern
Ocean
(40°S-60°S)

Mediterranean Indian
sea Ocean

Source: Suaria et al. (2020)

Median value and interquartile range (Q1-Q3) of fibre concentrations (fibres per litre) found in
oceanic basins and sub-basins; displaying corrected data only. The chart excludes outliers
(defined as sample data falling outside the Q1-Q3 interquartile range), but all basins had
samples with microfibre concentrations up to 11-14 fibres per liter.

2. Lack of biodegradability

Microfibres biodegrade slowly under natural conditions, if at all.
This leads to their accumulation in the environment.#® This lack
of biodegradability is problematic because microfibres can:

e Serve as breeding grounds for pathogens;®

e Act as concentrators for contaminants such as metals and
other chemicals;"®

e Be easily ingested by organisms.

If a microfibre persists in the environment for a long time,

it could have increased potential to serve as a vector for
pathogens and contaminants that could then be released into
organisms upon ingestion.°

The biodegradability of textiles ultimately depends on how
accessible the essential nutrients in the material are to
microorganisms. Although it is known that natural and semi-
synthetic fibres degrade faster than synthetic fibres, there is
limited data on the rates at which different polymers degrade
and fragment in the environment, indicating that this is an area
that requires further research.’' For example:

e A polyester fabric remained largely intact after 100 days both
in laboratory conditions and in a composting environment;®?

e Natural microfibres and some semi-synthetics can
biodegrade under the right conditions, and may degrade
within weeks to months.*5% For example, natural fibres may
be more likely to degrade in warm, moist environments
in the presence of microorganisms and chemical,
photochemical and mechanical abrasive forces.>

However, there is evidence to suggest that almost 80%

of the microfibres identified in various oceanic basins are
cellulosic (i.e. cotton, linen and regenerated cellulose like rayon
and viscose).?® This finding suggests that natural and semi-
synthetic fibres may persist in the environment longer than we
would expect them to.

One reason that cellulosic fibres may persist in the
environment is because textiles often contain residues of
chemicals used in fibre production and textiles processing
that can interfere with the nutritional value of the fibre to
microorganisms.®® However, the extent to which these
chemicals can interfere with the deterioration of different
materials remains an open question.
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Problematic characteristics of microfibres

3. Impact on the environment and humans

Once in the environment, microfibres can be easily ingested
by organisms. In marine environments, organisms such as
crustaceans, shellfish, zooplankton, and fish often mistake
microfibres for food.5*#%° Indeed, microfibres appear to

have a greater likelihood of being ingested relative to other
microplastics due to their size and shape.® For example, nearly
half of the microplastics found in the guts of common tropical
fish were microfibres.®

Microfibres also move up the food chain and eventually
contaminate human food. Microfibres have been found in
bottled water, tap water, beer, salt, shellfish, fish, birds, vegetables,
and fruit.5"%8%° Humans are estimated to consume between
39-52 thousand microfibre particles per year, and to inhale
between 35-69 thousand particles (mostly fibres), although

these figures are likely to be underestimates.®® Assuming that
1,000 microfibres is roughly equivalent to 1 mg,° these estimates
roughly equate to consuming, either through ingestion or through
inhalation, a paper clip's worth of microfibres annually.

The health implications of microfibre ingestion or inhalation by
marine fauna and humans has not been extensively studied,
as most studies so far have examined impact of microplastics
more generally rather than microfibres in particular. Microfibre
pollution has so far been linked to:

e Physical damage from ingestion, such as gut blockages;

e Toxicity through chemical release: both synthetic and
natural textiles are often produced with chemicals to either
enhance their properties (e.g. softeners, dyes, antioxidants,
plasticizers, UV stabilizers, antimicrobials, antiwrinkle
finishers, and flame retardants) or provide other functions
(e.g. residual pesticides from cotton production). These
chemicals can leach from microfibres into the environment
and into the organisms that ingest them 38616263

An arrow worm in the plankton has eaten a plastic microfibre
that has blocked the passage of food through its gut.

© Richard Kirby

Additional research on the effect of microfibres on the
environment and human health is required, especially if
microfibre pollution continues to persist and grow. For example:

e More research would be required on the impact of microfibre
pollution on marine and fish stock populations. For example,
mortality in zooplankton and reproductive dysfunction in other
species suggests that microfibres could have cascading
effects up the food chain over the longer-term.

e [tis currently poorly understood what the economic impact
of microfibre pollution is on related industries. As consumers
become more aware of the contamination of their seafood
and the potential health implications of microfibre exposure,
fishing or other food industries could be adversely affected.

Exhibit 7: Observed effects of microfibre exposure on organisms and humans

Effects on organisms

Reduced growth, reproduction and survival of water fleas and amphipods™

Effects on humans

Respiratory complications, including obstructive lung disease™

Gut blockages and nutritional deficiency in fish

Endocrine disruption and cancer (from bisphenol A (BPA))®

Reduced feeding in mussels, worms, and crabs®

Reduced growth in crabs®®

Toxicity and mortality in zooplankton'

Translocation to organs after consumption in crabs®

Toxicity and endocrine disruptions®
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Textiles and apparel contribute to microfibre pollution through
their entire lifecycle: while being manufactured, while being used
(washed and dried), and after they are disposed of (Exhibit 8).
The main pathways for microfibres into the environment are
generally understood to include:

o Wastewater releases from textile manufacturing and laundering;

e Atmospheric releases from textile manufacturing,
laundering, and other textile use;

e Terrestrial releases from improperly disposed textiles
and geotextiles that disintegrate into the earth, releasing
microfibres directly into the soil.

The relative contribution of each of the above pathways into the
environment is not well understood, as fibre shedding during

the use phase, and washing in particular, appears to be more
researched than that during manufacturing and end of life
treatment. The contribution of synthetic microfibres also appears
better researched compared to that of natural ones (Exhibit 8).

Thus, further research on microfibre shedding potential along the
entire textile lifecycle would facilitate the identification and adoption
of effective pollution prevention interventions. Whether they are
released through wastewater, onto the land or directly into the air,
microfibres could eventually transported to the ocean, similarly to
other debris. For example, as rivers eventually flow into the ocean,
they are the main pathway by which plastic waste enters the ocean.
Indeed, 10 rivers around the world have been shown to carry more
than 90% of the plastic waste that ends up in the ocean®

Despite scarce quantifiable data in some areas, there are specific
problem drivers associated with textiles that are known to drive
microfibre pollution. Understanding and addressing these
problem drivers presents an opportunity to make a strategic
impact in efforts to curb microfibre pollution. These drivers include:
e The textile manufacturing process

e Textile maintenance and use

e Textile composition and weave

e \Wastewater treatment

Exhibit 8: Internally estimated microfibre release through the textile lifecycle (synthetic and natural fibres)

Where available, estimates from existing literature are also shown

0.06-0.14 MMT

0.12-1.07 MMT

Available estimates
0.18 MMT synthetic only?
0.36 MMT synthetic only®

0.5 MMT synthetic only*

024 214 MMT

0.06-0.14 MMT

O 24 -214 MMT*

0.48 - 4.28 MMT*

Available estimates
0.52 MMT synthetic only'

Source: 1) Boucher & Friot (2017); 2)Belzagui et. al (2020); 3) Gavigan et. al (2020); 4) Ellen MacArthur Foundation (2018); Refer to Appendix 1 for calculation details; *Estimates range excludes one outlier

estimate of over IOMMT
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Pathways and problem drivers
Textile manufacturing

Various stages of textile production, from fibre to garment production,
release microfibres due to the abrasive processes associated with
dyeing, printing, and finishing textiles™ (Exhibit 9).

The microfibre losses from textile production are generally unknown, however, it is possible that these losses are even higher
than microfibre releases from textile maintenance and use.®*® Another estimate suggests that 10% to 15% of textile mass is lost
during the apparel production process.! This would represent around 10-1I6MMT of loss for 2020 (based on 109 MMT global fibre
production for 20202 (Exhibit 8 and Appendix 1).

However, it is important to note that not all of these microfibres would be released into the environment, as a proportion of them
could be captured during the manufacturing process (e.g. through air filtration).

Exhibit 9: Simplified supply chain for textile manufacturing
. o L
Release via water ®Release via air
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Source: Adapted from The Nature Conservancy & Bain & Company (2021)
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Pathways and problem drivers

Textile maintenance and use

Textile maintenance (washing and drying) contributes to microfibre
pollution because as fabrics are washed and dried, microfibres become
detached from fabrics due to chemical and mechanical abrasion.” The
microfibres are then rinsed from the textiles and discarded in wastewater
or emitted into the air, in the case of dryers.

The number (and volume) of microfibres that is released with
every load of laundry varies widely and depends in part on
the contents of the wash. The estimates of the total number
of microfibres produced per wash range from 700,000% to
1.5 million™ to 7 million.® In terms of volume, approximately
0.5-1.3 grams of microfibres are expected to be released in
every wash® and the average household in North America,

for example, releases approximately 135g of microfibres from
laundry every year? Estimates of global synthetic microfibre
release from washing clothes range from 0.18 MMT™ to

0.36 MMT'to 0.50 MMT?8 annually. We further estimate that
synthetic and natural microfibre release from laundry could be in
the range of 0.12-1.07 MMT annually (Exhibit 8 and Appendix 1).

Some of the factors that enhance microfibre loss during
washing include:

The use of powder detergent?!
The use of top-loading washers™

Drying clothes using tumble dryers™

Microfibres:

ellution from tex

In addition to laundering, textile use also leads to microfibre
shedding. Although most studies on microfibre shedding

have focused on microfibre loss during washing, it has been
suggested that textiles may shed as many microfibres when
they are being worn as when they are being washed.?° For
example, a study estimated that between 3-10 metric tonnes of
microfibres would fall on an urban area the size of Paris every
year via atmospheric deposition.™

Garment age may also have an impact on shedding rates
depending on the composition of the garment in question.

For example, researchers have found that aging may increase
shedding rates in certain blends but decrease them in others"?




Pathways and problem drivers
Textile composition and weave

Different types of textiles and fibres shed microfibres at different rates,
meaning some types of textiles contribute to microfibre pollution more
than others.

Textile composition affects shedding rates because natural Textile weave also has a considerable effect on shedding
fibres, such as cotton and wool, tend to shed more than rates, as fabrics with a greater number of exposed filaments,
synthetic ones” and among the synthetic and semi-synthetic such as fleece, tend to shed more compared to those with

textiles, polyester typically sheds more than nylon®%® (Exhibit 10). fewer exposed filaments™?' (Exhibit 11).

Exhibit 10: Shedding rates across major textile categories Exhibit 11: Shedding rates across textile weave patterns
M Median of sample averages @ Sample averages W Median of sample averages @ Sample averages
400 400
[ [ ]
350 350
= 300 = 300
g 3
= ° = L]
gg *° gg
T = B =
° 0 [ ] G 0 [
22 200 25 200
02 ® 02 ° °
52 52 L4
£ 150 LS 150
k] ° ©
g g
= 100 (] = 100 e
[ ] [ [
50 ® 50 L]
d b . MW
0
Cotton Wool Polyester ~ Nylon Mixed  Unspecified Fleece Knit Knit  Knitspun Woven Woven  Woven
(n=3) (n=1) (n=11) n=3) (n=15) (n=4) (n=10) filament filament staple filament filament spun
jersey with  no MT (n=4) (n=8) composite staple
MT (n=5) (n=2) (n=5) (n=3)

Source: Vassilenko et al. (2021).

Individual sample data depicts the average weight of lint over three laundry washes. Standard deviations are not pictured but vary between 1% and 61% for all samples. Category medians are
calculated based on averages for the samples within a given subcategory. Two outlier samples are excluded from both the chart and the calculation of the category medians (Exhibit 10 - polyester
(778 mg lint/kg wash) and mixed fabrics (838 mg lint/kg wash) and Exhibit 11 - fleece (778 mg lint/kg wash) and knit spun staple (838 mg lint/kg wash)).
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Pathways and problem drivers
Wastewater treatment

Residential and commercial wastewater can be sent to
wastewater treatment plants for processing before the

decontaminated effluent is released back into the environment.

Therefore, wastewater treatment can act as a barrier for
microfibres, but its effectiveness as a barrier depends on a
number of factors including:

e Connectivity to wastewater treatment infrastructure;
e Capture efficiency of microplastics, including microfibres;
e Application of sludge to agricultural lands.

Connectivity to wastewater
treatment infrastructure

Less than a third of the human population is connected to
wastewater management infrastructure,?” and an estimated
80% of wastewater globally is released to the environment
without sufficient treatment.?

Therefore, in many cases there is no mechanism to remove
waste products from effluent before it reaches the environment.

Capture efficiency of wastewater
treatment processes

Although modern wastewater treatment processes were not
designed to filter out small buoyant particles,*?5-?8 the capture
efficiency of WWTPs is relatively high, often higher than
90%.°2425 However, given the large volumes of wastewater
that these plants process, the resulting volume of microfibres

entering the environment from WWTP effluent can still be large.

Microfibres: the invisible pollution from textiles

WWTPs typically have primary, secondary and tertiary
treatment processes, although this depends on the location
of the plant and the intended end use for the treated water.?%
Microparticles, such as microfibres and microplastics, appear
to mostly be removed during primary treatment (the sludge
settling and skimming processes).”®

e Primary stage: the removal of heavy solids, large materials,
and buoyant compounds through course screening, and
the removal of settleable compounds by sedimentation;

e Secondary stage: the removal of residual organics and
suspended solids using aerobic biological treatment
processes;

e Tertiary stage: the removal of metals, chemicals and
dissolved solids.

Application of sludge to agricultural lands

Removing microfibres from wastewater effluent by
sequestering them in sewage sludge does not necessarily
prevent them from entering the environment. This is because
sewage sludge, a semi-solid by-product from wastewater
treatment that is high in nutrients, is frequently applied to
agricultural lands in North America and Europe as fertiliser.262

The sludge could be also incinerated, sent to landfill or added
to cement, with varying degrees of success in retaining
microfibres.?” For example, roughly 93% of the WWTP sludge
produced in the UK is applied to agricultural or other lands,
while 4% is incinerated and 3% is used in industry.”” In
addition, untreated or minimally treated wastewater can be
used in irrigation, also leading to the application of microfibres
and other contaminants to terrestrial systems.5%°
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Interventions

This section provides an overview of the key opportunities for policymakers,
industry and investors to address and reduce microfibre pollution.

While technology to remove microfibres directly from the
environment is emerging,*° this process is generally considered
very inefficient as fibres are microscopic, lightweight, and very
widely dispersed in diverse, complex ecosystems.

Therefore, the most efficient opportunities for action focus on
solutions at source - i.e. preventing microfibres from entering
the environment to begin with (Exhibit 12).

Policymakers are key enablers of microfibre pollution reduction,
as they can create incentives and opportunities for industry to
scale up action. Relevant policy tools include setting standards
and regulations, fostering innovation by providing funding for
research and development, providing financial incentives for
action through economic instruments, running public awareness
and educational campaigns and convening key players.

Exhibit 12: Summary of available interventions by action group

Intervention Intervening group

In terms of industry, textile and clothing manufacturers

and apparel retailers represent some of the most important
industry players. As key contributors to the microfibre pollution
externality, these industries will be at the receiving end of
policy interventions. In addition, industries involved at key
leverage points, such as washing machine manufacturers
and wastewater treatment providers, are also implicated in
microfibre pollution interventions.

Finally, investors can engage and influence corporate
responses to microfibre pollution. Investors may be driven
by risk management in anticipation of policy intervention, by
an incentive to take advantage of economic opportunities, or
by moral imperatives. Where regulatory response is lacking,
investor influence could help speed up the efforts required to
effect large-scale change.

Investors

Policymakers & Regulators

Test and approve industry-
developed standards

Industry

Partner with research groups to

develop the standard Engage with textile and garment

Seta maximum textile shedding rate

value chain to: 1) adopt shedding

Place a levy on higher

1. Regulate textile shedding rates o
emitting products

rate standard; 2) encourage pro-

. I active reduction of fabric shedding
Engage in voluntary initiatives to

Require the shedding rates of
different textiles to be disclosed
on the product label

self-regulate shedding rates Understand economic impact

on the value chain from potential
wide-reaching shedding rate

Require industry to adopt relevant

Implement practices during fabric ~ "egulation (e.g. R&D costs,

2. Curb m|crof! bre loss during textile best practices to minimise and garment manufacturing to increased value chain costs)
manufacturing o L
microfibre loss curb microfibre loss
s . Pass legislation requiring all Develop new product lines with Engage with washing machine
3. Use microfibre filters on washing o ! L . manufacturers to encourage
. new laundry machines include a filters or retrofit existing washing
machines P , product development and
microfibre filter machines I
commercialisation
4. Improve microfibre retention at Implement tertiary and quaternary treatment stages in existing WWTPSs or build WWTPs where they do not

wastewater treatment plants .
regulatory bodies.

currently exist. Given the capital intensity of such initiatives, those are largely to be driven by government and
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Interventions

Intervention 1. Regulate textile shedding rates

Depending on the effectiveness of the measures taken, the reduction
of shedding rates is perhaps the most powerful pollution control
approach as it tackles pollution at its source. Therefore, even marginal
improvements in shedding rates could have meaningful impact.

There is currently no single, standardised testing
methodology for determining the microfibre shedding rates

of different textiles and this has been a major barrier to both
regulatory and voluntary action. Without a standard method
to measure shedding rates, a policy requirement is unlikely to
be set or monitored. Therefore, developing a standard shedding
rate testing methodology is a necessary prerequisite to enable
policy response.

There are already a handful of industry-led efforts to develop such
a standard, including those by The Microfibre Consortium (TMC),
the European Cross Industry Agreement (CIA) and The American
Association of Textile Chemists and Colourists (AATCC). In
particular, the CIA is now working with the European Committee
for Standardisation (CEN) to turn their method into a CEN
standard and subsequently into an ISO standard.®® In summary,
such a standard would enable:

e Policymakers to regulate shedding rates;

e Textile and apparel manufacturers to measure their
microfibre footprint using an accepted methodology;

e Investors to benchmark the performance of companies, and to
engage with companies on the topic of microfibre pollution.

Once a common standard exists, policymakers have a number
of available tools:

Setting a maximum allowable shedding rate
through legislation

This type of regulation would require textile manufacturers
and retailers to only place products on the market that meet a
set textile shedding criteria. This approach therefore has the
potential to effectively prohibit certain types of textiles from
manufacture and sale, such as certain fleeces, jerseys, natural
textures, and blends.®®

At the time of writing this report, no such regulation appears to
have been proposed, so it is difficult to gauge the likelihood and
reach of such regulatory action. It is possible that this is because
of the lack of a standard shedding rate methodology. We have yet
to see if the removal of this barrier would pave the way for such
regulatory response.

Microfibres: the invisible pollution from textiles

Placing a levy on higher emitting products

This type of regulation may incentivise consumers to purchase
products with a lower microfibre shedding rate. It may also
incentivise retailers to sell products with lower shedding rates to
remain competitive.

Such levies have been suggested, but not implemented. For
example, the UK Environmental Audit Committee has called for
alp levy per garment at the point of sale.®® Levies on consumer
goods, especially fundamental ones such as clothing, may be
politically unpopular and therefore difficult to implement. Also, the
consumer response would ultimately depend on the materiality
of the levy to the consumers’ expenditure.

Label product shedding rates

Instead of limiting product choice on the market, another
option is to legally require textile and apparel retailers to
disclose product shedding rates through labels. This type of
regulation would theoretically direct environmentally conscious
consumers away from garments that shed excessive amounts
of microfibres.

Several jurisdictions have attempted to pass such laws. For
example, The California State Assembly put forward a bill
(California’s Assembly Bill AB 2379) in February 2018 which from
January 2020 would have prohibited the sale of all garments
containing >50% polyester unless the following warning

was attached: “This garment sheds plastic microfibres when
washed. Hand washing recommended.” The bill did not pass
3rd reading and is considered dead.

At the time of writing this report, there was no labelling
regulation in force and it is difficult to evaluate likelihood and
speed of potential regulatory response. The effectiveness of
such measures in preventing microfibre release is uncertain, as
these measures would largely rely on consumer awareness and
related changes in purchasing decisions.



Interventions

Intervention 1. Regulate textile shedding rates

Fibre and textile manufacturing, as well as apparel retail
industries, would be on the receiving end of the above
regulation and standardsation of shedding rates. At present,
the two most widely produced fibres are polyester and cotton
(Exhibit 13), both of which tend to have relatively high shedding
rates (Exhibit 10). Textile manufacturers who are unable to find
low-shed replacement materials for their products may lose
market share if shedding rates are capped. Thus, industry at
large could work to develop low-shed textiles.

There does not appear to be evidence that reducing the
shedding rates of different fabrics would result in the fabric losing
other commercially desirable qualities. On the contrary, textiles
that show reduced microfibre shedding rates are expected to
maintain their integrity and shape for longer, as they lose less
material during normal wear and tear.

Low-shed textiles are already on the market. For example, the
apparel company Polartec has developed a high-performance
fabric that is similar to fleece but which sheds 5 times less than
ordinary fleece.’

Our research was unable to determine if reduction of shedding
rate increases the cost of production and if that could impact

industry margins in case costs were not passed onto consumers.

Depending on materiality or environmental impact
considerations, investors could seek to understand their
exposure to potential regulatory response and proactively
engage with industry to reduce microfibre pollution.

The textiles and apparel industry is relatively concentrated,
with the top 10 companies accounting for around 50% of

the market share, based on revenues (Exhibit 14). Therefore,
targeted engagement has the potential for substantial impact.
The industry is also concentrated geographically, with retailers
headquartered in France and the US accounting for almost
65% of that investable universe (Exhibit 15).

Microfibres: the invisible pollution from textiles

Exhibit 13: Global fibre production in 2020

@ Synthetic ® Natural ® Cellulose-based

6% Other plant-based
natural fibers

1% Wool
1% Down

0% Silk

Man-made cellulosic 6%

~109

million mt

24% Cotton Polyester 52%

5% Other synthetics

5% Nylon

Source: Textile Exchange (2021).

Exhibit 14: Top 10 apparel retailers based on revenue

1% India

1% ltaly

4% Hong Kong
4% Sweden

4% UK "

4% Spain .
5% g | Usbos

Other 7%

USA 42%

6% Japan

France 22%

Source: Factset, as of November 2021
Companies in the Apparel/Footwear and Apparel/Footwear Retail industries based on Factset
industry classification; companies with market capitalisation of over USD 1 billion only.

Exhibit 15: Geographic spread of apparel retailers based

on revenue
USD 0.6 ‘

trillion TJX Companies 6%

o

LVMH 9%

Christian Dior 9%

NIKE 8%

49% Other

Inditex (Zara, etc.) 4%

H&M 4%

0,
gojn EDSS Stores / Fast Retailing Co. 4%
o Gap Kering 3%

Source: Factset, as of November 2021
Companies in the Apparel/Footwear and Apparel/Footwear Retail industries based on Factset
industry classification; companies with market capitalisation of over USD 1 billion only.
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Interventions

Intervention 2: Use microfibre filters for laundry machines

The installation of microfibre filters on washing machines could reduce
the release of microfibres into the environment, as filters would intercept
microfibres before they reach wastewater.

Filtration technologies already exist and costs to consumers do
not appear to be prohibitive (Exhibit 16). The installation of such
technologies would be important:

e Inthe medium term, until shedding rate regulations
become more widely introduced; and

e Inthe longerterm as zero-shed fabrics have still not
been developed.

The long-term efficiency of this measure to prevent microfibre
pollution would be driven by:

e The capture efficiency of the available technologies, as the
efficiency of available technologies averages around 50%
(Exhibit 16). However, the effectiveness of filter technologies
appears to be superior to in-drum devices;

e The scale of adoption, as filtration technologies would need
to be adopted globally to have a substantial effect;

e The treatment of captured microfibres, as this approach
relies on consumers to appropriately dispose of the
captured microfibres by depositing them in the trash
instead of washing them down the sink.

Based on the above, a 50% reduction in microfibre release
from residential laundry could account for between 25-71
million kg of microfibres per year (Appendix 1).

While consumers can already buy microfibre filters, it is up to
policymakers to mandate their wider adoption, either through
minimum product standards requiring filtration technology to
be installed, or through product labelling to facilitate informed
consumer choice. It is possible that product specification
requirements would be more effective as they would not rely
on consumer awareness and choice. Below are examples

of existing and proposed legislation and policy relating to
microfibre filters:

e France includes in its 2020 Circular Economy Law a
requirement that by 2025, all new washing machines sold
domestically must be able to filter out microfibres;

o Abill (the Microplastic Filters (Washing Machines) Bill) was
tabled in November 2021 in the UK House of Commmons
that if passed into law would require washing machine
manufacturers to fit microplastic-catching filters to new
domestic and commercial washing machines.”

e Australia announced in March 2021 with its National Plastics
Plan that it intends to work towards an industry-led phase-in
of microfibre filters on all new washing machines by 2030;°

e California’s State Assembly has proposed bill AB-802 on
microfibre pollution, which would require microfibre filtration
in laundry facilities. At the time of writing this report, this bill
is still in committee.

Exhibit 16: Examples of existing devices for capturing microfibres produced domestically

Type of device Examples

Approximate cost

Effectiveness Manufacturer reported

effectiveness

(given by Napper et al. 2020)

In-drum devices Cora Ball £22 31% 3107
(for laundry) GuppyFriend washing bag £26 54% 86%80
Fibre Free (not currently available Not available Not available 40%®
forindividual sale)
Eleanos Reusable Floating Net Bags £6 Not available Not available
External (add-on) filters  Xfiltra (not currently available Not available 78% 78%
(for laundry) for residential use)
Lint LUV-R filter kit + wall mount £112 29% 65%®%
MicroPlastics LUV-R £156 Not available 87%%
Planetcare £9 25% 90%°%
The Microfibre Filter (Girlfriend Collective)  £32 Not available 90-99%8°
Tap water filters Filtrol £100 Not available 89%°%
Laundry machines with  GRUNDIG FibreCatcher £500 Not available >90%®"
built-in filters Washing Machine

Microfibres: the invisible pollution from textiles
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Interventions

Intervention 2: Use microfibre filters for laundry machines

Some industry participants have already tapped into the
demand from environmentally aware consumers by providing
various technological solutions (Exhibit 16). For example, the
manufacturer of the microplastic laundry filter Lint LUV-R
reports that over 7,500 units have been sold since 2001.88

Gaining a better understanding of microfibre loss hotspots

in the supply chain can also help companies identify
opportunities to participate in the growing market of products
designed to reduce or combat microfibre pollution. The cost
to industry of this type of action would be associated with the
changes to product design and the manufacturing process,
as the filtration technology already exists. While there is one
known manufacturer who sells machines with integrated filters
at a cost-competitive price, this suggests a relatively level
playing field for manufacturers (Exhibit 16).

Requiring all commmercial washing machines to be retrofitted
with microfibre filters would pose a similar barrier, further
complicated by the need to enforce said regulation as the
responsibility for implementing this change would likely fall on
the owners of the commercial enterprises. While regulatory
and industry response may appear relatively slow, investors
could encourage faster voluntary actions by washing machine
manufacturers. Such actions include:

e Adding microfibre filters to existing products or offering new
products that include filters;

e Designing and selling add-on filters that can be retrofitted
to existing products;

e Investing in research and development to design ultra high-
efficiency microfibre filters, given that no filter on the market
can currently capture 100% of microfibres.

T e e

Given that regulation requiring washing machine filters already
exists, engagement in this area could also be beneficial for
investors from a risk management perspective. There could
be a risk of regulation, as relatively fast regulatory responses
have been seen with respect to similar issues (e.g. the global
regulatory response to microbead pollution®).

The global washing machine manufacturing industry is
relatively concentrated, with 5 companies accounting for over
60% of global production (Exhibit 17).

While this concentration implies a corresponding
concentration of regulatory risk exposure, it also suggests that
engagement with the industry could have impact at scale.

Exhibit 17: Market share of washing machine manufacturers
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Examples of investor engagement programmes led by Asset Managers

In 2020, the asset manager First Sentier Investors (FSI) started leading an institutional investor engagement group to
engage with the manufacturers of domestic and commercial washing machines to fit microfibre filtration technology to
their products as a standard feature by the end of 2023. FSI started the programme due to the slow adoption of microfibre
filtration technology in the washing machine industry. The engagement group was established with the support of

researchers at the UK Marine Conservation Society (MCS).

Thirty investors globally are already involved in the initiative and are engaging directly with manufacturers and their trade
associations to this end. Initial engagements demonstrate that while some manufacturers are willing to take leadership on
this issue by adding microfibre filters to their new machines, others will require policy cues to take substantive action. For

more information, see https:/www.firstsentierinvestors.com®

Microfibres: the invisible pollution from textiles

| s~



Interventions

Intervention 3: Curb microfibre releases from textile

manufacturing

Research on microfibre release during the production phase is
scarce, but some existing estimates suggest that this could be
even greater than release during the use phase'®'*® or as high

as 10-15% of input fibre.! The implementation of industry best
practices known to reduce microfibre shedding could have a
meaningful impact on the microfibres lost during textile and
apparel manufacturing. The OECD reports that changing the
design and manufacture of textiles and garments can decrease
shedding rates by up to 80-90%.%°

As microfibre release during manufacturing is less well
researched so far, initial actions are likely to be industry-led
and follow existing best practices known to reduce shedding:

1) Identify microfibre release points during the manufacturing
process;

2) lIdentify existing practices and processes that could reduce
microfibre pollution during production at these release
points, such as:?'%

e Prewashing garments
e Installing vacuum exhaustion
e Using ultrasound cutting techniques

e Applying non-shed coatings (to the extent those do not
present additional environmental concern)

e Reducing brushing

3) Implement relevant practices internally and promoting their
use among peers;

4) Develop a publicly available inventory of microfibre
reduction best practices for the entire supply chain, such
as that by Operation Clean Sweep for preproduction plastic
pellets.®’ This inventory could be updated as technology
and data collection processes improve.

Role of policymakers: While industry can voluntarily adopt
the practices described above, regulators can also require
that industry adopt relevant practices or best available
technology (BAT). For example, the US Clean Water Act refers
to best practices with respect to wastewater treatment and
toxic pollutants and the US Environmental Protection Agency
has used this in reference to permit regulations.®? Similar
policy could be implemented to scale up the adoption of BAT
designed to control microfibre pollution.

Microfibres: the invisible pollution from textiles

At the same time, investor-led engagement could encourage:

The collection of robust life cycle data on the microfibre loss
associated with products;

e The adoption of existing best practices across supply
chains to minimise microfibre loss during textile and
apparel manufacturing;

e The setting of targets and commitments relating to the
management of microfibre loss in supply chains. This could
include quality and durability standards for fibre length and
shedding rates and commitments to only produce products
that are below a certain threshold shedding rate.

Microfibre loss risk assessment tool
for textile manufacturers

To help companies in the textile value chain identify
microfibre hotspots in their production processes

and product lines, the UK-based international wildlife
conservation organisation Fauna & Flora International
(FFl) is developing a risk assessment tool to help
companies to pinpoint high risk processes that increase
the danger of microplastic fibre loss to the environment.

The tool will include simple, practical steps that
companies can take to understand potential sources
of microplastic fibre pollution within their operations.
The tool is being built for companies of all sizes and at
all stages in the manufacturing chain, including those
who are less familiar with the issue. It will also include
potential solutions for identified areas of risk and links
to best practice guidance published by other industry-
led initiatives, where applicable.

As afirst step towards tackling this issue, the risk
assessment tool will complement both the ongoing
innovation in garment and fabric design and efforts to
minimise microplastic fibre loss during washing. The
tool is slated to be released publicly in 2023. For more
information, please contact info@fauna-flora.org.




Interventions

Intervention 4. Improve microfibre retention during

wastewater treatment

Expansion or improvement of wastewater treatment
infrastructure is another potential approach for reducing
microfibre pollution, although it could be the least effective
solution due to a number of considerations:

e |arge-scale infrastructure solutions are typically very
expensive;

e The incremental benefit in microfibre capture rate could be
minimal, given the already high effectiveness of existing
infrastructure (often over 90%);

e Captured pollutants are still reintroduced to agricultural
soils via sludge, as this is still a valuable circular economy
product and so will likely continue to be so.

o

All of those considerations create additional incentives

to address microfibre loss further up the value chain.
Nonetheless, we note that expanding wastewater treatment
connectivity would have much wider environmental and health
benefits due to the fact that approximately the two thirds of
the global population currently does not have access to such
infrastructure.

Given the size of capital investment costs for infrastructure
expansion and renewal, such initiatives and decisions are
largely in the remit of government and regulatory bodies, and
investors may have limited ability to influence and contribute.




The vast and growing problem of microfibre pollution has been gaining
attention over the past decade. Even though research on the implications of
microfibre pollution and exposure is still in its infancy, the available findings
to date indicate negative repercussions for both humans and ecosystems.

Ultimately, there is no silver bullet solution for addressing
microfibre pollution, as there will likely never be a zero-shed
fabric and no existing solution has 100% effectiveness or

a strong likelihood of large-scale adoption in the absence

of regulation. Even with regulation, it is likely to be some

time before substantial reduction is seen in the volume of
microfibres entering the environment. Therefore, it will take a
combination of approaches that are deployed simultaneously,
with actors from all sides pushing for change, to adequately
address the issue of microfibre pollution.

Therefore, there are important roles for industry, policymakers
and investors in driving forward change on this issue. Some of
the most important first steps include:

e Developing a measurement standard: A critical first step
is the creation of a government and industry-approved
standard for measuring the microfibre shedding rates of
textiles. From here, companies and policymakers alike can
consistently measure shedding rates, paving the way for
a common understanding of what fabrics and processes
contribute the most to microfibre pollution.

e Taking policy action: Policymakers are encouraged to
set national action plans for tackling microfibre pollution
to provide direction and timelines for industry regarding
regulatory action.

Microfibres: the invisible pollution from textiles

Setting commitments: Industry members and associations
are encouraged to set commitments and targets relating to
microfibre pollution, especially with regard to adopting best
practices and gathering data to better understand microfibre
hotspots in their supply chains.

Conducting research: Policymakers and industry alike
are encouraged to participate in ongoing research efforts
directed at understanding how microfibres interact with
and affect human health and the planet, especially with
regard to their persistence in the environment, their ability
to leach contaminants, and the physical affects they have
on our bodies.

Engaging with industry: Investors can engage and
influence corporate responses to microfibre pollution.
Where regulatory response is lacking, investor influence
could help speed up the efforts required to effect large-
scale change.
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Appendix 1: Internally derived estimates

Due to the limited data on microfibre release through

the textiles lifecycle, this paper has made an attempt to
consolidate and further develop the available estimates. The
input sources and calculations are presented below. This
work should be considered only as an attempt to provide
context. We note that it uses a variety of input sources, which
may not be fully complementary or aligned to each other, as
well as a number of simplifying assumptions. Due to the data
gaps, the variety of sources and the varying degree of overlap
and coverage, the internally derived estimates could not be
considered complete. Hence, these calculations should be
considered in the context of their limitations.

Summary of input data
Available estimates on microfibre release

e 0.52MMT, through entire lifecycle, synthetic microfibres
only??

e  0I8MMT, during laundry, synthetic microfibres only™

e 0.36MMT, during laundry, synthetic microfibres only'

e  O5MMT, during laundry, synthetic microfibres only®®

e Microfibre release during manufacturing could be higher
than that during the use phase,’® assumed to relate to both
synthetic and natural microfibres.

e 10-15% of textile mass could be shed during manufacturing
phase.! We understand this estimate to relate to both
synthetic and natural microfibres.

e 0.5-1.3g of microfibre release per wash cycle.® We
understand this estimate to relate to both synthetic and
natural microfibres.

e Microfiber release during wear could be as high as during

washing.?® We understand this estimate to relate to both
synthetic and natural microfibres.
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Other data used

840 million washing machines in use globally”
e 130 loads per household per year®

e Natural fibre production as a percentage of synthetic fibres
production in 2020 = 61% (2020 global fibre production
from natural sources, including plant-based sources, of
41IMMT as a share of global fibre production from synthetic
sources of 68MMT - 4IMMT/68MMT = 61%°)

e Natural fibre production as a percentage of synthetic fibres
production cumulative for the period 1975-2020 = 114%
(cumulative global fibre production from natural sources,
including plant-based sources, for the period 1975-2020
as a share of global fibre production from synthetic sources
for the same period, estimated based on 5-yearly data,
assuming equal CAGR for the years where annual data is
not available®)

e 109MMT global fibre production in 20203

Assumptions and calculations

1. All synthetic-only estimates are converted into totals,
synthetic and natural, following:

a. Estimate shedding from natural textiles - multiply the
synthetic-only number by 61% and 114% (the proportion
of natural fibre production as a share of synthetic fibre
production). Neither number - 61% annual for 2020
or 114% cumulative for 1975-2020 - is ideal, as many
textiles would likely remain in use for over a single
year, but equally few would be in use for over 30 years.
Nonetheless, using both approaches could give an
approximate range.

b. Sum available numbers for synthetic-only microfibre
release and estimated range for natural microfibre
release.

c. Limitation: For simplicity, the above calculation assumes
that shedding rates between synthetic and natural
textiles are similar. However, there is some evidence
that the dominant natural fibre - cotton, could shed
almost 50% more than polyester®’ Hence, our
assumption could produce an underestimate.

2. Microfibre release during the wear phase is assumed to
equal the estimated release from washing.?°
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Appendix 1: Internally derived estimates

Estimated microfibre release during the use phase is
assumed to equal the estimated release from laundry and
wear.

Estimated microfibre release during manufacturing is
estimated as follows:

a. Assumed to equal the estimated release from
use phase. This assumption could produce an
underestimate, as some work suggests that release
during manufacturing could be underestimated
compared to release during the use phase.®

b. 10-15%' x 10OMMT global fibre production for 20203
= approximately 11-I6BMMT. This approach is very
likely an overestimate, as the source acknowledges
that a portion of microfibres shed during this phase
are captured and not released into the environment.
However, this portion is not known.

Microfibre release from residential washing machines is
estimated as: 0.5-1.3g of microfibres released per wash®
x 130 washing cycles a year®* x 840 million washing
machines globally™ = 0.06-0.14MMT a year.

Relative frequency of handwashing and commercial
washing of textiles: No information on microfibre release
from these processes were found. For simplicity, we
assume that the release from these sources equal release
from the residential washing machines. It is unclear to
what extent this assumption could produce an under or
overestimate, but it only impacts the interpretation of the
range calculated under point 5 above.

No estimates for the release of microfibres from tumble
dryers and from textiles incorrectly disposed of in the
environment were found. As a result, our estimates exclude
these potential sources of microfibres. This is likely to result
in an overall underestimate for total microfibre release into
the environment.
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Estimation outcomes

Overall, the majority of our estimates for the total release of
microfibres (including both synthetic and natural materials), fall
in the range of 0.48-4.28MMT. That range excludes a single
double-digit estimate in the range of 11-18MMT.

e Arange of 116-4.28MMT was derived from 3 sources
providing estimates for release of synthetic microfibres
during laundry%870, The top end of the range is driven by the
estimate by the Ellen MacArthur Foundation.

e Arange of 0.84-1.11IMMT was derived from the single
sources providing an estimate for microfibre release from
all stages within the textile lifecycle, but for synthetic fibres
only.%

e Arange of 0.48-1.12MMT was derived based on internal
calculations using microfibre release estimates per wash
cycle® The low end of this estimate determines the low end
of our overall internally determined range.

e Arange of approximately 1-1I8MMT is obtained by using the
information that as much as 10-15% of textile mass could
be lost during the manufacturing process.' This approach
results in a significantly higher estimate than the other five
sources. Due to the lack of clarity as to what share of those
microfibres is not captured during manufacturing and as
aresult released into the environment, this estimate is
excluded from our overall estimation range.
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Appendix 2: Summary of existing and proposed

legislation on microfibres

Intervention Title of regulation

Use microfibre filters on
washing machines

Circular Economy Law (France)

Requires that by 2025, new washing machines will be
able to filter microplastics

Status of regulation

Passed (2020)

National Plastics Plan*

Work with the textile and whitegoods sectors on an
industry-led phase-in of microfibre filters on new
residential and commercial washing machines by
1July 2030

Implemented (2021)

Assembly Bill 802 (California State Assembly)

Would require effective microfibre filtration in laundry
facilities

In committee
(as of January 2022)

Regulate textile
shedding rates

Bill A10599 (New York State Assembly)

Would have required additional labels on clothing
composed of more than fifty percent synthetic material
to notify consumers such clothing sheds plastic
microfibers when washed

Not passed; died in
committee (2018)

Potential implications for
companies

All washing machine manufacturers
and retailers would be required to
produce and sell products fitted with
integrated filters

Assembly Bill 2379 (California State Assembly)

Not passed; died at

Potential for decreased consumer

Would have required clothing made of fabric containing 3" reading (2018) demand for clothing garments

more than 50% polyester to have a conspicuous label containing >50% polyester in

that warns of plastic microfibre shedding California and all locations that

California brands ship to

Other H.B. 5360 (FKA Raised Bill No. 341) Passed (2018) None yet

(Connecticut General Assembly)

Requires the state Commissioner of Energy and

Environmental Protection to convene a working group

of representatives of the apparel industry and the

environmental community

Article L-541-10-3 of the Code de I'Environnement Passed (2007) Cost of engaging with recyclers and

Extended Producer Responsibility (EPR) scheme that
requires all legal entities producing new textiles and
clothing in the French market to take responsibility for
the recycling/proper disposal of their products

waste management to address end
of life of products

EU Strategy for Textiles® Awaiting Commission None yet
A strategy will help the EU shift to a climate-neutral, adoption
circular economy with durable, reusable, repairable, (scheduled for early
recyclable and energy-efficient textiles. Will include 2022)
a cost-benefit analysis of policy measures reducing
unintentional release of microplastics
Improve microfibre retention ~ None identified n/a n/a
during wastewater treatment
Curb microfibre loss during None identified n/a n/a
textile manufacturing
Develop and adopt a shedding  None identified n/a n/a

rate testing methodology
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Appendix 3: Non-governmental organisations with
activities related to microfibre pollution and sustainable
fashion

Organisation Name Focus/Description

Ellen MacArthur Foundation A UK registered charity that works to promote a circular economy. It has launched a Circular Fibres
Initiative and a New Plastics Economy Initiative.

Plastic Soup Foundation A non-profit organization that initiated the Ocean Clean Wash campaign focused on microfibres.
They work with the Wear off Microfibres Alliance (WOMA), which is a group of research centres that
test clothes for microfibre shedding rates.

The Microfibre Consortium The Microfibre Consortium is a research-led sustainable textiles NGO that convene the global
textiles sector through The Microfibre 2030 Commitment to limit fibre fragmentation and
microfibre pollution.

Friends of the Earth A not-for-profit company that has published some communications on microfibres and has an
active petition asking the UK government to reduce manufacturers’ and retailers’ production of
plastic waste.

The Outdoor Industry Association (OIA) Anindustry association that facilitates efforts among member companies to drive data collection

on the sources and causes of microfibre release and to implement solutions. They also provide
resources on microfibres, including a microfibre toolkit and a list of key projects.

European Outdoor Group (EOG) An industry association that represents the outdoor sector across Europe. It includes retailers,
national associations and technology providers and engages in market research, CSR, lobbying
and more.

Sustainable Apparel Coalition (SAC) A global multi-stakeholder non-profit alliance for the consumer goods industry made up of

250+ organisations associated with the textile industry to reduce environmental impact and
promote social justice throughout the global value chain. They developed the Higg Index, a tool
that measures environmental and social labour impacts across the textile value chain. However,
the tool is only available to SAC members and it is unclear if it includes microfibre metrics. The
environmental criteria it states to cover are: greenhouse gas emissions, water, wastewater, air
emissions, waste, and chemicals management.

Fashion for Good A platform for sustainable fashion innovation. They provide support to innovators through 3
programmes: an Accelerator, a Scaling Programme and a Good Fashion Fund.
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