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Itis my pleasure to introduce the fourth edition of the Textiles Observer at a
moment of genuine strategic momentum for the global cotton and textile sector.
ICAC has recently been admitted as one of only four international organizations to
the European Commission's Technical Advisory Board for the Product Environmental
Footprint methodology, joining the Food and Agriculture Organization of the United
Nations, the United Nations Environment Programme, and the European
Environment Agency. The Product Environmental Footprint system measures the
environmental impact of products placed on the EU market, and because the EU is the
world's largest clothing import market, its methodology shapes product labeling,
sourcing decisions, sustainability claims, and consumer perception globally. A
methodology that does not provide a level playing field to all fibers, or that is
incomplete in its treatment of key environmental parameters, risks producing

outcomes that do not reflect the full scientific picture.

ICAC Executive Director Eric Trachtenberg and I will represent the global cotton
and textile industry on the TAB, contributing ICAC's technical expertise to ensure that
parameters such as microplastic pollution, biodegradability, renewability, and end-of-
life impacts are fully and accurately reflected in the methodology. This is not about
environmental accountability for any single fiber. It is about ensuring that
sustainability assessment is science-based, complete, balanced, and transparent. Good
sustainability policy depends on good science, and good science requires all relevant
voices at the table. ICAC is proud to be one of them. Building on its longstanding
technical engagement with the European Commission's methodology process, at a
recent TAB meeting it was confirmed that a new impact category titled Physical
Effects of Microplastics and Microfibers on Biota is being proposed in the

Environmental Footprint methodology.

On the investment front, ICAC is working intensively on the first-ever Global Cotton
and Textiles Investment Summit, which will be hosted by the Ministry of Investment
of the Government of Uzbekistan. The Summit is being designed as a dedicated global
platform to connect cotton and textile-producing countries with international
investors, financial institutions, and technology providers, with a clear emphasis on
investment facilitation, joint ventures, and project-level engagement. More details

will be shared with member governments and industry partners in the coming weeks.
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- This edition brings together two articles that address core dimensions of textile
sector competitiveness:

« The first, by Dr. Marinus van der Sluijs, provides a comprehensive technical
overview of cotton contamination, one of the most persistent and costly quality
challenges facing the cotton supply chain. The article examines sources, detection
methods, and removal technologies across the processing pipeline, concluding that
prevention at source remains the only completely effective solution.

« The second article analyses the EU's Ecodesign for Sustainable Products Regulation
and the Digital Product Passport in depth, making the case that DPP is not
primarily a sustainability instrument but a market access requirement, and that the
regulatory choices being made now will determine competitive outcomes for cotton
and textile exporters for years to come.

Kanwar Usman
ICAC Head of Textiles
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Cotton Contamination:
The $200 Million Fiber Problem

By Marinus (René) van der Sluijs, Principal Consultant, Textile Technical Services, Geelong,
Victoria, Australia

Abstract

Contamination in cotton, even if it is a single foreign fiber, can lead to the downgrading of
varn, fabric, or garments, or even to the total rejection of an entire batch. It can cause
irreparable harm to the relationship between growers, ginners, merchants, and textile and
clothing mills. Contamination thus continues to be an important cotton fiber quality
parameter in the production pipeline, with countries and cotton that are perceived to be
contaminated heavily discounted. At the same time, spinners are implementing various
methods to detect and eliminate contamination. Given the adverse effect on processing and
product quality arising from contamination, it was considered important to compile a brief
overview on the subject.

Introduction

Due to the increasing demands of modern spinning—in terms of speed, automation, and raw
material cost—and the increasingly competitive global textile market, cotton fiber quality (in
terms of length and uniformity, strength, micronaire, trash content, color grade, and
extraneous matter) is of the utmost importance to the spinner. In addition, the presence of
contaminants in cotton, particularly foreign fiber, can affect its perceived quality and value.
Various sources of contaminants, such as paper, plastic, feathers, hair, etc., can be
incorporated into the bale because of human interaction during harvesting, ginning, baling,
and even in the spinning mill itself.

This contamination, even if it is a single foreign fiber, can lead to the downgrading of yarn,
fabric, or garments, and/or even to the total rejection of an entire batch, resulting in large
financial claims and losses. This can cause irreparable harm to the relationship between
growers, ginners, merchants, and textile and clothing manufacturers. Depending upon its
nature, the spinning and fabric processing method and route, as well as the end use,
contamination can adversely affect textile processing efficiencies due to end breakages
during yarn and fabric formation, cause damage to processing equipment (such as beaters and
wire), and even cause fire in the mill.

More importantly, contamination can adversely affect the appearance of the yarn, fabric, and
final product, especially in fine count yarns, resulting in such products having to be sold as
seconds. The more steps there are in the spinning process, the more difficult it is for any
foreign fiber to be detected, as the distance between any such foreign fibers increases with the
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number of stages due to increased drafting ratios. For example, the distance between foreign
fibers is longer in combed ring-spun yarns than in rotor-spun yarns.

It has been stated that even though the levels of foreign fiber contamination in cotton have
been drastically reduced due to various corrective actions, it still represents the number one
problem for manufacturers of high-quality cotton products. It is also worth mentioning that
contamination can occur, and present a severe problem, in most other natural fibers, such as
wool and mohair, but seldom in man-made (synthetic) fibers.

Considering the above, it is not
surprising that there are serious
penalties for contaminated cotton. In
2002, the International Textile
Manufacturers Federation (ITMF)
reported that claims due to
contamination in cotton amounted to
between 1.4% and 3.2% of total cotton
and blended yarn sales. Recognizing the
slim margins on which spinning mills

3 operate, these figures illustrate the
—3 &= F == serious effect which contamination has
on spinning mill profit margins. In fact, it has been reported that contamination-related losses
amount to US$200 million per year worldwide. It has also been stated that the presence of
colored fibers in fabrics can result in bleeding during bleaching, resulting in the finished
fabric being cut, replaced, or redyed with other colors. It has also been reported that
contamination-related complaints and claims amount to approximately 15% of all yarn
complaints.

The issue of contamination is nothing new, and for a long time, spinning mills have lodged
complaints and produced evidence of contamination found in cotton bales they have
purchased, with the first recorded official complaint raised as far back as 1909. Indeed, there
is a feeling amongst mills, which is borne out by the ITMF Contamination Surveys, that
contamination is increasing, and that the cotton trade (from growers through to merchants)
has done little to eliminate or reduce the incidence of contamination. There are, however, no
established international or universal standards relating to contamination size and frequency;
most end-users demand a zero level of contamination. Therefore, the more quality-conscious
spinners have defined their own allowable levels of contamination and developed a range of
screening protocols to assess the contamination risk associated with the various sources or
origins of cotton.

The weight of contaminants in cotton bales can range from 1-100 grams/ton, with
contamination rates of 1-4 grams/ton considered low, 5-15 grams/ton moderate, and above 20
grams/ton high. It has been suggested that if the level of contamination is less than 1
gram/ton, and all other remediation controls are in place, the contamination in fabric and
garments would be minimal. Although, at 0.001% by weight, such a level of contamination is
extremely small, it must be remembered that contamination is quantified by the number and
frequency of incidents rather than by their weight, and 0.001% by weight can equate to as
many as 15,000 fibers.
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To illustrate the serious losses that can be suffered as a result of contamination, it has been
calculated that, during processing, a five-gram piece of polypropylene twine in a cotton bale
could be fragmented into some 10,000 fibers and lead to financial losses exceeding
US$50,000. Contaminants found in sewn and finished goods are the costliest due to the
number of processing steps and the value added to the fibers. It has been stated that losses can
be at least 1,000 times more expensive than if the contaminants were found in the bale prior
to processing.

As blending of cotton lint from various parts of the world is a standard practice for spinning
mills, it is often difficult for a mill to pinpoint the origin of the contaminants once an incident
occurs or a complaint has been received. Nevertheless, through the practical experience of
mill staff and industry hearsay, cotton purchases from origins that are known, or perceived, to
be contaminated are either avoided or the use of those growths minimized. This is not always
easy since most of the cotton is produced in Asia, from which the most heavily contaminated
cottons originate.

Once an origin has achieved a reputation for
contamination, the likelihood of achieving base world
market prices is slim, and cottons from that origin are
usually heavily discounted, ranging from 5% to 30%, even
if the fiber quality is acceptable.

Also, some mills will not purchase hand-picked cotton unless it is heavily discounted, due to
the typically high incidence of contamination—this despite the fact that hand-picked cotton
has fewer neps and short fibers, alongside better length uniformity. This contrasts with
cottons from Australia and the US, which continue to achieve premiums for their cotton due
to their reputation for low contamination levels. Mills using such cotton could demand a
premium of between 2 and 20 US cents/kg for their yarn due to the guarantee of being able to
deliver contaminant-free yarn for use in high-quality garments and light/pale shades.

Because of the global cotton industry’s growing concern about contamination, and to
quantify the type and level of contamination found in cotton, the ITMF has conducted
biennial contamination surveys of cotton mills to obtain a measure of the level and type of
contamination in world cotton crops. The survey thus, in essence, records the perception of
spinners and is not based on scientific or quantifiable evidence; it can, nevertheless, still be
considered a valuable source of information and data for the industry.

The major source of contamination in all cotton bales continues to be organic matter, such as
leaves, feathers, paper, and leather. The next most prevalent contaminants are pieces of fabric
and string made from woven plastic and plastic film, followed by jute/hessian, which
originate from bale covers and picking bags, and both natural and colored cotton, mainly
from bale covers but also from apparel, cleaning rags, and module ropes. This is followed by
inorganic matter, such as sand/dust, rust, and metal wires, which are in turn followed by oily
chemical substances, such as grease and oil (mainly due to excess lubrication, worn seals, and
hydraulic oil leaks during harvesting and ginning), stamp color (mainly due to using
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permanent markers to identify modules or bales), rubber, and tar. Oily chemical substances
and inorganic matter, such as rust and metal, have remained constant.

Fabric and string contaminants mainly originate from module covers for both conventional
and round modules, plastic shopping and fertilizer bags, agricultural mulch film, plastic
twine, irrigation tubing, and bale covers that are damaged during warehousing and shipping.
It must be borne in mind that there are other contaminants, such as rocks, stones, human hair,
etc., present in cotton that are not covered by the ITMF categories.

As already mentioned, the degree of contamination varies widely from country to country and
region to region, and is related to different farming, harvesting, and ginning practices. No
cotton is contaminant-free, with the least contaminated cotton still having contamination
levels of 4-5%. According to the results of the ITMF surveys, the most contaminated cottons
continue to originate from India, Tiirkiye, Africa (various countries), and Central Asia, with
the least contaminated cotton continuing to originate from the US, Israel, Australia, and
certain countries of West Africa. The ITMF survey results are very similar to the results of
other surveys. Changes in contamination status have also occurred over time. It is also
notable that mechanically harvested cotton is less contaminated due to the lower level of
interaction between humans and the cotton during mechanical harvesting and the subsequent
ginning processes; hand pickers, for example, often use plastic bags.

Methods to Detect and Eliminate Contamination
General

Contamination represents a significant cost to spinning mills, and thus it is important to
detect and eliminate it as early in the process as possible. This has led to the development and
implementation of a range of methods and practices to detect and remove contamination from
the processing pipeline.

Cotton passes through many processing stages in a spinning mill, each of which can be
affected differently by contaminants depending upon their size and type; nevertheless, these
stages can also present opportunities to detect and eliminate the contaminants. Contamination
in cotton occurs in many types, shapes, and sizes, and whilst larger pieces of contaminants
are more likely to be removed during processing, each mechanical process has the potential
to reduce the size of the contaminants into a large number of fragments, particles, or fibers—
the latter being particularly problematic.

Foreign fibers, when present, tend not to be distributed uniformly, generally forming clusters
that are highly dependent on the process and machinery used, the type of raw material, and
machine settings. It is worth noting that the vast majority of contaminants remain intact
during the opening and cleaning stages in the blowroom, but then become fragmented later.
Furthermore, although some contaminants are removed during the carding and combing
processes, the large majority are severely fragmented during carding due to the action of the
revolving flats.

These smaller pieces and fragments can remain undetected, only becoming noticeable in
subsequent processing stages, quite late in the conversion process. This can lead to drafting
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issues during drawing, roving, and spinning, resulting in end-breakages during the roving and
spinning processes, or more costly, in the worst case, it may only be detected once the
finished fabric or garment is inspected before sale. It has also been stated that some 20% of
machine stops during sectional warping are caused by foreign fibers.

Pre-Farm Gate Actions

The first, and most logical, step to address the problem of contamination is to prevent, avoid,
or minimize contamination entering the production process, particularly during growing and
harvesting, through appropriate farm management and associated practices. This can be
achieved by appropriate educational programs for growers, harvesters, and ginners that
provide information on preventing, or at least minimizing, the contamination of seed-cotton
and lint in the field up to ginning.

These programs need to be regularly updated and presented to ensure that awareness remains
high and that the programs include the latest developments in growing, harvesting, and
ginning technologies and practices. The key message in these campaigns should be that
negative reputations around contamination can lead to huge losses for the country or region
concerned. A suggested method, though less practical for large cotton fields, is the manual by
either infrared or ultraviolet (UV) light devices mounted on a mechanical harvester has also
been suggested. Other suggestions, more applicable to less developed countries, include:

e Selection of cotton in fields.

o Use of picking bags made of grey or white cotton.

e Manual sorting of seed cotton for contaminants prior to ginning and during feeding
into the gin.

e Ginning under own supervision or Custom Ginning.

e Avoiding HDPE and Hessian cloth for the transportation of waste.

e Providing all workers with white clothing, as well as caps and gloves.

o Placing the picked cotton on cotton cloth while storing and transporting it to the gin.

Detection and Removal at the Gin

In some instances, the upgrading and
modernization of the gin — in terms of
automation, the inclusion of modern cleaners, and
the formulation and implementation of standard
work practices — could contribute to the reduction
of contamination. This is especially true for hand-
picked cotton and in countries where labor costs
are comparatively low, with gins employing large
numbers of people to feed and operate the facility.

Contamination detection and removal systems developed for spinning mills have been
applied in gins since the early 2000s. Nevertheless, to date, these systems, or the sensors they
employ, have not performed well in high-volume and physically harsh ginning environments
(in terms of dust and heat). Furthermore, there is a large cost associated with adapting
systems designed for spinning mill conditions to cope with the conditions in a gin.
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From the above, it is clear that it is preferable, if not imperative, to avoid contaminants
entering the ginning process in the first place. As such, one solution has been to install a
camera in the module feeder that automatically detects and alerts gin operators to the
presence of large pieces of contamination caught on the module beaters. Further research in
this area is continuing, with various systems for the detection of plastic in seed-cotton being
investigated, including using ion mobility, as well as UV fluorescence, visible, near-infrared,
and short-wave infrared. The detection of contamination is obviously an important part of the
solution, but the question remains whether ginners would be willing to stop production to
remove the contaminants once they have been detected.

Detection and Removal Prior to Spinning

As contamination represents a significant cost to spinning mills, various methods of
eliminating or minimizing contamination—tranging from contract farming to manual removal
to detection and removal by instrument or machine—have been implemented, particularly in
mills using cotton from different origins. In countries where labor costs are comparatively
low, mills will often employ large numbers of people to patrol the bale laydown and remove
contamination from the bales before the cotton is fed into the blowroom line by the bale
opener/plucker. It has been reported that this manual, labor-intensive method removes some
40% to 45% of contaminants.

Several spinning mills manually inspect every bale of cotton and remove contamination
before the bale is processed. This manual sorting is either done directly from the bale, or the
bale is first opened using a bale opener with a spiked lattice prior to manual sorting. Manual
sorting is, however, very time-consuming and labor-intensive and, depending on the cost of
labor and level of contamination, can add between 3.1 and 4.4 US cents/kg to the cost of the
lint, with the cleaning efficiency ranging from 55% to 70%.

Although manual intervention is helpful, spinning mills that employ staff to manually remove
contaminants have come to realize that, in general, only relatively large pieces of
contaminants (e.g., larger than 1 cm?) are removed in this way. Furthermore, the manual
removal of contaminants is costly, time-consuming, tedious, and prone to human error. The
process is also very harsh on the hands and eyes of the mostly female staff, and in most
cases, the work environment is uncomfortable with little to no ergonomic consideration.
Hence, these mills also invest in systems to detect and remove contaminants. It has been
stated that, excluding yarn clearers, spinning mills have invested over US$500 million on
systems to detect and remove contaminants in cotton. At an average cost of US$250,000 to
US$500,000 per unit, this increases the cost per bale of cotton by between US$5 and US$10.

There are several foreign matter detectors on the market that can be installed at various stages
of the cotton processing pipeline, from bale to yarn. The inclusion of metal detectors in
blowrooms has been a standard feature for many years. Careful control of waste recycling
and maintenance in the spinning mill are also paramount to avoid the accidental introduction
of contaminants into the process. Furthermore, spinning mills that produce yarns from
various fiber types, blends, and even dyed material, either sequentially or simultaneously,
need to have procedures in place to ensure that all the machines are adequately cleaned prior
to starting up a new run, as well as to ensure that the different fibers are segregated to
minimize contamination due to loose fly. Installing UV lights in the packing and inspection
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departments will assist in detecting chemical/oily substances and foreign fibers, including
man-made fibers that fluoresce.

Contamination detection and removal systems installed in the blowroom, prior to carding, are
common and form a critical component of the blowroom. These systems are normally
installed at the beginning of the blowroom line, after coarse cleaning and initial opening of
the fiber, and before the final cleaning stage, although a number of spinning mills have also
installed a second machine at the end of the blowroom line. The first of these systems became
available on the market in the early 1990s, with current systems detecting contaminants by
means of acoustic, optical, and color sensors. These can, depending on the system, detect
colored, white, colorless, and even transparent fibers as the material passes through a viewing
chamber after initial opening and before the final cleaning stage prior to carding.

When a contaminant is detected, it is registered and then pneumatically removed via an
alternate material flow outlet.

Even though there are estimated to be over 5,000
contamination detection and removal systems installed
worldwide, they continue to be expensive and require
highly skilled technicians.

There are also issues with their capacity, as well as the amount of good fiber that is extracted
when contaminants are ejected, with older systems removing 100—120 kg and newer systems
30-40 kg per day of good fiber.

In 2004, it was reported that 25% of global cotton consumption was processed through
contamination detection and removal systems installed in the blowroom. It has, however,
been stated that these systems remove only around 60% to 75% of contaminants, depending
on the position of the system (at the beginning or end of the blowroom line), the degree to
which the fiber is opened prior to detection, the size and color of the contaminants, the
production rate, and the possible number of air blasts per hour (by pneumatic valves) used to
remove the contaminants.

In addition to the foreign matter detectors installed in the blowroom, there are devices on the
market that can be added to the creels of drawing and lapping machines, which detect foreign
fibers (of a different color) and stop the machine for removal of the contaminant by the
operator.

Detection and Removal During Spinning

Traditionally, electronic (optical or capacitance-based) yarn clearers installed on winding and
spinning machines, such as rotor and air-jet machines, were used to detect and remove
unwanted and objectionable faults from yarn (e.g., slubs, thin places, and thick places).
Modern clearers are now also able to detect and remove foreign matter (e.g., foreign fibers)
from yarn before it is wound onto packages. The clearers installed on winding machines are
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now sensitive enough to remove fibrous material ranging from 1 cm? down to 0.001 cm? in
size, and are thus considered to be the most reliable for contamination detection and removal.

In 2006, 75% of yarn clearers installed on winding machines worldwide (excluding China)
had foreign fiber detectors fitted. The actual number of such installations will be greater
today, given the modernization of the Chinese spinning industry. The types of contamination
removed, and the efficiency of their removal, depend on the sensors employed and on the
specific yarns they monitor. The disadvantage of these systems is their cost and sensitivity to
a large number of contaminants, which, in extreme cases, can result in loss of production,
increased waste, higher processing and labor costs, and a reduction in yarn quality due to
increased splices (and, in some instances, knots) from clearer cuts.

These clearers can also be installed on modern, high-production spinning machines, such as
air-jet and rotor (open-end) spinning machines. Nevertheless, to avoid a dramatic drop in
efficiency and yarn strength due to splicing and piecing, these clearers need to be set to
remove only the major contaminants. It was estimated that in 2008, only 20% of the yarns
spun on rotor spinning machines were cleared using yarn clearers that detect and remove
foreign fibers. This number would be greater today, given the modernization and installation
of new rotor spinning machines worldwide. A study conducted on rotor spinning showed that
high rotor speeds (>100,000 rpm), smaller rotors (<36 mm), and low yarn counts (<25 tex)
are more susceptible to foreign fibers.

Spinners have also stated that yarn clearing systems only remove some 70% to 85% of
contaminants. A commercial study concluded that a low degree of contamination in ring-
spun combed cotton yarns was 10 fibers/100 km, and for carded yarns 20 fibers/100 km;
resulting from this, the first Uster Statistics for foreign fiber levels were drawn up in 2006.

Modern yarn clearing and monitoring systems on winding and rotor spinning machines, as
well as yarn classification systems, can provide information on the type and number of
foreign fibers, assisting in determining the clearer settings and the efficiency of their removal.

To avoid or minimize any potential claims due to contamination, spinning mills—especially
those that produce high-quality, fine combed yarns—will often install detection and removal
systems both in the blowroom and on their spinning and winding machines. This is the most
effective way to eliminate foreign fibers without sacrificing production efficiency. One study
showed that the installation of a modern blowroom detection and removal system alongside
yarn clearers on winding machines led to a 54% reduction in polypropylene and foreign fiber
cuts.

Detection and Removal Post-Spinning

Although there is a possibility of removing contaminants manually from fabric, it is highly
time-consuming and expensive. It is estimated that the associated inspection and removal
costs for fabrics are around US$4.00/100 meters. The difficulty of removing a contaminant
without damaging the fabric depends upon several factors, such as fabric structure,
compactness, and yarn twist. For example, contaminants cannot easily be removed from
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knitted fabrics, as this is likely to cause holes, while in a woven fabric it is exceedingly
difficult to remove contaminants present in the warp direction due to the presence of size.

UV lights can also be installed in the yarn packing and inspection departments to detect
chemical/oily substances and foreign fibers, such as polyester, that fluoresce. Chemical
treatments, such as bleaching/scouring in preparation for dyeing, can sometimes reduce the
problem of contamination depending upon the nature of the contaminants, but this adds
further costs that are not always acceptable. This option may, however, be phased out due to
environmental legislation prohibiting aggressive bleaching (for example, with chlorine).

There is no doubt that all the methods and approaches discussed reduce the risk of
contamination-related claims, but they do not guarantee the yarn or fabric produced will be
entirely free of contamination. Added to this, there are no international standards for
acceptable levels and sizes of contaminants in fabrics.

Conclusion

The problem of contamination in cotton has not yet been satisfactorily resolved and remains a
significant issue. The actual negative economic, processing, and quality impacts of such
contamination depend on the nature of the contaminant, with plastic or fibrous contaminants
being particularly problematic. Although various automatic detection and removal systems
have been developed and installed at various stages of the cotton pipeline, these tend to be
expensive and are not 100% effective.

There can be little doubt that by far the most effective and lasting way of dealing with the
problem of contamination in cotton is to prevent its occurrence at the source. This requires
regular, continuously updated programs to inform and educate growers, harvesters (hand and
machine), ginners, and cotton mill processing staff on the damaging effects of cotton
contamination, how and where it occurs, and how to combat it.

A "second line of defense" remains detection and elimination at the various stages of the
cotton processing pipeline, and the continuous advancement in sensor and associated
technologies will no doubt lead to new and more effective systems in this respect.
Nevertheless, it is unlikely that these will ever lead to a perfect solution; avoiding
contamination at the source remains the only completely effective and sustainable solution.
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Executive Summary

Achieving product transparency and traceability has become a top priority for the textile and
clothing industry. Consumers are increasingly discerning, seeking to know more about the
genuine origins of their purchases. At the same time, brands are striving to enhance the
assurances they provide, supported and accelerated by new sustainability regulations, with
many aiming for 100% traceable materials across their supply chains by 2030.

The European Union's Ecodesign for Sustainable Products Regulation (ESPR), EU
Regulation 2024/1781, which entered into force on July 18, 2024, alongside its defining data
instrument, the Digital Product Passport (DPP), marks a fundamental and irreversible shift
from voluntary, claim-based marketing to evidence-based product regulation. Among all
product categories assessed under the new framework, textiles and apparel have been
designated as the absolute top priority in the ESPR and Energy Labelling Working Plan 2025
to 2030, adopted on April 16, 2025.

The DPP will not be a simple QR code or another static sustainability label. Once fully
operative, it will act as a structured, machine-readable, lifecycle digital record carrying
verified data on composition, material origin, chemicals, environmental footprint, durability,
repairability, recyclability, and designated end-of-life pathways. The EU Central DPP
Registry is scheduled to go live in July 2026, and the specific textile delegated act is
anticipated in late 2026 or early 2027. Under Article 4(4) of the ESPR, companies are
guaranteed a minimum of 18 months to comply after a delegated act enters into force,
meaning that full mandatory DPP enforcement for the textile sector will realistically arrive
between mid-2028 and the end of 2029.

The DPP is not primarily a sustainability story — it is a market access story. As
the world's largest clothing import market, the EU's new regulations mean that
for exporters globally, the DPP is a future buyer requirement and an immediate
driver of international competitiveness.

The fast fashion crisis targeted by the ESPR is acute. The number of times an individual
garment is worn before disposal has fallen by 36 percent over the past 15 years, while
significant volumes of unsold goods are ultimately destroyed. To counter this, the ESPR
introduces a landmark ban on the destruction of unsold apparel, clothing accessories, and
footwear, coming into effect for large enterprises on 19 July 2026 and for medium-sized
enterprises on 19 July 2030. Critically, 'destruction’ under the regulation explicitly includes
shredding for recycling, effectively closing a common loophole previously used by brands to
describe inventory destruction as a form of responsible disposal.

Cotton enters this new era with compelling, inherent structural advantages: renewability,
natural biodegradability, zero synthetic microplastics release, and significant biogenic carbon
sequestration potential, all while supporting the livelihoods of approximately 24 million
farmers worldwide. However, cotton simultaneously faces a severe documentation deficit due
to its highly fragmented smallholder supply chains. Conversely, polyester — the world's
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dominant textile fiber — will face intense, unprecedented scrutiny regarding synthetic
microplastic shedding and end-of-life circularity claims. Recent scientific research confirms
that recycled polyester actually amplifies rather than solves the microplastic burden: twice-
recycled polyester sheds 4.3 times more microplastic fibers than virgin polyester. Because
Annex I, point (p) of the ESPR explicitly lists microplastic release as a mandatory product
parameter, this pollution burden will become highly visible and contractually auditable for
synthetic textiles, offering a stark contrast to natural cotton products.

From Directive to Regulation: Why Textiles Needed a New Framework

The Digital Product Passport did not arrive in a vacuum. It is the culmination of a long
regulatory evolution that began with a clear recognition of what the previous European
framework could not achieve. The original 2009 Ecodesign Directive succeeded admirably
within its initial scope. Over fifteen years, its implementing measures covered 31 distinct
product groups, saving EU consumers an estimated 120 billion euros in annual energy
expenditure and reducing the energy consumption of regulated products by approximately 10
percent by 2021. For energy-intensive appliances like boilers, refrigerators, washing
machines, and commercial lighting, it proved to be a highly effective policy mechanism.

Despite these internal
advances, the 2009 Ecodesign
Directive possessed five
structural limitations that
made it entirely unsuited for
the textile sector:

e 1. Limited Scope: It was
. restricted almost exclusively
to energy-related products,
leaving textiles and apparel
entirely out of scope.

e 2. Lack of Transparency:
It contained no mechanism
for product-level data
transparency. A comprehensive 2020 EU consumer assessment revealed that more than
53 percent of environmental product claims on the market were vague, misleading, or
completely unsubstantiated.

e 3. Unsold Goods Blindspot: It lacked any legal authority to address or penalize the
systemic destruction of unsold consumer goods.

e 4. No Circular Infrastructure: It provided no data architecture to track or support circular
economy material flows across different industries.

e 5. Upstream Invisibility: It left market surveillance and enforcement authorities blind to
upstream supply chain inputs. Raw fiber origin, chemical processing contents, exact blend
compositions, and actual end-of-life pathways were entirely invisible to regulators.

The Ecodesign for Sustainable Products Regulation (ESPR) systematically addresses all five
of these failures simultaneously. It expands the legislative scope to cover almost all physical

Issue 4, Volume 1 16
May 2026




The Textiles

OBSERVER

goods placed on the EU market. It mandates the Digital Product Passport as the primary
compliance and information instrument. It enforces a strict ban on the destruction of unsold
apparel, accessories, and footwear. It requires brands to publicly disclose the exact number
and total weight of unsold products they discard each year.

Finally, it builds the legal data infrastructure necessary for eco-modulated Extended Producer
Responsibility (EPR) schemes, where waste management fees are directly calibrated to a
product's specific circularity characteristics rather than applied as a flat, non-incentivizing
tax.

Textiles represent the regulation’s ground zero for reasons that are deeply
quantifiable and unambiguous. The Joint Research Centre (JRC) Milestone 3
Preparatory Study confirms that the raw materials lifecycle stage alone accounts
for 60% to 63% of a textile product's total environmental impact.

This means that fiber choices and sourcing decisions made at the absolute beginning of the
chain dictate the overwhelming majority of the environmental outcome. The scale of textile
consumption is immense: In 2022, the average EU citizen consumed 19 kilograms of textiles,
and the EU market generated an estimated 6.94 million tonnes of textile waste. Globally, the
apparel sector generated roughly 8.3 million tonnes of plastic pollution in 2019, with
mismanaged synthetic garment waste at end-of-life standing as the single largest contributor.
Furthermore, less than 1% of global fiber production currently comes from textile-to-textile
recycled sources. The average garment is worn a mere seven to eight times before disposal,
and between 4%-9% of all textile products placed on the EU market are destroyed before
ever being used.

The shift from a Directive to a Regulation is therefore a profound philosophical change. A
directive sets broad targets for member states to transpose into national law over time, often
resulting in fragmentation. A regulation, by contrast, is a binding legal rule that applies
immediately, uniformly, and explicitly across all EU member states, eliminating national
variance and establishing a singular, strict baseline for market access.

The DPP Inside the Wider EU Regulatory Ecosystem

The Digital Product Passport should never be analyzed in isolation. It sits at the heart of a
broader, interlocking EU regulatory ecosystem designed to convert voluntary corporate
sustainability talk into legally enforceable evidence. Key accompanying legislative
instruments include:

e The Empowering Consumers for the Green Transition Directive: Effective September
2026, this directive strictly bans generic, unverified environmental claims (such as
'sustainable’, 'recycled', or 'circular') without explicit, immediate verifiable proof at the
point of sale.

Issue 4, Volume 1 17
May 2026




The Textiles

OBSERVER

e The Revised Waste Framework Directive: In force since October 2025, it mandates all
EU member states to establish operational, mandatory Extended Producer Responsibility
(EPR) schemes for textiles and footwear within a 30-month window.

e The Corporate Sustainability Reporting Directive (CSRD): Forces large corporations to
report comprehensively on their supply chain environmental performance and due
diligence pathways.

e The Omnibus Directive: Enacted in 2026, it amended and streamlined elements of the
CSRD and the Corporate Sustainability Due Diligence Directive (CSDDD). While it
reduced certain administrative burdens and pushed back some specific reporting
timelines, it crucially combined the CSDDD's strict mandate to identify, prevent, and
mitigate adverse human rights and environmental impacts across global value chains with
the CSRD's rigorous disclosure mandates.

Together, these instruments converge around a single, uncompromising regulatory logic:
“Prove it or do not sell it.” For textile suppliers operating outside the boundaries of the EU,
this means that future buyer requests for data will not stem from a single isolated rule.
Suppliers who treat these requests as disconnected compliance exercises will face immense
duplication, ballooning operational costs, and commercial confusion. Conversely, suppliers
who build a unified, common data infrastructure capable of connecting product design,
chemical safety, waste obligations, and carbon accounting into a single layer will achieve a
major competitive advantage. The DPP serves as that definitive, product-level evidence layer.

What the Digital Product Passport Actually Is

Article 2(28) of the ESPR explicitly defines the Digital Product Passport as a set of data
specific to a product that includes the information specified in the applicable delegated act
and that is accessible via electronic means through a data carrier. It is a legally governed,
machine-readable digital record that traces what a product is made of, where its constituent
materials originated, how it was manufactured, what specific chemicals it contains, how it
should be maintained and repaired, and how it must be handled by recyclers at the end of its
functional life.
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The architecture of the DPP relies on three core interconnected elements:

1. The Unique Product Identifier: A persistent, unique digital identity linked to the product
at the model, batch, or individual item level.

2. The Product Data: Structured, standardized data characterising the product, its underlying
processing stages, and all involved stakeholders across the value chain.

3. The Data Carrier: The physical link between the product and its digital record. Under
Article 10(1)(b) of the ESPR, it may be a QR code, RFID tag, NFC chip, or digital link,
and it can be placed physically on the product, its packaging, or accompanying
documentation.

For the garment sector, where clothing labels are frequently cut out, faded, or damaged by
consumers, the legal flexibility to place data carriers on packaging or accompanying
documentation is of immense practical importance. Furthermore, Article 10(1)(d) mandates
that all DPP data must be based on open standards, formatted for full interoperability,
machine-readable, and transferable through an open, vendor-neutral data exchange network.
This prevents technology providers from building proprietary 'silos' that trap supplier data
and create commercial lock-in.

For the garment sector, where clothing labels are frequently cut out, faded, or
damaged by consumers, the legal flexibility to place data carriers on packaging
or accompanying documentation is of immense practical importance.

The DPP also functions as a powerful chemical transparency tool. Under Article 2(27)(d) of
the ESPR, any substance that negatively affects the reuse, recovery, or high-quality recycling
of materials within a product qualifies legally as a 'substance of concern'.

This provides a direct legal basis for strict disclosure requirements regarding elastane
concentrations, PFAS water-repellent finishes, halogenated flame retardants, and other
recycling-inhibiting compounds, forcing brands to redesign products with non-toxic, easily
recyclable chemistries.

Microplastics: A Mandatory Parameter

Annex I, point (p) of the ESPR explicitly lists microplastic and nanoplastic release during
relevant product lifecycle stages — including manufacturing, transport, use, and end-of-life
— as a mandatory product parameter that must be addressed. This is a primary provision of
the law, not a future consideration.

For the ongoing competition between natural cotton and synthetic polyester, this is arguably
the most consequential clause in the entire text. Peer-reviewed research establishes that a
single average domestic wash load of synthetic garments can release over 700,000
microplastic fibers into wastewater. Because natural cotton sheds no persistent synthetic
microparticles, the mandatory disclosure of microplastic parameters under the DPP will
document this fundamental environmental distinction clearly, making it visible and
commercially consequential for every buyer on the EU market.
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Biogenic Carbon
Methodology

Recital 23 of the ESPR
explicitly references the
Product Environmental
Footprint (PEF) method,
including as regards the
temporary storage of carbon.
This provides a clear
legislative acknowledgment
that biogenic carbon treatment
is a core methodology question
within the ESPR framework.
Cotton grows via
photosynthesis, and every
single kilogram of pure cotton
fiber contains approximately 0.42 kilograms of biogenic carbon, which equates to 1.55
kilograms of atmospheric CO, absorbed during the plant's growth cycle.

Dynamic lifecycle assessment (LCA) research conducted by Pires et al. (2024) — in
collaboration with Cotton Incorporated, the Cotton Research and Development Corporation
of Australia, and North Carolina State University — demonstrated that applying dynamic
rather than static greenhouse gas accounting to cotton apparel reveals an immediate 22%
reduction in cumulative radiative forcing (the actual warming effect on the atmosphere) over
a 10-year period. This vital climate benefit is completely erased under standard static LCA
methods, which treat biogenic uptake as neutral. Recital 23 provides the essential legislative
leverage needed to correct this methodological bias.

The Registry, Customs, and Market Access

The operational enforcement of the DPP relies on a strict digital border control mechanism.
Article 13 requires the European Commission to establish a centralized DPP registry by July
19, 2026, to store all unique product identifiers. Article 14 mandates a public web portal
allowing stakeholders to search, verify, and compare DPP data according to their designated
access rights. Crucially, Article 15 connects this registry directly to EU customs controls. For
any product covered by an active delegated act, the importer must present the unique
registration identifier upon entering customs.

Customs authorities are legally required to block the entry and release of the product for free
circulation if the identifier is missing, inconsistent, or fails to correspond precisely with the
data held in the central registry. At this juncture, the DPP ceases to be a corporate
sustainability project and becomes mandatory trade infrastructure; a poorly governed or
undocumented passport results in immediate market exclusion.

The DPP as a System of Systems

A critical conceptual breakthrough is realizing that the DPP is not a single database, a single
blockchain platform, or a monolithic technology solution. Research by King, Timms, and
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Mountney defines the Digital Product Passport Ecosystem as a 'system of systems' — a
complex grid of multiple independent actors, organizations, operational processes, and
technical platforms that must interoperate seamlessly across legal, organizational, semantic,
and technical dimensions simultaneously. Research by Jensen et al. (2023) indicates that any
viable DPP architecture must successfully address seven distinct data clusters:

1. Product Identification: Product identification and unique tracking credentials.

2. Products and Materials: Detailed material composition, fiber specifications, and
characteristics.

3. Supply Chain and Reverse Logistics: Upstream processing nodes, facility locations, and
reverse logistics routes.

4. Environmental Data: Verified lifecycle analysis, carbon metrics, and footprint data.

5. Compliance: Chemical substance disclosures and regulatory compliance certificates.

6. Usage and Maintenance: Consumer-facing instructions, care requirements, and repair
pathways.

7. Guidelines and Manuals: Disassembly guidance and material specifications for industrial
operators.

For the textile value chain, this system-of-systems view is an operational reality.
A single cotton shirt involves an incredibly distributed chain: a smallholder
farmer, a local cooperative, a ginning facility, an international trading
merchant, a spinning mill, a fabric formation mill, a wet processing and
dyehouse unit, a garment assembly factory, a global brand, a logistics provider, a
retail network, a consumer, a municipal collection system, a sorting house, and
an industrial recycler, often spanning five or six nations.

At every single node, different enterprise resource planning (ERP) software is utilized,
different data formats exist, and different actors have conflicting commercial incentives to
either share or safeguard information. A textile DPP must therefore serve as an interoperable
bridge connecting farm data, gin bale registries (Permanent Bale Identification), high-volume
instrument (HVI) quality testing databases, spinner lot records, chemical inventories, brand
PLM platforms, certification databases, and end-of-life sorting mechanisms. No single actor
can control or see the entire chain unless the network is explicitly engineered on open,
interoperable standards.

Data Quality: The New Compliance Currency

The DPP fundamentally transforms data quality into an essential commercial currency. A
digital passport will be judged not merely by whether its required fields are filled, but by
whether the underlying data are current, facility-specific, verified, and operationally useful.
Four core attributes will dictate data compliance:

e Specificity: Generic, industry-average declarations will no longer suffice. A claim
regarding organic cotton origin requires georeferenced farm-level or cooperative-level
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proof, not a generalized supplier sign-off. A claim regarding recycled content requires
strict chain-of-custody documentation and feedstock origin verification.

e Interoperability: Data must flow effortlessly across distinct corporate systems. If a
supplier's data format cannot be automatically ingested by a brand's compliance platform
or the EU's central registry without manual re-entry, it becomes a severe, costly
administrative liability. Interoperability is a commercial necessity for suppliers managing
multiple brand accounts.

e Auditability: Claims must be backed by a verifiable paper-to-digital trail. Laboratory
testing records, transaction certificates, third-party audit reports, and digitized chain-of-
custody tracking are mandatory to establish credibility. Without an auditable evidence
layer, a passport is legally categorized as unsubstantiated marketing.

e Circular Utility: The data provided must be highly actionable for reverse-logistics
operators. A passport that satisfies a consumer at the point of sale but gives an industrial
recycler no granular data on fiber blend ratios, elastane presence, chemical finishes, or
coatings fails to meet the circular objectives of the ESPR.

Certification Alone Is Not Enough

Traditional sustainability certifications will remain relevant, but they are not equivalent to a

DPP. A standard certificate typically proves that a specific facility, company, or material batch

met a specific set of criteria at a single isolated point in time. A Digital Product Passport, by
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physical processing —

proving that a certified farm's
- : ' cotton became a specific

identified bale, which became
a specific yarn lot, which was woven into a specific fabric lot, and finally sewn into the exact
garment held by the consumer. For cotton, a Better Cotton, Fairtrade, or organic certificate is
a helpful tool, but the DPP demands the unbroken chain of custody connecting that certificate
to the material reality. If the chain of custody is weak, the regulatory validity of the claim
collapses entirely.

The Governance of Data Power

The system-of-systems structure highlights a reality often obscured by technical discussions:
data governance is just as important as technology. The industry must answer critical
structural questions: Who generates the data? Who verifies it? Who owns it, and who controls
access? Crucially, data generated by smallholder farmers, ginners, and local cooperatives for

Issue 4, Volume 1 22
May 2026




OBSERVER

DPP compliance must be legally owned by those producers and their respective organizations
to maximize local economic benefit, rather than being captured by global brands or
proprietary technology platforms. Where large multi-national brands control the underlying
data infrastructure completely, there is an immediate, severe risk of data lock-in. Suppliers
can become entirely dependent on closed, proprietary platforms, stripping them of the
autonomous ability to utilize their own data for alternative markets and deepening historical
power asymmetries within the global textile trade.

The Timeline: What Is Law and What Is Coming

A persistent and dangerous misconception within the textile sector is that the DPP is a distant,
future issue. It is not. The primary framework regulation, the ESPR, entered into force on 18
July 2024. The overarching legal architecture is already law; what remains pending is the
secondary legislation — the textile-specific delegated act — that will activate binding,
product-level enforcement for the sector. The ESPR Working Plan adopted on 16 April 2025
explicitly designated textiles and apparel as the absolute highest-priority product category.
The formal textile delegated act is scheduled for publication in late 2026 or early 2027. Once
it is published, Article 4(4) of the ESPR guarantees a minimum transition runway of 18
months before enforcement begins, placing full mandatory compliance squarely between
mid-2028 and late 2029. For a global, multi-tiered supply chain that moves from farm to
retail over many months, an 18-month window is an incredibly tight legal protection, not a
comfortable preparation timeline.

The Joint Research Centre (JRC) Milestone 3 Preparatory Study closed for formal
stakeholder feedback in March 2026, establishing the technical baseline for scope, market
dynamics, lifecycle analysis, and initial design options. Critically, the 4th milestone report,
which will explicitly specify the final policy scenarios and the exact, mandatory data fields to
be embedded within the textile DPP, has not yet been published. Engaging directly with the
4th milestone process before it is finalized represents the most vital, immediate strategic
window for the global cotton sector and the broader textile industry to influence the rules
they will later have to accept.

The Destruction Ban: Operative from July 2026

While the full textile DPP timeline rolls out toward 2028—-2029, the ESPR's strict prohibition
on the destruction of unsold consumer products is arriving much faster, becoming fully
operational for large enterprises on 19 July 2026. The Commission Delegated Regulation
C(2026) 659 final, formally adopted on 9 February 2026, sets out the strict, narrow
derogations from this prohibition. Under the regulation, 'destruction' is explicitly defined to
include incineration, landfilling, and crucially, shredding for recycling. Derogations are
strictly confined to documented health and safety risks, structural and irreparable product
damage, explicit non-acceptance for charitable donation, verified unsuitability for reuse or
remanufacturing, and specific intellectual property litigation issues. Critically, each individual
derogation requires the economic operator to fully substantiate the applicable legal grounds
and communicate detailed, verified information directly to waste treatment operators and
enforcement authorities. Furthermore, brands are legally mandated to publicly disclose the
precise number and total weight of unsold products they discard each year. This completely
upends the economics of overproduction, pushing brands away from a 'destroy-and-forget'
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model and forcing the immediate build-out of repair, donation, and genuine circular logistics
infrastructure.

The Textile Value Chain Under DPP: Forward and Reverse

Under the DPP framework, every single stage of physical material transformation must be
accompanied by a parallel data transformation. The value chain can no longer rely on
fragmented paper certificates or disconnected PDFs; it must move verified digital evidence
alongside the physical fiber.

The Forward Value Chain

Tier 4: Raw Fiber Production

At this tier, the structural asymmetry between synthetic polyester and natural cotton is acute.
Polyester production is a highly concentrated, automated industrial operation controlled by a
handful of massive petrochemical corporations. Their manufacturing lines generate digital
data regarding polymer grade, chemical feedstock identity, energy inputs, and carbon
footprints as a routine, automated by-product of industrial process monitoring, giving
synthetic fibers an immense administrative head start. In stark contrast, cotton's Tier 4
consists of approximately 24 million smallholder farmers who grow the vast majority of the
world's crop. They currently operate with minimal digital infrastructure and generate almost
no digital records at the field level. Crucial data points — such as precise farm location, local
farming systems, specific water sources, fertilizer and pesticide applications, and harvesting
methods — are rarely digitized. Closing this data gap is not a technological challenge; it is an
urgent institutional, governance, and capacity-building priority that demands coordinated
funding from national governments, cotton boards, and global brands.

Tier 3: First Processing (The Ginning Node)

The gin is the absolute foundational data gateway for the entire cotton DPP evidence chain. It
is the exact physical node where seed cotton is processed into lint, formed into commercial
bales, and assigned Permanent Bale Identification (PBI) numbers. It is also where CSITC-
certified High-Volume Instrument (HVI) testing generates internationally recognized fiber
quality parameters covering length, strength, micronaire, color grade, and trash content. If
farm-level identity and program affiliations are lost at the gin due to the unrecorded
commingling of seed cotton from different sources, cotton's traceability story disappears at
that node and cannot be recovered downstream. The spinner cannot preserve an origin that
the ginner failed to document, and the brand cannot prove what the spinner cannot verify.
National cotton organizations must treat gin-level digital bale identity as vital strategic export
infrastructure.

Tier 2: Fabric Formation and Wet Processing

At this stage, chemical management data completely dominates the compliance landscape.
Every single dyestuff, chemical auxiliary, water-repellent coating, flame retardant, and
antimicrobial treatment applied to the fabric must be meticulously recorded, evaluated against
substance-of-concern criteria, and linked to the material lot data. The legal baseline rests on
Article 2(27)(d) of the ESPR and active REACH frameworks.
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Fabric mills that have already digitized their chemical inventories using structured industry
tools will possess a massive advantage. The newly published ZDHC Chemical Watchlist
Version 1.0 (issued in February 2026) serves as a vital, practical reference for mills aligning
their chemical management systems with impending DPP disclosure rules.

Tier 1: Garment Manufacturing

Garment assembly factories
function as the ultimate data
aggregators. They are
contractually required to
compile data from all
upstream tiers and link them
directly to specific
production orders. This
requires generating a digital
Bill of Materials (BOM) that
covers main fabrics, pocket
linings, sewing threads,
zippers, buttons, interlinings,
care labels, and packaging,
all tied to a single, traceable production batch identifier. Factories that move away from
manual, PDF-based document handling and invest in structured digital data reception and
transmission systems will become the preferred, highly competitive partners for global
brands. Those relying on legacy paperwork will become severe compliance liabilities.

Tier 0: Global Brands and Importers

Under the ESPR, the brand or importer placing the product on the EU market bears the
ultimate legal and financial responsibility for the passport's accuracy and must maintain all
records in the central registry for a minimum of ten years. While the brand manages the
consumer-facing interface, it cannot create data in isolation; it is entirely dependent on the
integrity of the evidence chain built by its upstream suppliers.

A Technical Word on Elastane

The JRC Milestone 3 Preparatory Study explicitly notes that the presence of elastane in
concentrations exceeding 15 percent of a fabric blend can severely hinder high-quality
mechanical textile recycling. This is presented as an important technical observation relevant
to the future recyclability scoring fields of the DPP. Crucially, however, the JRC study is
precise in its regulatory conclusion: elastane is explicitly not proposed as a substance of
concern under Article 2(27)(d), and no performance restrictions or legal limitations on
elastane content are proposed within the Milestone 3 document. While elastane concentration
must be clearly disclosed for recyclability scoring purposes, it faces no legal ban or
performance thresholds under the current drafting terms.

The Reverse Value Chain

A Digital Product Passport that terminates at the point of retail sale is a structural failure; true
circularity can only be operationalized post-sale. Every single actor in the reverse value chain
requires precise data from the passport to execute their role efficiently:
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e Professional Repairers: Require detailed data on fiber type, sewing thread specifications,
original construction patterns, and care parameters to execute repairs without
compromising product integrity. Logging a repair event directly within the DPP extends
the data trail and supports long-term product value.

e Resale Platforms: Depend heavily on verified product identity, material content
disclosures, and authenticity verification to fuel secondary markets.

e Industrial Sorters: Require exact, granular fiber composition data. A legacy label stating
generic 'mixed fibers' is operationally useless for industrial sorting. Sorters must know the
exact blend components — whether a garment is 100% cotton, a cotton-polyester blend,
or contains elastane coatings — to direct it to the correct recycling stream.

e Recyclers: Need detailed chemical finish records, dye types, elastane percentages, and
disassembly guidance to run mechanical or chemical recovery lines safely and efficiently.

Research by Wan and Jiang (2025) on dynamic DPP systems emphasizes that verified circular
actors must possess the legal and technical capability to append new information to the
passport during the product's use phase, rather than treating the passport as a static, pre-sale
snapshot. Furthermore, cotton-polyester blends represent the single most complex hurdle in
the reverse value chain. Most mechanical and many chemical recycling processes face
immense technical difficulty separating cellulose from polyester fibers at scale. The ESPR's
strict recyclability scoring will place heavy pressure on the entire blend sector, potentially
mandating a complete reformulation of blend ratios, the adoption of monomaterial designs, or
immediate investment in emerging chemical depolymerization technologies.

The Connection to Eco-Modulated EPR Fees

One of the most immediate financial applications of DPP data will be driving eco-modulated
Extended Producer Responsibility (EPR) schemes. Under these frameworks, brands must
financially sponsor end-of-life waste management. Eco-modulation ensures that these fees
are directly tied to the product's design: highly durable, easily recyclable monomaterial cotton
products will face significantly lower fee rates, while complex, multi-material blends with
hazardous finishes or heavy coatings will face steep financial penalties. For the first time, the
DPP converts a product's actual physical circularity from a marketing narrative into a direct,
bottom-line financial incentive.

Cotton Through the DPP Lens: Strengths and Vulnerabilities

Cotton enters the DPP era with an exceptionally strong environmental and social case, but
that case is currently suppressed by legacy regulatory methodologies. The core, scientifically
validated attributes that cotton can legitimately claim include:
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e Natural Renewability and Biodegradability:
Composed of 90%-95% natural cellulose, cotton is
fully renewable and returns safely to the natural
carbon cycle.

e Biogenic Carbon Sequestration: Every kilogram of
cotton fiber contains roughly 0.42 kilograms of
biogenic carbon, representing 1.55 kilograms of
atmospheric CO, absorbed during the crop's growth
cycle. Dynamic lifecycle assessment research by
Pires et al. (2024) proves that applying dynamic
greenhouse gas accounting to cotton apparel reveals
a 22 percent reduction in cumulative radiative forcing over a 10-year period — a major
climate benefit entirely invisible under static LCA models.

S

e Agricultural Co-products: Cotton stalks can be converted via pyrolysis into biochar, a
stable carbon-rich soil amendment that traps carbon for centuries while improving soil
health.

e Zero Synthetic Microplastics: Cotton sheds zero persistent synthetic microplastics.
Characterization factors for natural cellulosic microfibers are one to three orders of
magnitude lower than those for synthetic fibers, as rapid environmental biodegradation
drastically reduces ecological exposure and harm.

e Socio-Economic Value: Cotton production supports roughly 24 million farming
households globally, with women making up 43 percent of the agricultural workforce.
International policy instruments, such as UN Resolution 78/169 adopted in December
2023, explicitly recognize natural plant fibers as essential tools for driving sustainable
development and rural poverty alleviation.

However, the current Environmental Footprint (EF) methodology applied by European
regulators systematically minimizes these advantages. It treats biogenic carbon uptake as
neutral, includes no functional impact category for microplastic environmental persistence,
applies land-use indicators that ignore the biodiversity co-benefits of smallholder agro-
ecosystems, and relies on outdated background datasets that fail to reflect massive modern
improvements in cotton farming practices. Furthermore, under the JRC Milestone 3 design
frameworks, well-designed monomaterial cotton products free of toxic prints or heavy
coatings can achieve the highest possible scores in the new 0-to-10 recyclability scoring
matrix, offering a powerful competitive advantage if properly documented.

The defining operational reality for the sector is that the DPP will not reward
cotton simply because it is natural; it will reward documented cotton. Because
the majority of the world's crop is cultivated by smallholders lacking digital
connectivity and regulatory literacy, the substitution risk is immediate and
severe.
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As Stadler, Bonatti, and Mithofer (2025) warn in Regulation & Governance, 'substitution of
cotton by more easily traceable synthetic fibers may result in an effective traceability solution
rather than an effective solution to solve social and environmental problems.' If European
delegated acts mandate strict recycled content thresholds and bottle-derived rPET remains
significantly cheaper and easier to document than smallholder cotton, brands will rationally
reduce natural fiber sourcing purely to minimize compliance costs. Local producer
cooperative hubs must be funded immediately to act as the primary digital data bridges.

Polyester Through the DPP Lens: The rPET Reckoning

Polyester remains the dominant fiber in the global textile market, accounting for 59 percent
of total production in 2024, with an estimated 88 percent of that volume derived directly from
fossil-based feedstocks according to Textile Exchange's Materials Market Report 2025. While
polyester enjoys an immense administrative advantage due to its automated, highly
concentrated industrial supply chains, the mandatory disclosure fields of the DPP will force
open three critical structural vulnerabilities:

1. The Microplastic Multiplication Effect: Synthetic microplastic pollution spans the entire
product lifecycle. Crucially, research published in Environmental Science & Technology
(2026) by Persson et al. reveals that mechanically recycled polyester severely amplifies
this crisis: twice-recycled polyester releases 4.3 times more microplastic fibers than virgin
polyester, and three-times-recycled polyester releases 6.2 times more, due to cumulative
structural deterioration from reprocessing. The DPP's mandatory microplastic parameter
under Annex I, point (p) will expose this hidden ecological cost.

2. End-of-Life Non-Circularity: Virtually all recycled polyester utilized in fashion (98%) is
derived from post-consumer PET beverage bottles, not textile waste. Once blended with
cotton or elastane and converted into a garment, this material cannot be recycled back
into textile-grade fiber at commercial scale. The DPP's mandatory recyclability scores
will expose the non-circular reality of rPET garments.

3. Feedstock Supply Constraints: The apparel industry's heavy reliance on PET bottle waste
faces immediate supply constraints, as the beverage and packaging sectors face their own
binding, mandatory recycled content targets under EU packaging laws. Cross-sector
competition is already straining supply, highlighting the fragility of fashion's rPET
narrative.

While genuine fiber-to-fiber chemical recycling technologies (such as glycolysis or
enzymatic depolymerization) are emerging, they remain at an early commercial scale and
carry heavy energy footprints. The DPP's capacity to distinguish bottle-derived rPET from
genuine textile-to-textile recycled polyester will reward true circular design while exposing
the limitations of standard synthetic sustainability claims.

Global Brands: Five Structural Gaps Exposed

While forward-thinking brands are actively piloting digital identifiers under frameworks like
CIRPASS-2 and deploying item-level RFID serialization, the mandatory disclosure rules of
the DPP will systematically expose five deep structural gaps that voluntary corporate
reporting has long hidden:
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Tier 3 and Tier 4 Invisibility: Most global brands maintain operational visibility over their
Tier 1 garment assembly factories but remain entirely blind to the spinners (Tier 2),
ginners (Tier 3), and raw material farms (Tier 4) that constitute their deeper supply chain.
The rPET Circularity Gap: DPP disclosure will expose the stark distance between high-
level corporate 'circularity' marketing and the material reality that almost all rPET
clothing is currently landfilled or incinerated at end-of-life.

The Verification Gap: An extensive 2026 deployment study utilizing algorithmic material
exhaustion control across 656,309 yards of active production revealed that 44.21 percent
of materials were non-compliant with stated certifications, uncovering a major validation
crisis.

The Cost-Shifting Problem: As documented by Xu, Karaosman, and Wang (2025), global
buyers consistently demand extensive compliance data from upstream suppliers without
providing any financial or technical assistance, unfairly shifting the entire cost burden
onto vulnerable supply chain actors.

The Design-Reality Gap: The passport will immediately bridge the gap between abstract
sustainability communication and the material reality of products containing complex,
non-recyclable fiber blends, toxic prints, or permanent coatings.

Country and Sector Readiness: An Uneven Race

The global race for DPP readiness features dramatically uneven starting points, reshaping
national competitiveness across major textile-exporting countries:

Bangladesh: Brings massive structural advantages, hosting the world's highest
concentration of LEED-certified green factories and a landmark 2026 MOU linking 4,000
factories to a blockchain traceability platform with strict data sovereignty rules. However,
its heavy reliance on imported fiber and yarn creates an immediate vulnerability, as
verified material data must travel across borders before manufacturing begins.

Pakistan: Possesses an exceptional, fully integrated domestic value chain stretching from
cotton fields to garment assembly, offering great potential for end-to-end national
traceability. The primary bottleneck is institutional coordination, as relevant ministries
and trade bodies are not yet operating in complete structural alignment.

India: Its Kasturi Cotton initiative successfully links bale-level traceability directly to
farmer identity and localized practice data, providing the exact infrastructure that DPP
origin fields require. The challenge lies in scaling this architecture across a highly
fragmented, massive smallholder sector.

Uzbekistan: Processes almost all of its national cotton lint domestically and has made
decisive investments in modern, state-backed textile laboratories capable of analyzing
products across 24 distinct parameters, serving as a powerful DPP enabler.

Tiirkiye: Benefits immensely from its geographical proximity to the EU market,
exceptional speed to market, and highly mature chemical management infrastructure. Its
remaining task is standardizing documentation for imported fibers.
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China and Vietnam: Both nations combine massive manufacturing depth with widespread
participation in international certifications, but must carefully navigate cross-border data
sovereignty complexities as European interoperability rules are finalized.

African Cotton-Producing Countries: Possess an ideal opportunity to build traceability
frameworks from the ground up. The Egyptian Cotton Traceability Programme highlights
how trade partners must proactively adapt to the 'Brussels effect’ even if the EU
represents a minority export share. The primary challenge remains closing the
smallholder digital data gap across the continent.

What Every Actor Should Do Now

Cotton Farmers & Cooperatives

Data Ownership: Recognize that georeferenced location, input records, and farming
practice data are core )
commercial credentials,
not an administrative
burden. Treat data as an
asset of equal value to
the physical lint.

Data Sovereignty:
Strictly negotiate data
ownership rules. Ensure
that data generated at the
field level is legally
owned by farmers or
local cooperatives to
preserve value,
preventing global brands or tech platforms from locking suppliers into proprietary, closed
systems.

Ginning Facilities

Strategic Infrastructure: Upgrade operations immediately with CSITC-compliant HVI
testing setups and Permanent Bale Identification (PBI) systems.

Bale Linking: Formally log seed cotton intake, individual farmer IDs, exact bale numbers,
and contamination records. Digitally link bale identifiers to upstream farm data and
downstream spinning lots. A cotton DPP without gin-level bale identity is merely an
unverified claim.

Spinning Mills

Lot-Tracking: Implement robust lot-tracking systems that seamlessly link specific raw
fiber bale numbers to outgoing yarn lots.
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e Blend Verification: For cotton-polyester blends, the spinner stands as the critical
compliance node where the exact blend ratio is locked; spinners must provide absolute
verification of composition and material origin to support downstream fabric data fields.

Fabric Mills, Dyeing & Finishing Units

e Chemical Digitization: Fully digitize chemical inventories, finishing recipes, restricted-
substance compliance lists, and wastewater records.

e Substance Screening: Utilize comprehensive tools like the ZDHC Chemical Watchlist
Version 1.0 to ensure all colorants, coatings, flame retardants, and water-repellent
finishes are systematically screened against the ESPR's strict 'substance of concern'
definitions.

Garment Assembly Factories

e Data Aggregation: Build integrated digital data management systems capable of
automatically aggregating multi-tier upstream records into a single, comprehensive Bill of
Materials (BOM).

e Structured Transmission: Abandon manual, paper-and-PDF documentation in favor of
structured, machine-readable data formats that can be directly ingested by brand DPP
platforms, securing status as a preferred supplier.

Global Brands & Importers

e (Cross-Functional Alignment: Break down internal silos; the DPP is a cross-functional
corporate priority requiring sourcing, product development, IT, legal, compliance, and
design teams working in tight synchronization.

e Co-investment and Mapping: Map supply chains completely to Tier 4 immediately. Co-
invest capital into upstream supplier digitization and data infrastructure, rather than
unfairly pushing the administrative and financial burden down the chain without financial
support.

Producing Country Governments

e Industrial Policy: Elevate DPP readiness to a top national industrial policy and
competitiveness priority, on par with export promotion and trade negotiations.

e Public Infrastructure: Provide public-good investments in digital agricultural
infrastructure, national bale registries, and state-backed HVI laboratory networks, while
aligning national investment incentives with strict traceability criteria.

International Organizations

e Methodological Advocacy: Deploy full political and technical weight within the
European Commission's ongoing EF-TAB and JRC consultations to secure fair
methodology rules regarding biogenic carbon, microplastic persistence, and smallholder
socio-economic value.
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e Standardized Architecture: Convene a unified Global Cotton DPP Data Framework to
establish a standardized, open-source data architecture that smallholder-heavy supply
chains can implement at a realistic, non-prohibitive cost.

A Practical 24-Month Readiness Plan

Months 1 to 6: Diagnosis & Sourcing Mapping

Map all active suppliers meticulously from Tier 1 down to Tier 4 fiber sources. Audit all
existing data systems to identify critical information gaps, comparing current internal records
against the core data clusters specified in the JRC preparatory studies. National governments
should simultaneously execute macro gap assessments covering domestic laboratory
capacities, chemical compliance frameworks, and digital farming networks.

Months 7 to 12: Operational Prototyping & Pilots

Launch isolated, representative DPP pilot runs across five distinct product categories: a 100%
monomaterial cotton item, a cotton-polyester blend product, a synthetic performance item, a
denim garment, and a home textile product. The core purpose is to discover exactly where
data flows break down, where suppliers resist transparency, and where enterprise software
systems remain incompatible. Pilots executed now yield vital competitive intelligence; pilots
delayed until after the delegated act is finalized represent a chaotic compliance scramble.

Months 13 to 18: System Standardization & Data Building

Standardize data exchange templates across the entire supplier base. Enforce digital chain-of-
custody protocols and integrate chemical inventories into machine-readable platforms.
Operationalize digital links between testing laboratories, gin registries, and spinner lot
numbers, embedding bale identity deeply within the core manufacturing record.

Months 19 to 24: Contractual Scaling & Infrastructure Rollout

Make DPP data provision a strict, binding contractual requirement for all procurement orders,
pairing this mandate with brand-backed financial and technical support. Governments should
launch large-scale training initiatives and state laboratory upgrades, while international cotton
bodies roll out the unified cotton DPP data framework to connect farm, gin, bale, and
garment metrics into a seamless, nationally competitive architecture.

Conclusion

The EU DPP registry will go live in July 2026, and the definitive textile delegated act is
currently being drafted. Because the 4th milestone of the JRC study remains unpublished, the
critical window to shape the underlying regulatory methodology is open right now, but it will
close rapidly. Natural cotton has an unassailable scientific case to make — spanning biogenic
carbon storage under Recital 23, zero synthetic microplastics under Annex I, point (p), proven
environmental biodegradability, and essential socio-economic livelihoods for 24 million
families under UN Resolution 78/169. However, none of these advantages will appear
automatically in a product's environmental score. The future EU textile market will not
reward the best story; it will reward the best documented story. The passport is open; the time
to build its evidence structure is now.
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