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Abstract

Background: The problem of difficult-to-recycle textile waste is an
ongoing challenge. One of the issues is the lack of exchange between
the recovery sector and design/manufacture of recycled materials.
This paper seeks to addresses the gap in knowledge between sorting
(in recovery) and blending activities (in manufacture), expanding
current design strategies towards textile recovery. To achieve this, the
research explores sorting practices of wool/acrylic blends in the
mechanical wool recycling industry and applies this knowledge to the
design of new yarns.

Methods: A bricolage of methods was used to conduct this research
in three parts. First, an overview of a previous study by Author1 is
presented from which this research builds. Second, field research
using conversation methods with the owner of a closed wool recycling
company was conducted centring around their material archive.
Thirdly, practice research was conducted in a spinning facility where
Author1 applied knowledge from part 1 and 2 by designing four
recycled yarns. This was supported by interviews with a sorter and
recycler to expand on the findings.

Results: Four methods of sorting and the sorting grades/thresholds
that are found in the wool recycling industry are outlined, and five
methods of recycled blending historically used in the wool recycling
industry are established. This knowledge (sorting methods/grades
and recycled blending techniques) were applied in practice and from
the methods employed, the relationship between sorting in recovery
and recycled blending in manufacture was established across three
themes: fibre quality, fibre type and fibre colour.

Conclusions: The paper concludes that understanding the link sorting
and blending provides the foundations for a ‘Design for Sorting’
methodology. When lessons from each theme (quality, type and
colour) are combined, this enables fibre value to be retained in
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recovery and thus, provides a route for longevity of our textile fibres.
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Introduction

For a sustainable future that circulates materials in perpetu-
ity, ‘Design for Recycling’ is a vital strategy. However, in the
fashion and textile field the approaches offered to achieve
this, namely mono-materiality and disassembly, fall short of
addressing the complex blended textiles that have already been
produced. The fashion industry has committed to using recy-
cled fibres in their products, but these intentions are not eas-
ily turned into actions, as many roadblocks exist for both large
and small companies (GFA, 2019). Part of the problem is
due to a seemingly unresolvable tension between the design-
ers, recyclers and sorters (Elander & Ljungkvist, 2016). Karell
and Niinimiki (2019:10) point out “if textile waste material
cannot be reliably identified in the sorting phase, it is not
possible to direct the material to appropriate recycling proc-
esses” and with the wide use of intimately blended yarns
and mixed fibre textiles the challenge for sorters is to find
ways of organising these complex materials and find onward
markets. In manufacture, the blending of textile fibres is
common and can improve function, performance (Sinclair,
2014) and in some cases improve a textiles environmental
potential, such as longevity (Beton et al., 2014). This paper
seeks to addresses the gap in knowledge between sorting (in
recovery) and blending activities (in manufacture), expanding
current design strategies towards textile recovery.

Building on Karell and Niinimiki’s suggestion that the sort-
ability of a product must come first (2019:10), this paper
explores a ‘Design for Sorting’ approach developed from a
practice research PhD investigation (Hall, 2021). Specifically,
it investigates the complexity of wool/acrylic blends in the
mechanical wool recycling industry and is conducted through
field research, interviews, and practice research designing recy-
cled fibres into yarns. This paper is divided into three parts:
first, an overview of previous research by Authorl is provided
(Hall, 2021), from which this research builds. This estab-
lishes the complex sorting categories between wool and acrylic
in the recycling sector. Secondly, investigated through field
research using a conversation with the owner of a now closed
recycling facility about their material archive, the research
establishes how recycled blending has been conducted his-
torically in the wool recycled industry. Thirdly, supported by
interviews with a sorter and recycler, the knowledge created
about sorting categories (part one) and recycled blending meth-
ods (part two) is applied through the design of four recycled
yarns. The findings from the practice research demonstrate
three themes, common to both sorting in recovery and blend-
ing in manufacture: fibre quality, fibre type and fibre col-
our. The paper concludes that understanding the relationship
between recovery and remanufacture is key to a Design for
Sorting approach and should be used alongside existing design
for recycling strategies (mono-materiality and disassembly)
to expand the recovery potential of a broader range of textile
fibres.

Methods
This research uses a bricolage of methods (Vuletich, 2014) which
is described as a “critical, multi-perspectival, multi-theoretical
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and multi-methodological approach to inquiry” (Rogers,
2012:1). It describes how, unlike the engineer, the designer
can make do with the tools that are ‘at hand’ to acquire knowl-
edge (Lévi-Strauss, 1962). This active approach is often
adopted by practice research in design allowing the researcher
to construct “methods with tools at hand rather than accept-
ing and using pre-existing methodologies” (Yee & Bremner,
2011:4).

The research is split into three parts, exploring sorting, blend-
ing, and applying this knowledge in practice. First, an over-
view of the Authorl’s previous research (Hall, 2021) outlining
the grades and thresholds of wool/acrylic textiles is presented.
This is provided for context for which the research in this
paper to build upon. Secondly, field research was conducted
on 16" August 2018 to the now closed recycling business
Henry Day and Sons Ltd, in West Yorkshire. This company
was selected as it was the last known wool recycling com-
pany that produced recycled yarns and cloth in the UK and
aimed to establish how recycled blending occurred historically.
This involved a conversation with Charles Day (who pro-
vided permission to be named in this research), descend-
ent and owner of Henry Day & Sons within the offices and
buildings that had previously been used for the company.
The research was framed as an informal conversation, with no
planned questions (as in an interview), to create more realis-
tic or naturalistic data with less performativity (Swain & King,
2022). The visit and subsequent conversation centred around
the types of waste materials used by the company and how
these were transformed into new products. The conversation
was directed by a ‘show and tell’ of the recycled fibre blends
from the remaining archives which were located on site. Dur-
ing the conversation, samples of the historical recycled fibres
were picked out by Charles to explain the different methods
of recycling and describe the products the company had pro-
duced. These fibre samples were gifted to the researcher and
permission was given by Charles for the conversation to be
recorded (but permission was not granted for the record-
ing to be shared or transcribed) to enable an after action review
(Morrison & Meliza, 1999) where the samples and audio were
revisited, reflected upon and the types of recycled blending
were able to be categorised and understood. The recordings
have since been deleted.

Thirdly, the findings of the previous two parts were brought
together and tested in collaboration with an industrial spin-
ning mill. Working with a commission spinner in Yorkshire, UK,
four yarns were designed by Authorl using recycled acrylic
fibres sourced from the wool recycling industry in Prato, Italy
and other fibres sourced from the spinning facility themselves,
such as wool and polyester. The yarns were designed using
the same recycled blending techniques established in the field
visit/conversation (part 2) and designed so that, after use as
a textile, they could flow back into the sorting grades the
industry uses for recycling (part 1). This practice research
was supported by semi-structured interviews with a recycler
(Recycler X, from Prato, Italy who works in the current
mechanical wool recycling) in March 2020 and sorter (Hasnain
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Lilani who works at ‘Recycle Wool’ in Pakistan specialising in
sorting post-consumer wool jumpers, who gave their permis-
sion to be named in the manuscript) in both November 2020
and March 2021. The two interviewees were selected for their
first-hand experience in the industry and to provide specific per-
spectives from recycling and sorting which were relevant to
the research. The interviewees were found during prior field
research. Recycler X was selected during field research in Prato,
Italy because of his work with low value acrylic and wool waste
materials. Hasnain Lilani was selected because the research
required a perspective from an expert sorter of wool textiles.
Through a recommendation from a recycler in Prato, Authorl
was put in touch with Lilani who was working directly with
sorting waste wool jumpers.

The interviews themselves were planned with general top-
ics of inquiry that Authorl wanted to be addressed. This left
space for specific questions to be formed based on the answers
the interviewees provided that could be adapted in the moment.
The interviews were conducted over WhatsApp, a quick
messaging platform for written, spoken and visual commu-
nications. This was the medium of choice for both interview-
ees and enabled fast communication that could be made at
any time during the day. This was particularly relevant as
both subjects were based over-seas and had busy work lives.
The interviews were formed of a mixture of short written
communications, longer voice messages and photographs,
which are available in Underlying data (Hall, 2022). In par-
ticular, voice messages proved to be a particularly useful
tool when answers could not be simply explained in written
form. They also overcame any language barriers as concepts
could be explained in less formal language. Visuals were also
helpful as it enabled the researcher to explain her questions
more clearly. In this way, the interviews became more akin to a
conversation (as used in part 2) conducted face-to-face in an
industrial context, where it is easy to discuss complex topics,
pointing to and picking up physical objects as a form of refer-
ence. Transcripts of interviews were sent to the interviewees
to review before publication.

Finally, autoethnographic methods (Ellis er al, 2011) were
applied to analyse the findings. The practice research was writ-
ten up and described using an after action review method
(Morrison & Meliza, 1999) exploring the basic steps of what
had happened during the design and production of the rceycled
yarn. A reflection of the text was made using an annotated port-
folio method (Gaver & Bowers, 2012; Hall, 2020) in which
themes were highlighted and annotations were made to make
sense of the experience leading to the findings. Finally, vis-
ual thinking methods (Arnheim, 1969; Tufte, 1990) were
applied using models/diagrams, the fianl versions of which
are presented in this paper. However, the illative process of
developing the model was also part of the reflective proc-
ess used to make sense of the practice research. Ultimately, this
bricolage of methods enabled Authorl to produce the final
model depicting the relationship between sorting in recovery
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and blending in manufacture towards a Design for Sorting
approach.

Ethics statement

This research was approved by UAL’s University Research
Degrees Subcommittee (URDSC) on 28th March 2018 and was
deemed as minimal ethical risk due to the nature of the research
and the study methods employed. Applications deemed mini-
mal ethical risk do not need to be approved by Research and
Knowledge Exchange Ethics Sub-Committee (RKEESC).

Written informed consent for publication of the partici-
pants details and data (including transcripts in the cases of the
semi-structured interviews) was obtained from the participants.

Sorting practices in the wool recycling industry
Sorting goods into categories is the main method used in
resource recovery to create value (Gregson et al., 2016). Crang
et al. (2013:11) point out that the value of used goods is real-
ised through the assessment of material quality, specifically
“finding and separating the good quality components or
materials”. When recycling for the mechanical recovery of
fibres there are generally four types that determine a sort-
ing grade: pre-/post-consumer, structure, colour and fibre-type
(see Figure 1).

Sorting: Pre-/post-consumer

There are two forms of waste textile, pre- and post-consumer.
Pre-consumer is material diverted from waste in the manufac-
turing process (ISO, 2016) and is the easiest waste-stream to
sort because it is most often formed during the manufacturing
process (Fontell & Heikkild, 2017). These wastes, created before
they reach the consumer, involve a limited amount of sort-
ing (Heikkila et al., 2018), but still require processing before
they can be used in remanufacture or recycling streams (Runnel
et al., 2017; Syrett et al., 2021). Post-consumer wastes are
discarded by the consumer at the end of use/life, and largely
collected in a separate system although, some pre-consumer tex-
tiles are directed to post-consumer collection streams, such as
unsold garments. Garments, that cannot be re-used in the local
market, are recycled at best and incinerated at worst (Wijnia,
2016).

PRE/POST- CONSUMER

E STRUCTURE j

FIBRE TYPE

E COLOUR j

SORTING GRADE

Figure 1. Four types of sorting leading to a sorting grade.
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Post-consumer, unlike the pre-consumer waste, cannot be easily
collected in homogeneous groups because the textiles are
collected from many different users (Roos er al, 2019) and
thus, require significant levels of sorting. When collected,
it is first sorted into two broad categories: unwearable for recy-
cling and wearable for re-use (Dutch Clothing Mountain, 2017).
However, the lines between re-use and recycling are blurred,
and re-usable waste streams with no market can leak into
recycling grades (Norris, 2012a).

Sorting: Structure

Structure describes the construction method of a textile, such
as knit or woven and can significantly impact the recovery of
the fibres (Roos et al., 2019). Sorting for structure often occurs
accidentally during sorting for re-use where garments are
split by type, which tend to divide readily into structures, such
as knitted jumpers or woven trousers. Norris (2012a) explains
how acrylic knitwear, unlike the ‘recycling grade’ clothing
that is stained, damaged and unwearable, is unmarketable for
western re-use and unsuitable for the warm climates of the
global second-hand re-use markets. These often become an
accidental recycling grade that are already sorted by structure.

Day (2016) explains, that historically the textile recycling
industry split waste between shoddy (typically knitted) and
Mungo (typically woven) structures in order to obtain longer or
shorter fibres in the physical recycling process. Knitted textiles,
according to Norris (2012b), are soft and easy to open in the
pulling/shredding process whereas, woven materials created
using a tighter construction and often requiring stronger more
tightly spun yarn, result in shorter recovered fibres (Ngrup
et al., 2018). If recovered fibres are too short it is difficult to
process them to go through the machinery when manufactur-
ing into new textiles. In today’s wool recycling industry in
Prato, Italy some sorters even go as far as sorting between
‘fine’ and ‘ordinary’ knit structures in an attempt to increase the
quality of the recycled fibre (Hall, 2018).

Sorting for structure has been highlighted by Near Infra
Red (NIR) sorting technology project, Fibersort. Among its
recommendations, it proposes that:

“sorting on woven qualities for instance or separat-
ing bales of lower and higher qualities of woolen (sic)
textiles, could enable them to be used for different
product applications, and hence avoid waste being
created later in the value chain” (Fibersort, 2020:15)

However, the importance of this category is contended.
Niinimdki and Karell (2020) point out that although a greater
understanding of the effects of the structure of our textiles for
recycling is required, this is only relevant to chemical recy-
cling and not mechanical recycling. Whilst it is true that the
structure of textiles matters little when mechanically recycling
low grade textiles into non-woven applications, for higher
grade mechanical recycling the industry distinguishes between
the structures to obtain quality fibres (Hall, 2018).
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Sorting: Colour

Another method to create value from waste textiles is by col-
our (Uchimaru et al., 2013) and some colours are more desir-
able than others. According to Norris (2012b:43), “bright shades
are at a premium, with sludgy grey mixes at the bottom of
the scale”. In the Indian shoddy industry, Norris explains, col-
our sorting is first separated into families and then into shades
and sub-shades. Each one can be further qualified as bright,
light and dark, referring to depth of colour, shininess and purity
of shade. ‘Uni’ (i.e. solid colour) clothes are the most expensive,
‘fancy’ (i.e. checks and stripes) are the cheapest. However,
you can also make several types of fancy, Norris (2012b)
explains, such as red fancy, violet fancy, blue fancy or ‘10 fancy’
(fancy with ten colours in it).

One of the biggest barriers to effective textile recycling is col-
our contamination and results through inefficient sorting.
Contamination presents itself as either sludgy colours or in
the form of ‘neps’; contrasting coloured specs which stand
out and, in some cases, protrude from the yarn or fabric sur-
face. While neps can be exploited as a design feature, it is not
practical if a solid colour is required (Hall, 2018).

Sorting: Fibre type

It is generally recognised that high-value textile recycling is
centred around mono-material input (Hall, 2018). For exam-
ple, Prato, Italy has become a hub utilising mono-material wool
fibres. Wool, as Botticello (2012) explains, is valued for its
fire-retardant qualities for non-woven markets and therefore
in the sorting process garments must contain high percent-
ages of wool to be used for this purpose. She points out that in
the past jumpers could be sorted into two basic categories,
pure wool or synthetic. However, in today’s industry wool is
“mixed in diverse blends, reducing pure wool content and mak-
ing the fibre content of the garments more difficult to recognise
and categorise” (Botticello, 2012:173).

Acrylic has increasingly been used as a blending agent with
wool to maintain the wool-like character in yarns (European
Commission, 2003). This combination of fibres, by default,
at the end-of-life contaminates wool recycling streams. The
blends between wool and acrylic are present across the global
wool recycling industries including the lowest grades in Prato’s
wool recycling industry (Hall, 2018).

However, though there have been numerous combinations of
wool and acrylic fibres, the wool-based sorting industry has
found ways to categorise these complex waste streams for a
variety of markets, investigated in the Authorl’s PhD thesis
where the grades and thresholds of wool/acrylic knitted textiles
have been outlined (Hall, 2021). As the industry prioritises wool
content, the generic sorting grades are described by the per-
centages of wool they contain, namely 100% wool, 80% wool,
50% wool and 100% acrylic. Due to the complexities of the
blends present, these grades depict the average amount of wool
a batch/bail will contain and denote the thresholds around
each grade (see Figure 2).
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Figure 2. Wool/acrylic sorting grades and thresholds
visualised to represent the blurred boundaries between the
sorting categories (Hall, 2021).

Authorl found in her PhD research (Hall, 2021) that the
average wool content of a bail was often lower than its named
composition, such as a bail named 50% wool might only contain
40% wool in practice. This also applies to the 100% acrylic
grade, which could contain as much as 15% wool or possibly
more. This explains the complexity of the waste in the sorting
system and demonstrates the wide overlap that occurs
between grades and the ‘blurred’” boundaries between each
sorting category (Figure 2). The research concluded that it is
both the generic grades (100% wool, 80% wool, 50% wool
and 100% acrylic/0% wool), and the thresholds that begin
to provide the designer with the start of a Design for Sorting
approach.

Blending practices in the textile industry

Blending is defined by Sinclair (2014:162) as “the bringing
together of fibres of different types” and Hatch (1993) explains
this practice can be traced back as early as 150 B.C. when
cotton and flax yarns were woven together to form a blended
material and was used from the 16th until 19th Centuries as
a method to reduce costs. Blended yarns were not introduced
until 1963 and since then, designers and manufacturers have
found further creative ways to combine materials.

More recently, with the rise of cradle-to-cradle principles, blend-
ing has been demonised as ‘monstrous hybrids’ used to create
‘Frankenstein products’ (Braungart & McDonough, 2002).
This refers specifically to the blending of technical and
biological materials that cannot be salvaged at the end-of-use
(Braungart & McDonough, 2002), however in the context of
textiles the combination of natural and synthetic materials is
so prevalent it is hard to imagine its removal. It is essential to
understand the reasons for fibre blending in order to address the
challenge it poses for textile recycling and sorting.

Together Gulich (2006) and Payne (2015) suggest that textiles
are designed for a number of reasons such as functionality,
appearance and cost and the designer’s role is one that attends
to these aspects through specification of materials for products,
including blending (Gulich, 2006). However, there is often a
trade-oft to be found between designing functional and durable
textiles and designing for recyclability via mono-materiality
(Tanttu et al., 2016). Beton et al. (2014) point out that in some
cases, blending can aid longevity and reduce environmental
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impacts, for example, incorporating a more durable component
might extend the useful life of a fragile fibre. Sinclair (2014)
provides five benefits that blending can provide:

. To compensate for weaker attributes or properties of
one type of fibre

. To improve the performance of the resulting yarn or
fabric

. To improve or provide a different appearance

. To improve the efficiency of processing, especially of
spinning, weaving and knitting

. To reduce costs

In recycling practices blending can also be used for similar
results, for example, recyclers compensate for the shorter recy-
cled fibres by blending them with longer virgin ones or as a
means to control material composition. Norris (2012a) illustrates
this by describing the procedures used in the wool recycling
industry in India, “in order to increase the wool content of
a batch to complete a particular order specifying for exam-
ple 75 per cent wool, factory managers have to buy in bales of
wool-rich rags to mix with existing stocks” (Norris, 2012a:395).

Recycled blending

To further understand the historical practices of recycling
wool fibres into high-value yarns and fabrics a field visit to the
archive of shoddy recycling business Henry Day and Sons Ltd
was conducted. Owner, Charles Day explained why and how
sorting and blending methods were used and that all decisions
were made according to the requirements of the final product.
Although many of these applications do not exist today, it was
the design and development of the different combinations of
wastes and colours that was most revealing. For example, the
company used a combination of different types of textile waste to
produce a woollen cloth for Royal Ulster Constabulary over-
coats (the police force in Northern Ireland from 1922-2001).
This was made with a mixture of recycled woollen and worsted
spun woven textiles that, when recycled, produced very short
fibres. These were then combined by the yarn spinner with
longer virgin wool to create the new yarn. The virgin wool
would be dyed so that when blended with the recycled fibre
it would form the exact Royal Ulster Constabulary shade. This
demonstrated recycled and virgin combinations as well as
colour blending as an approach.

In another example, a recycled fibre was labelled ‘NBC
(National Bus Company), double carded 1975°. The fibre com-
position was 55% Shoddy (knitted wool waste, longer fibres),
25% Dyed Wool (virgin) and 10% Brush (woven worsted
waste, shorter fibres). The remaining 10% ‘Harwood’ fibre
was pre-consumer waste sourced from a local company by the
same name that produced yarn and woven fabric. Although
Charles was unable to confirm the specific type of pre-consumer
waste (from one of many stages during yarn or woven
production), the sample illustrated how recycled and virgin;
pre- and post-consumer; knitted and woven; and long and short
fibres had been specifically designed to create the final blend
for the product. From the discussion four additional categories
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of blending emerged, over and above blending different fibre
types together: recycled & virgin, pre & post-consumer,
colour and structure.

Recycled blending: Recycled and virgin. Longer virgin fibres
outperform the shorter recycled ones that have been ripped
from the cloth in the recycling process (Merati & Okamura,
2004) and the addition of virgin fibre is often required to aid
the movement of the recycled fibres as they travel through
yarn spinning machinery. Sakthivel er al. (2010) estimate
that this addition of virgin content is about 15% in the shoddy
industry, and is also used, as it is in standard production, for
functionality, appearance and cost benefits. For example,
recycled fibre of any type is often blended with synthetics
(mixing both virgin and recycled with different fibre types)
chosen for their strength and economic price point.

Rather than virgin fibres supporting the recycled content,
the reverse is also possible with smaller amounts of recycled
fibres blended with virgin to save on costs. For example, seam
waste from the cleaning process of cashmere jumpers could be
added to a virgin batch to achieve a 10 or 20% cashmere blend
(Hall, 2018). Hence the addition of recycled materials can
be used to promote the luxury qualities of cashmere at a low
price point.

Recycled blending: pre- and post-consumer. The blending
of different types of waste, pre- and post-consumer, is used
in the recycling industry to control the quality of the textile
materials produced (Hall, 2018). As previously discussed,
pre-consumer wastes covers a range of materials, but is generally
sourced in more consistent fibre type, colour and structure
than their post-consumer counterparts (Fontell & Heikkild,
2017) and therefore might be described as ‘high quality’.
While the details of a pre-consumer system can be complex
(Runnel et al., 2017), this approach is made easier when a recy-
cling industry is located within an area of virgin production. For
example, the wool recycling industry in Italy is located within
Prato which also has virgin wool textile production. While
the recyclers in Prato import post-consumer waste, they also
have easy access to the local industry waste (Roos et al., 2019).
However, this is often more expensive then utilising
post-consumer (Hall, 2018). As with all other blending, it
ultimately occurs in order to balance the requirements of
the final material.

Recycled blending: Colour. As previously discussed, sort-
ing waste by colour is one of the most common methods used
in the industry. This eliminates the need to strip the colour from
the material. Any recycled fibre colour can be used as-is or
blended with others to create a specific shade, yet, as Norris
(2005) points out, in the shoddy industry, colour choice is
often determined by availability. If a colour is fashionable one
year the industry may struggle to provide the fibres needed to
create the exact colour blend. Conversely, when that trend
comes to an end, recyclers may end up with too much of a given
colour.

If the shade cannot be obtained by the available recycled fibres,
an overdyeing method can be used for a whole batch or a
part-batch in a blend (Hall, 2018). For example, a light green
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fibre could be overdyed to create a darker green shade, this,
in turn, might be used with a variety of other colours to form
an exact shade. However, overdyeing recycled fibres, particu-
larly those which are impure, can be problematic and often
rather than using overdyed recycled fibres, more sustain-
ably dyed virgin fibres can be added to fulfil the requirements
of the colour blend (ECAP, 2019). This combined approach
(blending colour and virgin fibre) is commonplace within
the recycling industry and has been developed for use with
complex sources of waste material.

Recycled blending: Structure. Historically the wool recy-
cling industry grouped materials according to their structure,
named Shoddy and Mungo (Day, 2016) and this approach is
still used in today’s mechanical recycling industry (Hall, 2018).
While the main focus of sorting technology research has
concentrated on fibre type, the importance of sorting by
structure has started to be realised (Fibersort, 2020). The
different fibre lengths produced from the two textile structures
can be combined for the advantage of the spinner. For example,
blending shorter, lower quality, cheaper fibres with the longer,
more expensive ones can help control the quality and eco-
nomic value of the final material. Alternatively, shorter fibre
can be included to benefit the performance of a later production
stage. For example, the milling process used on wool fabrics
to achieve a controlled felted finish, as Pailthorpe and
Wood (2012) explain, is made easier when shorter wool fibres
are present in the yarns.

Field testing: Sorting and blending

Having established the sorting methods, in particular the
grades and thresholds of knitted waste in the wool recycling
industry, and the recycled blending methods for designing
high-value yarns, a design test was devised to explore the
relationship between these two practices in the mechanical
recycling industry. 100% recycled acrylic fibres were sourced
directly from the wool recycling industry, Prato, Italy which
would usually be used for non-woven shoddy materials or as
yarns for blankets sold in markets outside of Europe. Although
described as 100% acrylic, as the previous the research dem-
onstrates (Hall, 2021), this could in fact contain a variety of
fibres including wool. Instead of this typical route, a new
product pathway (an additional loop) was designed to
return the acrylic into a knitwear product for the European
marketplace (Figure 3). This fibre grade (100% acrylic) was
selected as a worst-case scenario to demonstrate how this
lowest value grade could be designed using recycled blending
and at the same time into new sorting categories for its
onward recyclability. After this additional loop, which pro-
vides fibre longevity, the fibres could then continue with their
typical recycling routes or by design be diverted into other
loops and streams.

In collaboration with a commission yarn spinning facility
(who wish to remain anonymous) in Yorkshire, UK, using a
woollen system to produce ring-spun yarns, four yarns were
designed for different market levels from basic to luxury
and briefs created accordingly. All four yarns were required
to be suitable for a knitted garment that could be sold in the
European market which was achieved through the expert
knowledge provided by the yarn spinner for industrial yarn
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creation and the tacit design knowledge brought by Authorl
(designer-researcher) who previously worked at a knitwear
designer for the UK high-street. In addition, there were techni-
cal requirements the spinner required. For example, he would
not accept more than 50% recycled acrylic in the blend to
ensure it could be processed by the machinery. Finally, the
designer-researcher also required each yarn to fall into a
specific recycling grade, therefore the final yarns needed to
contain either: 0% wool to return to the same category; 30%
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wool the threshold for the 50% category so it could move up
a grade; or 50% wool guaranteeing it would move up a grade.
The four yarns were designed and developed, using the recy-
cled acrylic sourced from the recycling industry in Prato,
Italy and combined with fibres sourced from stock at the
spinning facility (wool/cashmere/mohair) or specially sourced
by the spinner from the industry for the blend (recycled
polyester from plastic bottles). The design of the yarns have
been described in Table 1 and are discussed according to the

VIRGIN FIBRE

'----------..~
ADDITIONALUSE "
...-------“‘

FURTHER USES / END-OF-LIFE

Figure 3. Designing an additional loop which continues into the same pathway or is diverted into another pathway.

Table 1. Four recycled yarns designed using recycling blending techniques for specific

wool sorting categories.

RECYCLED/

YARN % FIBRE TYPE WASTE TYPE VIRGIN COLOUR
1 Simple 50% Acrylic Post-Consumer Recycled Navy
50%  Polyester Post-Consumer  Recycled Black
2 Every day 50% Acrylic Post-Consumer Recycled Navy
30%  Wool - Virgin Black / Turq /Green
20%  Polyester Post-Consumer  Recycled Black
3 Luxury 50% Acrylic Post-Consumer Recycled Navy
20%  Wool - Virgin Slate Blue
10%  Cashmere Pre-Consumer Recovered* Brown
20%  Polyester Post-Consumer  Recycled Black
4 Super Luxury 50% Acrylic Post-Consumer Recycled Navy
50%  Mohair/Wool/ - Virgin White/Lemon/

Cashmere

Honey Bird /Black

* Recovered fibres is a “material that would have otherwise been disposed of as waste... instead been collected
and recovered [reclaimed] as a material Input, in lieu of new primary material, for a recycling or a manufacturing

process” (IS0, 2016:15)
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recycled blending techniques below. Figure 4 also shows four
recycled yarns designed for the basic to luxury markets.

Designing: Structure

Out of the all the methods of recycled blending, using waste
produced from different structures was explored least in this
practice. The recycled acrylic content, for all the yarns, was
sourced from knitted waste only. The traditional route when recy-
cling textiles takes knit or woven materials and recycles them
into woven or non-woven materials. As sorter Hasain Lilani
explains “[recyclers] prefer the knits. They are using knit material
and turning it into woven” (Hall, 2021:280). While knitted
products produce longer fibres in recovery, the opposite is true
of more tightly woven materials. Therefore, intervention by
design of these pathways is vital. While it was not possible to
combine woven and knitted wastes, due to limited time and
difficulty sourcing, the practice did demonstrate how the wastes
from knitted textiles could be designed back into a knitted
application.

Moreover, three of the yarns also contained recycled polyes-
ter (recycled PET - polyethylene terephthalate) and this was
sourced from plastic bottles outside the textile industry combin-
ing waste from a completely different structure category. The
recycled PET was chosen specifically due to its strength (func-
tion) and economic price point (cost) which are reasons that
blends such as these occur in the virgin spinning industry
(Sinclair, 2014). PET from plastic bottles can be recycled
mechanically (polymer level) to a good standard or chemi-
cally (monomer level) to near virgin quality (Harmsen et al.,
2021). While, the recycling of PET plastic bottles face simi-
lar challenges to textiles in that it requires rigorous sorting
and disassembly (cleaning) to avoid contaminants (Ragaert
et al., 2017), regularly the textile industry uses PET from plas-
tic bottles and not from PET textiles. This is put down to the
added complexity of our textiles, with many components,
compared to the relatively simple design of plastic products
(Payne, 2015), that makes plastics bottles an easier waste
stream to capture and convert. However, if we continue to use
PET from plastic bottles which will enter the textile recycling
systems that are not recovered, then we cannot fully transition

Figure 4. Four recycled yarns designed basic to luxury
markets.
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to a circular economy. The use of PET from plastic bottles
does, however, demonstrate how different structures, in this
case knitted textiles producing short fibres and PET bottles pro-
ducing stronger fibres can be utilised to support each other.
Using this method Yarn 1 also was the only yarn that could be
classified at 100% recycled.

Designing: Colour

Less has been investigated in the literature about the nuances
of colour sorting for the design of yarns in the wool indus-
try beyond sorting into family colours and specific shades.
Therefore, the yarns were designed not to stray too far from
the colour of the main recycled acrylic fibre. Across the four
yarns produced different amounts of colour blending were
employed. Yarn 1, for example, used the least amount of
colour blending, combining navy and black to create a deeper
shade of navy and Yarn 3 used a very subtle colour combina-
tion: Navy (50% acrylic), Slate Blue (20% wool), Brown (10%
cashmere) and Black (20% polyester). This resulted in deep
and rich navy that although contained slate blue and brown
hues was designed to still look like a solid colour (see Figure 5).

On the other hand, Yarn 2 started to combine bolder colours:
Navy (50% Acrylic), Black (10% wool), Turquoise (10%
wool) and Green (10% wool). This resulted in a melange
turquoise-navy. Finally, Yarn 4 blended the most contrasting
colours: Navy (50% acrylic), White (17% Mohair), Lemon
yellow (12% wool, mohair, cashmere) and Honeybird Blue
(12% wool, mohair, cashmere). This produced a turquoise/
green melange looking yarn with flashes of lemon and blue (see
Figure 6).

To further understand the consequences for the different
approaches to designing colour into the yarns, a semi-structured
interview with sorter Hasnain Lilani was conducted. Lilani
explains sorting solid colours is the most desirable, however,
melange garments can also be sorted into ‘double tone’ grades.
He warns, however, that there is not always enough quan-
tity to create a full batch. Solid colours, therefore, hold the
highest value acting as a reminder that value is not only
attached to the fibre type of the garments. In addition, another
semi-structured interview with Recycler X was conducted
to provide a recyclers perspective on the subject. Recycler X
explained non-solid coloured waste textiles have to be dealt
with differently. He confirmed that recyclers do make their
own blended recipes from the solid colours, but that melange
and fancy waste streams have more limited pathways. Jump-
ers with melange colours can only be used to re-create new
melange shades. Therefore, whilst melange may hold some
value, they are not as useful as solid colours which can be used to
produce both solid and melange yarns.

Fancy fabrics, those with many colours and patterns, Recy-
cler X illuminates, can be recycled into yarns through overdye-
ing them with darker colours. The ability to overdye the fibre is
dependent on the fibre composition being compatible, such as
wool/acrylic, wool/nylon, wool/polyester or better still a pure
wool or pure acrylic. However, if the composition cannot be
assessed then overdying is not practical and the recycled fibre
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Figure 5. Yarn 1 (left) and Yarn 3 (right) as knitted swatches.

Figure 6. Yarn 2 (left) and Yarn 4 (right) as knitted swatches.

can only be used in hidden applications such as insulation
felts.

In fancy patterned fabrics and those produced from fancy yarns
with contrasting colours, the sorting strategies also become
more complex. In some cases, they can be used to create yarns
with coloured neps (referred to by Recycler X as a ‘button’),
however, only for the simplest ‘fancy’ categories with two
colours. When a textile contains multiple colours or neps,
Recycler X explains, it is difficult to know which colour
category it should be used within. Therefore, it cannot be
recycled back into a new yarn and would only be used in
other textile forms where colour is less of a priority.

Designing: Waste type (pre- and post-consumer)

The majority of the yarns in this research were designed with
post-consumer wastes, including the polyester fibres sourced
from used plastic bottles. There was only one example,
Yarn 3, which also contained pre-consumer waste cashmere
from the spinning facility. This fibre was left over from a previ-
ous production, and therefore should not be classified at recycled,
as it “capable of being reclaimed within the same process that
generated it.” (ISO, 2016:15) but can be defined at recovered,
described by ISO (2016:15) as a “material that would have

instead been collected

otherwise been disposed of as waste...
and recovered [reclaimed] as a material Input, in lieu of new

primary material, for a
process”.

recycling or a manufacturing

This method, combining different waste sources is
cost-effective, as only a small production run of yarn was pro-
duced (50kg of each yarn matching the spinning companies
minimum order quantities) hence suitable for capitalising
on only small quantities of available recovered luxury fibre.
Therefore, by adding cashmere, a softer quality yarn/textile
was produced and would likely fetch a higher market value.
Finally, this method of blending also increased the recycled/
recovered content of the yarn, and therefore, had demonstratable
sustainability credentials.

Designing: Recycled and virgin

All the yarns produced contained 50% recycled acrylic, but the
virgin content varied in percentage. For example, Yarn 4 was
designed with a 50% virgin blend of wool/mohair/cashmere,
whereas Yarn 2 and 3 all contained 30% virgin wool. Virgin
content (or other types of longer fibres) is necessary to aid the
manufacture process including the speed at which the fibres
can be processed, the yield (amount of yarn produced minus
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the wastage) and the thickness/count of the yarn. Iterations
between the designer-researcher and the spinning engineer
ensured that the design for market and for sortability balanced
with the requirements of manufacture. For example, the spinning
engineer would not accept any higher than 50% recycled acrylic,
as the fibres were too short whilst the other recycled content,
polyester and cashmere, had longer fibres length as they were
sourced from non-post-consumer wastes.

The use of virgin wool was used to ensure the yarns and later
textiles would enter into improved sorting grades at the end
of their useful lives. Even though 100% recycled acrylic was
sourced for this research, the same blending principle could
also be applied to other waste grades, such as 50% wool/50%
acrylic and thereby would increase the wool content even
further. The variety of virgin fibres were selected based on
different market levels (described as simple, every day, luxury
and super luxury), and thus exploring how easy or difficult it
would be to create yarns for knitwear across these market levels
using recycled content. This was the reason polyester, a cheaper
fibre than wool, was selected to be part of yarn 1, 2 and 3’s
blend.

At first virgin acrylic fibre was considered, to enable
mono-materiality in Yarn 1, however due to minimum quantity
order limitations it could not be sourced and happily avoided
further demand for virgin acrylic fibres- problematic due to the
chemical nature of this man-made fibre (Fletcher, 2008). Nylon
also could not be used because the woollen spinning system
to produce ring-spun yarn could only cope with 20% nylon
or below and so was discounted because Yarn 1 required 50%
non-wool virgin content to re-enter the same 100% acrylic
sorting grade. Thus recycled polyester was selected which is
widely available.

However, this choice of synthetic fibres would also have an
impact at the sorting stage and would be considered a contami-
nant in exactly the same way as the recycled acrylic because
value, at the sorting stage, is only attributed to the percent-
age of wool. Therefore, in the case of Yarn 2 (Acrylic, Wool
and Polyester) the polyester would be grouped together with
the acrylic and described as acrylic/synthetic. This, does not
however, provide the green light for designers to create blends
from synthetic virgin materials without any consideration for
the consequences and is only appropriate when designing
with complex recycled fibres directly for a known sorting and
recycling systems.

Discussion - design for sorting

This research has explored the historical and present-day
methods used by the wool recycling industry to recover and
manufacture recycled fibres for a range of end-markets. It
provided four methods of sorting used to categorise waste
textiles (see Figure 7). In addition, recycled blending tech-
niques have adapted creatively to overcome the challenges
of using recycled fibres across five categories (see Figure 7),
some of which overlap with methods used in the virgin textile
industry. These blending techniques are dictated by the end
application/market which has been illustrated in this research
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through the design of four yarns: simple, every day, luxury
and super luxury. However, it is the relationship between
the methods of sorting in recovery and blending in manufac-
ture that is most enlightening and has resulted in three themes:
fibre quality, fibre type and fibre colour (see Figure 7). Each
of these categories has been expanded below and have been
supported by expert interviews.

Design for Sorting: Fibre quality

Fibre quality is one of the biggest challenges for the manufac-
ture of recycled materials. Quality, here, refers to fibre length
obtained after shredding but could have an expanded defini-
tion to include attributes of these fibres when manufactured
such as yarn spinning. For example, the yarn tenacity, thick
or thin areas, neps and hairiness etc (Vadicherla & Saravanan,
2017). In the recovery phase, sorting waste textiles for fibre qual-
ity is assessed via three sorting methods: pre/post-consumer
textiles, structure, and virgin and recycled.

The different fibre lengths obtainable from virgin and recy-
cled fibres are well known, however it is the other two catego-
ries that will be focused on here. As previously discussed, waste
textiles are sourced from pre-consumer and post-consumer
streams. Pre-consumer usually create higher quality fibres during
recycling because they have either been processed less or
they have no degradation due to wear. For example, spinning
waste is easier to shred as it has not been knitted or woven
into a textile. In addition, material production offcuts can
be easier to obtain fibres from, unlike for example, an old,
felted wool jumper accidentally washed at too high a tempera-
ture. This is a simplified view of the pre-consumer recycling
system which is much more complex (Runnel er al., 2017).
However, if collected straight from the factory, pre-consumer
waste, has the potential to have increased fibre quality (Fontell
& Heikkild, 2017). In addition, relevant to the next two
categories, pre-consumer waste also requires minimal sorting
to ensure fibre type and colour are maintained, as the waste
is collected from the production of large quantities of the
same manufactured products (Fontell & Heikkild, 2017).
Post-consumer textile waste, on the other hand, is sorted for
quality via structure which also dictates fibre length.

BLENDING METHODS

PRE/POST- CONSUMER PRES& POST- CONSUMER
FIBRE QUALITY STRUGTURE
STRUCTURE
\i, RECYCLED & VIRGIN
FIBRE TYPE FIBRE TYPE FIBRE TYPE
Ls COI_IOUR p FIBRE COLOUR COLOUR

Figure 7. Design for Sorting as three themes bridging
sorting methods in recovery with blending methods in
manufacture.
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In manufacture, at yarn level the designer can blend differ-
ent fibres (short and long) to create a product. This can also
be used as a way to ensure longevity of all resources not just
the longest quality fibres. For future recycling, it also illustrates
that the choices made by the designer regarding the construc-
tion of the textile across yarn, material and product level also
impact recovery. For example, the value of fibre quality will
be affected by how tight the yarn is spun (yarn level), how
tightly the knit of weave is produced (material level) and
finally how different structured materials are combined,
such as a coat with a loosely woven outer shell and a tightly
woven inner lining (product level). This final product level
consideration is relevant as to ensure fibre quality in recy-
cling each fabric construction would need to be separated to
enable machinery to pull long fibres from the outer in a sepa-
rate process to the shorter fibres of the lining. Each of these
levels represent design decisions that will impact the recycled
value of the resource in its next life.

For the designer, this knowledge of quality and how it mate-
rialises itself is the key to design intervention and provides
designers with ways to create new pathways from more tricky
waste types and without adding unnecessary attributes into the
textile. In this research, proof of concept was offered using
recycled fibres from knitted structures (high value) and divert-
ing them away from woven high spun yarns into looser yarns
for knitwear that can easily be recycled again. Naturally, In
the next life the fibres may be too short to use for knitted prod-
ucts and therefore could be designed into a tightly spun
yarn (keeping the fibre securely in place) for woven textiles.
The designer, therefore, can intervene and create new ways of
using these fibres to maximise their use. Ultimately, as Norris
(2012c:140) expresses, if we are to create value from waste tex-
tiles we need “to keep it moving, keep sorting and recombining
it, imagining new contexts and creating those pathways”.

Design for sorting: Fibre type

Addressing this challenge of low value mixed fibres through
design was the focus of this research specifically where mono
materiality via chemical separation is currently not possible.
In the mechanical recycling industry, the previous research
(Hall, 2021) provided generic grades and thresholds that
describe the complex blends. It has been established that value
is determined at the sorting stage where the highest value is
assigned to the purest recycled wool fibres (mainly but not com-
pletely pure wool) and lowest value to most synthetic content
(mainly but not completely pure synthetic).

The use of lower value fibre types was expanded in the inter-
view by sorter Hasnain Lilani. Although his business model
is primarily focused on sorting wool products, describing
acrylic as ‘completely wasted’, he explains that lower value syn-
thetics are used by his clients (recyclers) to reduce the price
of the materials they are producing. This method of sourcing
different fibre types to blend afterwards in manufacture
enables the industry to organise and utilise wastes effectively,
as well as regain control of the fibre content to create new
textile material.
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In addition to blending different recycled wastes from the
sorting system, it is also possible to blend different recy-
cled and virgin fibre types to control the content. Although
this might seem like an obvious solution, in this research this
method was used to design yarns that, after use, would return
to specific categories in the sorting system. This is espe-
cially relevant, as it is easy to utilise the highest value recy-
cled fibres (100% wool grade), whereas this research illustrates
that it is also possible to use the lowest value fibres (100%
acrylic grade). This is achieved by blending different percent-
ages of wool into the yarns. Yarn 1 was designed to gain at least
one additional loop and thereafter return to the same 100%
acrylic/synthetic category to then flow into the typical mar-
kets such as non-woven materials. Yarn 2 and 3 were designed
to sit on the edge of the threshold for the 50% wool category.
This, therefore, has the potential to move up a category divert-
ing the material away from its typical route. Finally, Yarn 4 more
substantially moves up a category. The aim of this approach
was to address how to utilise the most complex wastes that
already exist and create a range of solutions to replace virgin
production.

Moreover, even though this research took a focused look at
blending that occurs at yarn level, blending at material level,
such as combining two yarns of different compositions,
and product level, such as combining multiple materials with
different compositions together, should not be forgotten. Any
further blending across the textile hierarchy would also have
an impact at the sorting stage thus the designer must take all
levels of blending into account (see Hall, 2021).

Design for sorting: Fibre colour

Sorting for colour is a cornerstone of the mechanical recy-
cling industry as the colour is carried forward into its next
life. Colour sorting is meticulously conducted as a method to
increase value during the recovery phase, such as into fam-
ily colours, shades etc... There is a mismatch, however, between
the efforts made in recovery to keep these colours pure and the
combining of colours during the manufacture of yarns. While
in this research the colours of the four yarns were kept to a
minimum this led to wider conversation with experts Hasnain
Lilani and Recycler X about how colour is used in the recycling
industry.

Solid colours, such as Yarn 1, hold the highest value. However,
as Yarn 3 illustrated it is still possible to combine small quan-
tities of other colours (Navy, Slate blue, Brown and Black)
to produce very subtle tones that would be classified as solid
in the sorting stage. Marl colours, such as Yarn 2 (Navy,
Turquoise, Green, Black) can be sorted into what Liliani
describes as ‘double tones’, but this type of sorting starts to
become more complex. In manufacture, Recycler X expands,
it is easy to move a solid to a marl and it is also possible,
but just not as simple, to create a marl from a marl. However, it
becomes trickier when creating complex marls, such as Yarn 4
(Navy, Yellow, Blue and White). Yet, both Liliani and Recycler
X were confident that this yarn could also be sorted (when there
was demand for this marl colour of waste) and manufactured
into a new marl shade.
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It should be noted that fancy textiles become much more com-
plex at material and product level and this causes the biggest
reduction in value. The more intricate the pattern and more
contrasting the colours, the more problematic for sorting and
manufacture. However, as Lialni explains:

“If jumpers are half solid and half fancy, we cut the half
out and put this into the solid category and remaining
half is kept separately in the fancy category”

Recycler X expands this discussion even further. Fancy tex-
tiles can be divided into: subtle and bold categories. More
subtle combinations can avoid value degradation, for example
Recycler X explains:

“if it is [a] knitted jumper with dark blue and black
you can put it in either the blue or the black sorting
category. A little navy in the black is not a problem”

Unfortunately, this does not always apply to woven materials
as these are considered by Recycler X as lower value. Bolder,
more brightly coloured patterned textiles however, automati-
cally loose value and are best suited for non-woven applications.
Alternatively, they can be overdyed with a darker colour, such
as black, brown or navy to be used as a solid colour alone
or in a blend.

Just as this research has demonstrated with fibre quality and
fibre type, design intervention could be used to find methods
to valorise all manners of melange and fancy waste. Thus, in
the same way as designing to incrementally increase the value
of fibre type, the value of fibre colour could be harnessed.

Design for sorting: Combined approach

While it is useful to clearly outline each element: fibre qual-
ity, type, and colour, these themes that connect recovery and
manufacture cannot be used alone. It is only understanding
the impacts of each of these themes together that a Design for
Sorting approach can be found.

This point was emphasised by Lilani at the end of his inter-
view talking about sorting fancy, high percentage wool, chunky
knitted jumpers:

“most of the customers want to take these materi-
als because they are less expensive. The quality is
really good because most of the fancy sweaters come
in heavy sweaters and mostly pure wool and the qual-
ity is super super nice. For recycling it is worth nothing,
it has low value”

Here, Lilani demonstrates that although these garments can be
sorted into pure fibre type and fall into the heavy knit category
that would produce long fibre length, the fact that the jumpers
are ‘fancy’ with a mix of colours brings there value down.
Yet, it is only the fibre colour that causes this garment to fall
in value at the sorting stage and this in turn dictates how it will
be used in its next life.

The benefit of understanding each theme is also evident in
the manufacture of recycled materials. For example, where a
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textile has lost value due to colour, this can be compensated
by overdying, but only if the fibre type can be established.
Furthermore, dyed virgin fibres could be added to the yarn, to
effect, not only, the colour but this new fibre will have huge
impact on fibre quality of the blend.

Both of these examples highlight that for the Design for Sort-
ing approach to be successful it is not only about combining
different fibre qualities, types and colours from the existing
waste available to create yarns, it is also understanding how
these choices impact recovery at the end of the next use.
As a designer you might add recycled value in one area but
loose it in the other. It would be easy for this research to con-
clude that designers should only select the loosest knits with
the purest composition and colour (the cream of the recy-
cling industry) and design them back into the same ‘cream’
textile garments (solid, pure wool knits). However, these
types of waste are already desirable sorting categories in the
mechanical wool recycling industry and only selecting these
fails to address the rest of the waste that is available. Fur-
thermore, this narrow approach of only manufacturing ‘the
cream’ from ‘the cream’ does not account for the vast range of
textiles that are required across the industry. For a circu-
lar economy we require a range of wastes to flow into variety
of end uses; a balance needs to be struck. This balance offers a
challenge to the designer wanting to Design for Sorting where
designs are created knowing how the resources can suitably
transform in their subsequent lives. It is this level of fore-
sight that the textile design industry has found difficult. Often
products are disposed of after their second life (Payne, 2015)
and as McDonough & Braungart (2013) explain, this happens
when designers become preoccupied with making an object
‘work’ in its first cycle that we forget to look forward to what
happens next.

Therefore, the Design for Sorting approach provides the oppor-
tunity to elongate resource life (ideally in addition to prod-
uct life) of complex wastes by expanding our view of the many
resource loops that could exist and enabling us to design extra
uses or loops in the lifecycle that they would not have had
otherwise. However, it is unrealistic to think that all fibres
should be designed into an extra ‘yarn loop’ rather than move
into other products that are considered lower value, such as
non-woven materials. Rather this research provides design-
ers with an expanded range of options to design for recovery
(through sorting) so that all types and values of textile fibres
can be utilised effectively. It is only armed with this knowl-
edge that appropriate additional pathways can be forged,
through design, to support a circular economy (see Figure 8).

Finally, further research building on the insights presented
here should be undertaken to develop this concept across
other fibres and recycling types but particularly addressing the
impacts at material and product level towards a fully formed
Design for Sorting approach. It should be noted that the
findings in the research where supported by two expert
semi-structured interviews. The decision to use only two
interviews could be considered a small sample size, however,
this was deemed appropriate to accomplish the research
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Figure 8. Design for Sorting between recovery and manufacture.

aims of exploring design approaches. It would be recom-
mended that further interviews and data could be produced to
expand this field of research.

Conclusions

This research provides three ‘Design for Sorting’ themes that
act as a bridge between the five methods of recycled blending
in manufacture and the four methods of sorting within textile
recovery. Armed with this knowledge, design can intervene to
design from recycled wastes and simultaneously influence the
resource pathways for onward recyclability. Each ‘Design for
Sorting” theme: fibre quality, fibre type and fibre colour needs
to be understood, but do not stand alone. Thus, by establish-
ing the impacts of all three themes combined the designer
can influence fibre value in recovery.

Ultimately this research arms the designer with a better under-
standing of the impacts of their design choices in recovery.
We need, as Goldsworthy and Politowicz (2019:14) explain, to
change “how we view and design products, not as static objects
but as dynamic and evolving systems”, and in using this
approach, designers can start matching the appropriate recy-
cled fibres and blending techniques to create functional and
marketable products with an understanding of how they might
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be recirculated. Ultimately, the designer can use their creativ-
ity to extend the life of complex recycled textile fibres and
if used alongside existing ‘Design for Recycling’ strategies
(mono-materiality and disassembly) can support the recovery
of an expanded range of fibres in our textile system.

Data availability

Underlying data

University of the Arts London research repository (Figshare):
DESIGN FOR SORTING KNITWEAR - Interview transcripts
with textile sorter and recycler.

https://doi.org/10.25441/arts.20502261.v1 (Hall, 2022).

This project contains the following underlying data:
Datal_Interview_Sorter.pdf (interview transcript with textile
sorter).

Data2_Interview_Recycler.pdf (interview transcript with textile
recycler).

Data are available under the terms of the Creative Commons
Attribution 4.0 International license (CC-BY 4.0).
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