DESIGN FOR RECYCLING
KNITWEAR

The problem of difficult-to-recycle textile waste is usually laid at the designer’s door.
However, the strategy ‘Design for Recycling’ is not only underexplored in the field of
textile design, but the solutions offered are oversimplified and impractical for the
complex materials that we have been producing. At the other end of the spectrum,
much of the fashion industry has committed to using recycled fibres in their products.
However, good intentions are not translating into actions. This is due to a seemingly
unresolvable tension between the designers, recyclers and sorters. The circular
economy demands ever-increasing quality of recycled fibres. Any decreasing

quality is condemned to downcycling or cascading. The quality of fibres is allegedly
overcome by accurate sorting. However, the many different methods of blending used
by textile designers makes this difficult.

This research has been conducted across the realms of academia and industry and
brings together three roles: industry-designer, academic-researcher and industry-
based-expert. The methodological contribution of this thesis offers a way of steering
the researcher through academic and industry collaboration. Using this approach,
the study investigates the mechanical wool recycling system in which acrylic fibres
are the main contaminant. Knitted acrylic textile waste falls straight into recycling
sorting grades, without any re-use market, and are regarded as the lowest value
fibres. Using this type of waste, the research explores the role of blending, sorting
and cascading (reframed as spiralling) to enable designers to use recycled fibres and
ensure their onward recyclability. Spanning the recovery and manufacture stages of
the productss life cycle, the ‘Design for Recycling Knitwear Framework’ proposes a way
of extending the life of textile resources in the transition to a circular economy.
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ABSTRACT

The problem of difficult-to-recycle textile waste is usually laid at the designer’s door.
However, the strategy 'Design for Recycling' is not only underexplored in the field of
textile design, but the solutions offered are oversimplified and impractical for the complex
materials that we have been producing. At the other end of the spectrum, much of the
fashion industry has committed to using recycled fibres in their products. However, good
intentions are not translating into actions. This is due to a seemingly unresolvable tension
between the designers, recyclers and sorters. The circular economy demands ever-
increasing quality of recycled fibres. Any decreasing quality is condemned to downcycling
or cascading. The quality of fibres is allegedly overcome by accurate sorting. However, the
many different methods of blending used by textile designers makes this difficult.

This research has been conducted across the realms of academia and industry and brings
together three roles: industry-designer, academic-researcher and industry-based-expert.
The methodological contribution of this thesis offers a way of steering the researcher
through academic and industry collaboration. Using this approach, the study investigates
the mechanical wool recycling system in which acrylic fibres are the main contaminant.
Knitted acrylic textile waste falls straight into recycling sorting grades, without any re-

use market, and are regarded as the lowest value fibres. Using this type of waste, the
research explores the role of blending, sorting and cascading (reframed as spiralling) to
enable designers to use recycled fibres and ensure their onward recyclability. Spanning
the recovery and manufacture stages of the product’s life cycle, the 'Design for Recycling
Knitwear Framework’ proposes a way of extending the life of textile resources in the

transition to a circular economy.
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PREFACE

The journey before and leading up to this PnD was very much like being on a train that gets
diverted, ending somewhere completely unintended. There are so few places in academia
that provide the opportunity to give your reader the context for why you are doing research
on a certain topic or why you conduct research in the way that you do. So, for this small
segment of my thesis | will explain the background and circumstances which has led me to
this point.

As it turns out, my mother was a very influential in my journey into research. A designer,
maker and collector of 'things that might be useful’; make do and mend. In a time before
recycling became the norm and zero waste influencers existed, you would be lucky to
escape with your life if you placed an item in the wrong recycling bin. We even cleaned
and collected the juice cartons which were not collected in our local area. These would be
lovingly driven over the county border creating the best excuse to visit old friends and fill
their recycling bins sky high.

My background is wholly in textile design. After being scared away from fashion, ‘the devil
wears Prada’ style by my mother who told terrible tales of the villains of the commercial
rag trade, | decided to take my Batchelors degree in textiles, yet | still managed to end up
in fashion. The slog of unpaid internships finally saw me land my dream job as a knitwear
designer in a high-street supplier. | worked with buyers, designers, technicians and
produced trends, colour palettes, mood boards, new designs, move-on designs and core
garment design with factories in both China and Bangladesh. | was a small cog it a well-
oiled machine. For the Far East production the possibilities were endless, but it was the
boundaries set by the hand-knitting machines in Bangladesh which became my favourite
challenge. Most jumpers | designed were 100% acrylic and produced on mass for the British
high-street. All design choices were made on the condition that the yarn and the time it
took to produce came within that vital price point. Sometimes the knits would fail to meet
the performance requirements but could be justified with a ‘get out of jail free’ swing tag.
This would inform the customer why the jumper might pill quicker than usual, or the colour
may transfer to other surfaces. No-one cared and there wasn’t time for me to care either.

It was throughout my career in the industry that | concede my mother may have been

right, never mind Prada - the devil may in fact wear Primark. | lost my job and felt lost. My
education, up until this crossroad, had far from schooled me in sustainability. One tutor
during my bachelors, Dr Katie Beverly, to whom | will be eternally grateful provided an
optional module which covered a few of the basics. At this point, | had little concept of

a circular economy let alone some of the complexities that are discussed in this thesis.
Disillusioned by the fashion industry and woefully uninformed, | wanted to make a difference
rather than continue to be part the problem. | set about establishing my own business and
rather last minute applied to do a Master’s degree in sustainable textiles.

Textile recycling from the outset was a great disappointment in many respects. But
because of this it grew to be my passion and now my PhD. During my masters | read, and |
qguestioned. If  couldn't find the answers in books | visited, and | learned. | have lost count of
how many textile recycling plants | have visited. | have always learnt far more from speaking
to the people on the factory fioor than from the hidden knowledge found in the pages of

a book. In particular, it has always frustrated me that you can't ask a book a question. The
textile recycling (not re-use but the physical recycling) | was trying to discover didn't exist
in the pages of a single text nor was it summarised by a single factory visit. It was a complex
system and one, that in my mind, was just not good enough and was the driving force
behind both my Master’s and my PhD.

A year of study at Master’s level was far too short to first educate oneself and find the
solutions. That busy year was the prequal to this research. It is where | first understood
the categories of waste textiles by visiting sorting facilities and reading about the circles,
pyramids and staircase models that the academics suggested these garments should
flow within. | needed more time. It wasn't until | met my (now) supervisors, my head buzzing
with ideas, that they asked if | could draw the system that |, admittedly, was having trouble
explaining. As someone who is unashamedly dyslexic, | have never been brilliant with
words and this new freedom to draw pictures to explain myself was joy and a challenge. |
filled physical and virtual notebooks drawing and redrawing the connections | had made.

| had been drawing all my life as a designer and it had never occurred to me that drawing
diagrams could be even more useful.

My next stop was working for Centre for Circular Design for a year. The influence of this year
on my work was profound. It was an exciting time watching practice research happen before
my very eyes. | was most fascinated by the work on the Mistra Future Fashion projectin
which the research ideas from the ‘circular speeds project’ were applied by Swedish fashion
brand, Filippa K. More than just words on a page the ideas came to life and in a context
where they could have impact.

It was the combination of all these circumstances that has led me to this very moment.
None of them planned. This document is filled with the experiences and thinking that
have grown out of my background to make this research project what it is. From the first
time | entered a sorting facility, to producing my first recycled yarns, | am now reimagining
systems and ways of working. | am even more excited to see where the next station stop
will be.
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PART 1 - OVERVIEW

This part gives a full overview of the thesis and details the research methods used. It is
formed of two chapters: the first is the introduction which summarises the research and
the structure of this thesis, outlines the aims and objectives and defines the contributions
to knowledge.

The second chapter provides a comprehensive review of the methods used in this
research. It explains the bricolage of nine different methods required to undertake the
study which are organised across four stages. This chapter explores the differences

in ways of working between academia and industry which provide context for the
methodological contribution to knowledge found later in the thesis. The chapter and Part
1 ends with a methods framework, mapping how the insights across the thesis flowed
through the stages to the original contributions to knowledge.




1 INTRODUCTION

1.1 PROJECT OVERVIEW

We are in a state of environmental crisis. We are being warned of the rapidly shrinking
window of time to avoid catastrophic consequences of human impacts on the environment
(Laybourn-Langton, Rankin and Baxter, 2019). While the planetary boundaries, the
environmental limits within which we can safely operate, are being breached (Steffen et

al., 2015) it seems humanity is unable or unwilling to make the vital changes to reverse our

impacts fast enough.

Hailed as one of the world's most polluting industries, fashion is criticised as still adhering

to the old linear model. One which takes resources from the earth, in order to make things
and then waste them, throwing the resources away to landfill or burning them so they can
no longer be used. The solution, it is suggested, can found using a circular model, in which
resources can circulate around and around forever (EMF, 2017).

Today, it is estimated by both the Ellen MacArthur Foundation (EMF, 2017) and Circle
Economy (2019) that approximately 70% of textiles are lost to landfill or incineration. And
according to the Fibersort report (2018b) the quality of our textiles is declining. This means
that un-wearable textiles that are difficult to be recycled are on the increase and solutions
for this growing segment of textile waste need to be established.

The problem of difficult-to-recycle textile waste is usually laid at the designer’s door.
However, the strategy ‘Design for Recycling’ is not only underexplored in the textile and
fashion field, but the solutions offered are oversimplified and impractical for the complex
products that are produced in the textile industry. Chemical recycling might be considered

by some as the saving solution to the problem, but this is not yet commercialised and while
everyone waits the waste problem grows. Mechanical recycling technology, previously
condemned as outdated (Allwood et al.,, 2006), has recently become more favoured as

a potential solution that works together with the future chemical technology (Sandin

and Peters, 2018; Hall, 2020a). Therefore, mechanical methods, for which this research is
focused, must be developed alongside the newer chemical ones.

At the other end of the spectrum, the fashion industry and the designers which work within
it, are committing to using recycled fibres in their products. However, good intentions are
not translating into actions (GFA, 2019). This is due to a seemingly unresolvable tension
between the designers, recyclers and sorters. First, the designers demand pure and high
quality recycled materials, and these demands fall to the recyclers that have to create
them. However, the recyclers cannot produce the materials required by the designers if the
waste textiles are not sorted first. Sorters, in turn, complain that the discarded garments
they receive are difficult to sort because of the many blended materials used. This of
course is the fault of the designers. The vicious circle continues (Elander and Ljungkvist
2016).

Within this vicious circle of blame, the two main barriers for this problem are outlined. First
the lack of quality of fibres, and second the blends being used (Elander and Ljungkvist
2016). Blending is consistently condemned in the circular economy and it is often
suggested that it should be avoided all together (Braungart and McDonough, 2002). Yet

it continues to be prolifically used across the textile industry to create materials that

are functional, aesthetically pleasing, and sold at the right price point. In the recycling
industry blending is used as a tool to increase quality and functionality of the shorter fibres
produced in the process. It can also be used to extend the lives of the textiles (Beton et al.,
2014). This highlights the tension between the need for longevity/durability of our textiles
for the circular economy and the recyclability to avoid the waste of resources. A balance
needs to be struck between these two strategies (Tanttu, Kohtala and Niinimaki, 2016).

One method used to obtain quality fibres is through accurate sorting. However, this can be
difficult as most sorting is done by hand and clothing labels are often inaccurate (Botticello,
2012; Circle Economy, 2020). While automated sorting technology is developing, the end-
markets for which sorters grade textile waste need to be expanded (Fibersort, 2018b).
Niinimaki and Karell (2020) even go so far as to suggest that we should '‘Design for Sorting’
as a separate strategy to ‘Design for Recycling'.

The ever-increasing quality of recycled fibres is also demanded by the circular economy
and this leaves little room for materials to fall short of expectations (EMF, 2017). The



undesirable depletion of quality is often referred to as downcycling or cascading. Ironically,
downcycling, an area underexplored across the literature, is only condemned in the field
of recycling. For re-use, the act of downcycling garments into ‘hand-me-downs' is actively
encouraged. Similarly, cascading theory (Sirkin and ten Houten, 1994) is commonly miss-
represented as solely a downcycling approach. Cascading, or spiralling as it has been
coined in this research, allows materials and products to move both up and down in value.
The field of cascading and circular economy have only recently been combined and have
not been considered as an approach for textile recycling.

The challenge this research presents synthesises each of the following areas: sorting,
blending and cascading/spiralling, exploring each aspect towards a Design for Recycling
Knitwear framework. This, crucially, combines a re-active design approach through
designing with recycled fibre and a pro-active design approach designing for their onward
recyclability. In doing this, insights are found not only for the specific challenges of
designing using recycled fibres in the manufacture of yarns, materials and products, but
also in understanding how design choices cause resource value at the recovery stage to
move up or down and dramatically affect the longevity of the resources as they flow in and
out of products across time.

This research, specifically, investigates the wool recycling system in which acrylic fibres
are the main contaminant. Knitted acrylic textile waste takes the focus of the research as
these textiles fall straight into recycling sorting grades, without any re-use market, and
are regarded as the lowest value fibres. In order for this design research to be successful
an investigation of blending (Chapter 7, page 151) and sorting methods (Chapter 8, page
193) were conducted and tested through practice (Chapter 10, page 225). Starting

from the most difficult to recycle fibres in the wool recycling industry, design was used

to incrementally increase the value of these fibres in recovery (at the sorting stage) and
ensure the longevity of these fibres across many products' lives (Chapter 9, page 211).

1.2 AIMS AND OBJECTIVES

To understand both the fields of design for mechanical recycling and design for cascading
in the context of post-consumer wool and acrylic textiles.

Al. Conduct areview of the current mechanical recycling industry of wool and
acrylic textiles.

A2. To understand the role of design in current textile recycling industrial systems.

A3. Conduct areview of the current cascading literature in relation to textile design.

To establish a Design for Recycling wool/acrylic textile model for designing longevity of
resources through recycling and bringing together cascading, blending and sorting.

B1. Tounderstand how the field of cascading intersects with design for recycling of
post-consumer textile waste.

B2. Identify the role of blending within virgin and recycled textile production.

B3. Investigate the methods of sorting for mechanical recycling of wool and acrylic
textiles.

B4. Propose how cascading, blending and sorting might be used together to ensure
resource longevity of post-consumer wool/acrylic textiles.

To test, through practice, the ideas generated in the previous aims to produce the Design
for Recycling Knitwear framework and to establish how the methods have been used across
research and industry.

C1. Investigate, and where necessary collaborate with, industrial partners to test
the realities of Designing for Recycling Knitwear from yarn to product.

C2. Draw insights from opportunities and challenges of Designing for Recycling
Knitwear in industry to establish how design decisions bridge the recovery and
manufacture of textile resources.

C3. Draw insights from Designing for Recycling Knitwear in industry to establish a
model of how researching between academia and industry can be conducted.



1.3 THESIS STRUCTURE

The thesis has been structured to refiect the aims and objectives set out in section 1.2
(page 6). This means each part of the thesis has been constructed to accomplish a
specific aim. In addition, each chapter is written to achieve the objectives of the aims. This
has beenillustrated in Figure 1 (page 9), and is followed by a description outlining each
part and chapter.

of the thesis offers an overview of this PhD thesis and provides details of
the methods used. This part is formed of two chapters.

is the introduction which summarises the research and the structure
of this thesis. It will outline the aims and objectives and define the contributions to
knowledge.

provides a comprehensive review of the methods used for this research
and provides a map for how the methods were repeatedly used across four stages: Think,
Explore, Test and Reflect.

of the thesis has been created to complete the first aim outlined in this
introduction; to understand the fields of design for mechanical recycling and cascading
in the context of post-consumer wool and acrylic textiles. This has been outlined across
three objectives which form the structure of the three chapters in this part.

addresses the first objective, reviewing the current mechanical
recycling industry of wool and acrylic textiles. This not only provides the context of the
post-consumer textile recycling system within the circular economy but will outline the
context for using knitted wool and acrylic textiles.

looks at the second objective, to understand the role of design in the
current textile recycling industrial system. It outlines the problems with the current Design
for Recycling approaches and establishes the role the designer might play in finding
solutions.

tackles the final objective, providing a review of the current cascading
literature in relation to textile design. This chapter outlines how design for cascading can
be combined with the circular economy model.

of the thesis has been constructed to address the second aim of
this research. This is to establish a framework for designing longevity of resources through
recycling bringing together cascading, blending and sorting to enable Design for Recycling
Knitwear. It will specifically address the research question posed in the second part of
this thesis: can we design for the sorting and recombining of textile waste? This has been
outlined across three objectives which forms the structure of the three chapters in this
part.
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explores how textile design and cascading intersect. It specifically
considers the differences between product and resources cascades and considers how
cascading has been defined as both downcycling and upcycling. This chapter provides a
new spiral shaped model for combining cascading and circularity which brings together a
resource flow and product loops.

looks at the first objective to identify the role of blending within virgin
and recycled textile production. It outlines the reasons for blending in textiles and those
used with the textile recycling industry. The chapter provides the designer with three levels
of blending: yarn material and product. It highlights that understanding the blending ratio
across these levels is vital to enable successful textile recyclability.

tackles the second objective, to investigates the methods of sorting
for mechanical recycling of wool and acrylic textiles. It outlines how sorting is generally
conducted in the textile recycling industry. In addition, it provides an analysis on the generic
sorting grades used for wool/acrylic textiles.

addresses the final objective, to propose how cascading blending and
sorting might be used together to ensure resource longevity of post-consumer wool/
acrylic textiles. It outlines how the spiralling model (Chapter 6) can incorporate both
blending and sorting (Chapter 7 and 8) to extend the lifetimes of textile fibres

of this thesis addresses the final aim of this research to test, through
practice, the ideas generated in the previous aims to produce the Design for Recycling
Knitwear framework and to establish how the methods have been used across research
and industry. This final part is structured to deliver the final three objectives (Chapter 10
and 11) and draw final conclusions (Chapter 12).

looks at the first objective of the final aim of this research. Thisis to
investigate and, where necessary, collaborate with industrial partners to Design for
Recycling Knitwear. The chapter describes the final practice research (practice 10) and how
this was conducted with industrial partners to test the model proposed in Chapter 9..

addresses the second and third objective; to draw insights from the
opportunities and challenges of Designing for Recycling Knitwear in industry to establish
how design decisions can bridge recovery and manufacture. These insights are then
used to establish a model of how researching between academia and industry can be
conducted. This chapter provides discussion of the research as a whole and outlines the
Design for Recycling Knitwear framework. In addition, it reflects on the research process
and forms a methodological framework for working between academia and industry. This
chapter forms the two original contributions to knowledge.

the final chapter of this thesis, draws together the research as a
whole to provide conclusions and further research opportunities.



PART 2

PART 4

AIM A

To understand both the fields of
design for mechanical recycling and
design for cascading in the context of
post-consumer wool and acrylic
textiles.

AIM B

To establish a Design for Recycling
wool/acrylic textile model for
designing longevity of resources
through recycling and bringing
together cascading, blending and
sorting.

AIM C

To test, through practice, the ideas
generated in the previous aims to
produce the Design for Recycling
Knitwear framework and to establish
how the methods have been used
across research and industry.

AT

A2

A3

B1

B2

B3

B4

C2

C3

Conduct a review of the current mechanical recycling industry of wool and acrylic textiles.

To understand the role of design in current textile recycling industrial systems.

o

Conduct a review of the current cascading literature in relation to textile design.

To understand how the field of cascading intersects with design for recycling of
post-consumer textile waste.

ldentify the role of blending within virgin and recycled textile production.

Investigate the methods of sorting for mechanical recycling of wool and acrylic textiles.

Propose how cascading, blending and sorting might be used together to ensure resource
longevity of post-consumer wool/acrylic textiles.

Investigate, and where necessary collaborate with, industrial partners to test the realities
of Designing for Recycling Knitwear from yarn to product.

Draw insights from opportunities and challenges of Designing for Recycling Knitwear in
industry to establish how design decisions bridge the recovery and manufacture of textile
resources.

Draw insights from Designing for Recycling Knitwear in industry to establish a model of how
researching between academia and industry can be conducted.

-

o

@

@

INTRODUCTION

METHODS

TEXTILE RECYCLING SYSTEMS

DESIGN FOR TEXTILE RECYCLING

CASCADING

DESIGNING TEXTILE CASCADES FOR LONGEVITY

DESIGN FOR RECYCLING BLENDS

DESIGN FOR TEXTILE SORTING

DESIGN FOR RECYCLING KNITWEAR

DESIGN AND TESTING

DISCUSSION AND INSIGHTS

DISCUSSION AND INSIGHTS
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1.3.1 PRACTICE RESEARCH

This document presents both the
contextual literature and the practice
research which together forms the thesis.
Both the literature and the practice
cannot be neatly separated. It would

have been impossible to pull together the
literature without the influence of the
practice. The practice in its many forms
(see also Chapter 2, page 19) allowed

the researcher to explore ideas both
generated in practice itself and through
the reading of literature. Retrospectively
it was understood that this approach
enabled the researcher to cut through the
complexity of the topic.

However, during the writing of the thesis
the literature and argument was written
first. It was only later understood that the
missing text about the bodies of practice
were the architecture supporting the
argument, which at the time was not
visible in the text. To overcome this, the
nine bodies of practice were brought to
the forefront and written into the thesis
as series of texts separated by their
appearance (colour and font). They are
included, not to distract from the flow

of writing, but to enrich the supporting
literature. They are not presented in
chronological order but included at
relevant moments to aid the development
of the text. In some cases, it may be
extremely obvious why the practice

has been placed in a specific location.

In others, the insights are broader and
have been positioned to aid the reader’s
understanding. The insights themselves
often were understood after the whole
body of practice had been completed.

The practice came together in a more meshed approach, common amongst textile design
researchers (Igoe, 2013). For clarity of writing the insights from each practice are presented
alone, without the complication of describing the connections between them, thus aiding
the researcher’s understanding. Short descriptions of each practice have beenincluded
overleaf.

The structure of each practice text has been deliberately created to demonstrate both the
aims and insights of each exploration or experiment. Each section starts with the practice
aim as it was for the researcher before the practice took place. At the end of the description
there is a short text describing how the practice achieved the aim, plus any additional
insights that were made which were more unexpectedly established. More often than

not, the insight is more relevant to the research than the achieved aim. This reveals the
division between the research’s intended purpose and the learnings which occurred when
exploring a complex topic.

Each body of practice has been given a number (0-9) and these placed within the first
three parts of the thesis. The first practice (0) is the researcher’s Master's work and
provides the context for the PnD research. The final piece of practice (10) is conducted in
response to the ideas developed through the research which are collectively presented in
Chapter 9. Chapter 10, therefore, forms the tenth body of practice but is not separated by
colour or font. The insights from this final chapter are drawn together in the final discussion
and are produced not only from Practice 10 but the collection of insights created in the
whole thesis.



This
practice provides
the context for
the PhD research
ahead. Here, a
range of mixed
fibre navy and
grey jumpers
were collected
and hand sorted
by the researcher
and pulled
back to fibre in
collaboration
with arecycler.
Therecycled
fibres were then
designed into
two non-woven
materials and two
yarns. Prototype
products were
produced to test
the materials
for commercial
applications.
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to multiple

wool recycling
companies

in Prato, Italy.
This practice
explored all the
stages of the
post-consumer
recycling system
from point of
disposal, sorting,

pulling, garnetting,

blending, spinning
and weaving.

Four hotspotsin
the system were
established for
designinnovation.

commercial fabric
fromrecycled
yarns. Theyarns
from Practice

0 were used

to explore how
recycled yarns
can be designed
and made into
commercial woven
textiles, as well as
going through a
finishing process
S0 they are ready
to use.

exploring the
impacts of the
recycling process.
Post-consumer
waste white
jumpers were
collected and
thensenttoa
non-woven facility
to be pulled back
tofibre. These
were then double
carded to emulate
the garnetting
process before
being turned

into non-woven
materials and
sample yarns.

students and
industry exploring
design for
cascading. Three
iterations of the
same workshop
was conducted
with students
and industry
designers. The
workshop was
formed of three
tasks. First to
outline the key
features of a
sample garment.
Second this was
then re-designed
for a specific

end of use such
as mechanical
recycling. Finally,
a story board
was produced
explaining how the
product moved
through multiple
recycling systems
SO the resources
could have two
additional lives as
products.

exploring blend
choices for
recycled fibres.
In collaboration
with a spinning
company the
recycled fibres
from Practice

0 were used

to explore the
reasons for,
and benefits to,
blending. The
blends used by
the spinning
company for
their production
were drawn on
to establish
conclusions.

toa
historic recycling
company in UK.
This practice
took the form
of a situated
conversation
with Charles Day;,
owner of the now
closed shoddy
manufacturer
Henry Day & Sons.
Exploring the
archive of recycled
textile fibres
blendingin the
recycling industry
were explored.

exploring impacts
of repetitive
blending. In
collaboration with
avyarn spinner the
fibre from Practice
0 was blended
and carded across
three iterations

to explore the
concept of
incremental
blending. In
addition a small
range of yarns
were produced
using different
textile fibres as
blending agents to
create commercial
sample yarns.

aninnovative
recycling
company in the
Netherlands. This
practice explored
the most creative
ways low value
recycled fibres
are being used
and marketed.
Exploring the
different methods
the company had
overcome barriers
to theissues
associated with
low-value waste.

exploring
blending choices
for onward
recyclability. This
practice was
conducted with
the recycled fibre
from Practice 3
and was used to
design yarn for
either chemical
recycling or
mechanical
recycling
technologies.

e

across six
different blends.
This final practice
test (embedded
within Chapter 10)
brings together
all the insights
formed from

the previous
practices. This
practice was
specifically
testing the
models created
throughout the
thesis. Recycled
fibre was sourced
from the industry
to create ayarn.
The blends

were designed
specifically to
re-enter recycling
system at ahigh
value at the

point of disposal
(sorting) for its
onward longevity.
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1.4 ORIGINAL CONTRIBUTIONS TO
KNOWLEDGE

This thesis argues for two original contributions to knowledge through the articulation

of new frameworks. The first is a methodological framework for conducting textile design
practice research between academia and industry. The second is Design for Recycling
Knitwear framework that brings together three smaller contributions that provide a new
perspective on existing work in this field, namely cascading, blending and sorting for the
design of recycled textiles. It is specifically in the field of mechanical wool/acrylic textiles
recycling that these new perspectives have been developed and together they enable the
overarching original contributions to knowledge to unfurl.

1.4.1 METHODOLOGICAL FRAMEWORK

This research outlines a new methodological framework which has developed directly
from the practice research in this thesis. Presented in the shape of a steering wheel, it
offers researchers a way to ‘steer’ design research across academia and industry (Section
11.2.5, page 308). In particular it offers a method for one person to take on both roles of
academic designer-researcher and industry designer, or individuals to take on these roles,
in collaboration with industry-based experts working commercially.

The framework follows four stages which continually cycle: Think, Explore, Test, Reflect.
These four stages contain methods (nine different methods were used in this particular
research). The actors within the research are divided into three roles: industry specifier,
academic designer-researcher and expert situated in context. Through collaborative
working the roles come together and provides a different perspective across now, near and
far timeframes. It is the combination of the circulating methods and collaboration of the
roles in-putting their varied perspectives, which leads to the generation of new knowledge.

1.4.2 DESIGN FOR RECYCLING KNITWEAR FRAMEWORK

This research outlines the Design for Recycling Knitwear framework which has materialised
from the practice research in this study. Specifically, exploring design for mechanical
recycling of wool/acrylic waste textiles. The framework synthesises three smaller
contributions that provide a new perspective on existing work in the fields of cascading,
blending and sorting waste acrylic/wool knitted textile waste.
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This research builds on cascading theory (Sirkin and ten Houten, 1994) and how it has
more recently been connected to the circular economy (Campbell-Johnston et al,

2020). The research explores and differentiates between the two types of cascading
approach, namely product cascading and resource cascading (section 5.4, page 121).
These are synthesised with upcycling and downcycling concepts (section 6.3, page

139). Specifically, taking the perspective of textile recycling in the transition to a circular
economy, a new spiral shaped model is created. This spiral is comprised of both resource
flow and product loops. The designer uses this model to look beyond a single product and
assess how textile resource value changes as it moves in and out of products during the
recycling process (section 6.5, page 143).

This research provides a new perspective for textile blending specifically for the recycling
of textile wastes. The research explores how blending is used within the recycling industry
itself. These five methods: recycled and virgin, pre- and post-consumer wastes, structure,
fibre type and colour, provide the wider context for blending within the mechanical recycling
system (Section 7.4, page 160). In addition, the research builds on existing work in the

field articulating how textile combinations can hinder recyclability (Gulich, 2006; Forst,
2021) by re-organising textile blending typologies for the context of mechanical textile
recycling. This resulted in the three levels of blending: yarn, material and product (section
7.7, page 181). These levels can be used by the designer to recognise where blending
occurs during the design stages. This is translated for the field of Design for Recycling
considering the blending ratios between the levels which directly impact a textile’s onward
recyclability (section 7.71, page 183).

This research establishes that the value of waste textiles is decided at the sorting stage,
therefore Design for Sorting strategy (Niinimaki and Karell, 2020) can be harnessed to
design value in and out of textiles (Chapter 8, page 193). This has been explored from the
perspective of knitted wool and acrylic textile waste. Following Niinimaki and Karell's three
steps this research establishes: the elements of textiles that sorters are concerned with,
the grades the industry place the textile into and the limitations and possibilities of textile-
to-textile recycling technologies. In the context of wool and acrylic textiles the complex
methods of sorting and combining wastes were unpicked to create four generic sorting
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grades (section 8.41, page 203). Further still, to account for the complex waste entering
the textile recycling system, the wider thresholds which surround these four core grades
were explored (section 8.4.3, page 208). .

The original contribution to knowledge is in combining all three of these new perspectives
to form the Design for Recycling Knitwear framework (section 111.5, page 280). The
resource spiral forms the wider context for how we can design textile fibres in and out of
products. As the textile fibres reach the point of disposal, their value is determined at the
sorting stage. For the designer, understanding the sorting grades and thresholds for design
can utilise new or existing pathways for maximum longevity in the fibre's next life. To design
recycled fibres for specific sorting pathways, blending knowledge from across the recycling
and the wider textile industry should be applied. It is either by incrementally designing
blends into our already complex waste textiles or incrementally designing them out that we
can Design for Recycling Knitwear. The framework’s original contribution specifically bridges
sorting and blending knowledges by acknowledging the links between fibre quality, fibre
type and fibre colour. This can then be used by the designer to design longevity into our
textile resources and not only products.
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2 METHODS

This chapter details how the methods, used in this thesis, have been combined to create
knowledge. It explores, first, how a bricolage of methods has been used (21), across four
stages (2.2) to problem solve (2.211) in a non-linear linear trajectory (2.2.2). The specific
textile approach is positioned within transition design for an industrial context (2.3). This

is followed by an in-depth look at the specific nine methods used in the research (2.4).

As the nine methods demonstrate, the research has been conducted between academic
and industrial spheres. Working between these sectors is explored (2.5), before finally
analysing and mapping the methodology from methods to insights to original contributions
toknowledge (2.6).

2.1 A BRICOLAGE OF METHODS

The nine methods used in this research (section 2.4, page 27) combine to form part of

the overarching research methodology. These nine represent a bricolage of methods which
is described as a “critical, multi-perspectival, multi-theoretical and multi-methodological
approach to inquiry” (Rogers, 2012:1). The name bricolage comes from the French and
describes a skilled person that undertakes any task or odd job. Lévi-Strauss (1962) uses
this metaphor in explaining how knowledge is acquired.

For practice research in design this approach is often adopted. The practice researcher,
according to Yee and Bremner (2011:4), views methods actively rather than passively. This
allows them to construct “methods with tools at hand rather than accepting and using pre-
existing methodologies” Yee and Bremmer, highlight that this method of re-appropriating
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and combining elements closely reflects the activities of designers, so is therefore suited

to the discipline. This has been frequently adopted as an approach in doctoral textiles
research studies such as those of Igoe (2013); Vuletich, (2015) and Forst (2020).

The most relevant methods ‘at hand’ used for this study are outlined in Table 1 below and

are shown to directly relate to the aims of the research. Like tools in a toolbox, methods

were not used in sequence but repeatedly drawn upon in conjunction with others to reach

the objectives of the study.

A.. To understand
both the fields

of design for
mechanical
recycling and design
for cascading in the
context of post-
consumer wool and
acrylic textiles.

Conduct areview of the current mechanical recycling Literature

industry of wool and acrylic textiles.

Understand the role of design in current textile
recycling industrial systems.

Conduct a review of the current cascading literature
in relation to textile design.

Field Practice Exploration

Field Practice Tests
Design Synthesis
Visual Thinking

Literature

B. Toestablisha
Design for Recycling
wool/acrylic textile
model for designing
longevity of
resources through
recyclingand
bringing together
cascading, blending
and sorting.

To understand how the field of cascading intersects
with design for recycling of post-consumer textile
waste.

ldentify the role of blending within virgin and recycled
textile production.

Investigate the methods of sorting for mechanical
recycling of wool and acrylic textiles.

Propose how cascading blending and sorting might
be used together to ensure resource longevity of
post-consumer wool/acrylic textiles.

Literature
Workshop
Design Synthesis

Literature

Field Practice Explorations

Field Practice Tests
Annotated Portfolio
Design Synthesis
Literature
Interviews
Annotated Portfolio
Design Synthesis
Visual Thinking

C. Totest, through
practice, the ideas
generated inthe
previous aims to
produce the Design
for Recycling
Knitwear framework
and to establish
how the methods
have been used
across research and
industry.

Investigate, and where necessary collaborate with,
industrial partners to test the realities of Designing
for Recycling Knitwear from yarn to product.

Draw insights from opportunities and challenges

of Designing for Recycling Knitwear in industry to
establish how design decisions bridge the recovery
and manufacture of textile resources.

Draw insights from Designing for Recycling Knitwear
in industry to establish a model of how researching
between academia and industry can be conducted.

Creative Design Brief

Field Practice Test

Design Synthesis

Annotated Portfolio

Design Synthesis
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2.2 FOUR STAGES - THINK, EXPLORE, TEST
AND REFLECT

To create a full methodological framework a more holistic understanding of how the
research had been conducted was needed. Four keys words were highlighted to express
the four stages that took place: Think, Explore, Test, Reflect.

For the field of sustainable textile design research, Goldsworthy (2012) and Forst (2020)
offer examples of a four-stage framework: ‘Think, Make, Share, Insight’ and '‘Scope, Make,
Map, Reflect’ respectively. Collaborating with industry, Goldsworthy applied her approach
to create finishing techniques through laser technology for recyclable polyester textiles.
This is based on what she describes as ‘productive problem solving’. Whereas Forst used
a creative craft-based approach to investigate disassembly to enable textile recyclability
towards a circular economy.

There are many similarities between the Think, Explore, Test and Reflect’ stagesin

this research and those used by Goldsworthy and Forst. First, Goldsworthy places an
emphasis on thinking by understanding through enquiry, whereas Forst advocates for a
scoping phase using literature and case studies in which to think about the problem to be
addressed. Goldsworthy and Forst both promote exploring through practice which they
refer to as 'making’. However, it is the 'sharing’ and ‘'mapping’ component of Goldsworthy’s
and Forst’'s methodology that sets this research approach apart. In this research ‘mapping’
is akin to visual thinking which falls within the 'Think’ stage and while ‘'sharing’ methods
were used by writing research papers and setting up events they were not formalised as
methods themselves. Rather the act of sharing, at workshops for example, allowed other
methods to emerge. These were conducted during events that provided a platform to
explore the research ideas with others. Finally, reflection is common to all the research
approaches and is described aptly by Goldsworthy as ‘analysis leading to insight’.

In this research, as in Goldsworthy’s and Forst’'s PhDs, a mixture of methods has been
used to solve a design problem. The choice of methods, across the four stages, therefore,
specifically aims to understand the problem and establish possible solutions.

2.2.1 PROBLEM SOLVING

The concept of the design problem has been discussed in detail in the field of ‘'design
thinking’ (Cross, 2011; Brown, 2008; Rowe, 1987). Here, the problem needs to be defined
before solutions can be found. However, as Cross (2011) explains, many design problems
are often ll-defined which, he suggests, calls for that creation of a ‘problem frame' to
explore solutions. Similarly, in textile design James Moxey describes this as a ‘problem
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space’ which can be searched to gather information. For ill-defined problems, he argues,
designers are required to “import information into the problem space” (Moxey, 2000:53).

However, as Igoe (2013) reveals, textile designers are often not solving problems. She even
suggests that they may sometimes create their own problems for their own satisfactionin
their work. This might be true of one kind of textile designer but is not necessarily true for
all. The textile researcher, in contrast, views textile design problems through alternative
lenses. For example, in this research and the PhD research by Goldsworthy and Forst ‘the
problem’is born out of a concern for sustainability.

Design for sustainability is described by Bhamra, Hernandez and Mawle (2017:130)

as “design with the intention to achieve sustainable outputs” This incorporates
environmental, social and economic concerns within the design (Bhamra and Lofthouse,
2007). However, in this research and Goldsworthy's and Forst's it goes beyond this, defining
the problem within ‘circular’ design. This, Earley and Goldsworthy (2019b:176) explain,
‘should not be confused with ‘sustainable design’, although they undoubtedly overlap

in ethos and approach. Circularity aims to be sustainable by default but sustainable
intentions are not always circular”.

Circular design encompasses the whole lifecycle of a product and can work at both micro
and macro levels (materials, products and systems) and attempts to avoid the unintended
conseqguences which come from only looking at one part of the lifecycle rather than the
whole (Ibid, 2019). In order to solve a specific ‘circular textile design problem’ the problem
space needs to be understood and explored (Moxey, 2000). Therefore, the first two stages
(think and explore) of the methods framework reflect the enquiry into the problem in which
solutions can then be tested and reflected on.

2.2.2 NON-LINEAR WAYS OF WORKING

In order to accomplish problem solving it was vital that movement could be made, back

and forth, between the stages. The fluidity in methods is representative of the research
process, which in reality does not always follow such a regimented linear trajectory from
one stage to the next. This form of fiuidity is often highlighted in design frameworks. Most
notably in the newest version of the Design Council's (2019) double diamond model (Figure
3 overleaf). Not only does the diamond shape accommodate the widening and narrowing of
an enquiry, it also illustrates a non-linear trajectory with circulating arrows to represent the
way designers move back and forth between the stages.
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This understanding of non-linear movement within textile design research has been
explored by Mcquillan (2019). The methodology she used for her Licentiate thesis also
employs the Design Council's double diamond shape but renames the stages with her own
four headings to reflect her research in zero waste design: '‘Experience, Conceptualise,
Experiment, Proposition’. Since the nature of conducting PhD research in Sweden
necessitates publishing a Licentiate thesis at the halfway point, only the first two stages
of her framework had been applied. However, Mcquillan does emphasise the non-linear
trajectory of her research in industry. In a similar way to the Design Council, she highlights
the fluidity and circular movements between her first two stages ‘experiencing the field’
and ‘conceptualising’. As both Mcquillan's research and this study are concerned with
practice research in industry, unsurprisingly her terms ‘conceptualise’ and ‘experience’
correspond closely to think’ and ‘explore’ respectively.

The prevalence of non-linear ways of working is evident in other textile studies such as that
of Cleveland (2018) who includes a ‘cyclic mode of enquiry’, moving multiple times through
four stages: planning, acting, observing and refiecting. Cleveland's research, as in this
study, has been conducted in collaboration with the textile recycling industry. This involved

23

her actively embedding herself within the recycling processes to observe and create

new practice. Both Cleveland and Mcquillan's studies highlight the importance of fluidly
exploring, testing and reflecting when researching in the industrial setting. Working within
industry has been the key approach used in this research (section 2.5, page 47).

2.3 ATEXTILE APPROACH

Practice research is a relatively young method of conducting academic study and its value
is becoming better understood. Practice research in the field of textile design is abundant
with examples in which practice and making are the central methods for generating insights
and knowledge. Examples include the doctoral work of Philpott (2011), Goldsworthy (2012),
Paine (2015) and Forst (2020), and each of these describe their practice as craft-based
making.

Craft practice is described by Pollanen (2013:217) as an “emotional, intellectual, and
physical processes in the sensory act of making, manipulating, articulating, and
experiencing materials and self-made products’. For the textile designer, the ‘self-

made products might refer to a yarn being woven or knitted into a material or a printer
transferring inks onto cloth. For the academic researcher, these '‘emotional, intellectual
and physical’ craft methods are used to investigate a specific enquiry. Examples of this
include Philpott’s (2011) study into the folding and fusing of cloth to create design objects
towards understanding design methods, and Forst's (2020) research into assembling and
disassembling textile materials to explore sustainable design solutions.

Other researchers have used a craft-making approach by transferring the making from the
studio into an industrial context. Craft-making, in this sense, is conducted using industrial
machinery. Examples of this include exploring the use of industrial laser technology to
create different finishing and shaping techniques (Goldsworthy, 2012; Paine, 2015) and
re-valuing textile waste in a micro industrial recycling system (Cleveland, 2018). In each of
these examples the researcher actively participated in the making. Goldsworthy and Paine
adapted the laser machinery to test different ways of creating aethetics and functions,
while Cleveland used a craft-based approach at the centre of the recycling process to
experience the materials, re-value them and produce new products.

As expanded on in the next section, in contrast to the studies mentioned above, itis argued
that this current research is not strictly craft-based practice. It is rather conducted directly
within the industry where the designer specifies combinations of materials to enable their

transformation.
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2.3.1 THE TEXTILE DESIGNER'S ROLE

Hornbuckle (2018) divides the many types of designers into two main categories. The first
of these, 'specifiers’, are ‘function-led’ industry-based designers who specify materials.
The second, ‘makers’, are the 'material-led’ craft-based designers. While for both types of
designer materials are central to their work, it is the way in which they interact with them
that sets them apart from one another. As Hornbuckle explains, the material knowledge
of 'function-led’ designers is often provided by third parties. In contrast, the ‘'material-led’
designers are able to “logically think, learn, and understand through sensing and [the]
immediate experience of materials” (Karana et al., 2015:38).

In this research, however, the designer-researcher’s role was situated halfway between

that of the function-led 'specifier’ and the material-led ‘maker. This was put down to the
embedded nature of the research within an industrial context. The Royal Society of Arts’
2016 report explains that sometimes reading reports and academic texts is not enough.

Being able to see, touch and experiment in context is vital, they argue, to change industrial

practices (RSA, 2016). In line with their recommendations, the field practice exploration
(section 2.4.4, page 35) and the field practice testing (section 2.4.5, page 37) in this
study provided the crucial material experience in industry. which, as Karana et al. (2015)
describe it, allow the researcher to fully ‘think, learn and understand'.

The physical processing was not conducted by the hands interacting with the materials,
neither was the machine adapted by the researcher. The designer’s role in this case was
to understand the types of materials entering the processes and the material outcomes
after production. Here the materials were only touched before and immediately after
manufacture. This type of practice research, therefore, represents a hybrid practice
that might best be situated in the field of Design for Manufacturability. This is defined

as fostering the “simultaneous involvement of product design and process design’
(Venkatachalam, Mellichamp and Miller, 1993:355).

This research almost fulfils Pollanen's definition of craft practice, as a sensory act of
making and experimentation. However, it falls short of being a 'self-made’ product. The
physical making was removed from the practice, but what might be considered lost from
the experience of making is transferred into the material knowledge and experience for

manufacturability. As Kane and Philpott (2013) explain, this type of textile practice provides

textile researchers with an implicit understanding of material behaviours and an intuitive
tacit knowledge, generating new outcomes from ‘inherently dynamic materials systems'’.

The textile designer's role in this current study thus provides the experiential material
knowledge needed to specify the materials appropriate to the research goal. Here, the
textile designer can engage with professionals, learn from their technical competencies
and work in collaboration. Their value, argues Lerpiniere (2020:92), lies in “their ability to
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develop models and concepts of consumption, to design new solutions and approachesin
the industry”.

2.3.2 TRANSITIONAL TEXTILE DESIGN

Taking this position, one in which the textile designer can create change in industry, the
research in this thesis can be described as a form of ‘transition design’. This is firstly
because the very nature of textile design involves changing objects from one thing to
another, turning yarn into fabric and fabric into products (Lerpiniere, 2020). Secondly, as
Irwin, Kossoff and Tonkinwise explain:

For the textile designer to fill this 'key role’ in the transition, they must bring together
‘disparate approaches, competencies and skills” to tackle the changes required in the
industry and consider the entire lifecycle of a product (Lerpiniere, 2020:93). Textile
designers, as Lerpiniere suggests, are well equipped to engage with both the micro (fibre
level) and the macro (supply chains). It is therefore in this context that this Design for

Recycling Knitwear research began.
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2.4 NINE METHODS

A collection of nine different research methods have been used to produce the practice
research presented in this thesis. These will each be discussed in following nine sections.
The methods comprise, literature review (2.41), design synthesis (2.4.2), visual thinking
(2.4.3), field practice research (2.4.4), field practice experimentation (2.4.5), workshops
(2.4.6), interviews (2.4.7), creative design brief (2.4.8) and annotated portfolio (2.4.9).

2.4.1 LITERATURE REVIEW

The first and most traditional method used in research was the completion of a literature
review. In accordance with Vernon Trafford and Shosh Leshem’s description of doctoral
research, the literature review “is founded on scholarship and this, in turn, depends on
candidates being intimately engaged and conversant, with certain theories” (2008:67).
Here in this thesis the literature review is split across the themes of design for recycling,
cascading, blending and sorting. While the understanding and critiquing of these themes
is vital for the success of this PhD research, it is the designerly methods used (design
synthesis and visual thinking) that underpin how the literature has been brought together.
These are both discussed in the next two sections.

2.4.2 DESIGN SYNTHESIS

Designers use ‘design synthesis’ as a method, especially in a professional setting, as a
means of finding order in chaos and organising complexity. The driver for design synthesis
is described by Kolko (2010) as an ‘abductive sensemaking process'. As he explains, there is
something ‘'magical’ and invisible about synthesis in professional practice. He sums up this
process more precisely as follows:

The thinking stage of design, as Kolko points out can be difficult to substantiate. He
explains that in professional design, clients cannot always see the value in the design
synthesis stage before ideas and artefacts are produced. It is a common perception
that design institutions only teach designers to design, whereas academics in design
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studies do the opposite (thinking only). This perception, however, is overly simplistic, “as
if questioning and rethinking were not ever part of the practice of designing” (Tonkinwise
2014:198).

As Tonkinwise suggests, design synthesis is a method used by all designers anditis a
natural part of the design process. However, design synthesis has been purposely included
to discuss the various ways the researcher has approached the research problem.

As this thesis unfolds it will become more evident that systems thinking has played a role

in the way the research has been synthesised. However, it is a Systems Oriented Design
approach which describes the methods most appropriately. Founded by Birger Sevaldson,
this form of design is situated at the cross-section of two dichotomies: the fields of design
thinking and design practice, and systems thinking and systems practice. Sevaldson (2009)
indicates that the approach sits slightly closer to design practice than any of the other
fields. As he explains, it builds “the designer’s own interpretation and implementation

of systems thinking so that systems thinking can fully benefit from design thinking and

practice and vice versa”.

Sevaldson, (2013:3) further explains, “the systems-oriented designer is initially less
concerned about hierarchies and boundaries of systems and more interested in looking at
vast fields of relations and patterns of interactions” This is demonstrated in the research by
bringing together the fields of design for textile recycling and cascading. The unpacking of
information in these two fields revealed the importance of blending and sorting, although
this was by no means a simple task. It was only through investigating those complex
patterns and connections between blending and sorting that the Design for Recycling
Knitwear Framework finally emerged.

2.4.3 VISUAL THINKING

While ‘design synthesis’ represents a more insular method there is no rule which dictates
that this cannot be combined with more outward methods of research. Therefore, to
compliment the design synthesis method, a more outwardly discernible range of visual
thinking methods were employed.

Traditionally, visual methodologies focus on understanding the visual works created by
others (Rose, 2013). However, in this research visual thinking is used as tool in itself. For
designers, visual thinking is explained by Fred Collopy in the Fast Company magazine:
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Ruholf Arnheim’s (1969) book 'Visual Thinking' discusses the merits of this visual method.
He explains that ‘cognitive operations’, which he refers to as 'thinking’, are not only a mental
process but an essential part of perception. There is no difference, he points out, between
what happens mentally when someone looks at the world and when they close their eyes
and 'think’. The operations to which Arnheim refers to are multiple: “active exploration,
selection, grasping of essentials, simplification, abstraction, analysis and synthesis,
completion, correction, comparison, problem solving, as well as combining, separating,
[and] putting in context” (Arnheim, 1969:13). This vast list of cognitive operations refiects
the complexity of visual information. In the words of Kolko (2010) the designer addresses
this complexity as follows:

Itisimportant to note, however, that visualisation in design is most often associated with
communication (as in the field of Graphic and Communication Design). While the visuals in
this thesis are used as a means of communication, they have essentially been developed
through a variety of visual thinking methods. In line with Tufte (1990), they have been

used to reason, communicate and preserve knowledge throughout the research journey.
These include permanently filling notebooks with doodles and pictures (Figure 6); temporal
mapping on whiteboards to draw and re-draw connections (Figure 8) and using post-it
notes across a desk to clarify relationships between ideas (Figure 5). These techniques
have been collectively used in order to understand the literature, practice and processes of
the research.

During the research the visual methods changed and adapted with the thinking that was
taking place. At times a notebook was preferred whereas at others a large sheet of paper
on the studio floor was necessary (Figure 7). This visual thinking methods also crossed
from these analogue realms to digital realms using illustrator and PowerPoint to explore
ideas (Figure 9).
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One of the visual methods employed by the researcher was the use of diagrams, not
simply to display data in the form of charts and graphs, but as “a set of relations that
emerge through events and processes” that are fluid and ever-evolving (Barry, 2017:331).
Figure 10 illustrates the extended process of visual thinking in the development of the
methodological framework, from notebook documentation to more formalised digital media

formats.
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Diagrams, as individual tools, was only one approach of many visual thinking employed
during this research. Diagrams were also brought together to generate maps, illustrating
the richer interactions of ideas and relationships (Figure 11).
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Mapping in this way brings together the diagrams layering them together. These maps
bring together images (diagrams) and are connected with annotations. This methods of
envisioning information is described by Tufte (1990) as a method to isolate details and
place them into context. Colour was also often used to separate academic ideas from the
industrial systems being represented. Tufte explains that colour can be used in four ways
“to label (colour as noun), to measure (colour as quantity), to represent or imitate reality
(colour as representation), and to enliven or decorate (colour as beauty)” (Tufte, 1990:81).
In this case colour has been used to both label and measure, in order to aid the researcher’s
design synthesis of the problems and identify possible solutions to be investigated.

From a more simplistic mapping of ideas and relations, the next level up is the formation of a
GIGA-map. This is a central method in Systems Oriented Design and is the creation of multi-
layered map for the purpose of capturing and understanding complexity. Unlike diagrams,
which Sevaldson (2011) claims, often oversimplify complex problems, he argues that GIGA-
maps allow for structures and processes to be fully drawn out and explored, spanning many
scales from global to small details. Unlike its predesessor ‘rich pictures’ (Checkland, 2000),
the first stages of GIGA-mapping are not used to communicate with others but enable the
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creator to document thoughts and ideas even when still not ‘sure of what they are doing'.
The richness of GIGA-mapping highlights the importance of resisting the urge to simplify
too early. The mapping will never be complete, but it is only once the map expands beyond
what seems relevant that clear boundaries of the research can be drawn (Sevaldson, 2013).

While many elements of the GIGA-map have been used to capture visual thinking in this
research, it has never been exercised as a formal method in itself. GIGA-mapping is used
to incorporate all elements of a research project as a whole. However, a single GIGA-map
was never reached. Rather, an adaptation of this approach was used. This was achieved
through the creation of a series of smaller maps. These were used as a tool to reprocess,
build upon and bring forward ideas over time. Each time a new sheet of paper or a new
digital file was started, sections of previous maps or individual diagrams were redrawn/
copied and pasted to start a-fresh, all the while still building on these previous ideas.
Though this approach lacks the holistic nature of a GIGA-map, this sequential method
enabled the designer to revisit the visual thinking process if needed. Individually, none of
these maps represented the research in full, but together they portrayed sections of an
overlapping GIGA-map (which never fully existed). An example provided below (Figure 12)
shows a variety of diagrams and maps which provide a snapshot of what the GIGA-map
might have contained if one had been made. In reality, the whole map remained in the mind’s
eye of the researcher as the precise details in each smaller map progressed.
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2.4.4 FIELD PRACTICE
EXPLORATION

Field research is a well-documented
method which originates in the social
sciences. This, Koskinen et al. (2011)
explain, is one of three approaches for
designers to integrate design-specific
work methods into research: Lab, Field
and Gallery. Using a field approach allows
the design object to be understood in
context rather than through extracted
data. It was applied in this study

through the investigation of recycled
materials (the design object) within the
textile recycling system (context). The
methods themselves include questioning
(conversation and semi-structured
interviews), observing, note-taking and
photography.

This phenomenological approach makes

it almost impossible to distance oneself
from the research. While it has many
benefits, as Bonner and Tolhurst (2002)
explain, being an ‘insider’ in research has
the advantage of increased understanding
of a situation, in turn fostering greater
communication and higher levels

of accuracy. At the other end of the
spectrum, unconscious bias cannot always
be avoided (Hewitt-Taylor, 2002). However,
many other research fields such as clinical
medicine and law build their knowledge in
arelated way by assessing case studies
as the context for new ideas. Similarly,

as Koskinen et al (2011) point out, the

field approach allows designers to study
existing designs and processes to learn
their logic and thus address problems

in context. In this research, the field

approach was not utilised alone, but combined with other methods to maximise knowledge
and understanding.

In order to enter into the field a number of experts were identified. Their expert status was
based upon their level of experience in the textile recycling industry. Initial contact was
made via telephone or through online channels to gain further information and to establish
the relevance of a visit. A vast number of conversations with experts in the UK, Italy,
Pakistan, the Netherlands and Sweden were carried out. However, a relatively small number
translated into a physical visit. Even if an initial conversation did not transfer into the field,
each one provided a deeper understanding of the textile recycling process and system.

The field visits themselves had an unstructured approach. Much like a semi-structured
interview (Brinkmann, 2014) questions were roughly outlined before any visit. However,

new questions were often formed by standing in front of the machinery and watching the
process unfold. This responsive approach was a vital part of the method. If the research has
been solely conducted over the telephone without seeing the process first-hand, many of
these enquiries would never have formed.

Note-taking is a vital part of any field research. However, in this type of field ‘experience’ it
was not always practical. A typical visit would last only an hour or two. This was especially
relevant as most tours were provided by busy professionals who often could only spare

a set amount of time. The conversations were most often conducted on the move, with
much shouting over the thunder of loud machinery. It was, therefore, difficult to use written
text as a method to record findings when moving around quickly and carefully in an active
environment. However, note-taking was not disregarded entirely. While the majority of a
visit was conducted on the move, a notebook was always at hand to jot down important
thoughts and became essential on returning to the host's office to raise further questions
and discussion.
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In order to overcome the difficulty of conducting research in this manner, other methods
of recording information were required. As used across the fields of ethnography and
anthropology (Gottlieb, 2006; Collier and Collier, 1986) photographs were taken alongside
notebook jottings as a means of prompting visual recollections but also to reduce
misunderstandings at the analysis stage. A zoomed-in technique (Figure 15) as a focused
activity avoided what Henkel (2014) describes as a photo-taking-impairment effect that
occurs when the whole rather than the relevant part of an image is captured. Using this
method, the experience was embodied within the photographs thus allowing for analysis
after the event.

2.4.5 FIELD PRACTICE TESTING

Field practice testing took the field practice exploration one step further in which active
experimentation was completed in the industrial context. The testing itself was on two
distinct scales. Earlier onin the research, smaller scale experiments were conducted

to test initial research ideas (Practice 2, 4, 6 and 8). This was achieved using industrial
machinery used by the companies for R&D (research and development) and therefore was
suitable for experiments on a smaller scale. This form of practice was used to explore and
understand elements of the enquiry, such as blending and cascading. It involved using
recycled fibres, blending them and test spinning to create small sample yarns. This type

of quick experimentation enabled quick reactions to new ideas and the scale meant more
risky ideas could be attempted.

The experiments themselves were set up after the initial field visits had taken place. A
number of textile production companies, such as spinners, were approached. Rather than
solely conducting field practice research by asking questions, the act of physically bringing
recycled fibres into the factory to be used on the machinery raised many questions and
challenged normal practices, demonstrating the necessity of this method.

Following this, the final practice test (Practice 10) was conducted on a larger scale,
designed to test the ideas in full. This meant that not only would yarns be produced
but also a ‘proof of concept’ could be created, namely, knitting the yarns into swatches
and producing prototype garments. These final stages were important to assess the
manufacturability of the material design for which conclusions could be drawn.
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2.4.6 WORKSHOPS

Workshops were used as an investigative
tool across the first two years of the
research. This was an explorative phase

in which the researcher was synthesising
her research ideas. Three iterations of a
single workshop were conducted (Practice
4). The workshops were conducted as

part of three larger events, two editions

of the 'There and Back Again’ symposium
held at UAL: Chelsea College of Arts

and ‘CGreenlab’ project at Weil3ensee
Kunsthochschule Berlin. The former was an
event co-created by the researcher aiming
to bring together students, researchers,
industry and the wider public to discuss
the sustainable design theme for each
year (Forst and Hall, 2018). The workshops
in this case brought together arange of
different participants from these areas.
The latter workshop was conducted as
part of alarger series of events introducing
students from across product, textile and
fashion design at Wei3ensee to different
sustainable design strategies (GreenLab,
2020). For each workshop groups of

3-5 participants worked around a single
worksheet (Figure 18).

The workshop itself consisted of three
tasks. First the participants mapped all
the elements of the garments they had
been given and decided the easiest
end-of-use option in its current state.
The garments were specifically chosen
for the participants due to their material
complexity. For example, they were made
up of many components of different
materials or made from a blend of materials
meaning they would not easily flow into
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an end-of-use strategy. These end-of-use strategies, such as mechanical recycling,
remanufacture or biodegradability were explained during the introduction to the session
and basic information was provided in the form of cards for participants to refer to. The
second task was a redesign challenge. The participants had to select an alternative end-
of-use strategy and redesign the garment for this specifically. The third and final challenge
was to create a story board. The redesigned garment would be used at the beginning of
the storyboard to flow into the desired end-of-use strategy and turn into a new product.
This had to flow into another (different) end-of-use strategy and end as a final product.
After the first iteration of this workshop an additional worksheet was also provided for
participants to consider ‘how it would work?’ to explore the realities of the systems they
had designed.

The insights from the workshops themselves where not fully understood until much later in
the research process and were brought together with the results from other methods to be
synthesised. For example, the concept of design for repeated cyclability was combined with
cascading literature to understand this as a design strategy in full. Initially the workshops
had been designed only as a means for participants to engage with design for cyclability.
However, as the research developed it was only then that the workshops were appreciated
as a key method of exploration in these initial stages.

The use of workshops as a methodological tool is commonly used by researchers. In the
field of textile design, workshops have been used as training and consultancy (Earley
etal., 2016), as method to develop interdisciplinary dialogue (Tubito et al., 2019), and
participatory making to investigate well-being (Twigger-Holroyd, 2013) amongst others.
@rngreen and Levinsen (2017:70) explain that workshops as a research approach can

be described as “an explicit method choice that allows us to iterate, and thus refine and
moderate, our research design over time and in different contexts” They have explored how
workshops are used as method from three different perspectives: ‘workshops as means’,
‘workshop as practice’ and ‘workshop as research methodology’. "Workshop as means’,
they expound, are authentic and create the means to achieve a goal, whilst, ‘workshops as
practice’ often have a developmental element (creating something material orimmaterial)
and focus on the relationships between the workshop and its form and outcomes. Finally,
using a ‘workshops as research’ methodology is specifically designed to fulfil a research
pUrpose.

The workshops in this case fit into @rngreen and Levinsen's (2017) ‘workshop as practice’
definition. This, they suggest, either investigates the workshop format itself or the
outcomes from the participants. This can result in the generation of guidelines on “how

to innovate and incorporate workshop frameworks into future situations” (ibid, 2017:72).
This aptly describes the series of workshops undertaken used as a research probe into the
topic of design for repeated cyclability (later to be understood as cascading and coined
spiralling). This, in conjunction with other methods, led to the development of the Design
for Recycling Knitwear Framework.
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2.4.7 INTERVIEWS

The final explorative method is the more formalised interviewing of experts (Field-Springer,
2017). This method was used to discover specific information unable to be established fully
through literature or the field research itself. In this research, interviews were conducted

to understand the sorting categories of wool and acrylic textiles, a line of enquiry that
developed during the field research. When the researcher returned to the literature the gap
in knowledge was exposed thus requiring specific questions to be answered.

The experts, like in the field research, were selected due to their experience and knowledge
pertaining to the sorting categories of wool and acrylic textiles. The interviewees were,
firstly, Hasnain Lilani who owns a wool sorting company ‘Recycle Wool’ (who requested

not be kept anonymous). He was selected for his experience of industrial hand sorting

in Pakistan. Hasnain was contacted during the first explorative stage prior to the field
research and re-contacted for two subsequent interviews. Secondly, the owner of a
spinning company in Prato, Italy (kept anonymous) producing recycled yarns from wool

and acrylic fibres was contacted. This spinner had been previously visited during the field
research and was selected for interview as his company purchased both pre-sorted textiles
as well as unsorted textiles. A combination of pre- and self-sorted garments were used to
create the recycled fibre for his yarn production.

The first interview with Hasnain Lilani was conducted over the phone. However, all
subsequent interviews with both Lilani and Recycler X were conducted over WhatsApp,

a quick messaging platform for written, spoken and visual communications. This was the
medium of choice for both interviewees 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. In particular, 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
(asin field practice exploration) 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
reference.

The decision to use only two interviews could be considered a small sample size, however,
this was deemed appropriate to accomplish the research aims. The researcher had
considered conducting further interviews but doing this was unnecessary due to the
shifting nature of sorting categories depending on the market and customer’s needs
(discovered during the field research phase), making exact categories very challenging to
find. Therefore, extensive interviewing and investigation was discounted. For the purposes
of thisresearch, only generic sorting categories were required, and this data could be
obtained using a small sample. The selection of the two ‘experts’ was deliberate, spanning
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both supply and demand within the textile sorting industry: a company supplying sorted
wool textiles and a company buying the sorted and unsorted waste for recycled production.

It isimportant to note that these interviews do not stand alone in this research. The
qualitative information regarding the sorting categories gained from the interviews was
compared and contrasted with information found in the literature on hand sorting of wool
and acrylic textile waste (Botticello, 2012; Thompson, Willis and Morley, 2012; Norris, 2005;
Norris, 2012c). This was supplemented with recent research on automated sorting of
textiles (Circle Economy, 2019). Thus, comparisons could be made between categories in
hand sorted, automated sorting and those categories used by the producers of recycled
materials in the current industry to establish the generic categories required for the
research.

2.4.8 CREATING DESIGN BRIEFS

The use of a creative design brief as a method was used for the final practice
experimentation and has been inspired by the commercial textile and fashion design
process. In industry when starting a design project, a design brief is often established

and is described by Marchant (2016:340) as “a form of discourse...that design context and
design intentions for the proposed project need to be conveyed” For this research project,
the design brief was provided in part by the research aims themselves and to enable the
Design for Recycling Knitwear Framework to be tested (section 9.3, page 217). In essence

this required the textile to be made from recycled fibres which can then be recycled without

losing value at the sorting stage. This provided the basis of a design brief to work towards.

The next steps in a commercial design process is described by Sinclair (2014) as ensuring
the appropriate price points and market for which the design is intended. She continues
that the fashion designer will research into silhouettes, trend predictions for style, cut
and colour. Inspirational research, visiting museums and ‘watching people on the street’,
is combined with market research to come up with a ‘concept’ for the design in question
(Figure 19).

This research which Sinclair describes was conducted and resulted in a series of mood
boards. A mood board is defined by Cassidy (2011:227) as “tools used by designers to

bring together apparently incongruent visual data to promote inspirations to develop
suitable end products” The images selected were arranged in what Cassidy describes as
ameaningful manner to enable a flow of thoughts and inspirations towards an outcome.
Three mood boards were created, the first collection of images and text exploring the
current blends and price points of knitwear containing acrylic and wool. The second an
inspirational board of images exploring silhouette, yarn texture and design details. The final
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board summarised the key trend research found on the WGSN website. The three activities,
market, trend and inspirational research, were brought together to create the ‘concept’ for
the design of both the yarn and the garment.

2.4.9 ANNOTATED PORTFOLIO

The final method used in the research was a reflection tool to analyse the research and
produce insights. This was achieved using an experiential annotated portfolio approach
(Hall, 2020b). The original annotated portfolio approach was first brought to the field of
research-through-design by Gaver and Bowers (2012) to address the issue that works

of design do not speak for themselves. They argue that a design object embodies the
decisions and processes made by the designer, but this is not always immediately obvious
(Gaver, 2012). To best encapsulate these design decisions, annotations (written notes)
can be placed around the image of a design object as a method to explain and validate the
design process. When combined with other annotated images they become a portfolio
which can help to bridge larger research issues. This approach takes a form of reflection
to help designers establish what works and why. This is described by Léwgren (2013) as a
form of intermediate-level knowledge to bridge the gap between practice and academic
research (new knowledge).

Gaver and Bowers (2012) stress that there is no one way of doing an annotated portfolio
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and there are many examples, such as aiding the anyalsis of design interviews (Sauerwein,
Bakker and Balkenende, 2018) and insights from material samples for the development

of business model concepts (Pedersen, Earley and Andersen, 2019). In this research, the
annotated portfolio method was developed specifically to create designerly insights from
experience and has been published in the Journal of Textile Design Research and Practice
(Hall, 2020b - Appendix 14.8.3, page 440).

The 'taking note’ annotated portfolio approach for design experience is split into three
stages: reflective, thematic and holistic.

THREE STAGES
REFLECTIVE Self-reflective information about what happened and why
THEMATIC Themed insights from zoomed-in experiments
HOLISTIC Over-arching conclusions (systems)

The method uses photographs taken during a design experience, such as a field visit
(section 2.4.4, page 35), to create a form of design object. Photographs are selected
based on their relevance which are then laid out in a vertical timeline format; beginning

to end. Additional images can then be added horizontally to form clusters of detail.

The annotations are then added as forms of reflection (the first stage). These are
recommended to be added under three catagories: investigative questions, data (such
as the observed insights and understandings) and reflective thoughts and comments
relating to the experience. The annotations are colour coded into themes (stage two)

and organised into a table format. This new visual diagram can be analysed like a bar chart
emphasising the themes that have more weighting than others. Finally, the visual is then
combined to be holistically analysed (stage three) which creates the portfolio (Figure 20).
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2.5 INDUSTRY AND ACADEMIC METHODS

The research itself and the methods selected to accomplish it were influenced by a body of
prior knowledge brought to the enquiry by the researcher. This could also be described as
the researcher’s 'tacit knowledge’ a term coined by Micheal Polanyi starting from the notion
that “we can know more than we can tell” (Polanyi, 2009:4). In the case of this study, this
knowledge can be divided into two parts. First, the experience of working as a commercial
knitwear designer in industry (see preface,page iv) and second, the practice-based
content of the researchers Master's degree investigating textile recycling (see Practice

0, page 59). These comprised two different types of knowledge from industry and
academia respectively.

The tacit knowledge gained from industry experience of the design process has influenced
the methods chosen. Using a ‘creative design brief’ through mood boards is a clear example
of the researcher using the tools 'to hand’ to achieve her aims. On the other end of the
spectrum, tacit knowledge gained from her Master’s degree provided visual thinking tools
to explain complex ideas in an academic context. While a large part of this PhD research

has been conducted through exploration in an industrial setting, the researcher continually
returned to the university to think and conceptualise the knowledge gained. This divide
between industry methods and academic ones enabled the discovery of rich and applicable
insights.

Lucy Kimbell (2011) stresses the unwanted division between ways of working in academia
and industry, she suggests that academics need to understand more about the role of the
professional designer, particularly at a time when practitioners are working in “challenging
new contexts” She argues further that the focus should be placed on the creation of
materials and objects (practice) by the ‘situated’ professional designer. This is opposed

to focussing solely on 'design thinking', the problem-solving design method employed for
innovation in other fields such as business (Brown, 2008).

Accordingly, the choice of methods used in this PhD research illustrates the importance of
practice by using field practice exploration and field practice testing in industry throughout
the research. In her follow-up text, ‘Rethinking Design Thinking: Part I’ Kimbell explains:

At the heart of Kimbell's argument is the value of industry stakeholders working with
designers using materials and objects. These industry methods are distinct from craft-
based practice research, in which the textile designer looks down and works on a small
square of fabric (Igoe, 2013). The industry practice research in this PhD study allows for
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collaboration with a variety of industrial stakeholders where the materials and objects must
be designed using pre-existing systems within the limits of the machinery and scales of
production.

Rodgers, Innella and Bremner (2017:S4450) go so far as to suggest that “in the hands of
most practitioners, design is useful and research is useless” This would imply that the
practices in industry and academia are entirely discrete. Bonsiepe, (1999 cited in Rodgers,
Innella and Bremner, 2017:S4455) would disgree, however, claiming that design theory
(academia) is vital for the education of future professional designers (industry). This,

he reasons, is because every form of professional practice takes place within a theorical
framework. Here Bonsiepe acknowledges the clear connection between industry and
academia. However, in reality, when conducting academic research within industry, the lines
between the two are more blurred.

2.5.1 INDUSTRY METHODS IN RESEARCH

It has been pointed out by Vuletich (2015) that there no methodological frameworks

in the field of sustianble textile design to conduct research in the industry setting. We
can see that over the last couple of decades there has been arise in textile research
being conducted with industry. For example using industry workshops to develop and
test research ideas (Earley and Goldsworthy, 2019a), and textile design PhD Textile
design research (Farrer, 2000; Paine, 2015; Cleveland, 2018; Mcquillan, 2019). However,
understanding the methods of acheiveing this successfully is still being establsihed.

On a larger scale funding bodies such as the EU Commission and Arts and Humanities
Research Council (AHRC) are actively encouraging proposals working directly with industry
partners. For example, EU Horizon 2020 Trash-2-Cash (2018) project that produced a
design-driven material innovation methodology to work with 18 partners across academia
and industry. Similarly, the AHRC Creative Clusters project (2019) brings together academic
researchers and industry partners to create nine cluster projects. Each ‘cluster’ is hosted
by a higher education institution working with the industry to drive innovation.

This type of research and industry collaboration has been driven by the imperative to
understand the impact of research projects which is often created through Knowledge
Exchange (KE). KE is defined generally by Cruickshank, Whitham and Morris (2012:481) as
“akey component of any collaborative, productive or creative process involving more than
one person’. Rather than using KE to teach the industry directly, KE methods can be utilised
so that both business and design can learn from each other (Follett and Marra, 2012).
However, Cruickshank, Whitham and Morris (2012) emphasis that we need to design KE
approaches, tools and mechanisms. Often, they explain, academics do not engage with the
projects that use these tools.
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2.5.2 COMBINED INDUSTRY AND ACADEMIC METHODS

Understanding how to work and interact across both academia and industrial spaces

is complex. In the field of interaction design, Fallman (2008) has explored how these

two approaches combine. In his model, he describes ‘design practice’ as an industry
endeavour that is close or even identical to the activities outside of academia, such as
working for a commercial design organization, consultancy or in-house design department.
This industry-based design practice, as Fallman (2008:12) points out “needs to be real, in
that it must pay attention to and often adhere to commercial aspects, cost, time to market,
sales figures, other products in the market” In contrast, he explains, ‘design studies’

is an academic endeavour which has an “overall goal is to build an intellectual tradition
within the discipline, and to contribute to an accumulated body of knowledge” (ibid,
2008:9). These contrasting activities form two points on a trianglular shaped model (Figure
21).

Fallman explains that it is most interesting and rewarding to move between these

two positions (design practice and design studies) and that doing so offers a

change in perspective, or has he puts it, the opportunity of “using a different set

of goggles” (2008:10). What Fallman refers to as the changing of goggles broadly
corresponds to this researcher’s use of the ‘changing hats’ metaphor. This has been
explored in her co-written journal article “Divide, Switch, Blend: exploring two hats for
industry entrepreneurship and academic practice-based textile design research” (Hall
and Earley, 2019). The article, written after completing Practice 3 in this research (page
131), explores not just the experience and value of shifting in perspective but also the
complexities arising out of this.

Fallman (2008:11) suggests that the “two activities [industry and academia] often
transpire and feed into each other, rendering them almost inseparable”. He further
explains that explicitly thinking and understanding when and which perspective is

most needed in any given moment is vital to planning and explaining interactive design
research. Hall and Earley’s article support and refine this idea in the context of textile
design, making a clear distinction between the various ways in which the designer and
researcher hats interact, dividing, switching and blending. 'Divide’ entails wearing both
hats separately on different occasions; ‘Switch'is having both hats to hand ready for
swift interchange on the same occasion; and ‘Blend’ refers to the wearing of both hats
simultaneously. They conclude that recognising the dominant hat in a given situation is vital
for fluidity and greater awareness leading to broader and deeper insights (Hall and Earley,
2019, see Appendix 14.8.2, page 423).

The third element in Fallman’s (2008) triangle shaped model (Figure 21) is described as
‘design exploration’. This is the process through which the researcher brings forth a
product or a service. This, he admits, is very similar to what he calls ‘design practice’ but
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does not have the clients, customers or final market in mind. However, the main difference,
he explains, is that the researcher within the exploration asks the question: ‘what if?’,

in an attempt to identify what might be possible and to challenge the status quo. Fallam
suggests that creative problem-solving methods are employed within the process, such
as those offered by Cross (2011) and Moxey (2000) to provide a problem frame or space

in which to carry out the design exploration. However, unlike design practice (designingin
industry) design exploration, Fallman (2008) argues, is self-initiated and concerned only
with the researcher’'s agenda.

Context driven, Cumulative, Distancing,
particular, and synthetic and Describing
~ Design Practice Design Studies -,
Commercial design Other Philosophy
organizations disciplines
Idealistic, Societal, and 2 Design
Subversive . .
: Exploration
Design critique, Art,

*, & o Humanities

2.5.3 DIVIDED INDUSTRY AND ACADEMIC METHODS

While Fallman’'s model has crucially highlighted the complexity of working between industry
and academia, to start to understand the complexity in this research between industry and
academic spheres, a visual thinking method was employed by the researcher. First each
method has been colour coded to suggest which are common to industry design or more
associated with academic research. These are mapped onto a quadrant graph in Figure

22 (overleaf) which vertically ranges between academia and industry and horizontally
between Think-Reflect and Test-Explore stages.

The graph demonstrates that methods flowed diagonally between the bottom left

corner of the quadrant to the top right quadrant. This highlighted for the researcher the
dominance of thinking and refiecting are academic methods and testing and exploring
are akin to industry methods. The relative positioning of the different methods within their
respective quadrants represents the extent to which they interrelate with the opposing
field. Engaging with literature, for example, is a highly academic activity while the use of
creative design briefs is a distinctly industry-based method.
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ANNOTATED PORTFOLIO

LITERTURE

While the majority of methods on the graph sit within the top-right and bottom-right
quadrants, there are examples which edge into the opposing top-left and bottom-right
quadrants. The most obvious example is the conducting of workshops which is a form of
academic exploration that is explored with students and industry designers. However,
the divide of methods between those used in academia and those used in industry is not
So clear-cut. Inreality, there is far greater ‘osmosis’ across the two fields than any theory
might suggests. Vitally, it is by working across the two domains and understanding how
they interact that the researcher can generate new knowledge and insights (Hall and

Earley, 2019). Further discussion of how this dual approach between research and industry

is used and the framework that was generated can be found in Chapter 11, in a reflection
and discussion of the research conducted in this thesis (section 11.2, page 295).

2.6 BUILDING METHODLOGICAL
FRAMEWORK

To understand how the nine methods together form a methodology, Table 3 (re-produced
from section 211, page 19) maps each aim to individual methods and has been colour
coded. These colours demonstrate the assigned stage that each method belongs to,
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namely Think, Explore, Test and Reflect. As colour has been added to the methods, a cyclic

pattern has emerged in which the research moved from first thinking, to exploring and/or

testing, to refiecting. From there the cycle repeats (Table 3).

Thinking, Exploring, Testing - Reflecting

A. Tounderstand
both the fields

of design for
mechanical
recycling and design
for cascading in the
context of post-
consumer wool and
acrylic textiles.

Conduct areview of the current mechanical
recycling industry of wool and acrylic
textiles.

Understand the role of design in current
textile recycling industrial systems.

Conduct a review of the current cascading
literature in relation to textile design.

Literature

Field Practice Exploration

Field Practice Tests
Design Synthesis
Visual Thinking

Literature

B. Toestablisha
Design for Recycling
wool/acrylic textile
model for designing
longevity of
resources through
recyclingand
bringing together
cascading, blending
and sorting.

To understand how the field of cascading
intersects with design for recycling of post-
consumer textile waste.

ldentify the role of blending within virgin and
recycled textile production.

Investigate the methods of sorting for
mechanical recycling of wool and acrylic
textiles.

Propose how cascading blending and
sorting might be used together to ensure
resource longevity of post-consumer wool/
acrylic textiles.

Literature
Workshop
Design Synthesis

Literature

Field Practice Explorations
Field Practice Tests
Annotated Portfolio
Design Synthesis
Literature

Interviews

Annotated Portfolio
Design Synthesis
Visual Thinking

C. Totest, through
practice, the ideas
generated inthe
previous aims to
produce the Design
for Recycling
Knitwear framework
and to establish
how the methods
have been used
across research and
industry.

Investigate, and where necessary
collaborate with, industrial partners to test
the realities of Designing for Recycling
Knitwear from yarn to product.

Draw insights from opportunities and
challenges of Designing for Recycling
Knitwear in industry to establish how
design decisions bridge the recovery and
manufacture of textile resources.

Draw insights from Designing for Recycling
Knitwear in industry to establish a model of
how researching between academia and
industry can be conducted.

Creative Design Brief

Field Practice Test

Design Synthesis

Annotated Portfolio

Design Synthesis
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The next stage was to explore further the relationship between the methods, the four
stages, insights and ultimately contributions to knowledge that this research has
produced. To make the jump from aims to methods to insights, informed by Forst's (2020)
methodological framework, a mapping exercise was conducted (Figure 23 overleaf). Forst,
specifically uses mapping to move from a set of disjointed actions, creating links in the
form of a flow to interpret them. These connections and flows have been adopted and are
presented in Figure 23.

While Forst’s original contributions to knowledge seem to emerge at various points
throughout her research, here the circular motion of method across the four stages
enabled the generation of insights which, in turn, were used to inform the next part of the
research. In particular the connection between the final reflecting stage and returning to
the thinking stage, is captured in Moon's (2004:80) definition of the refiective process.
She suggests reflection is “a process, [that] seems to lie somewhere around the notion
of learning and thinking”. Reflection in this case is not the established method designers
employ called ‘refiective practice’, introduced by Schon in 1983, whereby refiection occurs
during the design process. Although this form of reflection undoubtably occurred during
the field practice testing. Here the formal refiection stage takes place afterwards in the
form of an annotated portfolio method and design synthesis.

As demonstrated in Figure 23 each part of the research (Part 2-4 of this thesis) moves
through the four stages and in doing so each of the three aims and their objectives are
addressed (as in Table 3). The mapping draws out the more complex connections between
the methods which work together towards insights. These ultimately lead to the two final
contributions to knowledge - a methodological and a practice framework - presented

at the end of the thesis. The methodological framework, which emerges directly from

the practice research itself, seeks to understand how research conducted between the
realms of academia and industry can be harnessed for the generation of insights and new
knowledge. Further discussion can be found in section 11.2 (page 295).
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2.7 METHODS SUMMARY

The methods used in this research represent the more messy and experimental nature

of discipline of design. They are brought together using a bricolage approach, in which
methods available ‘to hand’ were drawn on in any given situation from reading literature in
academic setting to taking pictures in industry field visits. As a textile designer-researcher
craft practice is often drawn on to conduct doctoral research. However, drawing on previous
experience as a function-led designer-specifier in industry (see preface, page iv) the
research is described as a hybrid practice between function-led industry designers and
material-led designer-makers. Here the designer interacted (as a material-led designer)
with the recycled fibres, yarns and materials before and after specifying (as a function-
led designer) how they should be made on industrial machinery. Conducting research

in this manner, between the realms of industry and academia, provides context for the
later methodological model which emerges from this thesis as an original contribution

to knowledge. Thisresearch, it is argued, is a form of transition design towards a more
sustainable future for which this research is enabling Design for Recycling Knitwear. Here
the textile design is able to move between the micro, experiencing the recycled fibres and
macro, understanding the recycling system in order to make change.

The research itself was undertaken in four district stages: Think, Explore, Test and Reflect.
The nine methods explored in this chapter, namely, literature, design synthesis, visual
thinking, field practice exploration, field practice testing, workshops, interviews, creative
design briefs and an annotated portfolio, can be divided between these four stages.
Across the research a pattern has emerged in which the methods are selected so that the
researcher circulates between the four stages. Mapped across the thesis structure, this
cyclic structure is evident as each part of the thesis was conducted across each stage,
producing insights. This is repeated until eventually the thesis results in two contributions
to knowledge.
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undesrtanding the problem

sense making through design

Part 4
design in practice

Figure 23. Mapping how each method led to insights and onto original contributions to knowledge (OCK) throughout the thesis
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DfRRT framework bridging sorting
methods in recovery with blending
methods in manufacture across yarn,
material and product levels.
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PART 1 SUMMARY

This part of the thesis has provided both an overview of the thesis and an in-depth look at
the methods used. This is split into two chapters.

Firstly, the introduction outlines the context of the research presented across the thesis
and areview of the methods used. The aims and objectives are presented as a list of items
to be achieved within the study and link directly to the structure in which the thesis is
written. Finally, the two contributions to knowledge that this thesis is leading towards are
articulated.

Secondly, the methods chapter outlines the nine methods used in this thesis. It highlights
the way this practice research has been split between academic and industry methods.
This combination of the two realms is also reflected in the way the researcher has created
practice, using a hybrid approach between function-led designer specifying and material-
led designer-maker. The methods themselves are completed in four stages; Think, Explore,
Test and Reflect in which the nine methods are categorised within. To accomplish the aims
and objectives the methods circulate through the four stages multiple times leading to the
original contributions to knowledge.
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PRACTICE O

AIM

To establish if recycled mixed fibre, originating from discarded jumpers, could be
used to create yarns and non-woven materials suitable for commmercial interior

products

Practice O describes the author's Master's degree research. This represents the prior
knowledge which was brought to this research. This has acted as a springboard for
the investigation and inquiry and provides a vital context for the rest of the practice
presented in this study. The practice involved sourcing and recycling waste textiles
(discarded grey and navy jumpers) into new knitted and non-woven materials. The
researcher sorted each jumper, touching every item by hand which allowed her to
roughly estimate the composition of the material. While other fibres such as wool
were also found, the majority of jumpers were largely synthetic in content (acrylic).
The batch of discarded jumpers was thus classified as low value acrylic-mix fibre.
These were then shredded and garneted resulting in a recycled fibre which was

used to create both a recycled yarn and a non-woven fabric across two colour ways

(grey and navy).

Figure 24. Five stages of Practice O: sorting process, final bale ready for recycling,

blending experiment samples, final recycled yarns and final non-woven and
knitted materials

The first aim of the project was to create a yarn that gave priority to aesthetics

and hand-feel, followed by function and cost considerations. Carlsson et al.

(2017) describe these as the conditions of the design process. While recycling
was inherent in the process, design for onward recyclability was not one of the
conditions of the project. Instead, design from recycling, incorporating recycled

content into products, was the driving approach (Veelaert et al., 2017).

Two different blends were created to fit the conditions of the brief and were used

comparatively.
Yarn 1. 50% grey recycled fibre / 50% white virgin wool

Yarn 2. 70% navy recycled fibre / 30% white virgin nylon

The yarns were used to create a number of knitted interior products. This was
achieved across two stages: first the creation of products for the Master’s degree
show (Figure 26), and second the redevelopment of these products into a
commercial collection for the researcher'’s start-up Anneka Textiles (Figure 25).

The second aim was to create two non-woven materials using a needle punching
process. Usually, needle punched non-woven fabrics are used for hidden
applications such as insulation and mattress pads (Hawley, 2006). Here, however,
sorting the waste by colour (grey and navy) created materials that could be used

in alternative applications, such as interiors. As part of the process a backing
material is required in order to punch the fibres into a fabric. Two different types of
backing material were trialled. For the grey fibre a non-woven polyester ‘scrim’ was
used and for the navy a polypropylene mesh-like grid structure was tried. When
transferring these materials into an interior context the grey material was too weak
and fell apart. In contrast, the mesh backing for the navy fabric was strong and

could be used visibly as a design feature (Figure 27).

Both tests, yarn and non-woven, highlighted the need for the designer to be
present in the process. This was important to encourage the use of low value
recycled fibres in new applications. While the aims of the project were fulfilled,
resulting in a ‘proof-of-concept’ final collection, it also opened up new lines of
investigation for the PhD. Unexpected discoveries emerged during the process.
For example, when designing using recycled content the researcher found it
significantly affected the blend decisions. Blending with Yarn 1, for example,
produced an aesthetically pleasing yarn and knitted textile, but with its 50% wool
content this resulted in a rougher hand-feel compared with the smnoothness

of Yarn 2's synthetic blend. Furthermore, Yarn 2, with a higher ratio of recycled
material (70%), produced a lower yield (amount of yarn produced). This was due to
the reduced amount of longer fibres to carry the shorter recycled ones through the
manufacturing process. This highlighted the dual importance of blending for the
yarn design and manufacture.



Figure 25. Anneka Textiles Commercial collection Figure 27. Two cushion designs using both the front and the back of the non-
woven fabric

ACHIEVED AIM

The aim was achieved by collecting, recycling, blending and spinning and needle-
punching recycled mixed fibre to create ‘proof-of-concept’ cormmercial interior

products.

INSIGHT

Practice O highlighted the importance of the role of the designer in the interaction
with all stages in the recycling process. Additionally, it was found that blending
with recycled fibre is used to meet both the design and manufacturing conditions.

This opened up new questions that underpin this current PhD research.

Figure 26. Master's Degree Collection and Anneka Textiles Commercial collection
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This part of the thesis has been created to address the first aim outlined in the

introduction: to understand the fields of ‘design for mechanical recycling’ and cascading

in the context of post-consumer wool and acrylic textiles. This has been outlined across

three objectives which form the structure of the three chapters in this part.

Chapter 3 addresses the first objective, reviewing the current mechanical recycling

industry of wool and acrylic textiles. This not only provides the context of the post-

consumer textile recycling system within the circular economy but will outline the context

for using knitted wool and acrylic textiles.

Chapter 4 looks at the second objective, to understand the role of design in the current

textile recycling industrial system. It outlines the problems with the current Design for

Recycling approaches and establishes the role the designer might play in finding solutions.

Chapter 5 tackles the final objective, providing a review of the current cascading literature.

This chapter outlines how design for cascading can be combined with the circular economy

model.
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3 TEXTILE
RECYCLING SYSTEMS

This chapter reviews the field of mechanical textile recycling. Starting with a brief overview
of the system as a whole, it then examines the current and historical methods of dealing
with post-consumer textile waste with a focus on wool. The circular economy is presented
and critiqued as a reference model with an emphasis on the role of recycling. The chapter
continues to consider both the current challenges and the opportunities within the post-
consumer textile recycling system. The chapter closes by presenting the intersections
between wool and acrylic fibre for textile recycling; it argues why these materials should be
the focus for the research going forward.

3.1 THE POST-CONSUMER TEXTILE
RECYCLING SYSTEM

Textile recycling is broadly split into two systems: pre- and post-consumer. In this thesis,
the focus is on the post-consumer recycling system. Post-consumer textile recyclingis a
misleading name for a system that includes far more than just the 'recycling’ of discarded
textiles. The system, which was first comprehensively outlined by Hawley (2006), extends
beyond recycling to incorporate approaches such as re-use and re-manufacture of the
clothing we discard (Figure 28). Hawley's systems approach demonstrates the ‘textile
recycling’ industry’s adherence to the waste hierarchy, defined by the Department for
Environment, Food & Rural Affairs (DEFRA, 2011), as a way of ranking the waste management
options according to what is best for the environment. This starts with re-use, the most
desirable approach. The hierarchy then continues moving from re-manufacture, to
recycling, to incineration and ending with the least desirable outcome: landfill.

Hawley’s research, as in this thesis, is limited to the post-consumer textiles produced by
households. Yet textile waste comes in many shapes and sizes and the definitions of the
different categories vary across the literature (Hawley, 2006; Sakthivel et al., 2012). To avoid
confusion, this research will follow the definitions offered by International Organisation for
Standardization (1SO), as presented in Table 1.
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Material that would have otherwise been disposed of
as waste or used for energy recovery, but has instead
been collected and recovered [reclaimed] as a material
Input, in lieu of new primary material, for a recycling or a

manufacturing process.

Material that has been reprocessed from recovered

(reclaimed] material by means of a manufacturing process

and made into a final product or into a component for

Incorporation into a product.

Material generated by households or by commercial,
Industrial and institutional facilities in their role as end-
users of the product which can no longer be used for Its
intended purpose. This Includes returns of material from the

distribution chain.

Material diverted from the waste stream during a
manufacturing process. Excluded is reutilization of materials
such as rework, regrind or scrap generated In a process and

capable of being reclaimed within the same process that

generated it.
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Since Hawley created her system outline, further research has explored certain processes
in more detail, as well as end markets and quantities of textiles (Thompson, Willis and
Morley, 2012; Muthu, 2014; Pokkyarath and Biddie, 2014; EcoTLC, 2019). Three particular
aspects of the system, re-use, re-manufacture and recycling, are examined here.

3.1.1 RE-USE

Re-use, as Hawley (2006) originally suggested, still accounts for the majority of the
clothing currently processed. This is supported by the Fibersort study (2018b) which found
64% of their sample of discarded textiles was wearable and suitable for re-use. Muthu
(2014) identifies three forms of re-use: formally through charity donations, semi formally via
second-hand sales platforms such as Depop or eBay, and informally, by sharing with friends.
The highest prices are afforded to branded, vintage and retro clothing. These are known as
‘diamonds’ (Hawley, 2006) or the ‘cream’ (Ljungkvist, Watson and Elander, 2018). Unlike the
majority of re-usable clothing, which is shipped to overseas second-hand markets, these
diamonds are sold into local markets. Other high-quality clothing, from countries such as
the UK, isincreasingly being sent to eastern Europe as there is a market for the highest
quality re-wearable clothing (Oakdene Hollins, 2006). The rest are sorted and exported
again to second-hand markets often in Africa (Ljungkvist, Watson and Elander, 2018).

While the majority of wearable garments successfully flow into re-use markets, some
wearable garments with limited re-use options ‘leak’ into the recycling streams. If these
garments are not classified as diamonds they will not be sold back into the local markets. As
Norris (2012c) highlights, the remaining re-use markets are largely located in countries with
typically warmer climates. Here, knitted garments and overcoats are unsurprisingly low in
demand. And as Norris (2012a:394) points out, unlike the perceived ‘torn, tatty and stained
goods'’ that should fall into recycling grades, many of the woollen and acrylic jumpers “may
be of good enough quality to be re-used but [there is] no market for them” Therefore,
without re-use as an option, it is vital that recycling of these garment types is effective.

There is also concern over the stability of the re-use markets commonly found in Africa.
While Morley, Bartlett and McGill (2009) point out how little we know about the textiles we
export, Hawley (2015) goes so far as to suggest that we are using these territories as our
dumping ground. Penny Marshall (2020), the UK's ITV African news correspondent, has
highlighted how low-quality second-hand clothing with no market is filling the landfills in
Ghana. This is supported by the 'Dead White Man's Clothes' research conducted in Accra,
Ghana by Ricketts and Skinner, (2016), the title being a literal translation of the Akan
expression ‘Obroni Wawu' used to describe second-hand clothing.
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Roos et al. (2019b) echo this concern. They explain that if this waste is being filtered into
countries with less developed waste treatment systems, there is a “risk that the benefits
of using the material for a longer time are offset by poor waste treatment at its end-of-
life” (Roos et al., 2019b:36). And while Baden and Barber (2005) highlight this flow of
re-wearable textiles does provide the social benefit of affordable clothing to developing
nations, for the circular economy it means these resources could be lost.

3.1.2 RE-MANUFACTURE

Unlike re-use concerned with the reapplication of the same product, re-manufacture
entails converting waste materials and giving them new life (Sung, 2015). Often, as Hawley
(2006) describes, the waste textiles are converted into small squares, called wiper cloths,
for the purpose of mopping up oil spills or testing for washing machine functionality. Sadly,
these are generally single use only and once discarded the squares are destined for
incineration or landfill. Another re-manufacture approach, commonly known as upcycling, is
where the designer transforms waste clothing into new products (Earley, 2010), often in the
form of patchwork. Upcycling, however, is labour-intensive and poses difficulties such as
how to guarantee material type, size and quality. It is, therefore, very challenging to produce
at scale (Child, 2016).

3.1.3 RECYCLING

Recycling is concerned with returning fabrics to their constituent materials such as fibres.
Since profits mainly derive from re-wearable textiles this has been given more attention,
whereas the unwearable contingent appears less across the literature. This is supported
by Norris (2012b) who points out that very little systematic analysis has been completed
regarding the value and distribution of re-usable clothing and none regarding recycling.
Since then a few research studies have started to address this gap (Ward, Hewitt and
Russell, 2013; Dutch Clothing Mountain, 2017; Fibersort, 2018b). Currently, waste textile
flows are dictated by market pull and not by sustainable goals.
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The two forms of textile recycling, mechanical and chemical, can be sub-divided into three
levels: fibre, polymer and monomer recycling (outlined in Table 5). Further details regarding
mechanical recycling, the focus of this research, will continue to be explored throughout
the rest of this chapter.

3.2 GOING AROUND IN CIRCLES - A
CIRCULAR ECONOMY

The aim of this research is to aid the transition from a linear economy to one that is circular.
Since the industrial revolution industries, including textiles, have profited from a linear
‘take-make-waste’ economy. With the rise of industrial progress came a plethora of social
benefits overcoming the scarcities of shelter, food and goods. Yet, while mass production
turned scarcities into plenty, this was followed by an abundance of waste (Stahel, 2019).
The system, on which we have come to rely is pushing the planetary boundaries to its

limits (Steffen et al., 2015). Increasingly we hear the argument being made for a complete
system overhaul from the current linear system to one that is circular, replacing the end-of-
life waste concept with restoration of our resources and prioritising value retention (EMF,
2013).

A circular economy, defined by the Ellen MacArthur Foundation (EMF), is an industrial
system that is restorative and regenerative by design. In other words, it designs out waste
and keeps materials/products at their highest utility/value at all times (EMF, 2017). This
approach was born from Braungart and McDonough's (2002) cradle-to-cradle model in
which resources circulate within two separate systems: biological and technical. Natural
materials should cascade - a flow of sequential uses allowing materials to stay in the
system longer (Sirkin and ten Houten, 1994) - so they can finally bio-degrade to provide
nutrients for biological cycles. In contrast, technical materials should flow into closed-loop
cycles, cycling forever. Contamination is to be avoided at all costs.
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For fibre recycling, garments are sorted by colour and material,
and then shredded and processed back into fibres. This level
of recycling is often referred to as ‘'mechanical recycling’. The
fibres are shortened through the shredding and thus deteriorate
in quality. This quality loss makes it necessary to use higher-
quality fibres (current solutions to this often use virgin cotton
or polyester recycled from sources such as PET bottles) as a
supplement for creating new yarn. By design, fibre-recycling
processes cannot separate blends or filter out dyes and
contaminants. This causes problems where any substances of
concern are retained in the textiles, as recycling these in the
fibres can lead to the continued circulation of - and therefore

exposure to - these substances. Textiles that were placed on the
market before current regulations can contain significantly higher

amounts of certain substances of concern than virgin materials,
where the use of these substances is restricted. If garments are
sorted by colour, no bleaching or re-dyeing is needed, however it
is possible if a different colour is wanted.

Polymer recycling takes fibres back to the polymer level, destroying the fibres but keeping the chemical structure
of the material intact. There are two variants that are different in terms of process and output quality:

Mechanical polymer recycling is carried out via melting and
extruding of textiles made from mono-material plastic-based
fibres. By design, this process cannot filter out dyes and
contaminants, such as substances of concern. As with fibre
recycling, no bleaching and re-dyeing is needed, however it is
possible if a different colour is wanted.

Chemical polymer recycling dissolves textiles
with chemicals after the garments have been
de-buttoned, de-zipped, shredded, and in
some cases de-coloured. This technology
can be applied to plastic- and cellulose-
based fibres or a mix of both. Cellulose - the
polymer that is the main component of cotton
- and polyester are extracted separately for
further treatment. Cellulose pulp can then be
transformed into new cellulose-based fibres
and plastic polymers are treated separately
to bring them to back to virgin-equivalent
quality. Dyes, non-target fibres in small
quantities, and other contaminants can be
removed during the process.

Chemical monomer recycling breaks down
polymers into individual monomers or other
constituent materials that can then serve as
feedstock to produce virgin-quality polymers.
Dyes, non-target fibres in small quantities,
and other contaminants can be removed
during the process.
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3.2.1 RECYCLING AND THE CIRCULAR ECONOMY

A circular economy, according to a study conducted by Kirchherr, Reike and Hekkert (2017),

was found to often be misunderstood and used incorrectly. Their review of the definitions
concluded with their own over-arching definition of a circular economy as follows:

This definition brings together economic, environmental and societal perspectives across
micro to macro levels and it moves away from the common opinion that a circular economy
is solely focused on recycling. This is regularly referred to as the recycling economy and

is explored by Fellner et al. (2017) as a fundamentally flawed method to solve our waste
problems. Whilst recycling is almost certainly not the only answer, the industry (fashionin
this instance) has been criticised by Brooks et al. (2018) for concentrating on closed-loop
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material systems and being blinded to the problems of ‘continuing and growing cycles of
consumption’. However, the circular economy, by Kirchherr, Reike and Hekkert's definition,
must follow the waste hierarchy in which we first must reduce (which would appease
Brooks et al.), then re-use, recycle and recover.

Reducing consumption and reusing our clothing is very important. However, as a
notoriously tricky topic, that even Brooks et al. admit would involve a wide societal

shift in mindset, it is thus beyond the scope of this research. As Roos et al. (2019:48)
suggests “reuse and recycling are not competing strategies but rather both necessary
and complimentary in a circular economy”. It is important to note here, however, that the
previous cycles have not been forgotten; they are simply not the focus of this thesis.
Therefore, once we have reduced and re-used our materials, we can focus on recycling.

3.2.2 A CRITICAL PERSPECTIVE OF RECYCLING IN THE
CIRCULAR ECONOMY

Although the circular economy model provides the context for this PhD thesis, it is not
without its pitfalls. We are reminded by Naude that “although theoretical frameworks and
models on their own do not guarantee success, they provide a basis to work from” (Naude,
2011:361). She concludes that sustainable development must not be treated as an add-on
but be aligned with our industry strategies. This thinking is supported by Zink and Geyer
(2017) who warn of the dangers of a ‘Circular Economy Rebound’. This is when secondary
materials, such as those that have been recycled, are brought into the market. If the
recycled materials are of poorer quality, they may compete in price with the virgin materials.
Thus, instead of directly replacing their virgin counterparts, this has the undesired effect of
driving down their value and heightening levels of competition.

Alternatively, lesser quality recycled materials may enter new markets. These will not
replace production but create new demand generally increasing purchase and use of both
the virgin and recycled materials. In short, the unintended consequence of implementing a
circular economy could in fact make the situation worse. The focus, Zink and Geyer (2017)
urge, should be on creating good substitutes which displace primary production.

3.2.3 A CIRCULAR TEXTILE ECONOMY

Shifting the focus to look directly at the textile industry, EMF's (2017) ‘A New Textiles
Economy: Redesigning Fashion's Future’ report outlines the challenges we are still facing
to reach true textile circularity. As the textile industry exponentially grows this is putting

72



pressure on the earth’s finite resources. Clothing production has doubled in the last fifteen
years and prices keep falling. This is accounted for by a growing middle-class population
combined with the ‘fast-fashion’ phenomenon promoting increased numbers of smaller
collections with quicker production times leading to higher sales. The problemis, as the
EMF (2017) report suggests, only escalating.

With consumption at an all-time high the demand for raw material is equally as great. Morley
etal. (2006) points out, as reuse declines due to the trend for buying cheaper lower quality
clothing this means recycling volumes are increasing. However, as Morley et al. explain,

this is coupled with a lack of value-added markets for these recycling grades of clothing.
The EMF report (2017) paints an even bleaker picture, explaining that as much as 73% of
the material flowing into the clothing system is being lost to landfill or incineration. They
estimate that less than 13% of our clothing is recycled in any form. Of this 12% are cascaded
into other low-value applications and less than 1% is recycled from clothing into clothing.
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In addition, EMF (2017) has set out four ambitions which they assert will lead to better
economic, environmental, and societal outcomes. Alongside, utilising renewable energy,
phasing out substances of concern/microfibre release and increase clothing utilisation,

is ‘radically improve recycling’. Part of achieving this challenge, EMF ascertain, will involve
aligning design with recycling processes. It is this ambition that this research has started to

work towards.
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3.3 TEXTILE RECYCLING THEN AND NOW

In order to meet the challenge, set out by the EMF's report to radically improve recycling, we
must review the historical and current recycling industry. This will not only provide context
for this research but outline the importance for selecting wool/acrylic knitwear as the
waste material which is the focus.

3.3.1 HISTORY - ASHODDY PROCESS

The origins of textile recycling has been investigated in detail by Malin (1979) outlining that
the recycling industry began with wool. In the late eightieth and early ninetieth century,
wool used for clothing grew in popularity and therefore raw material prices increased. With
such demand, Malin explains, cheaper alternatives were highly sought after which led to
the birth of textile recycling.

There is much confusion over who invented the machinery to tear fibres from cloth in order
to recycle wool. However, it is usually attributed to Benjamin Law in Yorkshire, England in 1813
(Jubb, 1860; Shell, 2014). From then, recycling of woollen textiles developed into a booming
UKindustry. Aided by the improved transportation to access discarded woollen garments,
known as rags’, it enabled the import of waste and export of finished cloth across the globe
(Malin, 1979).

Textile recycling or utilising textile waste is not a new concept. Hawley (2006) explains
that 2000 years ago in China used clothing was shred and hand spun into yarns. Even in
Britain in the early eighteen hundreds, Day (2016a) points out, ‘rag and bone’ men would
collect textiles to be crudely shredded and used to stuff saddles. In addition, Shell (2014)
highlights that prior to industrial manufacture of paper from wood-pulp, cotton and linen
rags had been used to produce writing paper and woollen rags were used as fertiliser on
the land.

Within the recycled textile industry there are two forms of fibre output; shoddy and mungo.
Shoddly is closely associated with knitted garments but is described by Day (2016¢) to also
include rags that were loosely woven. Mungo therefore describes the opposite. Usually
from tightly woven, or felted rags that produce short fibres (ibid). Mungo, as a name,
originated from the phrase ‘it must go'. This, as Jubb, (1860) illuminates was first described
by a dealer who was trying to sell this new type of rag. When doubts were cast over the
ability to sell the material, he announced that ‘it mun go’ and the name was born.

Shoddy and mungo manufacture, as a whole, is defined by Malin (1979:201) as
encompassing “mechanical or chemical conversion of woollen rags into shoddy, mungo
or extract which was then marketed to manufacturers of cloth, carpets, blankets and
other woollen goods®. The definition extends to cover both smaller companies that shred
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rags on a commission basis and larger integrated manufacture that include rag-sorting.
Additionally, it includes chemical recycling processes. Until the demise of the textile
recycling industry in the UK it was commonplace to use acids and heat (not so far removed
from today’s chemical recycling) to remove vegetable fibres from the woollen clothing. For
example, it was used to remove the cotton threads used to stitch garments together or

to separate wool/cotton blends. This was called carbonising and as Malin (1979) identifies
was a preparation stage to the mechanical recycling process to ensure pure woollen
feedstocks.

Since, its heyday the shoddy industry remained relatively unchanged. The process in
simple terms, Gee (1950) describes, firstly involves sorting the rags and then cleaning

any contaminants such as buttons and zips. These are then mutilated or cutinto

smaller pieces ready to be 'shredded’ or ‘pulled’ or ‘opened’ back to a fibre. The result

of this first rudimentary stage is fibre with the remnants of textile material. The next
process, ‘garnetting’, Gee (1950) clarifies is similar but is more specialised ensuring the
transformation of the input to a fully fibrous state. This is followed by the same stages
used to produce virgin materials: blending, carding (combing fibres) and spinning. However,
each stage has to be adapted to deal with the shorter recycled fibres which are the result
of this mechanical process. The blending stage, for example, might involve mixing shorter
recycled fibres with longer virgin ones to increase quality, strength and ease of processing.
Finally, the spun yarns are knitted or woven, while the punched fibres produce non-woven
felts. These fabrics are then marketable for numerous end products across the value

chain (EcoTLC, 2019). The simplified system outlined in Figure 31is still used across the
mechanical recycling industry today (Hall, 2018).

FABRIC

3.3.2 THE TRANSITION FROM THEN TO NOW

Historically, the textile recycling industry, as described previously, was purely focused
onwool. It, therefore, thrived in times of war when woollen military uniforms and blankets
were in demand (Day, 2016b). From the humble beginnings in Britain in 1813 the industry
peaked and troughed for over a century. This was until the introduction of synthetic fibres.
As Hepworth (1954) describes these were first introduced in virgin production and added
to recycled yarn to improve quality. However, once blended with wool, they were difficult
to identify during rag sorting and the labour costs to remove synthetic sewing threads
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became too high. These difficulties, as explained by Day, (2016b) together with the switch
from wool to cotton in the fabrication of military uniforms, led to the demise of Britain's wool
recycling industry.

Although the industry diminished, it has not completely disappeared. Recycling in the UK
and across Europe today is a small sector focused on low grade recycling for the non-
woven markets (Morley, Bartlett and McGill, 2009). Wool clothing is oftenrecycledin
combination with other fibres types to benefit from its fire-retardant properties for hidden
applications, such as mattress inners. More recently the various different recycled fibre
types and applications has been mapped by EcoTLC (2019). Their map demonstrates that
most markets have developed around the challenging array of fibre blends. The resultant
products are not sorted by colour and this produces a sludgy dark-greyish material
(Uchimaru, Kimura and Sato, 2013). They are typically non-woven and include automotive
materials, carpet underlays, and insulation (Hawley, 2006; Morley, Bartlett and McGill, 2009;
EcoTLC, 2019).

Although the industry has adapted to the challenge of recycling these new blended inputs,
it has faced much criticism. In 2006, the "Well Dressed?’ report condemned the recycling
technology for not progressing in over 200 years (Allwood et al.,, 2006). However, since

this publication the industry and academia alike have focused their efforts on developing
the now more favoured chemical recycling technology. This has predominately focused on
the chemical recycling of cotton, polyester and poly/cotton blends (Trash-2-Cash, 2018;
Quartinello et al., 2018; Worn Again, 2020; Renecell, 2020). Over the same period, with the
exception of a few studies in the design and science fields (For example, Langley, Kim and
Lewis, 2000; Vettese, 2017; Lindstrom, Kadi and Persson, 2019), mechanical textile recycling
has been overlooked. This is supported by Dahlbo et al.'s 2016 paper which calls for new
policies specifically relating to the advancement of chemical processes alone.

While chemical recycling offers a way to retrieve virgin equivalent raw materials from waste
textiles, the processes to date are only available at lab or pilot scale. The gap between this
and commercialisation is wide and there are many challenges to bring it to market before
any of these technologies can be relied upon as a recycling method (Girn, Livingstone and
Calliafas, 2019). In the meantime, the mountain of textile waste continues to increase.

However, a shift in thinking is slowly emerging. During the 2016 Dutch symposium, Beyond
Creen: Zero Waste, Isaac Nicolson (at the time working for Recovertex, a mechanical
cotton recycler) discussed a future in which both mechanical and chemical technologies
might work together (Beyond Green: Zero Waste, 2016). This is now being demonstrated
in large scale projects such as Interreg North-West Europe project: Fibersort (2020a)
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in which partners in both mechanical and chemical recycling sectors have participated.
This shift contradicts previous criticism of mechanical textile recycling technology and
acknowledges that it has viable future.

While the chemical recycling technology falls outside the scope of this research project
the combination of these two technologies, as they have been used in the past, forms the
inspiration for this research (Hall, 2020a - Appendix 14.8.4, page 463). Notably, Sandin and
Peters (2018) have gone so far as to acknowledge the potential for cascading mechanical
systems to flow into chemical ones. One that allows textiles to enter mechanical recycling
processes and be utilised across multiple cascading loops first. Following Sandin and
Peters’ suggestion, this research will consider how design for mechanical textile recycling
technology within a cascading system can extend the lives of textile materials. This will be
further discussed in chapter 5.

3.3.83 TEXTILE RECYCLING NOW

Today the current high-value mechanical recycling systems have clustered around
reclaiming specific fibres types. While the research presented here takes a focused look

at the wool and acrylic recycling system this section will contextualise this within the wider
textile recycling approaches. From the invention of textile recycling for wool, the industry
has expanded to recycled cotton and synthetics covering polyester and nylon. As lab-scale
chemical recycling technology has materialised there has been an emphasis on recycling
into three main categories: proteins such as wool; cellulose such as cotton and synthetics
such as polyester and nylon. These will be briefly explored below.

The escalation of synthetics from the mid-twentieth century has seen a dramatic increase
in the range of textile materials. The extensive use of PET (Polyethylene terephthalate),
as Park and Kim (2014) discuss, has led to an escalating waste problem and has increased
the need to develop recycling technologies for these materials. They go on to explain
that the most common commercialised version of recycling PET is from plastic bottles
into textiles, achieved both mechanically by melting and chemically using chemicals.

The same applies to Nylon recycling, which usually comes from the collection of waste
fishing nets. Whilst, both polyester and nylon fibre-to-fibre recycling is possible and can
produce virgin equivalent fibres, the process requires pure feedstocks. The barriers of
contamination created by blends in our clothing means that plastic-to-textile recycling is
more widespread.
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Mechanical cotton recycling has developed commercially with companies such as
Recovertex leading the way using pre-consumer waste. The mechanical recycling of

cotton works in a very similar way to wool and faces many of the same challenges such

as fibre length. Chemical technologies for cotton and all other cellulose-based textiles
have advanced at lab and small-scale manufacturing levels. Although these chemical
processes appear promising, the resultant regenerated cellulosic textile is different from
the virgin cotton input. Whilst this can be classified as fibre-to-fibre recycling, as the Waste
and Resources Action Programme report explains, it is not a direct replacement (Girn,
Livingstone and Calliafas, 2019).

As previously discussed, mechanical wool recycling was once a booming industry in the
UK. However, Padovani (2017) explains, the industry continues to thrive on a small scale

in Prato, Italy. Machinery was first seen in this region in 1850 and still functions to this day
(Hall, 2018). In her book chapter, ‘Made in Italy’, Padovani (2017) describes Prato as one of
the few industries which successfully recycles post-consumer waste rather than solely
pre-consumer textiles. The ‘Cardato Recycled’ certification has been created as a method
to promote the growing consumer interest in sustainability. Testa et al. (2017) detail the
certification specification: the recycled wool must have at least 65% recycled content, itis
to be produced in the Prato district and its environmental impact must be measured.

More recently, recycling of wool has developed in the infamous hub of Panipat, India. Norris
(2012b) explains that Panipat was an old hand-weaving town but due to the coarseness

of local Indian wool and the expense of importing quality virgin fibre, the recycling industry
in this area boomed. By the 1980s, Norris describes, vast quantities of rags were being
imported for sorting and recycling. Today, Panipat is the largest recycling hub globally
(Norris, 2012b) and is largely known for the low cost blankets (global aid and local market).
In addition, the industry in Panipat produces interior carpet, mattress and furnishing
products. However, the majority of the exports is thought to be virgin quality which are
exported all over the world (Arisa and Sympany, 2020). Other, smaller recycling hubs such
as Ludhiana and Amritsar, also in India, specialise in recycled acrylic for knitting and recycled
wool for woven cloth respectively (Norris, 2005).

In the last few years, there have been moves towards developing chemical recycling
techniques for animal proteins in textiles. This has been explored by the EU Horizon 2020
RESYNTEX project. The result transforms woollen textiles into resins or wood-based
adnesives but not textile-to-textiles applications (Bell et al., 2017; Quartinello et al., 2018).
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PRACTIC

AIM

To understand the current industrial wool recycling systems

Practice 1took the form of explorative practice visiting recycling facilities, seeing,
guestioning and touching the recycled textile materials. This practice was made
up of many visits. On each visit photographs were taken, and material samples

were collected as memory and thinking devices for the investigation. An in depth

account of Practice 1is fully discussed in conference paper ‘MIXING IT UP IN PRATO:

identifying innovation hotspots within mechanical textile recycling’ (Hall, 2018,

Appendix 14.8.1, page 405) and is summarised below.

This exploration took place in Prato, Italy one of the global wool recycling hubs.

All stages of the mechanical recycling system were seen first-hand from sorting

of waste textiles to recycling these into fibre to create new yarns, materials and
products. Seven companies were visited but four specifically are focused on here.
These four companies (Company A-D) demonstrate a wide range of approaches
for the recycling of wool. These included using different types of feedstocks (input),
producing different forms of materials (output) which are then made into different

end products. The overarching findings are presented in Table 6.

The visits themselves centred around asking questions about the recycling process.

This led to an understanding of the main stages: sorting, cleaning, shredding,
blending, spinning and weaving. While the stages of each company’s process
differed, the general elements were the same. Subtle differences were noted (as

captured in Table 6) which were important for the designer.

For example, Company A only worked with the highest quality cashmere knitwear.
In contrast Company D accepted the lowest quality wool blends made up of knit

and woven materials. These two companies aptly demonstrate approaches from

Figure 32. Practice 1. Piles of waste knitwear waiting to be sorted and cleaned in a

factory in Prato, Italy

Table 6. Simplified recycling system insights from companies A-D, Hall (2018).

HIGH

D PROD PER CiUA HIGH HIGH/MEDIUM MEDIUM/LOW
WOOL J WOOL
CASHMERE WOOL WooL /
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CASHMERE /
FIBRE TYPE - OUTPUT
CASHMERE BLENDS WOOL BLEND WoOL WOOL BLEND
¥ARM / FIBRE /
END PRODUCT
KNITTED PRODUCT WOVEN FABRIC FIBRE OMNLY YARMN
WASTE TYPE KMIT WOVEN KMNIT KNIT / WOVEN
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WOVEN
X
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X

WOVEN

X (OMNCE S0LD)

'WOVEN

either end of the wool recycling spectrum. For the highest quality cashmere, the

sorting and cleaning processes were vital. As with all the recycling companies in

Prato, textiles would be sorted into family colours and shades. However, in the

next cleaning stage they would not only remove buttons, zips and labels but

seams would be cut out to avoid all types of contamination. This seam waste was

then sold to other manufacturers who valued the high percentage of cashmere

present and were willing to except the synthetic contamination used in the

original garment production to link the seams together. Company D took a slightly

different approach. They explained that for the products they produced knitwear

seams would only be cut out if it was deemed necessary. The cleaning stage was




an extra cost and therefore if it wasn't a benefit to the final yarn or material it

became an unnecessa ry expense.

In a slightly different approach Company C prioritised the sorting stage. Their
process incorporated an additional step, sorting knitwear into ‘ordinary’ (chunky
gauge knits) and fine' (fine gauge knits). This was their unigue selling point which
they claimed resulted in a higher quality recycled fibre. Throughout the visits it
became apparent that these first stages (sorting and cleaning) played a vital role in

establishing the quality and cost implications of the output material to be created.

Next was the pulling stage, which represented the physical recycling of the textile
back to fibre. This was achieved using a variety of machine types. However, most
companies are fairly secretive about the machinery used and therefore could not

be investigated in any depth.

Once garments have been transformed into fibre a new set of decisions had to be
made. These centred around blending and combining the different fibres ready
for spinning. These decisions were directly affected by the sorting and cleaning
methods used and controlling composition was a vital concern. For example,
Company B would only use post-consumer woven garments with a wool content
of 97% or more, controlled at the sorting stage. Company D took a different
approach accepting a lower wool content. They controlled the wool composition
at the blending stage. They did this, they explained, by mixing different types of
wastes together (post-consumer and pre-consumer as well as different qualities of

post-consumer) to ensure the final yarn had the desired percentage of wool.

Furthermore, both Company B and D used virgin materials to aid the manufacture
(spinning) of the fibres. The choice and percentage of virgin fibres in a blend were
made based on aesthetics and function of the end product, manufacturability of
the fibres in the blend and overall cost. Neither company, however, appeared to
make any decisions to aid onward recyclability. For example, Company B would
only except 97% wool composition at the sorting stage. In contrast their output
(recycled yarns) was typically 65% or 75%. This meant, therefore, that their yarns

would be unacceptable if they returned to the recycling process.

This divide between the requirements for the recycling system and end products
produced was also demonstrated by the company’s approach to creating colour.
The complex sorting systems that occurred in Prato were often supplemented by
pre-sorted garments imported from locations such as India to ensure a wide range
of shades were available. Colour contamination, particularly for the highest quality

output was to be avoided at all costs. Yet these carefully sorted coloured fibres are

subsequently used by re-blending specific combinations to create exacting shades.

Figure 33. Sorting garments into colour categories

Figure 34. Cleaning garments by removing

labels

Figure 35. Company B recycled fibre after
shredding



The final outcome of Practice 1 resulted in a hotspots analysis of the stages of the
recycling system. The four hotspots for future design research and innovation were:
sorting, blending, processing and end markets/products (Hall, 2018).

More importantly, it is the more nuanced connections between the hotspots which
the practice has highlighted. For example, the decisions during the sorting and
blending stages have a major impact on the manufacturing and the type of end
market the materials can enter into. In reverse, the end markets available will also
determine the method of sorting, blending that is required. These hotspots are
investigated throughout this research and are used as the basis for the discussion
in Chapter 11 (page 265).
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Figure 36. Hotspots for innovation within the processes of recycling textiles, (Hall,
2018)

ACHIEVED AIM

The aim was achieved, and a full understanding of the current industrial wool

recycling systems was established

INSIGHT

Practice 1 additionally provided an in depth understanding of how the sorting and
blending within the recycling process effects the material outcomes (spinning

yarns and manufacturing materials) and vice versa.

Figure 37. Storage warehouse with bales of different colour and composition of
waste garments and processed recycled fibre

Figure 39. Colour blending card showing
the 15 different coloured fibres (recycled
and virgin) used to create the exact shade

of blue required for the customer.

Figure 38. Sorted jumpers waiting to be

processed.



3.4 POST-CONSUMER TEXTILE RECYLING
CHALLENGES

There are many barriers that stand in the way of successful textile recycling. While these
have been categorised in a variety of ways across the literature, they boil down to two key
areas: one relating to the supply of feedstock and the other to end market demand for the
recycled textiles. In the recycling industry the relationship between supply and demand

is somewhat skewed. As Crang et al. (2013:10) explain, the impetus of material flows are
created by “someone getting rid of existing, unwanted stuff. In other words, supply comes
before demand”.

3.4.1 FEEDSTOCK SUPPLY

The main challenges associated with the feedstock of post-consumer textiles can be
further broken down into three categories: scale, geography and transparency. These will
be explored further below.

The issue of scale in recycling comes down to the availability or accessibility of feedstock
streams. As Fletcher (2008) described in her Design for Recycling checklist, the most
desirable materials are those that are mono-material and uncoloured. Supported by Roos
et al. (2019b) they use the example of large-scale laundry services, such as bed sheets
from hospitals and hotels which are normally white and often are made from pure cotton.
While these materials can be obtained in bulk and with a known content, Roos et al. points
out, these waste streams only form a small proportion of the textiles industry waste and
their supply is therefore limited.

The demand by the recycling industry for pure waste steams is seen across all fibre types.
Watson et al. (2017) explains

Collecting waste clothing at scale is one of the first limitations to the recycling supply
chain. Here, we return to the vicious circle of supply and demand, namely, the supply
being controlled by the purchases people make. As Crang et al. (2013:17) expounds this
is “mediated via the stockholding in various ‘national wardrobes' and the percentage of
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discarded clothes that are collected”

According to Fibersort (2020a) project report the success of recycled textiles is dependent
onits ability to make recycled materials a 'sound business choice’. This is supported by
Elander and Ljungkvist (2016:43) who argue that recycling needs to be a “cost efficient
process that competes with virgin production” and in order to do this the industry must
work at scale. However, alongside the benefits scaling up has on cost, barriers such as
increasing sizes of minimum order quantities also appear. This, as Watson et al. (2017)
points out, can be challenging for smaller brands that require smaller batches of recycled
material.

The challenges of geography in the global textile industry are great, and this is only made
worse by the ripple effect of garments being manufactured, purchased, worn and disposed
of at numerous locations across the world. As Roos et al. (2019b) explain, itis only at the
sourcing and manufacturing stage that materials are concentrated, such as extraction and
processing of wool from sheep on a farm. In contrast, it is highly unlikely that waste textiles
from the same original batch would ever be reunited at their point of collection for recycling.
Currently, without brands being able to track any one of their garments after they leave

the shop floor, there is no way to establish the location or timescales in which customers
will discard it. The best that can be hoped for is that the garment ends up in a collection of
similar materials.

Roos et al. (2019b) points out that the solution could lie in the localisation of waste-
streams, as in Prato where the side-by-side production of virgin wool and its corresponding
wool recycling industry thrive (Hall, 2018). However, this close proximity of recycling
facilities is uncommon, and it would not necessarily be practical for all wool manufacturing
areas to develop these. Localisation works effectively for pre-consumer waste created

by the production of fibres, whereas the geography of post-consumer textile waste is

a greater challenge. Low collection rates of post-consumer fibres, such as wool, only
exacerbates the problem (Watson et al., 2017).

If recycled content has to be collected from around the world to be recycled together there
are other challenges, such as differing regulations by country which need to be overcome.
These might be regulations on waste treatment or regulations that limit the import of
waste (Roos et al., 2019b). For a globalised system to work, it requires global cooperation.
For example, the communication barrier between the producers of products, predominantly
in Asia, and the feedstocks collected in Europe means that finding solutions is only made
worse by distance (Elander and Ljungkvist, 2016).
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Even once feedstocks are obtained the challenges are not over. Concerns over the
chemical content of waste are great. In a report by the Swedish Chemicals Agency or KEMI
(2016) it was concluded that of the 3500 chemicals examined 350 of them contained
concerning hazardous properties. These were not regulated by REACH (Registration,
Evaluation, Authorisation and Restriction of Chemicals) and would have the greatest
impact on the producer countries and the consumer in the use phase (KEMI, 2016). KEMI
(2016) also found that nearly a third of the 3500 chemicals used in the sample could not
be examined due to confidentiality. This demonstrates the industry’s lack of transparency
but could mean the situation is significantly worse than the figures reported. This lack of
information and chemical uncertainty in virgin production transfers into the waste textile
streams. The challenge is compounded by changing regulation, as waste textiles could
contain chemicals allowed by previous regulation. While there are few mechanical solutions
to this problem, Roos et al. (2019b:40) suggests “in the case of large-scale recycling of
textiles, a certain dilution effect is likely to be obtained” This, they describe, depends on
whether the chemicals present are persistent or short-lived, this approach can be either a
benefit or a hindrance to solve this problem.

The presence of hazardous chemicals is not only relevant to the recycling industry but a
concern for the clothing that remains in the nation's wardrobes. Much research still needs
to be done in this area, however, for this research it only provides a context and falls outside
the scope of the practice research conducted. While this challenge is present and very real,
mechanical recycling industries are today working successfully with post-consumer waste
to comply with the REACH standards such as the wool recycling industry in Prato.

3.4.2 MARKET DEMAND

At the other end of the spectrum there are the markets which the recycled materials flow
into. The main challenges addressed below are quality and acceptance.

Quality in this context refers to a number of different things: composition, colour and fibre
length. Similar to the challenges of scale, the quality of recycled fibre is often determined
by the desirability of the feedstocks that created them. Fletcher (2008) describes the
most desirable qualities for recycled materials are mono-material fibres with no colour.
Although, as Elander and Ljungkvist (2016:43) point out “it seems unlikely that a majority
of future textiles will be made from single fibre materials’ In addition, in their study Elander
and Ljungkvist (2016) found that the main concerns of the recyclers, sorters and fashion
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companies interviewed were concerning contamination. This included blended fibres but
also the presence of plastic prints on textiles and different materials being used in a single
garment such as linings which allimpacted the recycling and therefore the quality of the
resulting materials.

The industry’s consistent use of blends in all their forms (discussed in more detail in
chapter 7, page 151) is one of the biggest challenges to the entire system. Clothing
suitable for recycling, described as 'unwearable’, is difficult to sort by fibre type by hand.
New near infra-red (NIR) scanning technology has been developed to deal with this issue.
However, as Wedin et al. (2017) demonstrates, the technology is not without its challenges.
The scanner can only read one specific area and this is little help in identifying complex
multi-material garments and those with low content blends such as garments with small
percentages of elastane. The NIR technologies have also been developed to sort the
textiles by colour. This type of sorting is easier to do by hand, but as with any labour it can
be costly and margins are therefore squeezed (Ljungkvist, Watson and Elander, 2018).
Sorting by colour has environmental benefits reducing the need to dye materials. This, as
Norris (2005) explains, is achieved by first sorting garments into family colours and then
shades. This is laboriously done to retain the colour for the final product. Ironically, colour
sorted recycled fibre is often re-blended to meet the textile industry’s exacting colour
requirements.

The final stage before physical recycling is cleaning, in which contaminants such as
buttons, zips or patterned designs have to be cut away. The cleaning stage faces the

same high labour costs faced during sorting. However, unlike sorting, there is currently no
alternative technology (Fibersort, 2020a). The ultimate goal is purity of materials. Virgin
resources, Roos et al. (2019b:35) rationalises, are extracted in homogenous and of known
content whereas recycling consistently is challenged by the comparison. Thisis really the
sticking point for recycling, producing unknown material content for the market. Essentially,
the more efficient the sorting and cleaning, whether by colour and/or by fibre, the higher
the quality of the end product (Fibersort, 2020a).

Even after the sorting and cleaning, the physical process of mechanically recycling rips the
fibres from the textiles. Recycling materials in this way damages the fibres and reduces
length (Gupta and Saggu, 2015; Yuksekkaya et al., 2016; ECAP, 2019d). The shortening of
fibres compared to their virgin counterparts has been criticised by researchers and brands
alike. They are most often concerned about the performance of the recycled materials
(Watson et al., 2017). To overcome this challenge, the European Clothing Action Plan (ECAP,
2019d) found it necessary to blend the recycled material with longer virgin fibres or with
other high quality waste fibres. This approach is often criticised with a demand for 100%
recycled content that performs, is aesthetically pleasing and cost effective.
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Ultimately for recycled materials to make it to market this requires acceptance not just

by the consumer but of the whole value chain (ECAP, 2019c). Everyone must understand
the challenges involved when creating recycled products and this has been explored by
Elander and Ljungkvist (2016). They have established that increased consumer awareness
of the environmental impacts could help create markets for recycled materials as well

as promote the collection of feedstocks. This was investigated alongside the designer
knowledge. They found that even if awareness of the problems exists, designers found it
most challenging converting this into action. This problem is exacerbated not just in textile
recycling but other fields such as electronics (Fakhredin et al., 2013). Finally, Elander and
Ljungkvist point out that more understanding of market conditions such as costs and
volumes of recycled materials is needed in order to assess its feasibility.

Specifically, cost is often the main acceptance issue for recycled content. Watson et

al. (2017) indicate that one of the biggest problems is that recycled fibres remain more
expensive than virgin. This, they say, is due to economies of scale, limited supplies of
material and lack of maturity of textile recycling technologies. As we transition towards

a circular economy many of these challenges can be overcome. However, this cannot be
without, as ECAP (2019a) ‘Circular Textiles Ready to Market' report indicates: companies
taking action, cooperation in the supply chain and harnessing marketing power to help the
customer accept them.

3.4.3 CHALLENGES TO OPPORTUNITIES

Many of the challenges associated with the supply of recycled fibres and demand for
recycled textiles have been outlined in the above two sections. Generally, the aims of

this research are to establish how the supply of waste wool/acrylic knitwear can be
successfully recycled and then utilised to create demand within the market. Importantly,
these fibres must also be recyclable to recreate the supply. This practice research provides
an opportunity to cover some of the issues relating to scale and quality. However, the
challenges associated with ‘geography’, ‘transparency’ and ‘acceptance’ are such large and
expansive topics that it is impossible to cover them fully here. Further research would be
required and they have been included to provide the wider context only.
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3.5 ACRYLIC TEXTILE FIBRE

Acrylic fibre is closely connected to the production of wool and therefore to the recycling of
wool. This is due to many of its attributes mimicking wool's properties (Hatch, 1993). Super-
wash finishes are often applied to wool and this coating can be made from acrylic to protect
against felting (Rex, Okcabol and Roos, 2019). While the production of other synthetics,
such a polyester, are replacing its use, acrylic it is still used widely for mainly knitted goods
across the apparel industry (ibid). While the 2016 Information Handling Services report
suggest this fibre is on a trajectory of slow decline (IHS Markit, 2016), acrylic still accounted
for 1.4 million tonnes of all fibre produced (Rex, Okcabol and Roos, 2019). As its production
has moved away from the US and Europe it is now predominantly produced in China and
Turkey (IHS Markit, 2016).

Acrylic production is threatened by the low prices and recyclability of polyester fibre (IHS
Markit, 2016). Yet, within the outdoor textile sector acrylic fabric is thriving due to the
weatherability of the material outperforming its polyester competitor. The issue when
recycling these outdoor fabrics is often the chemical treatments applied to the materials
to enhance their properties. This is being addressed by EU Horizon 2020 project ‘Recycling
of Waste Acrylic Textiles' (REACT, 2019) exploring the waste treatment of these fibres,
removing chemical finishes and mechanically recycling the materials.

Aside from this, one of the most prevalent uses of acrylic fibre is within the knitted apparel
industry. It has gained popularity as it has the closest resemblance to wool and is Itis
often blended with wool to reduce cost (Sinclair, 2014). It also boasts a soft handle, good
resilience and ease of care (Hatch, 1993). The process of producing acrylic fibre involves
many chemicals and solvents and Fletcher (2008:18) points out that if left untreated
these chemicals, including the base ingredient acrylonitrile, have a high potential to cause
environmental problems. Acrylic might have a small, but still significant, presence in the
market and Fletcher advocates that more sustainable material substitutions be made, such
as wool. Yet, wool comes with its own environmental impacts. For example, the methane
emissions given off by the animals and the chemicals used to process the fleece (Koppert
etal, 2016). While wool might still be a better alternative to acrylic, the price tag attached
to this luxury fibre does not encourage substitution as a strategy for mass industry appeal
and might explain why acrylic is still widely used by fashion brands. Another substitute
advocated by Rex, Okcabol and Roos (2019) is the polyester alternative, polylana®. While
such substitutes should be encouraged, the accumulation of cheap acrylic knitwear and
its blends is a mounting resource for the recycling industry. The fibre that has already
been produced should not be wasted but requires considerable thought regarding

its application. Landfill and incineration of these fibres that could drastically harm the
environment should be avoided.
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3.5.1 RECYCLING ACRYLIC

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. Norris (2012a) explains that unlike
the recycling grade’ clothing that is stained, damaged and unwearable, acrylic knitwear is
unmarketable for western re-use as well as unsuitable for the warm climates of the global
second-hand re-use markets. It, therefore, becomes an accidental recycling grade. The
blends between wool and acrylic are present across the global wool recycling industries
including the lowest grades in Prato, Italy (Hall, 2018).

Historically, wool took centre stage in the textile recycling system. However, as Norris
(2012c) explains, in the 1990s India also started importing acrylic rags, opening up a variety
of new markets. At the higher quality end, Norris clarifies, acrylic yarns are produced to
export to Africa or used locally for men's shawls (lohi) and school uniforms. However,

the biggest market is for blankets. The better-quality versions are brightly coloured and
patterned, popular with the Indian middle classes. Alternatively, grey versions, usually a
combination of acrylic and wool, designed to last a few years are used for prisons, hospitals
and the military. Yet, by far the biggest market is still the lowest quality blankets. These are
grey, thin and are such low quality they usually would only last a single season. Described
by Norris (2012a:390) as 'smelly and scratchy’ these low quality materials are either sold

to India’s poorest citizens, while the rest are produced as relief blankets, stockpiled to

be handed out in times of crisis. Norris (2012¢) continues to explain that usually the yarn

is specified at 509 recycled wool which is blended with cheaper fibres such as recycled
acrylic knits. The warp is made of stronger synthetic materials to hold the fragile shoddy
yarns together. These blankets are renowned for being very low quality. This is because
during the finishing stage additives such as flour are included to create the illusion of
weight. Norris uses a local joke to illuminate this point; if you unfold and refold a blanket you
could easily loose half its weight in dust and if you were to wash one it could disintegrate
entirely.

3.5.2 WOOL AND ACRYLIC KNITWEAR RECYCLING - WHY
BOTHER?

In 2018 the European Parliament, for the first time, legislated that member states must
separately collect waste textiles by 2025 (Sajn, 2019). Currently, this is achieved across
most of Europe on a voluntary basis as re-wearable clothing is highly sort after. Companies
rely on profits from selling re-usable textiles into the global second-hand markets to keep
their businesses affoat. With this new EU legislation, increased collecting of un-wearable
and lower quality textiles could cause economic instability (Dutch Clothing Mountain,
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2017). This, combined with a growing waste heap with limited markets, would have a knock-
on effect on the recycling industry in which there is a need for new market pull of these low
quality fibres (Fibersort, 2020a). Within this context it has become vital to find recycling
solutions for textiles that are unwearable and that are unsuitable for re-use. As illustrated
in the previous section, wool and acrylic knitwear falls into this category (Norris, 2012a).

Currently, wool and its blends form one of the most established recycling markets, even
though it only represents a small share of the textiles collected. Because of this, the
purest recycled wool fibre demands the highest prices of all mechanical recycled materials
(Fibersort, 2020a). While chemical recycling technology is currently at pilot scale for cotton
and polyester, this does not apply to wool or acrylic. We need to avoid what Wennberg

and Ostlund (2019) describe as a chicken-or-egg situation in which no recycled content

is used as brands wait for chemical technology to be established at scale (Watson et al,
2017). As chemical solutions textile-to-textile do not apply to wool blends and the current
mechanical recycling options are regarded as low value there is an emphasis to find
improved mechanical recycling solutions to turn these recycled fibres back into yarns.

The much-needed demand and willingness to use recycled fibres has started to be
exhibited by the fashion industry, but progress is slow. In July 2019, only 11% of brands
achieved their target to use more post-consumer recycled content in the Global Fashion
Agenda’s 2020 ‘Circular Fashion System Commitment’. The main barrier cited was quality
of materials in high enough or pure enough quantities (GFA, 2019). This is supported

by Elander and Ljungkvist (2016) who point out one of the greatest challenges relates

to the recycling of blends. Most recycling technologies require precise input materials
and therefore recycling feedstocks play a vital role to enable quality outputs (Fibersort,
2018b:2). The Dutch Clothing Mountain (2017:60) report calls for further “development of
recycled fibres and fabrics with increased quality, hand feel, and technical capacity”. Itis
this challenge, within the remit of wool/acrylic blends, that this research is concerned with.
It will provide a systemic system for the use of wool/acrylic recycled fibres for clothing in
away that means they are also recyclable. This will be an approach to aid the transition
towards a circular economy, one that does not negatively rebound (Zink and Geyer, 2017).

3.6 SUMMARY

This chapter completes the first objective, to review the field of mechanical textiles
recycling. It has demonstrated that historically wool was the first fibre to be industrially
recycled and currently the industry is based in both Italy and India. With the development
of synthetic fibres used as blending agents this caused problems for recycling and has
led to lower quality outputs. An example of this is wool and acrylic fibres. These are
commonly used together in knitwear and therefore the recycling processes of both these
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fibres are closely connected. Knitwear in particular is used as a recycling grade, even
when the garments are still suitable for re-use. This is because the countries that discard
the knitwear have no market for them as second-hand goods and other countries which
have developed markets are located within hot climates unsuitable for heavy knitwear.
Therefore, this chapter concludes that wool/acrylic knitted garments should be the focus
of this research.

In addition, this chapter argues that challenges of post-consumer textile recycling are
centred around understanding the supply of feedstocks and creating a market demand.
While the fashion industry declares it is willing to use recycled fibres there has been low
take up. It is feared that the industry is waiting for chemical recycling, which is not yet
developed to commercial level, to provide a solution. In the meantime, the waste heap

is growing. In the context of wool, this is not a viable option. While wool fibres can be
chemically recycled, the output does not return materials to the textiles industry and if the
aimis first and foremost to recycle textile-to-textile, the chemical technology falls short.

If we are to transition towards a circular economy, the aim laid out in this chapter, there
must be a combination of approaches used. This, therefore, is why mechanical recycling
solutions need to be found particularly for wool/acrylic fibres and this chapter concludes
that solutions need to be found to utilise recycled fibres for new yarns. These solutions are
also required to be designed for future recyclability. This will be further explored in the next
chapter.
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4 DESIGN FOR
TEXTILE RECYCLING

This chapter defines and explores the field of ‘Design for Recycling'. It provides a detailed
look at the two main approaches: mono-materiality and disassembly and in particular how
these have been applied to textile design. The chapter concludes investigating the role of
the textile designer for recycling in industry. This includes both the designer as an individual
and within wider networks.

4.1 DESIGN FOR RECYCLING APPROACHES

Design research has attempted to generate many methods to provide practitioners with
ways to Design for Recycling (DfR). There are no official formalised rules, but over the
years a plethora of guidelines have been produced. Generalised lists of do's and don'ts are
exhibited across the literature (Xing, Abhary and Luong, 2003; Luttropp and Lagerstedt,
2006; Roos et al., 2019a). These have been developed to assist designers’ awareness and
decision making for the different end-of-life strategies. For example: Rose and Ishii's (1999)
end-of-life design advisor tool lists the key characteristics of a product which a designer
should consider. Such as: functional complexity; number of materials, modules and parts;
cleanliness; hazards; size; design and technological cycles; replacement life; reason for
obsolescence and wear-out life. Others have addressed the topic using broader principles,
such as Maris et al. (2014) who state that the design of recyclable materials requires

them to be simply sortable, transformable and economic. Alternatively, shorter lists of DfR
requirements can be combined with other approaches. For example, van den Berg and
Bakker's (2015) framework for the circular economy which combines DfR alongside other
strategies such as 'future proofing’ to last long’ and 'use long'.

While a lot of the guidelines are very similar, they are often generalised to apply across
many product categories. The literature up until recently has been focused primarily on
the field of product design and has not taken into account the other design fields. One
size in this case does not fit all. Peters et al. (2012) sums up the overall feeling around
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DfR strategies pointing out that most approaches and guidelines “lack a combination
of concrete instructions, prioritization, and recyclability performance feedback”
(Ibid,2012:203).

4.1.1 DESIGN FOR TEXTILE RECYCLING

Whilst the literature for DfR started in the field of product design, in recent years we have
seen more and more specific research being conducted. In the field of textiles, an early
pioneer was Farrer (2000) whose PhD thesis explored mechanical recycling of post-
consumer wool textile waste. In her research Farrer utilised waste wool jumpers blended
with post-consumer cotton from jeans and polyester from plastic bottles to create a
yarn. This demonstrated the feasibility of recycling problematic post-consumer waste
sources into new materials. Farrer's research advocated for design-led solutions on craft
and industrial scales to address the growing waste problem. This is a challenge which
this research will move a step closer to achieving. Yet, it wasn't for another six years that
research, such as Gulich's (2006a) ‘Designing products which are easy to recycle’, would
take the field of textile recycling forward. Here, Gulich explored the tensions between
recyclability and functionality (further described in Chapter 7, page 151). Since then

the discussion around textile recycling has remained fairly general. For example, Fletcher
(2008) has simply outlined four points in her DfR checklist which enables waste textiles to
enter into the most optimum markets (Table 7).

for easy re-dyeing,

fibres that are easier to mechanically recycle

(long staple) fibres which can be processed on faster
machines

(not blended fibres) that require less processing than fibre
mixes and are less problematic in subsequent processing
stages

While this checklist provides an overview of the most desirable waste streams for the
recycling market, it is certainly not an exhaustive list nor practical for every type of textile.
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Fletcher herself notes that this simplified approach could be problematic. Restrictive
guidelines of this nature, whilst attempting to do good, if they stand-alone outside of wider
systems could easily make things worse. For example, as Fletcher (2008) explains, textile
purity could limit the variety of textiles in circulation. Although this could be advantageous
for the recycling markets, it also might encourage inappropriate use of fibres and a
dominance of monoculture crops.

A more specific approach has been taken by Roos et al. (2019a) with guidelines that have
been broken down by fibre category. More unusually, they have provided simple guidance
for fashion companies when both designing from recycling and for recyclability. Yet,
regardless of fibre type the advice is consistently repeated; to keep materials, whichever
type, separate. When collating the advice across the literature there is overwhelming
consensus that Design for Recycling should follow two approaches: mono-materiality and
disassembly.

Mono-materiality is commonly described as the use of a single material type for a product.
Whilst this approach was promoted throughout research in the 1990s, it was first brought
into the mainstream by Braungart and McDonough's (2002) cradle-to-cradle theory in
which they condemn the combination of different material types. Specifically, combinations
from their two cycles: biological and technical. This promotion, of what Fletcher (2008)
terms, purity of materials is also described as a 'single-material system’ by Gulich
(2006:28). This removes the challenges of contamination of fibres and allows materials to
flow into specific fibre recycling systems.

Textile designers, such as Goldsworthy (2012), have started to get creative in their
approaches to mono-materiality. Through her PhD research Goldsworthy utilised laser
finishing to achieve added aesthetics and function to recyclable polyester. She avoided the
addition of other materials to create a variety of textiles finishes which would otherwise
leave the textiles difficult or impossible to recycle. The industry has been slow to explore
mono-materials as a viable option as it involves redesigning the way products are made
and therefore the production processes. There are examples of concept projects, such

as Adidas's Futurecraft.Loop producing a small run of mono-material trainers that are fully
recyclable. During this project they had to ensure the trainer functioned like all their other
shoes as well as comply to the mono-material brief. To do this the whole production had

to be rethought. This meant, for example, replacing glue with laser welding techniques to
attach the fabric top to the solid base (Burgess, 2019). While projects like this are to be
commended, there is much to do in this space if this is to be become a widespread solution.
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The Design for Disassembly (DfD) approach allows materials to be combined, and crucially,
separated at the end-of-life. These are then free to enter mono-material recycling streams.
In practice, DfD is often presented as a set of design rules (much like DfR), which Bogue
(2007) suggests should be split into two categories. Firstly, product architecture guidelines
and secondly, joints and fastener related guidelines. Ziout (2014) further elaborates

that using a DfD approach allows products to be maintained, repaired, refurbished,
remanufactured and then recycled. In addition, the component parts can also be re-

used and go through the same processes. This is supported by van den Berg and Bakker
(2015) who present very similar DfD guidelines within the context of their circular design
framework. Importantly, here, they additionally specify that only materials that can be
recycled should be used.

The DfD approach has been used most successfully by the product and electronic
industries. Webster (2013) explores industry examples such as Steelcase’s think chair
which has been designed with component parts that can be disassembled in approximately
five minutes and with only standardised tools. However, until recently, the field of DfD has
not been widely translated into a textile design context. This has been addressed by Forst
(2019) whose research argues that combined materials are a key attribute of textile design
creativity. She insists that this ‘creativity’ can be harnessed for a circular design brief
through DfD. Her PhD thesis "Textile Design for Disassembly’ goes on to describe the four
main types of textile assembly for detachable combinations: light connections, redundant
thread, dovetail and textile lock (Forst, 2020). Whilst Forst acknowledges that textile
design for disassembly is one approach that can be applied, her research focuses on the
production of DfD fabrics and products. Textile disassembly created at the yarn production
stage is a more problematic challenge that is currently only starting to be met by chemical
recycling technology.

4.1.2 DEFINING DESIGN FOR RECYCLING

DfR approaches it is argued here, are oversimplified. The two approaches, in the context of
textiles, do not account for the complexity of the materials produced and the requirements
we place on them. Aside from the limited practical design guidelines previously explored,
the next logical question is what are the objectives of DfR?

Across the literature, DfR is often split between two objectives: both the input of recycled
materials (Design from Recycling) and their onward recyclability (Design for Cyclability).
Maris et al. (2014:421) define DfR as “designing a recyclable product and using recycled
materials to replace virgin materials”. Not only does this definition cover both objectives
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but also incorporates a replaceability clause required by Zink and Geyer (2017) to avoid the
‘circular rebound effect’ (see also section 3.2.2, page 72). Both these objectives are
explored in further detail below.

Defining design approaches for recyclability often centre around promoting material loops
(RSA, 2016; Hultgren, 2012). This, Goldsworthy (2014) describes should be termed ‘Design
for Cyclability' meaning, as Rose and Ishii (1999:5) suggest, that designers need guidelines
and methodologies for end-of-life paths. Goldsworthy (2014) explains, this is a pro-active
approach (see also section 4.2.2, page 102). It wipes the slate clean to imagine new
systems from scratch. However, it does nothing to address the waste problem that we
already have.

In contrast, Design from Recycling (DfromR) places its focus on developing products

made from recycled content alone. This entails understanding the design specification
required when using these recycled materials (Veelaert et al., 2017). Investigated as part
of technology transfer (TETRA) project Veelaert et al. (2017) definition of DfromR goes
beyond the typical approach of simply substituting and mimicking traditional materials but
to understand the challenges of designing with these problematic materials. They suggest
this approach allows recycled materials to be used for successful products to enter the
market that will be socially accepted. This approach could be criticised as re-active, doing
nothing to prevent the situation from getting worse (see also section 4.2.2, page 102).

The definitions of these three approaches (Design for Cyclability, Design from Recycling
and Design for Recycling) have been outlined in Table 8 adapted from, Goldsworthy,
(2014a), Veelaert et al. (2017) and Maris et al. (2014). On the whole, there is a tendency in
research to focus on looking forward (Hall and Earley, 2019). However, it is argued here, by
combining these approaches, as Maris et al. (2014) has outlined in her definition, looking
back (to the waste problem) and forward (to the onward recyclability), that comprehensive
solutions might be found.
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The focus of this approach is during the
design process on the recyclability of
materials at their end-of-life for future use

The focus of this approach is for new
product to be produced from existing
flows of recycled materials and the design
specifications this entails

The focus of this approach is designing
arecyclable product and using recycled
materials to replace virgin materials

4.2 DESIGN FOR RECYCLING
INTERVENTIONS

Design for Recycling, sometime referred to as Design for Recovery, has been born from the
circular economy’s mantra to ‘design out waste’. As Goldsworthy (2014) points out, often
our approach to this problem starts from the point of disposal. She proposes four design
strategies that we can use to address the waste problem: Design for Re-use (a single user
at product level), Design for Re-Distribution (multiple users at product level), Design for Re-
manufacture (product and material level) and Design for Recovery (chemical level).

RAW MATERIALS

POINT OF
DHSPOSAL
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4.2.1 DESIGN AT POINT OF DISPOSAL FROM MANY LEVELS

Across Goldsworthy's (2014) four design approaches she distinguishes the levels in
which design occurs. Whereas Goldsworthy suggest that re-use and de-distribution are
strategies at product level, re-manufacture occurs at product and material level. Finally,
Goldsworthy argues that recovery can only occur at chemical level. However, the context
of her research is taken from the perspective of polyester which considers the future
opportunity of chemical recycling of the polymers and monomers back to virgin quality.
Therefore, her model does not address other types of textile fibres, such as wool textiles
that cannot be transformed chemically textile-to-textile.

Mechanical recycling might also be considered a form of recovery rather than just re-
manufacture approach as Goldsworthy suggests. This refers to the recovery of textile
building blocks - the fibres - through recycling. In fact, all forms of re-manufacture cover
a variety of activities that could be described as recovery but at different levels. This
Goldsworthy goes some way to explaining. First, at product level in which a garment is
updated and adapted (such as over printing or changing element of a design such as a
sleeve). Second, at material level the fabric of a garment is salvaged and re-designed to
create a wholly different product. For example, patching different fabrics or re-imagining
the fabric from one garment to form a completely new design. Finally, it is argued here,
recovery can be conducted at fibre level (mechanical recycling) as well as Goldsworthy’s
chemical level (chemical recycling). These together create four levels at which design can
be used to create value from waste (Table 9).

Re-use

Re-Distribution

Re-manufacture

Mechanical Recycling

Chemical Recycling

However, Goldsworthy argues the focus of design should be in value retention and it is the
reason why recovery at chemical level is so desirable. If recovery can retain material value,
as chemical recovery of polyester can, then the materials can perpetually cycle achieving
the aim of the circular economy to design out waste. However, as Goldsworthy explains, it
is not the strategies themselves but rather how the designer addresses these strategies
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that is important. She suggests there are two methods the designer can employ, either a
re-active or pro-active approach.

4.2.2 RE-ACTIVE VS PRO-ACTIVE

A re-active approach to designing, as Goldsworthy (2014) clarifies, begins at the point

of disposal (Figure 41). It is at this point where the materials are assessed, and design
canintervene in an attempt to return the materials back to use. However, as Goldsworthy
points out, in this approach, as the materials are used, their value fades. This is always the
case unless the material can go through a process of ‘recovery’ which should be repeated
endlessly. This can be difficult to achieve, both mechanically and chemically, as our ways of
designing functional products are not always suitable for the recovery stage. Design, here,
is reacting to a problem that already exists.

In contrast, Goldsworthy argues that design should be taking the opposite approach

and intervening much earlier in the cycle, at the raw material stage. She asks, “what if we
identify the best possible routes for material value retention (recovery) and begin our
design process from that point forward?” (Goldsworthy, 2014:8). This is a pro-active design
approach, Goldsworthy explains, which starts from the beginning and “‘embeds future
recycling into the very DNA of the products we design” (ibid). Goldsworthy concludes that
for this approach to work recovery needs to be incorporated into the design brief.

The key message that Goldsworthy provides is that design can be harnessed earlierina
product’s lifecycle in order to retain value at the raw material stage. Goldsworthy illuminates
that it is the materials that hold the true value. Products are just vehicles for materials to
flow in and out.

4.2.3 DESIGN FOR RECYCLING KNITWEAR

While designing pro-actively seems like the simplest solution, the reality of doing thisin
practice is far from simplistic. In addition, taking a sole focus on designing pro-actively
leaves the current resources in our products (not designed pro-actively) as waste. As
outlined previously when defining ‘Design for Recycling’, this approach should incorporate
both Designing from Recycling and Design for Cyclability (section 41.2, page 98). While
each of these activities has been addressed by themselves the challenge now is to join
up the thinking and explore a design strategy which incorporates both re-active and
pro-active approaches. It is this gap in knowledge that will be addressed in this research
by exploring the space between the point of disposal, through the recovery of fibres and
into new products with future loops designed in. This is described as Design for Recycling
Knitwear (Figure 42).
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4.3 THE ROLE OF THE DESIGNER FOR
RECYCLING

The designer’s role, Gulich (2006) describes, is one that specifies both the structure and
material choice, as well as considering the functionality of and budget for a product. But
with the introduction of eco-design and circularity, this role has expanded. It is commonly
repeated that an estimated 80-90% of a product's lifecycle impacts are decided during
the design phase (Graedel, Comrie and Sekutowski, 1995). This extends the role of

the designer to encompass responsibility for environmental concerns, including their
influence over a product’s end-of-life which was previously outside of their remit. Yet, as
Hornbuckle (2016) points out, this new role, that has been thrust upon designers, is far
from straightforward. Constrained by the existing systems, supply chains and methods of
production; change can only take place with the support of a large number of actors. Even
the simplest of objectives such as 'specifying recycled materials’, Hornbuckle advocates,
presents the designer with countless challenges.
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A designer situated in industry also has other challenges when working towards circular
change. As Karell and Niinimaki (2020) explain,

They continue, by noting that designers in the context of the EU have relativity poor
knowledge of circular practices. Furthermore, there are designers that work in other
situations, not just for a large brand, such as those that work within the supply chains of
the bigger brands, called suppliers. This, as Franco (2017) discovered when studying the
Cross section of the textile supply chain, provides further challenges towards sustainable
development which is often influenced by supply chain position. This is represented

by those who have the power to push (top down) or those that can pull (bottom up)

or those that have little power to do anything; situated in the middle. She also found

that implementation could be made easier depending on how developed/strong the
relationships between stakeholders were.

4.3.1 DESIGNER AS TRANSLATOR

The designer's role according to Ralph and Wand (2009) is one of a 'specifier’. This means
producing a design specification, described as “a detailed description of an object in
terms of its structure, namely the components used..and their connections” (ibid:108). If a
specification is made, this in turn is used to communicate to the other stakeholders in the
supply chain. Itis this ‘communication’ when discussing design for circularity that is not
often considered. This has started to be addressed through the research of Hornbuckle
(2013; 2016; 2018) who has studied the communication of sustainable materials for
designers.

There are many different types of designers and they interact in many different ways

with materials. Hornbuckle (2018:12) splits the designers into two groups: ‘function-led’
designers based in industry that specify materials, in line with Ralph and Wand's definition,
and ‘material-led’ designers (Karana et al., 2015) that tend to be more craft-based. In her
research, Hornbuckle focuses on the function-led designers in industry that are more
distant from the materials they design with. Instead, they rely on the expertise of others to
inform them. To fill this gap, Hornbuckle has coined the term ‘Material Translator’, defined
as “the specialists who collate materials information and can translate the benefits for
designers” (Hornbuckle, 2013:107). This role, as Hornbuckle suggests, has many similarities
to the 'boundary spanners’ proposed by Rieple, Haberberg and Gander (2010). These,

they describe, are individuals that work across partner organisations (large and small)
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translating effectively the needs and requirements from both sides back and forth.
Hornbuckle (2013) puts this role in the context of sustainable materials. The boundary-
spanner’s, or to use her term ‘'material translator’s’ role, takes the language of one discipline
such as the properties and appropriateness of materials, and translates it into language
the designer can understand and use.

This idea has been explored further within the EU funded Trash2Cash project with the
development of both recycled and recyclable materials (Hornbuckle, 2018). During the
project, in which many different disciplines collaborated, ‘Material Liaison Officers’ were
created to aid communication and dialogue. This material liaison approach, Hornbuckle
(2018) explains, was - in part - set up to bridge the gap between the designers and material
developers. It enabled them to “reach a shared understanding of desired characteristics
when prototyping materials for the first time” (ibid:12). The material translator role

in this context, Hornbuckle (2016) expands, should have 'design knowledge’ and an
understanding of design thinking and methods. Therefore, designers, she argues, have
more to offer than just the specification and selection of more appropriate materials for
circularity.

For this research, the role of Design for Recycling Knitwear incorporates the complex
challenges of mixed fibres which are required to be transformed into a marketable product.
It is argued in this research that the designer becomes the ‘boundary spanner’ or ‘material
translator’. This role provides a bridge, as Hornbuckle (2018) suggests, between the
designers demanding quality recycled materials and the complexities of manufacturing
faced by the material developers using recycled content.

4.3.2 DESIGNER-CENTRED RECYCLING NETWORKS

If we are to encourage sustainable practices within design, facilitating dialogue and
communication, which is consistently posed as a challenge within the field of recycling,
between designers and knowledgeable people (such as material developers or suppliers)
is key (Hornbuckle, 2013; Hornbuckle, Qualmann and Sutton, 2009). This is supported by
Kriwet, Zussman and Seliger (1995) in the context of an industrial recycling system, they
describe the desired shift from the traditional relationships of manufacturer with supplier
and consumer to a more communicative ‘recycling network'. In this network, the designer
becomes the server and is central to fostering collaboration and effective communication
between the recyclers, consumers and material suppliers. They provide the ‘clients’ with
data and an assessment of the different decisions.
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This designer-centred approach is supported by Cleveland's PhD research (2018) in the
field of textile recycling. Her localised model also places the (textile) designer in the centre
of the many recycling processing stages. She identifies that the designer plays a vital

role reconnecting people with the value of their (textile) waste materials. This centralised
position allows the designer to not only lead but be responsive. It is this responsiveness
within the platform that Cleveland proposes “could curate information pertaining to an
individual company’s waste stream that could highlight their individual potential” (Ibid,
2018:173).

4.3.3 TEXTILE DESIGNER’S ROLE - THE REALITY

The reality of being a designer in industry, specifically for textiles, paints a slightly more
complex picture. The 2017 Nordic Council’s report ‘Stimulating textile-to-textile recycling’
demonstrates some successful examples of brands producing garments that are made
fromrecycled materials that can be recycled. However, there is also a long way to go
before this is seen as a wide-spread approach (Watson et al., 2017). Communication, as
explored by Hornbuckle (2013), Kriwet, Zussman and Seliger (1995) and Cleveland (2018),
is cited time and again as one of the most important strategies that needs to be employed
between sorters, recyclers, manufactures, and brands (Elander and Ljungkvist, 2016;
Fibersort, 2020a). While the research suggests that communication and collaboration is
vital, the Nordic Council's report found that this communication is difficult to establish in
practice.

The responsibility of the designer at the centre of the recycling system (as previously
discussed) does not always rest with a single person but could represent a brand as a
whole. Watson et al. (2017) expresses challenges of gaining buy-in from senior leadership
for the use of recycled materials. If this buy-in occurs, they suggest, it could encourage
responsibility and uptake from all parts of the organisation so that products can be
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designed with sustainability from the outset. However, it is vital that the complex structure
of the organisations that designers sit within support their role.

Yet, the role of the designer for recycling textiles, suggested by Hornbuckle (2013) and
Cleveland (2018) as a bridge and connector, is more akin to ‘expert’ designer-researcher.
This role involves, as Hornbuckle advocates, translating knowledge for industry designers
to understand. For Design for Recycling Knitwear the suggestion of a design centred
system might not be suitable for an industry designer that solely ‘'specifies’. This is only
compounded by Watson et al. (2017) finding that designers require support from within
their organisations. Therefore, either new expert design roles need to be created in
industry which sit between the actors in the recycling networks or this role must be
provided by research. In the context of this PhD (a research project) the role of design-
researcher is explored to find solutions to be used by industry designers and the recycling
industry. However, itis also conducted by a researcher with prior experience as an industry
designer-specifier. Therefore, this research bridges the experience of both industry
designer and designer-researcher to ensure the findings created by the designer-
researcher are suitable for the industry-designer to work with. This dual role approach has
been discussed in greater detail in the chapter 11 ('section 11.2, page 295).

4.4 SUMMARY

This chapter has completed the second objective of the research to understand the role
of design in the current textile recycling system. This chapter argues that the current
approaches used for Design for Recycling are over-simplified. While we often divide
solutions between re-active approaches such as Design from Recycling and pro-active
approaches, such as Design for Cyclability, this research argues we need to use both
together to find solutions for waste textiles.

The designer’s role in the recycling industry is established as one of communicator to
bridge between the manufacturing of recycled materials and designing of products
(Hornbuckle, 2013; Cleveland, 2018). This chapter concludes that the role of the designer
for recycling is not a traditional industry-based designer that specifies materials. It is
reasoned that either a new role needs to be created for the designer in recycling for circular
economy or this role would be held by a designer-researcher. This research, therefore, will
focus on the role of designer-researcher, which this chapter has argued is central to the
recycling system (Kriwet, Zussman and Seliger, 1995; Cleveland, 2018).
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PRACTIC

| 1]
N

AIM

To explore how recycled yarns can be designed and made into commercial woven

textiles and go through a finishing process ready to use.

This experiment (Practice 2) was accomplished using the recycled yarns created

in Practice O. It was conducted early in the PhD's explorative stage and only
considered using recycled materials omitting designing for onward recyclability.
The practice was achieved in collaboration with a specialist weave designer and
weave technician to create a proof-of-concept fabric. This demonstrated that

both yarns were suitable for the warp and weft in the weaving process and were
finished to industry standards. The woven design was developed to reduce waste
and maximise the use of the fabric for a range of cushions. The navy and grey
yvarns formed both warp and weft of the material creating plain and patterned
sections within the fabric. These sections became the cut lines for the final cushion

construction.

The final fabric was sent to a finishing company and was washed and milled (a
controlled felting process used for wool). Here it was discovered shorter fibres were
desirable during the milling process. Therefore, shorter recycled woollen fibres

could be a benefit within the design of fabric which would be finished in this way.

While the aim of the experiment was achieved, later a ‘Design for Cyclability’

lens was used to reflect on this practice leading to new insights. The material

was split between plain (single-coloured sections) and patterned (multi-colour
sections). While the patterned sections were striking, the plain areas highlighted
the design's texture. A preference for either plain or patterned fabric is subjective
and falls within the designer’s creative scope. But designing for a mechanical
recycling system would prioritise a single colour material thereby avoiding colour
contamination. Therefore, this highlighted the tension between creativity of design

and design specifically for recycling purposes.

Figure 46. Plain and patterned sections of

the woven fabric

Figure 47. Plain and patterned sections of
the woven fabric



In another example, during the production of the textiles the technician pointed
out the tension was slightly looser than he would generally expect. This, he
explained, could be amended if another run of fabric was to be created. It was only
later understood that the ‘looser’ construction would aid the recycling process. It is
generally accepted that recycling very tightly woven textiles is much more difficult.
This is because it is harder for fibres to be teased from fabric. The looser the
construction, the less damage is done during the pulling/shredding process and

a higher quality recycled fibre is produced. Once again tensions were highlighted
between the traditional structural design of a textile and the design of a material to

the aid the recycling process.

ACHIEVED AIM

The aim of Practice 2 was achieved through the design and manufacture of woven

textiles from recycled yarns which went through a finishing process ready to use.

INSIGHT

Practice 2, additionally, aided the understanding of the design decisions that occur
when transforming yarn into a finished material. This highlighted the tensions

between decision making for design purposes and those for recycling.



5> CASCADING

This chapter explores the concept of cascading, starting with a review of the theory. This
encompasses three different cascading approaches, and each are described in relation
to the field of sustainable textile design. The chapter concludes by reviewing the current
literature of how cascading and circular economy frameworks might be combined.

5.1 WHAT IS CASCADING?

Cascading is described by Vis et al. (2016:8) as “a complex interaction of material flows
and their utilisation in different products and sectors. It is often described as a strategy
to increase resource efficiency”. Within the textile and fashion literature, cascading has
been given little or no attention, often referred to as ‘downcycling’ and is only critiqued.
Condemned by Fletcher (2008), she maintains that all approaches including, re-use, re-
manufacture and re-cycling are influenced by the trend for downcycling. This results in
their value cascading very quickly downwards into cheap products.

The discussion of this topic predominantly focuses on the cascading of wood products.
However, even within this literature both Olsson et al. (2016) and Mair and Stern (2017)
agree that there is great uncertainty as to what cascading actually entails. Furthermore,
Mair and Stern (2017:283) reason that both a circular economy and cascading utilisation
core value is to “use materials and products multiple times to increase utilisation time

and resource efficiency” Yet, both concepts, they highlight, are rarely discussed in the
same context. Campbell-Johnston et al. (2020) start to address this arguing that previous
papers, such as Mair and Stern’s, have done little to demonstrate how cascading and the
circular economy could be practically combined.
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5.1.1 ORIGINS OF CASCADING

Resource cascading was introduced in the 1990's by Sirkin and ten Houten (1994) in their
paper The cascade chain’. They present cascading as a theoretical construct for the
optimal exploitation of resource quality. They explain the concept as a metaphor; a river
flowing over a series of rocks until it reaches a lake. In practice is it a chain of sequential
‘uses’. Use in this context can refer to any end-of-use option, including but not limited to,
re-use, re-manufacture and recycling (Campbell-Johnston et al.,, 2020). From one link in
the chain to the next, the highest quality use is selected dependent on the condition of the
resource at the end of each subsequent use (Figure 48).
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Since its conception in the 1990s the cascading approach has drawn traction in the fields
of renewable energy (Haberl and Geissler, 2000), the bio-economy (Fritsche and Iriarte,
2014) and the circular economy (EMF, 2013). In particular, since the EU Commission (2012)
promoted the use of cascading of bio-based waste streams, much research in this area has
emerged. This is most commonly applied to wood-based products (Mair and Stern, 2017; Vis
etal, 2016).

5.2 CASCADING APPROACHES

In 2012, Odegard, Croezen and Bergsma produced three categories of cascading which
have been adopted across the literature: cascading-in-time, cascading-in-value and
cascading-in-function. Ultimately, they point out, cascading comes down to a series of
choices between different applications. These choices impact future possibilities, hence,
the necessity of a chain approach.
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5.2.1 CASCADING-IN-TIME

Cascading-in-time, defined by Odegard, Croezen and Bergsma (2012), is the most
commonly perceived version of cascading and is a simplified version of the original model
proposed by Sirkin and ten Houten (1994). In essence, this approach allows materials to
stay within a system longer and therefore reduce the need for virgin resources (Olsson et
al,, 2016; Fraanje, 1997).

There has been some debate as to whether this form of cascading refers to maximum

time spent in the system or number of cascades. As ascertained by Olsson et al. (2016:8),
either a number or timescale approach has its own merits. Essel et al. (2014) conclude

the decision should be made on a case-by-case basis. But they emphasise, whichever
approach is taken, cascading should always be used as strategy ending with a viable option
for the end-of-life.

Essel et al. continues to distinguish between singular or multi-stage cascades. The former
flows into a single use application before end-of-life and the latter is required to have two
of more use stages. This is emphasised by Campbell-Johnston et al. (2020) as a choice
between the undesirable (single cascade) and desirable (multi-cascade) and is illustrated
in the textile recycling system by Hawley (2006) through the material life of a t-shirt. This
material, she explains, is often only extended through one additional cycle, such as being
cut/re-manufactured for wiper-cloths before being disposed of.

An example of cascading through time in the field of textiles is offered by Smosarski:

From a textile design perspective, Goldsworthy (2017:10) highlights that “how we think
about ‘time’ in our design process is crucial”. Goldsworthy refers to the Circular Design
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Speeds (2019) research that was conducted as part of the Mistra Future Fashion
consortium. This looks at the speed of use and the impacts this creates when designing
textiles. This was conducted jointly with a lifecycle assessment (LCA) study in which the
base measurement was 'impact per wear'. However, as Goldsworthy (2017) questions, it
might make no difference in this approach if a garment was used ten times in one year or
ten times in five years. Therefore, as designers we need to understand more about the
rhythms of use and how it effects the way we might design products and materials. This
concept was first introduced by Fletcher and Tham's lifetimes project (2004) and now it has
been explored in depth, by Goldsworthy, Earley and Politowicz (2019), within the circular
design speeds research.

5.2.2 CASCADING-IN-VALUE

Cascading-in-value is described by Odegard, Croezen and Bergsma (2012) as a strategy
to ensure the highest possible value of a material is achieved when choosing between use
options. The value of the overall cascade should also be maximised. This approach Vis,
Reumerman and Gartner (2014:17) maintain, cannot exist without the cascading-in-time
approach, otherwise it would become a simple selection process of what is preferred.

To make matters more complex, Olsson et al. (2016) reasons that the term 'value’, in the
context of cascading literature, is not well defined. Some focus purely on the economic
(Dammer et al., 2016), where others also consider environmental, social and moral value
(Vis, Reumerman and Gartner, 2014). Campbell-Johnston et al. (2020) combine monetary
value, quality and function of materials with the triple-p: people, planet and prosperity.
These three dimensions provide broader considerations, which, they argue, guide
cascading decisions and valorisation processe, specially for the circular economy.
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Value has not been meaningfully referred to throughout the text, so far. This is mainly due
to the fact that value is a complex concept. Much like the cascading literature, it is often
used in reference to recycled materials accompanied by little or no explanation to what is
meant.

Moeran (2009) explains that there are three broad streams of value, but it is the first two
(excluding linguistic value) that will be considered here:

Moeran’s (2009) notes on this topic explore the ideas that our social/cultural values
might be transformed, at least in part, into economic value. This supports the original
theory put forward by Marx (1990) in which he proposes that labour can be embodied
within a commodity to form value. In both these definitions value is created through a
transformation.

This topic is wide and far reaching and beyond the scope of this research to discuss in
depth. Here, this brief dialogue is offered as context for the discussion ahead. Value in the
circular economy brings together economic, social and, importantly, environmental value.
As described by Katie Beverley on 'the circular economy podcast’, the challenge we are
facing is to consider the environment as a stakeholder as well as all the others when we
design (Weetman, 2019). While these overarching themes of value in a circular economy
are important, in the context of this research the value of waste textile in the recycling
system will be addressed.

Value in the textile recycling industry as Crang et al. (2013:19) explains “appears from
something that is not only at the end of one life, but given away for nothing”. This
corresponds to Thompson and Reno's (2017) ‘rubbish theory’ which they describe as
follows:
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This aptly describes the textile recycling system particularly in relation to economic value.
There are, as previously explained, other forms of value at play, but the focus going forward
will be on the economic which many of the other values transform into. For example,
clothing starts at one economic value, namely, the cost at which it is purchased. We might
consider, for instance, a low-priced acrylic jumper purchased in a department store. Once
in the possession of the consumer, the value of this jumper would slowly decrease over

its lifetime, in just the way that it would be sold at a lower price in a second-hand shop.

The garment would eventually be discarded, reaching zero economic value. If captured

by the recycling network, however, as Norris (2012d:135) describes, “cast-offs become
source material for markets... and value is extracted and re-inscribed through processes of
decomposition and reincarnation’.

In order to reincarnate this value, there are a network of actors (sorters, importers, market
retailers etc..) along the chain which, as Norris (2012d:135) proposes, produces ‘exchange-
value’. The difficulty facing the waste textile industry is pushing these apparently valueless
materials back up the economic scale. Working towards a circular economy, this value is
demanded by most to return to the same or higher value than it was before. If we are to
transition into a ‘New Textile Economy’, as EMF (2017) suggest, we need to address the
current loss of more than 100 billion USD worth of materials that could be being circulated.
It is this ‘circulation’ or movement that seems to be the crux of the issue. As Norris
(2012d:140) concludes “the only way to make money out of the used clothing trade is to
keep it moving, keep sorting and recombining it, imagining new contexts and creating those
pathways” Therefore, although the value of the garment when it is in use is important,

this discussion highlights the need for more prioritisation of the value of textiles entering
the recycling system. This opens up the research question: can we design for the sorting
and recombining of textile waste that Norris describes? In order to answer this research
question, the focus on textile value in this thesis will reside in value of waste when it enters
the recycling system. This will be called recycling value.

5.2.3 CASCADING-IN-FUNCTION

Cascading-in-function is the third and final approach used in the cascading theory.
Odegard, Croezen and Bergsma (2012) equate this with co-production - the production of
multiple functional streams from one original source, which maximises the total functional
use. There is consensus across the biomass literature that this approach should be first
completed followed by cascading-in-time and/or value (Figure 51).
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This approach might be compared to the design for disassembly approach in which a
product can be separated into its component parts to be re-used or recycled in different
ways. As previously discussed in chapter 4 (page 98) disassembly within textiles has
been generally ignored due to the nature of the way’s textiles are combined. Textile
Design for Disassembly’ research conducted by Forst (2020) provides an optimal way to
approach the cascade-in-function framework. It, however, falls outside the scope of this
research which is focused on the following stage of recycling the materials that have been
disassembled.

5.3 CASCADING UP AND DOWN

Traditionally cascading has been seen as an approach solely for reducing quality. This is

often reported very negatively. Something to be avoided. Overwhelmingly the focus is on
the quality of materials increasing. And whilst cascading does include elements in which
quality deceases it is also attached to two other important approaches, namely, relinking

(salvageability) and maintenance. These approaches Sirkin and ten Houten (1994) describe

are used to determine optimal resource pathways (Figure 52).

Relinking or salvageability, Sirkin and ten Houten (1994) define, is a method which allows
resources to travel back to higher levels of the cascade or into new substance cycles. They
emphasise that salvation of resource quality is not restricted to its original cascade chain
but may be utilised in any number of chains (Figure 53).

5.4 RESOURCE AND PRODUCT CASCADES

Sirkin and ten Houten (1994) have established two different ways the cascading approach
can be applied: resource or product cascades. Products, they suggest, are the assembly
of various resources. When a product can no longer be repaired or maintained for its
original purpose, it may be broken down or dismantled into basic resources (disassembly).
This allows it to be salvaged (re-linked) or to be further cascaded, referred to as resource
cascading.

In contrast, a product could also be cascaded through re-use in ‘almost’ its original form.
However, this must be on a lower quality level and must be for a different function. For
textiles this could equate to a different user and might commonly be described as a
garment becoming second or third hand. Repairing or maintaining, Sirkin and ten Houten
emphasis, cannot be classified as cascading.
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5.5 CASCADING AND THE CIRCULAR
ECONOMY

The cascading approach is often overlooked within the context of a circular economy.
First discussed in EMF's (2013) report ‘Towards the Circular Economy’, it now (as of

2021) remains undiscussed on their website. EMF (2013:33) provide one example of how
cascading in the biological cycle could work in the field of textiles. This follows a pair of
jeans (Figure 54): firstly re-used; then recycled into yarn for another garment; recycled
once again into furniture stuffing; re-used as insulation and finally at the end-of-life returns
to the biosphere. Since this, within the field of textiles, only one example by Fischer and
Pascucci (2017), has linked the cascading concept to the circular economy. Here, Fischer
and Pascucci (2017), focus on cascaded re-use of textiles through product-service
systems. This cascading would occur before the products flow into re-manufacture and
re-cycling streams.

When combining the two concepts, cascading and the circular economy, Mair and Stern
(2017) question why cascading is only found within the biological cycle. This, as they
suggest, is limiting. Mair and Stern's research compares both the circular economy and
cascading utilisation literature and conclude that the two fields share many strategies.
For example, in line with the cascading definitions, the EMF circular economy model (2013)
proposes that materials or products should circulate for the maximum amount of time.
This can be achieved either by extending the time in any given cycle or by repeating a
cycle before moving to the next loop. In light of this, Mair and Stern (2017) put forward a
new version of the circular economy model in which technical loops, namely, repair, re-use,
remanufacture and recycling, can equally be applied on both sides of the diagram (Figure
55). Thisis only supported by EMF's (2013) cascading jeans example in which both re-use
and recycling cycles are utilised within the cascade.

Moreover, Campbell-Johnston et al. (2020) take this one step further in their paper The
Circular Economy and Cascading: Towards a Framework'’. This provides, as the name
suggests, a framework for both the circular economy and cascading theory to be used
together. They argue that often the social context where decisions-making processes
occur are neglected in the literature as a method for deciding appropriate subsequent
uses. They describe this social context as follows:

They suggest that circular economy and cascading principles can be integrated using
the 10R framework: Refuse, Reduce, Resell/Re-use, Repair, Refurbish, Re-manufacture,
Re-purpose, Recycle, Recovery (energy) and Re-mine (Reike, Vermeulen and Witjes,
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2018). This, they explain, would aid how we make choices for material and product use.
Furthermore, they suggest that the cascading framework provides a systems perspective.
If combined with the circular economy and the 10R framework, describing exchanges
between actors and users, this provides a broader perspective in order to make sustainable
material and product choices.

As part of their review, Campbell-Johnston et al. (2020:2) also maintain “little is known
about how cascading can be operationalised for practitioners and connected to value
creation and retention in a CE [circular economy]” They provide a model that combines
cascading and the circular economy (10R's) that also accounts for the more complex social
decision-making processes. This, they argue, provides the basis for practitioners to engage
in a more holistic description of creating high-value materials and products.

However, Campbell-Johnston et al. rigorous review of literature and their model is, by their
own admission, theoretical. It is, therefore, unspecific to product type and is generalised
to encompass all the R-approaches. If their model is to be relevant to practitioners, it could
be argued, it should be tested in practice. Campbell-Johnston et al. acknowledge the
need for further research to validate their model and highlight that this research should

be conducted within a specific geography or sector. And it is this specificity of cascading,
for the textile practitioner, that this practice research provides. However, unlike Campbell-
Johnston et al. whose research takes a broad look at all 10R approaches, the focus of this
research resides with the 'R’ for recycling. More specific still, this practice-based research
will centre on knitted wool/acrylic textiles for the circular economy.

5.6 SUMMARY

This chapter has addressed the third objective. It has explored the three cascading
approaches: cascading-in-time, cascading-in-value and cascading-in-function. It is,
particularly, the issues of cascading products and materials through time and value
combined that provides the focused discussion for the waste textile industry. It has been
argued that while many forms of value are at play, for the recycling of waste textiles these
other values are often transformed into economic value. For the context of this research,
focused on the textile recycling industry, this research will concentrate on ‘recycling value’.
This is the economic value of clothing when it enters the textile recycling system. This
recycling value, highlighted by Norris (2012d) is created through sorting and recombining
the textile waste. This poses the research question: can we design for this sorting and
recombining? This will be addressed in the next part of the thesis.

Finally, the literature demonstrates that both circular economy and cascading have
many similarities and can be combined using the 10R’s framework (Campbell-Johnston
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etal, 2020). The limited literature on this topic to date has provided general theoretical
approaches aimed at practitioners. However, the chapter demonstrates that beyond
theory, practice research is required to test and explore these ideas. It is here, that this
research will specifically look at recycling of knitted wool/acrylic textiles to develop and test
atheoretical framework for cascading within a circular economy.
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PART 2 SUMMARY

This part of the thesis accomplishes aim one of this research; to understand the fields
‘design for mechanical recycling’ and cascading in the context of post-consumer wool and
acrylic textiles. This part synthesises the two fields ‘design for recycling’ and ‘cascading’ in
a textile design context. This has been achieved by addressing the three objectives in first
aim of the research discussed below.

This first objective was to review the current mechanical recycling industry of wool and
acrylic textiles. This is framed within a circular economy model and discussed specifically in
the context of recycling. It demonstrates that recycling might be used as a successful tool
if the rebound effect is to be avoided. Acrylic knitwear is established as low-value waste
stream that is difficult to be re-used. The current recycling methods do not replace the
products that form them and are not designed to have future recyclability.

The second objective to understand the role of design in the current textile recycling
industrial system has been achieved by arguing that the current Design for Recycling
approaches are over-simplified. This research is focused on an industry perspective and
the role of the designer-researcher in this context is considered. It is concluded that the
designer-researcher can be placed in the centre of the recycling system/network to bridge
and communicate between manufacturing and industry designers to help achieve the
Design for Recycling aims.

Finally, the third objective was addressed to conduct a review of the current cascading
literature in relation to recycled textiles. The cascading approaches (cascading-in-time,
cascading-in-value and cascading-in-function) are outlined. Increasing and decreasing
value is discussed and value specifically at the recycling stage is highlighted as an area

of focus. The research question: can we design for the sorting and recombining of textile
waste? is posed to be addressed. The review of the literature demonstrate that both the
circular economy model and cascading theory can be successfully combined theoretically
for practitioners. However, there is a need for practice research to specifically test these
ideas. In this research this will be addressed by testing a specific product type (acrylic and
wool knitwear) and specific circular economy approach (recycling).
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PART 3 — SENSE-
MAKING THROUGH
DESIGN

This part of the thesis has been constructed to address the second aim of this research.

This is to establish the role of cascading, blending and sorting and it will specifically
address the research question posed in the second part of this thesis: can we design
for the sorting and recombining of textile waste? This has been outlined across three
objectives which forms the structure of the three chapters in this part.

Chapter 6 will address the first objective to understand how the field of cascading
intersects with design for recycling of post-consumer textile waste. It provides a model for
how cascading resources and cycling products can be combined.

Chapter 7 looks at the second objective to identify the role of blending within virgin and
recycled textile production. It outlines the reasons for blending in textiles and those used
with the textile recycling industry and highlights the importance of understanding blending
for recyclability across three levels: yarn, material and product.

Chapter 8 tackles the third objective, to investigate the methods of sorting for mechanical
recycling of wool and acrylic textiles. It outlines how sorting is generally conducted in the
textile recycling industry. In addition, it provides an analysis on the sorting categories used
for wool/acrylic textiles.

Chapter 9 addresses the final objective, to propose a framework combining cascading,
blending and sorting. It brings together all the models in the previous three chapters
(Chapter 6, 7 and 8) to suggest an framework to extend the lifetimes of low-value acrylic
textile fibres.
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PRACTIC

[T
N

AIM

To explore the steps in the recycling process and the impacts on the materials if

the garneting stage is removed from the process.

Practice 3 took place with a recycling company who use a traditional needle felting
technique to produce a recycled felt. The company had been visited prior to the
experiment a number of times. On this occasion the visit was conducted to explore

how the different steps in the recycling process might be adapted.

Recycling textile waste is made up of many stages (Figure 56). Pulling/shredding

is the first stage, returning materials to fibre which ‘opens’ the textiles, returning
them to a fibrous state. The result of this first rudimentary stage produces fibre
which contains remnants of structured textile material. Garneting is a similar

but more specialised stage ensuring the transformation of the material into fully
fibrous form (Gee, 1950). It had been highlighted through the researcher's field
research that this process was one of the most expensive stages. This increased the
final materials unit price and therefore negatively affected the profit margin of the

resulting products.

During a previous field visit the company advised that they owned a pulling
machine and would be willing to complete a recycling trial. However, they did not
own a garneting machine, meaning another solution to replace this stage needed
to be found. They suggested in lieu of this that the material could be repeatedly
put through the carded stage to attempt to replicate this effect.

The trial was organized to test a small batch of jumpers (200kg) to establish:

a) If they could be pulled/shredded using the machine

b) If after a single card they would produce a good quality felt
product

c) If double carding might improve the fibre to achieve a similar
effect to garneting.

MUTILATE GARNET

Figure 56. Simplified process of recycling textile indicating the test with the
recycling company (skipping the garneting stage and repeating the carding stage)

First, 200kg of white knitwear was obtained from a UK sorting company. These
were to be recycled and processed (pulled/shredded and carded) into a non-woven
needle punched felt, and also used for a spinning test at the time and at a later

date (Practice 9, page 187).

White was specifically chosen to further understand the impacts of contamination
in the recycling process. White was selected as it would show up any colour or dirt
caused by the process. The colour choice also aided the researcher’'s understanding
of the sorting process. The researcher visited the sorting facility during the sorting
process and found that the request for ‘white’ jumipers had been interpreted
slightly differently that she had intended. The researcher spoke directly with the
sorter on the factory floor and clarified that she required ‘orilliant’ or ‘true’ but not
yellow, beige or cream shades also considered ‘white'. As a designer obtaining the
correct colour for a design is vital and this incident highlighted the impact of every

stage in the recycling process on the final outcome of the material/product.

Once the white jumpers were obtained, they were successfully pulled back to
fibre. Half of this pulled fibre was taken through the carding machine a single time
(Fibre A) before entering the needle punching part of the process. The other half

went through carding machines twice (Fibre B) prior to needle punching.

When both non-woven materials A and B had been produced, they were directly
compared. It was found that there was very little difference between the two
materials. They both formed a very soft non-woven material. These materials (as
in Practice 0) had been produced with alternative applications in mind, such as
interiors and were created on the same polypropylene mesh backing material.

It was concluded that the added time and expense to produce material B was

unnecessary.



Following this a small amount of the two fibres were taken to a spinning company.
First, the fibre was dismissed as too poor quality to spin. The spinning manager
explained that it wouldn't go through the machines. The researcher was keen

to understand why and what solutions could be found, such as blending high
percentages of virgin. Another colleague was called in, an engineer that worked

on the factory floor and ran the operations. He disagreed with the manager and
thought the fibres could be processed. A quick test was conducted blending the

recycled fibres with polyester.
Yarn A: 50% Fibre A Single carded / 50% Polyester

Yarn B: 50% Fibre B Double carded / 50% Polyester

The results of this test indicated that the engineer was correct; the fibre could
be processed. It should be noted, however, in the same way as with non-woven
production carding is also used prior to spinning. Therefore, for this test the fibre
in Yarn A was carded twice and the Fibre in Yarn B carded three times. In reality
double carding is only possible if the company producing the final product is
willing to do this as part of their production process. Put simply the non-woven
company would not double card the fibre for it to be sent for spinning only. And
the spinning company made it clear it would not be possible to double card in

their production line.

The results of the yarn tests demonstrated that both fibres types could be spun
well. At test scale it was hard to draw any formal conclusions. However, the
engineer highlighted that skipping the garneting step would ultimately impact
the quality of the resulting materials. He pointed out that the decisions made
during the recycling process should always equate with the design of the materials
trying to be achieved.

This finding was also reflected during the non-woven experiment with the colour
contamination. During the sourcing of the jumpers the cleaning process, which
would usually be conducted, was omitted. This resulted in the labels inside

the jumpers being left to be recycled along with the materials in the garment
themselves. These are often white but also come in other colours such as black.
It had been anticipated that the contamination would be very visible. However,

surprisingly the contamination was more minor (Figure 59).

This contamination, in this case, could either be removed by hand or might be
exploited as an intended design feature. This idea had been employed by the
spinning company in an internal project in which contamination presented itself
as a ‘nep’ in the yarn. A nep is a contrasting coloured spec which stands out and,
in some cases, protrude from the yarn or fabric surface. Rather than attempt
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Figure 57. Fibres being processes into a non-woven material

Figure 59. Contamination visibly present int

the material

Figure 58.Yarn B



to remove the contamination the spinner added in other coloured materials to
create intentional neps, thereby disguising the contamination. However, if a pure
material is required the cleaning stage of the recycling process would then be
vital. Therefore, it was concluded that the most appropriate steps in the recycling

process needed to be conducted to match the intended end product.

ACHIEVED AIM

The aim of the practice was achieved by testing the removal of garneting step in
the recycling process. It was found for non-woven needle punching this was not a

necessary step.

INSIGHT

Practice 3 established the importance of appropriately matching the inclusion or
removal of steps (for example, garneting or cleaning) in the recycling process with

the desired design outcome of the final materials and products.



6 DESIGNING
TEXTILE CASCADES
FOR LONGEVITY

This chapter explores how cascading theory (as discussed in Chapter 5, page 115)

might be used by the textile designer concerned with recycling. It starts by addressing

the differences between resource and product cascades. The chapter then explores the
similarities between cascading and up/down-cycling concepts used by designers. Finally, a
new model which sits between cascading and circular economy is established which helps
pose new questions to be answered in the subsequent chapters in this part.

6.1 DESIGNING RESOURCE AND PRODUCT
CASCADES

Designing a full product cascade at the beginning of a product’s life, warns Sirkin and ten
Houten (1994), is a very complex, even an almost impossible task. The longer a product is
used the more difficult it becomes to predict what the next uses might be. In a traditional
model new designs of the same product adapt over time. For example, a product might be
redesigned to improve its performance compared to a previous version, to fall in line with
new fashion trends, or to reduce the cost. Any one of these changes would have an impact
on an old product designed for a specific cascade path. Other considerations, Sirkin and
ten Houten explain, are tied up with the practicalities of cascading such as difficulties with
return and re-use. Often companies are reliant on others for the production and delivery
of spare parts. As time goes on these spare parts might cost too much to produce or the
whole product might end up costing more than a newer designed alternative.

Design implications of cascading products, according to Sirkin and ten Houten (1994:255),
are two-fold “the firstis in the choice of material for the product; the second is in the actual
layout of the product” Therefore, while the focus of design can often centre around the
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product, itis also important to consider the material or resource cascade that follows.
Hildebrandt, Bezama and Thran (2017) emphasise that the most pressing demand for
cascading is the forecasting of future production capacities. This, they reason, is essential
to understand the future flow of materials, particularly when they might cascade into
recycling systems. EMF (2017) explains there are many trade-offs made between designing
for material and product longevity. Their concerns are focused on using strategies to
extend the life of a product, but this may prevent material recovery later on. Goldsworthy
(2017:4) summaries this concern and advocates that “we must stop viewing the product as
the ultimate venhicle for longevity and start to see the materials themselves as holding the
true value’

During the ‘Circular Design Speeds' project Goldsworthy, Earley and Politowicz, (2019)
illustrate the different approaches that can be taken by designers to create non-impactful
longevity for both product and material. By using extremes in speeds to illustrate their
research they produced both a ‘super-slow’ and ‘super-fast’ product cycle. The super-slow
item was designed to cycle as a product between many users. This was made possible by
continuous adaptation of the product over time. Whereas, the super-fast prototype was
designed to be fleeting, and specifically made with low impact materials and processes.
This enabled the material resources to be continuously recycled and utilised. While the fast
product might, at first, seem unsustainable in its approach the project matches the fast
use phases with the appropriate design choices, such as low impact resources suitable for
quicker recycling.

Overall, both items utilise different cascading systems. The 'super-slow’ is concerned
with product cascading and the ‘'super-fast’ with resource cascading. However, even the
slow product, ultimately, has been designed to transform from product re-use back into
resource re-use but over a very different time frame. For example, while the fast product
was recycled to re-use the material after a short time, the slow product was designed

to flow, after an extended period, into a recycling system to be chemically relinked into a
material cycle. Whilst chemical recycling is not yet commercialised, it was forecast to be
ready within the designed super slow - 50 year - time span. In this case it appeases the
concerns of Hildebrandt, Bezama and Thran (2017) that forecasting future capabilities
might not be possible.

6.2 DESIGNING APPROPRIATE CASCADES

Sirkin and ten Houten (1994) explain that regardless of whether a product or material goes
up or down in a cascade, it is vital that the qualities of a resource match up to the task
they are to perform for. They argue, it would be inappropriate and uneconomical to use
high-quality resources to produce functional products which otherwise could be achieved
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with lower-quality ones. The highest quality resources should be reserved for the most
demanding performing products and vice versa. Rex, Okcabol and Roos (2019) remind us
selecting the most appropriate material for the product we design is the key for increased
environmental performance. And Yuksekkaya et al. (2016) explain that value will not
increase based on needless design attributes.

For the recycling system, appropriate design of recycled materials comes down to which
stages of the process the materials flow through. This has been illustrated by Practice
1and Practice 3 (page 79 and page 131). For example, it would not be necessary

to sort garments by colour if they are intended for hidden applications nor would it be
appropriate to garnet the material to create a finer fibre when this attribute is not required.
At the opposite end of the spectrum, high value materials are produced because they are
processed through these additional steps, such as sorting by colour (see also Practice 1).
This was prominently highlighted in Practice 3 where it was concluded that the amount of
processing needs to match the requirements of the design. Therefore, the challenge for
designing cascades across high and low value is appropriate design.

6.3 DOWNCYCLING AND UPCYCLING

Vis et al. (2016) highlight here the interconnected nature of both the cascading chain and
the newer terminology found across the literature describing upcycling and downcycling.
EMF (2013) define these terms as a process of converting materials into new materials of
either higher or lesser quality and increased or decreased functionality. This is supported
by ‘cradle-to-cradle’ authors Braungart and McDonough (2002:56) who state that “most
recycling is actually downcycling; it reduces the quality of a material over time” Many
materials, they argue, have not been designed to go through more than a single cycle.
Forcing these materials into more cycles, they reason, can be messy and complex (ibid:59).
The problem remains, however, that while we should strive to design new products for the
circular economy, we still need to find solutions for existing waste.

In both their definitions, EMF (2013) and Braungart and McDonough (2002) place the
emphasis on quality and functionality. Yet, they offer little explanation to quantify these
terms. Campbell-Johnston et al. (2020) review of cascading literature in relation to down/
up-cycling suggest definitions are very inconsistent. For example, they found up-cycling
definitions are split between value-added and the extraction of higher value. They point
out that up/down-cycling “interconnects with the valorisation process, e.g. the innate
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perception of that material or product at a specific point in time” (Campbell-Johnston et al.,
2020:7). However, once again (as discussed in section 5.2.2, page 118) the definition of
value is left open.

Across the textile literature the leading critique of the downcycling approach is concerned
with speed. Here we start to circle back to the discussions within the cascading-in-time
approach (section 5.21, page 117). Fletcher (2008:118) illustrates this by describing
downcycling as “downgrading the quality of reclaimed materials immediately into cheap,
low-value end uses rather than maintaining them as a high-value product or resource” It is
this immediacy of the downgrading which Fletcher is suggesting is the problem rather than
Braungart and McDonough (2002) criticism of just reducing quality over time.

6.3.1 DOWNCYCLING IN REUSE

Before downcycling is cast as the villain in this scenario, it is crucial to consider how
downcycling might be beneficial as an approach. Sirkin and ten Houten (1994:216) describe
the traditional system of cascading clothes in which they were passed down as ‘hand-
me-downs’ or were re-sewn into something new. As the material slowly deteriorated

in quality and becomes worn out, they are then used as cleaning rags. Supported by

Norris and Mitchell (2012) they remind us that this still happens in cultures around the
world. For example, in India, where clothing is “used and reused until it literally wears out,
handed down to younger siblings and domestic servants” (Norris and Mitchell, 2012:267).
Today, this traditional model, of repetitive re-use, is promoted as a method to combat the
problems created by over-consumption in western culture. As the prices and often quality
of clothing decreases the incremental wearing out of clothing through re-use has become
athing of the past. As we start to find new solutions, such as those offered by the circular
economy, combined with growing trends of over-consumption, our mindsets as designers
and consumers have shifted. Where historically we understood the cascades in which
clothing would deplete in quality and functionality before finally being replaced, in our new
world - one in which we are always buying new - to be sustainable we demand that our
materials must constantly be increasing in quality, functionality and value.

6.3.2 DOWNCYCLING IN RECYCLING

Downcycling, therefore, can be used as a method to encourage longevity of a garment/
product even if the quality decreases over its lifetime. However, this is only in the context of
re-use. Downcycling during recycling is frequently condemned (Braungart and McDonough,
2002; Sung, Cooper and Kettley, 2019). In fact, the first use of the terms down-cycling
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and up-cycling has been traced back by Sung (2017) to an article with Riner Pilz about
architecture and interior design who said “Recycling, | call it down-cycling. They smash
bricks, they smash everything. What we need is upcycling, where old products are given
more value, not less” (Kay, 1994:14).

In the field of textile design, Fletcher (2008) illustrates this by describing the usual route
for recycled textiles. Often, she explains, recycled textiles end up as blends used for low-
value “amorphous products such as insulation panels or mattress stuffing, rather than
being reused as high-value products such as clothing” (ibid:118). This not only reiterates
the concern for speed in the process but highlights the importance of the type of product
within the cascade. Clothing is hailed as the highest value in comparison to textile building
materials. This we must assume is because Fletcher is referring to their economic value,
although this is not confirmed. Yet, as we re-use our clothing less and less, an amorphous
product used for insulation panels in a building might well be used for a much longer time
span. Here, Sirkin and ten Houten (1994), Rex, Okcabol and Roos (2019) and Yuksekkaya
etal. (2016) reminds us that the quality of the materials should match the task they are
required to perform in. Designing the types of products from recycled fibres in the same
way must be appropriate.

6.3.3 UPCYCLING

At the opposite end of the scale is upcycling, which Fletcher (2008) suggest countermands
the trend for deteriorating quality. Upcycling, she describes, is “where the processes and
practices of reclamation and reuse enhance a piece’s perceived value, quality and design
capital” (ibid:218). Here, Fletcher emphasises not only value and quality but the design
element of this process. Supported by Han et al. (2017) and McDonough and Braungart
(2013) they all present upcycling as an opportunity for designers to combat waste. This has
been defined as design-led cycling.

There is much confusion in the textile recycling system, especially in the discussions
around upcycling, over what the aim of the process is. Phases such as 'textile-to-textile’
or ‘fibre-to-fibre” have become buzz words when describing recycling and are easily mis-
understood. EMF (2017) note this confusion and suggest in the context of their report the
term ‘textile-to-textile’ should be avoided. Instead, they suggest ‘clothing-to-clothing’
might be adopted. This is because, textile-to-textile recycling could refer to a garment
being downcycled into a non-woven textile material, criticised previously by Fletcher
(2008). This is not to be confused with fibre-to-fibre recycling used to describe the
chemical or mechanical recycling stage of returning textiles back to fibrous form, omitting

147

the following stages in which the fibres are transforms into materials and onto products
(Girn, Livingstone and Calliafas, 2019).

In addition, closed-loop recycling is often hailed as the holy grail of all recycling processes.
However, we are reminded by Earley and Goldsworthy (2019b) that the focus shouldn't
always be on neatly directing materials back to the beginning of the same product. Systems
thinking is required. Closed-loop practices are defined by Payne (2015:111) as:

Recycling textile clothing waste for it to re-enter the clothing supply chain

- Cradle-to-cradle streams of technical and biological materials separated and
recycled into the same production chain

Re-use of existing garments

Re-use aside, this definition is dependent on recycling product-to-product or in this
context clothing-to-clothing. In contrast, Payne (2015) defines open-loop recycling as

‘a system in which a product’s raw material is broken down to be used in a second, often
unrelated product system’ (ibid:106). Regularly, Payne explains, open-loop recycling results
in the product being disposed of after its second life in the same way single cascading is
described (Essel et al., 2014). This, McDonough and Braungart (2013) explain, happens
when we become preoccupied with making an object 'work’ in its first cycle that we forget
to look forward to what happens next.

6.4 DESIGN-LED CYCLING

If upcycling is a process of increasing the value of waste through design, thenitis vital for a
circular economy that this design process is explored. According to Murray (2002), this is
more than just technical processing. He argues it is created through knowledge:

This "application of knowledge' is argued by Earley (2010) to be the method designers

use to create value. Whether that is economic, intellectual, emotional or material, this is
added by the designer to a product. Value once again is centre stage of the argument.
Earley's argument is inspired by Braungart and McDonough's (2002) cradle-to-cradle, for
which she coins this approach as ‘design-led upcycling'. Although Earley’s work focuses on
re-use and re-manufacture the explanation she used for the process of upcycling by the
designer could be expanded to encompass other methods, such as recycling. Whilst Earley
maintains that the designer is perfectly positioned to create value, Norris (2019) confronts
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this position by challenging designers to produce products that truly convinces the
consumer of their transformed status. This can, as Norris critically assesses, sometimes fall
short.

Building on this, Goldsworthy (2014) highlights that while we see many encouraging
examples of design-led upcycling strategies, these are often used without the
consideration of future cycles. This, Goldsworthy explains, only delays our textiles from
inevitably ending up in landfill. These ‘future cycles’ used by both Goldsworthy (2012) in
her PHD thesis and by Professor Becky Earley at the Centre for Circular Design (2020)
are explored using a ‘now, near and far’ framework. This promotes a method for designers
to understand what is possible to achieve now and consider the impact of nearer or
future scenarios. Goldsworthy (2014) specifically considers the life span of materials, not
products, which she argues are often compared to our human-centric time frames. We
forget that materials have the ability to outlive us.

Therefore, if we are to consider cascading both up and down as an approach, it is argued
here that the process should be designed. Design should be used to maximise the flow of
resources, thereby re-valuing the materials with the consideration of future cycles through
time.

6.5 DESIGNING RESOURCE SPIRALS FOR
LONGEVITY

If we are to design our recycled textile fibres to cascade both up and down towards a
circular economy, we must first ascertain how the two models can be combined. As
previously discussed in Chapter 5 (page 115), cascading is presented as a downward
flowing stepped or ‘staircase’ shaped model. It illustrates both upward and downward
movements across both time and value (Sirkin and ten Houten, 1994). Cascading, as also
described, is split into two approaches namely product and resource cascades.

In contrast the circular economy is represented with multiple circles signifying product
lifecycles which are collected after use ready to be utilised again. This is described by
Goldsworthy (2014) as ‘cycling’ (section 41.2, page 98). In order to bring these two
concepts together a new visual was found. If materials are to flow both around and up/
down, Murray (2002) proposes that for the context of upcycling, “we should talk of material
spirals rather than cycles” (ibid:27). This is supported by Thackara (2006) who reminds

us that speed is never free; if we speed through the process going straight rather than
spiralling, then we will pay the price of wasting our resources.

This spiralling concept is visualised in Figure 60 and shares many similarities to the growing
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circles found within the EMF's (2013) butterfly diagram, Goldsworthy (2012) design for
material ecologies visual and many others inspired by the circular economy concept
throughout the design literature. The difference for this resource spiral is the sole focus on
recycling (although it has the potential to be adapted for other end uses) and the ability to
be designed to flow both up and down. This is emphasised by the arrows on each loop of
the spiral. In essence each loop represents a product lifecycle returning as a resource at
the end-of-use.

HIGH RESOURCE VALUE
A

RESOURCE FLOW
dOO 110MNd0dd

A\
LOW RESOURCE VALUE

Ultimately it is the designer’s responsibility to re-value our resources using design as a tool
to determine the speed and route of travel in a spiral. It should be noted there is no rule that
States materials must start at the top and move down to the bottom. For this reason, time is
not represented, for example, for a resource’s travel route to move down and back up again
within the spiral does not reverse time. The direction and route of travel is open for the
designer to interpret appropriately. To do this the designer must understand the tools they
have to affect the movement of resources within the spiral and vitally what type of value

is being prescribed to determine this movement. This is the challenge put forward in this
research and generates two research questions:
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- What design tools can designers use to determine speed and route of travel
within a spiral?

+ What type of recycled value is being used to determine the direction of travel?

These two questions will be addressed in the following two chapters (Chapter 7, page 151
and Chapter 8, page 193). First chapter 7 will explore in detail the findings from Practice

4 in which blending is highlighted as a design tool to re-value our resources at the end of
life. Second, in Chapter 8, sorting is established as the process for which recycling value
is determined. The insights from Practice 7 are drawn upon, in which it is concluded that
sorting systems should be mapped and analysed. This is in order to combine blending as
a design strategy for specific sorting grades as a method to cascade up and down in the
spiral. These ideas are brought together in the emerging Design for Recycling Knitwear
framework (Chapter 9, page 211) which aims to address new ways to Design for Recycling
and Longevity simultaneously.

6.6 SUMMARY

In the context of the circular economy the focus is placed on continuously increasing

the quality and value of materials and products. Therefore, cascading, which is often
interchangeably used for the term down-cycling, is critiqued as an approach. The chapter
argues that downcycling, particularly in the context of re-use, has been historically
encouraged. However, it is only downcycling for recycling that has negative connotations.
This is often due to inappropriate use of materials for products after recycling, paired
with the speed of which materials flow straight down to the lowest value. It is concluded
that to combine both cascading and the circular economy, that our resources need to
spiral both up and down through product lives. This could be achieved through the design
of appropriate cascading choices and is visualised as a spiralling cascade. The chapter
concludes with two challenges to be addressed in the research going forward. First, what
tools should be established for the designer to affect the movement of resources within
the spiral and second what type of value is being prescribed to determine this movement.
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PRACTICE 4

AIM

To explore design for ‘repeated cyclability’ approaches for end-of-use textiles.

In the earlier stages of this research the inclusion of recycled fibres (Design from
Recycling) was prioritised over ensuring their onward recyclability (Practice O, 1
and 2). In Practice 4 ‘repeated cyclability’ was explored through the creation and
facilitation of a series of three workshops. The participants in these workshops,
both students and industry professionals, were given a garment composed of two
or more fibre types. They were instructed to redesign it for a specific end-of-use
process, such as re-manufacture, mechanical or chemical recycling. For example,
if the participants were given a wool blend knitted jumper, they might choose to
re-design it in 100% wool for a mechanical recycling system. This was followed by a
visual ‘storytelling’ exercise in which the participants were asked to use their re-

designed garment to visually explain how it would cycle repetitively across three

product lives (Figure 61).
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Figure 61. Workshop participant working on their ‘story’.

The story boards created included two different end-of-use options. This was

to maximise the participants’ thinking and avoid the same product appearing
multiple times. It was understood later that the workshop had been designed

to consider both product cascade and cascades for resources. Ultimately, three
designs would be produced. Firstly a starting design, which would go through

an end-of-use process resulting in a new second design. This would then enter a
second end-of-use process to complete the story with a final product design. This

method of story boarding enabled the participants to understand the impacts of

their design decisions for a cascade.

ual: <

Figure 62. Storyboard from a workshop 1 illustrating the journey from jumper to
mask to yarn



The participants quickly established that designing difficult to reprocess elements
or features would be more challenging for the next design phase. In the course

of the storytelling task participants regularly moved back and forth between the
three product designs adapting and changing elements to ease reprocessing later

on.

Although they found it difficult at first to adapt their designs to meet end-of-use
requirements, the participants soon began to rise to the challenge. In Workshop 2
for instance, one group, faced with the difficulty of mechanically recycling multi-
coloured garments, created a two-coloured design using blue and red which could
be recycled as a blend to produce a purple fibre. Rather than considering this a
hindrance, here blending was being exploited as a design tool for the longevity of

materials.

The participants in Workshop 3 started to consider and combine chemical and
mechanical processes in parallel. At the first stage of the storyboard, they designed
two separate garments, one polyester and the other cotton, that would flow into
chemical and mechanical recycling processes respectively. The participants then
designed a new polyester/cotton garment by specifying that the fibres should
blend together. This resulted not only in a more durable product but one that
could flow into chemical recycling processes designed specifically for the recapture
of poly/cotton. This workshop highlighted how blending could be exploited for
onward cyclability.

Having the opportunity to run this workshop on three occasions with different
participants led to a better understanding of the aims of the PhD research. In the
first iteration, the workshop ended once the story board had been completed.
While the ideas were creative, many of the suggestions were very visionary and
future bound. This sort of thinking was encouraged but for the next iterations in
Workshops 2 and 3 a balance between the ‘big’ ideas and solutions for our current
industry was sought. This came in the form of a question sheet ‘How would it
work?' (Figure 63 and Appendix 14.6 page 389) which was introduced near the

end of the session. The first set of questions asked the participants what happens
to their garment during its lifetime and the second set of questions focused on the

value of the garments as they entered the recycling system.

The three workshops proved to have vital role in the research process by creating
space for the researcher to identify opportunities and barriers relating to repeated
cyclability. In particular, the ‘How would it work?' question sheet identified the
connection between how garments are used and disposed of during their lifetime
and the value they hold within the recycling system. The participants’ creative ideas

and responses highlighted the importance of the designer in creating resource

value in recycling. The workshops helped the researcher identify how blending as
a design tool could generate value in the recycling process, and it was only later
fully understood that these workshops had been exploring a design for cascading

approach.

BRAND|CUSWDMER

W e item’

( )

QUALITY

Will the item be returnec
What if it had a mark | stair

ition?

\ J

QUANTITY

\ J

\ J

( )

LOCAL | GLOBAL

Wil the end of life

\ J

\
HOW WOULD [T \/\/QRK’?

\

Figure 63. How would it work? worksheet used in the workshop

ACHIEVED AIM

The aim of the practice to explore repeated recyclability was achieved through

three workshops.

INSIGHT

Practice 4 generated an understanding of the opportunities for Design for
Cascading. In particular, the workshops highlighted how the designer could add
value at the recycling stage, and how blending could be used as a design tool to

achieve this.



/ DESIGN FOR
RECYCLING BLENDS

This chapter provides an outline of the historical and current context of blending.

The reasons why we blend and the challenges of blending for recycling are explored.
Furthermore, a review of the limited literature combining textile blending and recycling
is presented, in which the tensions between longevity/functionality and recyclability

is emphasised. The chapter investigates the overlapping role of the engineer and the
designer for recyclability and how a bridge between the technical information regarding
blending and design needs to be created. The chapter concludes by providing blending
levels for designers and how these aid the ratios required for the Design for Recycling
challenges specific to this research.

/.1 BROKEN BUTTERFLY WINGS

Blending has been defined by Sinclair (2014:162) as “the bringing together of fibres of
different types”. Sinclair also distinguishes between mixing of the same fibre types, but
here blending will be used as an all-encompassing term. The practice of blending different
materials, Hatch reveals, can be traced back as early as 150 B.C. when cotton and flax yarns
would be woven together to form a blended material (Hatch, 1993). Blending in this way
was used from the 16th until 19th Centuries often as a method to reduce costs. Blended
yarns were not introduced until 1963. Since then, designers and manufacturers have found
numMerous creative ways to combine materials.

More recently, with the rise of cradle-to-cradle principles, blending has been demonised

as ‘'monstrous hybrids' used to create ‘Frankenstein products’. This refers specifically to
the blending of technical and biological materials that cannot be salvaged at the end-
of-use (Braungart and McDonough, 2002). Famously, the EMF (2013) circular economy
model, commonly known as the 'butterfly’ with two wing-like sides, follows cradle-to-cradle
thinking with biological and technical flows. In the context of textiles this would mean
natural and synthetic materials should never be combined. This has given rise to the two
main Design for Recycling principles: mono-materiality and disassembly (discussed in
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Chapter 41, page 95). In our current linear system, which wastes rather than circulates
materials, the butterfly wings are broken.

However, applying theoretical principles to real world situations is often more complex than
it may seem. Reay, McCool and Withell (2011) explore this issue in relation to cradle-to-
cradle theory by interviewing key scientific researchers on the topic. Concerns were raised
that “while the ideas of biological and technical nutrient cycles were generally viewed as
being interesting, some participants argued that these approaches might not always be
possible, or practical” (ibid: 38). This is supported by Bakker et al. (2010) who suggest that a
cradle-to-cradle approach in industry is helpful but shouldn't be utilised alone. In one case
study they used complementary approaches considering both Life-Cycle Analysis (LCA)
and cradle-to-cradle values. In doing so they designed a polyester and cotton blended
polo shirt which could be chemically recycled. As Bakker et al. (2010:12) warn, cradle-to-
cradle “seems to induce dogmatism’, arguing that the bigger picture should therefore be
considered. Victor Papanek (2019) takes the view that designers in the real-world lack
social engagement, and as a result they only consider a very small proportion of the real
problem they are attempting to solve. Therefore, in the context of this research, unpacking
the reasons why we blend and the challenge this poses for textile recycling, is vital.

/.2. WHY DO WE BLEND?

Together Gulich (2006) and Payne (2015) suggest that textiles are designed for a number
of reasons such as functionality, appearance and cost. The designer’s role is one that
attends to these aspects through specification of materials for products (Gulich, 2006:27).
Sinclair highlights that in order to create a mix of properties, different blends of fibres

can be engineered to suit the final use. The five reasons she provides for the blending of
different fibres are shown in Table 10. These five reasons can be reduced to three criteria
of appearance, functionality and cost. For example, a fibre is combined to improve the
function of a weaker attribute or to enhance efficiency of the process which often helps
to reduce cost. These reasons for blending have been explored in more detail in Practice 5
(page 153) in which blending to create yarns using recycled fibres rather than virgin ones
was explored.

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
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PRACTIC

[T1
U7

AIM

To establish what type of blends could work effectively with recycled acrylic-mix
fibre.

Practice 5 was formed of multiple small experiments in collaboration with an

engineer/technician at a yarn spinning facility in the UK. After an initial visit to the
factory a testing session was arranged to take place across a single afternoon. The
recycled fibre, left over from Practice O, was used to explore blending decisions for

recycled materials.

The session started with a little uncertainty due to a lack of a design brief. The
testing session had been set up by the researcher to be open and flexible and
avoid restricting ideas and was only limited by the materials available in the room.
First, each material type available for blending was assessed leading to questions

regarding hand feel, properties and cost.

Without a concrete brief the conversation turned towards Company’s own
preferences for blending and a small range of the company’'s core yarns were
examined. It was highlighted that each yarn had been blended towards a specific
end use (interiors). Normally, this centred around how the material would perform

in its various applications.

The researcher, taking the role of designer, was focused on the aesthetics and
hand feel of the blends to be created. She was particularly interested in the use
of unusual material combinations such as the company’s wool and flax blend. A
discussion followed and it was established that wool was used often in blends for
its fire-retardant properties. If blended together with flax the resulting material
had greater fire-retardancy then either of the individual materials on their own.

However, the production of this yarn was tricky. For the first iteration of this

commercial blend, a very harsh flax fibre was used. This caused problems in the
manufacture and for a time it looked as though it would have to be dropped
from the range due to its uneconomical processing. However, a softer version was
sourced and was now used in the yarns to great effect. This inspired the testing

which followed.

For the tests, each blend composition was calculated using a small set of accurate
scales. This meant any successful combinations could be repeated. The use of
coloured fibre for the blends was suggested by the engineer as a method to
visually analyse how the fibres appeared in the finished yarns. For example,
deciphering how evenly the fibre was distributed and what texture it created. This

would be harder to see if the blend was all the same colour.

Three sample blends were used for the test:
1. 70% grey acrylic-mix fibre / 30% Yellow Flax
2.70% grey acrylic-mix fibre / 25% white wool / 5% Yellow Flax

3.50% grey acrylic-mix fibre / 45% white wool / 5% white polypropene

The first combination was between the recycled acrylic-mix fibre and flax. The
researcher wanted to incorporate as much recycled fibre into the blend as possible
and as 70% had been used during Practice O, this was replicated in this first test.

In addition, using a high recycled content would also reduce the cost. A yellow-
coloured flax was selected to contrast with the grey recycled fibre. These were
carded three times, combing the fibres and blending them into a ‘pad’ ready to

spin.

The first yarn, after blending, was tricky to spin. It was concluded that the
combination of the challenging flax and the shorter recycled fibres might make
manufacture difficult. However, the flax's wiry texture against the softer acrylic

produced a pleasing visual result (Figure 66).

The second test was adapted to make the spinning process easier. The same 70%
of recycled content was used but the flax fibre was reduced to 5%, replacing the
difference with wool. It was still difficult to spin, but was easier than Yarn 1and the

result was significantly softer (Figure 67).

The final test reduced the recycled content to 50%. The flax was removed
completely and the wool content was increased to 45%. The final 5% was man-
made polypropylene (similar to polyester). This, like some of the company's own

blends, was added to strengthen the yarn and would be vital it was to be used
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Figure 64. Weighing the fibres to ensure the correct composition had been

created.

Figure 65. Test 1: three iterations using the
test carding machining to blend the fibres
ready for mock spinning

and double ply yarn (right to left)

Figure 68. Test 3 - blend pad, singles yarn, double ply yarn



for the warp in woven fabric. However, without a specific design brief no end use
application had been decided. Therefore, this 5% content was incorporated to see
if this made any dramatic effect to the aesthetics of the yarn. Yarn 3 was the easiest
fibre to spin and resulted in a lightly textured and strong yarn. However, what had

been gained by strength was lost in hand feel (Figure 68).

All three tests used a mock spinning technique done by hand. This resulted in a
yarn that was not wholly representative of production. For example, Yarn 3 visually
was loftier and more uneven that a commercially manufactured yarn might have

been.

These three experiments were conducted early in the PhD research and therefore
did not consider onward recyclability. However, keeping a singular focus on Design
from Recycling created the space to understand how blending for a commercial

product was conducted alongside the added challenge of using recycled fibres.

ACHIEVED AIM

The aim of Practice 5 was achieved by testing three blend combinations with
recycled acrylic-mix fibre and establishing that the blend design needed to be

specific to the end product.

INSIGHT

Practice 5 developed an understanding of the different performance, aesthetic/
hand-feel and cost implications of selecting a fibre blend and the effect recycled

fibre has on a blend.



/.3 THE CHALLENGE OF BLENDS FOR
RECYCLING

One of the greatest challenges facing the post-consumer textile recycling industry is

the increasing use of blends in our clothing (Cupit, 1996; Elander and Ljungkvist, 2016).
This problem is highlighted in two studies, one by Ward, Hewitt and Russell (2013) and the
other by the Dutch Clothing Mountain (2017). They both demonstrate that a third of their
respective samples of post-consumer textiles were made up of more than one fibre type.
While mono-fibre textiles still occupy the majority of all discarded textiles, itis the blends
within the unwearable fractions that are cause for concern. These fall into the lowest value
recycling grades typically used for non-woven materials and include automotive materials,
carpet underlays, and insulation (EcoTLC, 2019). A further study by the Fibersort project
(2018b:6) has explored this unwearable segment in more detail. Of their sample, 36% of the
clothing was deemed unwearable and of this a quarter were made up of blended textiles
of two or three fibre types. This highlights the size of the problem of blends within the
unwearable recycling grades.

/.3.1 CHALLENGES OF FIBRE TYPE

As it has been highlighted in chapter 3 that the mechanical recycling system and its
machinery has developed around mono-material inputs. Blends are seen as contaminants
to these mono-material driven processes. While it is possible for the machinery to pull/
shred blended textiles back to fibre the main problem is returning these recycled fibres to
textiles again.

Langley, Kim and Lewis (2000) demonstrate this point by successfully recycling blended
jersey textile for sportswear, comprised of 43% cotton/43% polyester/149 Lycra, back

to fibrous form. Relevant to this study was the inclusion of Lycra (commonly known as
elastane or spandex) which is used widely in the textile industry for its stretchy quality
aiding the fit of garments. It is generally considered the worst contaminant for recycling as
it decreases the quality of the resulting fibre (Fibersort, 2018b). It was commonly thought
the presence of large percentages of elastane could not be recycled. However, in their
experiment with this material Langley, Kim and Lewis (2000) reported that it could be easily
pulled/shredded back to fibre. The problem lay in transforming the recycled fibre into a yarn
or anon-woven material. They concluded that the fibre was best suited for amorphous
materials such as flocking. This is used for applications such as insulation that require no
additional processing after recycling.

While we can see that some blends are fatal in the mechanical conversion from waste into
yarn, this does not apply to all fibre types. This is clearly evident across the shoddy industry
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in India in which yarns are created from textile blends such a wool and acrylic (Gupta and
Saggu, 2015). These yarns, when designed well, can be utilised across several different
product applications. This has been explored within Gupta's (2014) PhD thesis in which a
number of shoddy yarns made up of different combinations of wool/acrylic/polyester and
other fibres were designed into a variety of interior and accessories for the Indian market.
A sub-sample of sixty women were chosen by Gupta to assess consumer acceptability.

It should be pointed out that these yarns were not created for the high-value clothing
application which are demanded for a circular economy. However, the results of the sixty
respondents suggested the “shoddy yarn was found to be economically utilised and has
potential use for developing different textile products” (Gupta, 2014:90). While Gupta's
research did not explore the design process specifically, it does suggest the designer has
animportant role to play in the process of recycling blended materials.

/.4 RECYCLED BLENDING

Blending is a corner stone of the textile recycling industry, one that is littered with impure
feedstocks. Due to the majority of wastes being contaminated to some degree, blending is
most commonly used by the industry as a method to control material composition. Norris
(2012a) illustrates this by describing the procedures used in the wool recycling industry

in India. As she writes, “In order to increase the wool content of a batch to complete a
particular order specifying for example 75 per cent wool, factory managers have to buy in
bales of wool-rich rags to mix with existing stocks” (Norris, 2012a:395).

Many of the reasons why blending is used in the recycling industry are similar to those for
blending virgin materials. However, there are some approaches that are specific to the
recycling field. The blending categories, described below, have been established through
a combination of literature, field practice research in Prato, Italy (Practice 1, page 79 and
Appendix 14.81, page 405) as well as a visit to a now closed shoddy recycling business
Henry Day and Sons Ltd (Practice 6, overleaf).
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PRACTIC

[T1
O

AIM

To understand how textile recycling occurred historically.

A field visit was taken to the now closed shoddy recycling business Henry Day and
Sons Ltd in West Yorkshire. Until the company ceased trading in 2000, they mostly
processed wool fibres. They also recycled mixed synthetics from knitted garments
which they supplied to various manufacturers in large quantities. At the time of the
visit, all the machinery had long been sold off and much of the warehouse space
was being leased for rental income. Charles Day, descendent and owner of Henry
Day & Sons, provided a ‘show and tell’ of shoddy materials from the remaining
archive in one of the back rooms.

As each recycled fibre sample was taken out of its box and discussed, a fuller
picture developed of the different types of products the company had been
commissioned to produce. Much of the discussion centred around why and how
sorting and blending methods were used and Charles explained that all decisions
were dependent on the requirements of the end product. Many of these would not
be directly applicable today. For each product, Charles pointed out, there would be
a brief which in turn translated into a different combination of wastes and colours

to complete the order.

A noteworthy example of how the company combined different types of waste was
their development of woollen cloth for the overcoats and jackets of the Royal Ulster
Constabulary (the police force in Northern Ireland from 1922-2001). The cloth for
these garments was made with a mixture of recycled woollen and worsted spun
woven textiles that produced very short mungo fibres. These, Charles explained,
would be combined by the yarn spinner with longer virgin wool to create the new
yarn. The virgin wool would be dyed so that it would blend with the recycled fibre

to form the exact Royal Ulster Constabulary shade. If the mungo was too dark

Figure 69. Archived boxes with samples of different recycled fibre blends



the virgin wool could be dyed lighter and vice versa. The short mungo fibres, he
highlighted, were especially useful for the milling process to convert the woven
fabric into a dense felt required for the product. Henry Day & Sons would then

exclusively buy back the uniforms after use to recycle them again and again.

In another example, a recycled fibre was labelled ‘NBC (National Bus Company),
double carded 1975". Charles confirmed that this sample may have been double
carded on the sampling machine, but this would not have been the case for

bulk production. The fibre composition was 55% Shoddy (wool), 25% Dyed Wool
(virgin) and 10% Brush (worsted waste, long fibres). The remaining 10% ‘Harwood'
was sourced from a local company by that name that produced yarn and woven
materials. Although Charles was unable to confirm its specific type of pre-
consumer waste, the sample illustrated how recycled and virgin, pre- and post-
consumer, knitted and woven, long and short fibres had been specifically designed

to create the final blend for the product.

Samples of each recycled blend combination were gifted to the researcher to
analyse after the visit. From this she was able to better understand the four ways
to blend in recycling: virgin and recycled, colour, structure and pre- and post-

consumer wastes.

ACHIEVED AIM

The aim of Practice 6 was achieved by discussing and analysing archival fibre
samples at Henry Day & Sons to establish the different methods used historically

when recycling.

INSIGHT

Practice 6 established four categories of blending during the production of
recycled materials. It was also highlighted that blending correlated directly with

the requirements of the final materials.



7.4.1 VIRGIN AND RECYCLED FIBRE

It is well known that longer virgin fibres outperform the shorter recycled ones that have
been ripped from the cloth in the recycling process (Merati and Okamura, 2004). The
addition of virgin fibre is often required to aid the movement of the recycled fibres as they
travel through yarn spinning machinery. Sakthivel et al. (2010) estimate that in the shoddy
industry this addition is about 15%. However, virgin fibres are not only blended with recycled
ones for this reason. Blending might occur for all the same reasons outlined for virgin
production (functionality, appearance and cost). For example, recycled fibre of any type is
often blended with polyester chosen for its strength and economic price point.

Onthe flip side, rather than virgin fibres supporting the recycled content, the inverse is also
possible. Smaller amounts of recycled fibres might be 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, 2018:11, Appendix 14.81, page
405 & Practice 1, page 79). In this example, the addition of recycled materials is used to
promote the luxury qualities of cashmere at a low price point.

/7.4.2 COLOUR

Sorting waste by colour is one of the most common methods used in the industry. This
eliminates the need to strip the colour and dye from the material. Any recycled fibre colour
can either be used as its own colour or be blended with others to create a specific shade.
However, as Norris (2005) points out, in the shoddy industry choice of colour is determined
by what happens to be available. 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. This can either be done to a whole batch or to one component of a blend
(Hall, 2018). For example, a light green 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.
Overdyeing recycled fibres, particularly those which are impure, can be problematic as
different fibre types need to be dyed in different ways. As a result, this is not necessarily
the easiest method to produce a specific colour. Rather than using overdyed recycled
fibres, more sustainably dyed virgin fibres can be added to fulfil the requirements of the
colour blend (ECAP, 2019e). This combined approach (blending colour and virgin fibre) is
commonplace within the recycling industry, one that has been developed out of complex
sources of waste material.
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/7.4.3 STRUCTURE

Historically the wool recycling industry grouped materials according to their structure. The
term ‘'shoddy’ is generally used to describe the longer quality fibres usually extracted from
knitwear. Mungo, in contrast, is so named for the shorter fibres usually from woven textiles
(Day, 20716¢). This is still the approach 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, 2020a).
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 economic value of
the final material. Alternatively, shorter fibre can be included to benefit the performance
of a later production stage such as milling of wool fabrics to achieve a controlled felted
finish. This process, as Pailthorpe and Wood (2012) explain, is made easier when done with
shorter fibres.

7.4.4 WASTE TYPES

The blending of different types of waste, pre- and post-consumer, is the most common
approach used throughout the shoddy industry. Pre-consumer is material diverted from
waste in the manufacturing process (ISO, 2016). This covers a range of materials, but is
generally sourced in more consistent fibre type, colour and structure than their post-
consumer counterparts (Fontell and Heikkila, 2017). While the details of a pre-consumer
system can be complex (Runnel et al., 2017), this approach is made easier when a recycling
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 import post-consumer waste, they also have easy access to the local industry
waste (Roos et al.,, 2019b). As with all other blending, this ultimately occurs in order to
balance the requirements of the final material.

/.5 BLENDING AND RECYCLING

Understanding the complexity of how we combine textiles, in the context of recycling, has
been studied in detail by Gulich (2006a). In his book chapter ‘Designing textile products
that are easy to recycle’ Gulich considers the tension between simplifying blends for
recyclability and blending for functional performance. Based in the field of engineering,
Gulich's model is derived from working with technical textiles in which he maps blends

across five levels.
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The first level is a 'single-material system’. This is a mono-material which does not require
disassembly and is easy to recycle. However, this first stage provides the least amount

of functionality. Gradually blending complexity and functionality are added across the
five stages reaching the most complex level. This final blend cannot be disassembled or
recycled but has the greatest function. These complex textiles he concludes can only be
designed to be re-used or disposed.

Gulich's research highlights that there is a balance to be found between designing

for function and recyclability which, he reasons, is underpinned by the economics of
processing. This is supported by the findings from the ECAP (2019b) ‘Fibre to Fibre’ project.
One of the trade-offs they found was the balance between creating a strong blended yarn
that would be detrimental to recycling, or a pure but weaker recyclable one. In addition,
ECAP emphasised the balance between aesthetics and technical design for recyclability.
Design for Recycling often enforces a minimalist approach which, they point out, is not

to everyone’s taste. If combining materials was banned this might stunt creativity which

is argued, by Forst (2020), to be an important part of the textile designer’s remit. ECAP
(2019b) concluded that “in the end, whether or not the product is technically recyclable, it
still has to be appealing to customers” Therefore, the emphasis is placed on the designers
having “important decision[s] to make”

Often the trade-offs between recyclability and other benefits such as durability can be
difficult to balance in circular design (Elander and Ljungkvist, 2016:38). We can see from
Gulich’'s work that functionality can be fatal for the recycling process. Although thisis
cause for concern, Beton et al (2014) point out that in some cases design decisions for
longevity, such as blending, can have lower environmental impacts and even environment
improvement potential. For example, incorporating a more durable component might extend
the useful life of a fragile fibre. The problem is summarised by Tanttu, Kohtala and Niinimaki
(2016) who deduce that the two approaches, longevity and recyclability, compete with
each other. They further suggest a choice between the two may have to be made. However,
they do point out that, even when designing for longevity the product will ultimately still
need to be recycled. The challenge, therefore, offered by Tanttu, Kohtala and Niinim&ki

is finding a way to reconcile both these approaches. It is this gap in knowledge that this
research will start to fill using cascading theory.
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PRACTIC

[T1
~J

AIM

To understand the implications of repetitive blending.

Practice 7 was conducted in collaboration with a second UK spinning company.
At an initial visit to the facility, it was agreed that the experiment would explore
repetitive blending of recycled materials. This would be done by blending virgin
fibres with recycled ones and carding them into a ‘pad’ ready for spinning. At the
next stage, part of the pad would act as the new recycled content to be blended
with the same new virgin fibre. By doing this, the researcher would be able to
understand the implications of repetitively blending recycled materials with the

same virgin fibres.

While the plan gave the experiment a direction, the fibre type and percentages
were left open-ended. This led to a discussion with the engineer regarding the
most appropriate fibres to be used. Drawing on findings in Practice 1in Prato Italy
where companies used either polyester or nylon as a blending agent, nylon was
selected. In addition, virgin wool was added to create texture and enhance the
recycled acrylic-mix fibre (left over from Practice O) which was soft and lofty. The

resulting blend was:

50% grey acrylic-mix fibre / 30% blue wool / 20% white nylon

Once again colour was used as a visualisation tool. The recycled acrylic-mix fibre
was grey, the virgin wool was blue, and the nylon was white. The first pad was

produced and mock-recycled by roughly tearing it apart by hand. It was then re-

blended with another 30% wool /20% nylon. The entire process was then repeated,

producing three blend compositions:

Figure 70. Blend 1 (recycled acrylic-mix
fibre, wool and nylon) being re-blended
with more wool (30%) and nylon (20%)

Blend 1: 50% grey acrylic-mix fibre /
30% blue wool / 20% white nylon

Blend 2: 25% grey acrylic-mix fibre /
45% blue wool / 30% white nylon

Blend 3:12.5% grey acrylic-mix fibre /
52.5% blue wool / 35% white nylon

As one would expect, the ratio of

wool and nylon increased across the
three blends. This was reflected in the
blend changing from a grey-blue to a
brighter blue tone. The final stage was
to spin Blend 3 into a yarn. This was the
largest fibre pad which had not split
for re-blending. As expected, it spun
well due the high virgin content and
although very strong, it had a synthetic
‘'squeaky’ hand-feel due to the high

percentage of nylon.

Reflection on the experiment drew
attention to the undesigned nature of
the blends themselves. For example,
the designer-researcher had given
little thought to the choice in using
nylon for onward recyclability and she
had not considered if this would help
or hinder the mechanical recycling
process. In addition, the fibres were not
processed into yarns or materials that
occur during the recycling process.
Therefore, this could never be truly

reflective of the process.

With the aid of the ‘How it Would
Work?' question sheet in Practice 4
(page 147), the researcher noted

that the three blends designed during
Practice 7 would not flow into specific
recycling grades for acrylic/nylon/wool.

In reality, the blends would flow into



Figure 72. Blending recycled acrylic-mix fibre (grey) with wool (blue) and nylon
(white)
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Figure 74. Weighting the fibres to ensure
the correct percentages of fibre is used

Figure 73. Blend 1, 2 and 3 (top to bottom)

the wool recycling system and their value would be assessed on the amount of
wool present. Blend 1 would hold low value because of its low wool and high acrylic
content. In contrast, Blend 3 would hold a higher value because of its increased
wool composition. This highlighted the specific need to map and analyse the
sorting systems for recycled textiles in order for designers to appropriately design

blends that could help but not hinder their recyclability.

The second phase of the testing focused on spinning the fibres into yarns. For
this a number of alternative colours and percentages of recycled content were
designed. First, the pad from Blend 3 was spun into the first yarn. Next, a repeat
of Blend 1 was created in two new colour ways, purple and grey, to establish its
potential as a yarn in bright and subtle shades. Finally, waste wool, rather than
virgin wool, from the facilities production process was spun to test a higher

percentage of recycled content. The final four yarns were as follows:

Yarn A: 12.5% grey acrylic-mix fibre / 52.5% blue wool / 35% white
nylon (Blend 3)

Yarn B: 50% grey acrylic-mix fibre / 30% purple wool / 20% white
nylon

Yarn C: 50% grey acrylic-mix fibre / 30% grey wool / 20% white nylon

Yarn D: 50% grey acrylic-mix fibre / 30% grey-brown waste wool / 20%
white nylon

Rather than spin the yarns using a hand process, as in Practice 5, this time the
test was conducted in a mock-manufacturing process. The yarns were quickly
attached to various parts of larger machines to create a more realistic likeness to a
commercial result (Figure 75 & Figure 76). The yarns were then washed to simulate
the finishing process (Figure 77). All four yarns were produced in a fine count
which could be utilised for either interiors or fashion. Yarn B (purple) illustrated
the even spread of recycled fibres through the yarns. Yarn C demonstrates an
evenness of colour illustrating that to the naked eye you could not tell the yarns
contained recycled content when using subtle colour combinations. The engineer
explained that Yarn D might be problematic in production as the waste was not
generally colour sorted and therefore it might be difficult to obtain in high enough

quantities.

During the experiment, discussion between the engineer and the designer-
researcher went back and forth regarding the manufacturing requirements,
cost implications and the aesthetics trying to be achieved. While the engineer

focused on requirements for manufacture and cost, the designer-researcher was



concerned on the yarn's suitability for various end markets and understanding the
impact of using recycled content in the process. Both roles had a different set of
priorities and the researcher highlighted this would be important to understand

for the future development of recycled materials for a circular economy.

ACHIEVED AIM

The aim of Practice 7 was achieved by testing repetitive blending of recycled
materials in a rudimentary way, but it was difficult to emulate the full recycling

process in a small test.

INSIGHT

Practice 7 highlighted a need to map and analyse the sorting systems for recycled
textiles in order for designers to appropriately design blends that could help and

not hinder their recyclability.

Furthermore, the test indicated the different priorities between the designer and
engineer, which would be important to understand for the future development of

recycled materials for a circular economy.

:

Figure 76. Stage two of the blended fibres
being spin into yarns
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Figure 77. The final sample yarns after
washing



/.6 THE ROLE OF ENGINEER VS DESIGNER

The literature around textile blending has been highlighted by Forst (2020) as
predominantly coming from a technical perspective. Traditionally, the responsibility for
function or performance of a textile was given to engineers and the responsibility for
costs were seen as a concern of business. Finally, the aesthetics fell into the designer’s
hands. However, the designer role goes beyond solely the appearance. Press and Cooper
(2003) explain that the design discipline has dramatically expanded in the past few years
and there is no fixed way of describing a designer’s role as they bridge many different
disciplines.

Specifically, the overlap between the role of designers and engineers in the creation

of textiles is complex. The detailed technical properties including tensile strength,
uniformity, crease recovery, shrinkage resistance, elasticity etc... are generally viewed as
the responsibility of textile engineers (Sinclair, 2014). Additionally, it is the engineers or
technicians who use blending of fibres to ease the process of manufacture, and this is
usually considered outside of the textile or fashion designer’s remit.

Toomey and Kapsali (2014) suggest that the designer is often viewed as a passive user
of materials rather than an active influencer and Veelaert et al. (2016) suggest that tools
available for designers to select materials for products are predominantly technical. This,
Ashby and Johnson (2010) point out, is frustrating for designers as they do not have the
equivalent support compared to their technical counterparts.

Toomey and Kapsali (2014) highlight that design is normally introduced at the latter
stages of the innovation process created by Science, Technology, Engineering and Maths
(STEM) research. This is in part because, they argue, designers are no longer being
taught the technical skills in their undergraduate training. They conclude that design

and STEM innovation should work together from conception through the research and
experimentation stages, to the final design development. The only area omitted is the final

prototype stage. This, in itself, suggests that the designer's role in practice exceeds that of

the engineer.

A circular designer’s role goes one step further to include the end-of-life of the product.
This, Ashby and Johnson (2010) describe as design with intention. The intention, for this
research, is to design for recyclability linking the selection of materials to a product’s end-
of-life. Beyond the selection of materials, Toomey and Kapsali suggest that the designer
can take a holistic view, collaborating with technicians and innovators around the lifecycle
to influence the way materials are made and used.
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PRACTICE 8

AIM

To understand how acrylic textiles are recycled in the industry and what new

innovations are currently happening in this area.

Unlike other field visits that took place on the factory floor, Practice 8 visited a
textile recycling Company’s head office. Here the company’s innovative materials
and product samples were discussed with one of its designers. During the visit
the company'’s three core production processes were identified. Two of these
were of particular relevance to this research; one was the recycling of mixed

fibre garments for the generation of non-woven products and the other was the

recycling of majority acrylic mixed fibre into yarns for garment/interior applications.

The designer explained that for both processes the wool content was mostly
removed at the sorting stage. The resulting fibres for both processes (mixed but
predominantly acrylic) were considered to be low value. However, the company
used both of these fibre types for innovation in the creation of higher value

materials and products.

Usually, the mixed fibre non-woven materials would be used in traditional hidden
applications. Instead, colour sorted waste was used to create non-woven materials
for visible applications. The colour sorted waste was needle felted to form a
textured fabric and applied to a collection of lampshades. These were displayed in
the head office with great impact (Figure 79). The company had investigated other
experimental non-woven processes to incorporate the shortest and most difficult
to recycle fibres. While these processes trapped the fibres inhibiting further
recycling, the company had concluded that this was preferable to the current

alternatives of landfill or incineration.

The company's other core business was the production of recycled yarns to create

blankets for the Moroccan market. During the visit all samples could be felt and

Figure 79. Recycled mixed fibre needle
felted lamp shade in a textured light
grey tone

Figure 78. Recycled Acrylic woven and
brushed blanket

touched, and the researcher found the
recycled brushed acrylic blankets to be

far softer than expected (Figure 78).

The development of higher value
applications for the company’s acrylic
mixed fibre yarns was the hallmark

of its innovations. The designer

had conducted a variety of yarn
experiments for both woven and

knit applications. The composition of
these was 65% acrylic/10% cotton/20%
polyester/5% other fibres. 90% of this
composition was recycled from the
waste they collected. Virgin fibre was
kept to a minimum to comply with
the company's ethos of producing
materials as close as possible to 100%
of their own recycled content. However,
because the recycled fibres produced
were low quality, they required some
longer fibres in order to create a usable
yarn. This, the company insisted,
would be no more than 10% Recycled
Polyethylene terephthalate (RPET)
from plastic bottles sourced externally.
This formed 10% of the polyester part
of the yarn. It, therefore, could be
accurately described as having 100%

recycled content.

However, for the knitted yarn, gains
made in recycled content caused
manufacturing difficulties. To capture
the high percentage of shorter
recycled fibres, as the designer at the
company explained, the yarn had to

be spun more tightly. This involved



‘trapping’ the fibres within the yarn which in turn created a harsher hand-feel. To
overcome this challenge a number of different finishing processes were being
explored.

This difficulty was not replicated in the woven yarn designed for an interior market,
where a ‘tighter’ spin was desirable. Again, due to the high content of recycled
fibre the strength of the yarn was lacking. These yarns were therefore only suitable
for the weave's weft. To combat this, the warp was offered in either virgin organic
cotton or RPET. Blending in this case had thus been transferred from yarn level to a

material level.

In these two examples, avoiding blending at yarn level compromised the
functionality and aesthetics of the end products. For the knitted yarn, if blending
could be applied at yarn level there would be no need for additional chemical
treatments. For the woven material blending was not avoided it just occurred

at a different stage. This led the researcher to question and further explore how
designers might better understand the impacts of blending during the textile
manufacturing process and how blending could be used as a tool for the recycling

process.

ACHIEVED AIM

The aim was achieved through an analysis of the Company’'s innovative recycled

mixed fibre knitted, woven and non-woven materials and their applications.

INSIGHT

Practice 8 established two levels of blending (yarn and material) that can occur
when designing a textile and how these blending design decisions impact the

recycling process.



/.7 BLENDING LEVELS AND RATIO’S

For designers to understand how materials are blended, they must delve into the technical
texts and translate them for their needs. This approach has been used by Forst (2020)

in her PhD research by her desire to communicate the challenge of textile blends to
designers. In doing this she produced a variety of ‘blown-up’ textile structures representing
the different ways materials can be combined. However, this research was specifically
aimed at understanding assembly methods of textiles to be translated into disassembly

at the end-of-use. She points out that her research does not cover the causality between
textile combinations and recyclability. A gap in knowledge which will be filled in this
research.

Blends are formed by bringing together different fibre types, and Hatch (1993) has
examined five different ways in which this can be done:

1. Self-Blend or Mixture

2. Intimate Blend

3. Combination Yarn

4. Mixture Fabric

5. Compound Fabric

The first method brings together fibres to form a yarn, either using two or more of the same
species of fibre to form what is referred to as a 'self-blend’ (Hatch, 1993) or a 'mixture’
(Sinclair, 2014); The second blends together different fibre types to form a ‘intimate blend
within a yarn'. The third method of blending creates a ‘'combination yarn' which is achieved
by the twisting together (or plying) of two different yarns (Hatch, 1993). In these first three
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approaches blends are created at the yarn level as confirmed during Practice 8 exploration
(page 177).

The fourth blending method produces what Hatch (1993:298) calls 'a mixture fabric’; this
might be created by the warp and weft in a woven textile being comprised of two different
yarns. Alternatively, this might be created with the use of two differing yarns in a knitted
fabric, for example when creating stripes. This form of blending at material level was also
established during Practice 8 (page 177). The use of mixture fabrics might also extend

to some non-woven materials such as those that are stitch bonded with a thread made
from a different material, not explored by Hatch. The fifth blending approach is through the
creation of a‘compound fabric’ which Hatch (1993:372) describes as being “‘composed of
two or more layers of fabric [or another component] .... held together by stitching, fusing,
adhesive’ etc... generating a blend at a material level.

Forst (2020) adds a sixth method of blending to Hatch's typology, which involves combining
textile materials during the construction of products. Such combinations of materials, she
suggests, could occur when stitching a mono-material garment together with a different
fibre sewing thread. This would be classified as blending at a product level. Relevant

to recycling, this has been extended to include the contaminants that are removed in

the cleaning stages such as care labels and buttons made of different materials to the
garment.

This form of blending is not restricted to only virgin materials, the recycling industry also
blends across the same levels. Norris (2012c¢) provides an example of this in the production
of shoddy blankets. If a recycled yarn, she explains, is specified to have 50% recycled wool
it will be blended with cheaper fibres such as recycled acrylic knits (yarn level blending).
When it is woven, the warp will made from stronger synthetic materials to hold the fragile
shoddy yarns together (material level blending).

While blending thus far has been concerned with combining different fibre types, blending
can also occur with colour. The mechanical recycling industry specifically prefers pure
colours as these are carried forward into the products’ next life (Norris, 2012¢). This can
also be utilised for chemical recycling (Smirnova, 2017), such as the 0° Shirt master case
produced in the Trash2Cash project (Trash-2-Cash, 2018). As with fibre blending, colour
blending occurs across the three levels: yarn, material and product. At yarn level colours are
brough together just as different fibre types are; either blended into a single yarn or plying
the different coloured strands together. At material level, colour blending occurs when
multiple different yarns are combined in one fabric, often in the form of a pattern. At product
level, coloured materials are brought together to form a garment, such as sleeves that are
different colours to the body. While black and grey colours in Figure 80 have been used to
represent the different fibre types in the blends these also represent how two colours can
be combined.
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This hierarchy of blending across yarn, material and product has been illustrated in Figure
81. Inspired by both Forst and Gulich, it has been completed to show how complexity builds
across the three textile processes. Mono-materiality, however, is still possible. This acts
as a simple tool for designers to understand how and when blending in the design process
occurs.

/.7.1 BLEND RATIOS FOR RECYCLABILITY

For recyclability, there is less concern for pinpointing precisely where blending occurs. It
matters little to a recycler (unlike the designer) if blending happens at yarn, material or
product stage, the blended garment is still ultimately a blend. Rather, it is the ratio of fibre
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types or colours in the blend that is a priority. For example, if we take a fibre type blend of
50% Wool / 50% Acrylic. For the designer, one that is concerned with Design for Recycling,
it will be vital to understand how the decisions made across the blending levels affect this
ratio and what this will means for the garment in the recycling system.

For example, at yarn level two fibres are blended together for cost, such as 50% wool

and 50% acrylic. This is then knitted into a fabric with a stripe of equal size for aesthetic
reasons, made from an 100% wool yarn. The knitted fabric is then transformed into a jumper
linked together with polyester thread chosen for its strength and economic price point.
The result is a blended garment with three different fibre types. Contamination here was
created at both the yarn and product stages. However, the most important element is the
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blending at the material stage. This has not contaminated the blend any further as the yarn
was already made of both wool and acrylic. It has merely increased the ratio of wool within
the blend. For the designer the choice to increase or decrease a blend ratio can happen at
any level.

/.7.2 BLENDING AS A DESIGN TOOL

As demonstrated in this chapter, from a design perspective, a combined understanding of
blending levels and ratios can contribute to final textile recyclability. However, a broader
understanding of blending is required to provide context for the designer when making
these decisions.

This chapter has highlighted the various purposes of blending during virgin production,
such as to promote function, aesthetic and cost for a product. It has also been shown that
during the recycling process virgin fibres, which are longer and stronger, are often blended
to support shorter recycled ones. Three additional approaches to blending during the
recycling process have also been outlined: blending the different length fibres produced
from recycling different textile structures, blending the fibres produced from recycling
different waste types (pre- and post-consumer), and blending different colours to create
the desired shade. All these forms of blending are conducted to create material value.

When a designer is using blends in virgin production, blending levels and ratios can
contribute to a Design for Cyclability approach. Blending generally is a vital aspect of
recycled material production and is described as a ‘design from recycled’ approach.
However, understanding blending levels and ratios for recycled production is also vital for
the material's onward recyclability. Blending levels and ratios, therefore, acts as a bridge
between ‘Design from Recycled’ and ‘Design for Cyclability’, to truly enable Design for
Recycling.

However, in order to use these tools for Design for Recycling, the designer must engage
with the specific recycling system they are designing for. For example, designing for
polyester recycling would require a very different approach to that used for wool or cotton.
This will be addressed in the next chapter in which sorting systems for recycling will be
explored to fully understand Design for Recycling as an approach.
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/.8 SUMMARY

This chapter accomplishes the objective of identifying the role of blending within virgin and
recycled textile production by taking a broad look at the topic of blending and recycling.
This is explored by first providing the current literature’s ‘demonising’ of blends within

the circular economy. This is juxtaposed with the reasons blending in virgin and recycled
textiles still occurs. For virgin materials, blending is used for three reasons: functionality,
aesthetics and cost. For recycling, blending is utilised for the same three reasons and
applied across four different methods. Firstly, the combination of virgin and recycled fibre.
Secondly, blending to create exacting colours. Thirdly, to combine different length fibres,
such as the longer fibres generated by recycling knitted structures and the shorter fibres
created from recycling woven structures. The fourth and final approach is combining
different waste types, such as pre- and post-consumer textiles.

Moreover, the tensions between longevity/functionality and recyclability are emphasised
and the research is positioned to move the field forward using cascading theory. The
chapter continues to explore tensions between the role of engineer and designer for
recycling. It is argued that the two roles should be brought together to aid progress.
However, the tensions between these roles extends into the literature/technical
information that is available to understand the problem of blends. The majority of this
information is written and described for the context of engineering. For textile blending,
this technical information has been translated by Forst (2020) into visualisations for

the designer to understand. These visuals have been re-organised to provide a tool

for designers to identify the levels in which blending occurs. This, by extension, aids

the designer concerned with a Design for Recycling brief. It provides a tool in which to
assess the impact of blend ratios for onward recyclability. The chapter concludes that the
designer requires a broad understanding of blending in order to use blending as a tool for
recyclability. It is highlighted that recycling systems need to be first understood and in
particular the different categories in which blends enter the recycling system s vital. If this
is not understood, then design decisions for blending across the levels and the ratios it
creates cannot be made appropriately.
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PRACTIC

[T1
O

AIM

To explore ‘Design for Recycling’ (from recycled and for cyclability) when designing

avyarn.

Learning from the previous practice experiments, Practice 9 explored how to
design both with and for recyclability. The tests conducted were split into two
lines of enquiry, designing for mechanical recycling and designing for chemical
recycling through blending with wool and polyester respectively. The recycled

acrylic-mix fibre used in the experiment was left over from Practice 3.

This experiment started by drawing on the knowledge developed during practice
7. First, wool was selected as a blending agent since acrylic and wool are frequently
combined in the textile industry and therefore are regularly mechanically recycled
together. Polyester, on the other hand, is one of the most widely used textile

fibres and is often used in virgin and recycling production in small quantities to
provide strength. Chemical recycling processes have specifically been developed to
address both pure and blended polyester materials. This, therefore, was selected as

the second type of blending material.

As acrylic-mix fibres were being used as the primary fibre in blend, this would
become a contaminant once it entered the chemical recycling system. In this case,
as chemical recycling is such a new technology, it is unknown what would happen
to these contaminants. Nonetheless, it is assumed that during the development of
the technology they would be disposed of appropriately. The rationale for blending
in this way was not only to ease recycling production but to investigate how to
extend the life of fibres. Ultimately, Practice 9 focused on establishing the balance
between designing for chemical recycling of polyester (requiring a high content

of polyester), creating a functional yarn and extending the life of low-value fibres

(acrylic-mix). If all these elements could be balanced this would determine if the

reality of designing for onward recyclability was possible.

On the day of the test there was no polyester fibre available. In lieu, polypropylene
was used as it acts in a very similar way to polyester. Learning from all the open
brief approach of previous practice tests in which ideas were bounced off the
engineer, in Practice 9, there was greater design direction from the start. However,
it was only in Practice 10 that a full creative design brief was used. As the spinning
company mainly produced textiles for interior based applications this was deemed
the most appropriate design direction. Because of this, the engineer highlighted
that the materials would have to comply with fire retardancy regulations if used for
furniture. Viscose, known for its fire retardancy properties was thus suggested as

a component of the blend. As a cellulose based material, this would be unsuitable
for the polyester-specific chemical recycling technologies. However, chemical
recycling of polyester and cellulose blends are currently being developed at scale

(Worn Again, 2020) and were therefore considered appropriate for this design.

The engineer explained that because of its high cost this fibre was often used in
small quantities. Another benefit of viscose in the blend was its soft-hand feel
which counter-balanced the harsher polypropylene feel. Two yarns were tested. The

compositions were as follows:

Yarn 1: 50% white acrylic-mix fibre / 40% green polypropylene /10%
teal viscose

Yarn 2: 30% white acrylic-mix fibre / 60% blue Polypropylene /10%
teal viscose

In keeping with many of the other tests, the first yarn had a 50% recycled content.
For the second yarn this was reduced to 30%. The polypropylene content was

adapted accordingly. Both tests created a mottled yarn with white texture running
through it. This mottled effect was created by the unevenness of the recycled fibre

and produced an attractive yarn and generated inspiration for fabric designs.

While Yarns 1 and 2 were designed using polyester and viscose for their chemical
recyclability, the recycled acrylic fibres were included to design longevity into

this low-value resource. Furthermore, although the test was conducted to design
for chemical recycling at the end of use, chemical technologies would prioritise
capturing polyester and cellulose. However, the acrylic would still become waste.
Constituting the bare minimum in terms of resource longevity, nonetheless, one
additional life is preferential to none. Given this, it was concluded that for recycled
acrylic-mix fibre a mechanical wool recycling process would be more appropriate
as it offered multiple onwards uses. In light of this, Yarn 3 was produced and

comprised:



Figure 86. Yarn 1. fibre choice for blending

Figure 84. Yarn 1: blending and carding
process one

Figure 85. Yarn 1: blending and carding
process two

Figure 88. Yarn 3: mock spinning by hand

Figure 87. Yarn 3: carded pad

Yarn 3: 50% white acrylic-mix fibre /
30% black wool / 20% white recycled
wool

This final yarn combined both
recycled acrylic-mix fibre and
recycled pre-consumer wool
sourced from UK carpet industry.
This was an extension of the
experiment that established
another way of increasing recycled
content.

During the experiment, the focus
of onward recycling was at the
forefront of the researcher’'s mind.
Based on the tacit knowledge
developed in Practice 1, acrylic fibre
was understood as a contaminant
of the wool recycling industry

and during the sorting stage

the focus was solely placed on

the amount of wool present. The
natural assumption would be to
design acrylic out of the process.
The question of why this low-

value material was being used

was reiterated again and again

by the engineers, especially in the
case of Yarn 3. The researcher, in
response, repeatedly stressed that
problematic fibre groups such as
acrylic are still present in our virgin
textile systems. While it would be
easy for designers to avoid using
this fibre from the start, doing so
does not address the issue of the
waste we currently have. Solutions
for longevity and appropriate use of
these problematic fibres need to be

found.



The resulting Yarn 3 surprised both the designer-researcher and the engineer. It
had a softer hand-feel and was stronger than expected. This was attributed to the
recycled acrylic-mix fibre creating lbalance against the slightly harsher texture of
the wool. Contrasting colours (black wool against the white acrylic-mix fibre) were
once again used to visualise the blend, creating a grey melange shade. The final
yarn was not dissimilar in feel and touch to the sorted knitted waste waiting to

be recycled that had been observed in Prato during Practice 1. From this, it was

concluded that Yarn 3 might flow seamlessly into this established recycling system.

ACHIEVED AIM

The aim Practice 9 demonstrated how recycled fibres can be used to create yarns

for specific recycling systems.

INSIGHT

Practice 9 established that the most appropriate recycling system for acrylic-mix

fibre is mechanical recycling.



3 DESIGN FOR
TEXTILE SORTING

This chapter explores the role of sorting for the field of textile recycling. Firstly, the chapter
outlines the two methods used for sorting post-consumer textile waste, by hand and by
machine. It is highlighted that sorting prioritises re-use rather than recycling. Therefore,
the methods of sorting for recycling are deliberated in detail. This covers the main three
aspects: fibre type, colour and structure. The chapter continues by outlining the current
thinking for a design for sorting approach which is to be used in this research. The chapter
concludes by conducting a review of the literature combined with interviews to investigate
the methods of sorting for mechanical recycling of wool and acrylic textiles.

3.1 SORTING POST-CONSUMER TEXTILE
WASTE

Prior to the physical recycling of rags, the sorting stage is one of the most crucial and
complex steps and has become a global industry (Morley, Bartlett and McGill, 2009:10).
Sorting of textile waste is vital for mechanical recycling processes and It should be

noted that even chemical processes require the compositions of sorting factions to be
accurately identified (Niinimaki and Karell, 2020). When post-consumer textile waste
enters the recycling stream it is first sorted into two broad categories: unwearable and
wearable (Dutch Clothing Mountain, 2017). The current set up of the system means that
garments are sorted for profit-based re-use markets. While waste textiles are often sorted
in their country of origin, high labour costs have created an export market for unsorted
goods. Textiles can be sent to 'special economic zones' across the globe. These have
been created for the import of re-usable waste textiles which would ordinarily be banned.
For example, in India importing re-usable clothing is prohibited to protect the local hand-
weaving industry. These dedicated processing zones are exempt from such bans and after
sorting the clothing is then re-exported (Crang et al., 2013). In recent years the research
has driven forward automated sorting practices but notably these are designed for the
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recycling grades only (Wedin et al., 2017; Zitting, 2017; Fibersort, 2020a). Both approaches,
hand and machine sorting, will be discussed below.

3.1.1 SORTING BY HAND

The traditional method of sorting discarded clothing is done by hand. Discarded clothing
is collected and transported to sorting facilities to be sorted in a variety of ways. Botticello
(2012) has explored this process from a London-based sorting facility. She explains that
‘goods..return to the factory floor for revaluation, reproduction, and redistribution for
further use” (Botticello, 2012:167). To extract the maximum value the sorting process,
Botticello argues, is vital. She suggests, however, that the ‘personal engagement’ of the
workers drawing on tacit and embodied knowledge is key. Just looking is not enough, she
explains: the tactile interaction with the clothing is critical and for this reason, the wearing
of gloves is forbidden. Recognising specific material qualities for revaluation in a new
context is crucial to the sorter'srole.

When clothing enters sorting facilities it is initially sorted into generalised categories which
slowly get more specific. Wedin et al. (2017) reports re-wearable clothing can be sorted
into as many as 350 different sub-categories which Hawley (2006) examines in detail.
Firstly, clothing is separated into garment type, such as trousers, coats and jumpers. This is
then further refined into types. For example, the general trouser category might be sorted
into heavier woollens or lighter cottons. Nerup et al. (2019) explain that the first broad
categories for sorting are: re-use for further sorting, re-use directly for packing, recyclable
textiles, reusable non-textiles, recyclable non-textiles and mixed waste. Even the non-
textiles not designed to enter the sorting process are extracted to create value. As Norris
(2012a) points out, buyers need to be found for even the poorest quality items to offset the
costs of collecting and sorting.

3.1.2 AUTOMATED SORTING

The potential for human error in manual sorting has recently been highlighted. This is
emphasised when sorting for recycling grades as the quality requirements, particularly
for future chemical recycling, are precise and exacting (Wedin et al., 2017). Therefore, itis
argued that automated sorting could provide a solution:
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There are many different approaches that can be taken for automating the textile sorting
process. This has been explored by Humpston et al. (2014) in their report ‘Technologies
for sorting end of life textiles’ which highlights three processes: fourier transform infra-
red spectroscopy (FTIR); radio frequency identification (RFID) tags; and 2D bar codes.
FTIR is one of the hyper-spectral imaging techniques that has the potential to determine
the colour and fibre content of a textile. This, Humpston et al. note, is not available
commercially. A RFID tag is one that is attached to the textile and holds the complex
construction information ready to be sorted for recycling. Unfortunately, however, these
tags cannot yet survive more than a few washes. 2D barcodes, are a black and white code
attached to the clothing that can be read by a camera and decoded. Humpston et al.
consider this technology to have the greatest potential.

Since the publication of Humpston et al's report, more research and development has
been conducted exploring the potential of near-infrared (NIR) technology (Wedin et al.,
2017). This is specifically designed for recycling grades of post-consumer textiles where
the composition of the garment is unknown. It works by measuring the light absorbed by
the textile in the NIR part of the spectrum. This process is only able to scan a very thin top
layer of any clothing, however, which limits the technology to single material items and, as
Wedin et al. explain, means that contamination such as plastic prints will stay in the sorted
fractions.

Another limitation is that currently textiles are hand-fed into the system as the machinery
can only scan one item at a time (although it is envisioned by Wedin et al. that this process
could be performed by robots in the future). After the scanning process the clothes are
delivered by a conveyer belt and blown into specified bins according to fibre type or colour.
As Fibersort report (2018b) suggests, this could aid increased and detailed sorting to match
the waste fibre type with the recycling technologies' requirements.

3.2 SORTING FOR RECYCLING

The majority of waste clothing is sorted by hand for re-use, categorised by the type of
garment or the way the material feels, such as 'silky’ (Botticello, 2012). Recycling grades
are prioritised by their fibre content and colour. In the current method of hand sorting,

after the initial sort to remove soiled/wet clothing and the highest quality clothing, the

rest is separated into ‘useful’ or recycling grades (Botticello, 2012). These grades have
been further divided into four subcategories by Nerup et al. (2019:313): white cottons,
coloured cotton, knitted and other recyclable textiles. According to Nerup et al's material
flow analysis of the textile in a sorting centre in Lithuania between 2015 and 2017, recycling
grades are on the increase. However, this is not because there has been anincrease in
recycling options. “Currently, the main global emphasis of recycling is the cutting of cotton-

195

based textiles for wipers/rags, shredding knitwear to non-woven and to a lesser extent
recycling into new textile products” (Nerup et al., 2019:315). Generally, there are three main
sorting categories considered for recycling grades: fibre, colour and structure. Sorting into
these categories depends on the recycling market that is being collected for.

3.2.1 FIBRE TYPE

It is generally recognised that high-value textile recycling is centred around mono-material
input (Hall, 2018). For example, ‘Recover’ is a mechanical recycler utilising mono-material
cotton inputs and Prato, Italy has become a hub utilising mono-material wool inputs.

The complexity of our textile waste and the presence of blended materials means that
sorting for exacting compositions by hand is not practical (Fibersort, 2018b). Even with the
automated sorting technology a balance between sorting for every possible blend category
and the grades required by the markets needs to be found (Fibersort, 2018a).

Contamination of the required pure feedstocks is the biggest barrier. Even within
automated sorting processes, Wedin et al. (2017) explain there has to be an acceptable
error level. This means that not only will the fibres be contaminated with yarn or material
blends; they could have product blends created by multilayers that the NIR technology
cannot identify, as well as metal, plastic and leather parts of the garments such as
fastenings.

If, as Elander and Ljungkvist (2016:43) suggest, mono-materiality is unrealistic for the
majority of future textile production, blending and the categories for sorting is a problem
that is only growing. The current method of sorting within the recycling industry, prioritising
‘primary’ fibre catagories, sheds some light on the sorting processes when dealing with
mixed fibres, as demonstrated in the wool recycling industry in Prato. Here, the waste
textiles are sorted prioritising the amount of wool content. For this reason, the need to sort
wool and other primary fibre categories is the most practical approach (Hall, 2018).

8.2.2 COLOUR

The second phase of sorting for recycled textile is by colour. Norris (2012¢) explains that
even when sorting for colour some are more desirable than others. As she writes, “bright
shades are at a premium, with sludgy grey mixes at the bottom of the scale” (Norris,
2012c:43). This is put down to the preference for dull clothing in the countries in which
the waste originates. In the Indian shoddy industry, she explains, colour sorting is first
separated into families and then into shades and sub-shades.
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One of the biggest barriers to effective textile recycling is colour contamination. This is
the result of inefficient sorting. Contamination presents in the form of 'neps’; contrasting
coloured specs which stand out and, in some cases, protrude from the yarn or fabric
surface. Although this is often exploited as a design feature, it is not practical if a solid
colour is required (Hall, 2018).

8.2.3 STRUCTURE

The final sorting category is structure. However, the importance of this category is
contended. Niinimaki and Karell (2020) point out that greater understanding of the effects
of the structure for recycling is needed for a circular economy. They are only referring here
to chemical recycling, however; for mechanical recycling they suggest structure has no
effect. While the structure of textiles matters little when mechanically recycling low grade
textiles into non-woven applications, structure for higher grade mechanical recycling is
important (Hall, 2018).

Historically, Day (2016¢) explains, the textile recycling industry split textile waste between
shoddy, primarily knitted structures and Mungo, woven ones. This is to obtain, in the

physical recycling process, longer fibres from the looser knitted materials. These, according

to Norris (2012c), are soft and easy to open in the pulling/shredding process, whereas the
shorter fibre lengths from the tighter woven textiles are much more difficult to open. As
the input of the fibres directly effects the resulting materials that are produced, the length
of fibres created from the process is important. This is still the approach used today in the

wool sorting industry in Pakistan (Lilani, 2020a) and the wool recycling industry in Italy (Hall,

2018). It is also the approach used in wool recycling in India, where, Norris (2012¢) explains,
wool-rich knits are separated from wool-rich wovens.

The sorting for structure has been highlighted by the Fibersort NIR sorting technology
report. Among its recommendations, it proposes that “sorting on woven qualities for
instance or separating 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, 2020a:15).
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8.3 DESIGN FOR SORTING

Sorting goods into categories is the main method in resource recovery to create value
(Gregson et al,, 2014). Crang et al. (2013:11) point out that the value of used goods is
realised through the assessment of material quality, specifically “finding and separating the
good quality components or materials” Value is, as Crang et al. points out, determined at
the sorting stage. Sherbourne (2009) establishes what she describes as ‘design-centric
recycling’. The designer, she explains, is well placed to create value by being selective

of the materials they work with. While this would suggest that value for the designer is
generated through sorting, Sherbourne’s (2009) approach of selectivity, overlooks the
remaining undesirable and unselected materials that are required to be recycled.

The relationship between recycling, sorting and design is a complex one (Elander and
Ljungkvist, 2016). Wedin et al. (2017) explain that sorting is dependent on the recycler's
requirement for specific materials that they can process. But the sorting process also has
to accommodate the end markets for the recycled fibre which, in turn, are determined

by designers. After use in a product, the recycled fibres then become the inputs for the
sorting process. A lack of end markets for post-consumer textile presents one of the
biggest barriers to successfully transforming them into new textiles. (Fibersort, 2020b).

Niinimaki and Karell (2020) argue that designers have the power to affect the efficiency

of sorting and recycling technologies by understanding the limitations and possibilities of
the processes. This, they conclude, means that designers need to understand the basic
requirements of the current and emerging technologies. To do this Niiniméaki and Karell
(2020) suggest that designers first of all need to know the elements of textiles to be
identified in the sorting process, such as their structure, composition, colour and non-
textile components. Secondly, they need to identify what grades the textiles are generally
sorted into and for what purpose, establishing, for example, whether they are for re-use,
re-manufacture, recycling, incineration or landfill. Thirdly, designers need to know the
‘general limitations and possibilities of textile-to-textile recycling technologies... what can
and cannot generally be recycled through them, and what elements in a textile product may
disrupt the recycling processes” Niinimaki and Karell (2020:18).

In their 2019 journal article Karell and Niinimaki emphasise the designer's dependency

on the recycling and sorting actors in the supply chain. In addition, they point out the
interdependency of the two processes. For example, they write, “if textile waste material
cannot be reliably identified in the sorting phase, it is not possible to direct the material
to appropriate recycling processes” (Karell and Niiniméaki, 2019:10). This need for reliably
identified materials is true of both mechanical and chemical recycling systems (Niiniméki
andKarell, 2020). Furthermore, they continue, the designer is faced with the task of
designing for many different types of recycling systems (current and future). Sorting
processes, in contrast, tend to be varied which simplifies the designer’s task of establishing
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an approach. Therefore, if designers are going to implement Design for Recycling, Karell and
Niinimaki advocate that the sortability of a product must come first and foremost. Based on
this, they conclude, a specific ‘Design for Sorting’ (DfS) approach should be implemented
as an initial and discrete strategy from Design for Recycling.

8.3.1 UNDERSTANDING SORTING FOR DESIGN FOR RECYCLING

Practice 7 of this research (page 169) highlighted the need to map and analyse the

sorting systems for recycled textiles. As, Crang et al. (2013) suggest recycling value is
determined at the sorting stage. Therefore, an understanding of this value needs to be
combined with blending design tools to ensure our resources are designed to aid rather
than hinder recyclability. It was only later that the DfS approach was found and layered onto
these conclusions (Karell and Niinimaki, 2019). This research study has then sought to
establish the recommendations for DfS; namely understanding the different elements, the
various grades of sorting and the limitations to the recycling process (Niinimaki and Karell,
2020).

This research has already established Niinimaki and Karell's third recommendation of DfS
and a full discussion of mechanical recycling technology and the limitations can be found in
Chapter 3 (section 3.4, page 85) as well as the different Design for Recycling strategies

in Chapter 4 (section 41, page 95). In the writing of this current chapter, Niinimaki and
Karell's first recommendation for DfS has been addressed Section 8.2 (page 195), where
sorting for mechanical recycling is found to occur in three ways: for colour, structure and
fibre type. These categories will be considered from the perspective of the designerin
the following text. This will be aided by an additional category: cleaning. The researcher
proposes that cleaning is a vital stage for separating and eliminating contamination and
therefore could be considered part of the sorting process. To do this, insights established
in Practices 1, 2 and 4 of the research will be drawn on and discussed. Finally, to complete
Niinimaki and Karell's recommendations, textile sorting grades will be investigated. In the
context of the research this is specifically applied to post-consumer knitted wool/acrylic
waste for mechanical textile recycling.

When it comes to discussing the methods of sorting textiles, structure is usually
overlooked. Sorting facilities prioritise sorting by garment type (section 811, page 194)
which by default often means they are sorted by structure. For example, sorting for
trousers denotes sorting for woven rather than knitted textiles. Further down the recycling
chain there are examples of sorting practices for the mechanical recycling of wool in
which garments are not only sorted for knitted and woven structure but into more specific
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categories. This includes sorting between fine’ and ‘ordinary’ knit structures in an attempt
to increase the quality of the recycled fibre (Practice 1, page 79).

The density of a textile structure also has impact on the recyclability. In Practice 2 (page
111) it was understood that the looser’ the construction the easier it would be to recycle.
For the designer the choices made for the density of a textile are usually associated with its
performance and durability and are almost never balanced with recyclability. As Sirkin and
ten Houten (1994) reminded us in section 6.2 (page 138) it is vital that the qualities of a
resource match up to the task they are to perform for and not needlessly added. The role of
the designer, therefore, is to ensure we are creating the most appropriate material for the
products we design. Which, for structure, might mean creating looser structures when the
denser ones are unnecessary. However, further research would be required to understand
if designing in this way would transfer directly into the sorting categories.

Sorting by colour is one of the most well-known stages in the mechanical textile recycling
industry. Garments are sorted into a large array of family colours and exact shades. This
reduces environmental impacts such as those caused by dyeing by reusing the colour
already on the material. Designing textiles for sorting towards mechanical recycling, as
highlighted by Practice 2 (page 111), requires the prioritisation of single colour materials
to avoid colour contamination. This approach could be critiqued for stunting creativity.
However, there are other methods the designer can draw on to overcome this challenge.
For example, Forst (2019) argues that textile ‘creativity’ can be harnessed for recyclability
through Design for Disassembly at material and product level (section 4.11. page 96). For
this to be successful, it could be used for not only different fibre types but also different
colours. In this way colours could be combined and then separated at the sorting stage.

However, at a fibre level, disassembly in mechanical recycling is not possible. Practice 1
(page 79) illustrates strict colour sorting procedures are conducted in the mechanical
recycling system, yet the resulting pure colours are then re-blended in an almost
contradictory fashion. Practice 1 describes the common practice of combining a vast range
of sorted pure colours to create a new shade for its second life. Here, the sorters demand
mono-colour materials to be used for the design of a product (which will eventually enter
the recycling system) but the creativity of blending colours is restricted to the production
stages. This procedure was challenged in Practice 4 (page 147) by reinstating creative
blending of colour as a tool for designers in which multiple colours were used in the design
for a garment factoring in the inevitable blending of colour at the recycling stage. For
example, the designers created a two-colour garment, such as red and blue, that would
produce a purple colour in the recycling process.
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In our current system in which Design for Disassembly strategy is not fully established

the best way to achieve purity it through the cleaning stage. This is a labour-intensive
step used to increase the quality of the recycling output by cutting off a contaminant,
such as zips, buttons, colour etc... Woven labels in knitted garments are a good example
of the problems caused by contamination. This is because they differ in structure to the
garment; they rarely match in materials type (often being made of the cheapest polyester
materials) and are regularly found in white or black rather than matching the colour of the
garment. Designing for cleaning, therefore, either requires the omittance of difficult to
recycle elements, Design for Textile Disassembly approach (Forst, 2021) or great care in
their placement so they can be easily removed (cleaned) at the end of life. Labels currently
are positioned at seams which are often removed from garments because of threads
contaminating a garment because of their fibre composition.

While cleaning is seen as a costly and wasteful exercise, as most of the elements removed
are disposed of, Practice 1 (page 79) illuminates that the cleaning procedures can also
become part of a cascading chain. Here, seam waste from a cashmere sorting facility was
removed and sold onto another manufacturer. This waste was valued at a lower level for its
cashmere contents and therefore the manufacturer was willing to accept the presence of
fibres used to link the garment at the seams. In this way, the waste from one process could
be designed into another product.

In a similar way, also discussed in Practice 1another recycling company did not remove the
seams when recycling. This was because it was unnecessary for the quality of the product
they were producing. This was also explored in Practice 4 (page 147) in which steps in

the recycling process were omitted to demonstrate the effect on the final materials. Here
no cleaning was conducted and while colour contamination was present the decision to
maintain the cleaning step is ultimately connected to what is required by the end material.
Once again, as designers we are reminded that appropriate materials should be used in the
designs we produce (Sirkin and ten Houten, 1994). If we understand the cleaning part of the
sorting stage, we can ensure the design of the textiles we create can appropriately flow
into the most appropriate level of a cascade to ensure longevity of our resources.

Sorting by fibre type is vital when it comes to mechanical recycling. This is demonstrated
most prevalently by the way the industry has separated to specialise in reclaiming specific
fibres types. For the designer this means designing with the goal of mono-materiality.
However, as discussed in depth within Chapter 7, blending textiles can increase the
longevity of our clothing (section 7.5 page 166). For the designer concerned with the
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recycling of their product (once it has lived a long-life) this tension still remains.

To fully understand sorting for fibre types to aid Design for Sorting and Design for Recycling,
further research is required. The next section will specifically look at the sorting of fibre
types specific to this research (wool and acrylic). The insights already discussed in the
above sections (structure, colour cleaning) have been included to create a fuller and richer
discussion of this topic but will not be the focus going forward. As highlighted, further
research into these areas would be necessary to understand these design challenges in
greater depth.

8.4 SORTING WOOL

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 a high percentage to
be classified as such. 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 making the fibre content of the garments more
difficult to recognize and categorise” (Botticello, 2012:173).

There are methods the sorters use to decipher wool content. Botticello explains that an
over-washed shrunken aspect gives away high wool content or a quick glance at the label.
However, the latter method takes up time that often sorters do not have. In addition, the
Circle Economy report (2020) ‘Clothing Labels: Accurate or not?' identified that clothing
labels are not a reliable method in which to sort textiles. Botticello (2012) also cites another
method, highlighting the essential nature of the sorter’s role to fill the categories required
through ‘highly qualitative forces’ such as feel, touch and smell.

The role of categorisation for wool, is important for both the company that sorts (to turn a
profit) and the one receiving the goods who rely on the consistency of this grade. Botticello
refers to an example of a company in the north of England who use the ready-sorted wool
rags to blend into materials consisting of 25% or 50% wool depending on the use. This is

to meet fire regulations and standards of the final product. If there is inconsistency in the
percentage of wool, the batch will have to be downgraded, such as a batch only reaching
40% wool might be downgraded and used for the 25% wool category. This, as Botticello
points out, “creates a loss in resale value of the product and wastes raw materials”
(Botticello, 2012:181).
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3.4.1 DETAILED CATEGORISING OF WOOL AND ACRYLIC

This section sets out to understand and establish generic sorting grades or categories,
specifically of post-consumer wool and acrylic textiles. ‘Generic’ has been purposefully
used as a term for two reasons. First, the analysis of both literature and interviews used to
discuss and draw conclusions in this section provide a small but suitable sample for general
rather than detailed results and second it might be impossible to establish concrete
grades when the sorting industry moves and shifts as end markets change. Therefore, to
understand the wool/acrylic post-consumer industry towards Karell and Niinimaki's (2019)
Design for Sorting approach, only generic categories will be considered.

The WRAP report by Thompson, Willis and Morley, (2012) ‘A review of textile fibre recycling
technologies’ describes how UK-based recycling markets have developed non-woven
materials from a mix of wool, acrylic and blended fibres. Made from recycled textile
garments, the fibres are needle-punched to form a non-woven felt-like material, commonly
known as flocking, and is used for upholstery and mattresses. The waste is formally
categorised into four streams: wool-rich (80% wool), flocking grade (30-35% wool), jazz
(acrylic or synthetic mix knits) and low grade (a catch-all grade for mixed material and
fibre). Supporting Botticello's findings, the WRAP report suggests that combinations

of these grades are used to create the different non-woven flocking requirements. For
example, the wool content is required to reduce flammability and to comply with upholstery
and mattress regulation. While they note that the non-woven market could become a
growth area, there are still some barriers to overcome. A combination of declining wool-
rich clothing consumption and heavy competition from flocking made from virgin polyester
means this market has not grown as much as it could.

Elsewhere in the textile post-consumer recycling industry clothes are transformed into
yarns. Norris (2005) describes the sorting grades for this industry in India. She explains
that they import three main categories of waste textiles: commercial all wool (wool-rich
knits containing about 70-80% wool), original wool rag (wool-rich wovens containing
70-80% wool) and acrylic. Norris’ categories correspond to the sorting categories for the
production of recycled yarns offered by Thompson, Willis and Morley (2012). This is not
surprisingly given that personal correspondence between them was cited.
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However, there is some disparity between the percentages offered by Norris in 2005 and
her later figures in 2012c. For example, in her later text Norris (2012c) suggests the grade
‘commercial all wool’ contains “about 90% wool’, whereas her earlier text (2005) is more
pessimistic suggesting 70-80% wool.

Further discrepancies are noted in the ‘original wool rag’ grade. In 2012 Norris suggests
original wool rag contains 50-70% wool while in 2005 she suggests it contains 70-80%
wool. Although the percentages are not very different, it should be noted that Norris’

text was not focused on the percentages or sorting procedures and was studying the
industry from an anthropology perspective. Therefore, rather than suggesting the source is
inaccurate, itis more likely that the variances demonstrate the complexity of the recycling
industries and the diversity in sorting strategies between companies as well as them
changing over time.

The most recent sorting data published on the fibre content of waste post-consumer
textiles is from the Fibersort project (Circle Economy, 2019). Using NIR technology post-
consumer textile waste was sorted into thirteen categories based on all the available end
markets for recycling. Of these categories, five contained either wool and/or acrylic (Table
).

Cotton 50 ; Acrylic 50 >40;>40 52 ;48
Acrylic 100 >95 97

Wool 50 ; Acrylic 50 >40;>40 42,58

Wool 30 ; Acrylic 70 »20;>60 27,73

Wool 70 ; Polyamide 30 >70;>10 51,49

The fibresort machine proved to accuratly sort all but one of the five sorting categories
within the threshold set up in the project. The exception was polyamide, and for this the
report recommended further adjustment of the machinery to increase reliability. This
category is thus excluded from this research. Additionally, the first sorting category, 50%
cotton/50% acrylic, falls outside the scope of this research but highlights the crossover of
acrylic into the cotton recycling processes. The remaining three categories can be broken
down into 5096 wool/50% acrylic, 30% wool/70% acrylic and 100% acrylic. These categories
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demonstrate similarities with the WRAP report’s flocking feedstock specifications
(Thompson, Willis and Morley, 2012). For this reason, we might assume that these three
Fibersort categories have been created for non-woven flocking as an end market. However,
this does not apply to the 50% wool category which stands apart from both sorting
categories for yarn and non-woven end markets.

Due to the disparity in these sorting categories/grades, two interviews were conducted

in 2020. One interview was with textile sorter Hasnain Lilani in Pakistan who has set up
'Recycle wool a company that specialises in hand sorting post-consumer wool textiles;
the other interview was with a post-consumer wool recycler manufacturing acrylic/wool
blended yarns in Italy (who will remain anonymous for this research study and will be called
Recycler X). The transcriptions of the interviews can be found in Appendix 141 and 14.2
(page 341and page 343)

Lilani (2020a) explains that the generic sorting grades in his process are “100% acrylic, 50%
wool/50% acrylic, 80% wool/20% acrylic...or 100% wool” It should be noted that sorters,

like any other actors within the recycling system are businesses. Therefore, they “process
the materials, as per the requirement of the customer” (Lilani, 2020a). This might explain,

in part, the discrepancies between the categories which have been found in the literature.
Lilani (2020a) explains;

This illustrates that acrylic is deemed as a contaminant of the wool recycling industry,
making collection and sorting of this fibre lower priority. The ‘low category market’ for
acrylic, to which Lilani refers, corresponds to the sorting grades and markets givenin the
WRAP report (Thompson, Willis and Morley, 2012) referring to Jazz - acrylic or synthetic mix
knits. This illustrates, as we might expect, that the lower the wool content, the lower the
value of the material, thus this material is driven into lower value end market applications.

Lilani (2020a) clarifies that the acrylic component in all three of his sorting classifications
may well contain other fibre types. For example, 10096 acrylic’ may in fact contain other
synthetics. In addition, Lilani proposes a 100% wool category. However, as he rightly points
out “the international law around fibres allows for the possibility of +/- 1% or 2% other
fibres.” He goes on to explain that if it was tested in a lab, you would find it wasn't 10096
wool, despite calling it such. Therefore, true purity in the recycling industry does not exist.
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Lilani’'s 1009 wool' is a category that has not been presented in previous literature. Itis,
however, explored in the author’'s own conference paper ‘Mixing it up in Prato’, a field study
of the post-consumer wool recycling industry in Italy. The paper includes a description of a
company that “brought in high percentage wool input, accepting no lower than 97%" (Hall,
2018:12). As this finding corresponds very nearly to Lilani's “+/- 1% or 2% other fibres” we
can assume that this is acknowledged across the industry as a sorting classification.

Interviewee Recycler X also breaks down the sorted post-consumer wool garment
categories which his company buys from sources in both Italy and India. Citing only the
high-value wool component, he breaks down his sorting classifications into 8096 wool, 50%
wool and 1009 acrylic. It should be noted that Recycler X produces acrylic/wool blended
materials and therefore would be unlikely to purchase the highest quality '100% wool
textiles. All the categories from all of the sources have been summarised in Table 12.

Wool 100 X

Wool 90 X

Wool 80 X X X
Wool 70-80 X

Wool 50-70 X

Wool 50 X X X
Wool 30 X X

Acrylic 100 X X X X X

Table 12 demonstrates that the "100% acrylic’ grade corresponded across all sources

used in this research. While there is specific agreement about the 1009 acrylic’ grade,
Norris’ classifications illustrate the anomaly across this study. Notwithstanding the
discrepancies in her classifications, two other generic grades are agreed upon by all
sources: ‘809 wool’ and '50% wool'. As previously discussed, the 1009 wool' grade is also
universally acknowledged (Hall, 2018). The generic grades agreed upon in this research all
correspond to those provided by Lilani (2020a). The fact that he is the only source directly
working in the textile sorting industry only serves to strengthen this finding.

Returning to the discrepancies found in Norris’ 2005 text, on closer inspection the generic
grades suggested by this research do fall within the ranges she proposes. The only
exception is the '90% wool’ grade which for the purpose of this research is to be treated
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as an anomaly. Once again, it is noted that while this study is very small in size its aim is not
to establish concrete grades but an overview of more generic ones that are used by the
textile sorting industry. While more research is required to fully understand these sorting
grades, the literature analysed, and the interviews conducted were deemed appropriate to
establish a basis for a DfS strategy as suggested by Karell and Niinimaki (2019).

8.4.2 SORTING COMPLEXITIES

While the focus in this chapter has so far been on specific percentages of the generic
sorting grades, the nuances of these classifications will be discussed in this section.
Recycler X explains that a ‘family’ sorting approach is adopted by the sorters he buys his
post-consumer textiles from, one that is also often used to sort colours (Norris, 2012c).
When sorting for wool content the categories form family percentages. Recycler X points
out that he might find a mixture of percentages, and that the average of these roughly
determines the named wool content of the overall batch. He uses the example of '80%
wool' to clarify: ‘It doesn't mean that all the jumpers are 80% wool - it is a medium” he
explains “you can find 1009 wool and 709 wool, and they are mixed” The result might

be somewhere in the region of “80 or 85% wool’, but regardless of the exact percentage
content, it will be generically named '80% wool. Taking the next grade down (50% wool)
Recycler X further clarifies the sorting method. For this category the waste from the
preferred '80% wool grade is utilised. As he explains, these garments could range from 30-
69% wool, meaning that the average is more or less 50%.

Recycler X further reveals that the ‘family’ categories do not always accurately reflect the
percentage they are meant to contain. After analysis, he points out, the '50% wool grade
usually only contains 4096 wool content. Conversely, for the "100% acrylic’ grade Recycler
X explains there might be 5%, 10% or even 15% wool content in the overall batch. This
corresponds to the thresholds used by Circle Economy’s (2019) Fibersort research. As
shown in Table 11 earlier, the 5096 wool/50% acrylic category, for instance, has a threshold
that states that garments falling into this category must have more than 40% wool and
more than 40% acrylic content. The table also shows final composition test results. The
composition of every given sorting category was tested by recycling the sorted garments
into fibre. This fibre was then tested for its exact contents, showing that the '50% wool’
category was in fact only made up of 42% wool. This supports Recycler X's explanation as
to why sorting grades can easily fall short of their claimed composition. It is these fuzzy
boundaries which sum up so well the complexities within the textile recycling system. While
the market demands pure fibres, as Lilani (2020a) highlights, these can only be found with
virgin content.
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8.4.3 THRESHOLDS

The discussion so far brings us to a crucial area of this inquiry which relates to the '30%
wool category shown on Table 12 (page 206) that has not yet been explored. For the
purpose of the practical testing (for Practice 10) the interview with Recycler X contained
questions regarding the purchase of recycled fibres. Here, the author was offered a 309
wool blend which did not fit into any of the previously specified categories. This new grade,
as Recycler X explained, had been created by blending the '50% wool grade with the
100% acrylic’ grade (thought to have 15% wool content). As Recycler X makes clear in the
following extract, 3096 wool is given as an approximate content:

Previously, Recycler X had spoken about upper and lower percentage thresholds in his
generic sorting grades. For example, the '50% wool’ grade has an upper threshold of 69%
wool and a lower threshold of 30% wool. However, the 100% acrylic’ category, Recycler

X claims, might contain as much as 15% wool content. This raises the question: which
category would 1696-29% wool content fall into? This indicates that Circle Economy’s
(2019) Fibersort categorisation of '30% wool with a lower threshold of 20% wool might
fill this gap. Previously, it was suggested that the '30% wool grade was appropriate for
non-woven flocking only. Therefore, anything below '30% wool’ category would not be
considered appropriate for the creation of yarns for an end market.

Having established four widely recognised generic grades (100% wool, 80% wool, 50%
wool and 100% acrylic), the importance of the thresholds of these grades has also been
highlighted in this chapter. Table 13 (page 209) outlines these ranges based on both
Recycler X's definitions and those found in the literature. If we are to 'Design for Sorting’
we must take both the broader category and its thresholds into account. For example, if
we were to design a garment to enter into the '50% wool sorting category, it would have to
contain between 309 and 693% wool. For this research the lower threshold of 30% will be
used as a base level to further understand how to design for sorting grades and between
the thresholds in this PhD research (Chapter 10, page 225).

Further research should be undertaken to extend the findings presented in this final table
to expand the field of Design for Sorting. However, for the scope of this research, the

five basic sorting grades outlined here for wool/acrylic textiles and their thresholds are
sufficient for this current study.
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100
Wool 100
97
96
Wool 80
70
69
Wool 50
30
29
Acrylic 100
Y 0

3.5 SUMMARY

This chapter meets the second objective of the second aim of this thesis, to investigate
the methods of sorting for mechanical recycling of wool and acrylic textiles. Firstly, the
chapter illustrates that the sorting of textiles is achieved mainly by hand and is conducted
towards re-use markets rather than recycling. However, new automated systems are
being developed and tested for the sorting of the unwearable and recyclable fractions

of discarded textiles. This, combined with the hand sorting method, gives rise to three
methods of sorting for recycling, discussed in detail in this chapter: fibre type, colour and
structure.

The chapter continues to discuss the interdependent relationship which exists between
textile sorting, recycling and design. Sorting is specifically distinguished as the method the
recycling system uses to decipher resource value. Yet, to find solutions in which the design
of textiles can be sorted and recycled effectively to feed back into the design processis a
complex issue. Karell and Niinimé&ki (2019) propose in order to achieve ‘Design for Recycling’
there first needs to be a separate 'Design of Sorting’ strategy applied. This has been
achieved by summarising the findings from the practice conducted in the thesis for sorting
of post-consumer textiles for recycling across structure, colour, cleaning and fibre type.
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The chapter concludes by addressing Niiniméaki and Karell's challenge in relation to wool/
acrylic textiles.

To do this, a short review of the literature is presented to establish the different sorting
categories for wool/acrylic waste textiles. This is combined with two interviews with
experts in the field to produce four generic sorting grades. In addition, the lower and upper
thresholds for these four categories are also discussed and established. These findings
will be utilised as method to understand value in Design for Recycling Knitwear framework
presented in the next chapter.
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? DESIGN FOR
RECYCLING
<NITWEAR

This chapter brings together cascading, blending and sorting strategies explored in

the previous chapters. Through the amalgamation of all these strategies the Design for
Recycling wool/acrylic knitted textiles will start to emerge and provide the conditions for
which the final practice to test.

9.1 INCREMENTAL DESIGN FOR LONGEVITY
AND RECYCLABILITY

The transition towards a circular economy is extremely complex and involves the
transformation of not only our systems but includes the transformation of us as designers
(Vuletich, 2015). Transition design, proposed by Irwin (2015), is described as an area of
research that advocates for design-led societal transition towards a sustainable future.
This involves embracing the iterative changes that happen over time. Transition designers,
explains Irwin, “learn to see and solve...problems and view a single design or solution as a
single step in a longer transition toward a future-based vision” (Irwin, 2015:237).

These steps across time, Irwin describes, could be likened to incremental innovation,
defined by Norman and Verganti (2013) as the small changes which improve a product’s
performance, desirability, or lower its costs. In essence, they explain incremental innovation
is “doing better what we already do” whereas radical innovation is “doing what we did not do
before” (Norman and Verganti, 2013:82). While there is a place for both types of innovation
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in society, this research is not focused on the radical new technology in which to deal with
blended fibres, such as chemical recycling. But rather the incremental innovation within
existing systems for blends, such as mechanical recycling.

Incremental design has been propositioned by Carlsson et al. (2017) in their paper
‘Feasibility of Conditional Design: Organizing a circular textile value chain by design
principles’ and in which they present their ‘conditional design’ rules. These, they argue,
stem from a design process that is already driven by conditions such as: aesthetics,
functionality, consumer approval, brand policies, corporate social responsibility
commitments and profitability. When circularity is incorporated, they maintain, two
conditions are added: longevity and recyclability. They offer three design strategies.

Two of these are Design for Recycling strategies: mono-material design and design for
disassembly (described as modular design). The final approach is incremental design. This
is the incremental updating of a garment during its lifetime, which Carlsson et al. explains
creates 're-designability’. This is a design for longevity strategy which they identify allows
for the use of blended materials. They explain that this means designers need to consider
the micro design elements that can be incrementally updated leading to garment life
extension. For example, the ability to attach or detach pockets.

The crux of the issue, as Tanttu, Kohtala and Niiniméki (2016:204) suggests is combining
both longevity and recyclability (as discussed in section 7.5, page 166). Carlsson

etal. (2017) explain this in a table format (Table 14) in which re-designability through

the incremental updating of a product is combined with the two Design for Recycling
strategies. The outcomes of these are less resolved. They highlight the importance of
understanding and connecting sorting processes, recycling technologies and markets

for the fibres as this thesis investigates. However, they offer no solutions for blends that
cannot be separated beyond designing for the longevity of a product. Ultimately, they
suggest these would still be downcycled. This strategy of incremental steps is similar to the
notion of cascading. Therefore, the next sections will explore the intersections of longevity,
cascading and recycling.

FUTURE DESIGN CIRCULAR STRATEGIES IN VALUE CHAINS
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9.2 UNDERSTANDING DESIGN FOR
RECYCLING KNITWEAR

Inorder for this research to bring together cascading, blending and sorting to increase
value and longevity of resources, the collective insights from Practice 1-9 have been
established. While each piece of practice in this thesis outlines both the achieved aim and
the maininsight, this does not provide a true account of the insights produced from the
body of practice as a whole. Organised by theme (cascade, blend and sort) these broader
insights have been summarised in Table 15.

Table 15 demonstrates how the practice from all locations in this thesis fed the researcher’s
understanding of design for cascading, blending and sorting and in turn enabled the
findings and models contained in Chapters 6, 7 and 8 to be established. Chapter 6

explored design for cascading in the circular economy and presents a cascading resource
spiral model composed of multiple product loops. Chapter 7 explores the landscape of
blending and presents this across three levels (yarn, material, product) and conveys how
the blending ratios can be used as a design tool to impact recyclability. Finally, Chapter 8
explores design for sortability and presents four textile recycling grades and thresholds of
knitted wool/acrylic textiles. These two outcomes can be seen together in Figure 89.

Each of these elements were considered together to investigate knitted wool/acrylic
textiles for mechanical textile recycling. First, the cascading resource spiral was used as
the main structure for the designer to establish direction and route of travel for resources.
Inthis case, the spiral represents an acrylic and wool resource flow, and each circle a
knitted product lifecycle. While further research could be conducted to embed design
strategies for re-use or remanufacture, the movement between different product groups
(product cascading) falls outside of the research scope.

Second a specific type or spectrum of value is determined. In the context of this research
recycling value is adopted. This is defined as the economic value of a product when it
enters the recycling system. Vitally, this value is determined at the sorting stage. Therefore,
with a focus on wool recycling and its contaminants, namely acrylic, a series of sorting
grades were established ranging from highest to lowest economic value. These grades are
used as benchmarks for each step in the spiral. These two elements culminate in the visual
representation of the wool/acrylic knitted textile spiral (Figure 90).

The final element establishes how the designer can impact and control the direction

and route of travel between the sorting grades to aid longevity of resources and onward
recyclability. This is resolved through exploring the blending landscape and using this
understanding as a design tool (as explored in Chapter 7). Inspired by Carlsson et al. (2017),
when using recycled fibre, they can be blended to incrementally enter into new sorting
categories. Ultimately this approach provides the designer with the potential to create
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APPROPRIATENESS

APPROPRIATENESS

CASCADING

Each element of the recycling system, such as sorting, and
cleaning impacts the resulting material. The choice to include or
exclude a step directly correlates to the final material value.

The design requirements need to be matched with the processing
decisions.

the workshops highlighted the need for the designer to re-value

products and resources at the end-of-life. Opportunities such as
combining end-of-use options and using blending as design tool
to aid the process were also established.

BLENDING

BLENDING FOR
CASCADING

BLENDING

CATEGORIES OF
BLENDING

BLEND DESIGN FOR
SORTING

LEVELS OF
BLENDING

DESIGNING BLENDS
FOR APPROPRIATE
RECYCLING

Blending can impact the material outcome of the recycling process

Blending can be used as design tool to aid the cascading process,
such as blending colours and material types for end-of-use
systems. Recycled content within a blend also has an impact of the
final yarn.

Fibre type in the blend impacts the performance, aesthetic/hand-
feel and cost, this included the recycled content as well.

Four categories for blending during production of recycled
materials.

Blending can be used as a tool to aid recyclability altering the
composition of the material that will enter the recycling system

Blending at two different levels: fibre and material was established
and how this impacts the recycling process.

designing blends for specific recycling systems dictated the
choice of fibres to target a specific technology. Furthermore, the
most appropriate recycling system for recycled acrylic-mix fibre is
mechanical wool recycling.

SORTING

DESIGN DECISIONS

BLENDING FOR
CASCADING

BLENDING AND
SORTING

BLEND DESIGN FOR
SORTING

Sorting can have a great impact on the material outcome of the
recycling process

Design decisions made when creating a product impact, the way it
will be sorted for recycling.

Blending of colour was highlighted as something that happened
after the sorting stage. This was challenged by suggesting design
for blending could occur as part of the creative design process
which could be incorporated into the sorting stage. In this way
multi colour garments could be designed to be recycled to process
anew shade.

Direct correlation between blending and sorting and the required
end product

The need to map and analysis the sorting systems for recycled
textiles was highlighted in order for designers to appropriately
design blends that could help and not hinder their recyclability.
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upward travel in a spiral rather than only downwards. Specifically, this research will focus
on the blending at yarn level when using recycled fibres. While the focus is taken away
from the other blending levels, the implication of these must not be overlooked. Designing
blending out of the other levels is highlighted by this research through not only the design
of the yarns but applying them to knitwear (material) in a jumper application (product).

9.2.1 THE CONTEXT OF WOOL/ACRYLIC KNITWEAR

This research has specifically highlighted the product type (knitwear) and material
spectrum (wool/acrylic) as problem areas in the mechanical recycling system (section
3.5.2 page 91). The decision to solely focus on knitted products was in part because

this resource has limited re-use options and therefore falls quickly into recycling grades.
In addition, knitwear is not often recycled back into knitwear and woven materials are
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considered lower value (Lilani, 2020a). When woven materials are recycled, they produce
shorter fibre lengths (section 7.4.3, page 166). If knitted materials first returned to
knitwear in a product cascade this could extend the life of the fibres.

While knitwear comes in many different fibre types, wool and synthetic (mainly acrylic)
spectrums are very common grades due to the textile/fashion industry’s consistent
blending of these two fibre types (Sinclair, 2014). At the sorting stage the purest materials
are awarded the highest values. Ironically, as illuminated in Practice 1 (page 79), while the
industry demands the purest materials, these are then blended, thus reducing their value
when re-entering the recycling system. There may be examples in which pure recycled
content is blended with its virgin equivalate to maintain mono materiality, but this is not
common practice.

As demonstrated in Chapter 7, when dealing with blended recycling fibre, blending could be
used to not only generate market value, by aiding its function, aesthetics and cost, but also
aid onward recyclability generating increased recycling value (Section 7.7.2, page 185).

This research argues that rather than demand mono-materiality for all materials, leaving
the non-mono-materials currently in the world as waste, all resources in the recycling
spectrum could be utilised for longevity as a product (market value) and longevity as a
resource (recycling value).

Specifically, this research suggests that all fibre grades between wool and acrylic should be
valued as potential resources. This means that if the purest recycled wool can be recycled
and blended to create usable materials, the same can be applied to lower value grades,
such as 100% acrylic. The designer can then utilise blending as a tool to appropriately
increase or decrease a yarn, material or product composition ratio depending on the
desired outcome. The aim, therefore, is not to transform our materials back into mono-
material groups but rather to utilise our resources within a spectrum and for the maximum
amount of time.

9.3 TESTING IN PRACTICE

While the wool/acrylic knitted textile spiral presented in the previous section represents a
full spectrum between wool and acrylic, the size and scale of this research was limited and
therefore limited the testing that could be achieved. To overcome this, only a small section
of the spiral was tested (full details see Chapter 10, page 225) to draw conclusions and
suggest further research (see Chapter 11, page 265).
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To accomplish this the lowest value recycled fibre 10096 acrylic’ grade will be the focus

of the investigation. The recycling value of this fibre is currently considered as almost
worthless and the fibres are directed very quickly towards the lowest value applications,
typically non-woven products. There are examples in India for which acrylic has been
utilised for the creation of yarns (Geetanjali Woollens, 2014), but for the European market
where most of the acrylic waste resource originates these are deemed as low quality.
Therefore, this research looks to re-value this resource. This will be achieved through its
use in a higher value yarn for a knitwear application and through incrementally increasing its
recycling value by blending.

This research will specifically investigate the realities of blending the acrylic fibresin

order to ensure the resulting knitted product can move up a sorting grade at the point of
disposal. This would, therefore, increase its recycling value. It is widely considered easier

to move downwards in a cascade than it is to move upwards. This upward movement is
limited to a single step and therefore represents fibres from the 100% acrylic’ grade moving
incrementally into the '50% wool grade, with its thresholds between 30% and 69% (Figure
91). Increasing its recycling value will determine the fibre's path for subsequent lives and
therefore could extend the use of the resource.

The design brief as laid out by the wool/acrylic knitted textile spiral is to create a new yarn
that comprises of the following:

« To contain a significant amount of recycled acrylic fibre
+ Contain a minimum of 30% wool in the final blend

« The yarn produced will be suitable for a knitted garment

What might appear to be a simplistic method of incrementally blending ‘a bit of virgin wool’
with the "100% acrylic’ to move it up a sorting grade, is in reality more complex. This is
especially true in the context of designing and producing a commercial yarn for a knitwear
application. As discussed by Carlsson et al (2017), when we design for circularity additional
conditions are added to the ones that already exist. These pre-existing conditions,
presented in Chapter 6, are functionality, cost and aesthetics. Therefore, the new
incremental blending approach for recyclability and longevity must in addition create a yarn
that performs, has a realistic cost and is aesthetically pleasing. Carrying this out will create
an array of opportunities, challenges and possible compromises. If we are to transition
towards a circular economy, it is these realities that need to be established in practice. This
challenge of ‘design in practice’ is explored and tested in the next part of the thesis.
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2.4 SUMMARY

This chapter has accomplished the objective to understand how the field of ‘cascading’
intersects with ‘design for recycling’ of post-consumer textile waste through sorting

and blending. The chapter starts by contextualising the research as a transition design
approach. This is achieved through incremental design which has been previously
developed as a strategy for fashion products (Carlsson et al., 2017). The chapter focuses
on how this approach could be applied at fibre level to provide longevity for recycled fibres.

Incremental design is synthetised with cascading using an incremental blending approach
to create increased recycling value for the upward travel in a resource cascade. The
research scope is framed by wool/acrylic fibres recycled for the use of knitted products.

In particular, knitwear is highlighted as a product type that is not often created from
mechanically recycled fibres and therefore designing resources to be used in this
application would provide another method for resource longevity.

The research and the models presented in chapters 6,7 and 8 are brought together. First
the resource spiral as created in Chapter © is positioned context. Next the Design for
Sorting grades in Chapter 8 are used to represent each step in the spiral. Incremental
blending is proposed as a design tool to control the recycling value of the resources
(denoted by the sorting grades) and therefore enables the designer to create upward travel
in aresource spiral. This is achieved using blending levels and ratios explored in Chapter 7.

The chapter concludes that the Design for Recycling wool/acrylic knitted textile spiral
needs to be tested in order to establish the opportunities, challenges and compromises

in practice. The scope of the testing explores the upward movement of the "100% acrylic’
grade to the '50% wool grade, noting the threshold of 3096 wool. Acrylic would usually hold
very little value, but through incremental blending the recycling value can increase creating
further opportunities of use and thus, it is argued, that the life of these resources can be
extended. The testing is to be explored in the next part of the thesis.
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PART 3 SUMMARY

This part of the thesis accomplishes aim two of this research; to establish the role of both
blending and sorting. This is achieved across three objectives and are discussed below.

The first objective is to understand how the field of cascading intersects with design for
recycling of post-consumer textile waste. This chapter outlines the similarities between
cascading theory and up/down-cycling concepts used in textile design. This highlights the
difference between cascading resources and cycling products which result in a combined
model: a spiral made up of a resource flow and multiple product loops.

This second objective is to identify the role of blending within virgin and recycled textile
production. This is achieved by discussing the reason why we blend textile materials
even if this is to the detriment of recycling. It is also discussed how blending is used as a
tool in mechanical textile recycling. This objective is completed by building on the visual
typologies of blends for textile designers by Forst (2021). These are re-organised into
levels in which blending can occur. However, it is highlighted that for textile recycling it is
understanding the blend's ratio that is important.

The third objective is to investigate the methods of sorting for mechanical recycling of

wool and acrylic textiles. To achieve this objective, sorting for textile recycling across

hand and automated methods are identified and discussed. Design for sorting is explored
as a separate strategy to be applied alongside design for recycling. In the context of this
research, literature and interviews are combined to establish the four grades of waste wool/
acrylic textiles. These four generic grades are presented along with the upper and lower
thresholds that the recycling industry allows for.

Finally, the fourth objective is to propose how cascading blending and sorting might be
used together to ensure resource longevity of post-consumer wool/acrylic textiles. This
was achieved through consolidating, in Chapter 9, the insights from the previous chapters
on cascading (Chapter 6), sorting (Chapter 8) and blending (Chapter 7). This is achieved
with the spiral shaped cascading model in which the Design for Sorting grades are used
torepresent each step in the spiral. Finally, blending levels and ratios are used as a design
tool to move resources up and down. This applies to knitted wool/acrylic textiles within
mechanical recycling in order to create ‘recycling value’ and will be tested in the next part of
thesis.
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PART 4 = DESIGN [N
PRACTICE

This part explores the practice research both described in the chapter 10 and placed

throughout the rest of the thesis. It accomplishes the third aim of this research; to test,
through practice, the ideas generated in the previous aims in order to produce the Design
for Recycling Knitwear framework and to establish how the methods have been used across
research and industry. This is achieved across three objectives which are discussed below.

The first objective is to investigate, and where necessary collaborate with, industrial
partners to test the realities of Designing for Recycling Knitwear from yarn to product and
is completed in Chapter 10. To achieve this, Chapter ten outlines the final body of practice
in which six recycled yarns and knitted swatches were created. These are then sent to
automated and hand sorters to be tested for their recycled value.

The second objective is to draw insights from the opportunities and challenges of
Designing for Recycling Knitwear in industry to establish how design decisions can bridge
recovery and manufacture of textile resources. This objective is achieved through anin-
depth discussion of the practice and research as whole in Chapter eleven and presents the
Design for Recycling Knitwear framework. This forms one of the contributions to knowledge.

The third objective is to draw insights from Designing for Recycling Knitwear in industry to
establish a model of how researching between academia and industry can be conducted.
This was also achieved in Chapter eleven and reflects on the research process to produce
amethodological framework for working between academia and industry. This forms the
next contribution to knowledge.

The part ends with the conclusions drawing the thesis to a close and providing future
research opportunities.
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10 DESIGN AND
TESTING

10.1 PRACTICE CONTEXT

The practice described at intersections in this document (Practice 0-9) explore the

research ideas which led to the combined spiralling, sorting and blending design model for
wool/acrylic knitted textiles (Chapter 9). In order to test this, a larger-scale experiment was
conducted in collaboration with industry partners. The experiment itself involved sourcing
acrylic-mix recycled fibres to be blended and spun into yarns suitable for a knitted garment
application. This was then followed by producing proof-of-concept prototype jumpers.
Finally, knitted swatches of the yarns were sent to both hand and automated sorters to
establish if the design of the materials had successfully increased in value at the recycling
stage.

First, recycled acrylic fibre needed to be obtained. Unlike Practice O where sorting, cleaning
and pulling/shredding were conducted by the researcher, the recycled fibre here was
sourced directly from the recycling industry to ensure an accurate representation of the

fibres available. Second, a yarn spinner was required to advise on and conduct the blending,

carding and spinning of the fibres. Third, a knitting manufacturer produced swatches and
sample prototypes. These three stages followed the recycling system as highlighted in
Figure 92.

KNIT
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Once the active experimentation had taken place, the knitted materials were sent to a

hand and automated sorter for testing. The experiment aimed to move the resulting knitted
materials from the lowest (100% acrylic) sorting category into a higher value category, such
as 309 or 509 wool. The two sorters would process the swatches and the resulting sorting
categories would indicate if the material had increased in recycling value. Because Hasnain
Lilinai's interview (Appendix 14.2) and the Fibersort testing results (Circle Economy, 2019)
contributed to the generic sorting grades within the model, both these companies were
asked to test the final materials.

10.2 THE CREATIVE DESIGN BRIEF

To test the Design for Recycling wool/acrylic knitted textile spiral, a specific brief needed
to be created. Unlike the previous practice experiments which were purposely left open-
ended, this final experiment needed to have a specific design direction. The criteria of the
model provided a basis for the brief. These were as follows:

« The use of recycled acrylic fibre as the base material
«  Aminimum of 30% wool should form the final blend
« Avyarnisto be produced that is suitable for a knitted garment.

In addition to the model's recycling and cascading conditions, a creative design brief
was formed to provide direction for the performance, aesthetic and cost aspects. Using
the researcher’s own tacit knowledge of the industry design process, market, trend and
inspirational research was undertaken followed by a concept design (Sinclair, 2014).

Trend and market research were conducted both online and by visiting several different
types of fashion retailers. To start the process, trend forecasting website, WGSN, was
visited and the AW21/22 trend concept ‘conscious clarity’ was chosen as the start of the
inspiration (Figure 93). This highlighted the priority of sustainability in the design process
alongside simplified silhnouettes and timeless design. This also fitted the research ambition
to produce a proof-of-concept garment that focused on the textile material rather

than on creating a bold fashion shape or pattern. This type of design, therefore, could

be categorised as a ‘core’ product type; a classic garment found every year in a brand's
collection alongside the faster-changing trend-led pieces.

A scoping exercise to assess the acrylic-wool market was undertaken across a range of
retailers to complement the more trend-focused inspiration. A combination of online and
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Figure 94. Market research comparing wool and acrylic blended knitwear from a range of
brands.
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REF NUMBER: AT001-6 SIZE: S SEASON:

AW20 DESIGNER:  CATHRYN ANNEKA HALL

DESIGN : SAMPLE JUMPERS

DATE: March 2021

DESCRIPTION: RECYCLED CLASSIC ROLL NECK JUMPER

DEADLINE:  ASAP

Fashioning

three lines only -
15.5cm 1x1 RIB
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LENGTH FROM SNP (FRONT) 70 70
CHEST 2CM FROM UNDERARM 57 57
X SHOULDER 45 45
WAIST 37CM FROM SNP 57 57
WELT WIDTH FRONT 60 60
WELT DEPTH 14 14
BICEP (2.5cm from armhole) 19 19
CUFF WIDTH 115 11.5
CUFF DEPTH 14 14
ARMHOLE 27 27
SLEEVE LENGTH 64 64
BACK NECK WIDTH (SNP to SNP) 25 25
FRONT NECK DROP FROM SNP 7.5 7.5
BACK NECK DROP FROM SNP 2.5 25
NECK TRIM DEPTH 16.5 15.5
NECK OPENING 20.5 20.9)
SHOULDER SEAM 10 10
LENGTH FROM SNP (BACK) 70 70

BODY KNIT CONSTRUCTION:
PLAIN KNIT

COMPOSITION:
BLEND 5

GAUGE: 7GG

YARN/ COUNT: 2/8Nm  NOOFENDS: 1

COLOUR
AS YARN

TRIMS: N/A

SWINGTAGS/ LABELS: TBC
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physical research placed particular focus on the composition of yarns used in knitwear.
Knitwear containing acrylic was found across a range of brands and sold at a variety of price
points. Where blended with wool, the wool content varied. In general, it was found that the
higher the wool content, the higher the price. It was also noted that the high wool-content
garments tended to be classic design shapes. However, wool content did not necessarily
dictate the price level, since there are other factors at play such as manufacturing quality
and the design or lifestyle attributes of individual brands. A cross section of the scoping
exercise can be seen in Figure 94.

As highlighted in WGSN's report, ‘Knitwear: Core Item Updates A/W 21/22', the scoping also
identified the 'roll neck’ silhouette as a key core shape. WGSN's update suggestions for this
particular shape directly informed the creative design brief, in which over-sized silhouettes,
deep rib cuffs and split-seam details were included (see circled key words in Figure 95).

Beyond the shape and update features, the yarn blend also must be designed. Returning to
WGSN's ‘Conscious Clarity’ trend report, in combination with the researcher’s own scoping,
a trend for soft tactile yarns with a "blurred’ aesthetic was highlighted. In particular, wool
content in a mid-gauge yarn was a key focus of the WGSN trend (Figure 96).

To summarise this trend/market research, a mood board was created bringing together
inspirational images as a focus for the creative design (Figure 97). From this, the final
design and specification was created ready for the yarns to be developed (Figure 98).

10.3 DESIGNING & MAKING THE YARNS

Once a design brief had been created, the yarns could then be designed and developed.
Prior to sourcing recycled fibre, a collaboration needed to be agreed with a spinner to spin
yarns using both recycled content and synthetic materials. A range of spinning companies
were approached that were willing but ultimately unable to help with the research. Barriers
that were cited included size, time, cost and contamination. For example, one company
explained that the size of the project was too small; another wasn't able to spare the

time to work on the project outside of its current production; a third costed the project
and at the scale required the costs exceeded the researcher’s funding and finally many
companies considered the potential contamination of synthetic fibre to their primarily wool
production too great a risk.

However, an agreement was finally settled with a small commission spinner using a woollen
system to produce ring-spun yarns. Previously, multiple visits to this facility had taken
place, and at one of these visits the researcher’s test experiment, Practice 7, had been
conducted. A good working relationship was developed between the researcher and the
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spinning engineer during the whole process, and their very different expertise were bought
together to create a positive and fruitful collaboration. The research was only able to take
place if certain conditions were met, namely complying with the minimum order quantities
(MOQs) of 50Kg per yarn (significantly smaller than others that had been approached)

and obtaining seam-cleaned acrylic fibre to reduce the contamination during production.
The spinner explained that cleaning was a vital step for them in the recycling system
because the strong synthetics threads often used in the construction of knitwear causes
breakages in the spinning process. Thus, fibres are released into the air which in turn could
contaminate other production. Therefore, the next step was to source cleaned recycled
acrylic fibre.

10.3.1 SOURCING THE RECYCLED ACRYLIC FIBRE

It had been assumed by the researcher that recycled acrylic, seam cleaned, sorted by
colour and pulled/shredded back to fibre, would be easy to obtain. While waste acrylic
knitwear is an abundant resource in Europe, finding this waste source that was both colour-
sorted and recycled back to fibre proved difficult. This was because acrylic knits in Europe
usually flow into mixed colour recycling streams for non-woven materials. Furthermore,
many of the European companies able to supply the required fibre could only do so with
MOQs of a scale beyond the budget of this research.

A working relationship with an Italian recycling company had been established during
Practice 1. As a favour, this company agreed to sell and ship a small quantity of recycled
acrylic fibre to the spinner in Yorkshire. The conversation and interview with the Italian
recycling company regarding the sourcing of this material led to insights about the sorting
system (Appendix 141, page 341). As they primarily recycled wool/acrylic blends rather
than the desired 100% acrylic, the fibre was only available in navy and black. As with all
mechanically recycled fibre, and in line with the interviews conducted with the Italian
recycler, the composition of the '100% acrylic’ purchased could in fact contain a small
percentage of other fibres (section 8.4.2, page 207).

10.3.2 DESIGNING THE YARNS

Once the challenges of obtaining seam-cleaned acrylic fibre had been overcome, a formal
meeting was set up to discuss the yarn design. As the company was small, all the research
was conducted with the owner who has a vast experience of working in the industry and on
the factory floor. This not only gave him the experience to problem-solve, but as the owner
he also had the power to make quick decisions. For the remainder of the discussion, he will
be referred to as the engineer.
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The Italian company providing the acrylic had sent samples of two different qualities of
fibre, which were brought to the spinner to assess. The first fibre sample had been pulled
to create a better-quality fibre, however as this has been pulled more thoroughly the fibre
length was reduced. The second had been ‘worked/pulled less’ and therefore was expected
to be of lower quality but had longer fibre length. The first sample was singled out as most
effective for the woollen spinning method the company employed, and this sample fibre
was then used to create mini test blend pads. Rather than create the pads using a test
machine (as in Practice 7, page 169), a quicker method using hand combing brushes was
used to explore many ideas in a short time frame.

Two physical meetings were conducted. For the sake of clarity, the meetings have been
described by breaking down the activities into four stages: discussion, exploration,

blend testing and design confirmation. While the practice is presented in an obvious
chronological order, many of the stages overlapped or happened in parallel to one another.
Conversations, for example, were often half finished and returned to at another stage in
the same session.

The meeting started with the company owner in his office and initially the conditions of

the research project were established. Namely, this was to use the recycled acrylicas a
base fibre, blending with a minimum of 30% wool and spinning for a knitted application.

In response, the engineer laid out his own conditions. For example, based on previous
experience he was only prepared to produce a yarn with up to 50% recycled acrylic content.
This was to ensure ease of manufacture and avoid problems that could lead to a lower yield
and higher costs. A further condition relating to the use of shorter recycled fibres meant
than there was a limit to how fine the yarns could be. Clearly, a significant amount of co-
operation and communication was required to balance the interests of both parties.

These conditions led to some discussion. The designer-researcher explained thatina
previous test (Practice Q) 70% recycled content had been used, but in this case the yield
had been reduced with more wastage from the process. The engineer was surprised but
insisted, based on his knowledge, that a 50% recycled acrylic maximum would be beneficial
for the manufacture and final product. This was then agreed.

Further discussion also ensued around the minimum thickness of the yarns. An example
yarn was brought into the room to illustrate the engineer’s technical explanations. He
suggested that we processed the recycled fibres for a knitted application at 2/8Nm yarn
count (Figure 101). He added that creating a finer yarn could cause complications in the
manufacture. This in turn could affect the cost. If a finer yarn was required, the engineer
explained, the blend would have to be adapted, reducing the recycled content. In the end,
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the minimum yarn count (2/8Nm) met the creative brief for a mid-gauge yarn. These initial
conversations about the brief and manufacturability were vital to lay the groundwork for the
next three stages.

The next stage was to decide on a blend for the yarn. The 50% recycled acrylic had already
been confirmed and the content of the other 50% was yet to be decided. One of the
conditions of the research was to include 30% wool in the yarn, but this still left a range of
wool options to consider. Wool is available in many different forms, for example lamb’s wool,
merino wool and cashmere, and all of these could be used within the experiment. With the
overarching aim of the research being to design for recycling value, the recycling system
would equally accommodate other protein-based fibres such as yak, mohair or angora. The
30% wool content, therefore, could be comprised of a variety of combinations. However,
given the constraint of large MOQs for purchasing most fibre types and colour ways, this
limited the fibre choice to those held in stock by the spinning company (Figure 99).

The remaining 20% of the blend could be made up of any material as long as the design did
not negatively impact onward recyclability. During this decision-making process the merits
of including man-made fibres were debated. The engineer was very knowledgeable about
the origins of the different fibres, their performance/function and cost. For example, nylon
was described as very strong and soft but could only be added in small quantities to this
particular spinning process (woollens) because, as the engineer advised, it would cause
problems during manufacturing. Polyester again was strong but had a harsher “squeaky”
hand feel and, as the engineer explained, polyester is more prone to pilling in the final
material. He also highlighted that unlike yarns used for the warp in woven applications,
where synthetic content would be added for strength, this was not an issue for a knitted
application. However, synthetic content is often added to yarns for knitwear because of

their cost benefits, with polyester being the cheapest fibre available.

A further consideration made when selecting materials for blending was the impact they
would have on the texture and hand-feel of the yarns. While the recycled acrylic fibres felt
very softin fibre form, as discovered in Practice 0 and 7, this softness disappears when
spuninto yarn. The engineer explained, however, that during the spinning process finer
fibres (such as acrylic) are forced to the middle of the yarn and coarser fibres (such as
wool) would be brought to the outside. The condition of blending 30% or more wool would
overcome some of these issues. The remaining part of the blend, therefore, needed to be
considered carefully. This level of expertise and collaboration significantly helped to narrow
the designer-researcher’s final choices.

Colour was another aesthetic consideration. Choosing colours to blend together at
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fibre level was more complex and entirely different to the design-researcher’s previous
experience in selecting colour palettes for textiles or a garment collection. The process of
blending colour at yarn level is more akin to the painter’'s experience of mixing paint. In order
to explore how this worked the engineer suggested the conversation moved upstairs to the
factory floor. Here, he showed a blend of fibres waiting to be carded and spun: mainly beige
with streaks of deep brown, white, bright yellow and orange (Figure 102) that would be used
to create a uniform beige shade (Figure 103). This illustrated what the engineer had been
trying to explain downstairs.

It was during this time on the factory floor that the possibilities for blending expanded.
Discussion ensued amongst the rattles of the machines about the priority of sustainability
within the project. Keen to know whether other recycled content would meet the research
conditions, the engineer suggested some pre-consumer cashmere waste could be used.
In earlier visits to this and other companies, the designer-researcher had been advised
that using pre-consumer waste was not a viable option due to limited quantities of any
single colour. This engineer’s suggestion therefore pleasantly contradicted his previous
reluctance to use anything but virgin materials. This meant that with the relatively small-
scale (inindustry terms) of the research project, using the pre-consumer waste would be
possible.

From his back-storage room the engineer produced a box of pink and brown ‘roving’
cashmere waste. This type of waste is the product of the roving stage that occurs after
carding and before spinning. Although previously considered to be too costly, the engineer
suggested this might be used in a small quantity in a blend to improve the hand feel. Using
the waste cashmere was thus a mutually beneficial proposition. While using a waste
product cut the cost of cashmere content by a third for the designer-researcher, for the
engineer, it was making good use of waste that was too small in quantity for a production
run of its own. The engineer was quick to point out, however, that if it was to be used as

a blend for this research, repeatability might be an issue. While the brown could be easily
replicated by taking lighter coloured cashmere waste and overdyeing it, this would not be
an option with the lighter shade of pink.

Out of this exploration with the engineer and the variety of blending options discussed,

the designer-researcher concluded that a small range of yarns should be produced and
compared to establish best practice. At this stage it was thought that three different yarn
blends would provide sufficient comparison. A final discussion regarding the cost of the
resulting yarns verses the aims of the experiment was not as easy to resolve. Given the
designer-researcher’s aim was to create a wool blend yarn suitable for the mass market the
experiment’s relatively small production size meant it would not be comparable. While the
research would not be able to draw any formal conclusions on cost it was concluded that
the range of yarns proposed for the research should be designed to represent the different
market levels (standard to luxury). This would ensure that cost aspect of designing was not
completely removed from the discussion.
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The third stage of the experiment was conducted in the testing room. This held the small-
scale carding machine which had been used as part of Practice 7. On this occasion hand
carding brushes were used to simulate the process of combining fibres (Figure 106).

The exact amount of fibre to be blended was calculated on an old set of miniature scales
(Figure 105). The process created a small blended fibre pad which could be mock spun in
order to visualise the yarn (Figure 107).

The blend testing started simply and built up to the more complex blends. The first blend
was comprised of the agreed 50% recycled acrylic and minimum 30% wool. The remaining
20% would consist of a cheaper man-made fibre. This represented the most standard
blend type within the conditions of the test. When designing the colour of the yarn, the
engineer recommended extremely bright and more contrasting colours to produce a more
dramatic final yarn. From the available stock colours, the designer researcher selected
two bright shades, a blue and a turquoise to complement the navy acrylic (Figure 104).
Without any samples of synthetic fibre in stock, black wool was used as a substitute. The
final synthetic content would be decided later in the process. The result of using brightly
coloured wool yarns highlighted their coarser textured appearance against the finer
acrylic. The result met the creative 'soft blurred’ brief and the colour and composition was
confirmed as the first yarn blend.
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The second blending test was conducted in response to the market research findings.
During one of the retail visits it had been noted that many of the knits contained a
percentage of luxury fibres. The luxury content of these jumpers were marketed with labels
such as ‘cashmere mix’ or ‘mohair blend’. The long fibre quality of mohair in particular was
used by brands to create a more dramatic textured appearance. As the engineer explained,
mohair would be difficult to obtain in small quantities, although in this instance he was
able to offer a mohair blend (mohair, cashmere and wool) leftover from a larger order. This
was formed of tropical colours (honey bird and lemon shades) to which some stock white
mohair could be added to make up the total ‘luxury’ content required for the final yarn. In
combination, these colours were not dissimilar to the Blend 1 and would provide a good
visual comparison (Figure 108).

To fulfil the aim of creating a small range of yarns to compare, the designer-researcher
decided to increase the wool/other animal-based fibres content of Blend 2 from 30% to
50%. Without the addition of any synthetic material, Blend 2 would therefore represent a
more luxury yarn in line with the market research.

As the blending tests progressed it was clear the engineer had a preference for luxury
fibres. These would make what he described as ‘beautiful’ or ‘quality’ yarns. It was partly

for this reason that waste cashmere (as previously described) was suggested to be

used for the research. In addition to cashmere, silk was also advocated. The engineer
explained that using silk would create a smooth feel to the fibres. Also if a mix of three or
four colours were incorporated, some of the silk would form multi-coloured neps in the

final yarn. To demonstrate this, the engineer selected a range of colours (green, red and
blue) and started blending these with the pink cashmere and navy acrylic. The designer-
researcher was concerned about this suggestion for two reasons. First, silk was not strictly
suitable for the wool recycling process she was designing for. Second, the colours were not
harmonious and her tacit knowledge as a designer meant she took an instant dislike to the
combination. In addition, as a researcher she was concerned for the impact of the colour
contamination for the future sorting and recycling processes. However, this form of quick
experimentation was a useful tool for taking risks and so she stood back and waited for the
result. Ironically, the resulting fibre had a distinct recycled’ aesthetic. The engineer agreed
that the combination of navy and pink created a sludgy purple base and the mixed coloured
neps looked like a more uniform colour contamination (Figure 110).

A second attempt was made to create a silk/cashmere blend. This time the brown cashmere
waste was used, and the designer-researcher requested permission to select a range of
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harmonious colours - grey and light blue (Figure 109). The result was much more appealing,
however, the researchers concern for onward recyclability was enough to drop this blend
from the range. Additionally, she concluded that the inclusion of silk had not been seen
during the market or trend research. In this specific instance, the blend was unsuitable.

Afinal version of Blend 3 was tested removing the silk content. The aims of the research
were at the forefront of the designer-researcher’'s mind during the selection process. She
reflected on the composition of both Blend’s 1and 2 and how these represented standard
(30% wool) and luxury (50% wool) approaches to blending. To produce a range of options,
Blend 3 would therefore need to be designed halfway between the two. To achieve this,
Blend 3 used the composition structure of Blend 1 (50%, 30% 20%), but incorporated a
small amount of luxury content more akin to Blend 2. The resulting composition was 50%
recycled acrylic, 20% cashmere, 10% wool (forming the desired 30%) and 20% additional
synthetic. Once again for the test, black wool was used in lieu of the unavailable synthetic
fibre.

The colours in this case were dictated mainly by the availability of fibres. For example, navy
had been pre-chosen for the recycled acrylic; pre-consumer waste cashmere was provided
in brown and small quantities of synthetic materials could only be obtained in black or
white. Black had been selected for all the yarns to deepen rather than lighten the yarn
shades. An exception was the 10% wool content, and this could be selected from range of
stock colours. A 'slate’ blue was chosen to compliment this dark colour range (Figure 111).

This resulted in a deep but grungy blur of colour suitable for the brief.
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The final stage of the design process

was to finalise all the blending decisions
for production. This occurred both at

the end of the first meeting and during

a second meeting a few weeks later.

The conversation focused on the type

of synthetic that would be used in the
blends. The discussion went back and
forth between the different synthetic
materials which could be used. Firstly,
nylon (also known as polyamide) was
discussed. This was highlighted by the
designer-researcher as a popular blending
agent seen during the market research.
Furthermore, in the recycling industry both
nylon and polyester are known to be used
when creating yarns in Prato. For onward
recyclability, neither material type was
deemed problematic as both these types
of fibre were most likely present in the
recycled acrylic-mix being used in the test.

The engineer explained that the major
differences between the two fibres were
hand feel and cost. He brought out two
examples of test yarns for comparison; one
blended with a small amount of polyester
and the other with a small amount of nylon.
After studying the yarns, the designer-
researcher established that there was

only a small difference between the feel of
yarns, the nylon being slightly softer. Yet,
the cost was more dramatic; the nylon fibre
was almost double that of the polyester.
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During this discussion, the designer-researcher decided that it would be prudent to spin
a ‘control' yarn without any wool content for a direct comparison. In line with all the other
blends this would contain the same 509 recycled acrylic but would be blended with 50%
synthetic. At this point the engineer pointed out nylon could not be used in such high
guantities in the woollen spinning process. Therefore, for the sake of consistency the
use of nylon was discounted from the research. Virgin acrylic was also put forward as

an option. This was appealing as it would increase the acrylic content making the final
yarns more mono material, but the researcher also had concerns from a sustainability
standpoint and using this virgin material might encourage further a very harsh, chemical
based virgin production process. However, the MOQs for acrylic were significantly large to
prohibit its use in the test. Thus, the decision was taken out of the designer-researcher’s
hands and polyester was confirmed for all blends requiring synthetic content. In the spirit
of experimenting with recycled materials, the engineer advised he was able to source a
recycled polyester fibre produced from plastic bottles. The use of recycled polyester in this
form is very commonplace within the mass market.

The addition of the control yarn, which represented the most basic blend, lead the
designer-researcher to reflect on how the yarns might be analysed. Solely from the
perspective of composition, the three blends and the control provided a good range to be
compared. However, visual comparisons might be limited as the control yarn would only be
comprised of navy (recycled acrylic) and black (recycled polyester), rather than a blend
made up of numerous shades (as in Blend 1, 2 and to a lesser extent 3). To overcome this
barrier a repeat of Blend 1 was confirmed, replacing the bright coloured wool with black to
ensure a visually unbiased comparison could be made. This repeat of Blend 1in an alternate
colourway was confirmed as Blend 4 and the control yarn was confirmed as Blend 5. It was
considered necessary by the designer that the original coloured blends remained in the
range as this also might yield results during the comparisons of the materials.

Finally, a sixth yarn was added to complete the range. This was to have a thicker yarn

count (2/4.25Nm), which would be produced to establish if yarn count affected yarn
quality, yield and manufacture. All the blends up until this point had been designed at the
finest count the engineer was willing to manufacture when incorporating 50% recycled
content (2/8Nm). Once again for a direct comparison a repeat of a previous blend was used
(Blend1). Blend 6 was confirmed, and this finalised the six yarns to be produced.
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10.4 SIX BLENDS = SIX YARNS

50% Recycled  Acrylic 50% Navy
1 30% Vlrgln Wool 30% Black 2/8Nm Standard
20% Recycled  Polyester 209 Black
50% Recycled  Acrylic 50% Navy
17% Virgin Mohair 17% White
- %
2 Mohair/ 12%Lemon o anm Super Lux
249 Virgin Wool/ 12% Honey
Cashmere Bird
9% Virgin Wool 9% Black
50% Recycled  Acrylic 50% Navy
20% Recycled  Cashmere 209 Brown
3 /8Nm Lux
20% Recycled  Polyester 20% Black
10% Virgin Wool 10% Slate
50% Recycled  Acrylic 50% Navy
109 Black
4 30%  Virgin Wool 10% Green ~ 2/8Nm Standard
1096 Turq
20% Recycled  Polyester 20% Black
50% Recycled  Acrylic 50% Navy
5 2/8Nm Basic
50% Recycled  Polyester 50% Black
50% Recycled  Acrylic 50% Navy
10% Black
6 50% virgin Wool 10% Green  54Nm Standard
1096 Turq
20% Recycled  Polyester 20% Black
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Each of the six fibre blends were spun adhering to the spinning company's MOQ (50kg).
The engineer advised that while 50kg of fibre would be used at the beginning of the
process, the yield (resulting amount of yarn) could be lower depending on the success of
processing of each blend type. The total yarn produced for all six yarns was 286Kg. Table

16 summarises the designs of all six yarns which can be seen in Figure 114. Once spun each
yarn was sent to a knitting factory to be knitted into swatches (Figure 115) and for prototype
garments to be developed (Figure 116).

10.4.1 REFLECTION ON MANUFACTURE

After the production of the yarn and swatches both the spinner and knitter recounted

that there had been no major issues in the creation and use of the yarns. The spinner did
highlight that some small adjustments to the spinning machinery was required at the start
to avoid breakages in the yarns. While he reasoned that this was caused by the short fibres
of the recycled content, this issue was easily overcome.

The engineer also noted that when breakages did occur there was some amount of ‘fiy’
(fibres that fly into the air as the yarns break), which can cause cross contamination
between spinning batches. This, he explained, was a minor issue and only to be expected
with the use of recycled fibres. Furthermore, he added, the winding process had gone
smoothly with no more than the expected number of faults.

Most noteworthy from the spinning engineer’s feedback was that there had been no
discernible difference between the carding and spinning of any of the six yarns. While all
the blends contained the same 50% recycled acrylic content, the remainder of each blend
ranged from polyester (Blend 5) to wool/cashmere/mohair (Blend 2). This meant that all six
yarns proved viable for use in the commercial knitting industry.

The researcher noted that there were variations in the yields of the yarns (Table

17 overleaf). The engineer explained, however, that this was a ‘normal result of the
manufacturing process and not in any way related to the differences in yarn content. In a
later, more in-depth discussion, he explained these discrepancies. He first pointed out that
Blend 3 had the lowest yield (35.70Kg) simply because it had been the first blend put into
production. This was used to set up their machine parameters and inevitably created more
wastage. Blend 6, on the other hand, had the highest yield (48.90Kg). This was put down
to the sequence in which the yarns were processed. Having the same fibre composition
and colour as Blend 1, Blend 6 was produced directly after Blend 1and so incorporated all its
spinning and setup wastage.

The next highest yield was Blend 2 (43.9Kg). The engineer put this down its zero polyester
content. As he explained, unlike acrylic and wool, polyester takes little or no moisture from
the atmosphere and this aids the manufacturing process. Furthermore, he added, man-
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50% Recycled  Acrylic o0% Navy
30% Black 38.90
20% Recycled  Polyester 20% Black
50% Recycled  Acrylic 50% Navy
17% Virgin Mohair 17% White
i %
249 Virgin \'\/Avgglallr/ e 4390
Cashmere  12% Honey Bird
9% Virgin Wool 9% Black
50% Recycled  Acrylic 50% Navy
20% Recycled  Cashmere  20% Brown
20% Recycled  Polyester 20% Black 3570
10% Virgin Wool 10% Slate
50% Recycled  Acrylic 50% Navy
1096 Black
30% Virgin Wool 10% Green 42.00
10% Turqg
20% Recycled  Polyester 20% Black
50% Recycled  Acrylic 509 Navy
50% Recycled  Polyester 50% Black 41.60
50% Recycled  Acrylic 50% Navy
10% Black
30% Virgin Wool 10% Green 48.80
10% Turqg
20% Recycled  Polyester 20% Black

made fibres such as polyester break less at the carding stage because they are smooth
and strong. Nature fibres, in contrast, have many deviances so are more likely to break and
generate wastage. This goes some way to explain the middling yield of Blend 5 (41.7Kg)
and is perhaps one of the reasons the industry uses synthetics when creating recycled

materials.

Despite their different colourways, Blend 4 and Blend 1 had the same fibre composition.
Yet their yields varied considerably (42Kg and 38.9Kg respectively). The engineer clarified
that the ratio between the weight of the fibre input and the weight of the yarn output
would appear more significant in such relatively small batches. As he pointed out, if
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the experiment had been conducted on a larger scale, such as 500kg, the setup waste
(estimated at 4-5kg) and end of batch waste (estimated at 3-4kg) would represent
less than 2% total wastage. By contrast in this experiment, the 9kg of estimated waste
represented 18% of the 50kg batch. Furthermore, the variation in yields was in no way
related to their recycled content.

10.4.2 REFLECTION ON THE DESIGN

This section provides an evaluation of the yarns and garments described from the
designer’s perspective. The main insights have been divided into three categories: colour,
hand-feel and classification. Across these sections the look of the yarns and their tactile
qualities, the finishing processes used and the impact of the blending choices will be
discussed.

The designer-researcher was aware that the colours selected for the yarns might positively
bias her final evaluation. The influence of colour was almost immediately obvious when the
swatches were first received. Blend 1and Blend 2 were the most visually impactful, with
their turquoise tones popping brightly against the navy acrylic base. The plainer navy tones
of Blend 4 and Blend 5, in contrast, negatively biased her evaluation of their overall quality.
This was most noticeable when comparing Blend 1and Blend 4 (Figure 117 and Figure 118),
which had identical fibre composition. Without reading the labels, Blend 1 was automatically
preferred as more luxurious-looking. Blend 4, with its mix of only two colours, produced a far
flatter appearance.

The range of colours in Blend 2 were most visible, with its mix of navy, blue, yellow and white
(Figure 120). Whereas Blend 3 could almost be mistaken for a single shade of navy from
afar, despite its subtle depth created by brown and blue tones (Figure 121). This analysis of
colour was then taken into account when comparing the yarns for their other qualities.

Removing colour from the equation, Blend 4 and Blend 5 that contained only navy and
black fibres were compared. It was surprising to find that there was very little discernible
difference between the two. It had been anticipated that Blend 5 (50% recycled acrylic
and 50% polyester) would look significantly shinier and fiatter than the other yarns which
contained wool. However, without the use of colour as a visual tool for comparison, Blend
4, with its additional 30% wool, looked almost the same as Blend 5 (Figure 119). This
impression altered, however, when the yarns were viewed as a garment rather than as

a swatch. This illustrated the importance of testing through all the stages from yarn to
product to establish micro and macro differences in material qualities.
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All the knitted swatches had been finished by washing and pressing. As expected, the
softest swatches were those containing cashmere and mohair (Blend 2 and Blend 3). Once
again, the designer-researcher was surprised that the high polyester content of Blend 5
did not produce such a ‘squeaky’ feel. This was perhaps due to the softness of the recycled
acrylic fibre.

Once again, the reflections made on the knitted swatches changed when the knitted
prototype was created. First Blend 1 was knitted into the designed funnel neck jumper
(Figure 116 on page 249). As the funnel neck sits next to one’s skin, the feel of the wool
content is apparent, and although not unpleasant to the designer-researcher, when
compared to the knitwear products incorporating softer synthetics in the current market,
it might feel harsh to some consumers and possibly be problematic for those sensitive to
wool against their skin.

From the author’s previous experience as a commercial designer, hand-feel is an important
attribute to any knitted design. While some textiles demand dry or crisp hand-feel, the
wool/acrylic knits demand softness. The attribute 'soft’ could make the material more
commercial, but often at the expense of durability. While softness can be designed using
expensive luxury fibres (such as in Blend 3 with its addition of cashmere), ‘softness’ can
also be added after production in the finishing stages. To address the need for softness,
subsequent swatches were actioned using more softener in the washing of the knits. This
dramatically improved the hand-feel of the textiles and served to illustrate that attributes
can be designed into textiles at any point in the manufacturing process. This is particularly
relevant for overcoming the challenges of using recycled content and highlights that
solutions can be found at any stage from yarn through to final garment.

The yarns themselves had been designed and classified to reflect the value they would
obtain as products (see Table 16 on page 244). For example, Blend 2 with its 50% wool/
cashmere/mohair content was classified as 'super lux’. At the next level down Blend 3 was
classified as ‘lux’ due to the 20% cashmere content. This was followed by Blend 1, Blend 4
and Blend 6 being classified as 'standard’ with their 309 wool content and finally the most
basic blend, Blend 5, which contained only synthetic fibres. However, when these products
enter the sorting systems, they are valued strictly according to their fibre content. In
particular, wool is valued above synthetic content. This highlights the widening gap
between the way we design our textiles into products for market value and the recycling
value of these resources at the end of life.
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10.5 TESTING RECYCLING VALUE

The final element of the research was to test the six yarns in the form of knitted swatches
with automated recycling (Fibersort machine) and hand sorters within the textile industry.
This was to establish if the materials had increased in value when they re-entered the
acrylic/wool recycling system. It should be noted that this testing did not take place to
establish how accurate both the hand sorters and the Fibersort machine were in their
assessments. This would be impossible without a comprehensive composition test of each
yarn to confirm their content. However, as this research has been conducted to understand
how to design with tricky and often unknown compositions of waste, obtaining an exact
composition would not be representative of how the materials are sorted in industry. The
aim of these two tests, therefore, was to explore the realities of sorting and the challenges
and opportunities this presents for designers. Hand sorting and automated sorting were
both selected to understand the differences between the traditional and newer methods
used to sort post-consumer textiles.

To accomplish this, six knitted swatches were sent to both hand and automated sorting
facilities to ascertain the generic recycling grades they would now flow into. For the hand
sorting evaluation, a visual-tactile approach (Kitaguchi et al., 2017) drawing on the tacit
knowledge of the expert hand sorters was used to ascertain the percentage of wool
present (Botticello, 2012). In addition, the swatches would be tested by automated sorting
machinery to compare the recycled swatches with the library of known fibre blends (Circle
Economy, 2019).

For the sake of continuity, the owner of the hand sorting business ‘Recycle Wool based

in Pakistan, Hasnain Lilani, previously interviewed regarding sorting grades (section 8.41,
page 199), was sent the swatches to test. The content of the yarns was not disclosed

and could only be identified with a number (1-6). Five sorters with various areas of expertise
were asked to identify the assumed compositions of the material and determine which
sorting grade they should enter into.

Furthermore, six duplicate swatches were sent to be tested using the automated textile
sorting machine, the Fibersort’. The Fibersort was selected for the test because the
findings of the Circle Economy (2019) that had tested the machine had also been used
to inform the generic sorting grades (section 8.41, page 203). Again, the assumed
composition of the swatches was undisclosed prior to the test.

10.5.1 AUTOMATED SORTING TESTING RESULTS

The first test saw six swatches sent to Belgium to be scanned by the Fibersort automated
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sorting machine. The results of the first attempt were unreadable, leading to the Fibersort
project engineer enquiring if any coatings had been used in the development of the
swatches. This, he explained, could interfere with the results. As no coatings had been
applied it was speculated that the softener used at the finishing stage might be the cause.
In addition, the designer-researcher explained that the yarns contained percentages of
virgin and recycled fibres that had been dyed, such as the virgin wool fibres or the recycled
polyester from plastic bottle sourced in black. In return, the Fibersort project engineer
highlighted that normal inputs were very old garments (ready for recycling) that would
have been washed many times. It was concluded that hand washing the swatches, multiple
times, before re-testing might help to replicate this quality. The results of the second test
are presented in Table 18.

1 30 40 60 Wool 30, Acrylic 70
2 50 8 92

3 30 40 55 5% Nylon  Wool 30, Acrylic 70
4 30 40 60 Wool 30, Acrylic 70
5 0

6 30 20 80 Wool 30, Acrylic 70

There were two anomalies in the results. As Table 18 demonstrates the results of Blend 5
were inconclusive. While it had been first speculated that the cause for this was possibly
the dyed polyester present, it was later established that the recycled acrylic fibre could
have been put through an overdyeing process (see Interview with Recycler X Appendix 14.4,
page 348). Further testing would need to be conducted to establish the exact reason

for this result, but this fell outside the scope of this research. The results for Blend 2 were
significantly different to the actual composition. In particular, the ‘wool content’ comprised
mohair (26%), pure wool (23%) and cashmere (2%). The results, therefore, could have
been skewed by the high percentage of mohair fibre which in this research has been

classed as 'wool'. However, again no full conclusions could be drawn without further testing.

All the other blends (Blend 1, 3, 4 and 6) fell just within a 10% tolerance. Blend 1, 3

and 4 results indicated 109 more wool than was actually present. Blends 1and 4 had
identical compositions with 3096 wool, whereas Blend 3 was made up of both wool

(10%) and cashmere (20%). The results suggested that all three of these blends (1, 3

and 4) contained 40% wool. This percentage sits on the edge of two sorting thresholds
established in the Fibersort sorting accuracy test conducted by the Circle Economy (Table
19). While technically this result is not over 40%, which is the requirement for the garments
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to enter the 'Wool 50, Acrylic 50’ fraction, the result is very close. However, it does confirm
that as designed the materials have moved into the "Wool 30, Acrylic 70’ fraction and
therefore have increased in value at the sorting stage.

Acrylic 100 >95 97
wool 50, Acrylic 50 >40, >40 42,58
wool 30; Acrylic 70 >20;>60 27,73

As all the yarns also contained 509 recycled acrylic fibre this may offer an explanation for
this elevated wool percentage. Recycler X, who supplied the acrylic fibre, explained in his
interview that when you are sorting for high acrylic content, you might “find 95%, 90% or
85% acrylic and 5% or 10% or 15% wool - it depends” (Appendix 14, page 341). Therefore,
the final yarns could contain a higher content of wool than originally designed. By Recycler
X's estimations this could be as much as 15% acrylic content. As the acrylic represents 50%
of all the blends, this would equate to up to 7.5% additional wool content in each yarn. If this
was the case it easily could explain the results of Blend 1, 3 and 4. However, the lower wool
content results for Blend 6 does not fit this pattern. Blend 6 was a thicker yarn with a lower
yarn count, and this may have had an effect on the readings. While no formal conclusions
could be drawn without additional testing, it does serve to illustrate the complexity of
sorting waste textiles.

This 'unknown’ element of Designing for Recycling Knitwear provides the challenge when
using recycled content. This is often stated as the reason why the fashion industry avoids
using recycled fibres in production (Elander and Ljungkvist 2016). However, as it has been
demonstrated by this sorting test the materials are not completely unknown, they just fit
into wider thresholds than the virgin production industry is used to dealing with. The issue
isn't the material's content, rather how we can design using these fibres to create yarns,
materials and products. In turn, these products are designed for specific markets and it is
these markets that are the crux of the problem:

The market for which a fibre should flow into is also a matter of perspective. According to
the fractions offered by the Fibersort research, there currently is a gap in sorting for any
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material that contains between 5% and
20% wool (Circle Economy, 2019). We can
assume no market was found for them
within the scope of the Circle Economy’s
research. The challenge for designers
Designing for Recycling Knitwear is to use
these complex fibres and design pathways
to alternative markets.

10.5.2 HAND SORTING
TESTING RESULTS

Five sorters (A-E) from the ‘Recycle Wool
sorting facility were selected to assess

the knitted swatches. Sorter A was the
team leader and had the most experience;
sorters B and C were experts in sorting
cashmere; sorters D and E had the least
experience and had been working for a little
over two years.

Sorting by hand is not an exact science
and therefore accurate results were

not expected. Once again, as with the
automated testing, the swatches were
sent in their ‘new’ state and did not
represent old garments that had been
washed many times. This may go some
way in explaining some of the inaccuracies
in results. However, the results shown in
Table 20 (overleaf) highlight that on four
occasions the swatches were accurately
identified by three of the sorters (A, B
and E). The most accurate results were
produced by the team leader (Sorter A)
who holds the most experience.

As the data shows, on the whole, Sorters
B to E over-estimated the wool content of
all six swatches. In all but two cases, they
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BLEND1 30 15 70 100 70 80
BLEND 2 50 30 50 80 100 80
BLEND 3 30 15 90 80 70 100
BLEND 4 30 30 100 70 50 80
BLEND 5 0 30 30 70 70 0]

BLEND 6 30 30 70 80 100 90

placed them in sorting grades of 509 wool or more. While the yarn blends 1,3, 4 and 6 were
specifically designed to up-value the recycled acrylic fibre into the 30% wool category, in
this test, the sorters’ estimations doubled, and in some cases tripled, their wool value. In
contrast, Sorter A made lower, and far more accurate, evaluations of wool content. This
highlighted the importance of skill and experience in the sorting process. For this reason,
the evaluations of only Sorter A will be considered going forward.

Asit can be seen in Table 20, Sorter A's correctly identified the wool content of Blends

4 and 6, while in Blends 1,2 and 3, he under-estimated the wool content. Finally, Sorter A
inaccurately assessed the presence of 30% wool in Blend 5 where there was none. As
described before, there could be up to 7.5% wool content in this blend, but this is far below
the estimated composition. This could be an anomaly but also goes some way to explain
the need for thresholds around the sorting grades provided in Chapter 8 (section 8.4.3,
page 208). It supports the inconsistences in sorting described by Recycler X (Appendix
141, page 341) which need to be understood and harnessed in order to appropriately
design recycled materials going forward.

The aims of this research have been to design a yarn that combines low value recycled
acrylic fibre with wool in order to raise the value of the acrylic fibre at the sorting stage.
Judging all six blends as containing at least some percentage of wool therefore, seems to
largely fulfil this aim. However, Hasnain Lilani’s recycled wool sorting company only value
50% wool or above. Therefore, regardless of Sorter As classifications, all swatches fall into
ageneral low wool category. While this does sit above 100% acrylic, further understanding
of the swatches' value in the recycling system needs to be established.

10.5.3 SORTING IN DETAIL

To understand the implications of these sorting results a second interview with Hasnain
Lilani (2020b) was conducted (see Appendix 14.3, page 344). During the interview Lilani
illuminated that while the focus of his business is on high-percentage (50% and above)
wool waste, he had recently expanded into low percentage wool because of market
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demand. He continued to explain that this lower value wool waste would be used by his
clients (recyclers) to reduce the price of the yarns and materials they were producing.
Lilani confirms what Recycler X suggested in his first interview (Appendix 141, page 341),
that the blending of different sorted grades as a method to amend value does not occur
during the sorting stage but during the manufacturing/blending stage. Lilani explained
that combining different grades at the sorting stage would cause problems for his facility’s
quality standards.

Alternatively, as Lilani expands, this grade could also be used for pillows or blankets. Here
Lilani is describing two different markets. First as flocking for the inside of cushions and
yarns for use in blankets, which are both supplied to markets in Pakistan/India. Second as
relief blankets for the charity sector. These represent what is generally considered the
range of low value options for low-wool content textiles and this also extends to recycled
acrylic. While Lilani describes 1009 acrylic as ‘completely wasted’, this comes from the
perspective of a sorter of wool. As the literature has illuminated recycled acrylic does
hold some value - even ifitis very little - and is used for the same markets as the low-wool
grades Lilani describes. Therefore, the results from Sorter A have demonstrated that
through design, acrylic has been blended and spun into a new yarn which not only has
moved up a step in the resource spiral (acrylic to low-wool), but has been directed towards
an entirely new market (knitted clothing). Further discussion can be found in Chapter 11
(section 111, page 265).

In addition to his comments regarding fibre type, colour was also discussed in relation to
the swatches. Liliani illuminates that three of the yarn swatches would be categorised

as 'melange’ yarns. Yarn 1and 6 combined turquoise, green and black with the recycled
navy to produce a deep turquoise melange. Yarn 2 took an even bolder approach to colour,
combining white, lemon (yellow), honey bird (bright turquoise) and black with the navy to
create a bright turquoise melange with pops of yellow. The remaining three yarns would all
be considered 'solid’ colours as the colour combination were very subtle. For example, Yarn
3 combined brown, black and slate (grey/blue) with the navy, whereas Yarn 4 and 5 blended
black and navy to produce a very deep navy shade. While sorting solid colours is desirable,
melange garments can also be sorted into ‘double tone’ grades. Lilani warns, however,
that there is not always enough quality 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. This point was emphasised by Lilani at the end of the interview in which he
explained the following:
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Here, Lilani reminds us that value in the sorting stage is found in the balance between

many design decisions. In his example, the colours designed into the jumpers at material
level cause them to be sorted into the fancy sorting grade, those with many colours and
patterns, resulting in a reduction of value. Whereas the loose structure of a heavy knit
(easy torecycle) and purest 100% wool fibre type are the most desirable qualities in
recycling industry. However, the combination of these three design decisions resultinan
undesirable low value waste stream for the recycling industry. As Lilani expresses, this is
only used in the local markets for hidden applications. However, where value is only reduced
in one aspect this highlights the need for design intervention to maintain or increase the
value of this waste (further discussion in Section 111, page 265).

In order to understand the implication of colour, a second interview with Recycler X was
conducted to maintain a recycler’s perspective (Appendix 14.4, page 348). Recycler X
explained non-solid coloured waste textiles must be dealt with differently. While solid
colours are used by recyclers, as Lilani (2020b) confirms, “to make their own blend recipes’
melange and fancy waste streams have more limited pathways. Jumpers with melange
colours are used to re-create melange shades but are not suitable for solid shades. While
melange may hold value, they are not as useful as solid colours, which can be used to
produce both solid and melange yarns.

Fancy fabrics, Recycler X illuminates, can be recycled into yarns through overdyeing in

dark colours. However, the ability to over-dye the fibre is dependent on the composition. If
the composition can be assessed as a particular group, such as wool/acrylic, wool/nylon,
wool/polyester or better still a pure wool or pure acrylic, then overdyeing can be conducted
more easily. However, if the rough composition cannot be assessed then overdyeing is not
practical. It is then downcycled into hidden applications such as felt insulation etc...

The complexity of the sorting industry correlates directly with the complexity of the
products to be sorted. For example, the fancy sorting category is used to describe
patterned textiles and textiles produced from fancy yarns containing contrasting colours.
This type of waste can be utilised when spinning yarns with neps. However, Recycler
Xexplained, if textiles are created with many different coloured neps these are then
considered contaminants at the end of use and cannot be recycled again. Additionally,
when it comes to more subtle colour combinations in textiles, the structure of the material
also has animpact on the recyclability. For example, a navy and black patterned textile, if it
is knitted, can be easily recycled as Recycler X explains:

However, if the same colours are found in a woven material, then this is considered too
low quality for recycling. The overall conclusion is the composition is the priority. If the
composition can be roughly established but it has a mix of colours, the composition allows
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the fibres to be overdyed for yarn spinning. If left undyed, the fibres can only be downcycled
for non-woven insulation felt. For this research concerned with understanding how to
Design for Recycling Knitwear, the relationship between all these sorting methods must be
understood (further discussion in Section 111, page 265).

10.6 SUMMARY

This chapter describes the final body of practice in this thesis. Following the previous
chapter in which spiralling, blending and sorting have been brought together, the practice
research was conducted to test these combined ideas towards understanding the Design
for Recycling wool/acrylic knitted textile spiral. To begin, both a research design brief and
creative industry design brief were developed. The research brief provided the conditions
for creating recycled value, namely, using recycled acrylic fibre, using a minimum of 30%
wool in the blends and that the yarn produced needed to be suitable for a knitted garment.
The creative design brief drew on trend and market research to direct the aesthetic,
function and cost aspects of the design.

The practice experiment was then described, starting with the challenges of finding a
partner spinning company and sourcing the colour sorted recycled acrylic fibre which

had to comply with the spinner’s conditions, namely that the seams were cleaned from

the waste. The chapter recounts two meetings with the spinning engineer in which the

six yarn blends where designed and specified. Decisions centred around composition,
colour, recycled content, manufacturability, hand feel and cost. It was noted that a balance
between the engineer’s requirements and the designer-researcher’s had to be found. The
six yarns were spun and knitted into swatches and prototype jumpers. The swatches were
sent to both a hand and automated sorter to establish if they had increased in recycled
value at the sorting stage. The aim of this test was not to establish the exact composition
of the swatches but to explore the realities of sorting and the challenges and opportunities
this presents for designers.

The testing itself illustrated the complexities facing the sorting industries across hand

and automated systems. While both tests illustrated that the recycled resources would
have increased in value, the pathways for these fibres were less clear. The automated
sorting highlighted that the challenge for the designer is to create markets for all waste
types as this directly impacts the sorting criteria. The hand sorting results lead to a second
interview and a more detailed understanding of sorting from the perspectives of colour.
While composition was found to be the priority, the effect of structure and colour are also
important factors. To successfully Design for Recycling Knitwear, the relationship between
all the different sorting methods needs to be understood and this will be addressed in the
next chapter.
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11 DISCUSSION AND
INSIGHTS

11.1 REFLECTIONS ON THE PRACTICE

This research set out to explore Design for Recycling Knitwear, namely how design can

be used to aid the use of recycled fibres in textiles (re-active design approach) and

their onward recyclability (pro-active design approach). In order to accomplish this, the
researcher first explored the recycling system from the point of disposal through the
recovery of fibres and on to the creation of products (Practice 10, page 225). Across

this thesis, particularly in Practice 1 (page 79), four areas were established in which

design intervention could occur: sorting, blending, processing (spinning), end product/
market (weave/knit through to product). These ‘areas for intervention’, or ‘notspots’,

have been discussed in the author’s conference paper ‘MIXING IT UP IN PRATO: identifying
innovation hotspots within mechanical textile recycling’ (Hall, 2018, Appendix 14.811, page
405). Throughout this research each of these hotspots have been explored through the
various practice experiments (Practice 0-9), which are brought together in Practice 10. It is
therefore under each of these themes that the research in this thesis will be refiected on
to draw the conclusions of this study and demonstrate original contributions to knowledge.

MUTILATE - Q‘ - ‘Q @ Q

11.1.1 SORT

This first hotspot outlined in Practice 1 was the sorting stage. Only in 2020 has Niinimaki
and Karell made the connection between designing textiles and the end-of-use sorting
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processes. They point out that if textiles cannot be correctly identified at the sorting stage,
itis impossible to direct them to the appropriate recycling process (Chapter 8.3, page

198). Taking this one step further, without effective sorting, the mixed materials produced
by recyclers would only be suitable for low-value end-markets. The value of resources is
therefore determined at the sorting stage. This value and how it embodies itself through
the design choices has been unpicked through the lens of '‘Design for Sorting'. This was
first coined by Niinimaki and Karell (2020) and following their recommendation it was
explored in three steps:

1. Understanding the elements of the textiles to be identified in the sorting
process

2. ldentifing what grades the textiles are generally sorted into and for what
purpose

3. Ascertaining the general limitations and possibilities of textile-to-textile
recycling technologies

The first step was explored in section 8.31 (page 199) in which findings from Practices 1,2
and 4 resulted in three elements for sorting being established: structure, colour and fibre
type. Inaddition, cleaning was highlighted as an important step overlooked by Niinim&ki and
Karell.

First, sorting by structure (namely knit and weave) is vital for the physical recycling
process, especially if you require high quality recycled fibres as an output. It is generally
accepted that woven materials produce shorter fibres in the recycling process than their
knitted counter parts due to the density of their structure making it difficult to tease the
fibres out for re-use. After Practice 2 (page 111) had taken place, where a woven fabric

was created from recycled yarns, the researcher reflected on the weave technician’'s
comments regarding the ‘looser’ tension of the weave. The technician explained that the
tension for a commercial weave would usually have been tighter, yet for the designer in this
instance it was inconsequential for the application of a cushion. The tighter tension was
an unnecessary property in this design, and if added, could have had a negative impact
later in the recycling process. In this instance the looser tension was unrequired and
therefore adjusting the tension would be inappropriate. Conversely, reducing the tension
of another woven textile designed to be highly durable might result in its quicker return to
the recycling system. Needless attributes should, therefore, be designed out of textiles to
balance function and recyclability.

Colour is one of the most well-known sorting categories for recycling and is often claimed
as one of the mechanical recycling industry’s ‘environmentally friendly’ attributes. This is
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because the colour from the waste textile is re-used in its next life. This presents a creative
challenge for designers when designing for mechanical recycling, as they design for a
system which attaches value to single colour inputs. One prominent solution is designing
textiles for disassembly (Forst, 2020), in which the coloured sections on materials and
garments can be separated at the end-of-use. However, within mechanical recycling at
fibre level, this is not possible. Outside of the scope of this thesis, chemical recycling does
offer a potential solution for this problem but only for certain fibre types. In an attempt to
combat this challenge, joined up thinking between the sorting and the blending stages was
explored in Practice 4 (page 147). Here, the idea of designing textiles in specific colour
combinations was suggested to create blended shades during the recycling process, such
as ared and blue garment creating a purple fibre after recycling. However, as the focus of
the research was on the composition of the yarns, this idea and any further understanding
of the complexities of sorting and processing mixed colour textiles was only explored
during the testing in Practice 10 (further discussion on page 289).

Cleaning is a vital step in the recycling process which has been overlooked in literature.
Here elements of materials or products which would cause the colour of fibre type
contamination have to be removed. Therefore, as designers there appears to be three
options: designing out these elements, considering their placement with care for their easy
unskilled removal or enabling them to be fully disassembled. Ultimately these contaminants
are blends in the most macro form and materialise themselves at material and garment level
(section 7.7, page 181). In this research, Practice 1 uncovered systems created to utilise

the cleaning of waste. Here, the cleaned seams from cashmere recycling were sold to
another recycling facility to benefit from the mixed cashmere fibre. The designer, therefore,
needs to both consider Design for Recycling for both the main body of the textile/garment
as well as the parts that are to be cleaned (the extras).

However, while it is nice to think of all our materials such as those from the ‘main body’ and
the ‘extras’ circulating in high-value closed-loops, this is not always realistic. In Practice

1, for example, the seam waste from the cashmere recycler was not able to be recycled

to the same quality as the main body material (page 79). Therefore, this provided an
opportunity to feed lower value loops into the resource spiral. The method of cleaning
ensures the whole textile is not needlessly lowered in value and that even the cleaned
‘extras’ can extend their lives in new loops.

Finally, the industry also sorts by fibre type. While it has been discussed in Chapter 3.3.3
(page 77) that the recycling industry as a whole is divided into processing very broad
material types, such as wool, cotton and polyester, it is the particular categorisation
that each individual recycling sectors uses that needs to be understood. This addresses
Niiniméaki and Karell's (2020) second step and is discussed in detail below.
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The second step as proposed by Niinimaki and Karell (2020) was the identification of
sorting grades and their specific purpose. In the context of this research, it is the grades
and purpose of the wool recycling system with acrylic as its contaminant that has been
explored. While the ideas for this investigation came from field investigation and practice,
the grades were primary established through literature review and interviews (section 8.4,
page 202). Four main grades of wool/acrylic textiles were found: 100% wool, 80% wool,
509 wool and 100% acrylic. These percentages are not representative of each individual
textile’'s wool content but rather is the average percentage of wool content within a batch.
For example, an 80% wool batch may contain textiles with 1009 wool content and those
that contain 70% wool content. Overall, the batch is estimated to be 80% wool which gives
it its name.

However, as current textile sorting is conducted by hand a further layer of complexity

is added. While a batch may be named after the general percentage it represents, itis
impossible to be precise when using hand sorting methods and this means that the name
of the batch can mis- represent the content. For example, the 10096 acrylic grade may
contain as much as 15% wool, illustrating this misrepresentation of the batch. This has
created a need for lower and upper thresholds of each grade for which there is certainly
an overlap, such as any 100% wool textiles could be placed in both an 809 wool grade to
ensure the overall wool composition reaches the required 80%, as well as the 10096 wool
grade. Itis this complexity which results in what could be explained as ‘blurred’ grading
categories. In this research these are described as ‘generic’ grades and thresholds for
Design for Sorting.
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The purpose of these grades is a little more difficult to establish. The sorting industry, like
any other, is constrained by the clients and markets to which they can sell. This means
sorting practices alter depending on a client demands (Lilani, 2020a). Generally, the end
markets are split between high-value end-uses, which normally refers to using the recycled
fibres in yarn form for either knit or woven materials, or lower-value end-uses, normally
referring to either non-woven or amorphous materials.

However, there isn't always one single purpose for a sorting grade. For example, the textiles
that fall into the 1009 acrylic grade can be utilised across both higher and lower value
applications. Either they are sorted as ‘jazz’ for non-woven flocking (Thompson, Willis

and Morley, 2012), or spun into yarns in locations such as India to be used in blankets for
the local market or as relief blankets for foreign aid (Norris, 2012c). Relief blankets, Norris
(2012c) explains, are renowned of being very low quality and this demonstrates that while
the creation of yarns from recycled materials is generally associated with high-value
product applications this is not always the case. This example illustrates the more nuanced
relationships between recycled resources and the designed products they create.

In Practice 10 of this research, design was used to divert '100% acrylic’ grade fibres,
generally considered worthless material (Lilani, 2020b see Appendix 14.2, page 343), to

be used outside of its normal ‘purpose’. Here, a new product pathway has been designed
by returning the acrylic into a knitwear product for the European marketplace. The lowest
value fibre grade (100% acrylic) was selected to create a proof-of-concept yarn through
to a garment; not only to increase the value of the resource by design (discussed in 111.2,
page 269), but to design increased value into the product (discussed further in 111.4, page
279).

The final and third step offered by Niinimaki and Karell (2020), explored throughout this
research, is to understand challenges for textile-to-textile recycling processes. This
research specifically investigated the challenges of the mechanical recycling system. While
this has been explored throughout the thesis it was primarily explored in Practice 10. Here
the challenges of both sourcing recycling fibres and working with the additional priorities

of other stakeholders, such as a spinning engineer, were addressed. Specifically, it was
through conducting the research in an industry setting that these insights were found and
will be further discussed in Section 111.3 (page 276).

11.1.2 BLEND

With the rise of concerns for our planet's resources and the publication of ‘Cradle to Cradle’
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and the circular economy model (Braungart and McDonough, 2002; EMF, 2013), the concept
of blending different materials has been demonised - specifically combining materials

from the biological and technical spheres. The current design solutions for blending at

the end-of-use has been reduced down to two strategies: designing for mono-materiality
(designing without blends from the beginning) and design for disassembly (to separate

the blends into mono-materials). However, there are many reasons we use blending

within textile design, such as for added function, appearance and reduction of cost of our
materials.

When it comes to recycling the reasons for blending are shared with those of virgin
production. For example, recyclers will compensate for the shorter recycled fibres by
blending them with longer virgin fibres. This can aid the efficiency of manufacture and lead
to less waste, more cost effectiveness and, depending on the blend, could produce a more
functional final material. What needs to be avoided is the trade-off between durability in
use and the recovery potential (Tanttu, Kohtala and Niiniméaki, 2016). However, when textiles
containing blended fibres enter the recovery stage of the lifecycle, it is not the physical
recycling process, shedding or pulling the fibre from the cloth, that is the problem. Rather
it is the quality of these fibres for the design of new textiles which is problematic (Langley,
Kim and Lewis, 2000). Therefore, understanding how we can Design for Recycling Knitwear
is vital.

Throughout this thesis the knowledge around blending within the mechanical wool
recycling industry has been expanded. Historically, as explored in Practice 6 (page 161)
and Chapter 7 (section 7.4, page 160), the wool recycling industry has used a variety of
blending methods in order to create textile materials for a range of end-markets. While,
blending techniques in recycling have adapted creatively to overcome their own set of
challenges, there is still some overlap with the virgin textile industry. For example, the
most common method of blending is to combine different fibre types, which is followed by
combining different coloured fibres. In addition, the recycling industry extends its blending
repertoire to include blending recycled and virgin fibre, pre- and post-consumer waste
types and finally different structured wastes together (Table 21 on page 271). Regardless
which creative methods the recycling industry uses, these blending techniques are applied
for the same reasons that we blend virgin materials: function, cost and appearance.

During Practice 10 most of these different methods of blending were used (Table 22 on
page 271). First, virgin and recycled materials were combined in different quantities. All

the yarns produced (1-6) contained 50% recycled acrylic, but the virgin content varied in
percentage. For example, Yarn 2 blended 50% recycled acrylic with a virgin blend of wool/
mohair/cashmere, whereas Yarns 1, 4 and 6 all contained 30% virgin wool and 20% recycled
polyester originating from plastic bottles. These different methods of blending were each
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Recycled & Virgin X X
Pre-&Post-Consume X
Structure X
Fibre Type X
Colour X
50% Recycled  Acrylic KNIT
1 70 70 0
20% Recycled  Polyester BOTTLES
50% Recycled  Acrylic KNIT
17%  Virgin Mohair -
2 Mohair/ 50 50 0 -
24%  Virgin Wool/
Cashmere B
9%  \Virgin Wool -
50% Recycled  Acrylic KNIT
20% Recycled  Cashmere KNIT
3 90 70 20
20% Recycled  Polyester BOTTLES
10%  Virgin Wool -
50% Recycled  Acrylic KNIT
4 30% Virgin Wool 70 70 0 -
20% Recycled  Polyester BOTTLES
50% Recycled  Acrylic KNIT
5 100 100 0
50% Recycled  Polyester BOTTLES
50% Recycled  Acrylic KNIT
6 30% Virgin Wool 70 70 0 -
20% Recycled  Polyester BOTTLES
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constructed for different reasons and markets (see Section 11.1.4, page 279 for further
discussion).

The recycled polyester component used across all the yarns (with the exception of Yarn
2) was sourced from plastic bottles originating from outside of the textile industry. This
recycled polyester fibre is still considered a form of post-consumer waste as the bottles
have been used by consumers before being recycled. There was only one example, Yarn 3,
which contained both pre- and post-consumer waste in the blend. This is because Yarn 3
sourced waste cashmere from the spinning facility itself and was a waste from a previous
spinning production. This method of blending occurred to reduce the cost of using

this luxury fibre, it also had the added benefit of producing a softer yarn/textile. Finally,
blending in this way, combining recycled post-consumer acrylic, recycled polyester and
pre-consumer cashmere, enabled a high percentage (30%) of recycled content in the yarn.
If maximising recycled material is the end goal, this form of blending is an optimal way to
achieve this.

Notably there is a correlation between the highest percentages of recycled content and
the use of polyester (specifically polyethylene terephthalate - PET). For example, Yarn

5 reached 100% recycled content using only recycled acrylic and recycled PET, which

was chosen specifically due to its strength (function) and economic price point (cost).
Virgin PET is a very strong fibre and can be recycled to a good standard mechanically, or
alternatively if chemically recycled, the PET returns to near virgin quality. The recycling of
PET plastic bottles faces similar challenges in that it requires rigorous sorting and cleaning
to avoid contaminants (Sarioglu and Kaynak, 2018). However, we regularly find the textile
industry utilising PET from plastic 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). This makes it 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 only to be wasted by speedily downcycling, then we cannot fully
transition to a circular economy.

Out of the all the different methods of blending highlighted in this PnD, blending using
structure was explored least in practice. In all the yarn blends, the recycled acrylic content
was sourced from knitted waste only. While the recycling industry is known to blend shorter
recycled woven fibres with recycled knitted ones, it was not possible to replicate this in the
research due to limited time and difficulty sourcing the material.

The final two methods of blending identified in this research cross over with the blending
that occurs in virgin production, namely fibre type and colour. Colour was used in the
research as a design tool so that the final yarns would fit the specific design brief created.
Yarns 3, 4 and 5 blended the navy acrylic fibre to create solid or very subtle blends. These
are valued very highly in the sorting process as they can be first sorted into family colours
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and then into specific shades and tones. After this waste has been recycled into fibre,

the different shades and tones are mixed to create new colour blends. This form of colour
blending was used in three of the yarn blends in which the navy recycled acrylic was
blended with brighter coloured virgin wool fibres to create aesthetically pleasing yarns
suitable for knitted garments. When different coloured fibres are combined together, they
produce melange tones, such as the deep turquoise/navy shade created in Yarn 1and the
brighter turquoise shade created using turquoise (honeybird), yellow (lemon) and navy in
Yarn 2. These new shades still hold value in the sorting process, but as these have to be
sorted into specific melange tones and are trickier to categorise (Lilani, 2020b).

Finally, blending different fibre types has been used across all the yarns in Practice 10. The
aim of the test was to increase the value of recycled acrylic fibre (a known contaminant

of wool recycling), by blending with wool so it could move up a grade at the sorting stage
and at the end-of-use. Due to limitations of the spinning process only 50% recycled acrylic
could be used in the manufacture. Three different percentages of wool, or fibres similar to
wool (such as mohair), were designed into the yarns: 0%, 30% and 50%. If 0% or 30% wool
was used in a blend with the 509 recycled acrylic this left either 20% or 509 of another
fibre type to be chosen.

First, virgin acrylic fibre was considered as a blending agent to create a mono-material yarn.
However, due to MOQ limitations it could not be sourced, which happily avoided further
demand for virgin acrylic - problematic due to the chemical based process this man-made
fibre goes through to be produced (Fletcher, 2008). Nylon could not be used across all the
blend designs due to limitations on its use in the spinning process (20% and below) and
was therefore discounted. This left polyester, of which a recycled version could be sourced.
Much of the wool recycling industry uses either polyester or nylon to make the yarns for
woven fabrics stronger and therefore more durable during their use. For knitwear, polyester
was not necessary for the performance of the yarn but provided a more economic element.
The decision on any blend compositions were not, however, purely based on the cost of
the individual materials . In addition it was important to understand how the fibre choices
affect: the speed at which the fibres can be processed, the yield (amount of yarn produced
minus the wastage) and the thickness/count of the yarn.

The fibre choices also impact the recovery potential of the textile. At the sorting stage,
the polyester content would be considered a contaminant in exactly the same way as
the recycled acrylic. Value, at the sorting stage, is only attributed to the percentage of
wool. In Practice 10, Yarn 1's composition was 50% recycled acrylic/20% polyester/30%
wool. Therefore, after manufacture, as demonstrated when sending this swatch to hand
and automated sorters, it was considered approximately 709% ‘mostly acrylic’ and 309
wool and would be recycled as such. While blending with polyester in this instance just
adds to an already complicated fibre blend, this does not provide licence for designers to
create blends from virgin materials without any consideration for the consequences. The
context of this research needs to be highlighted, where it aims to address the complexity
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of blended resources that already exist. In this case specifically, polyester is being added to
an already synthetic content which otherwise would become a wasted resource. Polyester
was therefore deemed to be an appropriate material.

While the methods for blending recycled fibres have been split into five categories
(discussed above), these can also be conducted over three levels: yarn, material and
product. This research has focused in on blending at yarn level, thus blending at both
material and product level was purposefully designed out. Each of the six yarns developed
in Practice 10 were designed and used for a knitted material in the creation of a funnel

neck jumper. At both material and product level, each yarn was used alone to create the six
jumper prototypes. This meant that each garments’ piece was made of the same material,
such as arms, body, trims etc... and was linked at the seams with self-yarn to avoid further
contamination. The final ratio of fibre type created across yarn, material and product
remained at the same percentage as the yarn itself. Therefore, the recycled value designed
into the yarn represented the value that the product would hold at the sorting stage (Table
23).
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Similarly, colour blending was also avoided at material level (i.e. using two different coloured
yarns to create a pattern), and at product level (i.e. creating contrasting colour blocking for
certain elements of the garment). Design decisions such as these make it necessary for
these mixed coloured parts of the garment to be cut out or cleaned. Particularly at material
level, the coloured patterns in garments are sorted into a grade described as ‘fancy’ and
canonly increase in value through overdyeing. It was noted later in the research that the
acrylic fibre sourced for Practice 10 might have originally been multi-coloured acrylic waste
that had been overdyed.

As the jumpers were not made commercially, care and brand labels were not required as
part of the design. These are usually made of cheap woven polyester materials in white
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or black, potentially causing a mixture of fibre and colour contamination. And if these had
been required then this could have caused blending at product level. This type of blending
can be disassembled or cleaned away and therefore is not as problematic as other levels of
blending. However, it still represents value depletion as any form of cleaning is a laborious
and costly step that needs to be accounted for.

While blending textiles can be conducted in different ways and at different levels, blending
for increased value at the recycling stage has been investigated in this research as a

tool for Designing for Sorting. The research draws on Carlsson et al's (2017) incremental
updating strategy and reframes it in the context of developing yarns. In line with Carlsson
et al's strategy, the aim of this research is to increase longevity of recycled fibres by
incrementally blending them with other high-value materials. As Roos et al. (2019b)
describe it, adding a percentage of recycled fibres in all fabrics provides an opportunity

to increase the use of recycled fibres and thus extend their lifetimes. Therefore, if the
blend is used to create longevity of a resource and doesn't result in further waste, then it
accomplishes its aim.

To explore thisidea, six yarns were designed and blended in Practice 10. These were knitted
into swatches and sent to both hand and automated textile sorting companies to establish
what value they held by understanding which sorting grade they would fall into. While each
of these sorting methods has its own challenges, such as human error or a limited material
library respectively, the test demonstrated that the recycled materials would have generally
increased in value, falling into the 30% threshold between 0% wool and 50% wool. One

of the yarns (Yarn 5) was designed to remain in the 0% wool category and another (Yarn

2) was designed to move up to the 50% wool category (using both wool and mohair). The
results indicated it was possible that both of these textiles could also fall into this middle
309 threshold. While the test illustrated the difficulties in sorting with complete accuracy;,
for designers this research has demonstrated that value can be designed into our textiles
over wider thresholds. As more accurate sorting technologies develop, this design
approach could become even more useful.

While this research took a focused look at fibre type blending, this approach could be
harnessed for other types of blending including colour and structure. In addition, this
research specifically designed using the lowest value resource type, 0% wool. This design
approach could also be applied to the higher-value fibres in the sorting grade hierarchy,
such as 50% wool/50% acrylic. Therefore, by demonstrating that the lowest value
resources can be used for high-value applications this could result in the ‘0% wool’ sorting
grade itself increasing in value. Design, in this case, would provide a new pathway for these
low-value fibres to flow into.
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11.1.3 PROCESS

The process investigated in this research is the spinning of recycled fibres into yarns. As
this research was conducted from the point of view of the designer, this hotspot does not
refer to the technical innovation possible in the recycling of fibres, such as those currently
being conducted by Lindstrom et al.(2019). From a designer’s perspective, the processing
of recycled fibres can refer to these technical processes such as pulling or shedding of
fibres, carding, spinning of yarns, needle felting for non-woven materials, knitting, weaving
and garment production and so on. As it was concluded by the author in the ‘Mixing it

up in Prato’ research paper, only by fully understanding these processes and pushing

our boundaries can we design innovative recycled products (Hall 2018). In order for the
designer to achieve this, collaboration with stakeholders at the processing stages is vital.

The role of the designer-researcher spanned across the many stages to act as a bridge
and connector between the processes and stakeholders. While Toomey and Kapsali (2014)
advocate for engineers and industry designers to work together across many stages, in
reality these roles are still separated. Therefore, in this research the dual role of academic
researcher with industry design experience was combined to create a new boundary
spanning role (Rieple, Haberberg and Gander, 2010), enabling insights from the research to
be translated for the industry designer to understand (Hornbuckle, 2013) (Figure 125).
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Throughout the practice in this research, a variety of research methods have been used to
gain insights into the technical processes of the recycling system. For example, Practice 6
was formed of an interview in the field surrounded by fibre samples, exploring the historical
methods of recycling and blending wool fibres; Practice 1 used field research to explore
the present-day wool recycling industry and Practices 3,5,7,9 and 10 all demonstrated
collaboration with spinning facilities to test new ideas towards a future of Designing for
Recycling Knitwear.

As suggested by Franco (2017), implementation of circular and sustainable development in
the textile industry is made easier depending on how developed/strong the relationships
between stakeholders are. The relationships between the researcher and industry
experts in this research, such as a spinning engineer, supported Franco's finding as it

was one of the most vital elements in the research project. Challenges and opportunities
in the collaboration were encountered at the different stages of the research and to
varying degrees. Throughout Practices 0-9 (prior to the final Practice test), a network of
companies was developed through field research, interviews and small-scale experiments.
In particular, conducting small scale experiments prior to larger scale testing benefited this
relationship building. Notably, Practice 7 and 10 were conducted with the same company
with whom a relationship was built in the first instance (Practice 7), leading to the larger
test taking place.

It was through directly interacting with a range of stakeholders at all levels (owners,
engineers and managers) that the designer-researcher understood the value in ensuring
different types of collaboration occurred with the most appropriate person. For example,
asking more technical questions with employees of bigger firms who actively worked on the
factory floor with the machines was of great value. They were able to directly answer and
explain if design ideas would or would not work and why. Negotiations with employees at
management or owner level was also necessary to arrange active experiments. However,
for Practice 10 the biggest benefit was found when collaborating with a smaller company.
In this instance the manager/owner would most likely spend some of his day with the
machinery and have a current knowledge of how the process worked, removing the need
to speak to multiple people. A full reflection on the research collaboration process is
discussed in section 11.2 (page 295).

Beyond smaller experiments, the main challenge encountered during this research
emerged during the organisation of Practice 10. Prior to the experiment that is described
in this thesis, a range of companies were contacted to establish a potential partnership.
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Common challenges cited by the companies related to time, cost and size. For example,
companies cited they did not have time to accommodate the experiment. Alternatively, the
cost quoted for the experiment was too high for the research budget. This was often the
result of high minimum order quantities (MOQs) and thus the scale of the experiment was
deemed too small.

These challenges were experienced across all the recycling processes. For example,
when sourcing the recycled fibres, companies were often only prepared to sell the fibres
in high volumes beyond what was required and at great expense. Therefore, a number

of compromises occurred in order for Practice 10 to take place. For example, while the
experiment was relatively large-scale from the perspective of the researcher, it was small
compared to other production at the facility. It was agreed with the spinning engineer that
the experiment would only meet the MOQs for each yarn and it would be of lower priority,
fitting in around larger production runs.

Another challenge faced was the issue of using synthetic materials. Working specifically
with the UK wool industry, many companies refused to work with this type of fibre. Many
managers were enthused by the sustainable aims of the experiment but would not risk the
recycled acrylic fibres contaminating their wool-based yarn production. When Practice

10 was finally agreed, this was on the condition that the recycled fibres were produced
from fully cleaned textile waste, removing any synthetic seams. This seam waste was an
issue known by the spinning engineer from his previous experience working with recycled
material. If the seams were kept in the garments, they were known to cause yarn breakages
and send fibres into the air, thus contaminating other orders and delaying production.

Prior to the development of Practice 10, the experiment had at first intended to cover five
processes: collection, sorting, recycling, spinning and knitting. However, the cost, time and
varying MOQ demands at each stage meant this became unrealistic. While a designer can
be central to a recycling network (Kriwet, Zussman and Seliger, 1995; Cleveland, 2018), it
raises the question; does the designer needs to be involved at every stage? In the context
of this experiment the designer-research omitted the physical collection and sorting
stages. While these stages had been explored in detail through the literature and in the
field, the design innovation was primarily occurring at the spinning stage. Once this was
established, the design research was able to take a much more focused approach.

Practice 10, however, still had to balance the logistics of three separate stages: sourcing
recycled fibres, spinning fibres into yarns and knitting the yarns into swatches and
garments. While some companies were able to complete one or two stages, no single
company could do all three. Ultimately, this meant coordinating with three individual
companies in three different locations: Italy, UK - Huddersfield and UK- London. Simple
communication issues resulted in delays and confusion that had knock-on effects on
subsequent stages. This was caused not only by language barriers when working outside
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of the UK, but also by continually switching between individual styles and preferred modes
of communication (email, telephone, in person conversations and WhatsApp) at various
points in the research.

Here, the designer’s role is exhibited as a ‘boundary spanner’ or ‘material translator’ (Rieple,
Haberberg and Gander, 2010; Hornbuckle, 2018) across the three stages. Returning to

the aim of the research to Design for Recycling Knitwear (both designing from and for
recycling), we can see that the designer role is crucial in joining the dots between recovery
and manufacture. Design, as Hornbuckle (2018) has suggested, provides a bridge between
the designers demanding quality recycled materials and the complexities in manufacturing
faced by the material developers using recycled content. Using this role throughout the
research has allowed for the challenges present to be designed around. This was by no
means an easy task and is shrouded in complexity. The methodology developed from this
thesis demonstrates the push and pull of priorities from all stakeholders when conducting
research between academia and industry. This is further expanded in Section 11.2 (page
295).

11.1.4 PRODUCT/MARKET

The product or market for which recycled materials come from and fiow into was not the
focus of the research. However, the importance of designing and ensuring appropriate
design choices are made beyond yarn level became clear during experiments prior to
Practice 10, in which a design brief was never set. For example, in Practices 5 and 9 yarn
blends were designed with fire retardancy properties. This is a function required for
commercial interior textiles but not for fashion and therefore the design of the blend would
differ significantly depending on the resulting product.

In addition, when both commercial design conditions and Design for Recycling Knitwear
conditions were employed during Practice 10, this provided a wider context for the design
decisions to be made. Here the push and pull of researcher (concerned for the recovery

of the resources) and designer (ensuring the successful manufacture for commercial
success) was acted out to demonstrate the challenges faced when Designing for Recycling
Knitwear.

In the recycling system, the product is the vehicle in which a resource is contained and
travels through the use phase before it enters recovery phase at the point of disposal.

Here, the product is to be transformed back into a resource as it transitions towards its next
life as a new product. The value, during recovery - at the sorting stage - is accounted for by
two factors: the previous decisions made when combining and processing the resources
into the product, and secondly how the resources can now be combined and processed for
the same or new product market.
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The current pathways for the wool and acrylic recycling system were explored throughout
this research. As Gupta (2014:10) explains, “woollen shoddy was normally used for making
readymade garments; whereas synthetic shoddy (acrylic component) is mainly suited for
blankets” and specifically are usually blankets for charitable aid (Norris, 2005). However,
itis not as simple as dividing the recycling industry into wool and synthetic sectors. For
example, in Practice 1 (page 79) Company D, a firm in Italy, demonstrated a successful
business producing yarns with low-wool but high-synthetic in an industry which is known
for high-wool content recycling. Furthermore, the traditional route when recycling textiles
takes knit or woven materials and recycles them into woven or non-woven materials. As
Lilani (2020a) articulates recyclers “prefer the knits. They are using knit material and
turning it into woven’. While knitted products produce longer fibres in recovery because
of their loftier more open yarn and material structures, the opposite is true of more tightly
woven materials. Therefore, intervention into these current pathways to ensure maximum
longevity of our resources it vital. This was demonstrated during Practice 10, where
recycled acrylic fibres were obtained to be designed and blended in different ways to
produce knitted products for the European marketplace.

The missing link here is the design of these pathways. While it has been proposed by
Cleveland (2018) that the designer should sit at the centre of system, this research
presents design as having a more strategetic intervening role at specifc points in

the recycling system. This was achieved not by the designer taking on the individual
processes in the system as Cleveland did, conducting sorting and cleaning herself, but
rather harnessing the current methods of sorting and blending to create new pathways
to produce alternative products/markets for the fibres. Ultimately, as Norris (2012d:140)
expresses, if we are to create value from waste textiles we need “to keep it moving, keep
sorting and recombining it, imagining new contexts and creating those pathways"

11.1.5 DESIGN FOR RECYCLING KNITWEAR - WHY, HOW AND
WHAT?

The aim of this research is to retain resource value (Design for Recycling) rather than
product value (Design for Re-use). As Goldsworthy (2017:4) reminds us “we must stop
viewing the product as the ultimate vehicle for longevity and start to see the materials
themselves as holding the true value” Design is therefore challenged to retain this value
at the point of disposal (after product longevity is exhausted). Value here is defined as
‘recycled value’ (section 5.2.2, page 118) and is determined at the sorting stage. Design
must intervene to create pathways for these resources to flow in and out of products for
the longest time possible. This is modelled in a spiral in which resources can filow up and
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down (Figure 126). Why would we Design for Recycling Knitwear? To maximise the time
these resources, spend in the spiral.

To fully understand how this spiral works we must first address how our resources currently
flow through the spiral. As Thackara (2006:31) reminds us, if we speed through the use

of our products, we will then pay the price of wasting our resources. This is the current
approach we wish to avoid, it is described by Fletcher (2008) as the immediate downcycling
of textiles into low value applications (section 6.3.2, page 140). For example, currently a
knitted jumper (higher recycled value) may flow straight from a garment into a non-woven
insulation material for the construction industry (lower recycled value). This approach

to recycling speeds through the spiral with a reduced number of product loops (Figure

127 - left hand spiral). This is generally referred to as downcycling but in fact describes
downcycling in its worst form, producing a quick reduction in value that often ends in waste.
Alternatively, an incremental approach can be useful. If designers can design additional
product lifecycles into the spiral this could provide maximum longevity described by EMF
(2013) as 'the power of cascaded use’ (Figure 127 - right hand spiral).
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In contrast upcycling is hailed at the design-led approach (Earley, 2010). However, this
is often driven with a desire to only increase product value. This is a valid and worthwhile
approach but as with many (but not all) upcycling approaches, if the design makes
recycling more challenging at the point of disposal the resource value reduces. Even
when upcycling approaches design with recovery in mind, if no-one has ever designed
the intended pathway using the materials from the specific recycling stream, there is no
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guarantee the material will be recycled as intended. Without a detailed understanding of - N - N

the required design intervention to enable new resource pathways, longevity cannot be HIGH RESOURCE VALUE HIGH RESOURCE VALUE
A N

maximised and could remain limited to extending a single product lifecycle (Figure 128).

In contrast this research suggests methods to design more complex pathways, upcycling
and downcycling our resources within the mechanical recycling system. An illustration of
how resources might flow through a spiral is depicted in Figure 129. This incorporation of _—
downcycling is important as resources within the mechanical recycling system cannot START START
be infinitely used. And in this case, we are not starting with virgin or the highest value
resources and therefore cannot expect them to continually rise in value exponentially.

Additionally, we require a variety of products for our resources to be used within and not all J 4
of them require the highest value resources. LOW RESOURCE VALUE LOW RESOURCE VALUE

Designing pathways in a spiral has been explored through this research in the context

of mechanical recycling of acrylic fibres in a wool recycling system. Down-cycling in this
industry is commonplace but up-cycling at yarn level has thus far not been explored. This
research has specifically targeted recycled acrylic, the lowest value sorting grade, and has
provided an up-cycling method in which value can be designed into the resource through

blending. The yarns and garments created during Practice 10 were proof of concept of s N\
this. By using the lowest value fibre type it is anticipated that the same approach could be

HIGH RESOURCE VALUE

applied to any other fibre. In addition, while only mechanical textile-to-textile pathways
have been explored in this thesis, future research might consider textile-to-non-textile
pathways as well as chemical recycling processes being incorporated.

The resource spiral provides a context for ‘why’ this research is important - to create START
longevity of our resources. The ‘how’ is provided by Design for Recycling Knitwear
Framework (Figure 132 on page 293) combining re-active and pro-active design
approaches (see also Section 4.2.2, page 102). This Design for Recycling Knitwear
research took first a re-active design approach that sought to address the complex waste
textile resources that already exist. In doing this a wider understanding of designing for
recovery is uncovered beyond mono-materiality and disassembly which the current waste
does not fit into. To begin, a waste source needed to be established and in this research
waste acrylic fibres were sourced. Second the processing, blending and product/market
options available were outlined. Throughout this research both spinning and non-woven

processes were investigated. However, it was spinning that was explored in further detail v
during Practice 10. Above and beyond creating a yarn, testing the Design for Recycling LOWRESOURCE VALUE
wool/acrylic knitted textiles model (Figure 90 on page 216) explored the whole design \ /

process from yarn into a knitted garment application.

In order to understand the impact of these design choices for maximum resource longevity
the designer returned to the recovery system where the recycled materials originated. Here
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the pathways for recycled fibres were
understood and in doing this, a pro-
active design approach was started.
Rather than apply this knowledge

to virgin fibre production it was now
applied to the recycled fibres and thus
the Design for Recycling Knitwear
framework emerged (Figure 132 on
page 293).

Without the re-active design
approach, it is easy to overlook the
fact that not all recycling methods
produce virgin quality materials. If we
continue to design only using virgin
resources, we cannot transitionto a
circular economy, but by undertaking
both re-active and pro-active design
strategies (designing recycled fibres in
a way that allows them to be recycled
in the future) then we can ensure the
maximum circulation of our resources
(section 4.2.3, page 102).

Finally, after the ‘why’ and the 'how’
this research has established

‘what’ designers need to know

when Designing for Recycling
Knitwear (Figure 130). The answer

to this questionis found isin the
relationship between blending
(during manufacture) and sorting
(during recovery). This research has
provided granularity on both blending
and sorting, such as how blending

is conducted across the levels of
production: yarn, material and product,
in which this research has taken a
specific focus on yarn level blending.
In addition, it has outlined the variety
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of sorting methods used to categorise and combine waste textiles, with a specific focus on

wool/acrylic fibres.

At yarn level there are five methods of blending used when manufacturing recycled fibres.
These blending methods are used to effect three elements. First the fibre quality, such

as combining shorter recycled fibres with longer virgin ones, combining the different
qualities found in pre-/post-consumer fibres and/or different fibre length from different
structured textiles. Second, the different fibre types and finally the different colours can
be blended to create a yarn. These three elements of blending: fibre quality, fibre type and
fibre colour directly correlate to ways that textiles are sorted - for the quality of the fibres
after recycling, fibre type and fibre colour (Figure 130). Each of these categories has been
expanded below.

Fibre quality is one of the biggest challenges for the manufacture of recycled materials.
Quality, here, refers to fibre length obtained after shredding but could have an expanded
definition to include attributes which occur after other processes such as yarn spinning.
For example, the yarn tenacity, thick or thin areas, neps and hairiness etc...(Vadicherla and
Saravanan, 2017). In the recovery phase, sorting waste textiles for fibre quality is conducted
in two sorting methods: pre/post-consumer textiles and structure.

Waste textiles are generated from two different systems, pre-consumer and post-
consumer waste. 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 woveninto 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 temperature. Thisa
simplified view of the pre-consumer recycling system which is much more complex (Runnel
etal,, 2017). Understanding the intimate detail of these pre-consumer waste flows falls
outside the scope of this PnD, however, if collected straight from the factory, pre-consumer
waste, has the potential to have increased fibre quality (Fontell and Heikkila, 2017). This
approach is made easier if recyclers are situated close to the virgin manufacturing facilities
to gain easy access to the local industry waste (Roos et al., 2019b). 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 and Heikkila, 2017).

Post-consumer textile waste, on the other hand, are sorted for quality via structure. This
is primarily done for re-use markets in which garments are sorted into clothing categories
such as trousers, which tend to be woven, or jumpers, which tend to be knitted. These
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structures dictate fibre length. For example, it is easier to tease fibres from knitted textiles
created from less tightly spun yarns knitted into looser textiles. Easier still is obtaining fibre
quality from heavier knits that are produced from looser spun yarns. In contrast, woven
materials, created using a tighter construction and often requiring stronger more tightly
spun yarn, are more difficult to gain longer fibres from during recovery.

In manufacture, at yarn level the designer can blend different fibres (short and long) to
ensure longevity of all resources and not just the highest quality ones. For future recycling,
it also illustrates that the choices made by the designer regarding the construction 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 yarnis spun (yarn level), how tightly the
knit of weave is produced (material level) and finally how different structured materials are
combined, such as in a coat with an outer shell and an inner lining (product level) which
creates a need to disassemble/clean. Each of these represent several design decisions
that will impact the recycled value of the resource in its next life.

For the designer, this knowledge of quality value and how it materialises itself is the key to
designintervention. Armed with the wider view of the spiral, in which traditional routes for
resources in and out of products can be mapped, this provides designers with a breeding
ground for new pathways to be created from more tricky waste types. In this research,
proof of concept was offered using recycled fibres from knitted structures (high value)
and diverting them away from woven goods into yarns for knitwear (maintaining value).
Armed with the knowledge of the resource spiral, this enables designers to establish gaps
in the spiral's pathway for design to intervene and create new ways of using these fibres to
maximise use.

Mixed fibres is another one of the biggest challenges facing the recycling industries.
Addressing this challenge through design was the focus of this research, specifically
designing with low value mixed fibre waste. In the recovery stage, this research has
unpicked the complexity of defining recycled materials composition. For example, the
sorting grade called 1009 acrylic’ often contains other synthetics and wool. Mono
materiality in these situations is impossible without chemical separation. The highest
value, therefore, in the wool recycling system, is assigned to the purest recycled wool fibres
(mainly but not completely pure wool) and lowest value to most synthetic content (mainly
but not completely pure acrylic), with a range of blends falling between these two.

At the manufacturing stage, while it is easy to utilise the highest value recycled fibres
(100% wool grade), this research illustrates that it is possible to also use the lowest value
fiores (100% acrylic grade). This research provides proof of concept by blending these
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already mixed fibres and provides an opportunity to design functional yarns and textiles
that can incrementally increase in value at point of disposal, such as in Practice 10 adding
wool to recycled acrylic fibres to move it up a sorting grade. The aim of this approach
ultimately is to enable the use of recycled fibres - the waste that already exists - to replace
virgin production.

While this research focused on blending for sorting of fibre type 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, was
purposefully designed out. For the designer it is vital to understand how blending of fibre
types across yarn, material and product levels combine to create a blend ratio as this could
affect the value at the sorting stage.

Sorting for colour is a cornerstone of the mechanical recycling 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 family colours, shades etc... Thereis
amismatch, however, between the efforts made in recovery to keep these colours pure and
the blending of these fibres during the manufacture of yarns.

While solid or pure colours hold the highest value other types of colour blending produce
an array of values just as with fibre type. Colour blending at yarn level is used to produce
melange yarns, which if found in big enough volumes can hold high value when sorted into
‘double tones’ (Lilani, 2020b). Colour blending at material level materialises in the form of
patterns and have the potential for the biggest reduction in value. The more intricate the
pattern and more contrasting the colours, the more problematic for the recycling industry.
This type of waste is categorised as the ‘fancy’ grade. At product level, different colours
present themselves across different elements of the garment, such as different coloured
arms to the body, or different coloured trims. This type of colour blending offers the
potential for cleaning the contrasting-coloured sections away from the others so that both
parts can be sorted into solid colour grades.

However, for the multi-coloured material level blends there are two types: subtle and bold.
More subtle combinations can avoid value degradation, for example black and dark navy
pattern knits could be sorted into either a navy or a black sorting grade. Unfortunately, this
does not always apply to woven materials as these are lower value. Bolder, more brightly
coloured patterned textiles often automatically loose value and are downcycled into 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.

This method of overdyeing fancy wastes may have been used for the acrylic fibre sourced
in Practice 10 prior to the recycling company purchasing it and suppling it for this research.
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Value, in this case is added by returning the waste to the desired solid colour. However,
overdyeing is only conducted on certain types of waste and judgements on structure
and fibre type must be made first. For example, woven waste is less valuable than knitted
and might not be considered worthy of the additional cost and effort of overdyeing. Most
importantly, the composition of the garment needs to be approximately known, such as
wool/acrylic, wool/polyester etc... because truly ‘mixed fibres’ are problematic to overdye
back to a solid colour (Recycler X, Appendix 14.4, page 348).

As with fibre type, design intervention can provide methods for all manner of fibre colour
waste to be utilised effectively. In the same way as designing to incrementally increase the
value of fibre type, the value of fibre colour could be harnessed. Further research building
on the insights presented here should be undertaken for designers to understand this
approach in more detail.

For designers, this research has expanded understanding of the bridge between design in
manufacture and the sorting systems within textile recovery. Armed with this knowledge,
design can intervene across these three categories to both design from recycled wastes
and influence the resource pathways for onward recyclability, thus Designing for Recycling
Knitwear framework emerged (Figure 132 on page 293).

These three value categories (quality, type and colour) do not stand alone in the textile
sorting industry. Whether design choices are made to impact fibre quality, fibre type or fibre
colour at the sorting stage, all three together create the ultimate value ratio. To illustrate
this, the original recycled fibre used in Practice 10 as well as all the jumpers produced during
the research were assessed for their value across the three categories (Figure 1310n

page 291). The jumpers rather than the yarns from Practice 10 were evaluated as a more
realistic representation of how it would enter the recycling system. And thus represented
the value across yarn, material and product levels combined.

The original navy recycled fibre was produced from knitwear, and as with most fibre in

the recycle industry, it is not known what precise waste source it came from. Therefore,

it is assumed that this would have come from a mixture of mid-weight jumpers that were
potentially overdyed in navy. Not being from the heaviest weight knitwear, the fibre was
valued just to the right of the highest level. At the same time, the fibre was sourced from
the 1009 acrylic category which represents the lowest value material in the wool recycling
system. Finally, as a solid colour, the fibre has very high colour value.

Each of the six jumpers have also been evaluated in the same way. These have been
compared against each other and the original fibre. Firstly, the quality of the fibre was
assessed, this refers to the quality that is assumed once the six jumpers have been
recycled. As knitted structures the quality will be the same as the original. The exception
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is Jumper 6 which was knitted from a heavier weight yarn and therefore has the potential
to offer longer fibres in pulling process. However, while this might be technically true, the
wider thresholds used in sorting makes this very likely that Jumper 6 would be classified
and combined together with the others.

The value of fibre type was specifically tested in this PhD and demonstrates through
blending with wool that the jumpers would have incrementally increased to a slightly
higher value category. The exception is Jumper 5, which had no added wool in the yarn
blend. While it should remain at the same value, this research has shown this could have
been sorted into a low wool grade. Similarly, Jumper 2's yarn was blended with 509 wool/
mohair/cashmere that should have increased its value above all the others. The results

of this research were inconclusive and therefore the value has been placed only slightly
above the other yarns. This highlights the reality of value judgements at the sorting stage
and demonstrates how sorting combines different types of wastes to make approximate
batches.

Finally, while the original fibre started as a solid colour, valued very highly at the sorting
stage, only two of the jumpers (4 and 5) retained a solid shade. Jumper 3's yarn was
designed with a very subtle shade and while the value is represented as very slightly lower,
the reality is this jumper would still be considered solid. Jumpers 1, 2 and 6 all decreased
their colour value through blending at yarn level resulting in melange shades. Specifically,
Jumper 2 was knitted from a yarn that contained five different colours and therefore

would be even more difficult to sort into the ‘double tone’ groups (Lilani, 2020b). However,
melange tones and solid colours are sold for similar prices to the recyclers and can be used
to create new melange colours. Overall, the six jumpers have been designed to alter the
value by minimal amounts. The focus of the design at yarn level was to increase the fibre
type value at the sorting stage. However, as we can see from Figure 131, that value can be
shifted in different directions depending on an array of design decisions. Where value can
be added in one area it is easily decreased in others.

While it would be desirable to use this visual as a tool to convince designers to only design
heavy, loose knit products in 100% wool and solid colours, this is far from practical. This
stands to illustrate why the highest value resources are the most sought after. However,
these mono-coloured, mono- fibres textiles constructed from loose structures are also
the easiest to downcycle. Design for Recycling Knitwear challenges the designer to
intervene and create new pathways (up and down) using the whole spectrum of wastes

in order to maximise the longevity of our resources. Without first designing recycled fibres
into products and without second understanding how blending and processing at yarn,
material and product level impacts the value at the sorting stage, this is an impossible
task. If designers can use this knowledge, we can meet this challenge of designing with
the full spectrum of waste to create a multitude of textiles for every kind of application and
successfully Design for Recycling Knitwear (Figure 132 on page 293).
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11.2 REFLECTING ON THE RESEARCH
PROCESS

11.2.1 THE DESIGNER AND THE RESEARCHER

Throughout this research the author of this text has intentionally referred to

herself as a ‘designer-researcher’. As indicated in the preface (page iv),

this hybrid title accounts for her education and experience in industry as a designer-
specifier (Hornbuckle, 2018) as well as her research in sustainable and circular textile
design for her Master's degree (Practice 0, on page 59) followed by her work at the
Centre for Circular Design. The expertise of both designer and researcher have been
brought together for this PhD study. However, while they have overlapped and worked
in tandem throughout this project, the role of the designer-researcher and that of the
industry designer are discrete and need to be distinguished.

In broad terms, the realms of industry and academia use very similar methods but with
different goals and objectives. They ask similar questions, but while industry focuses

on the 'know-how’, academia focuses on the ‘know-why' (Mujumdar, 2004). In the field

of interaction design, understanding the complexity and combination of academia and
industry methods has been explored by Fallman (2008, see also section 2.5.2, page 49).

In his model, he first describes the activity ‘design practice’ as an industry endeavour that is
a very similar method used by designer-researchers when working for a commercial design
company. This industry-based design practice, Fallman explains, needs to represent the
realities of the industry, such as cost, time to market, sales figures etc... This is supported
by Kimbell (2011) who advocates for more attention to be paid to the creation of practice
by the 'situated’ professional designer rather than solely ‘design thinking’ - the problem-
solving method used in innovation (Brown, 2008). In contrast Fallman (2008) distinguishes
‘design studies’ as an academic activity which is used to build on an accumulated body

of knowledge. These two contrasting methods form two points of his triangle shaped
model (Figure 21in section 2.5.2, page 49).

The reason to combine both academic and industry methods and vitally move between

the two is advocated by Fallman to gain a change in perspective. This, he describes, is like
“using a different set of goggles” (Fallman, 2008:10) and is very similar to the ‘changing hat’
metaphor in the author’s co-written journal article ‘Divide, Switch, Blend' (Hall and Earley,
2019, see Appendix 14.8.2, page 423). This dual perspective provided by the two activities
(industry and academia), Fallman explains, is vital as they often support each other. And
explicitly knowing and understanding which perspective is being taken is key to conducting
designresearch. This is supported by the author’s ‘Divide, Switch, Blend methods which
describes the specific ways academic and industry hats interact. ‘Divide’ entails wearing
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both hats separately on different occasions; ‘Switch'is having both hats to hand ready
for swift interchange on the same occasion; and ‘Blend’ refers to the wearing of both hats
simultaneously. Specifically, it is vital to identify the dominant hat for both fiuidity and
ultimately the generation of broader and deeper insights (Hall and Earley, 2019).

Putting this idea to use, Table 24 identifies and maps how the author's
roles have interacted across the research as a whole. It highlights where the researcher or
the designer role was dominant and where, in some cases, there was an equal balance.

In cases where one role was dominant, such as Practices 1, 2, 4, 5, 6, 8, and i (interviews), it
is important to note that the non-dominant role was never entirely absent. In these

cases, dividing and switching between roles occurred, while in the other cases (Practices
0, 3,7, 9and 10) the roles were blended. As discussed later, the dynamic/interaction in
each individual case is dependent on the context and the roles played by other individuals

involved.
Wﬁ'fn‘ L-:;! .'& ;enhi.
RESEARCHER X X
DESIGNER X

In Practice 2 (page 111), the designer role was dominant when working with a weave
technician to produce a recycled woven fabric. Here, in this design-led experiment the

hats were ‘divided'. It was only after the experiment that the researcher reflected on what
had occurred, namely that this division created insights into design choices for recyclability.

In Practice 4 (page 147), although both hats were active, the researcher role was
dominant when facilitating workshops that explored design for cascading. The ‘'switching’
back and forth with the designer hat, however, was crucial in providing a current industry
perspective to the research. This was demonstrated by the designer creating a ‘now will it
work’ worksheet.
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Finally, during Practice 7 (page 169) the hats "blended’, working in continuous dialogue
with one another to conduct tests into repetitive blending of recycled fibres. The designer
hat provided knowledge of commercial design conditions, while the researcher hat
considered the implications for Design for Recycling.

These three examples highlight that when a single person takes on two roles, added value
is created to generate deeper insights.

The two roles of industry designer and academic researcher have worked hand-in-hand
throughout this research across Practices 0-10. These practices have been described

as 'design explorations’, a term also used to refer to the third element in Fallman’s (2008)
triangle shaped model (Figure 21, section 2.5.2, page 49). In this section, how this term

is defined by Fallman and interacts with the other elements of his model is examined. This
discussion will be used to clarify the similarities and contrasting approaches proposed in
this thesis.

Fallman (2008) expresses ‘design exploration’ as the process through which the researcher
brings forth a product or a service. This, however, is very similar to ‘design practice’ without
the clients and markets. The resounding difference in design exploration, Fallman explains,
is the role of the researcher. Here the activity is only concerned with the research agenda
and vitally allows the researcher to ask ‘what if?" and challenge what is possible. In doing

SO, the researcher often uses creative problem-solving methods, such as creating a
problem space or frame (Moxey, 2000; Cross, 2011). However, the methods used in this PhD
research diverge from Fallman’s thinking to create a differently configured model. While
Fallman acknowledges the flow between the three activities, he views them as entirely
discrete. This thesis, in contrast, proposes a layered approach in which all three activities
are brought together.

Unlike this research, Fallman’s model does not explicitly define activities by role (or hat).
These roles are, nonetheless, clearly evident. His terms ‘design exploration’ and ‘design
studies’, for example, both correspond to what this study calls academic research, while his
‘design practice’ corresponds to what this study would identify as industry design. In this
research both theory and exploration are understood as activities or roles and distinctions
between them are not considered necessary. The main contrast to Fallman's model,
however, is that the designer and researcher roles continually divide, switch and blend.

This way of working promotes knowledge exchange that generates new insights, between
the academic researcher and industry designer, whether they be a single person wearing
two hats or two individuals collaborating. It is the convergence of these roles in an industry
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context which is fundamental, and this will be discussed in detail in the next section.

The context of any given situation is vital for our understanding of the world (Papanek,
2019). Following Kimbell's (2011) suggestion that more focus should be placed on the
creation of practice by the 'situated’ professional designer, this can be addressed by
research occurring in the space between academia and industry. Therefore, to meet this
challenge in this research a refiection was made on the different designer and researcher
roles in a specific context, namely Practice 10, which took place at an industrial yarn
spinning facility (see Chapter 10, page 225). Here, the author drew on previous experience
and expertise as a designer in industry (as opposed to that of a craft-based designer), and
as an academic PhD researcher. Taking on the roles of both designer and researcher, she
was dealing with two distinct sets of priorities.

These priorities were distinguished most clearly when introducing a design brief. A design
brief is described by Sinclair (2014) as a ‘research for design’ method and offers commercial
fashion design direction. In Practice 10, in her role as a designer, the author created what
Carlsson et al. (2017) refer to as a set of design conditions. In parallel, in her researcher role,
she included a set of Design for Recycling conditions. It is through layering these design
and research conditions within a single context (in this case, an industrial spinning facility)
that insights could be maximised.

Using an annotated portfolio method (Gaver and Bowers, 2012, Hall, 2020b) the written
description of Practice 10 (in Chapter 10) was highlighted and annotated (Appendix 14.7,
page 399). This fully demonstrated the continual interchange of roles from designer to
researcher with their contrasting and complementary priorities. An example of this is shown
in Figure 133 (page 300) where designing Blend 3 is described. Here, the designer and
researcher hats switched and blended during experimentation with silk fiores. First, in her
designer hat, she was concerned about the aesthetics of the final yarn, such as colour, and
the suitability of using silk fibres for the design brief. Switching to her researcher hat, she
then focused on the impact of silk on future recyclability in a wool recycling system.

Thereafter, the author took a blended approach, wearing her researcher and designer hats
together over the development of a range of yarns for different markets. The final decision
was to blend the recycled fibre with both luxury virgin fibres as well as less expensive fibre
types. As a designer, she recognised the usual practice of creating a range of options
during the design process, and the potential of each option to have a use in a different final
market. Simultaneously, as a researcher, she acknowledged the need to generate arange
of yarns to be tested for Design for Recycling across different market levels. Thus, the
priorities of each role were matched, and a range was created. From this example, we can
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start to see how the priorities of each role are used and how they come together to forge
the direction of the yarn development.

Further understanding can be gained from instances where the researcher and designer
priorities did not align so conveniently. For example, during stages 3 and 4 of the practice,
colour posed issues for both the researcher and designer, but for different reasons. The
designer was more concerned about the end-result for the market, whereas the researcher
only considered colour as an aid for comparison. During stage 3 of the practice, as a purely
design-driven concern, turquoise and yellow were used to create yarns that fit in with the
design brief. In contrast, at stage four, when the decision was made to create a control
yarn, colour became a problem from the researcher perspective. The two core components
of this control yarn, 50% recycled acrylic and 50% polyester, could only be sourced in

navy and black respectively. The limited colours would potentially cause problems at the
analysis stage when comparing the control yarn to the brighter samples that had been
designed previously. This resulted in the researcher creating a navy and black duplicate of
the designer’s brighter yarn. It is through the combination of both researcher and designer
roles that this expanded range of yarns was created.

The point of the above examples is to demonstrate the importance of a specific context.

In this case, the context was an industrial spinning facility selected to explore ‘Design for
Recycling Knitwear’ in practice. The dual presence of the researcher and the designer in
this industrial setting highlights the nuanced confiicts between their respective research
and commercial concerns. By involving both roles of within this context, richer insights

can emerge into how far and in what situations the designer is able to push their priorities
forward, and how far the researcher can question or push back. It is specifically at the
intersections of industry (designers’ remit) and academia (researchers’ remit), set within a
context, that insights can be uncovered (Figure 134).

11.2.2 THE EXPERT

Omitted from the discussion, until now, is the presence of a third role. Unlike the designer
and the researcher roles, taken in this research by a single person, this third role resides
within the industry context as a collaborator and expert in the field. This role is born out
of the wider context exploring ‘wool/acrylic textile recycling’. However, more specifically in
Practice 10 the expert was a spinning engineer in the UK wool textile industry approached
to create arecycled (research priority) yarn for the commercial market (designer priority).
As with any new role, the expert also brings new priorities, and these have to be balanced
with those already at play.

These additional priorities were also evidenced in Practice 10 in which the complete yarn
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spinning process was undertaken. For example, from the beginning the engineer explained
that the collaboration could only take place if the designer-researcher was able to source
seam-cleaned recycled acrylic fibre. For the engineer this was vital to avoid contamination
caused by the strong synthetic threads breaking in manufacture triggering fibres to fly into
the factory air. Here, the engineer’s priority was for the smooth running of his business and
this provided boundaries for the recycled yarn development. In another example, during
Stage 4, when confirming the synthetic content of the yarns the designer-researcher
wanted to use synthetic fibre in greater quantities than 20%. Nylon fibre was removed, a
choice by the engineer, as this could not be processed by the machinery in large quantities.
In both examples the engineering role dominated by setting boundaries.

The engineer role did not always dominate in this manner. In stage 2, when discussing
waste cashmere as a blending component, the engineer raised concerns for the
repeatability in manufacture. Two shades of waste cashmere, pink and brown, were
available and the engineer reasoned that by using brown it could be replicated through
overdyeing lighter wastes in the future production. Repeatability had not been considered
by either designer or researcher and this illustrated the benefits of collaborating with
multiple roles that bring a range of expertise (Figure 135).

Moreover, the engineer’s priorities intersected individually with both researcher and
designer. As discussed in Chapter 10 (section 10.3.2, page 231), the engineer had a
preference for natural luxury fibres. This was because most of his work centred around
spinning these types of fibres such as wool, mohair, cashmere and silk. Based on his tacit
knowledge, he explained how the silk would affect the look and feel of the final yarn for
Blend 3. Here, his priorities were more parallel to those of the designer (Figure 135).

Earlier in Stage 2, when discussing the possible fibre options, the engineer’s priorities
aligned with the researcher by being perceptive of the researcher’s aims. He suggested
the use of pre-consumer waste cashmere to increase the waste content of the yarn
(Figure 135). This arrangement benefitted the engineer by being able to sell the waste that
was too small for most production runs. It also provided the researcher an opportunity to
experiment with a waste stream previously thought to be unavailable to her. In addition, the
designer also benefited from the lower cost of the waste ordinarily out of reach. All three
roles were aligned, and the fibre was used.

Ultimately, as the roles come together, as illustrated by Figure 136, it is the push and pull

of priorities at the intersections of roles where insights can be found, and knowledge can
be exchanged. As demonstrated in the diagram, the designer brings expertise from having
worked in the UK fashion industry as a knitwear designer; the researcher provides the
theoretical design context, and the expert provides the know-how for the creation of yarns.
It was only in instances where all three roles come together that practice 10 was able to
move forward.
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11.2.3 COLLABORATION

Collaboration is defined by Amabile et al. (2001) as “individuals who differ in notable ways
sharing information and working toward a particular purpose”. Collaboration between
researchers and industry is a growing area evidenced by EU funding encouraging
collaborative networks between academic institutions and industry (Mensted and
Hansson, 2010). And within the field of design research a push towards industrial
collaboration is shown by the Arts and Humanities Research Council AHRC (2018)
partnership with Innovate UK to pursue ‘knowledge transfer partnerships’, helping industry
access expertise from UK Universities. There is now also an emphasis on Knowledge
Exchange, which enables business and design to learn from each other rather just a single
sided communication of ideas (Follett and Marra, 2012).

Taking a broader look at the practice conducted in this PhD, beyond a singular reflection
on Practice 10, collaborative practice (working with the expert role) is a common thread
running through the research. In each situation (with the exception of the workshops in
Practice 4) the role of the expert and the specific context to be explored changes, while
the overarching investigation of the research remains. The role of designer and researcher
provided by the author remains constant as the expert role shifts between collaborators in
the variety of situations.

All the practice in this research has been mapped against the intersection of the three
roles: industry designer, academic researcher and expert in context (Figure 137). The
location of each practice within the Venn diagram has been allocated firstly using the
refiections of the dominant hat in each situation, namely designer, researcher or a
combination of the two (section 11.21, page 295). Secondly, the reflection on the role of
the expert within the practice was defined. To do this a description of each expert role was
provided relating to individual practice numbers.

This map illustrates the range of practice that has been undertaken in this thesis towards
the investigation of Design for Recycling Knitwear theme. Each intersection of the Venn
diagram will be discussed below in reference to the practice from this research and the
benefits of these different intersections for knowledge exchange.

In the intersections between the designer and researcher only Practice 4 is present
without the input of an expert. Practice 4 (page 147) was formed of a series of workshops
created by the researcher role to investigate design for cascading. The workshop,
centring around a re-design challenge, started from an understanding of how garments
are currently designed inindustry (designer role/hat). Building from this, the workshop
focused on asking students and industry designers to explore new resource flows beyond
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the present to imagine new futures (research role/hat). With the introduction of a new
worksheet, a switch was made to the industry designer hat, and brought the exploration
full circle back into an industry context. This was achieved by asking the participants to
establish how their ideas might work in a nearer future considering the systems currently in
place.

Four different practices are situated between the researcher and expert. Three of these
took place in the field and workplaces of the experts involved (Practice 1, 6 and 8) and
the other was the interviews of experts (section 8.4, page 203). Practice 1 (page 79)
was conducted as a field research visit to the wool recycling industry in Prato, Italy. Here
arange of facilities were visited that make up the recycling industry and later the same
expert provided a detailed interview with his perspective on textile sorting. Each of these
practices, including the interviews, were used as a method (researcher role) to map and
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understand the wool/acrylic recycling system. Practice 1 was focused on wool recycling in
the current day, Practice 6 (page 161) was concerned with wool recycling from a historical
perspective, Practice 8 (page 177) was concerned with innovation in synthetic recycling
and the interviews provided a deep dive into sorting activities. The expert role provided the
current context of system and the research was able to use this as a base for which new
knowledge could be built.

Primarily a research project, it might appear strange that practice took place that removed
the researcher role (Practice 2 and 5). In these instances, the designer and researcher
roles were taken on by the same person and therefore the insights gained from this
practice were used by the researcher as a refiection after the event. While the researcher
hat was not dominant in these situations, understanding how design ideas (designer role)
and materials are produced in a current industry context (expert role) is vital to understand
the challenges for the research aims. For example, in Practice 2 (page 111), a woven

design was produced from recycled materials in collaboration with a weave technician.
This practice was conducted to go through the designer’s process of taking a yarninto a
material and then a product. The designer role ensured the materials were designed to
maximise different fabric options for a range of cushions and this was implemented by

the expert. It was long after Practice 2 was complete that the researcher understood the
implications for both recycling and blending levels during the activities. This demonstrated
how the combined ‘expert and designer’ collaboration is equally important to the ‘expert
and research’ combination in establishing the current baseline challenges for designing in

context.

Finally, at the central intersection of the Venn diagram all three roles are brought together.
Here the practice explorations (0, 3, 7, 9 and 10) actively worked with recycled fibres to

be designed (designer role) in collaboration with manufacturing experts (expert role) to
explore the research aims (researcher role).

11.2.4 PERSPECTIVES

Navigating practice situated in the space between the three roles (designer, researcher
and expert) is demonstrated throughout this research as a tool to create insights. However,
the navigation itself can be difficult. While it might seem a logical and well-structured
approach to first conduct practice in the outer segments of the Venn diagram working
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inwards to this central space, this is not conducive to the nature of messy design research
(Cleveland, 2018; Mcquillan, 2019). As indicated by the practice numbers, the research
moved backwards and forwards between the outer intersections and into the central
collaborative space as the ideas changed and progressed.

It is therefore not the path between the practice that is most interesting but rather the
perspectives offered by the roles for the subject being investigated and the insights that
this generates. As insights are produced, new practice is initiated with the appropriate
roles. Refiecting on all ten pieces of practice research it can be seen that each role takes a
distinctive perspective: now, near and far (Hall and Earley, 2019).

Designers are often propositioned as future thinkers, with a focus on how things might
be (Yelavich and Adams, 2014; Simon, 1996), but the designer within academia and

within industry have different remits of what they consider ‘the future’ to be. The design
researcher is often concerned with the far future, whereas the industry designer focuses
on changing the more immediate future (Hall and Earley, 2019).

In academia, probing and exploring the possibilities of radical transition to a new future
is necessary and should be encouraged but does not mean all research is required to be
situated as such. Transition design (Irwin, 2015), is a developing discipline advocating
for design-led change towards a sustainable future. This transition can happen within a
spectrum allowing designers to address the world’s complex problems to transition from
now to near and far contexts (Goldsworthy, 2012; Centre for Circular Design, 2020).

Returning to Practice 10, positioned in the centre of the Venn diagram, these three
perspectives can be clearly demonstrated. For the expert, their priority is the successful
production of yarns that aids rather than disrupts business (now). For the industry fashion/
textile designer in industry, their priorities are materials for beautiful and practical design
of knitwear (near). Finally, for the academic researcher, their priority is both the use of
recycled fibres in the near future as well as the future recyclability towards longevity of
fiores (far). Together, unrealistic visions of what is possible and the constraints of current
technology can be balanced to produce future based ideas and solutions.

These now, near, far perspectives are layered on top of the Venn model in Figure 138 on
page 307. Purposefully, the timeline is circular with each timeframe blending into the next.
This illustrates the less rigid association of each role to the timeframe closest to them. For
example, the researcher role in academia is situated within the ‘far’ period, however as the
researcher collaborated with the other roles they can also consider both the near and now.
Therefore, to allow the researcher to apply their ideas within the near and now timeframe, in
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which the transition from old practices into new sustainable ones needs to occur, it is vital
for the researcher to collaborate to maximise insights created through these alternative
perspectives.

Establishing how to navigate between these perspectives allows insights to be generated,
knowledge to be exchanged, and impact to be created. In Practice 10, the expert was
challenged on the business-as-usual scenario while allowing for them to input their
current understanding of process, manufacture and know-how. For the designer, they were
challenged by the limitation of the Design for Recycling Knitwear brief and manufacturing
whilst adhering to commercial design criteria including aesthetics and cost. Finally, the
researcher was challenged by both sets of priorities layered onto the Design for Recycling
Knitwear criteria towards sustainable alternatives. Each set of priorities pushed and pulled,
resulting in insights and new knowledge.
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11.2.5 OVERARCHING METHODOLOGICAL FRAMEWORK

As discussed in Chapter 2, a bricolage of nine methods have been used across four stages
of this research: think, explore, test and reflect. As described in detail in section 2.1 (page
19) these stages and methods have be categorised between industry and academia
approaches. However, to understand how these methods connect to the insights
generated in this PnD a visual thinking mapping exercise was conducted.

This mapping was inspired by the methodology outlined in Forst's (2020) textile design

PhD thesis in which she used this visual thinking approach to establish how her original
contributions to knowledge had emerged from her own four stages in the research process
(scope, make, map and reflect). It is particularly relevant that both this research and Forst's
is conducted in the field of circular textile design in which practice is centred “between an
understanding of the field and the development of solutions to a circularity challenge” (ibid,
2021:270). Therefore, while our stages have different names (scope, make, map, refiect /
think, explore, test, reflect) and the methods used are specific to our research, the physical
act of mapping methods in relation to the thesis structure is the same. Vitally this process
expounds the relationships between methods and insights and how, when combined, lead
to new knowledge (Figure 139).

Part 2

Pzﬂ 7)
O

Part 4
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The mapping in Figure 139 is overlayed with arrows highlighting repetitive cyclical movement
through the four stages. Starting with "Think’, in which literature review and visual thinking
are used as methods, this leads into a period of exploration in the field, workshops

or interviews. Ideas from the ‘Explore’ stage are tested through the field practice
experimentation. Finally, refiection on both explore and test stages is conducted through
an annotated portfolio and design synthesis. This results in insights being generated and
the research returns to the ‘Think’ stage once again and the cycle continues. At the end of
each cycle, the insights build on the previous knowledge created, which ultimately leads to
the original contributions to knowledge.

As discussed in Chapter 2 (section 2.5.3, page 50) the methods and stages have been
split between academia (think and reflect) and industry (explore and test). Therefore,
links between the research process, the use of collaborative roles and their different
perspectives can be made. For example, while Think and Reflect are methods used in
academia by researchers to consider the future, Explore and Test are methods situated in
industry exploring the now and testing the near possibilities. This combination of process
and collaboration have been visualised in Figure 140, in which the stage of the research
links to a role and a perspective in the cyclic motion.

This model has been expanded further in Figure 141 (page 313) to demonstrate the
relationship between the three layers. Particularly, this diagram demonstrates how the
roles are sandwiched between the timeframes (perspectives) and the process. It is
through the combination of both academia and industry across these three layers that
original contributions to knowledge can emerge from the insights.

11.2.6 AMODEL FOR FUTURE RESEARCH

While this methodological framework has emerged from circular textile design PhD
research it could also be used or adapted for other PhD researchers conducting practice
research between academia and industry. In particular those that have experience that
they are bringing to the research from industry themselves. Shaped like a steering wheel,
this methodology seeks to provide the tool to steer someone through research of this
kind. Rather than create a direct path, the wheel clarifies how the roles overlap, exchange
knowledge and consider practice from different perspectives. As the research process
circulates between academic thinking and refiection and into industry practice, exploring
and testing, it provides the breeding ground for insights which in turn generate original
contributions to knowledge.
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Additionally, while the author took on both the researcher and designer roles, for other
research projects a design-researcher may want to conduct research in collaboration with
industry designers and experts and the designer and researcher roles can be separated.

In this case, the framework provides a clearer understanding of how knowledge can be
exchanged between the stakeholders and the perspectives from which they stand. Beyond
this, further research would be required to expand this model beyond three roles, such

as including multi-disciplinary researchers, students, educators and different industry
professionals.
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12 CONCLUSIONS

12.1 SUMMARY OF THE RESEARCH

Design for Recycling Knitwear framework has been born from the abundant and complex
post-consumer waste textiles that have become a growing problem (EMF, 2017). This
research argues that the design strategies we already have, namely Design for Mono-
materiality and Design for Disassembly, do not address the complex waste streams that
already exist. Design for Recycling Knitwear combines both designing from recycled fibres
and designing for cyclability to enable longevity of all forms of textile resources.

To establish this approach, the research has been conducted between the realms of
academia and industry and this provides one of the original contributions to knowledge
(section 12.21, page 317). The approach offers researchers a way of steering themselves
through this tricky domain. In using this methodological framework, the practice research
has explored the links between cascading (redefined as spiralling), blending and sorting
for acrylic/wool knitted textiles. It is through these links that the designer can carve out
new pathways, as Norris (2012d) suggests, to re-value waste resources in the mechanical
textile recycling system. This research has found that if we are to transition towards a
circular economy, we need to find solutions for all waste fibres across the spectrum of
qualities, colours and types. It is only by exploring the process from the point of disposal
through to manufacture that the designer can truly Design for Recycling Knitwear (section
12.2.2, page 318).

12.1.1 ACHIEVING THE AIMS AND OBJECTIVES

As outlined in the introduction (section 1.2, page 6) the research is made up of three
aims and a variety of objectives. The thesis has been structured to address each of the
objectives in consecutive chapters. This has been outlined in Table 25.
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AIM A. To understand both the fields of design for mechanical recycling and design for
cascading in the context of post-consumer wool and acrylic textiles.

Conduct areview of the
current mechanical recycling
industry of wool and acrylic
textiles.

Understand the role of
designin current textile
recycling industrial systems.

Conduct areview of the
current cascading literature
inrelation to textile design.

Chapter three reviews the current mechanical recycling
industry of wool and acrylic textiles. This not only
provides the context of the post-consumer textile
recycling system within the circular economy but will
outline the context for using knitted wool and acrylic
textiles.

Chapter four establishes the role of design in the
current textile recycling industrial system. It outlines
the problems with the current Design for Recycling
approaches and establishes the role the designer might
play in finding solutions.

Chapter five provides a review of the current cascading
literature in relation to textile design. This chapter
outlines how design for cascading can be combined with
the circular economy model.

AIM B. To establish a Design for Recycling wool/acrylic textile model for designing
longevity of resources through recycling and bringing together cascading, blending and

sorting.

To understand how the field
of cascading intersects with
design for recycling of post-
consumer textile waste.

ldentify the role of blending
within virgin and recycled
textile production.

Investigate the methods

of sorting for mechanical
recycling of wool and acrylic
textiles.

Propose how cascading
blending and sorting might
be used together to ensure
resource longevity of post-
consumer wool/acrylic
textiles.

Chapter six explores how textile design and cascading
intersect. It specifically considers the differences
between product and resources cascades and considers
how cascading has been defined as downcycling and
upcycling. This chapter provides a new spiral shaped
model for combining cascading and circularity which
pbrings together a resource flow and product loops.

Chapter seven identifies the role of blending within
virgin and recycled textile production. It outlines the
reasons for blending in textiles and those used with

the textile recycling industry. The chapter provides the
designer with three levels of blending: yarn material and
product and highlights that understanding the blending
ratio across these levels is vital to enable successful
textile recyclability.

Chapter eight investigates the methods of sorting

for mechanical recycling of wool and acrylic textiles. It
outlines how sorting is generally conducted in the textile
recycling industry. In addition, it provides an analysis on
the generic sorting grades used for wool/acrylic textiles.

Chapter nine outlines how the spiralling model (Chapter
6) can incorporate both blending and sorting (Chapter 7
and 8) to extend the lifetimes of textile fibres.
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AIM C .To test, through practice, the ideas generated in the previous aims to produce
the Design for Recycling Knitwear framework and to establish how the methods have
been used across research and industry.

Investigate, and where
necessary collaborate with,
industrial partners to test
the realities of Designing for
Recycling Knitwear from yarn
to product.

Draw insights from

the opportunities and
challenges of Designing

for Recycling Knitwear in
industry to establish how
designs decisions bridge the
recovery and manufacture of
textile resources.

Draw insights from Designing
for Recycling Knitwear in
industry to establish a model
of how researching between
academia and industry can
be conducted.

Chapter ten describes the how the final practice
research (practice 10) and how this was conducted
with industrial partners to test Designing for Recycling
Knitwear.

Chapter eleven establishes opportunities and
challenges of Designing for Recycling Knitwear in industry
to establish how designs decisions bridge the recovery
and manufacture of textile resources.

Chapter eleven presents the final Design for Recycling
Knitwear textile framework as well as the Methodological
framework for conducting research between academia
and industry. Chapter twelve draws together the
research as whole to provide original contributions to
knowledge and further research opportunities.

12.2 CONTRIBUTIONS TO KNOWLEDGE

This research set out to provide two contributions to knowledge. The first was to provide

a methodological framework for researchers working between the realms of academia and

industry (12.21). The second is to provide the Design for Recycling Knitwear framework

which has been created to provide a new perspective building on existing work in the fields

of cascading, sorting and blending for the design of recycled textile fibres (12.2.2).

12.2.1 METHODOLOGICAL FRAMEWORK FOR RESEARCHING
BETWEEN ACADEMIA AND INDUSTRY

This research offers a new methodological framework which has developed out of the

practice research in this study. The framework offers a way of approaching or ‘steering’

practice design research being undertaken across academia and industry. The research
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moves cyclically through four stages: think, explore, test and reflect. These represent
the overarching purpose for methods used in the research. For example, the annotated
portfolio is used as a method for reflection and field exploration is used as a method of
exploring etc... However, rather than focus on the stages themselves, the methodology
splits the actors of the research into three roles: industry designer-specifier, academic
designer-researcher and an expert situated in context. Each of these roles collaborate
and overlap. In addition, each role provides different perspectives across now, near and
far timeframes. It is the combination of the think, explore, test and reflect methods,
collaboration and multiple perspectives that is found to lead to the generation of new
knowledge.

12.2.2 DESIGN FOR RECYCLING KNITWEAR FRAMEWORK

This research offers the Design for Recycling Knitwear framework which has formed out

of this practice research, exploring design for mechanical recycling of wool/acrylic waste
textiles. The framework materialised through the synthesis of three smaller contributions
that provide new perspectives on existing work in cascading, blending and sorting by using
a design for textile recycling lens. Each of these three contributions are outlined below as
well as the final framework which forms the original contribution to knowledge.

This research explores the current literature for cascading; discussing and directly relating
it to the field of textile recycling in the context of a transition to a circular economy. It builds
on the original theory provided by Sirkin and ten Houten (1994), which was developed for
product designers (section 51, page 115). Cascading has only recently been more broadly
synthesised with the circular economy model (Campbell-Johnston et al., 2020) and while
the literature has predominantly been utilised for the biomass and wood industries, this
research considers its application for circular textile design specifically (section 5.5, page
123).

The research explores and differentiates between the two different types of cascading
approach, namely product cascading and resource cascading (section 6.1, page 137).
These are synthesised with more commonly discussed concepts in textile recycling:
upcycling and downcycling (section 6.3, page 139). By bridging cascading and the circular
economy, a new modal is produced: a resource spiral. This spiral is comprised of both a
resource flow and product loops. It allows the designer to look beyond a single product and
assess how textile resource value changes as it moves in and out of products during the
recycling process (section 6.5, page 143).
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This research examines the role of blending as a method to aid recyclability in two ways.
First, the methods of blending were explored with the recycling industry itself. Thisis
required because of the damage the physical recycling process does to the reclaimed
fibres. These five methods: recycled and virgin, pre- and post-consumer wastes, structure,
fibre type and colour, provide the wider context for blending within the mechanical
recycling system (section 7.4, page 160).

Second, this research builds on both the work of Gulich (2006) and Forst (2020) in
articulating how textile combinations can hinder recyclability. This is achieved by re-
organising the basic textile blending typologies, previously outlined by Forst, specifically
for the context of mechanical textile recycling. This resulted in the presentation of three
levels of blending: yarn, material and product (section 7.7, page 181). These levels can be
used by the designer to recognise where blending occurs during the design stages. This is
translated for the field of Design for Recycling considering the blending ratios between the
levels, which directly impact a textile’s onward recyclability (section 7.7, page 183).

This research builds on the recent Design for Sorting strategy, outlined for the field of
textiles by Niinimaki and Karell (2020). As the textile fibres reach the point of disposal,
their value is determined at the sorting stage, and therefore knowledge regarding sorting
can be harnessed to design value in and out of textiles. Design for Sorting has been
explored from the perspective of knitted wool and acrylic textile waste. Following Niinimaki
and Karell's three steps, this research established the elements the sorting industry are
concerned with, the grades they are sorted into and finally the limitations and possibilities
of textile-to-textile recycling technologies (section 8.3, page 198). To accomplish

this, the research brought together literature and expert interviews to understand the
interconnected sorting categories (section 8.41, page 203). Later in the research the
relevance that post-consumer textiles are sorted by fibre quality, fibre type and then fibre
colour was understood. At this stage, however, in the context of wool and acrylic textiles
(fibre type) the complex methods of sorting and combining wastes were unpicked to create
four generic sorting grades. Further still, to account for the complex waste entering the
textile recycling system, the wider thresholds which surround these four core grades were
determined (section 8.4.3 page 208).
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The Design for Recycling Knitwear framework was created by bringing each of these

new perspectives of cascading, blending and sorting of waste textiles together. First the
resource spiral provides the wider context for how textile fibres can move in and out of
products. As they reach the point of disposal their value is determined at the sorting stage.
Therefore, by understanding the sorting grades and thresholds designers can design
recycled fibres to enter the same or new value grades. This design of recycled fibres, for

a specific sorting grade, is only possible by harnessing the knowledge of blending bothin
the recycling industry and the wider textile industry. It is either by incrementally designing
blends into our already complex waste textiles, or incrementally designing them out, that
we can Design for Recycling Knitwear. The framework’s original contribution specifically
bridges sorting and blending knowledges by acknowledging the links between fibre quality,
fibre type and fibre colour (section 111.5, page 280). This can then be used by the designer
to design longevity into our textile resources rather than only our products.

12.3 FURTHER RESEARCH

The two original contributions in the research have already been described in more
general terms than the specific context of this study and therefore have the potential
to be relevant beyond conducting textile design research and beyond the wool/acrylic
mechanical textile recycling industry. However, to strengthen this a range of further
research areas have been outlined to be explored.

Further research to strengthen and broaden the methodological framework could be
conducted by:

« Exploring in more depth how the model can be used if the industry designer
and acedemic designer-researcher roles are not understaken by the same
actor.

« Expanding the model to include a educator role, such as conducting worksops
and generating ideas with students as part of the research.

+ Using the model outside of textile design to establish its applicability to other
design disciplines.
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Further research might be conducted to strengthen and broaden the understanding of

designing for spiralling, blending and sorting in textile recycling as well as expanding the

combined framework itself. Further research is suggested to:
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Investigate how designers can harness a knowledge of spiralling to design
longevity of resources between textile industries, such as fashion, interiors
and architecture.

Exploring how blending can be harnessed as a design tool across the different
mechanical and chemical recycling industries.

Expanding knowledge of the sorting practices of all types of textile fibres.

Explore how this framework might be relevant for different garment types
pbeyond knitted input and production.

Adapt the framework to include an understanding of how to design for the
chemical recycling industry, both alone or in combination with mechanical
recycling.
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14 APPENDICES

14.1 INTERVIEW ONE

Textile recycler in Prato, Italy

Questions and answers extracted and summarised from a whatsapp interview.
January 2020

When | visited your company, you showed me the yarn that the business
produces. This uses recycled acrylic blended with polyester. What is the
composition?

50% Acrylic

20% Wool

25% Polyester

5% Other Fibres

What are your yarns used for and where?

The yarn we produce are used for lots of things. Mostly for weaving. You can
produce chenille, blankets, many things. We sell to companies that specialise in
many types of end products. We mainly sell our materials in Prato and these are
sold across the world. We have clients elsewhere in Europe and have even sold to
South America.

When you collect the waste jumpers or buy recycled fibres, | would like to
know what categories are available to buy? For example, 1009 wool or 100%
acrylic.

What categories are in between these?

What is the composition along with the wool, acrylic, nylon or polyester?
We buy recycled material from India but also in Italy - 509 wool and the rest is

‘mostly acrylic’ but this could also be ‘other fibres'. This is because when you buy a
jumper you will find a lot of different fibres inside. Mostly they are 50% wool / 50%

acrylic.

The other kind is 809 wool. But when we speak about 80% it doesn't mean that all

the jumpers are 80% wool - it is a medium. You can find 1009 wool and 7096 wool,
and they are mixed. The result is 80 or 85% wool.
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The same happens for 50% wool - these are the waste from the first-choice
jumpers (80%). These might have 69% wool - 30% wool so the medium is more of
less 50%. It actually usually is 409 but they call it 50%. After analysis we normally
find 40% wool.

There is another category this is the acrylic. Thisis not ‘all acrylic’. Again, we call it
‘acrylic’ but in the jumpers there might be some wool or another kind of fibre. You
will usually find 95%, 90% or 85% acrylic and 5% or 1096 or 15% wool - it depends. It
is difficult to select the jumpers by the exact amount of Wool, but they are sorted
to make a ‘family’.

Can | buy 100% recycled acrylic fibre from you?

Yes, but It can be difficult to find 1009 Acrylic in a specific colour. I have blue or
black at the moment. | have more colours in 309 wool, 65% Acrylic, 5% other
Fibres.

Is this 30% wool a different category and is it all recycled?

The reason | gave you the option to buy 309 wool fibre, as | explained before, is
that | buy the 509 which is more or less 40%. | also buy acrylic which is more or less
15% wool. When we open the bale and select all the colours usually, we blend the
40% and the 15% together. Sometimes in the blend we can find 4096, 35%, 30%. |
said 30% as this is the average that you might get. | have some colours with 35%
wool, some colours with 40% wool, some colour with 25% wool.

Everything | am talking about is recycled fibre - post or pre consumer recycled. This
can be waste yarn or waste from jumpers. | don't use new fibre. | don't separate the
types of waste | create a blend. | buy 50% wool and acrylic and sort by colour and
make my blend. Later when | have colour categories, white, black, light grey etc...

| can make an analysis. | then mix these with other fibres to make yarns. For your
yarns, let me know the colour and | can tell you what | have.

If you can buy 100% Acrylic (mostly acrylic but with wool) does the same
apply to other fibres such as polyamide? For example, can you buy 100%
polyamide that is mostly polyamide but included other fibres in it too?

I don't use polyamide and if | do (for a special blend) it would be virgin. It works in a
similar way to polyester. You can the buy recycled polyester fibres, but It is not the
same as buying waste wool from jumpers. It usually comes from plastic bottles.

Does more wool equal higher value?
Yes.
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14.2 INTERVIEW TWO

Founder of the RECYCLE WOOL company.

Hasnain Lilani has worked in the denim industry for around 10 years as head of
research and design Innovation. Currently trying to clean the global post-consumer
clothing waste.

Questions and answers extracted and summarised from the interview.
January 2020

What categories of wool do you collect?

Evenif a garment has 1% wool, we collect it. We collect every percentage of wool,
synthetic included. Then we process the materials, as per the requirement of the
customer. We clean, we sort by colour and then deliver to the client.

Are there generic categories that you sort into?

The generic categories in the market at the moment for recycling:

100% acrylic, 50% wool / 50% acrylic, 80% wool 20% acrylic, nylon, polyester
-whatever the material is, or 100% wool.

100% acrylic might not be 100% | have heard this is the generic name for it, is
this true?

It depends. Usually itis 1009 acrylic but in the stitching process for example there
might be polyester or cotton. The international law around fibres allows for the
possibility of +/- 19 or 2% other fibres. You might call this 10096 but if you tested in
a lab you might find 1% or 2% other fibres. Recycled fibre has its own limitations. To
get 100% pure materials - you can only find this in the new virgin material.

Do you sperate the knit material from the woven?

Yes, we have two categories one is knit, and the other is woven. We have to keep
these separate. Knit material has limitations and strengths as a recycled material
and these are different from the strengths and weakness of woven materials. The
woven is very strong material because of the way it needs to be processed. Knit
has a soft hand feel compared to woven. The biggest problem for the market is
people not wanting to use the woven materials. People prefer the knits. They are
using knit material and turning it into woven and therefore we are not closing the
loop.

Do you collect 100% Acrylic?

We don't work with acrylic. We are focused on wool. Acrylic has a demand from a
low category market. But often you can buy new acrylic at a low price, so people
don't want to use the recycled fibre. We don't mind what the other fibres in the
blend are we are only focused on collecting wool and cashmere.

Do you give your customers an indication of what is in the recycled batch

other than the wool percentage?
We say ‘other fibres’ because we don't know the exact composition.
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14.3 INTERVIEW THREE

Founder of the RECYCLE WOOL company.

Bio - Hasnain Lilani has worked in the denim industry for around 10 years as head
of research and design Innovation. Currently trying to clean the global post-
consumer clothing waste.

Questions and answers extracted and summarised from a Whatsapp Interview
05 November 2020 & 15 March 2021

Cathryn Hall:
Can you let me know what category of wool waste my swatches would be sorted
into based on Sorter A's predictions?

Hasnain Lilani:

Lowest category. Mostly in our grading system we treat them as mix blends
garbage. Normally our lowest category composition starts from 509 wool
minimum.

Cathryn Hall:
Ok thank you.

Hasnain Lilani:
But honestly after seeing swatches it's doesn't looks like lowest quality. | foresee a
lot of potential.

Cathryn Hall:
Thanks

Hasnain Lilani:
The real challenge is using them on recycling machine. Our buyers usually complain
about short fibre length. We need strong solutions for blended fibres.

Cathryn Hall:

Do you sell this type of waste to anyone?

I know your business is focused on the high wool content. But what do you do with
anything your sorters decide is less than 5096 wool? I'm just trying to get a really
clear picture of how it works. @

Hasnain Lilani:
We do take low wool too. There is usage for it as filler in pillows and blankets.

Cathryn Hall:
So, you just sort for the 4 categories: low wool - 50% wool - 80 % wool and 100%
Wele]

Hasnain Lilani:

Also 1009 cashmere.

We also do wool coats and wool pants. Nobody is doing this these days, but we are
doing it.
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Cathryn Hall:
What percentage do they have? Similar to the knitwear?

Hasnain Lilani:
Yes

Cathryn Hall:
Do you ever collect and sort between, for example: 109 wool and 30% wool If a
client asks you to?

Hasnain Lilani:

We do collect it and we keep to one side. Today we got 10 tons of low-quality wool.
There is a lot of demands these days. Demand because of prices. We have to do
the same job we do for high end composition. At rock bottom prices.

Cathryn Hall:
Not ideal

Hasnain Lilani:

We have to do to maintain the business in this current economy situation. Plus, we
have to do as my vision is not to waste single sweater. Use it, mend it, use it again,
reuse it, recycle it, but don't waste.

Cathryn Hall:
Hasnain Lilani:
Sometime clients ask to blend with high content to reduce the prices

Cathryn Hall:
So you sort the lower end (everything less than 50% wool) into colour etc... and
resell or mix it in with higher wool content to reduce the price? Have | got that right?

Hasnain Lilani:
We don't blend. We sell to customers they do the blends. We only provide a service.

Cathryn Hall:
But you mix the jumpers of qualities together for the client?

Hasnain Lilani:

No, we have several stages and requirements. We ship separate bales for them,
then they blend during the composition of yarn. We can't blend it will be big problem
in our quality standards. But we don't leave anything with wool content. Sometimes
we find very good quality high end wearable brands.

Cathryn Hall:

So you don't deal with 100% synthetic at all?

Hasnain Lilani:
No. 1009 Acrylic is completely wasted.

Cathryn Hall:

345

The colours of my yarns, can they be sorted easily?

Even Blend 2 (see picture of multicoloured fibres in the yarn)?

What about Blend 67

Hasnain Lilani:
Yes we can sort Blend 2 but it will be melange.
Blend 6 is also a melange.

Cathryn Hall:
Is this worth less when you sell it?

Hasnain Lilani:
Yes
The solid and the melange colours, as for the price they are similar.

Cathryn Hall: (voice note)

Ok so there are three categories - solid colours which are sorted into family colours
and shades. Then there is melange, like my Blend 2, this is navy and yellow and
would turn green when it is recycled. Would you sort this into a green category?
How do melange jumpers get sorted? Then you have garments with patterns on
them, the fancy sweaters, how do you sort those?

Hasnain Lilani: (voice note)

Melange is not like yellow and blue combined together. It doesn’t happen like this.
They [recyclers) prefer to have the yellow with the yellow shades and the blue with
the blue shades. Then once it is turned into fibre the recyclers can then use these
colours to make their own blend recipes. But there are some sweaters that have

346



many shades inside like your Blend 2 that have many different fibre shades inside.
If you look closely, they have different shades inside. These go into the melange
colours and then these go into categories.

We sort melange usually for double tones - you can see there are two tones in
the fabrics, so we try and sort for these tones separately. We try to make different
categories for these things. Mostly it is difficult, we don't often get big enough
volumes of this. It's the normal thing, if we find something we keep it separate. Not
that much we find.

For the fancy sweaters - 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. The mixed coloured and patterned jumpers can be used as
yarns. They can used for ‘Rosino yarn' fancy yarns. These yarns are mostly used for
blankets. Sometimes they produce the yarns and make the fabrics and overdye on
top of it.

We find a lot of fancy jumpers, but we do not do the separation by colour of fancy.
We keep them all together in the one place. If we did separate by colour then it
would be very hectic for us and would take time, space and energy, so we keep

it separate. Once we have some orders we bring it out and try to use as much as
we can. We put energy on that. There are people that prefer to use this fancy
material in local market products. Sometimes they prefer to use them as inner
filling of pillows and this type of thing. They can easily use these blended fancy
materials. Most of the customers want to take these materials 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 quality is super super nice.
For recycling it is worth nothing, it has low value and no quality. But those fancy
sweaters are the best ones. | cannot find this quality in the solids. But thisis the
market trend and the norm. We have to go with the market.

Cathryn Hall:
Thank you
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14.4 INTERVIEW FOUR

Textile recycler in Prato, Italy

Questions and answers extracted and summarised from a whatsapp interview.
March 2021

I have some questions about colour.

This is the melange colour (it’s a mix of blue, yellow and navy) | was asking
about? Do you recycle this type of knit in its own category? Or Do you
combine it with other wastes to recycle?

Fe . % [ Zl Y T
! ¥ ¥

| can recycle with, for example colour ‘avio’ on my shade card which is a blue
melange. For that colour | can recycled this type of jumper.

What about this one with navy and turquoise?

It is the same. | have some blue groups, for example, dark blue, navy blue, light
blue but it is not possible to put this into these categories because these colour
categories are not melange. But the melange colours such as ‘avio' or ‘dark avio,
melange colours are suitable for creating these melange yarns so this could be
used. It is possible to recycle it like this.
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Fancy waste - can this only be downcycled? Can you use this for recycling for
yarn?

Regarding these fancy fabrics, the recycling depends on the composition. Say
the composition is wool/nylon or wool/acrylic or wool/polyester specifically or
better pure composition like pure wool or pure acrylic then you can dye it. All the
fancy material you can dye it the dark colours such as blue, black or dark brown. If
the composition is easy to dye otherwise you can put it in the waste. One of the
solutions to recycle this waste is you can create felt for insulation or insulation for
carinteriors. There is a lot of applications but not in textiles for clothing.

The recycled navy acrylic fibre you sold me, might this have been overdyed?
Yes it could be.

This one has two contrasting colours how would you deal with this type of
colour? Downcycle it or can it be used?

This is the same for the fancy fabrics but because it is a melange made up of black
and white. We can use it for a fancy yarn called 'Filato bottonato’. You can use

this fibe and put it inside with a grey colour and when you produce the yarnitis

not a solid colour or a melange colour and there are ‘buttons’ of other colours for
example, medium grey yarn with buttons in white, button grey/dark grey and button
in black. You could recycle this kind like this. But also, in this case, it all depends

on the composition. Either Wool/acrylic or pure wool is better to recycle. If the
jumper is made from a lot of compositions, then it is better to putitin waste and it
pbecomes felt, insulation and applications not in textiles and clothing.
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Is Filato bottonato yarn used to make this type of fabric?

s s

Could you recycle this material?
(sentimage again of multi coloured filato bottonato [neps])

This you cannot recycle because the colours are different from grey and white and
it is difficult to know what colour to sortit in to so it is not possible.
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14.5 DEVELOPMENT SAMPLES

What about a jumper with a double pattern? Can it be used for melange
shade? Would this be recycled with dark navy jumpers?

el

—/

No cathryn, this is not melange, this is fancy for us. It is two different colours. From
my view it is brown and grey, so itis not melange. This is fancy. We can only dye if
we recycle it. We dye it if has a good composition or it becomes felt etc...

The picture is not good. The colours are black and navy. Does this make a
difference?

PROJECT FIBRE FACTORY SAMPLE
NUMBER CODE CODE NUMBER

In this case it depends about the material. If it is woven it cannot be recycled. If it is
knitted you canrecycle it. If the textile is knitted the quality is higher, but from the
picture it looks like it is woven, so for me it is not good to recycle. But 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.

Thank you so much.

TPRACTICE O - Fibre
100% acrylic-mix fibre - garnetted as wool
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1-GB-04

PRACTICE O - Yarn

- Fibre
% acrylic-mix fibre - Garnetted as cashmere

PRACTICEO

100

50% acrylic-mix fibre / 509 wool - 2/19 YWS

1-NB-03

PRACTICE O - Woven
Weft: 1-GB-04

PRACTICE O - Yarn

70% acrylic-mix fibre / 30% Nylon - 2/10 YSW

viscose 2/10 YWS)

67% wool, 33%

(

Warp: Availbale yarn
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1-MB-06
PRACTICE 0 - Woven

Weft: 1-GB-04

Warp: Availbale yarn (67% wool, 33% viscose 2/10 YWS)

1-GG-07

PRACTICE 0 - Knit
Yarn: 1-GB-04

PRACTICE O - Knit
Yarn: 1-NB-03

PRACTICE 0 - Non-woven needle punch (polyester scrim backing)
Fibre: 1-GA-01
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1-NC

PRACTICE 0 - Non-woven needle punched with a woven

polypropylene backing.
Fibre: as 1-GA-01 - Navy

PRACTICE 2 - Woven - unfinished
Yarn: 1-GB-04

2-ME-11

PRACTICE 2 - Woven - unfinished
Yarn: 1-GB-04 and 1-NB-03

2-MF-13

PRACTICE 2 - Woven - finished - milled as wool
Yarn: 1-GB-04 and 1-NB-03
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PRACTICE 2 - Woven - finished - milled as synthetic
Yarn: 1-GB-04 and 1-NB-03

PRACTICE 2 - Woven - selvage waste
Yarn: 1-GB-04 and 1-NB-03

PRACTICE 2 - Waste from milling process
1009 wool - collected wet

PRACTICE 5 - Fibre pad and mock spun yarn
70% acrylic-mix fibre (1-GA-02) / 25% white wool / 5% summer
yellow flax
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3-GB-18

PRACTICE 5 - Fibre pad and mock spun yarn
50% acrylic-mix fibre (1-GA-02) / 45% white wool / 5% white

polypropylene

3-GB-19

PRACTICE 5 - Fibre pad and mock spun yarn Tply and 2ply
70% acrylic-mix fibre (1-GA-02) / 30% summer yellow flax

3-GB-20

PRACTICE 5 - Waste collected from under the machine
(3-GB-17 and 3-GB-19)

4-GD-21

PRACTICE 7 - carded fibre
50% acrylic-mix fibre (1-GA-01) / 30% white wool / 20% white nylon
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4-GD-22

PRACTICE 7 - Spun yarn (from 4-GD-21)
50% acrylic-mix fibre (1-GA-01) / 30% white wool / 20% white nylon

4-GD-23

PRACTICE 7 - carded fibre
50% acrylic-mix fibre (1-GA-01) / 30% purple wool /20% white nylon

4-GD-24

PRACTICE 7 - Spun yarn (from 4-GD-22)
50% acrylic-mix fibre (1-GA-01) / 30% white wool / 20% white nylon

4-GD-25

PRACTICE 7 - carded fibre
50% acrylic-mix fibre (1-GA-01) / 30% mixed colour pre-consumer
waste wool / 20% white nylon
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4-GD-26

PRACTICE 7 - Spun yarn (from 4-GD-25)
50% acrylic-mix fibre (1-GA-01) / 30% white wool / 20% white nylon

4-GD-27

PRACTICE 7 - carded fibre Blend 1
50% acrylic-mix fibre (1-GA-01) / 30% blue wool / 20% white nylon

4-GD-28

PRACTICE 7 - carded fibre Blend 2
25% acrylic-mix fibre (1-GA-01) / 45% blue wool / 20% white nylon

4-GD-29

PRACTICE 7 - carded fibre Blend 3
12.56% acrylic-mix fibre (1-GA-01) / 52.5% blue wool / 35% white
nylon
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4-GD-30

PRACTICE 7 - Spunyarn (from 4-GD-29)
12.5% acrylic-mix fibre (1-GA-01) / 52.5% blue wool / 35% white

nylon

PRACTICE 7 - Waste collected from carding teeth
(4-GD-23)
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PRACTICE 3 - Pulled fibre
1009 acrylic-mix fibre

EE-OM-S

5-WC-33

PRACTICE 3 - Pulled and single carded
100% acrylic-mix fibre
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L 5-WC-34

PRACTICE 3 - Pulled and double carded
100% acrylic-mix fibre

¢ ‘
o,
n

5-WEC-35

PRACTICE 3 - Double carded on sample machine for spinning
Fibre:5-WC-32

M-G
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5-WC-36

PRACTICE 3 - needle punched
Fibre: 5-WC-33

o

5-WC-37

PRACTICE 3 - needle punched
Fibre: 5-WC-34
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6-WB-38

PRACTICE 3 - Fibre pad and spun yarn 1ply
50% acrylic-mix fibre (5-WC-35) / 50% white polyester

6-WB-39

PRACTICE 3 - Fibre pad and spun yarn 2ply
50% acrylic-mix fibre (5-WC-35) / 50% white polyester

6-WB-40

PRACTICE 3 - Fibre pad and spun yarn 1ply
50% acrylic-mix fibre (5-WC-34) / 50% white polyester

6-WB-41

PRACTICE 3 - Fibre pad and spun yarn 1ply
50% acrylic-mix fibre (5-WC-34) / 50% white polyester
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6-WB-42

PRACTICE 3 - Waste from under the carding machine
(6-WB-38 - 41)

6-WB-43

PRACTICE 9 - Yarn 2ply and sample of each component
50% acrylic-mix fibre (5-WC-33) / 20% white pre-consumer
recycled wool / 30% black virgin wool

6-WB-44

PRACTICE 9 - Yarn 2ply and sample of each component
50% acrylic-mix fibre (5-WC-33) / 40% deep green polypropylene /
10% teal viscose

6-WB-45

PRACTICE 9 - Yarn 2ply and sample of each component
30% acrylic-mix fibre (5-WC-33) / 60% bright blue polypropylene /
109 teal viscose
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PRACTICE 10 - Pulled fibre - worked for carded
50% acrylic-mix fibre / 509 wool

PRACTICE 10 - Pulled fibre - open ended
1009 acrylic-mix fibre

L

PRACTICE 10 - Blend 1 components
Navy recycled acrylic / turg & blue virgin wool / black wool
(substitute for rPET)

PRACTICE 10 - Blend 1 - fibre pad and mock yarn
Fibre: 7-PD-48
50% acrylic-mix / 30% wool / 20% wool (substitute for rPET)
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PRACTICE 10 - Blend 2 components
Navy recycled acrylic / blue & yellow mohair-wool-cashmere blend /
white mohair / black wool

[ 3

PRACTICE 10 - Blend 1 - fibre pad and mock yarn
Fibre: 7-PD-50
50% acrylic-mix fibre / 26% mohair / 23% wool / 2% cashmere

»

PRACTICE 10 - Blend 3 components
Navy recycled acrylic / brown waste cashmere / slate blue wool /
black wool (substitute for rPET)

N

PRACTICE 10 - Blend 3 - fibre pad

Fibre: 7-PD-52

50% acrylic-mix fibre / 30% pre-consumer cashmere / 10% wool /
10% wool (substitute for rPET)
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PRACTICE 10 - Silk blend trial 1 PRACTICE 10 - Yarn 1-2/8Nm
Compontants, fibre pad and mock yarn 50% acrylic-mix fibre / 30% wool / 10% rPET
acrylic-mix / pink waste cashmere / red-green-blue silk / black wool

PRACTICE 10 - Silk blend trial 2 PRACTICE 10 - Yarn 2 - 2/8Nm
Fibre pad and mock yarn 50% acrylic-mix fibre / 26% mohair / 23% wool / 2% cashmere
acrylic-mix / brown waste cashmere /blue and white silk / black wool
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PRACTICE 10 - Yarn 3-2/8Nm
50% acrylic-mix fibre / 2096 pre-consumer cashmere waste / 10%
wool /109 rPET

PRACTICE 10 - Yarn 4 - 2/8Nm
50% acrylic-mix fibre / 30% wool / 10% rPET

PRACTICE 10 - Yarn 5 - 2/8Nm
509 acrylic-mix fibre / 50% rPET

PRACTICE 10 - Yarn 6 - 2/4Nm
50% acrylic-mix fibre / 30% wool / 20% rPET
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[ 'lj"l"I )

PRACTICE 10 - Swatch Yarn 1- 2/8Nm- 5gg
509 acrylic-mix fibre / 309 wool / 10% rPET

PRACTICE 10 - Swatch Yarn 2 - 2/8Nm- 5gg
50% acrylic-mix fibre / 26% mohair / 23% wool / 2% cashmere

-

PRACTICE 10 - Swatch Yarn 3 - 2/8Nm- 5gg
50% acrylic-mix fibre / 209 pre-consumer cashmere waste / 10%
wool / 10% rPET

d
i,
4
Fr
)
l— 4TS

PRACTICE 10 - Swatch Yarn 4 - 2/8Nm- 5gg
50% acrylic-mix fibre / 30% wool / 10% rPET
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PRACTICE 10 - Swatch Yarn 5 - 2/8Nm- 5gg
509 acrylic-mix fibre / 50% rPET

PRACTICE 10 - Swatch Yarn 6 - 2/4Nm- 5gg
50% acrylic-mix fibre / 309 wool / 20% rPET

PRACTICE 10 - Swatch Yarn 4 - 2/8Nm - 2ply - 5gg
50% acrylic-mix fibre / 30% wool / 10% rPET

PRACTICE 10 - Swatch Yarn 4 - 2/8Nm- 5gg
Tighter tension and finished with added softner
50% acrylic-mix fibre / 30% wool / 109 rPET
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PRACTICE 10 - Five prototype jumpers
Yarn2-Yarn3-Yarn1-Yarn5-Yarn 4

387 388



14.6 WORKSHOP WORKSHEETS
14.6.1 WORKSHOP 1

[ T e e e e o

mechanical
recycling oy al

____________

R e e —|

389 390



14.6.2 WORKSHOP 2
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14.6.3 WORKSHOP 3
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14.7 ANNOTATED PORTFOLIO

10 DESIGN AND TESTING IN
PRACTICE

Researcher

10.1 PRACTICE CONTEXT

The practice described at the intersessions in this document (Practice 0-9) explore the research
ideas which led to the Design for Cascading Recycled Textiles framework (Chapter 9). In order to
test this framework a larger-scale experiment was conducted in collaboration with industry
partners. The experiment itself would involve sourcing acrylic-mix recycled fibres to be blended
and spun into yarns suitable for a knitted garment application. This would be followed by
designing and industrial production of proof-of-concept prototype jumpers. Finally, knitted

swatches of the yarns would be sent to both hand and automated sorters to establish if the

design of the materials had successfully increased in value at the recycling stage. DeS|g ner d | rec‘ted by

First, recycled acrylic fibre needed to be obtained. Unlike Practice O where sorting, cleaning and ava | Ia ble mateﬂa | S
pulling were conducted by the researcher,

_ to ensure an accurate representation of the fibres available. SeldelyleBERIiA

399

spinner was required to advise on and conduct the blending, carding and spinning of the fibres| R C .
ollaboration

Third, a knitting manufacturer produced swatches and sample prototypes. These three stages
followed the recycling system as highlighted in Figure X.

Figure X. A simplified Recycling system diagram highlighting the elements covered by the practice

experiment.

Once the active experimentation had taken place, the knitted materials were sent to a hand and
automated sorter for testing. The experiment aimed to move the resulting knitted materials from
the lowest (100% acrylic) sorting category into a higher value category, such as 30% or 50% wool.
The two sorters would process the swatches and the resulting sorting categories would indicate if
the material had increased in recycling value. Because Hasnain Lilinai’s interview (Appendix X)
and the Fibersort testing results (Circle Economy, 2019) contributed to the generic sorting grades

within the framework both these companies were asked to test the final materials.

Figure X. Women's Knit & Jersey Trend Concepts A/W 21/22: Conscious Clarity- Action points,
(Casey, 2020b)

Figure X. Market research comparing wool and acrylic blended knitwear from a range of brands.

As highlighted in WGSN’s report, ‘Knitwear: Core Item Updates A/W 21/22’, the scoping also

_in the A/W 20/21 collections of most . .
Design Brief

brands. WGSN'’s update suggestions for this shape directly informed the creative design brief in

which OSSN OSBRSS .o included (see circled key

words in Figure X).
Figure X. The Roll Neck - WGSN Knitwear: Core Item Updates A/W 21/22, (Casey, 2020a)

Beyond the shape and update features, the yarn blend also has to be designed. Returning to
WGSN’s ‘Conscious Clarity” trend report, in combination with the researcher’s own scoping also
highlighted a trend for _ In particular, _
_ was a key focus of the WGSN trend (See Figure X).

Figure X. WGSN Women's Knit & Jersey Trend Concepts A/W 21/22: Conscious Clarity — Soft
Blurred, (Casey, 2020b)

To summarise this trend/market research, a mood board was created bringing together
inspirational images as a focus for the creative design (see Figure X). From this, the final design
and specification was created ready for the yarns to be developed (see Figure X).

Figure X. Inspirational mood board created to summarise the design research for the direction of

the project.

Figure X. Final Design specification

10.3 DESIGNING & MAKING THE YARNS

Once a design brief had been created, the yarns could then be designed and developed. Prior to

sourcing recycled fibre, a collaboration needed to be agreed with a spinner to spin yarns using ( Collaboratlon
both recycled content and from synthetic materials. A range of spinning companies were

approached that were willing but ultimately unable to help with the research. Barriers that were

cited included: size, time, cost and contamination. For example, (eJilcKelelal CINNAN( S| CLIAIT RUACIRARE

ize of the project was too small; another wasn’t able to spare the time to work on the project]
outside of its current production; a third costed the project and at the scale required the costs Ba rrrers tO COl |a boratlon

lexceeded the researchers funding and finally many companies considered the potential

lcontamination of synthetic fibre to their primarily wool production too great a risk.

10.2 THE CREATIVE DESIGN BRIEF

To test the Design for Cascading Recycled Textiles framework a specific brief needed to be
created. Unlike the previous practice experiments which were purposely left open-ended, this
final experiment needed to have a specific design direction. The criteria of the framework
provided a basis for the brief. These were as follows:

- The use of recycled acrylic fibre as the base material e Resea rCh brlef

- A minim of 30% wool should form the final blend

- Avyarnis to be produced suitable for a knitted garment

In addition to the framework’s recycling and cascading conditions, _ ‘

formed to provide direction for the performance, aesthetics and cost aspects Usin tc Creative design brief
researher's oo facit knowledge of the industry design process, market, trend and inspirational

fesearch was undertaken followed by a concept desig s 1+, 2(714.

Trend and market research were conducted both _ $
_, To start the process, _, was visited and |ndUSt ry methOdS
the AW21/22 trend concept ‘conscious clarity’ was chosen as the start of the inspiration (See

Figure X). This highlightedl N DO E SIS O Ce S GNEsoe

SN  11s oso fited the

proof-of-concept garment that focused on the textile material rather than on creating a bold|
IESAIEIAETERIFEIaEIggl This type of design, therefore, could be categorised as a ‘core” product

type; a classic garment found every year in a brand’s collection alongside the faster-changing Resea rCh methOdS

trend-led pieces.

e RS I R R Lo U SSIMEIL G Was undertaken across a range of retailers to

complement the more trend-focused inspiration. A combination of [N N AICIRER=Elgea

Knitwear containing acrylic

was found across a range of brands and sold at a variety of price points. Where blended with

wool, the wool content varied, and in general, it was found that the higher the wool content, the

higher the price. It was also noted that the [N ICONCONISHUESNNENUCUNOIB S ? Industry methods
_, However, wool content did not necessarily dictate the price level, since there are

other factors at play such as manufacturing quality and the design or lifestyle attributes of

individual brands. A cross section of the scoping exercise can be seen in Figure X.

However, an agreement was finally settled with a small commission spinner using a woollen @ H
Manufacturing methods

system to produce ring-spun yarns. Previously, multiple visits to this facility had taken place, and

at one of these visits the researcher’s test experiment, Practice 7, had been conducted.

research was only able to take place if certain conditions were met, namely complying with the . iy
& Engineers conditions

MOQs of 50Kg per yarn (significantly smaller than others that had been approached) and|

obtaining seam-cleaned acrylic fibre to reduce the contamination during productionSIEJihIEs

explained that dIEIIIERVENERIIEIRES for them in the recycling system because the

Cleaning step is vital

Therefore, the next step was to source cleaned recycled acrylic fibre.

10.3.1 SOURCING THE RECYCLED ACRYLIC FIBRE

It had been assumed by the researcher that recycled acrylic, seam cleaned, sorted by colour and| K
pulled back to fibre, would be easy to obtain RN eV T VIR N El LI ETI
resource in Europe, finding this waste source that was both colour-sorted and recycled back to /

Y e R CiileBUA ' his was because acrylic knits in Europe usually flow into mixed colour]

Research Challenges

E. Furthermore, many of the European companies able
to supply the required fibre could only do so with MOQs of a scale beyond the budget of this
research.

e < Design Relationships

As a favour, this company agreed to sell and ship a small quantity of recycled acrylic fibre to the

NGO EIAURI SN he conversation and interview with the Italian recycling company regarding

the sourcing of this material led to insights about the sorting s (see Appendix X). As they & Resea rCh Re|at|0nShIpS
primarily recycled wool/acrylic blends rather than the desired 100% acrylic, the fibre was only

available in navy and black. As with all mechanically recycled fibre and in line with the interviews

conducted with the Italian recycler (see also Section X, page X and Appendix X, page X) and the

composition of the “100% acrylic’ purchased could in fact contain a small percentages of other

fibres.

10.3.2 DESIGNING THE YARNS

Once the challenges of obtaining seam-cleaned acrylic fibre had been overcome a formal
meeting was set up to discuss the yarn design. As the company was small all the research was
conducted with the owner who has a vast experience of working in the industry and on the Opportu nities

factory floor. This not only gave him the experience to problem-solve but as the owner, he also ? f .
or Collaboration
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had the power to make quick decisions. For the remainder of the discussion he will be referred to
as the engineer.

The Italian company providing the acrylic, had sent samples of two different qualities of fibre and
these were brought to the spinner to assess. The first fibre sample fibre had been pulled to
create a better-quality fibre however as this has been pulled more thoroughly the fibre length
was reduced. The second had been ‘worked/pulled less’ and therefore was expected to be of
lower quality but had longer fibre length. The first sample was singled out as most effective for
the woollen spinning method the company employed, and this sample fibre was then used to
create mini test blend pads. Rather than create these pads using a test machine (as in Practice 7),
a quicker method using hand combining brushes was used to explore many ideas in a short time

frame.

Two physical meetings were conducted. For the sake of clarity, the meetings have been
described by breaking down the activities into four stages: discussion, exploration, blend testing
and design confirmation. While the practice is presented in an obvious chronological order, many
of the stages overlapped or happened in parallel to one another. Conversations, for example,
were often half finished and returned to at another stage in the same session.

STAGE ONE — DISCUSSION

The meeting started with the company owner in his office and the [gegle[i{[slsEReIRAAINE @ Resea rCh brlef
project were established, namely, to use the recycled acrylic as a base fibre, blending with g
Iminimum of 30% wool and spinning for a knitted application [N sl NIt NN I I A Ele KelU13
his own conditions. For example, based on previous experience he was only prepared to produce . .
ayarn with up to 50% recycled acrylic content. This was to ensure ease of manufacture of and e Ma n Ufa CtU Il ﬂg I’eq ul I’ementS
avoid problems that could lead to a lower yield and higher costs. A further condition relating to
the use of shorter recycled fibres meant than there was a limit to how fine the yarns could be.
Clearly, a significant amount of co-operation and to balance the interests of both
parties was needed.

Communication

These conditions led to some discussion. The designer-{g& cher explained that in a previous|

test (Practice 0) 70% recycled con ad been used but in tl d had

eI ERER ETe{RigelnRialRelgelo=X. The engineer was surprised but insisted, based on his

knowledge, that a 50% recycled acrylic maximum would be beneficial for the manufacture and

final product: This was then agreed. ManUfaCtu r ng req ul rements
Further discussion also ensued around the minimum thickness of the yarns. An example yarn was

brought into the room to illustrate the engineer’s technical explanations. He suggested

processing the recycled fibres for a knitted applicated to 2/8Nm yarn count (Figure X), adding

fibre form, as discovered in Practice 0 and 7, this softness disappears when spun into yarn. The

engineer explained, however, that during the spinning process finer fibres (such as acrylic) are

forced to the middle of the yarn and coarser fibres (such as wool) would be brought to the % TeChﬂIC8| eXpeI’tISG
outside. The condition of blending 30% or more wool, therefore, would overcome some of these

issues but any remaining part of the blend needed to be considered carefully. This level of

expertise and collaboration was significantly helping to narrow the designer-researcher’s final

choices.

_. Choosing colours to blend together at fibre level was e AeSthetICS
more complex and entirely different to the design-researcher's previous experience in selecting

colour palettes for textiles or a garment collection. The process of blending colour at yarn level is

more akin to the painter’s experience of blending paint. In order to explore how this worked the

engineer suggested the conversation moved upstairs to the factory floor. Here, he showed a

blend of fibres waiting to be carded and spun: mainly beige with streaks of deep brown, white,

bright yellow and orange (Figure X) that would be used to create a uniform beige shade (Figure

Y). This illustrated what the engineer had been trying to explain downstairs.
Figure X. Fibre blend - beige, brown yellow and white - waiting to be processed
Figure X. Carding process combing the fibres ready for spinning.

It was during this time on the factory floor that the possibilities for blending expanded. [NE4USSIely . X
lensued amongst the rattles of the machines about the priority of sustainability within the project] R Researcher prIOrIty

Keen to know whether other recycled content would meet the research condition BRIl HH
Recyclability

suggested some pre-consumer cashmere waste could be used. In earlier visits to this and other

[T QIO EQ g e searcher had been advised that using pre-consumer waste was not g

Engineer Collaboration

viable option due to limited quantities of any single colour RIS NHRE SRR R (eIg=}

pleasantly contradicted his previous reluctance to use anything but virgin materials. This meant (
that with the relatively small-scale (in industry terms) of the research project, using the pre-

consumer waste would be possible.

From his back-storage room the engineer produced a box of pink and brown ‘roving’ cashmere

waste. This type of waste is the product of the roving stage that occurs after carding and before

spinning. Although previously considered to be too costly, the engineer suggested this might be . f .
usedina _ Using the waste cashmere was thus k DeS|g ner prlorlty
a mutually beneficial proposition. 1SS e Hand feel
_-researcher, for the engineer, it was making good use of waste that was

too smallin quantity for a production run of its own. The engineer was quick to point out, R Eng ineer CO| |a boratIOﬂ

however, that if it was to be used as a blend for this research, repeatability might be an issue.
While the brown could be easily replicated by taking lighter coloured cashmere waste and Eng|neer prloﬂty

overdying it, this would not be an option with the lighter shade of pink. HH
Repeatability
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that creating a finer yarn could cause complications in the manufacture. This in turn could affect

the cost. If a finer yarn was required, the engineer explained, the blend would have to be / DeSlg ner Prlorlty
adapted reducing the recycled content. In the end, [ ETRNIETNEICONNNBISNTINSHNE Yarn count
_. These initial conversations about the - and

\—— Collaboration

manufacturability were vital to lay the groundwork for the next three stages.
Figure X. Example yarn brought into the room for context

STAGE TWO — EXPLORATION

Figure X. The fibres available for blending.

The next stage was to decide on a blend for the yarn. [ ELeYlle had already been k DeS|gner/ReSearCher

confirmed and the ETCHIINCOIEHS0NESNEHIBINSIEEIEEE . O of the conditions of the Wool blend
research was to include in the yarn, but this still left _to

consider. Wool is available in many different forms, for example, lamb’s wool, merino wool and

cashmere, and all of these could be used within the experiment. With the overarching aim of the

research being to design for recycling value, the recycling system would equally accommodate

other protein-based fibres such as yak, mohair or angora. The 30% wool content, therefore,

could be comprised of a variety of combinations. However, given the constraint of large MOQs Cha | | eﬁg es
for purchasing most fibre types and colour ways, an experiment of this size was limited to those e

held in stock by the spinning company.

S TR TYIS £€— DesSigner Priority
negatively impact onw [a e EIsIay. During this decision-making process the merits of K Research Pr|or|t\/

including man-made fibres were debated. The engineer was very knowledgeable about the

origins of the different fibres, their performance/function and cost. For example, hylon was

described as very strong and soft but could only be added in small quantities to this particular

spinning process (woollens) because, as the engineer advised, it would cause problems during @ Eng | neer Expe rtl se
manufacturing. Polyester again was strong but had a harsher “squeaky” hand feel and, as the

engineer explained, polyester is more prone to pilling in the final material. He also highlighted

that unlike yarns for the warp in woven applications where synthetic content would be added for

strength, for a knitted application this was not an issue. However, synthetic content is often

added to yarns for knitwear because of their cost benefits, with polyester being the cheapest

fibre available.

_. While the recycled acrylic fibres felt very soft in DeSIQner Prlorlty
Hand feel / texture

Out of this exploration with the engineer and the variety of blending options discussed, the

[ I IS RN Tl lsTallUle [l REsEId S small range of yarns should be produced and compared toj

T I YWETaeRs. At this stage it was thought that three different yarn blends would \ Researcher Prlorlty

provide sufficient comparison. A final discussion regarding the cost of the resulting yarns verses

the aims of the experiment was not easy to resolve. (R IR AN ICC IANSSC TRV RS / Compa Il SOH

create a wool blend yarn suitable for the mass market the experiment’s relatively smalll

production size meant it would not be comparab|efUII-RisINeNEldel s RWVeTN] s Reloidl oIl o] R (e N [1Y

any formal conclusions on cost it was concluded that the range of yarns proposed for the

research should be designed to represent the different market levels (standard to luxury). This

would ensure that cost aspect of designing was not completely removed from the discussion.

STAGE THREE — BLEND TESTING
BLEND 1

The third stage of the experiment was conducted in the testing room. This held the small-scale
carding machine which had been used as part of Practice 7. On this occasion hand carding
brushes were used to simulate the process of combining fibres (Figure X). The exact amount of
fibre to be blended was calculated on an old set of miniature scales (Figure X). The process
created a small blended fibre pad which could be mock spun in order to visualise the yarn (Figure
X).

Figure X. Scales used to weigh out the fibres for a small blend tes
Figure X. Hand carding brush used to comb the fibres and blend them together

The blend testing started simply and built up to the more complex blends. The first blend was

comprised of the agreed 50% recycled acrylic and minimum 30% wool. The remaining 20% would

consist of a cheaper man-made fibre. This represented the most standard blend type within the

conditions of the test. [ETCSENNERNCEOIOUNBHMNEIVEN, the engineer recommended ? Eng ineer eXpertlse
extremely bright and more contrasting colours to produce a more dramatic final yarn. From the

available stock colours, the designer researcher selected two bright shades, a blue and a

turquoise to complement the navy acrylic. Without any samples of synthetic fibre in stock, black

wool was used as a substitute. The final synthetic content would be decided later in the process.

The result of using brightly coloured wool yarns highlighted their coarser textured appearancel S Design Priority
Eomposition was confirmed as the first yarn blend] Colour / Texture

Figure X. Fibres selected for the first blending test
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BLEND 2

The second blending test was conducted in response to the market research findings. During one . . .
of the retail visits it had been noted that many of the knits contained a percentage of luxury Des'gner Prlorlty
fibres. The luxury content of these jumpers were marketed with labels such as ‘cashmere mix’ or Textu re

‘mohair blend’.
G atCEXEUREaIBBEaTange . A5 the engineer explained, mohair would be difficult to 9 Eﬂg neer Prlorlty

obtain in small quantities, although in this instance he was able to offer a mohair blend (mohair, COSt

cashmere and wool) leftover from a larger order. This was formed of tropical colours (honey bird
and lemon shades) to which some stock white mohair could be added to make up the total

MV O R III Y R IR IR EIRETS M In combination, these colours were not dissimilar to . .
Researcher Priority

[To fulfil the aim of creating a small range of yarns to compare, the designer-researcher decided| Comparlson / Range

to increase the wool content of Blend 2 from 30% to 50%. Without the addition of any synthetic|

material, Blend 2, therefore, would represent a more luxury yarn in line with the marketj

research)

Figure X. Second blending test fibre combinations

BLEND 3

As the blending tests progressed it was clear the engineer had a preference for luxury fibres to % Eﬂg neer PI’IOI’Ity
make, what he described as, ‘beautiful’ or ‘quality’ yarns. It was partly for this reason that waste / I_UXU ry

cashmere (as previously described, page X) was suggested to be used for the research. In

addition to cashmere, silk was also advocated. The engineer explained that using silk would

create a smooth feel to the fibres. And if a mix of three or four colours were incorporated some

of silk would form multi-coloured neps in the final yarn. To demonstrate this, the engineer

selected a range of colours (green, red and blue) and started blending these with the pink . .
cashmere and navy acrylic. _ was concerned about this suggestion for two/ Resea rCher Prlorlty

[CENIEMEIEIN S|k was not strictly suitable for the wool recycling process she was designing for} Recycla b| | |ty

Second,

_. Gkl Was a researcher she was concerned for the impact]
Jof the colour contamination for the future sorting and recycling processesBalelIa IR IR elinKel3 \ DeS|g ner Prlorlty

e el I E O VR WONI (V] B eeTel R{OIM E LI AEHE and so she stood back and waited for the . .
result. Ironically, the resulting fibre had a distinct ‘recycled’ aesthetic. The combination of navy DeSIg n Brlef

(also known as polyamide) was discussed.

( Designer Priority
Design Brief
_ Furthermore, in the recycling industry

both nylon and polyester are known to be used when creating yarns in Prato. \ R . .
esearcher Priority

recyclability, neither materials type was deemed problematic as both these types of fibres were
Recyclability

most likely present in the recycled acrylic-mix fibre being used in the test

The engineer explained that the major differences between the two fibres were hand feel and \
cost. He brought out two examples of test yarns for comparison; one blended with a small

amount of polyester and the other with a small amount of nylon. _

the nylon being slightly softer. Yet, the cost was more dramatic; the nylon fibre was almost & Designer Priority
Gouble that of the polyester|
Cost

Figure X. Commercial wool blends one with polyester and one with nylon

Engineer expertise

BLEND4 &5

IR ERGINCINIRS Mt he designer-researcher decided that it would be prudent to spin a| Resea rcher Prlorlty

‘control’ yarn without any wool content for a direct comparison IRV Il Ri EXIT S ST 1o .

this would contain the same 50% recycled acrylic but would be blended with 50% synthetic. At Com pa rison

this point the engineer pointed out nylon could not be used in such high quantities in the woollen R . .

Sl els=SRTherefore, for the sake of consistency the use of nylon was discounted from the Eng ineer EXperUSG

Virgin acrylic was also put forward as an option. IERETJE AR R et [ RIS EEEE

the acrylic content making the final yarns more mono material, but the researcher also had| & Resea rcher Pr|or|ty

lconcerns from a sustainability standpoint and using this virgin material might encourage further a HR H HR
very harsh and chemical virgin production process. [gIoSY=I1 TR V[olo ER ol gl gV [[RWV/YeY RecYCla bl | Ity / SUStalnablllty

significantly large to prohibit its use in the test. Thus, the decision was taken out of the designer- Ba rr | ers
researcher’s hands and polyester was confirmed for all blends requiring synthetic content. In the (

spirit of experimenting using recycled materials the engineer advised he was able to source a @ Eng | neer Col |abOI'at|Oﬂ
recycled polyester fibre produced from plastic bottles. _
Design Priority

Market

RUEEL NIRRT A=W W hich represented the most basic blend, lead the designer:

researcher to reflect on how the yarns might be analysed NI VATgeIRIRsIIEIeIYaiI N1
composition the three blends and the control provided a good range to be compared. However,

visual comparisons might be limited as the control yarn would only be comprised navy (recycled| Resea rCher P”O”t\/
[2crylic) and black (recycled polyester) rather than blending a number of shades (as in Blend 1, 2 F Comparisons

EICNEIIFITENIE) To overcome this barrier a repeat of Blend 1 was confirmed replacing the

bright coloured wool with black to ensure a visually unbiased comparison could be made. This
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and pink created a sludgy purple base and mixed coloured neps looked like a more uniform
colour contamination (Figure X).

Figure X. Third blend test with cashmere and silk

Designer Priority
A second attempt was made to create a silk/cashmere blend. This time the brown cashmere

waste was used and the designer-researcher requested permission to select a range of / COlour
harmonious colours (grey and light biue) and the result was much more appealing. | 0w o,

researchers concern for onward recyclability was enough to drop this blend from the range§

bt e conclute rth o of i ot bensen gttt o Researcher Priority
_ In this specific instance, the blend was unsuitable. Recyclab| | |ty

Figure X. Blend test four with brown cashmere and blue/grey silk neps

A final version of Blend 3 was tested removing the silk content. The aims of the research were at DeSlg ner Prlorlty
the forefront of the designer-researchers mind during the selection process. SSRGSt RIRINE /markets

lcomposition of both Blend’s 1 and 2 and how these represented standard (30% wool) and luxury

50% wool) approaches to blending. RENefels[{e=F] _, Blend 3 would therefore

need to be designed halfway between the two. To achieve this Blend 3 used the composition \ . .
structure of Blend 1 (50%, 30% 20%) but incorporated a small amount of luxury content more ResearCher P”O”ty

akin to Blend 2. The resulting composition was 50% recycled acrylic, 20% cashmere, 10% wool Compansons
(forming the desired 30%) and 20% additional synthetic. Once again for the test black wool was

used in lieu of the unavailable synthetic fibre.

The colours in this case were dictated mainly by the availability of fibres. For example, navy had
been pre-chosen for the recycled acrylic; pre-consumer waste cashmere was provided in brown

and small quantities of synthetic materials could only be obtained in black or white. [EISRINEE ? DeS|gner Pr|or|ty
been selected for all the yarns to deepen rather than lighten the yarn shades. /r cxcopt cr was
the 10% wool content, and this could be selected from range of stock colours. _ ( COlour

Figure X. Fifth blend test and its components

STAGE FOUR — DESIGN CONFIRMATION

The final stage of the design process was to finalise all the blending decisions for production. This
occurred both at the end of the first meeting and during a second meeting a few weeks later. The
conversation focused on the type of synthetic that would be used in the blends. The discussion

went back and forth between the different synthetic materials which could be used. Firstly, nylon

repeat of Blend 1 in an alternate colourway was confirmed as Blend 4 and the control yarn was

confirmed as lend 5. TS = E— Designer Priority
Colour

BLEND 6

Finally, a sixth yarn was added to complete the range. This yarn was confirmed with a thicker ? Researcher PrlOrIty

yarn count (2/4.25Nm) which would be produced to establish if yarn count effected yarn quality,| Comparlsons

VEEEREENERPIEIENIEE. All the blends up until this point had been designed at the finest count

the engineer was willing to manufacture when incorporating 50% recycled content (2/8Nm). \ E . . .
ngineer Priority

Once again for a direct comparison a repeat of a previous blend was used (Blend1). Blend 6 was

confirmed, and this finalised the six yarns to be produced. Ma nufactu I’a b | | |ty

10.4 SIX BLENDS — SIX YARNS

Each of the six fibre blends were spun adhering to the spinning companies MOQ_(50kg). The

engineer advised that while 50kg of fibre would be used at the beginning of the process the yield e E ng | neer EXpertlse
(resulting amount of yarn) could be lower depending on the success of processing of each blend

type. The total yarn produced for all six yarns was 286Kg. Table X summarises the designs of all

six yarns. Once spun each yarn was sent to a knitting factory to be knitted into swatches and for

prototype garments to be developed.

Figures X-X, Snapshots of some of the spinning processes: Blended Fibre, Blended Fibre in the
carding machine, Carding process, Laying the fibres, Roving, Winding

Figure X. Final six yarns
Figure X. Six Knitted swatches

Figure X. Prototype garment
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Ahbstract

Purpose:

The aim of this research paper is to provide new insights from the Prato recveling model for woollen
materials. Specifically, to examine the barriers presented but also opportumitics that wool recveling
might offer for future inmovation within mixed fibre textile recycling,

Owriginality/value:

This paper examines the established Prato model from an alternative angle considering the mechanical
textile recveling system alone. Considening the industry from this viewpomt has created value-added
iwights for design innovation for mixed fibre recyeling of the future,

Design'/methodologv/approach:

Two visits to the ity of Prata, Ttaly was undertaken to generate data collection. Using a leld research
approach, observed through the eves of the designer, through wnstructured interviews and
documentation (note taking and photographing). Data was analysed wsing annotated portfolhio
techniques to draw out insights from the chservations made during the visits. Finally, a botspot analysis

method was used to formalise insights as key areas for future action.

Findings:

The findings in this paper demonstrate an overview of the Frato model of competitive collaboration
within the textile recycling industry. Furthermore, it establishes the barmers o and opportunities
presented by the mechanical recyeling of wool‘'cashmerz in Prato. These were consolidated by outlining
four key hotspots within the recyveling system: sorting, blending, processing and end-product/market.
These hotspots are proposed as a call for future design innovation and research towards mized fibre

recycling and circular fibres of the future

Keywords: Sustamable fshionftext be indusiry, mechameal recycling, wool, Prato laly, Mied Fibre
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1 Introduction

The fashion/textile industry is causing catastrophic environmental impacts throughout all lifecycle
stages (Fletcher and Grose, 2012), in particular at the end-of-life where less than 1% of our waste
clothing is recycled back textile-to-textile (EMF, 2017). However, the industry’s consistent use of
blended yarns, increasingly desired for their function and price benefits (Turley ef al., 2009), and the
resultant mixed fibres are problematic for developments in new technology, both chemical and

traditional mechanical recycling (Mathews, 2015).

Over the last decade advancements in the field of textile recycling have evolved, yet mechanical
recycling has been overlooked as calls for investment refer to chemical processes alone (Dahlbo ef al.,
2016). The challenge now is how solutions to this growing issue can impact the industry at both a local
and global level. Understanding the barriers to textile recycling can support the next generation in how

we educate, train and employ this sector.

This paper explores the historic and current situation for mechanical textile recycling within the wool
industry in Prato, Italy. Understanding the development, both positive and negative, of Prato’s historic
industrial model (Ottati, 2009) forms the backdrop for insights around innovation. Using a field research
methodology (Burgess, 1982) the author visited a small selection of wool/cashmere recycling facilities
with the aim of understanding their current and varying approaches. Through conversation, first-hand
experience and designerly ways of exploring these indusirial processes (Cross, 2007) data was

generated for analysis.

The insights from this paper seck to demonstrate some of the principal opportunities and barriers faced
by the textile recycling industry for wool, and in furn how this might affect the more challenging mixed
fibre recycling. Furthermore, by creating an overview of the recycling system in Prato, this enabled the
author to identify key “hotspots’ (Barthel ef al, 2015) for future potential innovation. This paper
explores insights towards creating circular fibres (EMF, 2017) of the future within mechanical textile

recycling.

2 Context

The continuing rise in global resource consumption has instigated a growing trend for increased fibre
production. This gross over consumption of fibre and has caused a ripple effect of excessive textile
waste in the global fashion industry (Mathews, 2015). This waste is increasingly low in quality, unable
to be reused as clothing and holds little or depleted value as it filters into limited end markets (Dutch
Clothing Mountain, 2017). Textile waste in this context is either ‘post-consumer’ or ‘pre-consumer’.

The former 1s defined here as any waste textiles including garments that have been used by the
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consumer, while the latter refers to the type of waste that does not reach the consumer such as factory

waste clippings (Hawley, 2006).

The lack of textile to textile recycling globally can be attributed to a lack of technology and end market
potential. However, it has been suggested with the right technologies and infrastructure recycling could

increase to be in line with current rates of collection (Fibresort, 2017).

One of the biggest challenges for recycling technology today is the industry’s consistent use of blended
materials, used for their resultant functional properties and price benefits. Currently, there is limited
research investigating the composition of our textile waste. Still, current available data gives us some
understanding of the problem. A recent UK based exploration of clothing collected by The Salvation
Army found that 36% of its sample was made up of two or more fibre components (Ward, Hewiit and
Russell, 2013). This was supported by Dutch Clothing Mountain's 2017 report which generated similar
data, finding 37% of their sample was blended textiles. Furthermore, this percentage could increase as
30% of the clothing were unidentifiable due to missing labels. Although both studies demonstrate
mono-fibre textiles occupying the majority, blended textiles are still a growing issue that needs to be
addressed. Finding a solution for waste mixed fibre textiles is prevalent as they continue to be

problematic for both chemical and mechanical recycling technology.

2.1 Historical Context

Prato’s historic textile indusiry dates back to the middle ages and today every stage of textile
manufacture can be seen around the city (Mondadori, 2013, p. 14). The origins of wool recycling - or
more specifically the invention of machinery to tear fibres from cloth — are attributed to Benjamin Law
in Yorkshire, England in 1813 (Shell, 2014). These tearing machines, now known as pulling machines,
appeared in Prato in 1850. Later carbonizing machines emerged, to separate wool from cotton fibres,
meaning that Prato could be competitive with the northern Italian wool industries. By 1870 a centralised
factory-based system had been introduced. This allowed for the development of mechanised wool
carding and spinning, and enabled Prato to become an exclusive and specialised centre. Prato’s carding
method, allowing shorter wool fibres to be spun (virgin or reprocessed), is what distinguishes its famous

woollen cloth (Museo del tessuto Edizioni, 2007).

During the first half of the twentieth century low-medium quality regenerated wools and carded fabrics
were in high demand until the textiles industry was forced to adapt to post-war conditions. Larger
factories struggled without the military textile demand and were dismantled to create smaller family-
run enterprises and craft workshops, building a flexible industrial structure. At the same time, new
synthetic materials were entering the market offering functional and cost-effective competition. Fast

adaption saw Prato blending synthetics with regenerated wool to retain competitive business (Museo

del tessuto Edizioni, 2007). Despite this, Prato remained famous for its carded woollen product, until
the ‘carded wool crisis’ in the late eighties. This caused many factories to drop their traditional carded
lines for higher quality worsted spinning, a technique which uses long virgin fibres for couture
production. The trend for worsted fabrics has continued, fighting off competition from developing
countries. Today, the mark of quality woollen product is synonymous with the ‘made in Italy’ label
(Weibel-Orlando, 2012). Yet, as the success of worsted cloth has grown, the fraditional carded
manufacture has continued to fall into decline (Ottati, 2009).

2.2 Prato Model
The ‘Prato Model’, according to Magi and Ceccarelli (2002), is completely unique in that it is comprised
of many small and medium enterprises. It is for this reason, Padovani (2017) asserts, that the model is

based upon value added partnerships.

The Prato system is based on the decentralization of production among a large number of small
companies capable of adapting to specific design demands and able to produce short runs to
tight delivery times. This model of collaborative competition provided the basis for the rise of

luxury and bespoke manufacturing (Padovani, 2017, p. 144)

In addition, the industry’s deep-rooted history over a changing landscape has produced an expert tacit
knowledge. This has led to an “innovation pipeline” between traditional processes and new products. It
is the combination of the Prato model and the expertise of the industry that has allowed it to dominate
the regenerated wool market (Padovani, 2017). However, as Ottati (2009) points out the Prato industry
is in potential crisis with two contrasting views considered. Either Prato’s successes lic in the past or it

will be able to adapt to a future of globalisation.

More recently, the industry has joined forces, assisted by Prato Centre of Commerce, to promote the
growing consumer interest in sustainability (Testa et al., 2017). The creation of the “Cardato Recycled’
brand was created to boost the declining carded wool industry by creating a certification and unique
selling point of the recycled cloth. There are strict requisites for any brands to display the ‘Cardato
Recycled” label. The materials must be made of at least 65% recycled content (clothing or factory
waste), must be produced n the Prato district and brands must measure the environmental impacts of

production (water, energy and CO?Levels) (Cardato, 2018).

3 Methods
The methodology undertaken for this research paper brings together a variety of data collection and

analysis methods in its qualitative approach. Using traditional field research methods such as
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observation, unstructured interviews and documentary evidencing (Burgess, 1982) with ‘designerly
ways of knowing” (Cross, 2007) and tacit knowledge (Polanyi, 1958) has enabled data to be collected.
Combined with a variety of analysis techniques such as annotated portfolio (Gaver and Bowers, 2012)
and hotspot analysis (Barthel ef al., 2015) this facilitated the author to extract insights from Prato’s

wool recycling industry towards future increased mixed fibre textile recycling.

Across two field visits to the city of Prato four key factories, Companies A-D (see Table 1), were
selected as a sample to provide a balanced framing of the developed wool recycling industry. This was
supplemented by three additional companies E-G (see Table 2), affording a broader understanding of
the opportunities and barriers within the field. While A-D were researched in far greater depth,

Companies E-G provided additional insights that contributed significantly to the overall findings.

Observed through the eyes of the designer this method provided a foundation for future innovation in
design (Suri, 2005). The author’s tacit knowledge from working previously as a commercial knitwear
designer ensured understanding of both the commercial and practical process. The importance of a
second visit allowed the author to build relationships with experts, gain extended first-hand experience,
and ensure thorough data collection meaning industrial processes, systems design, and recycling design
practices could be fully explored. Consent for visits and was obtained from cach participating company

with the agreement that their details would be anonymised.

Analysis was primarily achieved using an annotated portfolio method (Gaver and Bowers, 2012,
Sauerwein, Bakker and Balkenende, 2018) using photographs taken throughout the experience. This
was accomplished by using the collected field notes, and memories of the experience to annotate the
images. These annotations were organised into themes across all the factory visits and formalised into

simplified tables (see below Table 1 and 2).

By building upon previously established recycling systems diagrams by WRAP (2012)., meant
visualising the specific processes for the wool recycling systems in Prato. Hotspot analysis was applied
to bridge the gap between Prato insights and the wider textile recycling system. This method provided
amore comprehensive understanding of impacts and therefore a prioritisation of future actions (Barthel

et al., 2015), which in this paper applies to complex mixed fibre recycling.

4 Discussion
The aim of this research paper was to establish key arcas for innovation within mechanical recycling

processes. The objectives included gaining an understanding of the Prato model and the industry’s
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array ol processes, then from this aseerfain bamers and opportunitics in wool reeyeling to offer

innovations within mixed fibre textile recveling.

4.7 Diversitics

As shown in Table 1, Companies A — I were selected for their individual approaches and to create a
balanced framing. A varicty of final products were scen to be produced: fibre, varn, fabric or a
combination, all of which ranged from high to lower market values, The balance of the sample range 1s
further demonstrated by the assortment of “input” or ‘feedstock” and output materials across woven/knit,

pre/post-consumer and mono‘blended.

HIGH HIGH HIGH/MEDILIM MECHLIM/LOW

CASHMERE WOOoL WOoL oGy OC
BLEND
CASHMEREDA WOOLBLEND WO WOOLMELERD
CASHMEREELEM DS
YARNGFIRRERT
WOVERFABRKC FIBRETTHLY YARN
KNMTTEDFRODUCT
KNIT WOVEN ERIT KN ITIFAWOVEN
KNIT WOVEN WOVEN WOVEN

Table 1. Simplified recveling svstem insights from companies 4-0, Source: Author

All stages in mechanical wool recyeling (see Figure 1 below) were seen first-hand in the ficld. Through
conducting this rescarch not only the procedure, but the decisions and requirements at every stage, were
elearly identified. This enabled the author to understand how these choices impacted future processes

and linal products, It was this overview which enabled msights for fulure design immovation.

oalocal g

Figure 1. Sumplificd processes of reeyeling textiles, adapted from WEAL (2012), Source: Author

4.3 Cealferherration

As previously deseribed by Padovani (2017), the Prato model has been built from decentralisation and
competitive collaboration. One of the main reasons the industry has been able to adapt. During the field
visits the author witnessed how Companics I and I uscd the same processing facility to transtorm fibre

to yarn by giving a tour of the same workshop. This partnership between the two businesses had
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developed between the owners which was later found to be based on a deeper fniendship estabhished

over generahions.,

YAHRNFABRIC FARRIC YARN
WO WoDLA COTTORGANDDL
OKEITE OFFISITE OFFEITE

Table 2. Semplified recyeling system insights from companies E-G, Source; Author

Cuickly, it was recognised that all companics in the sample had close relationships with the other
businesses, although not always as deep rooted as the previous example. Much like a small village,
evervone knew evervbody else. Fach company had their own segment of the recveled wool markel.
Company C, for example, specialised in sorting knifted post-consumer waste which was outsourced to
b pulled into fibre and retumed for quality control. The final product, the fibre, could then be sold for

processing nto yarn.

In contrast, Company A demonstrated collaboration i reverse, “msourcing” rather than oulsourcing.
By allowing second hand traders aceess o the incoming bales of cashmere (belore colour sorting) they
were able to search for the “diamonds’, Diamonds referred 1o here comes from Hawley™s (2006)
categorisation of textile waste sorting. considerad to be rare finds, often designer items of high value to
the vintage or second-hand market. Tt is this interconnacted competitive collaboration amongst smaller

specialist companies which has allowed the Prato model fo flourish,

43 Sorfing

The sorting process embedded within the recveling system stretches far beyond the sclecting of
“dinmonds’. Companies A-D all emphasised the importance of sorting on the quality of the end material,
However, it was recognised thal sometimes companies bought in pre-sorted clothing waste, processed
in special sconomic zones such as India, connecting Prato to the global recyeling industry. Mevertheless,
others prided themselves on traiming specialist emplovees who sorted mixed bales by colour and shade.
Company C took this one stage further separating shades into “ordinary” (chunky guage knits) and *fine’

{(Tine guage kmits) to produce, as they clammed. a lngher quality resultant fibre.

 COLOUR § SHADE §@ L=

Figure 2. Simplified processes of sorting waste textiles, Source: Author

The sorting stage 15 one of the most costly processes within textile recyeling. Although thas hand process
was a unigue selling poant fior companies such as B, it was accepted that this labour-intensive methnd
in a high wage counlry strained the industry economically. Nonetheless, one of the largest barriers 1o
successtul recyeling is colour contamination, the result of nefficient sorting Contamination itself
presents in the form of ‘neps’; contrasting coloured specs which stand out and, in some cases, protrude
from the vam or fabric surface. This could be exploited as a design feature, often requested by designers
for fashion clothing. Howewer, it is still problematic when a mono-colour is required. [t was understood
that mechanically recycled yarms can never be completely solid. Time and effort 1s often taken creating
melange effects from virgin materials, which without any effort 1s a natural guality of recyeled yam

that ought to be taken advantage of However, stock colour cards exhibited a wide range of colours in

melange as well as close to sold shades (Figure 3).

Figure 3. Company B stock colour cards, Source: Author

44 Chverdveing

De to the nature of the process, single colour materials were valued over multi-colour tems. While
generally avoided, all companies used overdyeing as a solution for these multi-coloured matenals.
Company D did this to tonal patterned garments to create uniform shades, whereas true multi-colours
could only be dved black to ensure complete coverage. Another reason to overdve was 1o oblain a
specific colour shade which otherwise could not be produced. The availability of fecdstock was prowved
to be fundamental i producing a matenal’s final colour, If a chent required a specific shade, a

caombination of coloured fibre would be blended to produse its exact colour, as seen in Figure 4
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However, if one clement of a colour blend 15 not readily available, overdyveing a similar shade provides

a solution 1o deliver the overall blend,

Figure 4. Company B shade blending for client colour development, Source: Author

4.3 Tyt and Chitpue

Agross companics A-D perecivied quality of feedstock materials was found to be reflected in the gquality
ol output material, This [ollows that the purer the Obre 1o be recveled, the higher quality it 15 considerad
to have i.e. mono materiality, The Prato reeyeling system is therefore centred around sorting and finding
the highest quality fibre for recveling, in this case wool. Even Company 1D, whose input material was

lower value wool blended product, was sorted according to the quantity of wool content,

In contrast, as Tahle 1 demonstrates, across the four key companies, each used a different combination
of input to output. A and C exclusively was found to use knitted waste, whereas B used woven waste.
Contradicting information was supphied in terms of what feedstock produced the best quality result.
This was attributed to the ias of cach company to promote themselves. However, all companies agreed
that kmitted lecdstocks were casier 1o pull, gencrating loneer bres. Yol this was nol rellected in the
authors analvsis ol the percarved guality of the end product. For example, Company B produced a
quality product from a woven waste feedstock. The greatest insights in this area came from Company
I who demonstrated that mixing a combination of woven, knitted, pre‘post-consumer waste would
balance out the qualities to create a mid-value end batch, The main attribute affecting the perceived

quality of the material output was the percentage of the wool fibre.

A common misconception, one that was made by the author, is that Prato predominantly uses pre-
consumer waste as a feedstock. It was found that pre-consumer wool recycling formed a small section
of the overall industry. Although pre-consumer waste was utilised by other businesses, as clarified by
C it was too expensive for them to warrant using. The only active example of pre-consumer waste
recycling was company D. By mixing lower value post-consumer fibre with higher value pre-consumer

meant the wool composition could be closely controlled for each batch.

4.0 Quality

The quality of fibres was a reoccurring theme throughout the visits. A concern presented by Company
F were its customers complaints about the varying eveness and colour fastness of the recycled fabrics.
Colour fastness was ascribed as a property passed forward from the previous garments, with little
solutions available. However, the notion of garments passing on properties it not always attributed to
the negative. Recycling in this way retains the colour from their previous lives utilised it in the new

material.

One of the main processes that can promote quality is ‘cleaning”. This refers to the removal of buttons,
zips, seams, and contrasting coloured trims. Although these are established practises of raising quality
of recycled fibre, the removal of scams was a debated exception. Seam removal was dependant on the
quality of the resultant fabric required by a customer. It would only be completed if the companies felt
it would add value to the end product. As a labour intensive and costly exercise, economically it had to

present value for money.

47 Blending

The quality of mechanically recycled fibre has been criticised laboriously by researchers and brands
alike. It is well documented that recycling yams in this way damages the fibres and reduces length
(Gupta and Saggu, 2015, Yuksekkaya et al., 2016). Blending offers a solution to this 1ssue, one that has
been used throughout history (Shell, 2014). This can be done for colour, composition, function and/or
ascetics. For the new schools of thought centered around a circular economy blending has been rejected
as the emphasis is placed on mono-materiality within a cradle to cradle model (Braungart and
MecDonough, 2002). That said, blending virgin fibres in the modern day 1s common place. It 1s widely
established that for a circular economy; products, components, and materials must be maintained at
their highest utility and value at all times (EMF, 2017). For mechanical recycling this means blending.
Most prominently this was seen by virgin fibre being blended with recycled, although more innovative
examples were revealed. Company A for example, would sell the ‘cleaned’ cashmere seam waste for
blends. The seam waste would be approximately 95% cashmere composition therefore, it could be

added into a virgin or recycled batch to achieve 10/20% cashmere blend. Whereas D’s blended woollen
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feedstock was utilised to produce a blended wool product not inappropriate for today’s blend heavy

market.

Recyeled stock yarns were a common service provided by companies B and D. Any other blends were
specially developed for individual clients, and therefore heavily dependent on the requirements for the
end product or market. The design decisions throughout the process were crucial when reaching this
stage. All six companies maintained the materials produced could be recycled again, yet there was no
evidence this had been planned for within the system. This wasn’t due to a lack of enthusiasm for
sustainability, but restricted by the global market for buying Italian wool and the lack of any formalised

take-back system.

A further concern 1s the incompatibility of the feedstock and resultant material. Company B for
example, brought in high percentage wool input, accepting no lower than 97%. In contrast the output
was a wool blend, with the richest wool stock service yarn reaching 75%. Meaning the output materials

would be unacceptable if recaptured and could only be down-cycled.

4.8 End Markets

The need for developing end markets for recycled fibres has been found by Elander and Ljungkvist
(2016) supported by the 2014 WRAP report as a residing issue across many areas of the textile recycling
industry. This was echoed in Prato, as businesses felt pressure to continually increase the value of
materials. This was demonstrated most prominently by Company A who was not only selling fibres,
but yarns and garments too, and was also seeking to develop new end markets by producing products
using traditional recycling methods. This included producing a needle felt for inside luxury quilted
outerwear and using blended cashmere fibre to replace feather down, as an alternative for active-wear

apparel.

5 Insights

3.4 Prato Recycling Model

The unique Prato model that has established within its woollen textile industry can be segmented to
focus on recycling in which hitle research has been conducted exclusively. As a form of analysis, a

simplified diagram modelling the connections and flow of materials was created (Figure 5).

Figure 5. Smphfied Model of Prato Wool Reeyeling Industry, Source: Author

The diagram uses circles representing single companies and signifving the life evele of the matenials or
services they provide, The boundary of the Prato distriet is broken by incoming materials and outgoing
products comnecting this small segment 1o the global recyeling mdustry. The circles meet as the small
and medium sized facilities collaborate. In Figure 6 we can see in detail the example of companies D

and E and how this worked in practice.

BLEMD, SPIN
WEAVE

Figure 6. Detail of Prato wool recyeling industry simplified model, Source: Author

416



417

This visnalised svstem falls into the catepory of open loop reeveling i which Pavne (2013) points out
malerials are generally not reclammed. The open loop svstem, which is fed from the global waste woollen

appara] industry, is down-cyeled offen into blended woollen fabric that is not readily recyveled again.

This model demonstrates how a small and specilically located industry is embedded and conmected 1o
global recyveling as well as the virgin textile industry. The problem of material collection is one that
spans these two industrics, and is one of the higpest barriers that is faced. This is challenged in the
most recent ECAP report sugpesting collection can only be solved with a spectrum of methods
collaboratively rather than competitively, much like the Prato model suggests but on a larger scale

{(Watson er al,, 2018,

5.2 Barriers 1o the opportunities

Understanding the barriers and in turn how these might be future opportunities for innovation witnessed
in Prato was a first step. The Prato wool reeveling model, visualised by the author in Figure 5 and 6 has
enahled a simplified overview for a future svstems approach which can be considerad towards mixad
fibre recveling. Understanding the underlving system in which the industry operates can aid design
choices which are critical for innovation, Ripple cffects could be scen from every decision along the
process from the sorting to the end product, leading to the author plotting the key bamricrs and
opportunilies along the recyeling process, This resulted in four areas being highlighted as impact
hotspots (Barthel er all, 200 5) for fulure design intervention lowards increased value of materials (see

Figure 7).

P e _—
I"\,\_ _ _
Figure 7. Holspots for innovation within the processes ol recyeling texiiles, Source: Author

.21 Hotspot: Sort

The first hotspot area identified was the sorting stage. Current work on new technological innovation
to replace manual sorting is being developed using NIR technology { Wedin er of, 2017). This could
provide a solution to the cost barriers prevalent in Prato, but as Wedin ef @l (2017) points out docs not
solve the issue of sorting blends particularly with a low libre content or multilaver garments. More
specific 1o the issues in Prato was the inconsistent information regarding the quality of woven verses

knitted materials 1o the process, These are therefore potential areas for the further design research,

A key opportunity within the sorting stage was the sorting by primary fibre. For Prato this was wool.
Even when recycling blended fibres, the materials were categorised by the amount of wool content.
Wool in this case was the most desirable, due to the fact it was being processed within a wool industry.
From this we might infer that for mixed fibre sorting, categorising using a “primary fibre’ could aid the
process. This insight demonstrates the need to understand the material composition, which currently is
skilled and labour intensive, to aid sorting technology for new types of ‘primary fibre’ categories which

should flow into specific end markets.

5.2.2. Hotspot: Blend

The feedstock of any recycling process is one of the most important factors, but is still heavily reliant
on the types and colours of materials coming into the system. As previously discussed overdyeing is
used when there 18 limited availability of coloured feedstock for shade blending. The challenge of
varying feedstocks is a targeted area for innovation exploiting areas of opportunity such as melange

effect of recycled yarns.

Blending is often associated with negative connotations when concerning the circular economy.
However, for mechanical textile recycling, blending represents a positive by increasing quality and
often creates a cost-effective end product. Notably there is a lack of research comparing woven verses
knitted feedstocks and the effects of combining these different inputs of waste. It is a challenge to find
new ways of increasing quality at the blending stage, as well as utilising different forms of blended

materials to produce appropriate products for end markets.

3.2.3. Hotspot: Processing

Processing, or spinning most prominently used in Prato, is one of the more technical areas for
innovation. Yet, this could provide a significant space for intervention. Spinning yarn for weaving or
knitting 18 only one way of processing fibres. Looking to more traditional methods to produce
alternative products is an opportunity. For this approach to work there needs to be full system
understanding, connecting this hotspot to the other processes and developing new ideas towards circular

and recyclable products of the future.

3.2.4. Hotspot: End Product/Market

Developing recycled alternatives for the needs of the textile manufacturers, currently using virgin and
often blended materials, is a challenge across the industry. This reiterates the importance of
understanding recycling feedstocks as a fundamental way to design and develop desirable materials.
This knowledge can then be used to exploit advantages and seck solutions for properties that are passed

on from feedstock to output and plan for this in the design process for suitable end markets.
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3.3 Limitations

The scope of this research could be limiting due to using a small sample used as a form of analysis of
an entire industry. Owing to the time scale available only two visits to Prato were undertaken, meaning
the sample size was selected from the companies willing and available. Subsequently, this affected the
number of observations that could be completed. However, to achieve the research aims the time
allocated was accepted to enable thorough analysis and meaningful insights. When reflecting on the
learnings from a single small area to seek solutions for mixed fibre recycling it 1s important to remember
that textile recycling is a global industry. Therefore, further research into other textile recycling sectors

might be considered to form more comprehensive deductions.

6 Conclusion

The field research undertaken was a means to develop designerly understanding of the wool recycling
industry in Prato. The insights unearthed were a method to seek further solutions for the more
problematic mixed fibre textile recycling urgently needed in today’s wasteful fashion industry.

By completing this, a deeper understanding of the processes within the wool recycling industry have
been yielded. Furthermore, by reflecting on the barriers and opportunities and translating these insights
towards mixed fibre recycling, key hotspots for innovation have been uncovered. Understanding the
value of the hotspots can signpost further research to create material and systemic interventions within

mechanical textile recycling to create circular fibres of the future.
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Abstract: This paper explores different approaches taken when “wearing two hats’;
that of academic researcher and the industry entrepreneur. It considers the barriers
and opportunities in combining these two roles in order to acquire new knowledge.
To understand how future researchers could best do this and why this might be
desirable, the paper presents Authorl’s insights from field research experience;
wearing both hats within a textile industry context. & literature review, reflective
practice and an annotated portfolio method enabled the authors to identify three
approaches — Divide, Switch and Blend. These form a model for researching with any
two hats on: Divide entails wearing both hats separately on different occasions;
Switch is wearing both hats but interchanging between the two on a single occasion;
Blend is wearing both hats simultareously. The authors conclude that fluidity
between approaches and an understanding of the dominant hat is vital.

Keywords: Academic Research, Entrepreneurship, Dual Roles, Textile Design,
Two Hats

1. Introduction

Cesign researchers working wilh suslainability need Lo make their research impactiul, useful and
relevant. Within design research the experience of the individual iz a vital consideration (Rogoff,
1995). However, while of value in itself, the subjective component [in this case, the author's
additional rale as entrepreneur) can cloud research insights.

The paper outlines the tenzions and opportunities of combining these two roles, or “two hats’, in
three distinctive ways — dividing, switching and blending = in situations, as required. Using personal
reflective practice (5chdn, 1983) formalising the findings into a table, and finally visualised (Tufte,
2001) through a moedel as a method of drawing out further insights, Although this paper focuses on
one such experience Lo develop the proposed three ways, other insighls from field work with the
Authorl PhD research was drawn upon. This has provided a preliminary model for researchers,
within and outside of textile design, when wearing any two given hats.

This paper locuses on Lhe experiences of Authorl’s PhD research in which she wore the hat of an
academic textile design researcher and the hat of the textile industry entrepreneur. Author?

Copryright £ 200%. The copyright of each paper in this conference proceedings is the property of the authaor]s). Permission
is granted to reproduce copies of these works for pur poses relevant Lo the above conference, provided that the author(s),
source and copyrighl notice are included on each copy. FTor other uses please contacl the author(s),
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provided the original idea for the paper and supported Authorl with the reflection, mapping,
structuring, editing and refocus/review processes. Author2 is also a researcher and entrepreneur in
the same design field, with significant experience of inhabiting both hats.

The paper is split into two parts. Part 1, Making the hats, develops an understanding of the terrain
through a short literature and practice review on research that combines research and industry
stakeholders. Part 2, Wearing the hats, presents an example of Authorl’s personal experience in the
field in which she wore both academic researcher and industry entrepreneur hats within textile
design research. Established methods of reflective practice are used here - specifically in textile
design — and are applied to provide insights for future entrepreneurial research. The findings present
the three approaches for the adoption of the two hats - divide, switch and blend - to produce a fluid
model for combined practice. Finally, special consideration is given to recognising the ‘dominant hat’
in any given context as a means of maximising insights from both perspectives.

2. Methods

The paper was developed by fusing three key methodological approaches - literature review, case
study and reflected practice - in order to formulate the final model.

A short literature review forms the foundation of the first part of the paper. This first of all looks
outside of the field of design to explore parallels with other disciplines where academic research and
professional practice are combined. This is followed by a review of design research and literature
where knowledge from academia and industry are combined.

The second part of the paper is a personal reflection based on field work conducted by Authorl
where the hats of both textile design researcher and textile design entrepreneur were worn. For the
purposes of this paper only one field experience is discussed; however, Authorl was able to draw
upon other, previously completed research tasks. For the clarity of this research paper, the best
example has been discussed.

Reflective practice methods (Schén, 1983; Igoe, 2013) enable the incorporation of personal
experience (Clandinin and Connelly, 1994) and reflection on experience to enhance learning (Boud,
Keogh and Walker, 1985). The project between Authorl and the industry partner discussed in the
paper uses a field research methodology (Burgess, 1982) including observation, conversation and
documentary evidencing. These were amalgamated with ‘designerly ways’ {Cross, 2007) and tacit
design knowledge (Polanyi, 1958) to generate qualitative data.

Data analysis was achieved using an adapted annotated portfolio method (Gaver and Bowers, 2012;
Sauerwein, Bakker and Balkenende, 2018) applying field notes and thick description (Lincoln and
Guba, 1985) to photographic documentation (Figure 1). The annotations were then colour coded to
establish similarities and differences between the hats. This enabled patterns and insights to be
gathered in the form of two tables. Firstly, a table was generated to establish a clear view of when
Authorl believed which hat was being worn at which time. Secondly, a table was constructed to form
an analysis to establish and refine the three approaches considering the relative strengths and
weaknesses put forward by Unluer (2012) as necessary to insider research. Finally, in order to extend
understanding of the three approaches, visualisation methods (Tufte, 2001) in the form of a model
were employed. |t was through the construction of these models that analysis took place to draw out
new insights identifying the importance of a dominant hat.
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3. Context: Understanding the Hats

Researching within an industry setting uses similar methods to researching within an academic
institution but with different goals and objectives. Asking similar questions, the academics’ interest is
situated in the ‘know-why" and the industry’s in the ‘know-how’ (Mujumdar, 2004). The following
section follows the relationship between university and entrepreneur (3.1), the literature
surrounding blending research with entrepreneurship (3.2), the position of insider research (3.3) and
industry experience in relation to academic research (3.4). Finally, contemporary context within
sustainable and circular design where this approach is increasingly being used (3.5).

3.1 The Relationship between University and Industry

The relationship between universities and industry has shifted in recent years from ‘arm'’s length’ to
closer contact with particular focus on the science and technology disciplines (Schutze, 2000).
Littered with debate about conflict of interest, withholding publishing and compromises, the
relationships between the two sectors can be very problematic (ibid). Innovation policy drivers are
focused on increasing university commercialisation potential by the creation of university spin-out
companies (Fowler, 2017). Referred to as the triple helix, Etzkowitz and Leydesdorff, (1995) have
explored the contribution of university-industry-government and how the interactions of all three
have changed over time, altering dynamics, pushing universities away from the traditional model to
contributing to industrial activity.

Ever-increasing pressure placed on universities to obtain funding and resources has paved the way
for development of entrepreneurial researchers to make new spaces for their research. EU funding is
tied to collaborative networks between academic institutions and industry; these types of research
projects are perceived as desirable with higher prospects of obtaining external funding (Mgnsted and
Hansson, 2010). Focusing more specifically on design research the recent push towards industrial
collaboration is shown by the Arts and Humanities Research Council AHRC (2018) partnership with
Innovate UK to pursue “knowledge transfer partnerships” helping industry access the expertise from
UK Universities.

3.2 The Researcher Entrepreneur

To understand the challenges of donning both research and entrepreneurial hats, it is necessary to
look outside the field of textiles, and further still outside of design. Disciplines such as the sciences
and healthcare offer a greater scope of experience to learn and benefit from.

The concept of researcher and entrepreneur is one that divides opinion. Within the discipline of
science, where traditionally the realms of research and commercialisation were kept separate,
scientists are now more open to bridge this gap, some creating their own firms to benefit from their
academic discoveries (Etzkowitz, 1983). This has also lead to the rise of Clark's {1998) concept of the
‘entrepreneurial university’ by which institutions can create revenue from the academic work they
produce. The varied interactions between university and industry such as consultancy and contract
research, joint research, or training has grown and in these ways researchers are now interacting,
rather than following traditional routes such as patents and spins offs (D’Este and Patel, 2007).

The role of the researcher has adapted in which a new hybrid role of scientist/entrepreneur has
emerged. This hybrid role identity allows the researcher to split themselves into the academic self
and the commercial persona (Jain, George and Maltarich, 2009). This concept has been further
developed by Lam (2010) describing scientists fitting into one of four category types:

* Type | ‘Traditional Scientists’: Boundary Separation and Expulsion
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¢ Type || Traditional Hybrids": Boundary Testing and Maintenance
+ Type |l ‘Entreprenaurial Hybrids’': Boundary Negotiation and Expansion
s Type |V Entrepreneurial Scientists’: Boundary Inclusion and Fusion

At either end of the spectrum we can see the extremes of opirion. Type | (traditional) scientists
believe that research and industry should remain completely separate. They think that those
attempting to bridge this gap would be more suited to research and development in large
corporations and any industry involvement in academia would undermineg the research objectives. In
contrast, Type IV (entrepreneurial) scientists demonstrate the full integration of both roles, accepting
the boundaries as completely flexible and sometimes entirely merged. These scientists were able to
wear both hats simultaneously and saw the benefits of the two sides combining in which both roles
influenced and benefited each other (Lam, 2010).

The concept of creating a hybrid between practice (or entreprencurship) and research is not new,
Clinical research, in the field of surgery, has been regarded as the “golden key” for developing
technigues and understanding in the field. However, combining the two faces” of surgical practice
and research is described by Huber-Lang and Meugebauer (2011) as “squaring the circle” which they
point out in reality is very difficult without a set of pre-requisites and could be potentially
undesirable, In contrast, Fleet et ol (2016) argues in the field of counselling the adoption of both
roles (councillor and researcher) can be used for the benefit of the investigation. There is, however,
challenges when using a dual role approach, such as ethical considerations and bias. Kitchener (1988)
argues against dual roles within this domain as the relationship blurs the power and obligation
leading to altered expectations with potential negative consequences.

3.3 Insider Research

The concept of the dual role, or wearing ‘both hats’, often appears in literature as ‘insider research’.
According to Brannick and Coghlan (2007) the value of this approach within organisational research
demaonstrates no inherent reasons for this style to pose an issue. Bonner and Talhurst (2002)
identified fundamental advantages for an insider researcher having greater understanding of a
situation, allowing for easier communication and better judgment of accuracy. An insider
understands how things works in reality and has a great depth of knowledge which might take an
outsider much longer to develop (Smyth and Holian, 2008). However, this it is not without
disadvantages; often balancing the roles is difficult, unconscious biases and other difficulties are
commaon (Hewitt-Taylor, 2002, Mercer, 2007). In contrast ‘the stranger’ could more easily critically
observe events and situations (Schuetz, 1944). It is by understanding both the challenges and
opportunities that the insider research can best succeed (Unluer, 2012, Saidin and Yaacob, 2016,
Mercer, 2007).

3.4 Research and Industry experience

Experience of industry as a method to inform research is another way both hats could be worn. The
hospitality discipline emphasises industry experience as a central part of the subject. It was raised by
Phelan, Mejia and Hertzman (2013) that within the U5 hospitality faculty, almost half of academic
experts will retire by 2023 and the younger successors have notably less industry experience. This
has led to as an ‘industry-experience gap’ or ‘theory-practice gap’ and has been regarded as an issue
within education sector. The importance of finding solutions to connect theory with practice is
discussed across the literature (Govender and Taylor, 2015, Cheng, Cheng and Tang, 2010].

Studies also point towards collaboration between academia and industry as a way to form deeper
insights into real industrial problems (Bhullar, Mangia and Batish, 2017). Tijssen, Lamers and Yegros
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{2017) introduce the concept of university-industry crossover researchers, who combine one or more
university affiliation and business affiliation in recent years. This can also be referred to as industry
turned academic (Santoro and Snead, 2013, Puia et al., 2000). Yet, as Hofbauer {2008) points out in
the case of scientists moving between the realms of academia and research, individuals need a high
degree of flexibility to do this.

3.5 Design and Industry

Across the field of design there is a wealth of examples as disciplines within the research field are
increasingly collaborating with industry. For example, small-scale academic projects creating a
knowledge transfer with industry, including jewellery design (Penfold, 2007) and product design
{Crabbe, 2008). Using these methods ensures lessons can be learnt and publicly communicated
(ibid). Other approaches have been displayed using industry workshops to develop new research
ideas and testing academic thinking by exploiting real experience and expertise of the participants
(Earley, 2017). Sustainable textile research conducted with industry, through sampling at PhD level
has resulted in useful models over the years (e.g. Farrer, 2000; Goldsworthy, 2012; Paine, 2015).

More recently, as the framework of the circular economy as a connected system has been brought to
the fore from organisations such as the Ellen MacArthur Foundation, designers are now being asked
to look across the whole lifecycle and consider business models, services and systems (Raebild and
Bang, 2017). Emphasised by the circular focus areas of the European Commission Horizon 2020
funding, this is a good example of where this collaborative approach between research and industry
is needed.

Examples such as the Trash-2-Cash (2018) project which developed a design-driven material
innovation methodology to work with 18 partners academic and business. Similarly, the FIBRESORT
project, led by Dutch social enterprise Circle Economy (2018}, is working to foster academic insights
from industry by collaborating with industrial partners to create a rich environment for insights from
both sides. Other examples include Sweden-based Mistra Future Fashion (2018) an interdisciplinary
research project working with industry to ensure insights produced are useful and relevant for the
industry it wishes to help transform. The research is split into four themes, in which the design
theme worked closely on a project with fashion brand Filippa K, to develop and translate research
ideas into a commercial context (Disrupting Patterns, 2018). Finally, a very recent research grant
scheme from AHRC, Creative Clusters (2018) awarded academic researchers funds to work directly
with creative industry partners. Each ‘cluster’ is hosted by a higher education institution with full
involvement of industry, from the research and development, to strategy and governance.

4. Field Research: Wearing the Hats
4.1 Context

Anneka Textiles is a start-up business established by Authorl in October 2016. The business recycles
post-consumer waste knitwear, using a mechanical recycling method, to produce materials for small
ranges of luxury interior products. In addition, Authorl is also a PhD research student at the Centre
for Circular Design (CCD) undertaking a practice-led PhD on the subject of post-consumer textile
recycling, specifically focusing on mechanical technology.
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4.2 The Field Research

The research took place in September 2018, with a recycling company who use a traditional needle
felting technique to produce a recyclad felt. Henceforth this business will be referred to as the
‘Recycling Company’. Authorl had been in contact and worked with the recycling company multiple
times, but in this particular instance Authorl was wearing both hats; PhD researcher (referred to
from now as the ‘researcher’] and Anneka Textiles entrepreneur business owner (referred to from
now as the ‘entrepreneur’). It was in adopting both roles and through self-reflective analysis that the
challenges and opportunities could be understood. These will be discussed later in section 5.

The purpose of the visit was to trial recycling equipment. To explain this efficiently a simplified
diagram adapted from WRAP (2012] has been produced, which demonstrates the process for the
recycling of textiles. (Figure 2)

Figure 2. Stmplified process af recycling textile, adapted from WRAP (2012}

Pulling is the first stage of returning textiles to fibre, ‘opening’ or ‘pulling” the textiles back to a
fibrous state. The result of this first rudimentary stage is fibre and remnants of textile material.
Garneting is similar but understood as a more specialised stage ensuring threads are transformed to
fully fibrows form (Gee, 1950].

[t was when the entrepreneur costed sach stage of the process from input to material (Figure 2),
garnetting was highlighted as a particularly expensive stage. This increased the material unit price
and therefore negatively affected the profit margin of products designed with the material. As with
mary start-up businesses, limited funding for the development of new materials necessitated
searching for solutions to reduce costs.

During a meating with the recycling company Authorl was made aware they might offer a solution
by duplicating the carding stage and thereby avoiding garnetting. A trial was organised to establish:

a)  If the pulling machine could successful be used on clothing
b) If after a single card the fibre could be used to produce felt
c) If double carding might improve the fibre to achieve a similar effect to garneting.

200kg of white knitwear was obtained for the trial. White was selected as an additional investigation
into the impacts of contamination from oily machinery and other coloured fibres. The hypothesis
was that white would easily show any colour or dirt picked up through the processing.

Authorl had previously developed a relationship with the ‘manager’ and “director” of the recycling
company, as an entrepreneur. The relationship was instrumental for the recycling company 1o work
with her as both researcher and entrepreneur. It was this relationship, in combination with the
company’s interest in new product avenues for their processes — an interest in new recycling
methods, as well as an awareness for the need to adapt their business model for a future
sustainahility - which permitted the trials to take place.
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The focus of this paper will be on the two roles - researcher and entrepreneur - during the described
trial. It will establish how the author balanced the two roles as both an opportunity and a barrier.
Physical results of the trial will only be referenced to in relation to Authorl taking on two roles and
not discussed in full.

5. Discussion

‘Wearing two hats’ within a single experience can be complicated. The aim of this research paper is
to determine the key approaches of taking on dual roles from a personal reflective experience of
Authorl’s design research and design entrepreneurship. The collaboration between researchers and
industry particularly in a design context can be tenuous, critical and often an undisclosed dynamic
relationship which needs to be addressed. It is the objective of this paper to understand the areas of
tension and opportunity derived from wearing two hats within the context of design.

5.1 Two Hats

Table 1 (see below) was created through a personal reflection on the field research as described and
shows the main topics of investigation. The crosses marked visualise how the interests of the
researcher and the entrepreneur aligned and divided established by Authorl personal understanding
of how she split herself between the two roles. It was concluded in this case, that the researcher
was predominantly concerned with the overarching system in which textiles can be recycled and
waste may occur. In contrast the entrepreneur’s priority was to understand the cost and design
implications of the process.

5.2 Attitudes of the hat wearer

Table 1. Crossover in investigation between ‘researcher’ and ‘entrepreneur’

TOPIC OF INVESTIGATION ENTREPRENEUR RESEARCH
COST EXERSISE X

TRIAL IMPPLICATION ON FINAL MATERIAL X X
IMPLICATION OF ADAPTING PROCESS

BROKEN MACHINE - IMPACT OF THIS ON THE MATERIAL
REALITIES OF WORKING WITH INDUSTRY

CONTAMIMATION ISSUES

WASTES OF THE FROCESS

LUNDERSTAND THE CURRENT SYSTEMS IN PLACE FOR THE WASTE
COULD THE WASTE BE DESIGNED INTO SOMETHING?

COULD THIS BE PART OF THE "STORY {MARKFTING)?
UMNDERSTAND THE ISSUES WITH PRODUCTION

BOUNDRIES OF PRODUCTION

UMNDERSTAND THE SPEC

DOES ITNEED TO BE ADJUSTED FOR FINAL PRODUCT

HOW MUCH CAN BE PRODUCED?

WHAT IS THE WASTAGE?

HOW MUCH WILL ITCOST?

15 1T REALISTIC METHOD?

POTENTIAL PRODUCTS THAT COULD BE DESIGNED X
COULD THIS FIT INTO A FUTURE MODEL FOR RECYCLING?

ARETHER FUTURE BUSINESS MODLES THAT WOULD WORK WITH THE MATERIALS?

]

A
| x|x|x

ES

=

E
>

=

B

x| x|

The attitudes of both hats differ and ultimately influence each other as a benefit and a hindrance.
This is demonstrated by the crossover or separation of investigation interests {(see Table 1). On
refection, if the researcher hat had been worn alone the visit might have lasted longer, insuring

430



431

Divide, Switch, Blend. Wearing two hats for industry entrepreneurship and academic practice-based textile design research

every part of the process had been witnessed and discussed, The entrepreneur main attention was
to ensure the material could be successfully produced and then reflect on the outcomes afterwards
with testing and experimentation. This attitude of the entrepreneur, avoiding split decisions and
experimenting afterwards, has its advantages for the development of product. Yet, the researcher’s
requiremant to be thorough during the investigation is also valid. It is therefore vital to establish the
tensions that might occur between the two roles.

5.3 Differing hat agendas

By studying the patterns which have come out of Table 1 we can see that the entreprenaur is nearly
always concerned with the enquiries of the researcher, with only a few exceptions. On closer
inspection the exceptions are future” based lines of investigation. This has been illustrated in Figure
3 by a "'now, near, far’ context [Goldswaorthy, 2012). The entrepreneur is firmly situated in the ‘now”
and will consider the ‘near’. In contrast, the researcher is future-focused situated in both ‘near’ and
far'.

NOW MEAR FAR

.

TIMELINE
== EMTREPREMEUR

m— RESEARCHER
Figure 3. Mustration of the areas of interest for each role [Researcher/Entrepreneur)

These opposing views create opportunity for both hats to consider the opposing agenda. For
example, the researcher without the entrepreneur would have continued to use the gameting
method, therefore not considering other options for a future system. Cost, in this case, not
considered by the researcher, was highlighted by the entrepreneur and demonstrated the realities of
the industry for the researcher hat. Then again, a relentless focus of costs could limit the scope of the
research. It is therefore vital to courteously navigate both hats and their agendas. This can be
challengirg, but by spanning agendas across ‘now, near and far’ provides a multifaceted and rounded
approach.

6. Approaches

Throughout the case study the hats of both researcher and entrepreneur were used differently as
the situation demanded. Both hats were constantly being exchanged, at points it became difficult to
establish which hat was being worn at which moment and juggling betwean the two blurred the
lines. Yet, the demands of both roles did align, and an understanding was reached to satisfy both
sides meaning they could be worn simultaneously. This has shaped the development of the three
approaches outlined in Table 2. Opportunities and barriers to each approach has also been reflected.

CATHRYN HALL, REBECCA EARLEY

Table 2. Three approaches and barriers/opportunities of wearing two hats {researcher/entrepreneur)

APPROACH  DEFINITION

OPPORTUNITIES

‘Wearing both hats separately on

Unrealistic: IT this approach was used every
circumstance

Experience: Individual gains the experience of both
hats but not at the same time

DIVIDE : .
different occasions inflexible: Hindering the experienceofboth hats from  Simplified: Less complicated approach, could lead to
influencing one another less issues
Disregard: By wearing one hat and not enother could  Informing: Interchanging between hats can use each
. a 2 lead to missed opportunities role toinform the other
wearing both hats but interct ng - pporn®? -
SWITCH

between thetwo on a single occasion

Confusion: There could bea struggle to understand
which hat is being worn and what thiz means.

Balance: This approach is balanced between each role

BLEND ‘Wearing both hats simultaneously

Conflict: Could lead to conflict between the two roles

New perspective: Considering both roles at the same
time creates a new perspective

Blurred: Could ke undear what the results mean
to each role

Balance: This approach is balanced between each
role

6.1 Divide

Divide is the most unencumbered of the three approaches. This was demonstrated prior to the
investigation when the entrepreneurial hat was exclusively worn, establishing the potential to omit
the garnetting stage. It was only at a later date, once the trial had been arranged, that the researcher
hat was put on requesting to witness the process. Although this is a very tidy way to

compartmentalise spitting the roles, it is unrealistic for every situation in a complex world. For
example, the entrepreneur in this instance is assumed to have no interest in being present at the
trial. However, in practice being in attendance benefited the entrepreneur creating the opportunity
for deeper understanding and implications of the processes.

6.2 Switch

The rigidity of divide, it can be argued, is combated by the switch approach offering more flexibility.
Switching between the hats, often quickly and frequently can be used to satisfy both hats priorities.
For example, when considering the issues of waste, a line of investigation lead by the researcher hat
and also of interest to the entrepreneur. Conversation was led by the manager about this issue
meant the two hats were constantly switched dependent on the information given. The flexibility of
changing between hats benefited this style of research. Often a single line of enquiry for one hat, for
example made by the entrepreneur, would then lead to important insight for the other hat, the

researcher.

However, this approach is not without its challenges. Switching between hats was found to be
challenging. Determining which hat was being worn at which point led to confusion subsequently
meaning more detailed reflection needed to be completed to separate the insights for each side.
Additionally, when the researcher arrived at the recycling company, miscommunication meant the
pulling stage had already been completed. It was in this moment that the hat was switched. The
entrepreneur was excited to see the following stages (carding and needle punching) and as pulling
had been successful, the researcher hat was discarded, and no questions were initiated.
Retrospectively, this was an opportunity missed and questions could have provided greater insights

for the researcher.

Switching hats was found to not always be a conscious decision but executed by external parties. For
example, although the recycling company were informed that both hats are being worn their alliance
was with the entrepreneur. This was due to her potential to provide business for them. They were
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happy to help the researcher and answer any of her guestions. Yet, the realities of business and what
is practical often forced hats to be changed during conversation.

6.3 Blend

Blend is a nuanced approach in which the entrepreneurial and research aspects are treated
holistically, Each hat influences the other to provide insights, without the conflict and continuous
switching between them. Yet, this is not without its challenges. The distinction betwean the hats
being worn can be blurred causing the wearer to misunderstand insights. For example, the below
illustrations of blending the hats by Authorl, was not understood at the time but by reflection
afterwards.

Contamination of colour and dirt, for the entrepreneur, are two of the biggest barriers for
commercial product development. This also interested the researcher as a barrier for the system and
therefore the two hats were aligned. Both hats were interested in the results of using a white input
to maximise evidence of contamination. For both, there was an element of concern in the design
challenge of working with, what was considered, a difficult colour for product design. This was
heightaed by the challenge of working around the contamination which appeared. Blending the two
hats concerns over a single issue threw up challenges and insights as each side influenced the other
to generate ideas and solutions.

Furthermore, it was brought to the attention of the entrepreneur that a new needle punching
machine was being used was different to that of a previous trial. This meant an altered method was
employed to produce the felt, which for both the entrepreneur and researcher, could dramatically
impact the appearance and function of the material. This situation providad an opportunity to
understand the adaptability of the entrepreneur = for both the entrepreneur herself and for the
researcher hat. The researcher could reflect on the entrepreneurial role and the real challenges
faced when working in the industry. In doing this meant both hats were baing worn together,
blending the two sides for the benefit of each.

6.4 Fluidity

Understanding the three approaches, along with the barriers and oppartunities, is crucial to
successfully wearing both hats, By reflecting on the field research, it was found that a mix of
approaches ‘switch” and ‘blend” were adopted by Authorl, In addition, the ‘divide” approach was
used prior to the trial. By reflecting on this experience and considering all three approaches it was
found that the boundaries between the three were often blurred. Therefore, to effectively wear both
hats a combination of divide, switch and blend is required dependent on the situation. This has been
visualised in a triangulation model (Heale and Forbes, 2013), accepting all three mathods can be
interchanged fluidly (Figure 4). This enables the greatest potential to overcome the listed barriers
and exploit the opportunities of each approach.
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\‘I
|
|
J

Figure 4. Triangulation model between dual role approaches {Researcher and Entrepreneur)

6.5 Dominance

By understanding the reasons for a fluid interchange of approaches is key for the individual to
identily insights. Il was found by analysing Lhe experience of Aulhorl thal there was always a
‘dominant” hat within any given situation (Figure 5).

s

v

Figure 5, Tnanguiation mode! detail emphasizing the dominant hat

This was demanstrated by the developed relationship with the recyeling company over two years
prior to the trial. It was important to both researcher and entrepreneur to sustain this professional
relationship. This involved small Lalk as well as personal conversations, whilst the industrial processes
ran their course. This relationship permitted questioning and deeper understanding of the process,
leading to discussion about other design projects the recycling company had worked on. The
entrepreneur was inlerested in olher design examples, bul it was Lthe researcher hat which was
brought to the fore to understand the different end products and how these might fit into a larger
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system, This illustrates a complex situation in which both hats were being worn together with one
becoming more dominant than the other,

The concept of the dominant hat can easily be applied to both switch and divide. When using both
these approaches the hat in play is clearly understood as dominant. This becomeas more complex
when the blend approach is used. In this case, each hat influences the other and it is the fight for
dominance that provides the most valuable insights. It is concluded that the domination or
submission of a particular hat can force a change in approach. Therefore, the ability to fluidly change
is the key to successfully wear two hats, driven by the power play between the sides.

7. Conclusion

This paper firstly looked outside of the design field, to complete a concise literature review
establishing the terrain of the topic. This led to deeper understanding which the authors used to help
them reflect on the field research study. This paper has provided a model from within the context of
design for the adoption of dual roles - referred to as two hats - within an academic research and
entrepreneurial context. Although from the design discipline, this could be adapted for use within
any field when wearing two different hats, Through reflection of Authorl’s personal experience three
approaches were produced - divide, switch and blend - as a method to wear both hats effectively.
Divide entails wearing both hats separately on different occasions; Switch is wearing both hats but
interchanging between the two on a single occasion; Blend is wearing both hats simultaneously.

The findings demonstrate that sach approach can be adopted successfully by optimising the
opportunities and overcoming the barriers in a given situation. |t is the depth of understanding of
these barriers and opportunities which allows the individual to use each approach effectively.
Furthermore, to fully benefit from all three approaches it has been concluded that fluidity was
fundamental to the success of wearing both hats. The ability to alternate, as each situation demands,
is advocated as the key method to overcome the barriers of each - divide, switch and blend. Finally,
by understanding the power-play of the dominant hat across the three approaches, the authors were
able to understand how fluidity of hat-changing can successfully lead to obtaining broader insights.

This paper has limitations. The model might benefit from other field research across different
contexts to broaden the results. Using a personal reflective method was determined as appropriate
means to consider this topic and develop a model; further research to develop this model would
benefit from contributions across the disciplines in this under-researched area.
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peer communication. This provioes an approach (o enable
rassarchens to bridge the gap batwaan academic reseanch and
design practice, It is hoped thal the meathod proposad in this
paper not only aios the abstraction through 1o creation of new
knowledge for the design researcher but could also have rele-
vanca 1o cthar disciplinas.

KEEYWORDS: Annateted  portfolio,  experencs,  methods,  testile
clesign, industry, research through design

1. Introduction

Koskinea et al. (2011) assertion ther “good design research is
criven oy understanding rather than data” forms the basis for this
paper's oropostion, which presents the annotated portfolo
approach as a method for designers to more deeply undersiand
the research stuations they are a part of. 11 i an adapted
approach, bulldng on existing literature, 1o recognise the role of
the designer's research ‘emparience’ which might include obseary-
ing, designing and making towards the creaton of new know-
ledge. Histordealy, this approach has been used 1o support the
analysis of abjects with text, Yet more recently © has been orought
to the feld of Research througn Design (RtD) with examples such
as supoorting analysis of designer interviews (Sauerwein, Bakkes
and Balkewenda, 20018).

This paper is solit into two parts. Firstly, a short tesature review of
the annofated portfolio approach, outlining the body of <nowledge
upan which this paper builds. Secondly, a case study of the authaor's
practce-hased PhD. research is oresented as a way 10 conmesd sallse
the discussion. This was formed of multiple field experences vsiting
and testing textile recycling oractess in nduastrial faciities, Althougn
enly one main example is ghven in s papes, the method itsef has
bBeen developed by the author across multiple terations in onder 1o
westigate oest oractice for textie recyclng processes simiar to the
cne prasented here. For example, visiting the woo recycling industry
in Prato, Italy (Hall, 2018] and testng non-woven recycling in the UK
(Hall and Earley, 2019).

Lising a feld research approach (Koskinen et al., 201 1), comersa-
tion, note-taking and orimarly photograpry were used 1o capiure
rmemaries of the expedence, This resuts in a ‘porfolio” of ey images
cf the expearence around which awnotations could De acdded, The
images in this case act li<e an object, oy becoming an abundant
sowroe of information about the event captured. This is contextual-
iz using Kolo's 2015 experential leaming theory suggesting that
leaming’ = achisved by an individual across four stages: expenence,
reflaction, abstraction and expermentation. The odging annotated
porifolio apomach oresented by Gawver and Bowers (2IMZ), # is
argued here, comblnes the middle two of Kolb's stages: reflaction

Arnalaled Porliolio a5 a Melhod Lo Analyse the Expedence of Design

and abstection. By reflecting and absiracting the researcher can
grasp and transform information in omdes to Seary. In this adanptecd
meathod The annaated portiolio allows the ‘abstraction’ of data that
has been cbserved and experienced 1o provide a means for effect-
ive anahsis,

The method dscussed here s oreserted across three oro-
qresshve stages - Reflachive, Thematic and Holistlz - enabling
insights to be captured, grasped and deeply understood for ana-
Iysis, Visualisation, inthe form of photographs and acoomoanying
annoctations, is usad as a tool to al‘fﬂc:i\fﬁl‘_f deal with the complex
and often large volumes of annotations, These visuals create an
addtional layer of analysis and importantly aid clarity, which
might benefit the researchers understanding and the communica-
tion of the research results to peers. It i hoped that this
approach might not anly aid des gner-researchers out also other
stakeholders across a wider context of disciplines o produce
fangitie data from any research axpenence; leading to e gener-
ation of new knowledge.

2. Context

RiD s & dscpline, accordng o Zimmerman and Fodizz (200 4),
which has espanded desgn practices and processes 1o ganarate
new knowledge, Zimmeman, Forizzi and Evenson (2007) argue that
FtD withn the field of Human Computer Interaction (HCI) can involve
making protoiyoes, products, and models 1o understand a paricular
situation and 1o frame e reseach prodlem. Designers maxe thess
artefacts 10 reveal and become evbodrents of possibe futures
Emmerman and Forlzzl, 2004). However, the RID aporoach has
been oriticised oy Koskinen et a. {2011) for faling fo aoprecate the
rmarty things ar work behind effactive design research. They call this
'‘constructive design research’, in whien the process of constructon
faxes the centre stage as a Means 10 generate <nowledge. They pre-
sant this as three key approaches that can integrate design-specific
wirk metods imo research: Lab, Field and Gallery, The fied
aporoach, Kosknen at al, (2011) owling, can be particuarly inform-
atve when there i3 no obvious transiation of a design ooject’s mean-
ing. Researchers using this approach, they argue, folw design
within its conbext.

Winin e area of HCI Gaver (201 2) descdbes the move of design-
ers bringing artefacts and systems tvough 1o field testing to address
possibilities and problems. This, he refects, can producs “Topcal,
procedural, pragratic and conceptua insignts’. This 5 expanded oy
Gaver avd Bowers, (2012) by their proposition that design teony
is empedded in the design exammples which undergin them.
Communicatirg in ths way escapes from the rigdity of a scientific
crivia of the contributon of new knowedge. Lowgren [2013) sup-
ports this, advocating that design researchers ook Insde thelr own
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disc: pline for research methods, and annctated portfolio s one such
method which achieves this.

2. 1. Annotated Portfolio

The creation ad annotaton of potfolios 5 common practcs for the
desigrer within education and industy. This aporcach was brougnt
to the discipline of RID by Gaver and Bowers (2012) in an antemnpt 1o
address the issue That “works do not speak for 1hemselves” (Bowess
2012). The method endeavours to capture desgn theory through an
artefact. This, Gaver (2012) asseds, means thar a designed object
embodies the decisicns and rafionales of the designer which in tum
farms the theory, He arguas that thess decisions and rationales are
best captured in the form of annotations, short bodies of text around
an image which expain and valdate the design processes. When
combining mutiple anncfated images these become a 'portolio’
which nelps to bulkd bridges Detween @ger research ssues, By
annotating a porfole, Gaver explaing, it draws attention to impaortant
details and features which might otherwise be overlooked, Thess
permit The capmure of family resemblances’= a comolnation of s milae-
iies and differances = that not ony inforn oot are mutually inform-
atve o cne avwther. Thay ase, in effect, inexiricably linked. Yt
fundamentally, as Gaver {2012) ponts out, i1 is the oblecis we create
that ase the ‘definite facts’ of RtD. The focus of this aporoach is
placed on creatng context to help design researchers analyse what
has worked and why, providing what Lowgren (2013) descrbes as a
level of abstraction in the creation of new owledge. Ths is refered
to as intermedate-evel knowledge, which can be used 1o begn
the process of ridgng the gap between design oractice and aca-
charm i research.

In its origina form the method involved atraching short notes 1o
still images. As HCI designers Gavin and Bowers (2012) indvidually
annotated photograpns of HCI prodacts and brougnt them togethes
to create a body of design work, 1w annotated portfolo was formed
{see Figure 11

Gaver and Bowers (2012) empnasised that there is no one way 1o
create an annotated portfolio. Others have used this approach oy
summarsing 1he annotations in a body of academe text (Hobye,
Padfeld and Liwgren, 2003) or using them collaboratively beteesn
team memoers {Keliher and Byme, 2015). Annotations have aso
been used to refect on the orocess namative; dscussing design
choloes as they coour over Time or as a form of reflection and critigue
o progress successiul design deas and leave others behind
(Pandkey, Srivastava and Berstng, no date Srvastava and Culén,
2017). Finally, in the fe/d of textiles, an annotated potiolio of material
sampes was used to estract naghts for the deveopment of bus-
ness model concepts (Pedersen, Eardey and Andersen, 20149),

Althougn e approach s it 15 intancy, Saueresin, Bakker and
Balkenanda {2018) nave adapted fhe orginal method of an amnotated

Armotated Portfolio 85 a Method to Analyse the Expenance of Design
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Flgure 1
Annotated Portfolo. Source: Gavar and Bowers [2012),
© Interaction Research Studio

portfolio as an aid for the analysis of interviews, They have successfully
interviewed designers specifically in relation to designed objects to
identify the redation between 30 prinfing and sustainability. In this
exampla il is not only the object discussed but also the qualitalive data
producad from the interview thal is used 1o produce the annotated
portfolic. They argue that the approach no! only can support he
abstraction of interneciate-leved knowledge from the objects in ques-
fion but also the communication of the insghits emerging from inter-
views regarding design processes. This was achieved across three
slages. Firsfly, inlendews are summarised info annotations and
assigned 1o an image of the object under imestigation. Secondly, col-
our coding i appiied to establish categories and themes. Then, dotted
lines are added to establish connections between annotations, Thesa
connactions, they argue, would lead to a batter undarstanding of the
dominant themes and elminates redundant themes (Figure 2).

Finally, rmulliple imeniews are brought fogether by Sauerwein,
Bakker and Balkenende (2018), 1o create a portfolio with annctated
images from which categories and themes can be analysed. This use
of the approach, particularly with the additional layer of colour cod-
ing, formakises the way that design researchers are able to draw out
insights. Although - as repeatedly emphasised by both Gaver (2012)
and Bowers (2012) - there is no single way in which to annotate a
portfolio, the commonality iz found in the information and insights
obtained by performing the process. Unlld this point, however, no-
ona had provided any methods for analysis 1o draw together the
insights and connections from the annotations; Sauerwein, Bakker
and Balkenenda (2018) address this gap. Athough their approach
provides scope for clearer connections batween objects, they admit
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Codoured and connectéd annotations, Sourca: Sauerwsin, Bakker and
Balkinende (2018}

Figura 3
Visual annotations about & specific topic, Sourcs: Sauerwein, Bakker and
Balkensnda 2018y

that the dotted lines stage might be confusing for outsiders. For fur-
ther clarity they suggest that new diagrams with seleclive annolations
should be produced based on the research guestion (se= Figure 3).

3. Approach
This paper presents an adapted method 1o absiract ‘intermediate-
level knowledge', whershy the design “object’ is replaced with the

Arwolaled Portfohio as a Melhad Lo Analyse the Expenence of Design

field ‘experence’ of the ressarcher, In this chaoter designery fidd
ressarch methods (Koskinen et al, 2011) are dscussad (3.1) and
contextualised using Kolb's 2015 experental learning theory (3.2)
Finaly, visua sation wil be esamined {3.3) as the key orocess usad in
the forming of this method.

&.1. The Field Approach

Tradrional field research methodology ([Burgess, 1984) s often bar-
rower by desigrers and reoted in industry to eolore a design orob-
lem in a soca context (Koskinen et a., 2011). This paper exolores
the inverse, oy looking for solutions within an industrial context.
Combining taditional feld methods such as oosenation, comesa-
tion and documentation, albngside design led orototyping to enable
the designer to imagine new things avd not solely obsernve what
exists (Koswknen et al., 2011).

The tfieid approach out forward oy Kosknen &t &, (2011) is used
by the a.thor, as they suggest, 1o oring the designer into a natrais-
fic setting with & focus on e design N ocontext. Koskinen &t al,
(201 1) describe ths aoproach as design ethnography that Lses poo-
fotypes during fieldwork 10 create a dinogue, as s offen appoed in
product design, Within the research presented in this paper, It 5 1he
experence of colaborating in an industrial setfing in the field that
positions T ressarcher in such a way thar they are able 1o consicar
wider and future systems, alongside oractice-based materal sam-
pling and devaloprend.

Both obaenation and comversat on were Used as a ool to despan
fhe understandng of the field and generate meaningful quaitative
data. This data was documented using a mx of note taking, thick
chascripticn {Denzin, 2001) and most successfully photogranhy, which
has been highlignted as tool in social research, In partoular Collier's
{1957) ‘paoto elctation’ was used o prompt memory and reduce
misnderstandings, The photographs taken were produced using a
roomed-in tecanioue, a focused activity engaging the Indvidual and
avodng barrars such as the ohoto-taking-impaimment effect (Henxal,
2014), This Iz where mages of whole objects reduce meamorny of 1he
abjact Deng photographed. Thus, mamaones of e epeience aea
engendered within e photos, alowing for investgatve and data
driven enquiry, with reflactve notes to be made after the event.

3.2, Experiential Learning and Reflection

The valoe of lsaming by expedence has been widely studied particu-
lary within education. Kokb's (2015) experiential leaning theory identi-
fies the process by which knowledge creation emerges through the
cortinual transforration and apploation of exoedence. Lsher and
Solomon {1999) distngash ‘experedtia leaming’ as wnowedge
derved through abstraction using methodological approachss such
as observafion and reflection. Similarly, Houghion and Ledington's
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Figure 4

Expariential Laaming Cyche highlighting the two key stages usad in the annotated
portfolio method. Adepted from: Figure 2.5 in Kolb (2015L

(2004) “engagement approach’ recognises experiences in real-workd
emvironments as essential to enhancing knowledge and creative
problem sohing.

This approach is framed using expenantial lzarning and in particu-
lar Koly's (2015) model which is presented in four stages. Firstly, the
experience itselfl is followed by reflection. Then comes abstraction of
insights and finally experimentation on what has been learnt. Kol
suggests that knowledge creation is the result of ‘grasping’ and
‘ransforming’ the experience. Gragping in this context refers {o the
indinidual taking in the information. Transforming is therefore how the
individual interprets and acts due to the expearience. Within the con-
text of this paper, stage one (the experience) is exhibited through the
case stucy for which the leaming is uncertaken - the field research.
The annofated portfolio approach spans the middle two stages -
reflection and abstraction (Figure 4).

Reflection forms a key role in the annotation as the designer is
immersed in the experience of a combination of reflective practice
(Schon, 1983, Igoe, 2013) with tacit knowledge (Polary, 1958) and
designarly ways of knowing (Cross, 2007). Al of which are used to
draw data from the images after the event. Following reflection,
absiraction takes place through the act of annctation. Finally,
although outside of the scope of this paper, stage four - experimen-
tation - would be implemented o complate the learning cycle and
generate new knowledge. The same experiential theory has been
used by the author in developing the method presented in this paper.
The author has used Kolb's (2015) four stages - expenience, reflect,
abstract and experiment - across mulfiple industry collaborations.
Throuwgh each iteration of uging an annotated portfolio the author was
able to test and improve the method to form the version pre-
sented here,

Annotated Portfolio B3 a Method to Analyse the Expenance of Deslgn
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Sirnplified process of recyciing textile into fak.

3.3. Visualisation

As with most annotated portfolio approaches the visual, often an
image of an object, plays a vital role. In thiz approach the visual goes
beyond just an image and is used as parl of the "abstraction’ (Kolb
2015). Through the creation of many different stages of visualisation,
specifically layerng and separating information (Tufte, 2001), the
approach provides clarity, This is combined with visual thinking meth-
ads in gesign (Ware, 2008) such as colour-coding and visual pattermn
miaking (organisation imo a table format), which provide the space to
make sense of the data created, Finally, it allows the designer fo
establish more easily the family resemblances (Gaver and Bowers,
2012) and connections {Sauerwein, Bakker and Balkenende, 2018)
hetween annotations, which forms the key element of the approach.

4. Case Study: In the Field

The paper focuses on textile research based within the framework of
a Circular Economy. The most recent Ellen McArthur Foundation
(EMF) report ‘towards a new texiles economy’ calls for radical
improvement i recycling, alongside increased collaboration and
alignment with industry to create wide system changes [EMF, 2017).
It iz within this context that this research is situated.

Although this paper will refar to multiple field visits within the Brger
context of the author's Ph.0. thesis, 1o maintain clanty the focus has
been placed on the one described below. The case study is pre-
sented only briefly to ensure that the method presented, rather than
the case sludy content, remains the focus of the discussion.

The field visit refered to was aranged in collaboration with a sin-
gle recycling company, from now refarred to as ‘the recydling com-
pary”. They spacialised in a traditional needle punching technious, a
common route for the recycling of unwearable tesdiles. A simplified
diagram has been produced of this recycling process from input o
final material indicating the areas of research incguines (Figure 5).

A trial was arranged to test available machinery at the recycling
compary. This was specifically established to understand if the gar-
netting stage, a more specialised version of pulling that enables the
retum of textie garments back to their orginal fibrous state (Gee,
1350), could be avoided due its high financial cost. The four lines of
incuiry were as follows:

1. Could the gaments be pulled using the recycling com-
pary's machina?
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2. Wou the fiore produce a good quality falt material after a sin-
gle carding procass?

3. Coud duglicating the carding orocess achieve a similar effect
to gametting?

4, Wnat were the implcations for the fet matera that
was oroduced?

This particdar case study 15 set within a larger Ph.D. project, in
which e mechanical recveling systent of uwearabie textiles 2 beng
imeestgated from a design perspectve, with the am of inderstandng
the current system, the cevelopment of recycled texties and their
apolications,  Theefore, wider amas of Inoury were also
g consdered,

The ceveloprent of e asproach oresented in this paper was
catalysed by many failed attermpts made by the author to generate
tangible data ot of her own feld research. Much of the PhD.
rezgarch has oeen accomnp shed within an industdal field that
Iwaived wvisiting factores, speaking with buey professionals, and
negotiating the testing of ecycled materias. In this sefting, having
corersatons on the move made it dificult o capture thorougn fad
nates, Quick ploture taking was used as a metod 10 ad e memoey
of the experience 0 lieu of 1hese detaled notes, Often the most cru-
cial insights woukd nod De consickered untll after the event, frequenthy
on the oumey home or weeks later when loo<ing througn the pie-
tures, Capiring, drawing together and reflecting o this data in the
momertt and afterwards paced a burden on the author's memory
and oromoted ner seanch for a formal mathod.

5. The Method
This section will discuss the annctated portfo'o apgroach as used 1o
abstract design insights from designedy field pracice. To comple-
mert Gaver and Bowers' enphass on annotating a design abject,
this paper places the researcher's experence of the design process
as cantral 10 derving insights. This is a new approach which, 1o the
author's knowiadge, has not been proposed before. i is presented
acoss three stages — Refectve, Thematic and Holiztic Table 1),
Each of these stages buids on the previous one creating a new laye:
for anabysis, and these ara outlined in detail below,

As previousy noted, this paper focuses on the method ather than the
confent diewn from the case study. The figures in this paper are

Tabla 1 Thras approadhes for axperionss based amolated poriois

THREE STAGES
REFLECTNE Sedf-refective Mormation aboul what happensd and wiy
THEMATIC Themed nsights fronn Zoonhed-in experments
HOLISTIC Creer-arching condusions (systams)

Arrotated Portfolio 25 a Method to Analysa the Exparience of Design

TIME

THE EXPERINECE

Figure &
Experienca-based annotated portfolio laid out acrass time.

presented here to demonstrate the weight and placement of annotations
visually. Although the text might e read for context this is not the foous.

5.1. Creating an Annotated Portfolio for Experience

In order to create an annotated portfolio & visual is required. However,
when it comes to capturing experience, this can be more complicated
than just a single image. Often a sequence of images is neaded 1o pro-
vide an overview of what happenad. This can initially involve gathering
a large number of photographs and then reducing them to an essential
series. For clarity and organisation these should be laid out in a vertical
timaline format; beginning to end, After which simillar images can be
placed horizontally to form clusters of detai (Figure 6).

After this, annotations can be added from a variety of sources
field notes, memones or tacit knowledge - and are placed as close
as possible to the relevant image. This allows for connections fo be
made between the experiencs, the image and the annotation itself
for the sake of clarity. This is illustrated in Figure 7.

5.2, Reflective

Annotating an experience using photographs allows for the capture
of thoughts, memories, questions and insights during, as well as
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Figure T
Experiance-basad annotated portiolo.

Table 2 Refiective approach categorias
REFLECTIVE APPROACH

INVESTIGATHIMN Questions generated by and
answered by the tnial
DATA The procoss and matenal prolotypng,
abserved insighls and understandngs
REFLECTION Thoughts and comments. Anything noled

oulside of the man focus and how this
redates to the exponience

after, it has taken place, Often insights are not considered at the time
and can be extracted as a formmn of reflection. t was found thal anno-
tations wera ofien created in responsa to the following enguiries:

« What was the investigation? What did you want 10 find out?
+ ‘What evenis happenad? What did you leam?
+ WhyHow did you leam this? What can you take forward?

It iz these three clusters of gquestions that help form a guide for
the researcher as they begin annotating; they also enable classifica-
fions for analysis. These have been simplified into theee categories -
Investigation, Data and Reflection (see Table 2 and Figure 8),

Armotated Portfolio 85 a Method to Analyse the Expenance of Design

Figure B
Caolour cogad annatations - investigation, Data and Raflection.

- - e e = -
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Flgure 8
Tabke of Annatations,

As shown in Figure 8 when the annctations have been created,
colour coding can be used fo classify each annotation into one of
three categories. Compared to the analysis of a single object, an
expenence is inevitably more complex to capture and therefore
increased annotations are 1o be expected. This farms a complex vis-
ual, and the more annotations, the maore imporant it is 1o organise
the data. In addition to colour coding the data can then be organised
into columns, much like a lable, coresponding 1o the three catego-
rigs for analysis (see Figure ). To maximise clarity, annotations need
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Figure 10
Thematic annotated portfolio of an experience.

to stay honzontally aligned with the relevant photograph. This allows
the ressarcher to make connections which otherwise  might
go unnoticed.,

5.3. Thematic

The Thematic stage builds specifically on Sauerwein, Bakker and
Balkenende's (2018) categorisation by theme. Mew colours - differant
from those used for colour coding the reflective stage - are assigned
fo the annotations which fall under a parlicular theme. These arg
often nfluenced by the over-arching research questions being asked.
Annotations at this stage may nead 1o be split into sections of colour
or repeated if they fall across multiple themes. Mot all annctations will
e relevant for the selected themes and may remain under the gener-
glised ‘Reflective’ categories previously infroduced. These can be
removed (although nat forgotten) as shown in Figure 10. Through this
Thematic stage, additional annotations can be intfroduced as memo-
ries are invoked. This analysizs can be viewed as a worki-in-progress,
a tool which can ba built on over time. As with the Reflective stage,
the wisual created can remain complex and therefore needs
arganisation.

When the annotations are transferred to a table (Figure 11) this
new visual diagram can be analysed like a bar chart. The instant vis-
ual information immediately highlights where the insights predomin-
anthy Be. As in Figure 11 we can see that the majority of insights were
related to the theme of ‘Realities”.

5.4. Holistic

Finally comes the Holistic stage; this follows the traditional annotated
portfolio method ([Gaver and Bowers, 2012) and imvolves collecting

Annotated Portfolio B3 a Method to Analyse the Expenance of Deslgn

Figure 11
Themat: annotated portfolio of an experenca in a tablesbar chart format.

mulliple annotated experiences to be compared and contrasted. In
thiz example the design researcher has applied the same annctated
portfolic approach (Reflective and Thematic) to two further redated
experiences o form Experences 1, 2 and 3. This included colour
coding and visualising into a table as described above. It is important
when apphing the themes that they are consistent across each
annotated experience, The themes can then be holistically analysed
as the name of this stage suggests. At this point, the already com-
plex visuals are being effectively brought together to handle what
might otherwise be felt to be an ovedoad of information (Figure 12).

Out of the table that has been created in the Thematic stage all
three tables need to be combined so that connections can be made.
It now bacomes vital to keep all themes simultansously visible as the
focus on a single theme might Bt salient insights. I is through the
action of organizing and dealing with complax information in this way
that the mast interesting findings can be uncoverad,

As shown in Figure 13, when transferring information from each
expearience nto a table, the author found it necessary to keap anna-
tations in rows that comespond to their respective experience; 1, 2 or
3. This forms the basis of the Holistic approach and produces an
instant bar chart visual and allows for an easy comparison batwean
each experience before the annotations themselves can be analysed.

6. Discussion

This section providas discussion of the method's context and further
congiders how the method has adapted object as experiznes, It con-
cludes by considering the limitations of the method.

6.7. Annotated Portfolio for Experience in Context

Saverwein, Bakker and Balkenende's adapted annotated portfolio
approach, preserted at the Design Research Society Conference in
Limerck in 2018, inspired the method pressnted bere to capture
experiential data and faciitate new insights. The method presented
draws on the key aspects of Gaver and Bowers™ (2012) criginal
method, using images and bodies of text 1o aid analysis. It continues
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Figure 12
Holistic annctated partialio,
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Figure 13
Holstic anmotated portfolio of an experiencs in a tablabar chart format.

by building on Sausrwein, Bakker and Balkenende's (2018) colour-
coding technigue to create clear visuals and develop connections for
ghstraction. From this base, the mathod is adapled for the purposs
of understanding experience. Specifically, it brings together multiple
types of information: pictures, fisld notes and reflective practice such
as thick descrption and memonies resulting from reflaction after the
event, Furthermore, the method creates clanty and coherence of
annoctations by organising them wisually into a table/chart format.

The three stages, it is argued here - Reflective, Thematic and
Holistic = force the designer-researcher to produce a data set and
create a method for deeper analysis, The first stage forces a deep
reflaction on the event. The second step pulls togather the information,
enabling connections to be found to generate themes. Finaly, the
research can be drawn together with other experiences to find furlher
commanalities. This forms what Léwgren (2013) describes as intermeadi-
ate knowledge, in which insights and findings might be uncovered.,
Each stage has been developed in order fo create a deeper under-
standing of the expenience lowards the creation of new knowladge.

An example of the kind of connections and fresh insights that can
be drawn from this visual approach is summarized below and lus-
trated in Figure 14.

Dwring the reflection stage of the case study presented, the focus
of the investigation was on the design of the recycled matenal, spe-
cifically the types of end products that the company produced. The
resaarcher, in this case, was told about a couple of different projects
the recycling company had worked on in which recycled ceiling files
and walpaper were crealed. These types of end products wers,
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Figure 14
Cannactions

however, reported to be bespoke and very expensive. After the reflec-
fion stage it was noted by the researcher that this information was
established during a friendly chat on the car nide to the station and not
during the formal factory visit o information exchangs that took place
baforehand. The insights gained in this situation, therefore, were nat lim-
ited to the factual information provided by the recycling comgany, The
process of using this method allowed the author 1o understand how
and when information had been disclosed, In this example i was via a
casual chat after the formal wvisit, which emphasizes the mportance of
personal relationshies in the research process

Visual thinking within design (Ware, 2008) plays a vital role in the
success of this approach throughout all three stages proposed. By
organising the annotations visually this creates a deeper understand-
ing of the experience on muliiple levels, hamessing the visual pattern
finding part of our brains to create the connections. it is these con-
nections, argues Gaver and Bowers (2012) that form a main advan
tage to this mathod and overcome some of the limitations i prior
approaches, such as Sauerwein, Bakker and Balkenende (2018),

6.2. Object as Experience

One could argue that Gaver and Bowers' onginal concept of the
annotated portfolio assumed he exparience or the process of creat-
ing an ariefact 10 be entirely embeadded in the object itself. Although
the author does not disagree with this statement, not every design
process resulls n an object or product, For this reason, designerdy
insights arising out of design and making processas can be lost. In
this paper the fisld’ where the product — or this cassa fextile — iz baing
developed is the site where the researcher actively participates,
requasting prototyping in collaboration with industry. This spreads
the focus across systems, processes and materials. it is this mixed
expenence of the researcher that is rich with insights and which has
the potential to generate new knowledge. Although field research is
uged in this paper as a case study, design researcher experiences
are broad and this approach might be used across many modes
such as observing, designing and making. The axpenience, therefore,
should be considered aither in place of - or in addition 10 — the object
1o be annotated.

Shifting the focus from a designed objoct to a design axpenence
creates the space for different levels of annotation to be incorporated

Annotated Portfolio 85 a Method to Anatyae the Exmnﬂe of Dealgn

TIME
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EVENTS WITHIN THE EXPERIEMNCE

Figure 15
Simplified ilustration of splitting an pofolo of axpedancs imo avents.

since, as the author argues here, an expenence is made up of mul-
fiple events. Figure 15 shows an illustration of how an experience
might be split info events.

While each event could be analysed separately to form a portfolio,
the complex nature of experience is often not as dear-cut as the sim
plifiad illustration in Figure 15 suggests. This is because the multiple
events running through the experience often influence each cther
and it can be difficull to clearly separate them. Therefore, events
ghould be understood as discrete but alse accepted as part of a
‘meshed’ experience (igoe, 2013). The author recommends the ana
lysis of the experience as a whole without segregating it. If the experi-
ence |z viewed as a senes of interwoven events, although this
creates a more complax portfolio, it will allow connections betwean
similarities and diferences to be more easily identified. Finally, once
anngtations are completed the resull can be combined with add-
itional annctated experiences to form an expanced portfolio for
deeper analysis.

6.3. Limitations

Although this adapted method of annotated portfolio, for the exper-
ence of the design researcher, has been demonstrated to ba a usaful
tool there are also limitations to this approach which must be dis-
cussed. The approach rees on the researcher being able to capture
the relevant and key images dunng the experence. Reflection
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afterwards forrms a crucial part in the generation of annotations, 0
this way the images as no mora than an ad to reflection, meaning a
missed image wodd not amtomaticaly cause missed insignts.
Raflection can siill oocur withowd the image, athough weould admit-
tedly make the process more diff cult,

Cne mighit argue that oy taking detalled fisld notes, the researcher
could go straight from notes 1o a table, thus omitting the annotation
atogether, The auwtnor would argue in this case that thorough note-
taxing s not aways appropriate in the moment. In this case study
the author was unaile to casture the datal whilst walking around the
factory in conversation with professiona's. Kolo's medel emphasises
the nead to ‘grasp’ and ‘transform” and avid nota-Taking mignt dis-
fract from the ‘experiencing” and thereby obstruct this part of
the process.

An experence s navitably personal tharefore fs scope and boun-
daries need wm be defined by the indvidual researcher, Thus, the
images need 0 capiue what s relevarm 1o the researcn Topic.
Rezearcher blas s a | mitation that needs 1o be addressed as nany
fiekd research. Bonner and Tolhurst (2002) identify the advantages of
being an nsider’ ressarche throwgh an noreased understanding of
the sTuation, creating easier communication atd better accuracy. Of
COUrSS, UNCONScous Diases as Hewtt-Tayor (2002) high ghts, can-
not aways be avoided. The three-sten method, as oresented and
argued here, becomes more important and might be used to over-
come any snap judgements and conclusions mads about a researc
experence, |t s the process of reflecting and organisng information
in a method, such as this, that alows the resesarches o produce
more consdered conclusions and Ty fo overcome soma  of
these challenges.

The pocess of organisng the information s one of the most
important oarts of the aporoacn. However, this lays open the rs«< of
error when dealing with such a complex weath of information. Eror
is mora likey as anngtations are moved into clearar visual formarts.
Howenver, it 15 througn this process, making sense of me information,
that the analysis can be compated. Ary researcher using this
approach should take care to aveld errors, as with any research that
is data heawy.

7. Conclusion

This paper nas provided a new method of addressing now research-
ers can understand their experiences and produce fangible data in
which 10 analyse and generate new knowledge, The method peo-
poses placing annatations around a timeline of mutioke key mages
of a research exparience. This is then organsed through three pro-
gressive stages to madmige the understanding of insights: Reflactive,
Thematic and Holistic. This asproach addresses one of the issues
rasad by Saverwsin, Bakier and Bakenande (2018) in ther varsion
of an annotated oorffolo method that the connections betwean

Arnalaled Porliolio a5 a Melhod Lo Analyse the Expedence of Design

annctations can be complex for both the researcher and their peers
o understand. This meehod makes 7 possible for the researcher 1o
caotue, grasp and more deeply undecstand the stuatons and exoe-
riences that they are a part of and 1o commun cate them more effect-
ively, This aids the bridging of the gap between academic research
and design practice.

It & hoped that this method provides a useful way in which
designers across ther disciplines can extract «nowledge from thelr
ressarch experiences. Although the context of this paper is design
focused this mathod is not limfed to the design dscpline and oould
e approorated by other reseach feds. The method demonsrates
a fermal way of comaining Images, field notes, memaries and reflec-
fions within researcher experence. Finaly, it 15 noted that th's paper
has not considaced § the ihree stages (efectve, Thematio and hols-
fic) could be used as indvdual aoproaches, This could be expored
I furer research.
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Textile recweling was born from a desire to reckim
wioo | and wa s quickly ads pted to recapture cotton and
then polwester. In2004, the "Well Dresse d report
condemned reaycling tec hnology fior not progre ssing in
ceser 200 wears (llwood ar L), dinoe thiswe hawe aspired
to mach high-quality textik -to-textik recwling and
chemiz@| technology has boomed. In the wale of this
imartion we now find cursebes ina tensition period,
one wherz Chemical Feawaling has not wat reashed
commeraiali=tion. All the whik scademics sartto @il
for new policies to advance chemical processes alone
E.a. Dehlbo acal., 2018 kaving Mechanic| Recyaling
onthe bench. However, itisthis esablishedand now
foraotte n Mecha nizal Recyeling indu stry that i= still de aling
withthe workds textile waste. At this point do not be
miztzken inthinking lamarguing against the dews lopme nt
of © he mical Recyzling. Rather [will araue that recweling,
lile the cimubreconomy, iza team sport. We need both
Mechanical and T hemical Rz cweling to pley together

g2 CEWTRE FOR CIRCULAR DESIGH

The Mechanizal Recweling of textiles is the process

of ripping fibres fomtheir cloth. | is because of this
hersh pmoess that recyzled fibre s reduce inlength
and themfore it is mone difficuft (but not impossible) to
=pin them imto warns Merati and Clamum, 2000 5400,
Therfore, to proces: and extend the lies of the
mopzled fibme, itisoften neces=ry to blend themwith
longervirginones This practice has beenconducted
zinze the inwentionof recyeling to returnourtexties
imtor 2 bot hing amonast ot her a pplications. For Chemical
Feawzling blending is not mquired, although muchlike
invingin textile production blending is u sed to create
functiomal, cmatie and economic textik meterials.
Themfore, it often faces the =me chalknzes

Chemizal recyaling is celkbrated for its ability
to etum textile fibrestothe =mme quality

az wirgin. Thisworks particukErk well with
mymthetic meteri@ls suchas PET (polwethylk ne
terephthakte, commanly knownas pohe sher),

For wao |, thische mizal prooess is at lab stmae and
transzforme the pmoteinous building bkos ks of the fibre
imte re sinsor wood- ba sed sdhesie s but nottextik
applications Eell ac o0, 201F; Quartinelloar i, 20081,
For cotton, chemical reawcling has pmoareszad in some
cames to small-maalke menufacturing kevelzs Howewer,

Teatiny Wl oV aeelee iy segmsadef il
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the regenemte doelluiosiz textile g=perated fromthe
process is different fromthe vigineotoninput. In
imple terms, if wou were to z2nd 2 cotton shirt to
che mim| moyveling proceszthe resulting fabric would
be more lile awiscose whenitocame outthe other
gde. It is therefore nota dimct repEcement WRAFR,
2019, Setlund, $verige and Maturvimd seerket, 2015, Rar
examph, the HEM Conzcious Exclusike 220 dess mede
from partby Circulose® 20200 a3 chemiclly recwsled
cotton. The dess’ composition isdesarbed as 00%
visooze of which BO% iz FAC cerified wood and BIR is
Cimulosed® recove red from post-consumer denim.

UNINTENDED CONSEGRUENCES

The chemizal recwaling of wool teatiles into msins or
cottontextiles into viscoss like” fabrics i= mostcerzinly
not something to be awoided. Rather | might sugge st we
need to consider the consequances of the systemzwe
implement. We are remined by Zinkand Geyer RO of
the 'Cimukr Ezonomy Rebound effect - the creationof
meterials that do not replEce new production. § reaywled
meterils are of ke quality or produced tosokiy

emter new markets, they oo ld areate further de mand.

r the circular systerm to work, all players
must work toward the team goal. The quality
of Mechanically Recycled material must be
upheld, and Chemically Recycled materials

must directly replace virgin production.

A
&
&

o
O
®5MJCAL Rﬁd

5 TOGETHER BETTERZ

The chalknge of tmnzitioning towadza circuler
aoonommy emzins The two technologie s, mechanical and
chemical, are both imperfact in their cwn ways, buta
shifttowam = team thinking is st=rting to emerze. Curing
the Bewond Green: fem Waste mymposium 20148 [saac
Mizgolzon baorking for Fecowe rtex, a mes hanical cotton
s ler) described a futum inwhich both mechanical
and che micaltec hnologie s might work together. This
coumeracts the rhetoric that chemizalizthe substitution
for mechanical. They can sham the position saitching

gt halftime to pomote theirown strenathz on the fizld.
Thiscolbborat e approachis now seenacmss large
scale propets, such az Fibersort 20202 by Interreg
Morth -We st Europe combining both tec hnologie=

The approache s championad for mooume ongewity
cemtre amund pomoting metedal bops Bia, 20148,
Goldzworty @01a: 1 highlight =1 et we often forget
that metenals can outlive us, reminding us to Eke the
fong wiew. fandinand Peters 2012 alzo acknow lkedae
thiz potermt &l They propose a @ecading appmach,
firstly throw gh mechanical systems then, utimetet,
fizving imtochemical ones. Forexample, woollen teatiles
cazcading acm sz multiple applications, suchasa nitted
jumpertoa woven upholstery fabric to @ non-wowen
insuletion product. Finally, the fibes would flow inbo
aahemical svstemto be uzed aza resin, outside the
textile memit. The problemof conmtinued cimuktion,
inthiz cpenloop, fallztoanother indust ry to soke.

(LR U R LI P DR MR S U RN LRSS TR LU b LTI e T R LR U TR o) Lo R U L TP LY

L CENTREFOR CIRCULAR DESIGN

Eewand linking the two systemztogether, what i the
limitations of both Chemical and Mechanical Reawaling
could be uzed to support one another ina clozed

loope Consider aotton: we leve esblished that

the resulting cellulozic metenal fromthe Chemicz|
Recwaling process is not a direat e place ment for

our cottontextiks. Themfore, inoder to produce
repboement a mechanical method is required. But thess
fibres need to bz blepded with longervirgin onzs.

Ao, what if our future chemically recycled
fibres replaced virgin content as the
blending agent? By using the chermically

S e - H . - =
recycled cellulose Un replacement of

virgin fibres) this would not only aid

the mechanical recycling process but

result ina fully recycled textile.

The blending of thes= two cellulosic materzls, without
contamimetion, ensumes that the fiml textilezcan, at
the end -of -life, flow back imto the chemical process.
Recwzling textile fibrezin thizcombine dway, illust mted
inthe graphiz, means meterals fiow backand forth
betwean bothChemiciand Mechanizal Recweling
systems. This, ultimetety, will eatend the life of our
textile resources. After all, inthiz cizukrecono my
game both processes are onthe =me team, sharing
the =mme acal Mightthis b= the new waytoply:

Notes
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