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FOREWORD

Fashion brands produce nearly twice as many
clothes today as they did 20 years ago and
demand is expected to continue growing. At
the same time, the equivalent of one garbage
truck of textiles is landfilled or burned

every second. Most of the textile industry’s
environmental problems relate to the raw
materials used by the industry: cotton, fossil-
based fibres such as polyester, and viscose as
the most common man-made cellulosic fibre,
are all associated with serious environmental
concerns.

The EU has identified the high potential for
circularity within the textile industry, while
simultaneously highlighting the urgent need
for the development of technologies to
produce and design sustainable and circular
bio-based materials. Making sustainable
products commonplace, reducing waste

and leading global efforts on circularity are
outlined in the European Commission’s EU
Circular Economy Action Plan as necessary
for Europe’s efforts to drive sustainable
growth. Many circular economy solutions
based on new science and technology have
been innovated and introduced in Europe,
offering a forerunner position for the EU on a
global level in the field of sustainable business
and technology. Many of these solutions are
already present in e.g. recycling and resource
recovery, but many of them are currently still
at a low level of technological readiness.

Infinited Fiber Company (founded in 2016) is
a pilot-stage fashion and textile technology
company that aims to make the circular
economy of textiles a reality. The company’s
patented technology uses end-of-life textiles
and other cellulose-rich waste streams to
produce Infinna™ recycled fibre, a unique
soft textile fibre with the feel of natural
cotton. In the company’s production process,
cellulose-containing waste is broken down to
the molecular level, after which it is reborn
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as Infinna™ fibre. Infinna™ recycled fibre is
currently made from 100% textile waste. The
world’s leading fashion brands consider it a
high-quality recycled material alternative to
materials made from virgin natural resources,

such as cotton. Infinited Fiber Company is working

with its extensive network of partners to scale
its Infinna™ production to meet the demand
of the world’s leading fashion brands and
consumers.

The Infinited Fiber Company’s innovative
cellulose carbamate technology offers endless
possibilities for textile circularity. However,
technology alone cannot solve the challenges
related to transferring from a linear to a
circular textile value chain. In June 2022,
Infinited Fiber Company announced that a lease
for its first commercial-scale Infinna™ plant, the
flagship factory, had been signed. The mill will
be built in Stora Enso’s Veitsiluoto industrial
area in Kemi, Finland, where the company

will convert the former paper machine hall

to make it suitable for its use. The planned
annual capacity of the plant is 30,000 tons,

and the company plans to use cotton-
containing textile waste as its raw material.

The demand for InfinnaTM fibre from global
brands continued to be strong, and during 2022,
the company announced three new multi-year
sales agreements related to the Infinna™ fibre
deliveries of the planned flagship factory.

Scaling-up from pilot to industrial level is

a big leap for a start-up company, even

when circular innovations have reached a
sufficient level of technological readiness.
Circular business development and finding
the right partners for collaboration play an
essential role in successful scaling, business
development, financing and market access.

Infinited Fiber Company aims for true
progress in circularity. To achieve this goal,
the company recognized the need to create a
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collaborative ecosystem, enabling turning
textile waste into new high-quality textile
fibres at higher scale. The EU-funded New
Cotton Project was formed to respond to this
challenge. Although maybe not typical for a
small start-up, Infinited Fiber Company took
the initiative and started forming a consortium
of partners aiming at the same goal of
circularity. Twelve pioneering players in the
fashion and textile industries put their heads
together and decided to harness collaboration
and cutting-edge technology to demonstrate
an entirely circular model for commercial
garment production. The New Cotton Project
is a direct action by these players offering

a valuable solution for textile waste and an
alternative to the industry’s reliance on virgin
materials like cotton, which require vast areas
of agricultural land, unsustainable amounts of
water and polluting fertilisers and pesticides
for cultivation.

The New Cotton Project plays a very important
role for Infinited Fiber Company, as it is

an opportunity to identify and find solutions
for potential bottlenecks to scaling up circular
textile production and for calculating the
environmental impacts over the lifecycle

of textiles. Increasing understanding and
collaboration between multiple sectors of the
value chain can be a significant challenge.
Recycling textiles, for example, involves

more than just collecting textiles from
consumers. To truly close the loop, proper
collection, sorting and processing need to

be carried out based on collaborative goals
and specifications. Consumer brands are key
players in bringing circular solutions to the
market and increasing consumer awareness.
Technology providers need to work with
brand owners to improve the recyclability of
textiles. Cross-cutting cooperation across
governments, companies, academia, research
institutes and consumers must increase to
strengthen the circular economy.
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The consortium of brands, manufacturers,
suppliers, innovators and research institutes
participating in the New Cotton Project has
proven that circular, sustainable fashion is not
only an ambition, but can truly be achieved
today. We sincerely hope that this project will
also act as inspiration and a steppingstone
for further, even bigger circular initiatives in
the industry going forward.

After starting the project in 2020, textile waste
has been collected, sorted and regenerated
into high-quality Infinna™ fibres. These fibres
have travelled through the textile production
value chain for use by global brand adidas
and companies in the H&M Group. In autumn
2022, these innovative brands launched two
commercial collections to the market, which
were both a success and warmly welcomed by
consumers and influencers. The project is still
on-going with a focus on LCA/TEA studies,
consumer understanding and business model
development. A collection of garments from
woven Infinna™ will also be brought to market
by H&M Group towards the end of the

project.

For Infinited Fiber Company, leading this
project has been a source of pride and joy.
The enthusiasm and commitment with which
the entire consortium has come together

to work towards a more sustainable future
for fashion is truly inspiring. Together we
have proven that clothing that can no longer
be worn can be recycled and regenerated
into new garments in a circular textile value
chain. The project is recapturing the valuable
raw materials in discarded clothing and
regenerating them back into high-quality,
cellulose-based Infinna™ fibres that can be
spun into new yarn, woven into new fabric, and
designed into new clothes — again and again.

Paula Sarsama
Project Manager for the New Cotton Project
Infinited Fiber Company
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ABOUT

Fourth white paper of the series and a complement to the launch booklet, this
paper is part of the New Cotton Project knowledge exchange series which aims

to expose the reader to the project, its milestones and the overall experience

of implementing a circular ecosystem within the reality of the European textile
industry. The text is connected to the EU-funded New Cotton Project, which

brings twelve pioneering players together to break new ground by demonstrating a
circular model for commercial garment production.

During a three-year period, textile waste was collected and sorted, and
regenerated into a new, man-made cellulosic fibre that looks and feels like cotton
- a “new cotton” - using Infinited Fiber Company’s textile fibre regeneration
technology. The fibres were used to create different types of fabrics for clothing
that were then designed, manufactured and sold by global brands adidas and H&M
Group. The project ultimately aims to act as an inspiration and steppingstone for
further, even bigger circular initiatives in the industry going forward.

You can find the previous publications here:

Circular Economy and Fashion: a New Cotton Project white paper
Circular Business Models in the Textile Industry: the second New Cotton Project

white paper
Circular Ecosystem’s Blueprint: launch booklet

April 2023

THIS WHITE PAPER WILL HELP YOU

Meet the various partners engaged in the project
Analyse the activities carried out in the development
of four circular garments

Understand the importance of such an endeavour
within the textile sector
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SUMMARY

Focused on the industrial aspects of the New Cotton Project,
this white paper is also the syllabus for the ‘Interactive
ecosystem for circular textiles’ course’. Here, we present the
results and discoveries of the first 24 months of the project,
using the examples as platforms for transforming the industry
and enabling an easier transition towards circularity.

Through a series of diagrams, we introduce the reader to the
experience of expanding to a commercial scale the development
of a new technique to create cotton-like fibres from used and
discarded garments and textiles (post-consumer textile waste).

This fourth white paper also presents the industrial collaboration
and partnership embraced by the consortium partners in the
project as well as in the development of the Interactive map
course, which is composed of three flows:

1. Material: illustrates the material journey within the New
Cotton Project.

2. Knowledge: visually assists the student with visual cues to
the steps within the ecosystem.

3. Ecosystemic: provides conclusive explanations of the
interactions between the consortium members.

1 Massive Open Online Course (MOOC) created as part of the New Cotton Project’s
knowledge propagation objective and accessible via: www.circulartextiles.aalto.fi
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CHAPTER ONE:

THE TEXTILE INDUSTRY

1.1 THE TEXTILE AND FASHION INDUSTRY

There are several books and publications which introduce the reader to the history of the
textile industry [1]-[4], so let’s be brief: the need to protect one’s body from heat, cold
and other potential harms brought forth by the environment was the initial motivation for
covering one’s body, initially copying animals (using their furs) and eventually developing
this as an art form [4], [5].

With the advancement of agriculture and the senses of community and self the textile
knowledge developed into fashion practices, several sub-industries (based on cultural
preferences, resource availability, weather, economic allowance, etc) [1], [4]-[7].
Altogether the industry encapsulates

several fields and expertise as can

be seen on Figure 1: Apparel
Industry
Distribution/
Service Clothing ®  Retail > o
Providers (fashion/ High street a <
function) Specialists c 2
3° )
s 4 Supermarket T C 7
= o 35
Indc.ap. store g @ 8
Textile Online shop o
Fibre - Thread - Fabric -}leshed Interior Services =
fabric & Home > *Hotels g
textiles *Hospitals Q
. * Public 2 o
Chemical services Yo g
: =l ©
Fibre * Transport o =
Industry « Construction o =
Textile * Furniture > g' S
i applications in * Healthcare @
Chemical e Agriculture =
Industry etc.
Non-conventional Textile Processing
in addition:
¢ machinery and production equipment suppliers
e suppliers for testing and control equipment
e software providers; other services and intermediaries
Figure 1:

The world of Textiles and Clothing [8]
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1.2 THE INDUSTRY’S PIPELINE

The textile industry’s pipeline
comprises all the stages from

the production of fibres to the
creation of textiles destined to the
clothing, homeware, and technical
industries (all represented on
Figure 1). The Apparel industry,
on the other hand, can be

divided into three segments:
Textile, Apparel and Retail. Where
the fibre is transformed into a
commercial product, designed for

a specific clientele (see Figure 2).

Nowadays, there are mainly

two ways of making clothes:
linearly or systemically. Whilst
the first is very popular within
the textile and apparel industries,
the need to “make development
sustainable to ensure that it
meets the needs of the present
without compromising the ability
of future generations to meet
their own needs” [8, p. 16] has
been pushing the market to adopt
sustainable practices through
systemic (integrates consumers,
suppliers and producers in a way
that guarantees every output of

a process becomes the input

to another) production models,
leaning towards a zero waste
production (as can be seen on
Figure 3).

Fiber production

Yarn production

Fabric manufacturing

Fabric finishing

Apparel designing

Apparel manufacturing

Apparel sales

Quantity buying

Single-item selling

End users Consumers

Figure 2:The textile and Apparel Pipeline
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Figure 3: Linear versus Systemic production models [adapted from 92]

LINEAR SYSTEMIC
PRODUCTION PRODUCTION
MODEL MODEL

near territory
resources

° °
° . . . far external °
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recover
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2 Full article (Circular Economy and
Fashion: a NEW COTTON PROJECT
white paper) available on:

https://aaltodoc.aalto.fi/
handle/123456789/115574
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1.3 ENVIRONMENTAL ISSUES

With the advent of the Industrial revolution, the textile industry was awarded

tools to intensify its production and expand its market. Such benefits also led to
several issues, such as labour exploitation, excessive extraction of resources and
eventually, the main consequence to indiscriminate discharge of effluents and
misuse of resources: pollution [11].

The first signs of what we now know as pollution appeared in the area of greater
Manchester where scientist evaluated the peppered moth’s pattern evolution
through a process now known as industrial melanism: where darker moths
started prevailing over lighter ones due to the darkening of the environment
around them [12]-[14].

Polluted Environment

Figure 4: The colour evolution of the peppered moth (Image from the Natural History
Museum ‘Species variation game’?)

The concept of pollution and its implications to the ‘way we live’ have led to
international awareness and global mobilisation towards change, motivating
industries and consumers alike to follow suit. In the 90s, the concept of
sweatshops and the brands using them started reaching the final consumer and
more recently, in 2013, the Rana Plaza collapse motivated consumers to demand
more emphatic measures [15].

3 https://www.nhm.ac.uk/schools/teaching-resources/key-stage-2/evolution-and-inheritance/species-
variation-game-peppered-moth-lucky-landing.html
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CHAPTER TWO:
THE CIRCULAR ECOSYSTEM

AND ITS IMPLICATIONS

2.1 A CIRCULAR
ECOSYSTEM

pioneering players have come together

to break new ground by demonstrating a
circular ecosystem for commercial garment
production using post-consumer garments
as their “raw” material.

Composed of 17 goals and 169

targets, the United Nations’ Sustainable
Development Goals (SDG) proposes
guidelines for humanity to achieve
universal wellbeing without harming nature.

Circular Economy is then, in many ways, THE PROJECT’S ECOSYSTEM
a tool to achieve this balance, proposing WAS BUILT IN THREE STEPS:
systems which engage the stakeholder
and the processes of an industry, city or 1.
company in such a manner that it also The individual stakeholder was
incorporates the local communities and identified (Figure 5).
others who might be indirectly involved in
the actions of the system. AC Prod,,

Y 3
It was within this context that adidas and . 2
H&M Group were sought by Infinited Fiber
Company along with other 9 companies v
to launch New Cotton Project,
which harnesses collaboration and cutting- Figure 5: Individual stakeholder
edge technology to create new knowledge
in circular fashion. According to Aarikka-Stenroos 2
et al. [16] the concept of ecosystem is well The stakeholder, their activities,
suited to describe systemic change within products’ and other resources were
circular economy, proposing the following mapped (Figure 6).
definition: “Circular ecosystems are
communities of hierarchically independent, 3.
yet interdependent heterogeneous set Then finally, it was possible to
of actors who collectively generate a understand what is truly needed and/or
sustainable ecosystem outcome” [1, p. how to incorporate the ‘outputs’
261]. In New Cotton Project, twelve (previously seen as waste) back onto

the system, thus creating a circular
ecosystem (Figure 7).
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Figure 7: Example of a simplified ecosystem highlighting the
relationship between direct and indirect stakeholders
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2.2 STAKEHOLDER MAPPING

Sustainability is a community-based concept which requires conscious decision
patterns and learnt behaviour, gradually shifting the individual’s influence on the
whole. In other words, in order to achieve a level of development which does not
threaten future generations, humans need to work together towards a common
objective [9]. Even though the concept of circular economy is relatively new, it is
a consequence of nearly 50 years attempting to reach a sustainable development
which embraces not only the traditional triple bottom line[17], [18]: society,
economy and environment, but also spatial and cultural values [19].

Encompassing cultural and spatial considerations guarantees a broader approach
to sustainability, which in turn presents communication constraints, as not all
participants of this new configuration have the same worldview. It is then that rich-
pictures are introduced as a tool for universalising group thinking into systems [20]-
[23]. Confront issues and barriers pointed out, rich-pictures will be used as the
main communication methodology between theoretical and practical collaborations
analysed by the research team, thus ensuring comprehension regardless of field of
expertise or mother language.

The first of the seven Clarkson Principles [apud 11] clearly defines the importance
of understanding the stakeholder: “Managers should acknowledge and actively
monitor the concerns of all legitimate stakeholders, and should take their interests
appropriately into account in decision-making and operations”. Stakeholder mapping
is then key in sustainable projects because it allows for a systematic classification
of entities of interest, creating effective knowledge and applying it throughout the
project’s development (Figure 8) [25], [26].

Production of recycled fibres Yarn and fabric production Apparel design & production;
XAMK: Development of Inovafil and Kipas: Yarn product launches
pretreatment production Adidas and H&M: Textile

IFC: Developing and upscaling ’ Tekstina, Kipas & ’ design and manufacturing;

the InfinitedFiber process; subcontractor: product launches

fiber production Fabric production

Textile waste sourcing & pre-processing Consumer feedback
Frankenhuis: Sourcing & pre-processing of post-consumer textile waste Adidas: Collection of

Adidas: Development of take-back systems consumer feedback and
Revolve Waste: Definition of feedstock grade for Infinited Fiber process insights

Sustainability & techno-economic analysis, eco-labelling (RISE, IFC)

Development of circular business models (Aalto)

Facilitation of stakeholder cooperation & systemic innovation; training (Fashion for Good, Aalto, IFC)

Figure 8: Overall concept of New Cotton
Project as can be seen in its proposal
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An essential stage of project management and analysis is considering that
‘Everyone ought to count’ [24]. Knowing the company and the people within
is important in order to understand the individual and collective concerns,
contributions, difficulties and eventually, identify the interdependence
among the research partnership [27].

Famously targeted as the most polluting and culprit for the issues in

the textile and apparel pipeline, the supply chain is also responsible for
maximising value, lessening emissions, resource usage and pollution [28].
Thus, in a circularity-oriented project, they represent a decisive stage
towards feasible environmental circular systemic innovations.

2.3 PROCESS MAPPING

In parallel with understanding and mapping the stakeholders, it was
important to understand and map the steps followed by the stakeholder

in their attempt to commercially produce Infinna™. In order to do so we
interviewed the partner companies using process mapping as a framework.

According to Biazzo [29, p. 42], “process mapping consists of constructing
a model that shows the relationships between the activities, people,

data and objects involved in the production of a specified output” being
characterised by specific notions of ‘technology’ which are defined by
“physical objects or artefacts, the activities or processes that comprise the
methods of production and the knowledge needed to develop and apply
equipment, tools, and methods in order to produce a particular output’.

Once the process and technology data are gathered, the resulting map
illustrates “clearly what a system does, what controls it, what it acts on,
what means it uses to perform its functions, and what it produces” [29, p.
46]. Acting as a visual aid, process maps also function as transparency
tools, allowing people to further understand what happens in each stage of
a production, development or activity making it easier to “discover ways to
create value” [30].
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CHAPTER 3:

THE NEW COTTON
PROJECT

During a three-year period, textile waste was collected, sorted, and regenerated
into a new, man-made cellulosic fibre. As such, Figure 6 was developed to present
the main concerns within the project, the main solutions already presented by the
consortium members and the knowledge gaps which still require tackling.

. MR ki, (S ONDAy
tny NEW —_ S
%9 cotton &Y

project
umey,
'0005 w%,
Py ®
]
Q
KNOWLEDGE GAPS
PROJECT CONCERNS PARTNERS SOLUTIONS
SR, gLy,
§ N%
U I"I i
."\.U'I‘l"cb\-‘_’ ; -.-fa?‘?.l 1|"',:1‘).‘:!:-.._(

Figure 9: Final assessment of the project’s objectives, knowledge gaps,
concerns and current solutions
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3.1 RESEARCH BACKGROUND

The New Cotton Project was proposed to the European Union Horizon 2020
as an attempt to demonstrate the potential for a commercial-scale circular
ecosystem grounded on the post-consumer textile collection and sorting,
followed by its regeneration as the basis for the production of new cotton-like
fibres (Infinna™), eventually being launched to the general public through two
garment pieces (adidas and H&M Group - autumn 2022). The project is also
responsible for:

e Evaluating and developing solutions to ensure suitable feedstock of recycled
textiles for commercial scale production of Infinna™;

* Developing, optimising and demonstrating the textile waste pre-treatment
process;

* Optimising and demonstrating the continuous Infinna™ production process
in pilot scale;

e Designing, producing and verifying the high performing and biodegradable
activewear and denim apparels, in which the textiles are recycled into the
same or higher quality applications;

e Evaluating the recyclability, sustainability and safety of the novel textiles
made from Infinna™,

e Demonstrating the consumer interest on the apparel products (denim
apparel; activewear, such as t-shirts or hoodies) based on recycled fibres;

* Boosting circular innovation and stakeholder collaboration in the textile
sector.

e Studying the circular business models for bio-based textiles and developing
a plan for the commercialization of Infinna™ technology in Europe.

Currently in the beginning of its third year, the project’s focus (as can be seen
in this white paper) is to share the learnings gathered with other like-minded
people.
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3.2 PROJECT STAKEHOLDERS

Each of the 12 participants (listed on Table 1) in this project has an unique role in defining
a blueprint for circularity in textiles (illustrated on Figure 7).

COMPANY

T

Aalto University

Fashion for Good

adidas

Frankenhuis
H&M
Infinited Fiber Company

Inovafil

Kipas

REvolve Waste

RISE

Tekstina

Xamk

MARKET
SECTOR

Higher education
and Research

Direct to consumer high
performance clothing

Consultancy and
knowledge creator

Textile recycling
(processing post-
consumer and post-
production textiles)

Fashion retail

Innovation-centred
company

Spinning

Yarn and Fabric
manufacture

Consultancy focused
on textile waste
management

Research institute and
innovation partner

Textile producer

Higher education
and Research

MAIN RESPONSIBILITY
WITHIN THE PROJECT

T

Ecosystem mapping and Knowledge sharing

Develop and test new products to engage their

customers

Communication, training activities and help
build expertise towards circular economy

Piloting the textile waste pre-processing
methods, analysing waste streams to be used in
the project and test results on the composition

of the feedstock

Denim collection launch

Advance the techno-economic feasibility of
Infinna™ in a commercial-scale using the waste
streams provided by Frankenhuis

Spinning the Infinna™ fibre

Manufacturing Infinna™ denim

Map, analyse and quantify the data on
textile waste management in Europe

Individual and collective life cycle assessments
and assistance on the application for
environmental labelling

Weaving the Infinna™ fibre

Development of pre-processing methods and
assistance on the development of methods for
the recirculation of chemicals

Table 1: Consortium partners and their details
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Infinited Fiber Company created its unique, cellulose-based fibres (cellulose carbamate)
out of post-consumer textile waste. Frankenhuis and Xamk worked on the pre-processing
and research for pre-treatment of textile waste. Manufacturers Inovafil, Tekstina and Kipas
used the regenerated fibre to produce yarns, woven fabrics and denim respectively.
REvolve Waste, RISE and Aalto University, collect and provide data, conduct research
and analysis. Fashion for Good lead on the communications to the industry. Design and
manufacture of the fibres into clothing was done by H&M Group and adidas.

Use the waste material to Figure 10: Overview of the

understand the financial limita- activities and processes
tions of the project carried out by the partners
\ Composition of the presented in table 1

feedstock for each
Investigate the —v stream _\

composition of

= k
the feedstock Frankenhuis /_ \

DOCUMENTATION Chemical test
results

® / /

STRATEGIC PLANNING FOR
FUTURE INSTALLATION

Effluent tests

ol o -~
MAPPED CIRCULAR
Al ECOSYSTEM — 11« “f? -‘: restrepert -
= / N d
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TIONS and insights #
Quality, INOVAFIE
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Design Iidas ( tests
Design
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3.3 RESOURCE MAPPING

Besides the activities developed for the consortium, the partners also carry out

various activities essential for their day-to-day functionality (Figure 8). By analysing and
presenting the stages, exchanges and stakeholder capabilities we are able to increase the
projects ambitions towards implementing actual change in the industry.
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Environmentally concerning factors such as transparency and
traceability of materials, alongside their production effluents - chemical,
treatments, emissions, etc. - were evaluated at this stage. Knowing the
processes, materials, and other variables used by the different partners
helps ensure the system’s functionality, facilitates communication, and
provides the means to appreciate potential opportunities for innovation
and new business models” (figure 12).

Figure 12: Infinna™’s

oAREDDg, Material Flow
cO SU ?\BRE
o ‘NASTE
FJlﬂllﬁ"\lh
1URN T
& ipal0

&

MATERIAL
FLOW

LEHSLING

Even though this looks like a traditional, straightforward production,

there were several unforeseen difficulties in the first 18 months of the
project — from sending ‘trash™ between countries and the processing of
post-consumer garments,to the implementation of large-scale machines
and the development of market-oriented collections with high potential for
colour variations between the lots.

4 For more on business models you can find our second white
paper here: https://aaltodoc.aalto.fi/handle/123456789/116213

5 Post-consumer textile waste can be seen as trash by customs.
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Value adding and the knowledge flow, in the case of the New Cotton Project,
function as complementary activities where value is added to the post-consumer
textile waste by transforming it into a circular product through various textile
processes, the assessment of its life cycle and through the engagement with

the final consumer. According to Porter [31], a value chain represents sets of
activities (primary and secondary) which create a product and/or a service,

adding value to the raw material as a system divided into sub-systems (see
Figure 13).

Sourcing

Spinning

O.

a

Knitting

/

Life Cycle
Assesment
Eco-labelling

KNOWLEDGE
FLOW

Customer feedback

‘§ Circulator

Figure 13: Infina™’s knowledge flow
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The circular ecosystem proposed by the New Cotton Project functions by identifying the
system’s phases, its stakeholders and potential materials which could be re-inserted
into the ecosystem. This final layer of Infinna™ was then divided into 3 main areas, thus
representing the three most important sets of activities within the ecosystem (as can be
seen on figure 14):

1. Manufacture: The production of the goods;
2. Design: The Specifications and planning of the collection and its products;
3. Post-return: What to do with the garments after they were used.

Figure 14: Infinna™’s ecosystem
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CHAPTER FOUR:

COURSE SYLLABUS

This fourth white paper, as mentioned before, was written with the sole intention of
functioning as a sort of syllabus for the interactive map which composes the first course
available on www.circulartextiles.aalto.fi.

4.1 COURSE DEVELOPMENT

Unconventionally designed, this course is structured around the production map of the
InfinnaTM products, passing by each of the main activities and industrial partners involved
in the project. Additionally, there are two more layers to the map: one on knowledge flow
and the other on the ecosystemic exchanges. This division might render some images
slightly more complicated, however, it ensures a more holistic understanding of the overall
ecosystem.

Figure 15: The three layers of the interactive map

www.newcottonproject.eu
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A’

Expected time dedication: 1 hour (only map, without further reading)

Created using the New Cotton Project as its case study, this first analysis focuses on
ensuring the educational aspects of the course. Eight stages were mapped and divided
into four activities as can be seen in the following images:

Fibre I'roduchon

Fillwie: Pr oo B

Figure 16: Material flow (understanding the supply chain)

Shows the flow of materials for the
production of Infinna™

1. Shows how the same activity
is done on a linear production
system

2. Shows how other materials/
processes are made/carried out
within the project’s partners’
organisations

3. Byclicking on the partner’s
logo you will learn more about
them by being direct to their
website

, Aalto University
School of Arts, Design

and Architecture www.newcottonproject.eu

There are 9 stages which were
studied and thoroughly explained
in the map:

1. Raw Material

2. Fibre pre-processing

3. Infinna™ production

4. Spinning

5. Weaving

6. Knitting

7. Finishes (dyeing and printing)

8. Retail and distribution

9. Take-back programme
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A’

Expected time dedication:
90m (only watching the
videos, without further
reading).

Initially conceptualised as a
‘Meet the Partners’ course,
this layer provides nuances
into the intellectual property
of the partners involved in the
project (as can be seen on the
image below).

There are 10 stages which
were explained by the
partners as follows:

1. Sourcing PCTW L -

2. Spinning 5
3. Weaving L/
4. Dyeing e
5. Printing -
6. Made to be - -

remade N~
7. Circulator -~

8. Communication L .

9. Life-cycle

assessment (LCA) ——

and Eco-labelling

10. Take-back

, Aalto University
School of Arts, Design
and Architecture
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Take

'@
a
Spinning
back
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4
KNOWLEDGE waaving

J FLOW

Cuslomer lesdback
4 A
'M“‘_ KAILIAD
\ Cirsulator
»
A
. " oysing

F
MTEBR f
Printing
} Q :
T

ife Cyel == A .
PR Figure 17: Knowledge

Eco-labelling flow (understanding the

value chain)
REvolve’s report

Kipas slides and video about the process
Inovafil slides and video about the process

Kipas slides about the weaving, dyeing and finishing their fabrics
Tekstina fabric production video

Tekstina testing video

Digital printing video

adidas presentation
Tech Insider video on adidas

Guidelines to designing a circular collection

Presentation by Fashion for Good

Presentation by RISE
LCA video

H&M Group on Business Insider:
https://www.youtube.com/watch?v=0bO1PKiXGpQ

Business models:
https://www.youtube.com/watch?v=KaJX0WLo2zc
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https://circulartextiles.aalto.fi/wp-content/uploads/2023/02/Inovafil-Spinning_New-Cotton.pptx
https://circulartextiles.aalto.fi/wp-content/uploads/2023/01/Infinna-woven-fabric-production-line.pptx.pdf
https://aalto.cloud.panopto.eu/Panopto/Pages/Viewer.aspx?id=0bfe260d-51ec-40c9-8ddf-af8e00a8b27a
https://aalto.cloud.panopto.eu/Panopto/Pages/Viewer.aspx?id=8b725bd1-cfa8-43cc-8b15-af9600d3c328
https://aalto.cloud.panopto.eu/Panopto/Pages/Viewer.aspx?id=f3375876-ef2d-411b-aa1a-af8e00ae45b0
https://www.youtube.com/watch?v=pJBRqespiOA
https://drive.google.com/file/d/10T-ZG4YkyV9VXDe3PCAVEpdITTZa-_XI/view?usp=share_link
https://circulartextiles.aalto.fi/wp-content/uploads/2023/02/Communications-_-New-Cotton-Project-MOOC.pdf
https://www.youtube.com/watch?v=obO1PKfXGpQ
https://www.youtube.com/watch?v=KaJX0WLo2zc

Expected time dedication: 10m (only videos circa 30m on the paper)

The main difference between the circularity of the InfinnaTM fibre and the idea of its
ecosystem is the interaction between the partners, and how they work together (see the
figure below).

Wa=CRCaINIEs 6
IMFINMA™ f" [T,
BACEad N 19r @ wn
. L. LA o
o
s -circulafian
thr

4
=) (,:)3 A 4
o &
- ¥ 4
= e,
o, St

Fa ECOSYSTEMIC
FLOW

Figure 18: Ecosystemic flow (understanding how the partners connect)

There are 11 stages which can be discussed in 3 main sections:

1. Manufacture
K——o Video: https://www.youtube.com/watch?v=_eY ES8f5pNI

2. Design
\——o Video: https://www.youtube.com/watch?v=48KjTiTwQyQ

3. Post-return (end-of-use)
K——o Video: https://www.youtube.com/watch?v=CUJEEGx-zEM

www.newcottonproject.eu



http://www.newcottonproject.eu
https://www.youtube.com/watch?v=_eY_E8f5pNI
https://www.youtube.com/watch?v=48KjTfTwQyQ
https://www.youtube.com/watch?v=CUJEEGx-zEM

4.2 COURSE DESCRIPTION

This course was developed as a knowledge window to the work being
carried out at the Department of Design at Aalto University in the city of
Espoo, Finland.

The textile industry has been the cradle of sustainability research as the
driving force for the industrial revolution and its connection to the first
signs of pollution. With the increased exposure of the industry’s ill-doings,
producers and consumers have started engaging in awareness campaigns
to produce and consume textiles sustainably.

Currently embracing the circular economy and its challenges, the textile
loop has acknowledged the importance of post-consumer textile waste as
a strong and widely available ‘raw material’. The New Cotton Project, an
European Union-funded Horizon 2020 project, is being developed as an
attempt to create a commercial-scale circular ecosystem grounded on the
post-consumer textile collection and sorting, followed by its regeneration
as the basis for the production of new cotton-like fibres (Infinna™),
eventually being launched for the general public through two garment sets
(adidas and H&M Group- autumn 2022).

With new policies and the widespread attempts to increase recycling and
incorporating zero-waste practices, post-consumer textiles and recycling
are currently focus activities within the textile industry; however, in

order to ensure the collected post-consumer material is compliant with
recycling, there are several steps to be followed, such as the avoidance
of what cradle-to-cradle has called monstrous hybrid (the mixture of
biodegradable and recyclable materials in such a way that the final
product is neither recyclable, nor compostable).

The students following this course will understand the concept of
circularity behind the New Cotton Project as well as its various phases.
By the end of the course, students will be able to communicate and
analyse the stages, with additional grounds to compare the InfinnaTM
production to that of traditional wood-based viscose and understand how
other processes are also followed in the textile industry.

Aalto University
School of Arts, Design
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4.3 LEARNING OUTCOMES

By the end of this course you will be able to understand:

* How a supply chain functions;

e What is a value chain and its increments;

e The theory around circular economy and industrial ecosystems;

* The stages being changed by the New Cotton Project;

e How the textile industry currently works;

* Visually understand some stages of production (such as weaving);
e Start understanding what can be done with your used garments.

4.4 STAKEHOLDER ENGAGEMENT

As part of the New Cotton Project’s carbon handprint [32], [33], the course

was developed as means to engage our stakeholders, communicating

the various fronts of the project and providing a holistic case for future
development. By engaging Industry, Consumer, Policy makers, Textile and
fashion students, etc. the project is able to enable future entrepreneurs
and existing businesses to start changing the textile industry’s negative
impacts on society and the environment.

Just like it happens on early-age education with imprinting the sense

of citizenship on children, sustainable practices need to be slowly
introduced to those affected and/or affecting the market, regardless of
their geographic location. Aligned with the industry power for change, the
consumer regulates the presence of companies in their markets; students
develop ideas, methodologies, theories to facilitate change; and so on.
Hence the importance of creating and circulating such material.

www.newcottonproject.eu
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CHAPTER FIVE:

PRODUCTION PROCESSES

In March 2022, the New
Cotton Project celebrated
its halfway mark. It was

a strategic moment for
assessing how the project
had evolved and which
were the main issues
faced by the partners. Half
a year later, in October
2022, the partnering
brands (adidas and H&M
Group) launched four
pieces developed for

the project: a jumpsuit
(adidas - figure 19) and
denim trousers and jacket
(H&M Group - figure 20).
With the pieces launched
to the public, parts of

the production journey
were concretised, and
the experience is shared
within the syllabus.

Figure 19:: adidas by Stella McCartney's tracksuit

www.newcottonproject.eu
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A

Figure 20:
H&M Group’s
utilitarian
jacket and
trousers

5.1. ‘RAW’ MATERIAL
SOURCING (POST-RETURN)

First stage of the ecosystem, the post-consumer textile waste (‘Post-Return’
on the Ecosystemic Flow of the ‘Interactive Map’ course), was carried out by
Frankenhuis and its parent company the Boer Group between the countries of
Germany and the Netherlands.

Composed of several small connected companies, the Boer Group gathers
various stages of the post-return cycle, when fabrics are disposed of through
municipal, commercial or charity collection bins, in-store, at recycling centres
etc (Figure 21).

Aalto University
School of Arts, Design
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Figure 21: Boer Group’s detailed map (which can be found on the group’s website®)

The next step is sorting the gathered material and assigning it to its due destination
(Figure 22):

S 9’@
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i—
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Figure 22: BOER GROUP’S sorting description (which can be found on the group’s website?®)

Finally, the material is sent to companies such as the New Cotton Project’s partner
Frankenhuis (Figure 23)

Frankenhuls

B Group
Recyeling Salutions

MTS Eurg Froducts

Figure 23: Recycling stage of the Boer Group (which can be found on the group’s website®)

At the recycling stage, within Frankenhuis, the material is screened according to
the company’s needs, as can be seen on the ‘Material Flow’ in the interactive map.
From full garments and household items, the material is assessed and tested until
Frankenhuis supplies fibres equal or longer than 6mm composed of 75-100% cotton
(combined into Figure 24, on the next page)

. . 6 https://boergroup.eu/
Aalto University

School of Arts, Design
and Architecture
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5.2. MANUFACTURE

The second macro-phase of the ‘Ecosystemic Flow’ —
manufacture — involves the five main stages of the circular
ecosystem: fibre production (carried out by Infinited Fiber
Company and Xamk), spinning (done by Inovafil and
Kipas), weaving (by Kipas and Tekstina), knitting (by a
company outside the consortium - Arik Bey) and finishes
(which takes place at Kipas for the denim and Tekstina for
the digital print).

Fibre production, which is the binding force of the New
Cotton Project, is done using the pre-screened fibres
assessed by Frankenhuis. The fibres are sent to Xamk, an
applied sciences university located in Mikkeli (Finland),
for the chemical pretreatment where the fibres are de-
polymerised, disposing of any potential non-cellulose fibre
in the batch. Once the material is composed exclusively of
cellulose, it is sent to the Finnish Infinited Fibre Company
in Espoo, who holds the intellectual property for the
production of the Infinna™ fibre (as can be seen in Figure
25).

School of Arts, Design
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Once the cotton-like fibre is baled, it is sent to Inovafil in Guimaraes (Portugal) and Kipas
in Kahramanmaras (Turkey), where the fibre is cleaned, spun and dispatched to the next
phase (see Figures 26 and 27).

kY

If colours are requested the fibres are
dyed at the beginning of the process

2%

OPENING AND
FIBRE BLENDING CLEANING
AND CLEANING
Other impurities
Bagging and ties are removed H
CARDING
Parallelization of the fibres «-.ccecceces™ 0 &, .
DESIRED PROPERTIES i i
DRAWING ASSEMBLING
H
COMBING
Uniformisation of the fibre batch *
Addition of other fibres H RING FRAMES

Characteristics requested

by the Brands ROVING FRAMES , .-

OPEN-END SPINNING

¥

RING SPINNING

WINDING

200 x thinner
than the material
that left the
carding machine

¥

WINDING

Yarn receives wax coating for yarn
protection to friction to friction and tension

Figure 26: Inovafil
spinning processes (in
black are the processes
used in the New Cotton
Project; and in blue
other processes they
have in the company)
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After Infinna™ has been spun, it is sent to Tekstina (from Inovafil) or to the denim
production in Kipas. The weaving process is very similar for both companies as
can be seen in figures 28 and 29.

?P\ODUC} ?\N\SHES
0

Q
=

Singeing

WEAVING

WINDING
THE WARP

.
o

WEAVING

WINDING
THE WARP

?\N‘SHES

More than 20000 different
types of denim articles and
dyeing processes

Figure 28: Kipas denim weaving pro- Figure 29: Tekstina weaving process
cesses (in black are the processes (in black are the processes used in
used in the New Cotton project; and the new cotton project; and in blue
in blue other processes they have in other processes they have in the
the company) company)
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Additionally, there are the finishing processes which vary considerably according to the
brands’ requirements. Kipas was responsible for dyeing the denim, while Tekstina had to
dye and digitally print their garments (which were not yet launched), as can be seen in
Figures 30 and 31.
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Figure 31: Tekstina’s finishes (in
black are the processes used in
the new cotton project; and in
blue other processes they have
in the company)
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5.3. APPAREL MANUFACTURE

As some may have noticed, there were stages of the production which were not described
in the previous stage, such as knitting, screen printing, or the garment assembly. Those
stages, though important for the circular ecosystem being proposed, were not integrated
into the project. Arik Bey however was responsible for the knitting, dyeing, printing and
assembly of the adidas collection (see Figure 32).

Q ?RODUC 2,
< 04/ This part of the production process is carried out by a

longterm partner of adidas °, Arik Bey, a company which is not officially
participating in the New Cotton Project, therefore its processes were not

mapped to the same extent as the others. The same can be said about
H&M’s garment producers (but in that case the Infinna™ production was

carried out by a project’s partner - Tekstina).

ARIK BEY

KNITTED FABRIC

Knitting creates stitches: loops of yarn in a row, either flat or in

the round (tubular), There are usually many active stitches on the

knitting needle at one time. Knitted fabric consists of a number of

consecutive rows of connected loops that intermesh with the next NATURAL COLOUR
and previous rows. As each row is formed, each newly created For the purpose of embracing the
loop is pulled through one or more loops from the prior row and natural colour of the Infinna TM product,
placed on the gaining needle so that the loops from the prior row adidas has decided not to dye the final

can be pulled off the other needle without unraveling. (https:// product, opting for the natural shade of grey
en.wikipedia.org/wiki/Knitting) which occurs due to the post-consumer tex-

tile material used for the fibre’s production.
PRINT

The material used for the collection’s print
is water based and can be re-inserted on to

the ‘recycling’ process after discarded.
CIRCULAR PRODUCT ASSEMBLY

In line with the ‘MADE TO BE REMADE’ project within
adidas, Arik Bey, is responsible

for collecting, storing, and eventually sending to the
specified partner, all the residual yarn and fabric occur-
ing during the knitting, finishing and assembling stages
of the collection. All of which is to be monitored and
controlled by adidas within its designing considerations.

Figure 32: Overview of the production process within Arik Bey

The social aspects of production as well as the missing descriptions are being taken
into consideration and will be investigated further. But for the full comprehension of the
ecosystem and the course, they were not deemed essential.

,, Aalto University
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5.4 CHALLENGES FACED DURING
THE DEVELOPMENT

The development of a circular ecosystem involves understanding not only
the consumer needs but also the stages and waste of the production,

not only that directly related to the central production focus (in this

case, Infinna™), but also other waste produced by the consortium
partners.

In the case of the New Cotton Project, understanding all the activities
carried out by the other project members (usually presented in blue

on the process mapping) was important to assess the best usage and
potential collaborations to be developed further in the future. At the time
of this publication, the considered and developed business models

are still being studied; therefore, the focus of this course is mainly on the
material, knowledge and ecosystemic flows.

On the other hand, there were other interesting discoveries analysed
alongside the garments launch which could be useful to the course’s
students, thus the following SWOT analysis was carried out:

Strengths

The project partners were extremely motivated and willing to exchange
expertise, even though in some cases they were direct competitors. The
overall interest in creating a functioning ecosystem provided grounds
for further interactions and conversations which would not take place
otherwise.

Weaknesses

The conceptual idea of scaling up a laboratorial development into a
commercial scale endeavour had its due share of difficulties. Industrial
machinery, for instance, is not suited to dealing with smaller than
usual quantities of material, so dealing with small amounts led to some
manufacturing difficulties which were not foreseen.

Additionally, the need for garments and household fabrics high in cellulose
content, a crucial requirement of the production, turned out to be a bigger
challenge than expected, as products labelled as 100% cotton could
contain up to 15% of other fibres. The colouration, embroidery, thick
prints, and other customisations also incurred additional labour and
unexpected costs to the process.

,, Aalto University
School of Arts, Design

and Architecture www.newcottonproject.eu
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Opportunities

As mentioned before, the stages unknown to the partners,
which were thoroughly mapped and analysed here, have led to
the assessment of various potential opportunities within the
ecosystem, creating secondary activities between consortium
partners.

As will be explored further down the line, some of these
collaborations were amply explored by, for instance, interactions
between Frankenhuis and adidas. The sorting difficulties faced
by the first were taken into consideration by the latter, and their
products were designed with that in mind, ensuring an easier re-
insertion of adidas’ products into the ecosystem through the use
of biodegradable prints, only cellulose mono-material and cotton-
based accessories (no button, zipper, or any other material).
Thus, the designed tracksuit can be easily collected and sent
back to the production line.

Threats

The post-consumer textile waste, the main ‘raw’ material used
within the ecosystem, had the waste status which was not well
appreciated by European border control authorities. Dealing with
‘waste’, sorting and logistically distributing it was addressed

in a policy roundtable, where policymakers, key stakeholder and
members of the European textile industry discussed the

topic, the current policies and potentially finding solutions for the
issues found’.

Alongside this threat, and the composition issue of the collected
textiles, production difficulties and other unexpected incidents,
there were delays in production, what eventually led to a smaller
sample release and the postponement of the fifth product’s
launch (to be manufactured, dyed and printed by Tekstina and
commercialised by H&M Group).

7 The roundtable took place on the 14" February 2023 and its
results will be shared with the public.

Aalto University
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CHAPTER SIX: RESEARCH

AND DEVELOPMENT

6.1 POST-CONSUMER TEXTILE
STREAMS

Finding steady and suitable post-consumer textile streams was one of the
main issues faced by REvolve Waste and Frankenhuis, who worked alongside
specialised companies to develop suitable machinery for the separation and
identification processes (which could be made quicker?®).

Day-to-day experiences added on to the difficulties, such as the definition

of acceptable amounts of non-cellulosic materials, colours, breaking down
garments, and financial viability of recycling post-consumer garments into new
fibres. Additionally, understanding the post-consumer market and comparing
these results to market data on feedstock availability, production flows

and current disposal alternatives led to an immense amount of research to
facilitate assessing potential partnerships for the project.

These difficulties, within the first half of the project, culminated on the overall
understanding of market production, availability, disposal streams and the
project’s technical restrictions, which make it currently impossible to accept
more than 5% of non-cellulosic fibres into the recycling process? (a figure
which should be increased as the technology is developed further by Infinited
Fiber Company).

8 Identifying the composition of fabrics can be done in numerous manners; however, in greater
quantities this process can lead to mistakes and production delays, so finding a steady and reliable
solution was paramount.

9 This percentage also includes the yarn used for sewing the garment, bold prints and other
customary additions used by the fashion market.

' Aalto University
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A

6.2 COLLECTION DESIGN

Aligned with the post-consumer streams issue, the collection could not be designed in
such a manner which renders it unfeasible to use it as a resource for the New Cotton
Project’s ecosystem in the future. With that in mind, the design-oriented partners (adidas
and H&M Group) aligned their product proposition to the requirements raised by the post-

consumer textile collectors (Figure 33), for instance, ensuring all the parts of the final
product would be re-incorporated into the project’s cycle'.

DESIGN INFORMATION

Figure 33: Design approach within
GATHERED IN THE ECOSYSTEM

the New Cotton Project
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10 For this to happen, all of the collection’s garmerts need
to be assembled using threads and accessories made

Aalto University of cotton or other cellulosic fibre.
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6.3 NEW COTTON PROJECT’S
ASSESSMENT

Finally, in order to measure the successes of the New Cotton Project’s
development, two further choices will take place: the eco-labelling
certification of the final projects under the Standard 100 by Oeko-tex® and
the life-cycle assessment.

Oeko-tex® Standard 100" proposes the analysis and holistic investigation
of harmful substances in textile products, inspecting the individual

parts of each one of the products launched to ensure its suitability for
commercialisation. Customer confidence and product safety are certified
by globally standardised tests repeated yearly, which can be validated by
the consumer through the label number at the Oeko-tex® label check.

Life Cycle Assessment, originally proposed by the United Nations
Environmental Programme in 1996, differently from the ecolabel, assesses
the effects that a product has on the environment throughout its life cycle
(analysing the product or the function a product is performing).

Combining the commercialisation of the New Cotton Project’s products
as well as their ecolabel results will allow the project to understand its
successes, failures, and opportunities, also assisting with the consumer
adoption of circular products and the consortium partners’ ability to
create further partnerships.

11 More information can be found on https://www.oeko-tex.
com/en/our-standards/oeko-tex-standard-100

Aalto University
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CHAPTER SEVEN:
LESSONS LEARNT AND

NEXT STEPS

A

Even though there

were difficulties which
led to production
delays and quantity
compromises, the
collection was launched
in 2022, initially through
Stella McCartney’s
adidas collection at
London Design

Week (in September)
and subsequently (in
October) on adidas

and H&M Group’s
websites. Additionally,
the collection launch
was celebrated by the
consortium with the
opening of a New Cotton
Project installation at
the Fashion for Good
museum in Amsterdam.
This was also promoted
through extensive press
coverage and social
media activity.

Figure 34: Images of the New
Cotton Project exhibition 2

12 https://twitter.com/project cotton?lang=en
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Built on the same principles of a natural ecosystem'®, a circular ecosystem is
proposed to generate a similar balance throughout the supply chain.

This is important because it promotes communication and cooperation between
various business associates in this long-term partnership. As an innovative
business model, this relationship allows for small and big companies to
embrace sustainable practices together, through shared risk'.

As the project goes on, we will continue publishing white papers to assist

the consumer, industry-savvy readers, students, and other interested parties

to understand the stages/activities/implications of the New Cotton Project.
Additionally, Aalto University has launched an educational platform with courses and
other educational activities for the general public (www.circulartextiles.aalto.fi),
once more increasing the project’s transparency and promoting sustainability

and open knowledge.

13 Where the organisms work together to ensure the balance of the environment.

14 For the consumer, this kind of initiative promotes what is known as ‘Carbon
Handprint’ [32]-[34] where there is a collective willingness to share the knowledge
created in order to increase consumer and industrial awareness.
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