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INTRODUCTION
Making Labs focus on the material production of textiles and clothing. They interact with the
Design Labs, especially as concerns the application of materials and technologies, and with the
Place Labs, particularly as concerns the organisation of work, but their focus will be on the
physical act of production and its market role. Therefore, availability of infrastructure, in
particular of innovative equipment e.g. for cutting and sewing will be a common feature.
Therefore, the Making Labs are expected to interact with one another, as well as with the
Design Labs providing the designers with the opportunity to manufacture prototypes, but also by
consulting and providing inspiration to them regarding the available materials and technologies.
Interaction with Place Labs, especially those found in the same region, is also anticipated.
Further, each Making Lab of the TCBL ecosystem may provide, depending on its exact nature,
various services to Business Pilots, ranging from prototyping to consultancy and testing.
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DEFINITION OF A MAKING LAB

TCBL Making Labs are infrastructures that will be used to explore issues related to the
manufacturing of textiles and clothing, aiming to facilitate innovation and adoption of new
business models. They will be places for knowledge creation and transfer and prototypes
manufacturing, closely interacting with other components of the TCBL ecosystem, such as
Design and Place labs and Associate Enterprises. The table here below gives an overview of
some of the many possibilities for activities and features we have explored for the Making Labs,
following the descriptive framework of WP3.

Lab feature

Brief description

Main activities










Textiles production (spinning, knitting, weaving)
Textiles dyeing and finishing
Prototypes manufacturing
3D printing
Laser cutting
Characterization and testing
Research
Knowledge transfer (through tutorials, workshops, etc)

Facilities








Spinning/Weaving/knitting machines
Dyeing and finishing equipment
3D printers
Laser cutters
Testing equipment
Sewing and cutting

Setting






Fablabs
Technological centres
Research/academic institutes
Enterprises

Service concepts






Prototypes manufacturing and testing
Consultancy
Training
Research

Audience







Entrepreneurs
Students
Researchers
Designers
Makers in general

Supervision



Depending on the lab’s specific governance model

Sustainability &
Environment



According to TCBL principles, Making Labs will promote
sustainable textiles production

Fairness



Promote fair production and trade

Openness



Certain degree of openness (ranging depending on the lab
type from walk in/walk out to open after arrangement)
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ACTIVE MAKING LABS

The following Table provides a brief overview of the six Making Labs that have been accepted
following the first (internal) call.
Lab

Brief description

Athens Making
Lab
(Athens, Greece)

The Making Lab in Athens focuses on textiles processing (mainly wet
processing, i.e. dyeing and finishing), aiming to provide functional
properties to textile substrates and/or increase the sustainability of
production. The lab is also very well equipped to perform textiles
characterization in terms of physical-mechanical and chemical properties. It
will provide consultancy services, develop guidelines for the
implementation of specific processes, organize workshops and carry out
small scale research in collaboration with other TCBL Labs.

Fabbrica ARCA
(Palermo, Italy)

The Making Lab in Palermo addresses the issues of Fashion Technology
in a more patient and inclusive approach that aims to produce a lasting
impact on the territory. It offers a space for exploring new textiles materials,
wearable devices, and using data in the fashion sector. Fabbrica aims to
cooperate with local pilot businesses to co- design services and equipment
implementation. As far as services or products are concerned we will
launch a series of Maker Challenges, using an open innovation platform. A
Maker Challenge defines a clear need, typically from a TCBL pilot, that is
published on a web platform and thus open to any group interested in
designing innovative approaches to address that need. As Fabbrica is
located within a university campus, students will be our first stakeholders.

FabLab Venezia
(Venice, Italy)

The FabLab Venezia is an innovative start-up located inside the Vega
buisness incubator, at the Science and Technology Park of Venice. Our
Lab is a member of the international Fablabs network (Fabfoundation)
headed by the Center of Bits and Atoms of MIT in Boston (USA). In this
context we want give the possibility to explore uses for technologies like
advanced laser cutting and 3D printing, CNC milling machines and a 6axis
industrial robotic arm, for digital manufacturing linked to the textiles sector,
creating a synergy between artisans and creative talents. Users of Fablab
Venezia are designers and creative entrepreneurs as well as a wider
audience of citizens, schools and universities, and professionals.

Lanificio Paoletti
(Follina – TV,
Italy)

This Making Lab is based on an open and exploratory use of the facilities
at the Paoletti woollen mill, founded in 1795 and now a modern textile
company. It produces for big fashion brands and pret-a-porter chains in
Italy, France, UK, Spain and also United States, Japan, China and Korea.
The structure and organisation of the Paoletti mill allows for short runs
(even 3m samples) of new textile designs, mixing experimentation with
industrial production. In addition, the Making Lab links to Paoletti’s
experiments with the local Alpago wool and its possibilities.

Textile Centre of
Excellence
(Make Lab)
(Huddersfield,
UK)

The Textile Centre of Excellence's Making Lab offers equipment and
expertise to bring design ideas to a fully manufactured product reality. The
Lab has two parts to its manufacturing facilities, which work in harmony
with the Design Lab facilities also offered on site. We offer commission
weaving, commission warping and commission healding, including
samples, and with a portfolio of work ranging from sampling to innovative
weaving with DNA. Secondly, the Lab has excellent Cut, Make and Trim
facilities allowing for the manufacture of garments to promote and sell
across a wide range of fabrics. The Lab offers bespoke training in textiles
and garment manufacturing and can provide a range of business
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Lab

Brief description

development services to complement its facilities.
TextileLab
Amsterdam –
YourTextileTools
(Amsterdam, NL)

Your Textile Tools Lab in Amsterdam will research and explore the
possibilities in making open source tools and machines to knit, create or
manipulate textiles. Existing tools and machinery will be hacked or
recreated from scratch. The outcomes will be reproducible through digital
fabrication and can be used by the TCBL textile and clothing labs and
others. By gaining knowledge through making, people are offered new
opportunities in self-empowerment.
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3.

THE THEORETICAL FRAMEWORK

The theoretical framework includes a short introduction to the Maker movement, textiles
recycling and re-use, and ecological certification of textiles. In addition, since the Making Labs
(as compared to Design and Place Labs) are more directly affected by technology
developments, we provide an overview of emergent trends. The first has to do with textiles and
processing, including sustainable textile fibres, functional finishing, and dry processing, while
the second regards emergent technologies as applied to T&C: digital inkjet printing, 3D printing.
and laser cutting. The diversity of the issues covered already indicates that each Making Lab
may have a different focus and act complementary to another one within the TCBL ecosystem.

MAKER MOVEMENT
The maker movement is the name given to the increasing number of people employing do-ityourself (DIY) and do-it-with-others (DIWO) techniques and processes to design, manufacture
and create their own objects. The maker movement is therefore ultimately improving creativity in
many fields. In a way, the tools used in this movement are taking us back to a time when every
person was a craftsperson — except now technology is an additional tool1.
In fact, technology has advanced to the point where the general populace is now empowered to
design and create its own goods. More than just putting together Ikea furniture, people are now
building their own furniture at local tech shops, printing toys out on 3D printers and connecting
via the Internet to collaborate on music. The Internet has opened up a whole new world of
creativity that was never available before, creating niche communities that are informative and
proactive2. Community interaction and knowledge sharing are often mediated through
networked technologies, with websites and social media tools forming the basis of knowledge
repositories and a central channel for information sharing and exchange of ideas. It is clear that
the maker movement is strongly facilitated by the increasing amount of information available to
individuals and new technologies, such as additive manufacturing, open new possibilities in the
DIY context. The 3D printer is, with no doubt, one of the biggest revolutionary tools in the Maker
world and has inspired a push toward the DIY sensibility. Some say that the maker movement is
a reaction to the de-valuing of physical exploration and the growing sense of disconnection with
the physical world in modern cities. Many products produced by the maker communities have a
focus on sustainable development, environmentalism, local culture and can – from that point of
view – also be seen as a response to globalised mass production, disposables, the power of
chain stores, multinationals and consumerism. Most of the designs are open source, as anyone
can access and create them using available documentation and manuals. At the same time, the
maker culture encourages novel applications of technologies and the exploration of
intersections between traditionally separate domains and ways of working and emphasizes
learning-through-doing (constructivism) in a social environment or, in other words, informal,
networked, peer-led and shared learning motivated by fun and self-fulfillment3

1

http://www.edudemic.com/maker-movement-tools/
Ibid.
3 https://en.wikipedia.org/wiki/Maker_culture
2
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Below is a graphic recording from the beginning of the Maker Impact Summit. The speakers –
Jonathan Star, John Hagel, John Seely Brown, Dale Dougherty and Tom Kaili- were recorded
live as they introduced

Figure 1: the ideas behind the Summit to the attendees

As the Maker Movement grows and the
infrastructure to support it evolves (including
FabLabs), it will begin to affect many different
The continuous increase of world fibre
dimensions of personal, public and commercial
consumption presents a double-edged
life. In fact, the Maker Movement is referenced
sword in that, while it stimulates the
in connection with topics ranging from the
economy, it also gives rise to the
rebirth of manufacturing to job skills
increased problem of apparel and textile
development to reconnecting with our roots. As
disposal.
Maker communities spring up around the
globe, a plethora of physical and virtual
platforms to serve them have emerged, from platforms that inspire and teach, to those that
provide access to tools and mentorship, to those that connect individuals with financing and
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customers. At the same time, access to lower cost fabrication and manufacturing is making
small production more economical and viable4.
Some claim that the Maker Movement will emerge as the dominant source of livelihood as
individuals find ways to build small businesses around their creative activity and large
companies increasingly automate their
operations. Traditional employment may
The maker ecosystem will disrupt
decline as work is organised primarily around
today’s large enterprise – individuals and
projects rather than job titles, however small
small businesses will come together,
businesses, enabled by the technologies of
both in urban areas and in virtual
production and access (to funding, design,
communities, driven by a desire to learn
resources, tools and markets) will collaborate
faster by working together
across a flexible eco-system and no longer
require scale to be viable. Scale operations will
continue to have a role, but will largely use
automated, robotic production rather than labour. A greater portion of the labour (and value
creation) will reside in the customization / personalization component 5.
TCBL’s Making Labs will support textile “makers” by providing access to equipment and/or
knowledge through workshops, tutorials etc.

RECYCLING AND RE-USE
Western lifestyle is a significant contributor to landfill waste. Not only are products consumed at
a high level, but Western goods are often over-packaged, contributing even more to the waste
stream. To compound the notion of over-consumption is the notion of fashion itself. The very
definition of fashion fuels the momentum for change, which creates demand for ongoing
replacement of products with something that is new and fresh. In addition, fashion has reached
its tentacles beyond apparel to the home furnishings industry. Thus, fashionable goods
contribute to consumption at a higher level than needed. As consumers continue to buy, waste
will continue to be created, further compounding the problem of what to do with discarded
packaging, apparel and other textile products.
As regards the composition of the textiles waste stream, this includes pre-consumer and postconsumer waste. Pre-consumer waste consists of by-product materials from the textile and fibre
industries, while post-consumer waste is defined as any type of article that the owner no longer
needs and decides to discard. To this, it should be added that textiles in today’s marketplace
are different from those of several decades ago, not only in design but also in the fibre’s content
and variety of applied finishing treatments. Nonetheless, the recycling industry must cope with
everything that the fashion industry generates.
Due to the large variety of materials included in textiles waste, both in terms of composition and
value, recycling necessitates a thorough sorting process: Crude sorts include the removal of
heavy items such as coats and blankets, then the sorting, for example, of trousers from blouses
from dresses. As the process proceeds, the sorts get more and more refined. For example,
once all trousers are picked, they are further sorted based on women’s or men’s, fabric (e.g.
woollens go to cooler climates while cottons and linens to hot climates), condition (e.g. tears,
missing buttons and discoloration) and quality. Certain brands and styles (e.g. Levi’s, Tommy
4
5

Ibid.
Ibid.
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Hilfiger and Harley Davidson or Boy Scout uniforms) are sorted because they are considered
“diamonds”, based on the premium prices they bring in certain markets6.

"diamonds"
landfill and
incineration
wiping and polishing cloths

conversion to new products

used clothing markets

Figure 2. Pyramid model for textile recycling categories, by quantity7

Accordingly, recovery from the waste stream includes re-use of a product in its original form, a
common practice for clothes or recycling to convert the waste into a product. Typically, recycling
technologies are divided in primary, secondary, tertiary and quaternary approaches. Primary
approaches involve recycling a product into its original form; secondary recycling involves melt
processing a plastic product into a new product that may have a lower level of physical,
mechanical and/or chemical properties. Tertiary recycling involves processes such as pyrolysis
and hydrolysis, which convert plastic wastes into basic chemicals or fuels. Quaternary recycling
refers to burning the fibrous solid waste and utilizing the heat generated. All of these four
approaches exist for fibre recycling8.
Therefore, in theory, considering that textiles are nearly 100% recyclable, nothing in the textile
and apparel industry should be wasted9. In fact, there are many compelling reasons for the
recycling of waste from textile products and processes. They include conservation of resources,
reduction of the need for landfills and paying the associated tipping fees and provision of low
cost raw materials and products. Yet, in reality, the rate of recycling in textiles is not very high.
Besides the often attributed reason of insufficient public willingness to participate in recycling,
economics is often the reason behind the adoption of other modes of waste disposal. Although
legislation could easily tip the balance in favour of recycling, such a forced move could have just
the opposite effect in terms of environmental protection. Recycling, a seemingly obvious choice,
is more complicated than it appears.
Other than direct re-use, some processing such as mechanical, chemical or biological is
involved to recycle waste into products, requiring the consumption of a certain amount of
energy, additional raw materials and causing the emission of waste into the air, water and soil.
Once a recycled product is made, it must be marketed. Is there a reasonable demand? Is it
Hawley J.M. (2006) “Textile recycling: A system perspective” in Recycling in Textiles. Editor
Wang Y. Woodhead Publishing in Textiles.
7 Ibid.
8 Wang Y. (2006) “Introduction” in Recycling in Textiles Editor Wang Y. Woodhead Publishing in Textiles.
9 Hawley JM. (2006), op cit.
6
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cost-competitive? The next challenge concerns the availability of waste to be processed. Is
there a consistent supply at a reasonable price, especially when production is at full capacity? It
is therefore conceivable that a recycling operation could consume more petroleum than it saves,
cause more harm to the environment due to emissions, produce a product that is too expensive
for a quickly saturated market and have insufficient supply to run the production plant efficiently.
Such a scenario is obviously to be avoided 10.
Therefore, the key is the availability and development of better technologies that are cleaner,
more energy efficient, and less expensive. In parallel, consumers must be made aware that
nearly 100 % of their used clothing is recyclable and that numerous and various markets exist
for used textiles and fibre products. An attitude shift toward purchase of garments made from
recycled fibres must be embraced. By raising consciousness concerning environmental issues,
channels for disposal and environmentally conscious business ethics, steps can be made
towards a more sustainable environment11.
Finally, it is worth noting that apart from the development of efficient recycling processes, it is
also important to design textiles and textile products that are easy to recycle, i.e. products
comprising a single material or multi-material systems with detachable connections, considering
of course that there is usually a trade-off between recyclability and functionality12.

ECOLOGICAL CERTIFICATION
While discussing textiles sustainability, it is worth making a short reference to ecological
certification of textiles. The push for environmental safety in textiles production was rooted
primarily in Europe, and began roughly in 1992 when the European Union adopted Council
Regulation No. 880/92, establishing a Community Eco-Label award scheme.13 Textiles were
one of the first product groups for which Eco-Label criteria were established.
Today, a survey of the textile and apparel labels present in the Ecolabel Index14 shows that only
16 of the 38 of the certifications presented are textile-specific. Textiles are often grouped under
broad-ranging ecolabels, which cover products as varied as building supplies, agricultural
goods, and all consumer goods. Environmental issues addressed across this category include
organic production, energy usage, pollution, and biodiversity conservation. Social issues
addressed across this category include labour practices, worker health and safety, consumer
health and safety, economic development and animal treatment. Some of the major categories
that the 38 certifications listed can be divided into include15:






All consumer goods: Cradle-to-Cradle, BASF Efficiency, Healthy Child Healthy World
Raw materials only: Soil Association Organic Standard, Organic Farmers and Growers
Certification, Global Organic Textile Standard
Processing only: Oeko-Tex Standard 1000
Full life cycle, product only: Oeko-Tex Standard 100
Full life cycle, product + process: Oeko-Tex Standard 100Plus

10

Wang Y. ( 2006), op cit.
Hawley JM. (2006), op cit.
12 Gulich B. (2006) “Designing textile products that are easy to recycle” in Recycling in Textiles Editor
Wang Y. Woodhead Publishing in Textiles.
13 Available at http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=URISERV%3Al28020
14 The Ecolabel Index, http://www.ecolabelindex.com/
15 https://center.sustainability.duke.edu/sites/default/files/documents/ecolabelsreport.pdf
11
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Multiple environmental/social attributes: Ecoproof, Zque, Naturtextil
Environmental attributes only: EcoLogo

TRENDS IN TEXTILES AND PROCESSING
For the specific issues that Making Labs will be addressing, it is also important to provide an
overview of specific trends related to the material dimension of T&C in addition to the theoretical
framework. The following paragraphs therefore deal with sustainable textile fibres, functional
finishes, and dry processing.
SUSTAINABLE T EXTILE F IBRES
The textile fashion industry today is focusing more on the concept of sustainability and for this
reason textile fibres are being promoted that are naturally sustainable and have a low impact on
the environment. In fact, although a lot of resources in the form of energy and water are used
during fabric finishing and garment manufacturing, the use of environmentally sustainable raw
materials is one of the most important first steps towards an environmentally friendly product 16.
Each year, farmers harvest around 35 million tonnes of natural fibres from a wide range of
plants and animals: from sheep, rabbits, goats, camels and alpacas, from cotton bolls, abaca
and sisal leaves and coconut husks, and from the stalks of jute, hemp, flax and ramie plants.
Those fibres form fabrics, ropes and twines that have been fundamental to society since the
dawn of civilization. But over the past half century, natural fibres have been displaced in our
clothing, household furnishings, industries and agriculture by man-made fibres with names like
acrylic, nylon, polyester and polypropylene. The success of synthetics is mainly due to cost.
Unlike natural fibres harvested by farmers, commonly used synthetic fibres are mass produced
from petrochemicals to uniform strengths, lengths and colours, easily customized to specific
applications. Relentless competition from synthetics and the current global economic downturn
impact the livelihoods of millions of people who depend on natural fibre production and
processing.
Textile fibres that are considered eco-friendly and sustainable include natural fibres like organic
cotton, bamboo, flax, hemp, jute, ramie, sisal, abaca, etc, but also synthetic fibres produced
from natural resources, like Lyocell and PLA (Poly Lactic Acid). While conventional synthetic
fibres consume a lot of oil during their production, synthetic fibres made from natural resources
are naturally eco-friendly, less resource consuming, recyclable and sustainable. On the other
hand, plant fibres (e.g. bamboo) may absorb the same amount of carbon dioxide from the
environment during their growth as they release during their production cycles, thus helping in
keeping the atmosphere clean. Among the various natural textile fibres, cotton is probably the
most controversial one regarding sustainability, since it requires high amounts of water,
pesticides and fertilizers. Organic cotton or low chemical cotton is a sustainable alternative for
conventional cotton as it is produced with no use of synthetic pesticides, fertilizers and less
water consumption.
Organic cotton production not only replaces synthetic fertilizers and pesticides with organic
ones, but constitutes a systematic approach that focuses on selection of locally adopted
varieties, according to local conditions like climate and soil. Natural methods are used to control
16

Ali M.A., Sarwar M.I. (2014) Sustainable and Environmental Friendly Fibers in Textile Fashion: A Study
of Organic Cotton and Bamboo Fibers Master’s Thesis at University of Borås, available at
http://bada.hb.se/bitstream/2320/6729/1/2010.9.14.pdf
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pests and diseases instead of pesticides and fertilizers. A conventional cotton production needs
two years to be converted to organic cotton cultivation. Small scale farmers in developing
countries can benefit from growing organic cotton, since they can get more premiums for their
crop and can compete with commercial farmers in industrialized and developed countries.
Though organic cotton production is highly valuable, it should be emphasized that it is very
demanding, requiring devotion, commitment and experience. Besides its environmental and
agricultural benefits, organic cotton production is also a good tool for social change as it
includes ethical principles in its production system. Organic cotton growth promotes the local
verities and species and hence generates revenue for local inhabitants 17.
FUNCTIONAL FINISHES
Today’s textiles, apart from the traditional function of dressing people, often need to provide
wear comfort and protection in dangerous environments, so the textile industry is constantly
striving for innovative production techniques to improve product quality. In this context,
functional finishes are being applied to apparel fabrics, household textiles and technical textiles
to increase their appeal to the consumer and to stimulate the growth of niche markets.
Functional finishes include those aiming to improve comfort and performance, with properties
such as thermal regulation, moisture management and soil release, softening, enzymatic biofinishes, shrink resist and easy care, self-cleaning, superabsorbence, cosmetic and odour
resistance. Another category includes finishes for protecting the wearers and the textiles,
making the textiles insect repellent and antimicrobial, hydrophobic and oleophobic, flame
retardant, ultraviolet protection and antistatic18.
In terms of processing techniques, nanotechnology is opening new avenues in chemical
finishing, either resulting in improved processes or helping to achieve new functional properties
like self-cleaning effects, which were not possible with conventional finishes. Thus, the
application of nanotechnology to textiles creates an expanded array of functional properties
enabling textiles to be used in novel materials and products. Unlike in conventional finishing, the
nanometric size of the coating does not negatively affect the touch and feel of the finished
fabric. The low temperature sol-gel techniques, as well as the new generation of polymeric
resins are offering new possibilities in textiles chemical finishing. Other important developments
include the plasma enhanced chemical vapour deposition technique and the layer by layer (LbL)
assembly method19.
Apart from chemical and mechanical finishing, biotechnological finishes are gaining increased
attention, with recent trends showing their social, environmental and economic benefits.
Enzymes are the most important biological agents now used in the textile industry to treat and
modify fibres, particularly during textile pre-treatments and for finishing the textiles afterwards.
For example, cellulases are enzymes capable of hydrolysing the microfibrils protruding from the
surface of cotton (bio-polishing). In the case of wool, the use of transglutaminases has been
shown to improve shrink resistance, tensile strength retention, handle, softness, wettability and
consequently dye uptake, as well as reduction of felting tendency and protection from damage

17

ibid.
Paul R. (2015) “Functional finishes for textiles” in Functional finishes for textiles. Editor Paul R.
Woodhead Publishing Series in Textiles.
19 Ibid.
18
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“From wet to dry - towards more flexible,
sustainable and energy-efficient textile
processing technologies” – is one of the
7 Textile Flagships for Europe defined
by the European Technology Platform
for textiles.

caused by the use of common detergents.
Enzymatic hydrolysis of polyester fibres with
different lipases or esterases can increase
hydrophilicity and absorbance properties 20.

The current trend in functional finishing is
towards multifunctional textiles, which are
highly durable and safe to the user as well as
for the environment. This requires a careful
balance between the compatibility of different
finishing chemicals and treatments and the stringent environmental and safety legislation that is
being imposed by different governments, including regulations from the European
Commission21.
DRY PROCESSING TECHNOLOGIES
A lot of the discussion in sustainable textiles has centred around the fibres, with manufacturers
making a switch to organic cotton or creating fabrics from natural, easily-renewable materials,
like bamboo or hemp. But until very recently, less attention was paid to the dyeing process,
which can be potentially devastating when it comes to chemicals, waste and water usage 22.
Due mainly to dyeing, the textile industry is believed to be one of the biggest consumers of
water. In conventional processes, large amounts of water are used both in terms of intake of
fresh water and disposal of wastewater. On average, an estimated 100–150 litres of water are
needed to process 1 kg of textile material, with some 28 billion kg of textiles being dyed
annually. Water is used as a solvent in many pre-treatment and finishing processes, such as
washing, scouring, bleaching and dyeing 23.
To address this huge issue, new waterless dyeing technologies are being developed and
deployed that could help reduce the vast quantities of pollution generated by textile dyeing. In
recent years, three companies have each developed a largely waterless dyeing technology.
Two are American enterprises — AirDye and ColorZen — and the third is a Dutch company,
DyeCoo, whose process is being used by Adidas, one of its partners. Although the three
processes are very different from each other, they all aim at cutting the use of water to nearzero. The quantity of chemicals is also drastically reduced, while faster dyeing cycles lead to a
significant drop in energy consumption.
ColorZen has developed a method that changes the molecular composition of cotton fibres,
making it more receptive to dye. After treatment, the dyeing process uses 90 percent less water,
95% fewer chemicals, 75% less energy, and half as much dye as conventional processes,
according to the company. AirDye has taken a different direction, where the cloth is no longer
dipped in the traditional bath filled with water and dye, but put into printing machines. Pressure
and heat are used to transfer specially formulated dyes from paper onto polyester fabric.

20

Ibid.
Ibid.
22 Walker A. (2009) “AirDye's Ecological Dyeing Process Makes the Future of Textiles Bright”,
http://www.fastcompany.com/1368576/airdyes-ecological-dyeing-process-makes-future-textiles-bright
23 DyeCoo (2010) “DyeCoo: Waterless dyeing” in Colourist, Issue 3.
21
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According to the company, this process is faster than the traditional one and uses 95% less
water and 86% less energy24.
The DyeCoo process instead uses supercritical CO2. With this technology, polyester and other
synthetics can be dyed with modified disperse dyes. The supercritical fluid CO2 causes the
polymer fibre to swell allowing the disperse dye to easily diffuse within the polymer, penetrating
the pore and capillary structure of the fibres. The viscosity of the dye solution is lower, making
the circulation of the dye solutions easier and less energy intensive. This deep penetration
provides effective colouration of polymers which are characteristically hydrophobic. Dyeing and
removing excess dye are processes that are done in the same vessel. Residue dye is minimal
and may be extracted and recycled25.
In addition to the above, it is interesting to note the possibilities offered by plasma technologies
for textiles treatment. Unlike liquid processes which penetrate deep into the fibres, plasma
produces no more than a surface reaction. Therefore, the properties it gives to the material are
limited to a surface layer of around 100 angstroms. These properties are very varied and can be
applied to both natural and synthetic fibres, as well as to non-woven fabrics, without having any
effect on their internal structures. For example, plasma processing makes it possible to impart
hydrophilic or hydrophobic properties to the surface of a textile, or reduce its inflammability. And
while it is difficult to dye synthetic fabrics, the use of reactive polar functions results in improved
pigment fixation. Finally, with plasma containing fluorine, which is used mainly to treat textiles
for medical use, it is possible to optimise biocompatibility and haemocompatibility - essential for
medical implants containing textiles. Even more, the speed of the process (just a few minutes,
or even seconds) reduces energy consumption still further, making the "dry" processing using
plasma technology all the more attractive26.
Still, despite these benefits, major questions remain as to whether these new technologies will
be able to turn the tide in the struggle to reduce pollution in the textile industry. Water has been
used to dye fabric for centuries, and textile firms have generally been reluctant to embrace
change, considering also that the new waterless dyeing or plasma machines are expensive to
install27. The advantages of the new technologies and the long term savings must be made
clear to T&C enterprises for them to proceed with such investments.

EMERGENT TECHNOLOGIES
Finally, TCBL is very much interested in capturing the potentials of emergent technologies with
the possibility of radically transforming production in a consumer-driven direction. The most
important of these are digital inkjet printing, 3D printing, laser cutting, and wearables.
DIGITAL INKJET T EXTILE PRINTING
The majority of textiles are printed using rotary screen print machines. While this technology
offers high speed and low product cost, there are many drawbacks. Customers today are
demanding a greater variety of colours and designs. As a consequence, there is a trend for
rapidly decreasing order sizes, forcing textile companies to print shorter runs. Rotary screen
Heida L. (2014) “Can Waterless Dyeing Processes Clean Up the Clothing Industry?”
http://e360.yale.edu/feature/can_waterless_dyeing_processes_clean_up_clothing_industry_pollution/2775/
25 http://www.innovationintextiles.com/waterless-dyeing-process-for-drydye-fabrics/
26 https://ec.europa.eu/research/rtdinfo/en/24/01.html
27 Heida L. (2014) op cit.
24
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technology offers obvious benefits for long runs, but does not allow economical short run
production. Printers are thus forced to find new and innovative ways to provide printed samples
while minimizing cost and waste. Digital printing technology allows to streamline the entire
design, sampling and production process28.
The technology emerged in the 1990s as a prototyping tool and a vehicle for printing small
batches of fabric for niche market products29. Digital textile printing involves the use of printing
systems to print out digital data and has the following characteristics:30




high reproducibility of fine gradations and subtle colour tones,
suitable for small lot production runs at low cost and high speed, without the need for
the plates that are indispensable for analogue printing
less environmental burden due minimal wastage of dyes.

Figure 3: Comparison of analogue to digital textile printing technologies

In fact, one of the biggest benefits digital printing provides is the reduction of downtime. Digital
printers do not require lengthy setup / cleanup time between patterns and can theoretically print
24 hours a day, 7 days a week, 365 days per year. In addition to increased efficiency, the
technology also provides the elimination of screen costs in sampling and short-run production.
Printing without screens eliminates the registration problems and, most importantly, allows for
mass customization. Designers can make pattern and colour changes immediately and print a
Tippett BG. (2002) “The Evolution and Progression Of Digital Textile Printing” available at
http://brookstippett.com/docs/Print2002-BGT.pdf.
29 Tyler DJ. (2005) “Textile digital printing technologies” available at
http://www.zjff.net:81/files/20131111/1384158826333_29.pdf
30 http://global.epson.com/newsroom/2015/pdf/150601.pdf
28
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sample before engraving screens for the final run. On a digital production machine, the printer
can produce as little as one repeat of several patterns using multiple colourways, all in a few
minutes31.
3D PRINTING
In the modern world the desire for individual and personalized items stays present throughout
all cultures and countries. Products need to fit different unique expectations regarding style and
shape. Additionally, customers show a high interest in watching the production of the items they
are about to buy. In the textile industry, this desire is currently represented by the trend in fast
fashion and fashion that actually fits on the individual body, as well as by the development of
more and more sophisticated high technology technical textiles. Current developments in 3D
printing technology promise to meet those requirements far better, especially as the path from
idea to finished product becomes easy and fast. Additive manufacturing (AM) opens new
possibilities for the design and structure of textiles for specific applications 32.
3D printing is a production method that produces 3-dimensional objects by combining very thin
layers over and over to form the object using 3D scanners or via software, either private or open
source33. It belongs to the rapidly emerging technologies which have the chance to revolutionize
the way products are created. In the textile industry, several designers have already presented
creations of shoes, dresses or other garments which could not be produced with common
techniques.
3D printing, however, is still far from being a widely adopted process in textile and clothing
production. The main challenge results from insufficient mechanical properties, especially the
low tensile strength, of pure 3D printed products, preventing them from replacing common
technologies such as weaving or knitting. Thus, one way to the application of 3D printed forms
in garments is to combine them with textile fabrics, the latter ensuring the necessary tensile
strength34.
Pioneering work on AM fabrication of fabric-like materials was presented by Evenhuis and
Kyttanen (2003)35, whose method includes projecting a textile pattern onto a particular surface,
for instance a piece of clothing, and generating a 3-dimensional computer model of the pattern.
The result of this process is a complex model of interwoven links, which resembles chainmail
structures as used for armour in the Middle Ages. Since then, the potential for creating textiles
by means of AM has mostly been attributed to these structures. They are often called multiple
assemblies, since in essence they consist of separate parts. The only limiting factors attributed
to these structures are the limitations of existing CAD modelling tools, for instance the ability to
“drape” the AM textile across a curved surface such as the human body. Proposed applications

31

Tippett BG. (2002) op cit.
Vassiliadis S. (2015) “3D printed textiles fabrics structures” 5th International Istanbul Textile Congress
2015: Istanbul.
33 Reyhan K et al. (2015) “Production with 3D printers in textiles (review)” available at
http://textile.webhost.uoradea.ro/Annals/Vol%20XVI-Nr.%202-2015/Art.nr.109-pag.47-50.pdf
34 Sabantina L. (2015) “Combining 3D printed forms with textile structures – mechanical and geometrical
properties of multi-material systems” paper presented at the 2015 Global Conference on Polymer and
Composite Materials (PCM 2015), Beijing.
35 Kyttanen J., Evenhuis J. (2003) “Method and device for manufacturing fabric material,” WO2003082550
A22003 TU Delft Repositories.
32
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for these textiles are mainly functional, such as stab-resistant wearables and high-performance
or smart textiles36.

Figure 4: Floral pattern (PLA) printed on cotton, wool, viscose fabric and polyester net (from left to right),
presented at the 2015 Global Conference on Polymer and Composite Materials by Sabantina et al.

However, the development of flexible materials suitable for AM seems to have renewed interest
in other possibilities for the production of 3D printed textiles. At the same time, the possibilities
of AM have not gone unnoticed in the world of fashion. The freedom of form that AM provides
has been utilised to create accessories that could not have been created without this
technology. Only a few designers have tried their hand at making entire garments using AM. For
example, Iris van Herpen, in collaboration with architects such as Beesley and Koerner and
designer Neri Oxman, has designed and fabricated numerous sculptural AM garments. These
garments were 3D Printed using rigid and flexible materials developed especially for this
purpose. The emphasis of such work usually lies in finding a way to translate the vision of the
designer and to make a statement, as is common for art, and not in creating objects for daily
use. As a result, most of the 3D printed garments illustrate ground-breaking developments but
do not represent comfortable, ready-to-wear clothing37.

Figure 5: (a) 3D printed gown, (b) weft-knitted fabric produced by SLS method, (c) weft knitted fabric
produced by FDM method
Lussenburg K et al. (2015) “Designing with 3D Printed Textiles - A case study of Material Driven Design”
in Proceedings of 5th International conference on Additive Technologies, Bangalore
37 Ibid.
36
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There are several textile-like 3D printed products mostly for use in fashion designs and for
research purposes. The printed dresses are more like a plastic, as they do not have the textile
structure which is flexible and durable. For technical textile applications, examples are the
wearable technology applications and flexible heating systems developed by Mangre et al; and
for 3D printed traditional textiles, examples are weft-knitted structures and lace patterns
produced by SLS and FDM printing methods. The printed weft-knitted structures were produced
in a larger size than traditional knitted fabrics to obtain a thickness that holds the structure in
one piece; and the lace produced was not flexible after printing, a second process of soaking in
water was applied to give the lace flexibility. The figure above shows a 3D printed gown and
weft-knitted structures produced by Melnikova et al. 38
Although 3D printing looks like a new chapter for production, as it makes it possible to produce
prototypes of almost any product, it needs to improve with materials that will be equivalent to
textile materials. It also needs to increase the speed of production in order to compete with the
mass production of traditional textile manufacturing methods. However, 3D printing seems to be
a promising method for producing prototypes of textile materials such as medical textiles, which
can save time and money to test the properties of the end-product39.

Figure 6: Samples of 3D printed textiles presented by Lussenburg K et al at the 5 th International
Conference on Additive Technologies

For future applications for 3D printed textiles, an AM process specific for textiles will need to be
developed, rather than keeping the focus on material development. In order to be able to print
textile-like materials, the materials, structures and process that are in place now should be
thoroughly analysed and used as inspiration for new AM processes40.
LASER CUTTING
Laser cutting is an unconventional method that has been widely used in many industries
nowadays. The laser cutting and textiles industries have worked perfectly together for many
years now, due to the sheer versatility of laser cutters and the massively increased material
processing speeds. Laser cut fabrics are used throughout the textile industry for everything from

38

Reyhan K et al. (2015) op cit.
Ibid.
40 Lussenburg K et al. (2015) op cit.
39
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fashion items such as dresses, skirts, jackets and scarves to household products like curtains,
sofa covers, cushions and upholstery41.
Laser cutting is a totally contactless process. Nothing but the laser beam itself touches the
fabric, which minimises any chance of skewing or distorting the fabric. As well, laser cutting of
synthetic materials produces a sealed edge which stops fraying, thus eliminating any need to
hem42.
In the fashion industry, laser cutting is becoming increasingly popular and has proved that it can
create very effective looks on garments. Fashion students incorporate laser cutting into their
coursework, and high street stores stock laser cut clothing from shoes to bags and shirts. Laser
cutting has even made its way on to the cat walk and is used by famous fashion designers the
world over to create lace effects, engrave designs directly onto the fabric, and cut and etch
leather for shoes, belts and bags 43.

Figure 7: Use of laser cutting for decoration of fabrics.

INTELLIGENT TEXTILES AND CLOTHING
Wearable technology, the electronics-based approach, began by adding totally new features to
clothing by attaching various kinds of electronic devices to garments. Early results, however,
were often bulky, not very user friendly and often impractical. The early garments had cables
criss-crossing all over, batteries in pockets and hard electronic devices sticking out from the

41

http://www.cct-uk.com/laser_cutting_fabrics_and_textiles.php
Ibid.
43 Ibid.
42
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surface. The piece of clothing had become a platform for supporting electronics and was hardly
wearable with the comfort of normal clothing44.

Physiology

The intelligent garment
as research object

Design research

Fibre material
technology

Figure 8: The intelligent garment as an object of interdisciplinary research from the perspective of three
research areas: design research, fibre material technology and physiology

Today, intelligent textiles have come a long way, and the vision behind wearable computing
(when it does become actually wearable) foresees electronic systems as an integral part of our
everyday outfits. Wearable systems will be characterized by the ability to automatically
recognize the activity and behavioural status of their user as well as of the situation around
her/him and to use this information to adjust the systems’ configuration and functionality 45. A
piece of clothing should remain visibly unchanged and at the end of the day the consumer
should still be able to wash it in the washing machine without first removing all the electronics.

RELEVANCE OF BACKGROUND MODELS AND T RENDS TO TCBL
In the following, we relate each of the background models and trends discussed above to the
definition of Making Labs and to TCBL in general.
Model
Theoretical framework

Relevance to TCBL
TCBL draws strongly on the maker movement’s approach and
ethics for a new approach in the relationship between
manufacturing (or producing things) and customers (or citizenmakers).
Recycling and re-use will be an important component of
improving the environmental footprint of the T&C sector,
especially in the framework of the Circular Economy. As for
ecological certification, TCBL Labs could explore participatory
certification approaches..

44

Ibid.
Stoppa M, Chiolerio A. (2014) “Wearable Electronics and Smart Textiles: A Critical Review” in Sensors,
14, 11957-11992.
45
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Model

Relevance to TCBL

Trends in textiles and processing

Trends in natural fibres will be important drivers of sustainable
and innovative value chain concepts and innovative business
models. Exploring these potentials is one of the roles of the
Making Lab.
New trends in processing will also have strong impacts that the
Making Labs will be exploring, with a particular focus on
functional finishes and dry processing, notably with the MLSE
technology at TCBL partner TCoE

Emergent Technlogies

Emergent technologies of digital printing, 3D printing, laser
cutting and wearable computing are emerging rapidly in the T&C
sector, in part through the open explorations taking place in
many areas. The Making Labs will act as service brokers to
other TCBL ecosystem elements – Labs and Pilots – in finding
the most innovative applications.
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