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Introduction

Fashion design and textile knowledge are often taught as separate disciplines, and knowledge of the raw materials and processes that make up a fabric are not usually integrated into fashion studies.

A confident understanding of fabrics, and the fibres they are composed of, is fundamental to the design process, allowing one to make informed choices rather than arbitrary decisions based upon surface appeal.
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The designer’s relationship with fabric is at the heart of the creative process. The right choice of fabric is fundamental to good design and instrumental to its success. While the textile industry may be viewed as just a supplier of raw materials for the fashion industry, in reality the two industries are interconnected. Developments in the textile industry invariably impact upon the fashion industry and vice versa.

This new edition of Fabric for Fashion: The Complete Guide follows the same easily navigable system of categorizing fibres and material sources as its predecessor. Focusing in turn on animal, plant and man-made fibres, it examines their relationship to textiles within these categories and in a broader fashion context. However, the book’s introduction section includes key new chapters on sustainability within the fashion industry, smart fabrics, and design and product development.

Throughout the book, the history, geography, provenance and processing journeys of each fibre tell the story of the final fabrics. Socio-economic factors that have influenced the prominence of particular fibres and how that impacts upon sustainability issues are spotlighted. This new edition looks at fibres and fabrics through a more focused sustainability lens, exploring the ecological and ethical considerations involved in using each fibre type as well as presenting the numerous possibilities that fabrics offer to the design process.

All the sections have been revisited and areas covered in greater depth include developments in 3D fully-fashioned knitting, new low-energy, water-free fabric dyeing and finishing processes (which have little to no impact on the ecosystem) and denim fabrics. Biosynthetic fibres – in particular groundbreaking innovations in biofabricated fibres – are discussed in detail at the end of the book.

‘The future of fashion lies in fabrics. Everything comes from fabrics.’

Donna Karan

Fabrics: the raw material of fashion

Throughout history, people have clothed themselves in fabrics made from animal and plant fibres. The invention and development of spinning, weaving and knitting techniques created a variety of fabrics to suit our needs, from functional workwear cloths to elaborate textiles used to display wealth or rank, or to express style.

In the late nineteenth century, the public’s desire to own unaffordable fabrics such as silk started the race to invent man-made alternatives. Twentieth-century developments, on the other hand, were geared towards what were marketed as labour-saving fabrics. Brand names such as Dacron®, Terylene, Orlon® and Acrilan® are examples of materials made from the main group of synthetics such as polyamide, nylon, polyester, acetate and acrylic. The fibres and filaments were primarily derived from coal and oil-based raw materials. To compete, the cotton and wool trade organizations invested in fibre technology but never regained their early market share. As a result, natural fibres represent less than a quarter of today’s global fibre market. However, leaps in technology now offer blends of natural, synthetic and regenerated cellulose fibres as a means of combining nature with science to service the many different market demands.

In recent years, serious concerns around climate change, sustainability and the depletion of natural resources have accelerated research into regenerated and biodegradable synthetics. Complex performance and protective fabrics once used by athletes and the military are now in common use. Smart interactive fabrics, once considered science fiction, are part of modern life.

The responsibility of the fashion industry is to aim to deliver visionary solutions with a positive impact for the planet and its people.
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Virgil Abloh’s Louis Vuitton menswear Spring/Summer 2022 ‘Amen Break’ collection.






Sustainable fabrics for fashion
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The first decades of the twenty-first century have seen an increasing awareness of the severity of the climate crisis, an unprecedented global pandemic, and a surge in global activism challenging the racist colonial economic structures that perpetrate the ‘fashion business as usual’ model.

The fashion and textiles landscape is, however, undergoing change in response to the critical sustainability imperative outlined by the Intergovernmental Panel on Climate Change (IPCC) in its 2018 Special Report on Global Warming of 1.5°C [2.7°F]. The report’s key finding was that emissions reductions were possible, but that deep and far-reaching societal changes need to take place to avert runaway climate change.

Materials matter

Our unbalanced reliance on the synthetic group of fibres derived from petroleum, as well as the dominance of intensively farmed cotton (see here), led to comparatively little material diversity in textile markets for over a century. Spikes in oil and cotton prices, climate warnings and pollution alerts all contributed to an awareness that methods of production and processing had to change. Insufficient supplies of water forced, and continue to force, agricultural practices to change, and rising temperatures around the world have gradually redrawn, and will potentially continue to redraw, the map of global fibre production.

According to the Global Fashion Agenda (GFA) and recent forecasts, the world’s population will exceed 8.5 billion people by 2030. Global garment production will increase by 81 per cent and continue to depend on finite planetary resources. This is why the pace of transformation to responsible practices, to regenerative systems that repair damage to ecosystems, and a circular fashion system must accelerate rapidly.

New technologies and more responsible processing systems continue to be developed in response to growing concerns regarding our natural resources. Innovations in materials with a lower environmental impact have brought forward new raw-material developments, closed-loop regenerated fibres (where chemicals and water are captured and recycled) and sophisticated recycling systems and technologies in all fibre categories, accompanied by the drive to eliminate toxic chemicals for cleaner processing methods and to develop more sustainable agricultural practices for the production of natural fibres.
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Material choices




Research undertaken by Nike in the development of their Materials Sustainability Index (MSI), and that of the luxury brand conglomerate Kering, shows that up to 95 per cent of a product’s impacts can be attributed to material choices alone, so these choices really do matter.

The creation of Kering’s 2018 Environmental Profit and Loss (EP&L) report and, in 2019, the launch of a digital, interactive open-source tool, were pivotal in helping to transform the way the fashion industry both viewed the planet’s resources (as ‘commodities’ taken for granted) and how it interacted with this ‘natural capital’. By creating a series of environmental key performance indicators across the entire supply chain (including greenhouse-gas emissions, water use, water and air pollution), waste production and land use can be monitored and monetized with the tool. This innovative new system allows the fashion industry to evaluate and quantify its environmental impact. The system also aims to improve efficiency and to spotlight the precarious nature of the natural resources used, thereby encouraging their protection.
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A garment from Holly Bryant’s Bath Spa Graduate Fashion Week collection, made from recycled parachutes and denim.
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Satellite views showing the shrinking Aral Sea.
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Kuching, Malaysia, in 2015 – a tropical rainforest is destroyed to make way for oil palm plantations.




Our materials world




Ever since the introduction of the power loom in 1784, technology has been a major driver of change in the fashion industry – a link that continues today with the current digital revolution, as will be covered in the dedicated fibre-category chapters that follow in this book.

With the increased rate and volume of manufacturing that resulted from intensive farming and technological developments came the need to perpetuate the cycle; both functional and emotional obsolescence were built in, prompting the desire and need to replace fashion products to match escalating rates of production.

The mass-manufacture model for fashion and textiles, coupled with economies of scale and the advent of globalization, provided ever cheaper items and created excess stock. Brands chased the cheap needle around the planet, leading the fashion industry to multiply inefficiencies, perpetuate social injustices, and create catastrophic waste mountains in distant countries.

As we complete the first quarter of the twenty-first century, with electronic and IT systems and automation already embedded within the operations of most industries, we are experiencing the so-called Fourth Industrial Revolution: cyber physical systems and interactions across and between the physical, digital and biological domains. These technologies and interactions will potentially confer positive benefits from a sustainability perspective.



Sustainability

Sustainability is an overarching concept that encompasses environmental, social and economic considerations. In the case of fashion products, the raw materials and textile production are just part of a bigger picture. Waste-producing inefficiencies throughout the fashion system still proliferate, human rights abuses in sweatshops continue to be uncovered, and the production of fibres and materials contribute significantly to fashion’s ecological and social footprint.

The ever accelerating take-make-waste linear system, fuelled by the demands of fast fashion, is responsible for the depletion of natural resources, the pollution of ecosystems and the generation of waste mountains. In the early 2020s, a quarter of the raw materials used to make fabric in the fashion industry’s linear supply chain was wasted as fabric and garment leftovers (pre-consumer waste). This resulted in around US $500 billion worth of textile waste being landfilled or incinerated globally each year. And it is estimated that more than half of the fast fashion that is produced is disposed of in under a year. (Source: the Ellen MacArthur Foundation, A New Textiles Economy report, 2017)
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The current linear system for producing, distributing and using clothing. Large amounts of nonrenewable resources are extracted to produce clothes that are often used for a limited time, after which the materials are incinerated or landfilled. This linear system leaves economic opportunities untapped, puts pressure on resources, pollutes and degrades the environment, and creates significant negative societal impacts (adapted from A New Textiles Economy.)




Sustainable development




The ecological definition of sustainability originated with the Brundtland Report in 1987, which describes sustainable development as:

‘Development that satisfies the needs of the present without adversely affecting the conditions for future generations to meet their needs.’

The Brundtland Report highlighted the interconnectedness of economic, social and ecological processes and formed the foundation of the three-dimensional concept that was popularized at the 1992 Earth Summit in Rio de Janeiro.

In October 2015, more than 150 countries adopted the 17 Sustainable Development Goals (UNSDGs) to be achieved by 2030. The goals are broad and interdependent, encompassing directives to eradicate poverty, protect the planet and ensure prosperity for all by 2030. They established a framework with specific descriptors to support understanding and a shared language that is globally recognized.

The Textile Exchange, a global non-profit organization that works closely with its industry members to drive industry transformation in preferred fibres, integrity and standards, has also developed a curated set of resources to help organizations engage with the UNSDGs, leading many fashion brands to align their corporate social responsibility strategies and specific aspects of their operations to them.
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Environmental impacts

Nature provides the source for each garment that we choose to wear as our second skin. Fashion is made from nature and dependent upon it. Land, water, air and people form fashion’s supply chain, from growing to manufacturing, transportation and delivery into our hands and our everyday lives. (Source: Professor Dilys Williams, Centre for Sustainable Fashion)

Fashion and nature are inextricably linked; the fashion and textiles industries have a long history of plundering the natural world and have had a significant impact on flora and fauna through their effects upon biodiversity (the variety of plant and animal life in a habitat). The fashion industry has long been associated with negative practices, such as land clearance for intensive agriculture, and agricultural and industrial pollution, all of which contribute to climate change and lead to a loss of habitats and species globally. According to the nongovernmental organization (NGO) Canopy Planet, two-thirds of our ecosystems are exploited beyond their capacity. In the past 40 years, biodiversity has fallen by 30 per cent in northern hemisphere countries and 60 per cent in the tropics.

Deforestation is one of the key drivers of climate change, accounting for nearly 20 per cent of global greenhouse-gas emissions, and is also the cause of habitat loss for millions of species. It is estimated that around 120 million trees are cut down every year for viscose production.


[image: Illustration]

Recyling being carried out by the Valeco Group.



Throughout human history, animals have also been used as a raw material source for fibres and fabrics. Some of these remain in common use, for example wool and leather. Others, due to their rarity and cost, are used only in luxury items such as fur and cashmere. Broadly speaking, animals are used in one of two ways: they are slaughtered for their skin (for leather or fur) or they are reared for the material their coats produce (for example, wool, which is removed periodically from the live animal, or feathers, which are considered a by-product of food production). Organizations such as People for the Ethical Treatment of Animals (PETA) have shone a spotlight on cruel practices in the fashion supply chain. This spotlight has contributed to a growing vegan lifestyle that increasingly informs the contemporary consumer’s fashion choices.

The use of animal products in fashion has attracted much criticism, particularly regarding animal welfare and the uncalled-for use of animals to provide materials that in the twenty-first century may be seen as anachronistic, cruel and unnecessary from a practical point of view. The counterargument is that many animal products used in garment making, such as leather, feathers and down, are by-products from the livestock raised and slaughtered for meat production. However, they should really be viewed as co-products; these materials are often the most valuable part of the animal and, as such, can encourage cruel and unethical practices. Demand for these materials often fuels the intensive farming that is responsible for deforestation.

Social impacts

In the second decade of the twenty-first century, the global textile and fashion industry was estimated to be worth US $1.3 trillion, representing the second largest consumer-goods industry in the world. Around 60 million people work within this industry, and within manufacturing, the workforce is usually female, many of whom are paid less than half the amount considered to be a living wage. The extent to which modern-day slavery is endemic in the fashion industry is well documented. According to the Ethical Trading Initiative (ETI), over 70 per cent of fashion businesses suspect that slavery might be taking place in their supply chains. Cases of modern slavery continue to be reported, even in the developed world.

Many have cited the tragedy of the Rana Plaza factory collapse disaster in Bangladesh in 2013 as the shocking catalyst that triggered change and opened dialogue about drastic reforms to the methods used in the manufacture of fashion products. However, even in the wake of 1,138 workers losing their lives, and a further 2,500 being injured due to unsafe and unregulated working conditions, progress and reform within the textile manufacturing sector have been frustratingly slow.

What is undeniable is that ever-mounting critical awareness has propelled NGOs, industry visionaries and consumers to succeed in creating the conditions for change. Following the Rana Plaza tragedy, Orsola de Castro and Carry Somers founded Fashion Revolution, now a globally impactful nonprofit organization that believes in a fashion industry that values people, planet, creativity and profit in equal measure. It also believes that positive change starts with traceability and transparency (see here).


Climate and ecosystems




Anthropocene Denotes a new geological era. It defines the epoch in which human activity has been identified as the main driver of profound environmental changes to the earth.

Biodiversity Describes the variety of life on earth and its natural systems, including the variability of living organisms and the diversity within species, between species and of ecosystems.

Biogeochemical Refers to the cycle in which chemical elements and substances are transferred between living systems and the environment.

Biosphere integrity Refers to the original state of an ecosystem before human alterations were imposed. The loss of biosphere integrity is one of the planetary boundaries (see below) that we have now exceeded.

Climate change Describes a large-scale, long-term shift in global or regional climate patterns attributed to anthropogenic activity.

Deforestation This occurs when forests are cut down permanently in order to make the land available for other uses.

Desertification The process by which fertile land becomes desert, as a result of drought, deforestation or inappropriate agricultural use.

Ecosystems These are formed by the interaction of communities of organisms with their physical environment.

Greenhouse gases Gases that trap heat in the atmosphere, including carbon dioxide, methane, nitrous oxide and fluorinated gases. These all contribute to the ‘greenhouse’ effect that leads to a rise in global temperature.

Organic agriculture A system of agriculture that sustains the health of soils, ecosystems and people, relying on ecological processes, biodiversity and cycles adapted to local conditions, rather than the use of inputs with adverse effects.

Planetary boundaries A concept of nine earth system processes proposed in 2009 by a group of environmental scientists who defined the resilience boundaries of ecological systems to recover from man-made pressures and depletion.

Regenerate To revive or restore.

Regenerative agriculture A system of farming principles and practices that seeks to rehabilitate and enhance the entire ecosystem of a farm by placing a heavy premium on soil health, with attention paid to water management, fertilizer use and more. It is a method of farming that improves the resources it uses, rather than destroying or depleting them.



Closing the loop

In regard to sustainability impacts, the most powerful and positive outcomes can come from the materials that our industry uses.

For creatives, materials represent the beginning of the product design journey, embodying tactile promise and expressing the creativity, substance and birth of new fashion products. However, materials also have massive environmental and social impacts across the supply chain.

In recent years, new developments and systems-thinking solutions have worked towards closing the loop in the use of materials and towards developing a more diverse materials future. There has been a surge in revisiting traditional natural-fibre sources, in ingenuity with agricultural waste streams, and in recycled and biomaterial innovations (a material created from pre-existing biological content) that ingeniously repurpose and regenerate materials.

If natural raw materials are sourced from regenerative and restorative farming systems, the fashion industry can contribute significantly towards mitigating the climate crisis and deliver benefits for nature and people. It is estimated that 30 per cent of the need for climate change indicators to remain within 1.5 degrees C (2.7 degrees F) can be met through ‘nature-based solutions’, such as regenerative agricultural systems. This means actively engaging in positive sourcing and practices that diversify the fibre basket. It also means limiting and tackling waste streams intelligently.

Diversifying the global fibre basket

Current global textile-fibre demand is lacking in diversity and dominated by two unsustainable raw material sources: conventionally grown cotton and non-renewable petroleum-based synthetics. Cotton accounts for almost a quarter of that demand, with only around 1 per cent of world demand currently organically farmed. Non-renewable petroleum-based synthetics account for two-thirds of global fibre demand. The environmental impacts of these two raw materials alone are catastrophic and have been well documented by ecological organizations.

Conventionally grown cotton

Intensive cotton farming is thirsty and dependent on chemical fertilizers and pesticides. It has decimated swathes of land, threatened ecosystems, biodiversity, human health and water supplies. Human rights abuses also continue to pervade the cotton supply chain.

Genetically modified (GM) cotton, originally hailed as the pest-resistant future of cotton farming, continues to be dependent on toxic pesticides. It encourages monoculture (the cultivation of a single crop in an area) and threatens biodiversity and soil health. It also prevents farmers from propagating their own crops, as the costly new GM seed has to be purchased each season. The total area of land dedicated to growing cotton has not expanded to a significant degree over the last hundred years, but in that time output has increased threefold.

We have now arrived at peak cotton production. As demand increases with a growing global population, the pressure places stress on food agricultural land, but also presents opportunities to explore alternative sources of cellulose, such as pre- and post-consumer waste-recycling technologies, historic plant fibres, and innovations in agricultural waste feedstock (see here), to ease the reliance on virgin cotton fibre.
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It is estimated that replacing conventional cotton with its organic alternative can save 62 per cent of the primary energy demand.

(Source: Global Fashion Agenda, Pulse of the Fashion Industry report, 2018)

Petroleum-based synthetics

Representing two-thirds of global fibre demand, polyester, acrylic and nylon are all plastics. The process of extracting and turning fossil fuels into textiles for clothing (see here) releases significant amounts of greenhouse gases. Moreover, the equivalent of more than 3 trillion plastic bottles is required to produce plastic-based clothes every year. An over-reliance upon cheap non-renewable petroleum-based synthetics, and the disposable culture that cheap products encourage, has also contributed to suffocating quantities of textile waste, since petroleum-based textiles are not safely biodegradable.

Recent research has uncovered the issue of microfibre shedding from synthetic fibres. The term microfibre is used to describe fibres that are shed from clothing during production, consumer use or end-of-life. These microfibres enter the sewage system where many are too small to be collected by waste-water treatment plants. Even those microfibres that are captured can still end up in the ocean because treatment plant sludge is frequently used as a fertilizer on fields, from where it enters waterways and, eventually, the sea. The concern with these microfibres is around their potential impacts on human health, marine life and the environment.

While all fabrics and fibres shed, whether they are natural or synthetic, microplastic pollution poses the greater threat to biodiversity. Research undertaken by universities around the world is expanding understanding of the scale of the problem and the impact it has upon the environment and wildlife throughout the food chain. Patagonia, a sustainable clothing pioneer, continues to support and communicate research in this area and reports upon emerging solutions – from washing-machine filtration systems to the Guppyfriend Washing Bag and Rozalia microfibre-catching laundry ball.

It has been estimated that 1.4 million trillion microfibres are currently in the oceans and, if the fashion industry continues in a business-as-usual scenario, between 2015 and 2050, 22 million tonnes (metric tons) of microfibres will enter the oceans.
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Outdoor specialist Patagonia’s Guppyfriend Washing Bag.




Material categories




To begin to understand the various environmental and social impacts associated with different fibres, the materials matrix provides a useful tool to help categorize fibre types and point to the sources of the most widely used materials. It promotes understanding of the provenance of a raw material, therefore prompting the first questions regarding sustainability impacts. Broadly speaking, textile fibres and materials can be organized and categorized into the groups shown on the materials matrix.



Reducing water and chemical pollution

The dyeing and finishing of textiles accounts for up to a quarter of all industrial water pollution. Environmentalists have identified 11 groups of hazardous chemicals widely used in the fashion industry that are of particular concern due to their effects on human health and the environment.

Chemical management and transparency impacts every element of the supply chain, since the presence of toxic chemicals also makes materials and garments unsafe for recycling, preventing them from use in a circular design system. Currently, in the post-user phase, the majority of textiles end up in landfill or are incinerated. Substances of concern contained in the textiles (residual dyes or chemicals, for example) can leak out of the textiles as they degrade into the environment.
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Indonesian models with gas masks wear dresses by Hanna Farhana (centre) and Felicia Budi, in Java, Indonesia, 2015. Organized by Greenpeace, the fashion show highlighted the heavy water pollution caused by textile mills supplying local and international fashion labels.



The ‘Detox My Fashion’ campaign, initiated in 2011 by the environmental NGO Greenpeace, pressured the global textile industry – the second largest polluter of fresh water globally – to eliminate the use and discharge of hazardous chemicals. Crucial initiatives have emerged subsequently from this, including the Zero Discharge of Hazardous Chemicals (ZDHC) and Manufacturing Restricted Substances List (MRSL), as well as tools to automate chemical inventory checks and isolate and remove toxic chemicals. The ZDHC Roadmap to Zero programme is an industry collaboration of major fashion brands and retailers, value chain affiliates and associates, working together to eliminate hazardous chemicals by identifying substances of concern wherever they appear in the supply chain, and creating roadmaps to remove them from the global textile, apparel, leather and footwear value chain. ZDHC’s mission is to enable these industries to implement chemical management best practices and advance towards zero discharge of hazardous chemicals.

Circular systems

A circular system is one that seeks to keep all resources in use for as long as possible. The system aims to bring products back into the material phase of manufacturing so that the resources invested in creating the materials are utilized perpetually, dramatically reducing the need for virgin materials. For designers and brands, best practice is to make material choices that promote design for longevity and maximize a product’s embodied energy and resources for as long as possible.
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‘Ambitions for a New Textiles Economy’. Ellen MacArthur Foundation, 2017.



The 2017 Ellen MacArthur Foundation report A New Textiles Economy critiqued the broken linear business model of textiles production and laid out a groundbreaking blueprint for a new textiles economy based upon the principles of a circular economy espoused by the authors Michael Braungart and William McDonough in their book Cradle to Cradle. Cradle to Cradle (C2C) is a regenerative approach to the design of products and systems that uses nature’s processes as a model. Materials are viewed as either biological or technical nutrients circulating in healthy, safe metabolisms. Biological nutrients are defined as organic materials that can be disposed of in any natural environment and decompose into the soil, providing nutrients without affecting the natural environment. Technical nutrients are strictly limited to non-toxic, non-harmful synthetic materials that have no negative effects on the natural environment; they can be used in continuous cycles as the same product without losing their integrity or quality. This way, materials can be used over and over again instead of being downcycled into lesser products.

The New Textiles Economy report, and the annual Global Fashion Agenda’s Pulse report, have also paved the way for dialogue about the materials mix and identified areas for potential investment and innovation. They have highlighted where the creation of new sustainable textiles is crucial to the aim of complete circularity within the industry, and provided toolkits for design and recommendations to achieve this, including improved recycling.


Circular systems terminology




Biodegradeability The ability to break down and return to the biosphere, given the right conditions and presence of microorganisms, fungi or bacteria. Unfortunately, many materials, even those with a biodegradable label, may break down and leave harmful chemicals or other damaging substances in the soil.

Cascading Extracting maximum value from a material through alternative uses across value streams.

Closed-loop processing In textile production, this refers to the capture and reuse of processing inputs, such as chemicals and water, that are usually expelled into the environment.

Closed-loop recycling Recycling a product and manufacturing it into the same product again and again.

Design for disassembly A design principle that calls for end-of-life options for how the product, components and materials can be deconstructed.

Downcycling (or cascading) The recycling of waste materials or products where the recycled material produced is of a lower quality and functionality than the original material.

Recycling The collection and reprocessing of a waste product so that it can be used again. Recycling can also be defined as returning a resource to a previous stage in its cyclic process.

Regenerative design A process-oriented whole systems approach to design. The term ‘regenerative’ describes processes that restore, renew or revitalize their own sources of energy and materials. Regenerative design uses whole systems thinking to create resilient and equitable systems that integrate the needs of society with the integrity of nature.

Reuse The action or practice of reusing an item, possibly to fulfil a different function. Taking, but not reprocessing, previously used items helps save time, money, energy and resources.

Upcycling The process of transforming by-products, waste materials or unwanted products into new materials or products perceived to be of greater quality.



Sustainable systems thinking

Systems thinking is the process of understanding how things influence one another within a whole. In nature, systems thinking examples include ecosystems in which various elements, such as air, water, plants and animals, interact together to survive, flourish or perish. It is an approach that helps to view systems from a broad perspective that includes seeing the interrelationships, patterns and cycles between living systems.

A sustainable systems thinking guide for fashion enables the implementation of considered design and sourcing. It supports design thinking (a human-centred creative problem-solving process), conscious sourcing practices and engagement with key sustainability issues, encouraging interrogation of suppliers’ raw materials, production processes and finished material products.

The prompts in the five key points below encourage designers to think about their own approaches to materials sourcing and product creation. They invite designers to query their choices and suppliers, and question what impacts may occur at various stages in the supply chain.

Properties: Think beyond aesthetic and tactile considerations of the fibre and material. What are the attributes of the fibre? Does the fibre or material choice meet functional purposes and promote product longevity?

Provenance: Question where and how the raw material is grown or produced. Ensure the raw material does not compromise food agricultural land, or human or animal ethics. Is the raw material safe and from restorative, regenerative, renewable or recycled sources?

Processing: What processes take place to convert the raw material into a finished product? Query energy type and use, chemical processes, water use and how effluents are managed in relation to impacts upon wildlife and communities.

Potential impacts: Identify, trace and assess the key impacts upon land use, biodiversity, water, energy, solid and chemical waste management, animals and the communities that produce them, in order to identify preferred materials and to inform strategies for future improvements.

Post-life: At the design stage consider the end-of-use phase and ensure that the materials, components or end products are able to be disassembled, recycled or may safely biodegrade, acting as a nutrient for the next life cycle. Identify collaborators, such as waste recovery organizations, to ensure these opportunities are available.

Recycling

Using recycled fibres is a responsible solution to help slow the depletion of natural resources and reduce the amount of textile waste going to landfill or incineration.

There are two types of waste or ‘input’ that can be used for recycled fibres: post-consumer waste, which is collected from used and discarded clothing, and post-industrial waste from material collected at the product manufacturing stage. The latter can include fibres from spinning, cutting room waste and fabric remnants.

Creating circular recycling systems requires innovation both at the material level and at the systems level, and looks towards a future where recycled and recyclable textiles utilize the value locked into our waste streams.
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‘Circular Economy Systems’. Ellen MacArthur Foundation, 2019. Drawing based on Braungart & McDonough’s Cradle to Cradle (C2C) theory.



Aside from the production of new sustainable textiles, clothing and fibre reclamation and repurposing is integral to reducing the industry’s impact on our diminishing natural resources. Textile innovators have developed processes to recapture up to 99.9 per cent of the polyester and cellulose from cotton fabrics, to be reintroduced into the polyester and viscose supply chains. New chemical recycling technologies have been developed, and continue to be developed, to close the loop on recycling systems. Chemical processes benefit from maintaining fibre quality throughout recycling, meaning that resulting fibres are not necessarily downgraded – one T-shirt can be transformed into another T-shirt of equal quality, for example. Mechanical recycling is also increasingly used, especially in the denim industry, resulting in knits and woven fabrics that do not require excessive water or additional dyeing.

There have also been ingenious developments in identifying sources and systems for harvesting waste and repurposing it into high quality, functional and even luxurious fibres. Ocean plastic, PET bottles, recycled fishing nets and plastic waste collected by networks of fishermen can even provide supplementary income from a different kind of catch. For example, Econyl® have collaborated with Prada to replace their iconic nylon accessories line with genuine recovered ocean plastic material. Parley for the Oceans have collaborated with Adidas to create an ocean plastic trainer (sneaker).

There are now recycled fibre options in all fibre categories that utilize increasingly sophisticated chemical and mechanical separation technologies: recycled cotton and wool, regenerated cellulosics, polyester and nylon. However, the share of fibre-to-fibre recycling is still very low, estimated by the Ellen MacArthur Foundation at below 1 per cent of textiles produced.

For many years, Greenpeace has called upon the fashion industry to slow down the flow of materials and rethink the way it does business. With its 2017 publication Fashion at the Crossroads, it incisively challenged the way in which a circularity model focused only on short-term waste approaches was being promoted as the latest ‘quick fix’ to enable business as usual, failing to address the systemic change needed to stem the sheer volume of products and resulting waste created by the fast fashion system.

Guaranteeing standards

Today’s globalized fashion industry, with its complex network of supply chains, means that a fashion product can travel to a multitude of locations around the globe on its manufacturing journey. Following the Rana Plaza tragedy, it became evident some companies did not have contracts with the factories operating in the building, yet clothing with their brand labels were found in the wreckage. These brands had contracts with factories that may have been illegally sub-contracting work to unmonitored factories in Rana Plaza. Unfortunately, this type of ‘non-compliance’ is only too common, with less visible suppliers often failing to meet social and environmental standards. Fashion companies cannot afford not to know what is happening across a supply chain from fibre to final product. When shocking practices come to light, consumer trust in a brand is eroded, and it becomes ever more critical to assure responsible supply chains through certifications and traceable and transparent assurances and communication.

Certifications

Certifications are essential to support sustainable fabric sourcing, and guarantee a variety of impacts, from aspects such as raw material farming to animal ethics, recycling standards and safe chemical use. Environmental and social certification systems have been around for some time, but now some of the leading systems are becoming innovative in how they work in order to have more impact for smallholders, linking organizations so that initiatives assuring ecological standards can, for example, join with social programmes. The matrix of the key globally recognized textile certifications, which include verified environmental and social aspects by external organizations, are listed on here.

Many of these certifications assure chain of custody – guaranteeing the integrity of the use of a defined raw material through all stages of production, from the raw material itself to the finished product – and should be third-party verified. According to the Textile Exchange, the use of standards is increasing year on year, and the availability of traceability systems is also growing. The number of facilities certified to sustainability standards, such as the Global Organic Textile Standard (GOTS), Global Recycled Standard (GRS) and Responsible Wool Standard (RWS), is also increasing.
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Provenance.org allows brands to make the sourcing and impact behind their products transparent. It enables consumers to access and trust in business sustainability efforts.



Traceability and transparency

Traceability and transparency require the disclosure of product information, such as material sources, manufacturers and other suppliers, in order that all stakeholders (those involved in the chain), including the consumer, have access to a complete and accurate picture of the ethical and environmental impact of a product. They require that brands know who makes their clothes: from who farmed the cotton, for example, through to who dyed the fabric and stitched the garments, and under what conditions. Crucially, they require brands share this information publicly. Both traceability and transparency support visibility throughout the textile and clothing value chains and, therefore, contribute to building trust between stakeholders.

Technology will play an increasingly important role in traceability, transparency and the future of sustainable textiles. New Web-based tools track and map where products are made by collecting and making available open-source data. One example is blockchain technology, a digital ledger where data is entered into ‘files’ that cannot be edited once logged. This forms a chronological chain of independent activities in the supply chain that allows all stakeholders to see what is logged at any moment in time. It is important to note, however, that the quality and accuracy of the data is crucial. Third-party verification is needed for objective and accurate data, and is difficult to confirm in relation to physical goods.

Innovators have also developed tagging hardware, including washable radio frequency identification (RFID) tags, invisible fluorescent materials, QR codes, artificial DNA and microbiome technologies at the fibre level, providing textiles with a unique code that can be scanned and identified throughout the product’s life cycle.

This supply chain monitoring tracks textiles and apparel from raw material sourcing to end-of life, with the goal of preventing waste and boosting efficiency. These solutions can provide benefits across the supply chain:

• Suppliers and manufacturers can validate the origin and composition of textiles.

• Brands can validate sustainability claims and understand (and improve) their supply chains to ensure efficiency and resilience.

• Consumers can check and compare the credentials of products, creating a competitive advantage for brands who can be transparent about their supply chains.

• Additionally, counterfeiting costs the fashion industry US $450 billion a year. By assigning a unique identity to garments, material origin and composition can be validated and guaranteed, for example, to verify that 100 per cent Egyptian cotton is genuine or that wood feedstock for viscose is from a certified non-endangered forest.

In 2020, Fashion Revolution announced a new addition to their ‘Who Made My Clothes’ consumer-facing initiative to leverage change in the industry. The ‘What’s in My Clothes’ campaign focuses on raising consumer awareness of materials, spotlighting the lack of information on garment labels.
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Katharine Hamnett wearing a message T-shirt.



Driving change

The pressing need to change the way clothing is made has led usually fiercely competitive commercial rivals to collaborate in the spirit of ultimate benefit for all. Fashion activists and visionary designers are also driving change to reduce the environmental impact of the textile and fashion industries.

Collaboration

The Sustainable Apparel Coalition (SAC) is a global industry-wide collective of over 80 companies, representing almost one-third of the world’s apparel production, who understand the urgency and opportunity facing the fashion industry’s environmental and social challenges. The collective includes Marks and Spencer, Nike, Puma, Gap, H&M and Burberry, as well as government, educational and non-profit organizations. The SAC has developed a tool, the Higg Index, that measures the impacts of textile products across the supply chain. The intention of SAC is to drive improvements and innovation in the global apparel and footwear supply chains. The selection of raw materials is a priority in the Higg Index, which for most brands is an achievable start towards making changes. The index is already used by some pioneering brands and has proved a useful environmental indicator, aiding better decision making, improving supply chain issues and reducing impacts upon the environment. It also assists in the design process and product creation, and determines better production strategies.
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Vin + Omi, London Fashion Week, 2019. The eco-friendly fabrics used by the brand are made from nettles that are harvested at the estate of the Prince of Wales, a passionate ecologist.



Fashion activism

As a result of the political shocks and instability that drove the 2010s, considered by many the ‘lost decade’ of climate action, massive protests and unrest spread all over the world. For example, Extinction Rebellion, a global environmental movement that compels government action to address the global climate emergency through public action, was formed in 2018. Between 20 and 27 September 2019, more than 7.6 million people took to the streets to demand measures to address climate change and political inaction. This series of international strikes across the globe became one of the biggest mobilizations of people in history. One month later, California became the first state to ban the production and sale of fur products by law.
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Extinction Rebellion protesters at London Fashion Week, 2019.



It is a matter of urgency that the fashion industry ends its reliance upon intensively farmed cotton and fossil fuels, both as an energy source and as raw materials for petroleum-based synthetic materials. Investment in the harvesting, remaking and diverting of existing waste is also crucial.

The visionary designers and brands of the future are those who realize that fashion holds the power to have a positive impact upon the natural world and global communities, by working with safe and renewable materials, and via implementation of responsible practices throughout the whole fashion value chain.
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‘Fashion: Circus of Excess’, Oxford Circus, London, 2019 – a silent fashion show organized by the Extinction Rebellion Fashion Action group. The show highlighted the role consumer behaviour plays in fuelling the climate crisis and ecological emergency.



The materials landscape of the future will see increasingly sophisticated recycling technologies and the use of agricultural waste streams as feedstock for new man-made regenerates (see here). Biosynthetic materials will continue to proliferate and take over from petroleum-based synthetics, as the result of interactions between designers, bioscience and technology, emerging from the nascent field of biodesign (see here).




Fibres to fabrics




[image: Illustration]

Yarns or threads, visible in these frayed fabric edges, can be made of both natural and man-made fibres. Colour can be applied to either finished fabric or the yarn, which is then knitted or woven together to make the fabric.



As an introduction to the world of natural fabrics, this chapter examines the processes involved in the manufacturing of textiles, from the raw fibre right through to the finished material, ready to use. It is a generic account irrespective of fibre category, whether derived from animal or vegetable sources. Each fibre type will be examined in detail in its respective chapter.

Fibre to yarn

The term fibre can be applied to animal, vegetable or mineral substances, and it describes a long, thin, flexible structure. Fibres exist in a natural or synthetic form and can be processed into yarns.

Yarn

Yarn and threads are lengths of spun or extruded fibres. The term yarn is used when describing the fabrication processes of weaving or knitting fabric. Thread is used to describe the material, natural or synthetic, used in the construction process of sewing fabric together. Yarns and threads are produced by one of two processes: spinning or extrusion.

With the exception of silk, all natural yarns are spun. Spun yarns are staple fibres of short lengths that are twisted (spun) together to produce continuous yarn or thread for knitting, weaving or sewing. Spun yarns have better insulative (heat loss prevention) characteristics due to the space between the fibres.

Man-made yarns and silk are filament yarns. Silk is derived naturally as a filament; the filament is extracted from the cocoon by reeling (see ‘Silk production’, here). Man-made yarns are extruded through a spinneret as a solution that then solidifies into fibre. Man-made fibres are more uniform, resist the formation of surface balls (pilling), and can be textured with heat or chemicals for surface interest.
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Wool fibre dyed in a range of glowing autumnal shades in preparation for the spinning process. This image captures the characteristic springy ringlets of wool fibre.



Carding

Carding is the process of brushing raw or washed fibres to prepare them for spinning. A large variety of fibres can be carded, including all animal hairs, wool and cotton. Flax is not carded, but is threshed, a process of beating cereal plants in order to separate the grain from the straw. Carding can also be used to create mixes of different fibres or colours.

Hand carding uses two brushes that look a little like dog brushes. The fibres are brushed between them until they all align, more or less, in the same direction. The fibres are then rolled off the brushes and evenly distributed into a rolag, a loose roll of fibres, ready for spinning.
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Hand carding and blending fibres. Photo: Association of Guilds of Weavers, Spinners and Dyers.



The machine-carding device is called a drum carder and can vary in size from tabletop to room size. The fibres are fed into a series of rollers that straighten and align them. When the fibres are removed from the roller drums they form a flat orderly mass known as a bat.
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Blending fibres with different characteristics creates innovative new yarns that can embody the best aspects of each fibre. The mixture of alpaca and silk in this example creates a mélange of both texture and colour; the alpaca lends warmth and softness, while the silk provides lustre.



Combing

Combing is usually an additional operation after carding, and gives a better, smoother finish to the fibres and to the eventual fabric. Combs are used to remove the short fibres, known as noils, and arrange the remaining fibres in a flat bundle, all facing in the same direction.

Spinning

Twisting fibres together by spinning binds them into a stronger, longer yarn. Originally fibres were twisted by hand, then a hand-held ‘stick’, or spindle, made the process a little more comfortable. The invention of the spinning wheel allowed for continuous, faster spinning. Used in a domestic environment, spinning wheels were hand or foot operated. Water-driven spinning machines were followed by steam-driven machinery, which took domestic spinning out of the home and into the factory. The invention of electricity made the spinning process much more sophisticated and, with the exception of handicraft spinning, made it a full-time commercial enterprise.
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Hand spinning – in this case, llama wool in Peru – is a labour-intensive process that is today only practised for specialist craft purposes. The yarn is spun by means of a hand-held wooden spindle, using methods that remain fundamentally unchanged since early spinning techniques that predate the spinning wheel.



Twist and ply

The direction in which the yarn is spun is called twist. A ‘Z’ twist shows a right-hand angle, while an ‘S’ twist has a left-hand angle. The tightness of the twist is measured in TPI (twists per inch).

Two or more spun yarns may be twisted together to make a ply, a thicker yarn, or as a way of introducing an alternative yarn to create a mélange effect.
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Plying yarn. A simple ‘S’ twist with two single yarns, an ‘S’ twist with three single yarns and a ‘Z’ twist with two two-ply yarns.




Useful fibre and yarn terminology




Blend A yarn containing two or more different fibres.

Bouclé yarns Curled or looped yarns.

Cellulose fibres Natural and man-made fibres regenerated from plants.

Chenille yarn Woven fabric is cut into warp strips and used as yarn, which has a velvet-like, ‘caterpillar’ appearance.

Cotton system A spinning system for cotton and similar fibres.

Crêpe yarn A highly twisted yarn with a granular texture.

Crimp A natural or artificial wave to a fibre or yarn.

Elastane A generic name for stretch yarn.

Filament A single, continuous strand of fibre. Any man-made yarn of one or more strands running the entire length of the yarn.

Hank An unsupported coil of yarn. The two ends are tied together to maintain the shape. Also called a skein.

Marl yarns Two different-coloured yarns twisted together.

Metallic yarns Yarns containing metal threads or metallic elements.

Roving A long ,narrow bundle of fibre with a slight twist to hold it together.

Scouring The removal of natural fats, oils and dirt from a yarn.

Skein A coiled yarn with tied ends to keep the shape.

Tow A mass of man-made filaments without twist.

Yarn count A numerical expression for the size of a yarn, denoting a certain length of yarn for a fixed weight. The higher the count, the finer the yarn.



Fabric construction

Fabric is a flexible material comprised of natural or artificial fibres that have been spun into threads or yarns. Textile fabric can be manufactured in several ways. The primary techniques are weaving or knitting, although yarns can also be knotted or interlaced, for example by crocheting, lace making or macramé. Felting, the process of pressing together and matting fibres so that they interlock, is another alternative.

Weaving

Weaving is the process of interweaving two sets of threads, the warps (vertical) and the wefts (horizontal), on a weaving loom. Three basic weave types, plain, twill and satin, form the majority of woven fabrics. There are also several alternative weaving techniques that create more complex fabrics.
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A weaving frame.



Plain weave

Plain weave is the most basic and possibly the oldest type of weave construction. The warps and wefts criss-cross each other at right angles, with each weft thread passing over one warp thread then under the next warp thread. Plain weaves are sometimes referred to as taffeta weaves.

A plain weave can be coarse or smooth in texture, depending on the fineness or coarseness of the thread count used to weave the fabric.

Basket weave is a variation on plain weave, where two or more threads are bundled together and woven as one in the warp and weft directions, resulting in a more pronounced ‘basket’ construction.

Types of plain-woven fabrics include chiffon, organza, taffeta and canvas.
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Plain weaves. Weft threads pass under and over alternative warp threads, forming a criss-cross construction.



Twill weave

Twill weave has a visual diagonal line or rib effect, caused when the weft yarn crosses over and under two or more warp yarns. The diagonal line may also be referred to as a wale. The visual effect is most obvious on a heavyweight cotton fabric. By contrast, on a lightweight shirting cotton the diagonal rib will be hardly visible.

Unlike plain weaves, twill-weave fabrics have a different appearance from the face (right side) to the reverse or back, the face side having the more pronounced wale. Twill weaves are harder wearing than plain weaves of the same yarn and count, and are therefore particularly suited to utility wear. Denim is possibly the most famous of all the workwear fabrics, and true denim is of twill-weave construction.

Any fibre type can be woven in this way; however, the term is generically used to describe cotton fabrics.

Twill fabrics are more pliable and have a better drape than similar plain-weave fabrics, and they also tend to recover better from wrinkles. Higher/finer yarn counts (yarn thicknesses) can be used for twill weaving and can be packed much closer together, therefore producing higher-count fabrics that are more durable and water-resistant. An example is the traditional Burberry trench coat, which was designed and made for army officers and worn in the trenches of World War I.

Types of twill-woven fabrics include serge, flannel, denim, gabardine, cavalry twill and chino. Traditional iconic herringbone and houndstooth design fabrics, as well as Scottish tartans, are all of twill-weave construction.
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Twill weaves. Weft threads pass over and then under two warp threads (2x2 twill) and are staggered by one thread per row, creating the visible diagonal construction. If the wefts pass over three and under one (warps) it would be referred to as 1x3 twill.
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This striking rescaled houndstooth abandons its tailoring connotations when expressed in oversized sequins. This A-line shift with cut-out shoulders references 1960s op art aesthetics. From the Autumn/Winter 2008 collection by Ashish.
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An updated classic houndstooth fabric from Linton Tweeds.
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Designer Derek Lam sculpts and feminizes the appeal of this traditional wool herringbone, a fabric that is usually associated with men’s outerwear.
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The alternating diagonal ribs of this traditional woollen tweed, with a twill-weave construction, are executed in two colours, creating a classic herringbone design. The scale of design and the contrasting colours offer endless possibilities.




Upcycling




This term describes the reappropriation of fabric that has already had one life for one purpose, and reworking, reassigning or reinventing it to give it a new life, serving a different purpose or aesthetic. Here, cotton twill is glamorized through this process. This conceptual evening dress from Gary Harvey Creative was constructed to showcase the concept of upcycling. Vintage Burberry trench coats are used to model the skirt. Raincoats were originally made from a tightly woven fine yarn-count twill weave to provide a drapeable and water-resistant fabric.

[image: Illustration]



Satin and sateen weaves

The most visible aspect of a satin weave is its high sheen, due to the way it reflects light. Sateen, in contrast, has a dull sheen and does not shimmer. Both, however, have a very smooth surface, due to similarities in the way they are woven. One has a predominance of warp threads to the face or right side of the fabric, while the other has a predominance of weft threads; this prevalence of threads running in a single direction accounts for the smoothness of the resulting fabric.
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This sample of sateen jacquard weave is a cotton-and-viscose blend. Viscose is a less expensive alternative to traditional silk that offers similar visual characteristics. The sheen is achieved by a combination of the sateen weave and the viscose fibre; the cotton component of the design has a more matte finish.



The construction contributes to level of sheen in the fabric, but the deciding factor is the choice of fibre. Historically, silk yarns were used to weave satin fabrics, while cotton was used for sateen. Today, high-quality satin is still made from silk, while less expensive alternatives utilize man-made fibres. Cotton or cotton-rich yarns are used for sateen.
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A magnified image of cotton sateen, showing a predominance of weft threads to the face of the fabric. In this example, each weft loops over four warps. It is this predominance of wefts to the face side of the fabric that gives sateen its smooth finish and helps reflect the light, resulting in its characteristic sheen.



Pile weaving

When pile weaving, the warps that will eventually create the pile are woven over rods or wires that have been inserted into the gaps or ‘loops’ of the raised alternative yarns. These then lie in loops over the rods. When the rods are removed, the loops can be cut to create a pile fabric, or left intact to create a loop-back fabric. Velvet and corduroy are examples of pile woven fabric.


Corduroy




Corduroy is described using the term wales; as mentioned, these refer to the raised ridges or ribs that run vertically down the fabric, parallel to the selvedge. The wider the wales, the lower the numerical expression, and vice versa. The number of wales that fit into 1 inch (2.5 centimetres) is the wale count – so, for example, 21-wale corduroy indicates there are 21 wales per inch (2.5 centimetres). Counts vary from 1.5 to 21; 16 and smaller can be referred to as pin cord, while 3 and under is sometimes referred to as elephant or jumbo cord. Corduroy was originally made from cotton. Bedford cord has a flatter surface with a minimal raised wale, originally made from cotton or wool.
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Double-cloth weaving

Double-cloth weaving creates a fabric that has two face or right sides (double face) and no wrong or reverse side. The fabric is constructed by using several sets of warps and wefts, interconnected to form a cloth of two layers held together by additional binding wefts.

Examples of double-cloth weaving date back to pre-Columbian Peru, where cotton and alpaca yarns were woven to create a warm alpaca outer layer and a comfortable cotton under layer, all as a single fabric.
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A Gloverall double-faced check-back cloth. The cloth is woven and held together with draw threads. After being woven, the cloth is teasled up to create a face pile, then it is cropped/brushed and finally finished off. The little torn threads on the edge of the solid red face side of the fabric are the draw threads that hold the two sides together.



Double-cloth weaves make up well into self-lined or double-faced coats and jackets, closed off with quasi-invisible hand stitching that eliminates the need for facings or bindings to finish off the raw edges.

Examples of double-cloth weave include brocade fabric, blankets and satin ribbons.
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A men’s silk velvet quilted baseball-influenced jacket and multicoloured straight-weave trousers by Ioannis Dimitrousis. The sporty styling lends this traditionally luxe woven pile fabric a casual appeal.



Jacquard weaving

The jacquard loom enables the automatic production of an unlimited variety of designs. Prior to the jacquard process the warp ends had to be manually selected and lifted by a second operator apart from the weaver. This was a slow and labour-intensive process that limited the complexity of the design. With the jacquard loom, selected warps are programmed to lift independently of each other, thus creating far greater versatility of design.

This form of weaving was developed and perfected by French inventor Joseph Jacquard (1752–1834), at the advent of the nineteenth century. The mechanism allowed for the production of sophisticated patterns without lengthy, repetitive manual processing. The original machines were mechanical, with the fabric design punched onto cards that were joined to form a chain that would direct the machine. In the early 1980s, Italian manufacturers introduced the first electronic jacquard machines.
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A jacquard loom showing the production of a complex double-layer jacquard weave. Photo: Confédération Européenne du Lin et du Chanvre (CELC) Masters of Linen.



The term jacquard is not specific to any loom, but indicative of the added control mechanism that automates the design. It refers to a type of weaving process and is also descriptive of a type of fabric. The term can be applied to both woven and knitted fabrics, as well as some fully-fashioned knitwear.
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The floral pattern created by a jacquard loom is apparent in the light-reflective satin weave and contrasting plain weave in this Alexander McQueen oyster silk jacquard dress with tulle underskirt.



Tapestry weaving

Considered an art form, tapestry weaving is done on a vertical loom. It is sometimes called weft-faced weaving because all the warps are hidden, unlike fabric weaving, where both the warps and the wefts may be visible. By only having the wefts visible it is possible to create more precise designs. Historically, the imagery was usually pictorial and very often allegorical. Kilims and Navajo blankets and rugs are all forms of tapestry weaving.

Ikat weaving

Before weaving, the warps or wefts used for ikat fabrics are dyed different colours at predetermined intervals along their length, using resist dyeing or tie-dyeing. The term ‘double ikat’ indicates that both wefts and warps have been dyed.

If the dyed threads are warps, the pattern is visible to the weaver, who can adjust them to line up with each other. In some cultures the patterns will be aligned to perfection, while in others misalignment is preferred. Weaving with dyed wefts makes it much harder to control the design, so this technique is used when precision is not the objective. Double ikats are the most difficult to produce. The most precise forms of ikat weaving are the Japanese oshima and kasuri.

There is evidence of ikat weaving having been used in pre-Columbian Central and South America as well as many regions of South and East Asia. However, the name ikat has its origins in the Malay language. Today, through extensive common usage, the word describes both the weaving technique and the fabric itself.
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A silk skirt by Tamerlane’s Daughters, a brand launched in 2004 by Karina Deubner. The ‘blurred’ edge of the woven motif here is characteristic of ikat weaving. Deubner’s own European and Asian background influences the signature aesthetic of cultural fusion that her unique pieces embody. The label pays homage to traditional crafts and vanishing cultures by creating one-off pieces incorporating nineteenth-century textiles from Central Asia and Europe.




Useful fabric-construction terminology




Bias Fabric cut at 45 degrees to warp and weft. This cut exploits the natural stretch of the fabric so that it drapes well over the curves of the body.

Cut pile Cut loops of yarn that form a pile, as with velvet and corduroy.

Drape The behaviour of a fabric, how it falls and hangs, and how it is affected by the yarn, weave construction, weight and finishing processes.

Grain The straight of the fabric or warp.

Handle (hand) The touch of the fabric – warm, cool, smooth, granular, fluffy, etc.

Left-hand twill Diagonal ribs run up from bottom right to top left on the face.

Loop pile An uncut pile fabric, such as towelling.

Nap The raised surface of a fabric.

Piece A complete length of fabric, as purchased from a mill or wholesaler.

Reversible Fabric that can be used either side up.

Right-hand twill Diagonal ribs run up from bottom left to top right on the face.

Selvedge (selvage) The firm side edges of a fabric, running parallel to the warp.

Union fabric A fabric with wefts and warps of different fibres – for example, a cotton warp and wool weft.



Knitting

Knitting is the technique of producing fabric by means of interlocking one or more yarns or threads as rows of connected loops using two or more needles. Knitting can be achieved by hand, by hand-operated machine, or with the use of powered industrial machines.

The size of the knitting needles and the yarn count dictate the fineness or thickness of the stitches and the fabric. In hand knitting a number is used to describe needle (diameter) size; in machine knitting the term gauge is used. Gauge represents the number of needles in a given distance on a machine’s needle bar. In both cases, the higher the numerical expression, the finer the knitting.

Standard gauges in industrial knitting are: 2.5 gauge for chunky sweaters; 7 and 15 gauges are mid-weights; 18 and 21 gauges are lightweight knitwear; 28 gauge is an interlock fabric used for rugby shirts and heavier-weight loop-back fabrics; 30 gauge is classified as superfine knitting; 32 gauge is a standard jersey construction. Stitch type, density and tension all affect the fabric, both visually and structurally. Weight is measured in grams or ounces per linear or square metre or yard; fabrics may be priced by weight or length.

Wales and courses are knitwear terms that correspond with warp and weft in woven fabrics. Wales are the vertical columns of knitting that run the width of the fabric. The number of needles in a bed (the complete distance, flat or circular, of a knitting machine to which all the needles are fixed) is equal to the number of wales: the fabric width. Fabrics knitted on a circular knitting machine include the suffix ‘tubular’ to denote, when cut, that the measurement of the fabric is double. Courses are completed rows of knitting; each completed course increases the fabric length.

In knitted fabrics, unravelling occurs along a course of knitting (the width of the fabric), while ladders, caused by a broken or cut stitch, run lengthwise along the wale of the fabric.


Units of measurement for fine knits




In the United Kingdom and the United States very fine knitting, as used for hosiery, is described using the term denier, which defines opaqueness. It is a unit of measurement for the linear mass density of fibres composed of filaments, and is defined as the mass in grams per 9,000 metres.

1 denier =1 g per 9,000 m

DPF, denier per filament, refers to one single filament of fibre. Several filaments together are referred to as total denier.

A fibre is generally considered a microfibre if it is 1 denier or less.

Tex is the international system and is more prevalent in Canada and Europe. Tex is a unit of measure for the linear mass density of fibres and is defined as the mass in grams per 1,000 metres.



Warp knitting

Warp knitting can be described as vertical knitting. The knitting machines, originally referred to as knitting frames, were simple modifications of the stocking frame (a frame where yarns had to be manually placed across the needles) with the addition of a warp beam. Early frames date back to the late eighteenth century. In contrast to weft knitting (see below), each needle in warp knitting has its own dedicated yarn wound onto the beam parallel to every other yarn or set of yarns. A machine with 1,000 needles will have 1,000 warp yarns; in the case of more complex fabrics, each needle will have multiple yarns. The needles simultaneously produce rows of interlocked loops across the width of the fabric which, at close inspection, are in a zigzag formation along adjacent wales the full length of the fabric.
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The face side of jersey knitting is referred to as plain stitch.




[image: Illustration]

The reverse side of jersey knitting is referred to as purl stitch.



Warp knitting is a fast method of producing fabrics that are stable, generally easy to sew, and do not ladder or unravel. Tricot, Milanese and Raschel are common types of warp knitting used for fashion fabrics. Stitch bonding, also a form of warp knitting, is used for composite and technical materials. Layers of yarns are needle punched through to a fibrous mat to create a bonded multi-ply structure.

Tricot is popular for lingerie production. As with all warp knitting, the fabric has fine lengthwise ribs (wales) to the face side, with crosswise ribs to the reverse. Fabrics drape well with some warp stretch but almost no weft stretch and are run-resistant.


Iconic knitting styles




Fair Isle

This traditional technique originates from Fair Isle, a small island between the Orkney and Shetland Islands in the very north of Scotland. Originally, these sweaters were knitted using Shetland wool by fishermen’s wives, and were worn at sea. They traditionally use five to seven colours to create complex horizontal patterns, with each sweater featuring a different pattern and colourway. Fair-Isle knitting is notorious for its many floats of yarn, meaning that on the reverse of the fabric the yarn ‘floats’ across several needles. The floats need to remain short to avoid snagging. Fair-Isle patterns can now be replicated on a jacquard system without the floats; however, these are intrinsic to the authenticity of the product.
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Traditional Fair Isle intarsia knit designs inspired this hooded sweater in neutral tones by Hildigunnur Sigurdardottir.



 

Argyle (also Argyll)

The Argyle pattern, believed to derive from the tartan of the Campbell clan in western Scotland, is made up of diamond blocks of colour laid out as a diagonal chequerboard, overlaid with a further ‘diamond’ line called a raker. This particular design uses the intarsia technique – a single flat knit with several colours in one row of knitting. The pattern is formed by stopping one colour and twisting in a new colour over the needles each time there is a colour change. This was traditionally done by hand-frame machine or by hand knitting, but now can be produced using computerized flatbed machines.

Argyle knitwear has seen a renaissance in popularity, thanks to its use by Pringle of Scotland.
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Ashish glamorizes the traditional Argyle pattern by rescaling the motif and playing with texture.



 

Aran

Aran is a style of Gaelic knitwear originating from the Aran Islands off the west coast of Ireland. This style of knitting is believed to date back to the early 1900s, although the three-dimensional motifs used for the stitch formation have ancient megalith origins. The knitwear was first shown in British Vogue in the 1940s, and became an instant success in the United States.

Traditionally, authentic Aran is hand knitted with undyed cream wool, and occasionally natural black wool, both of which still contain natural sheep lanolin, which provides a natural water-resistance.


[image: Illustration]

A cream giant trellis-knit oversized jumper in 100 per cent merino wool. From the ‘Modern Medieval Soldiers’ menswear collection by James Long.
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This pale grey sweater by SANS explores the differing needle sizes or gauges possible in knitwear, and alternates plain and purl knits to create three-dimensional ‘striping’. The armhole is fully fashioned.




[image: Illustration]

An artwork installation by Alfreda McHale employing extremely large-scale knitting, exhibited at the Knitting and Stitiching show, Alexandra Palace, London, 2008.



Milanese is constructed from two sets of yarns with a fine vertical rib face side and a diagonal effect rib on the reverse. Fabrics are stable, run-resistant and can be of different weights and gauges. Milanese is often the base for multi-coloured jacquard knits.

Raschel knitting, as with all warp knits, is a stable fabric with a limited stretch. Raschel machines are commonly used for novelty yarn knitting of differing weights and textures.

Weft knitting

Weft knitting can be described as horizontal knitting, types of which date back to ancient Egypt. In weft knitting a continuous strand of yarn (single or several plied together) passes in a horizontal direction along a row of needles, looping each one in sequence to form a completed row. Each completed course increases the fabric length.

In tubular knitting the courses are knitted spirally on a circular machine to produce a weft-knitted fabric. Tubular knitting is fast but lightweight fabrics, such as those used for T-shirts, may twist when laundered; the defect is referred to as ‘seam twisting’.

Rib fabrics can be knitted on a circular or twin-bed machine. Traditionally, rib knitting is used on hems and cuffs of sweaters to give stability, stretch and recovery. The most popular is a 2x2 rib format – the ribs are knitted two-by-two and alternate from each side of the bed’s needle bars – while 1x1 structures are generally used on fine-gauge knitwear, and 3x3 is employed as a design feature on chunkier knitwear. From the late 1960s to the late 1970s, sweaters were fully ribbed, body and sleeve, to achieve the ‘skinny’ look of the period. Elastomer/elastomeric yarns are now used to achieve a body-contoured silhouette (shape).

Weft knitting, whether by hand, domestic or industrial machine, is the process by which fully-fashioned garments are made.

Fully-fashioned knitwear

Fully-fashioned knitwear









Integral knitting




Cut-and-sew knitwear



Jerseywear (knitwear)






Useful knitting terminology





















Felting











Crocheting








Lace making



















Types of lace













Macramé









Dyeing











Yarn dyeing





Fabric dyeing
























Garment dyeing













Sustainability impacts







Eco-friendly dye types











Eco-friendly finishing processes











Eco-friendly processes














Useful dyeing terminology
































Printing




Direct printing


Hand-block printing












Heat-transfer printing


Roller printing







Airbrushing


Digital printing









Discharge printing


Mordant printing



Resist printing


Stitching and tie-dyeing







Batik


Flat-screen printing



Rotary-screen printing








Useful printing terminology





















Fabric embellishment


Devoré







Laser cutting and engraving


















Embroidery








Freehand embroidery


Counted-thread embroidery







Canvas work


Smocking







Machine embroidery


Appliqué


Quilting







Finishing processes


Waterproofing treatments



Enhancing treatments




Additive treatments



Sustainable finishing treatments


UV irradiation


Gamma irradiation


Microwave irradiation


Ultrasonic energy



Useful finishing terminology



























Smart fabrics






Smart fabrics provide added value to the wearer.

The history of smart fabrics














Useful smart-fabric terminology












Classifying smart fabrics


Passive smart fabrics


Active smart fabrics


Über smart fabrics


Smart polymers for smart fabrics


Responsive-memory smart fabrics




Oricalco







Thermo-regulating smart fabrics




Thermocules™






PCM clothing provides the wearer with optimal thermal comfort.

coldblack®


Nanotechnology













Nanotex® fabric enhancements



Nanofront®


E-fabrics












Energy harvesting













Haptic 3D touch-smart technology


Ping


Fundawear


Wearable X







3D-printed wearables











Useful smart-technology terminology


















Smart benefits







Smart protection








Future Force Warrior



Hydro Jacket








Sea Arctic Immersion Suit


EMF and RF shielding




Grado Zero Espace and D30



Smart health




Smart health underwear





Climate Dress


Smart sport and lifestyle





GORE-TEX® Active


Polartec® NeoShell®


Omni-Freeze™ ZERO and Cool.Q ZERO



miCoach Elite







Under Armour E39



Smart fashion





MIDI Controller Jacket



Novanex and Stretchable Circuits








Useful smart-benefits terminology
















Design and product development






The design process




Fabrics












A fabric’s touch and drape








Fabric selection





Colour
















Forecasting and trends





Colour palettes










Useful colour terminology





















Colour management













Commercial colour-matching systems









Colourfastness






Colourfastness standards & guide















International Commission on Illumination (CIE) lighting guide








Sustainability impacts





Sourcing fabrics







Trade fairs






Mills















Fabric-sourcing agencies











Purchasing fabrics






Cost, sizing and fabric direction









Greige fabrics










Fabric quality control and testing









Product development









Sample product development












Toile (muslin)










Offshore sample development




Types of sample






















Production product development








Fibre designation codes































































Useful fabric-sampling vocabulary

















Useful fabric-fault terminology
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