
Zero Waste Systems Thinking
Zero Waste System Thinking: Multimorphic Textile-Forms is situated in the 
context of the rapidly unfolding environmental crisis and the dominant response 
to this in the industry - the circular economy. It began by building on existing 
knowledge around sustainable fashion and textiles, and zero waste design 
practice. The research program is constructed from three interconnected 
theories: transition design; post-anthropocentric design; and design as future-
making. It adopts a transition design “posture” of holistic zero waste system 
design to develop processes for garment design and manufacturing.

Zero Waste Systems Thinking: Multimorphic Textile-Forms explores the 
theoretical, aesthetic and technical development of systems and methods for 
zero waste textile-forms. It presents a range of experimental field tests, as well 
as interviews and design experiments using a variety of prototyping methods 
to deep en understanding of the existing context, and to propose methods and 
theory for a new understanding of the relationship between designer and 
system, textile and form. Outside of fully fashioned or 3D knitting, methods for 
simultaneous textile-form design and construction are limited. Conventionally, 
weaving is a two-dimensional practice – which through cutting and sewing may 
become form. Cut-and-sew is the most common method of garment construction 
used in industry; however, it can also be exploitative, time-consuming and 
wasteful. The current shallow understanding of the relationship between woven 
textiles and form limits how designers could transform industries and the built 
environment. This research questions how technology can further shape form-
making, and follows some of the lines of inquiry forged by the work of Issey 
Miyake and Dai Fujiwara in A-POC, and recent explorations on whole garment 
weaving by Anna Piper, Jacqueline Lefferts, and Claire Harvey. This research 
undertook a series of experiments which aimed to expand the form-design 
methods available for whole garment weaving in the context of zero waste 
system design. The multimorphic and analogue-digital craft practice develops 
new understandings of textile design and manufacturing elements, such as 
jacquard looms and weave structures, for use in micro-manufacturing contexts. 
Its holistic and disruptive reshaping of form-making has the potential to future-
make the industry, our cities and our social fabric.
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Zero Waste Systems Thinking

Zero Waste System Thinking: Multimorphic Textile-Forms is situated in the context 

of the rapidly unfolding environmental crisis and the dominant response to this 

in the industry - the circular economy. It began by building on existing knowledge 

around sustainable fashion and textiles, and zero waste design practice. The research 

program is constructed from three interconnected theories: transition design; 

post-anthropocentric design; and design as future-making. It adopts a transition 

design “posture” of holistic zero waste system design to develop processes for 

garment design and manufacturing.

Zero Waste Systems Thinking: Multimorphic Textile-Forms explores the theoretical, 

aesthetic and technical development of systems and methods for zero waste textile-

forms. It presents a range of experimental field tests, as well as interviews and design 

experiments using a variety of prototyping methods to deep en understanding of the 

existing context, and to propose methods and theory for a new understanding of the 

relationship between designer and system, textile and form. Outside of fully fash-

ioned or 3D knitting, methods for simultaneous textile-form design and construction 

are limited. Conventionally, weaving is a two-dimensional practice – which through 

cutting and sewing may become form. Cut-and-sew is the most common method of 

garment construction used in industry; however, it can also be exploitative, time-con-

suming and wasteful. The current shallow understanding of the relationship between 

woven textiles and form limits how designers could transform industries and the built 

environment. This research questions how technology can further shape form-mak-

ing, and follows some of the lines of inquiry forged by the work of Issey Miyake and 

Dai Fujiwara in A-POC, and recent explorations on whole garment weaving by Anna 

Piper, Jacqueline Lefferts, and Claire Harvey. This research undertook a series of 

experiments which aimed to expand the form-design methods available for whole 

garment weaving in the context of zero waste system design. The multimorphic and 

analogue-digital craft practice develops new understandings of textile design and 

manufacturing elements, such as jacquard looms and weave structures, for use in 

micro-manufacturing contexts. Its holistic and disruptive reshaping of form-making 

has the potential to future-make the industry, our cities and our social fabric.
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FOREWORD From method to system

My primary motivation for undertaking this research lies in the rapidly unfolding 

environmental crisis. My research in this field between 2005 and 2017 sought to 

develop the emerging field of zero waste fashion design primarily through the 

development and articulation of new methods and perspectives for cut and assemble. 

In 2011 I co-curated the exhibition YIELD: Making clothes without making waste,  

which focussed on Zero Waste fashion design for cut and assemble production, and 

developed many examples of this field. In 2015 I developed the open-source zero 

waste resource MakeUse. In 2016 I was co-author of the first book on the subject. 

Zero waste fashion design seeks to disrupt the notion that waste is an inevitable 

outcome of the garment industry, and is essentially post-anthropocentric in nature. 

When I began my PhD in early 2017, I believed that we could improve the system 

from within by modifying some of the methods and processes used. I worried that 

it might be unreasonable to expect wholesale systemic change from such a massive, 

complex and influential industry. Instead, I thought perhaps we needed incremental 

and ‘realistic’ change that would not frighten the industry too much. This PhD traces 

my evolution from somewhat of a fashion industry apologist to a systems thinker 

willing to disrupt the status quo.

While zero waste and design practice is still an essential part of this research, through 

the PhD process, my research and practice have changed fundamentally to a holistic 

understanding of issues emerging from a systems view of design. The goal of waste 

elimination was maintained throughout all experimentation. However, in later 

experimentation (from Chapter 3 onward) a more holistic consideration evolved 

which was influenced by findings of zero waste in the context of the circular economy 

concerning yield versus waste reduction. The lens of waste elimination enabled me 

to see the industry differently and was critical to the development of all the design 

methods used and theoretical models developed.

It is important to note that I approach the development of the textile-based forms 

in Chapter 3 from the perspective of an experienced pattern cutter, but a somewhat 

inexperienced weaver. I wove my first textile in 2018, and as such, the weaving 

knowledge I have is very specifically developed for the context of this PhD. My 

perspective on the limitations and capabilities of the jacquard loom was, in many 

ways naive, and this naivety meant I considered approaches that may seem odd or 

unusual to a more experienced weaver. I always sought the advice and support of 

more experienced weavers, and so have lived experience that demonstrates it is in 

working together that we can achieve exciting things.
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Outline

This thesis (by publication with Kappa), outlines the journey undertaken. It is 

divided into five sections. The first section consisting of a contextualising chapter 

discussing the research program and methodology. The second exploring zero waste 

as a design method. The third unpacking through experimentation the notions of 

considering zero waste as a way of thinking. The fourth is a chapter outlining techni-

cal, methodological and aesthetic findings as well as foundational and instrumental 

theory developed in this research. Finally, Chapter 5 has concluding remarks on 

Zero Waste Systems Thinking with suggestions for further research. In the research 

program, the overarching context and structure of the research are described. The 

context and structure described in Chapter 1 apply to all experimentation. Zero 

waste as a design method contains the research undertaken at the start of this PhD 

and articulates zero waste and a design method from the context of the current 

paradigm. Zero waste as a way of thinking presents research developed in response 

to Zero waste as a design method. The experiments led to a deeper understanding of 

the work undertaken, and the contextual framework required. 

Chapter 1: This chapter outlines the background, context, methods and approaches 

used for the research as a whole. It covers the environmental crisis motivating the 

research and frames the PhD research in the context of circularity, anthropocen-

trism in design, and the link between mindset, technique, method and aesthetics. 

Approach and methodology articulates the aim for the research - and the experi-

mental, transitional design approach and methods used. Where a specific context or 

method is only relevant to a particular chapter, it is discussed within that chapter. 

Chapter 2: “Zero Waste as a Method” began by approaching zero waste design as a 

method (primarily of pattern cutting) and sought to apply what was already known 

about zero waste design techniques and methods, in the context of industry and 

reflected on the experience. In doing this, it became clear that what was thought of 

as a method was actually a way of thinking that had not been articulated thoroughly 

before. This chapter is a summary of an earlier version of this research - its Licentiate 

publication, titled “Zero Waste Design Thinking (2019). 

Chapter 3: In “Zero Waste as a Way of Thinking” zero waste is presented as a way of 

thinking from the outset.  In doing so found a lack of methods to practice – particu-

larly when it comes to woven textile-based forms. When circularity, zero waste, and 

sustainability are discussed, the “how” of it usually sits in a functional or technical 

understanding of these things and lacks holistic design methods and techniques to 

visualise and make the future needed. The methods of zero waste design are nested 

within the idea of zero waste as a way of thinking.

Chapter 4: “Findings on Zero Waste Systems Thinking”, discusses how this research 

reveals a new understanding of the relationship between textile and form, which is a 

consequence of using a zero waste lens for holistic systems thinking.

Chapter 5: Lastly, the conclusion summarises the research and findings as well as 

signposts possible future avenues of exploration.
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Marker: The plan for placement of patterns on fabric in cut and assemble processes 

which usually seeks to reduce waste as much as possible.

Pattern: Garment pattern piece. These are used in cut and assemble to transform 2D 

fabric into 3D form.

Surface pattern: The pattern on the surface of a textile - could be printed, etched, 

or knitted/woven in, for example. Surface pattern is not a core form construction 

approach and primarily addresses the appearance of a textile surface.

Textile-based form: Any 3D form made of textiles.

Textile-form: A form made at the same time as the textile is constructed. This 

would include whole garment knitting, non-woven moulded forms and 3D printed 

garments.

 Flat Textile-form: A Textile-form that designed to be constructed in a flat-

bed production process, such as weaving, or laser cutting.

 Woven Textile-form: As the approaches explored in Chapter 3 of this 

thesis are not limited to garments Woven Textile-form replaces the terms “whole 

garment weaving” and “composite garment weaving” and “3D woven garment”. 

Textile Thing: Any textile related object or concept. 

Theoretical minimum yield (TMY): The minimum yield theoretically possible of 

an existing garment if no waste is created. This is useful as a goal to aim for when 

developing zero waste lower yield garments in the industry.

Yarn map: The 2D image used to control the thickness of yarn when spinning.

Yield: The amount of material needed to produce a product, including waste.

Zero waste design (ZWD): The design of products that seek to eliminate the produc-

tion of waste.

Glossary of terms

The holistic nature of this research has proven difficult when attempting to write 

about it in a linear form. To talk about the outcomes and methods of the experiments, 

this research had to use new words to describe them – existing terms were insuffi-

cient. Throughout this thesis, words are used that may not be familiar, or the mean-

ing might not align with what is commonly found in a dictionary. Additionally, some 

words have one meaning in textiles and another in fashion, and since the research is 

traversing both, there is a need to specify. 

Binding: Weave structure - the way the warp and weft yarns interlace.

Cut and Assemble: The commonly used form construction process of cutting 2D 

textile using patterns, and assembling into 3D form through various assembly 

processes such as sewing or welding. Often referred to as Cut and Sew - however 

sewing is not the only way all these forms are put together.

Flattening: The process of taking a 3D form and flattening it for construction. This 

may also involve an expansion mechanism to make it 3D form again, as in the case 

with Flat Textile-forms.

Jacquard loom: A weaving loom where each warp thread can be conrolled inde-

pendently, enabling the warp to be raised or lowered individually. This enabes weave 

bindings to be combined in complex pattern arrangements. All of the experiments in 

this PhD are done on industrial jacquard power looms (fully automated). 

Map of Construction (MoC): The flattened 3D form into a 2D plan indicating specif-

ic joining sections used for constructing a Flat Textile-form

Map of Bindings (MoB): The flattened 3D form into a 2D plan indicating specific 

weave bindings used for weaving a Woven Textile-form. Often refered to as “artwork” 

in weaving.

Multimorphic: The lens needed when designing Textile-forms. In this approach, the 

design process considers multiple scales, time-frames, perspectives and contexts at 

the same time in order to develop holistic outcomes. Multi (many) Morphic (forms) 
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Zero waste pattern cutting (ZWPC): The design of a garment so that the pattern 

and marker do not produce any waste.

 Minimal waste pattern cutting: The design of a garment so that the 

pattern and marker use less material and make less waste than the original or anoth-

er comparible design.

Zero Waste Systems Thinking (ZWST): A post-anthropocentric holistic approach 

which uses zero waste as a way of seeing the world. In this model, the product is not 

the starting point; it is a result of a holistic perspective on the design and produc-

tion processes in the context of a whole world view.  It is composed of the following 

nested concepts: 

 Zero Waste Design Thinking: An approach which enables the industry 

and company to be viewed through the lens of zero waste. Centring the goal of zero 

waste brings the issues inherent in traditional ways of thinking into sharp relief. It 

uses zero waste as a “decisive constraint” to drive innovation.

 Zero Waste Design Method: A design methodology that develops out of 

zero waste design as a way of thinking.

 Zero Waste Design Technique: Design techniques that are developed 

in response to design as a way of thinking and informed directly by the zero waste 

design methodology that results.

QR codes are used to link to video and 

3D/AR content via your smart phone. 

You will find them in the corner of the 

relevant page. A list of URL links for the 

files is also located in the Appendix.

This QR code takes you to my vimeo 

homepage where all the videos in this 

PhD are hosted.
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The world is in crisis. In the context of fashion and other textile-based form design, 

there is a lack of relevant design methods to design with a deeper understanding 

of the systems and futures thinking required to transform the industry. This thesis 

argues for zero waste design practice to be used as a tool for systems thinking. It 

is useful in this context because as a practice zero waste enforces a holistic way of 

seeing and thinking which addresses the complexities of the whole. 

Beginning with the environmental crisis and designs relationship to it, this chapter 

outlines the current responses, their limitations and the link this has with technology, 

methods and aesthetics. This chapter outlines the background, context, methods 

and approaches used for the research as a whole. It covers the environmental crisis 

motivating the research and frames the PhD research in the context of circularity, 

anthropocentrism in design, and the link between mindset, technique, method and 

aesthetics in the context of the fashion industry. Approach and methodology lays out 

the aim for the research - and the experimental, transitional design approach and 

methods used. 

Context

The disproportionate impact humans are having on the planet is changing the 

geological record, and the Earth is now in a new epoch – the Anthropocene (Steffen 

et al., 2011). The adverse effects of anthropocentric linear resource-extraction-to-

waste behaviours are becoming increasingly apparent. Even if radical changes to 

social, economic and manufacturing systems are rapidly implemented, Earth is facing 

extensive biodiversity loss, and climate change tracking for an optimistic 1.5-degree 

warming (IPCC, 2018). Kate Fletcher and Matilda Tham (2019) write that a 75% 

reduction in resource use (at least) is needed to protect the resource base society 

relies on - and as much as 95% reduction to prevent climate collapse. Change is 

essential.

“The majority of the environmental issues caused by the fashion sector are endemic, not 

incidental. They are a consequence of how the current model is structured. The better the 

sector performs, the worse the problems will get.” Fletcher and Tham (2019)

1 .WHY ZERO WASTE?
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Slowing growth is anathema to industry business models, so material circularity 

must save humanity instead. However, research indicates that a rapid move towards 

sustainable methods and solutions based on a genuinely circular economy (Tukker 

and Tischner, 2006; MacArthur, 2013) is required. Furthermore, Brooks et al. (2017) 

argue for industry – despite its discomfort – to deprioritise growth in consumption. 

The CE reimagines the very concept of waste as a resource for an economy made up 

of products and services without end and waste. Martin Charter in Designing for the 

Circular Economy (2018) writes that industries need to “design and implement new 

systems that focus on maximising materials value in the system for the longest time, 

where waste is ‘designed out’ from the beginning”. Charter points to another perspec-

tive of CE, which is relevant to this research. In the CE rather than waste manage-

ment, it is resource consumption over time that is most important. Charter goes on to 

argue for the need to “focus on ‘zero waste’ and maximising value in the system over 

time,” an approach which will require “significant process re-engineering; (...) requir-

ing product and behavioural changes on a major scale.” Profound holistic transfor-

mation is needed. In the context of zero waste design where the goals have primarily 

been to reduce waste, and not necessarily minimise resource use (yield), this mirrors 

Rissanen’s assertion that zero waste design is not enough (Rissanen, 2013).

A commonly held hope by industry and citizens alike is that recycling in the context 

of a CE will solve the industries problems, and avoid the need for holistic - and 

disruptive –change. Fellner et al. (2017) and Brooks et al. (2017), argue that these 

simplistic notions are flawed. The 2017 study by Fellner et al. examined what can 

be expected if systems recycled 100% of the materials used across a wide range of 

industries: plastic, aggregates, iron, steel, aluminium and paper/board. They found 

that even with a theoretical (and impossible) 100% recapture and recycling rate, 

recycling would only generate a 1.6% reduction in GHG emissions. Increases in 

efficiency and material often actually increase production and consumption, as the 

raw materials saved through efficiency subsequently become drivers for growth – a 

phenomenon called the ‘rebound effect’. Indeed according to Grosse (2011), “what 

we call economic growth is the long history of the diversion of efficiency gains into 

production increases.” The hope for a circular economy with a perpetually expanding 

market fed by ever-decreasing raw material consumption will remove the need to 

limit growth. It seems clear, however, that without limits to growth it is likely that the 

longed-for closed circular economy will instead manifest as an ever-expanding spiral, 

only marginally better, and possibly worse than what exists today.

The focus of the economic system for the last century has been to encourage the 

growth of all facets of the industry; with little concern for the broader impacts of 

extraction and waste. Walter R. Stahel (2018) wrote that “the Industrial Revolution 

enabled society to overcome scarcities of shelter, food and objects; mass-produc-

tion turned scarcities first into plenty, then abundance and a plethora of waste”. In 

the linear economy  – from the extraction of raw materials, through production, to 

consumption and waste – resources flow primarily in one direction. The majority 

of industry’s design, production, retail and waste management systems have been 

developed to fit this linear model, and from an economic perspective can be seen 

as highly successful. Some of the worlds richest men (Ponciano, 2020) make their 

money selling apparel. However, the result of this’ success’ is a vast scale of extrac-

tion of raw materials in the form of oil and fibre, wasteful methods of production of 

garments that are often never purchased, leading finally to an astonishing accumula-

tion of waste.  

The Textile-form industry is massively complex and globalised, and 80% of envi-

ronmental impact occurs in the production phase (Sandin et al., 2019) including 

transportation and manufacturing. The adherence to the existing model and system 

limits the degree of positive change possible within many industries. Stahel (ibid) 

challenges designers who in the past may have just designed products to primarily 

meet aesthetic goals, to “consider the duration, mobility and systems-relevance of 

objects in the CIE, focussing on designing tools, not toys; function, not fashion.” This 

alternative paradigm draws from the influential work Cradle to Cradle (McDonough 

and Braungart, 2010), which defines cycles of biological and technical nutrients and 

began to explore the central ideas of the circular economy.

Circular Economy 

The Circular Economy (CE) is defined as a “regenerative system in which resource 

input and waste, emission, and energy leakage are minimised by slowing, closing, 

and narrowing material and energy loops” (Geissdoerfer et al., 2017). This CE defini-

tion seems to suggest that the minimising of material and energy inputs and outputs 

is ‘enough’ for a regenerative system. The dominant business-led discourse around 

‘radical’ developments such as the circular economy and circular textiles mostly avoid 

discussing the behaviour of consumers and fail to challenge growth-centric business 

models. In these spaces, it is assumed that technology – such as the development of 

a material focussed 100% recycled circular economy – will prevent climate oblivion. 
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to invest in technological solutions to fibre recycling. Perhaps unsurprisingly, there is 

little discussion in these industry contexts on the way growth limits the effectiveness 

of a circular economy. Without limits to growth, the circular economy will overshoot 

the gains it may make. Trevor Zink and Roland Geyer (2017) argue that for the circu-

lar economy to avoid “rebound”, companies must draw citizens away from primary 

production [and resource extraction] goods so that ‘secondary goods’ substitute 

for primary goods and a steady-state or degrowth of production is achieved. Zink 

and Geyer admit that their suggested solutions are unlikely to be welcomed by the 

industry, but argue that “simply encouraging private firms to find profitable oppor-

tunities in the circular economy is likely to cause rebound and lower or eliminate the 

potential environmental benefits.”

The circular economic model embraced by industry is also critiqued by Brooks et al. 

(2017). They argue that these businesses “privilege the status quo and technological 

change” by focussing on closed-loop recycling. Brooks et al. argue that adherence 

to the notion of a “good Anthropocene,” whereby it is imagined humans adapt and 

prosper in anthropocentric, “utopian eco-modernist systems”,  is “optimistic” at best. 

Brooks et al. write that, on the other hand, the focus of environmentalists has been to 

encourage change to consumption habits – buy less, pay more. However, this strategy 

has so far failed to gain much traction “because fundamentally changing consump-

tion patterns represents a threat to one of the logics that underpins capitalism” – 

grow or perish.  

According to the United Nations Sustainable Development Goals (SDGs, 2015), CE 

is relevant to a number of the 17 goals, e.g. Goal 12 – Responsible Consumption and 

Production. The SDGs are commonly cited by companies seeking to improve the 

sustainability of their actions. However, a recent study in Nature Sustainability jour-

nal argued that because of an anthropocentric view on the problems and solutions 

the “SDGs will likely serve as a smokescreen for further environmental destruction 

throughout the decade” (Zeng et al., 2020). A vital pillar of the circular economy 

asks that waste is designed-out. Still, the focus of this has tended to occur in the 

product use stage and through enabling recycling - because these approaches do not 

require holistic change or a reduction in resource use. Ironically, because the circular 

economy is viewed through an anthropocentric lens, some of the biggest threats to 

humanity’s existence are missed. 

Kate Raworth (2017) reveals the fundamental problem with the obsession with 

growth in Doughnut Economics. According to Raworth, despite being relatively 

recent additions to understandings of economics; society, governments and indus-

try treat GDP and the pursuit of growth as essential truths.  She conceptualises 

all successful human existence functioning between a “social foundation” and an 

“ecological ceiling” and argues that the obsession with economic growth within a 

linear economy has led society and industry to transgress both. She advocates for a 

genuinely circular model seeking to ‘thrive in balance’ in the ‘doughnut’ between the 

ecological ceiling and social foundation. The Circularity Gap (de Wit et al., 2019) – to 

which Raworth is a contributor –  reports on a world which is only 9% circular, and 

this figure is in a negative trend. There is much left to be done.

The allure of the Circular Fashion Economy 
Due to both the scale of the problem and also the potential financial payoff, the 

fashion industry has often been the focus of research into enabling the circular 

economy. However, garments are a particularly problematic case for material 

circularity (Charter, 2018). This is due to the mixing of biological and technical 

materials (through mixed fibres such as cotton and elastane, and the use of metal 

or plastic trims) making fibre recycling challenging to do without the reduction of 

quality (Peters et al., 2018), and automated recycling almost impossible. Researchers 

Rebecca Earley and Kate Goldsworthy have been exploring concepts of circularity in 

the fashion and textiles space for many years (Goldsworthy and Telfer, 2012; Earley 

and Goldsworthy, 2015; Earley, 2017; Goldsworthy, 2017), first in their work with 

Textile Environment Design and later in its incarnation at Centre for Circular Textiles. 

Their work has explored technological approaches to address circularity in textiles 

- through the exploration of mono materials (Goldsworthy, 2012); consideration of 

“speed cycles” in product design (Goldsworthy, 2017; Earley, 2018)and integrating 

Life Cycle Analysis (LCA) into the design of products from the outset (Peters et al., 

2018). 

The fashion industry - particularly large companies – view the circular economy 

positively. H&M states that they aim to explore solutions to create a close-loop for 

textiles, where “unwanted clothes can be recycled into new ones” (Global Partners: 

H&M Group, 2019). In doing this, they aim to “become 100% circular” (H&M Group 

Sustainability Report 2017, 2017). Other large companies such as Burberry, Gap 

Inc and Nike have similar goals and with H&M are all members of the Make Fashion 

Circular organisation (formerly known as the Circular Fibres Initiative) which seeks 
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Transition design argues that there exist many frameworks for what kind of different 

world is needed (circular economy, permaculture design, sustainable design, spec-

ulative design and others), and many calls for change from the design community. 

However, there is little exploring how the transition from the existing situation to the 

desired alternative occurs. There exists a gap between the discourse and the practice. 

Transition Design as conceptualised by Irwin and colleagues provides a framework 

in four parts that provide clear intent and purpose for design that cares in the 21st 

century: vision, theories of change, mindset/posture, and new ways of designing. 

It imagines a design world where designers could apply the deep understanding of 

the “interconnectedness of social, economic, and natural systems” (Irwin, Kossoff 

and Tonkinwise, 2015) which is needed to develop scenarios for shaping futures that 

address the complex issues humanity faces.

On Technology, Methods and Aesthetics 

In light of the environmental crisis, theorists have sought to unpack the relationship 

between technology, design, sustainability goals and aesthetics. Victor Papanek 

(1972) suggests that designers and society might need to be open to new aesthet-

ics emerging as a result of considerations for the environment, while Ezio Manzini 

wrote:

“It should not be forgotten that design was born and developed within the context of the 

development model in crisis today. Likewise, fundamental concepts such as form, func-

tion, client, user, and market must be revisited. The same is true for the role of technolo-

gy, aesthetics and design itself” (Manzini, 1994)

Designs particular view of the world has shaped, literally and conceptually, the forms 

and details of the material world. Lars Hallnäs (2019) distinguishes sustainabili-

ty as a technical issue, from the aesthetics of sustainability. He writes “in the first 

case, functionality is the main issue... while in the latter it is an expression of a way 

of living. When designing for new forms of living it is not only a matter of neutral 

expression of functionality, but also very much a matter of expressing a change in 

a way of living.” In this manner of thinking, this thesis engages with both technol-

ogies for sustainability and is also concerned with the possible design methods and 

aesthetics of a radical new way of living.  In short, holistic ways of thinking and holis-

tic methods of designing are required for holistic change. The contemporary fashion 

industry uses methods which is the result of hundreds of years of development and 

Transitioning away from an Anthropocentric view of Design

Design industries adherence to function, aesthetics and cost are inherently anthro-

pocentric. Design impacts on things outside of aesthetic and functional enjoyment 

of human life, therefore the way the viability of a product is assessed needs to 

step outside of the merely human. Thomas Wendt argues that “if humans are at 

the “centre,” then things like environmental sustainability, social justice, care for 

ourselves, economic equality… most political aspects of design, cannot be adequately 

considered” (Wendt, 2017). Laura Forlano (2017, p. 17) states that post-human-

ism “greatly expands our understandings of the multiple agencies, dependencies, 

entanglements, and relations that make up our world” and flows through into and 

from ways of working that “better address the challenges we face as a planet.” It 

is essential to consider how emergent design practices, including those that might 

decentre the human, might simultaneously support equality and justice for humans 

and nonhumans alike. From this perspective, post-humanism – or more specifically 

post-anthropocentrism – could aid attempts to utilise a holistic approach to design 

for which this research program aims. Transition design (Irwin, 2015, 2018; Irwin, 

Kossoff and Tonkinwise, 2015; Irwin, Kossoff and Potts, 2018) argues for a stepped 

or staged transition from what we have to where we need to be - using futuring and 

back-casting to identify paths for transition.

In the specific context of the fashion and textile industries, Matilda Tham and Kate 

Fletcher in Earth Logic (2019)  argue that fashion needs to centre the Earth and 

not growth.  They argue that the industry and citizens need to transition to an 

alternative future by utilising six holistic ‘landscapes’ which traverse both fashion 

activities, and processes to create, maintain and evaluate outcomes. The notions of 

Less (the rejection of the logic of growth, and the centring of Earth); Local (decen-

tralising production and economic power); Plural (decolonisation and rejection of 

an Anthropocentric view of the industry); and Governance (cultural level changes 

to support the other landscapes and promote diversity and resilience) are highly 

relevant to this research. 

The current anthropocentric approach to design seems problematic. So how do 

industry and society transition away from this, and to what?  Simon (1969) argues 

that “design and design research share with engineering a fundamental interest in 

focusing on the world as it could be, on the imagination and realisation of possible 

futures, as well as on the disclosure of new worlds” (in Grand and Wiedmer, 2010). 
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The relationship between technology and form is long-standing: In the book Cut My 

Cote by Dorothy Burnham (1973) she discusses the various factors affecting garment 

cut going back to prehistoric time—the body, climate, geographic terrain, social 

status, and modesty—stating that they “are all important, but the material from 

which a garment is made is the factor that has the most influence on the particu-

lar shaping of it.” Two separate developments occurred in garment cutting: those 

based on the shapes of animal skins and those “dependent on the rectilinear form of 

loom-woven cloth.” Eventually, in many cultures, these merged into one. Burnham 

was perhaps the first to privilege efficiency of cut in her research, revealing links 

between the loom type used for weaving by a particular culture at a specific time, the 

resulting fabric width, garment cut, and the resulting waste. 

Many examples of zero waste garment design do not involve cutting the textile at all. 

Instead, wrapping and folding methods are utilised - both intricate and straightfor-

ward - to transform the 2D textile into a 3D form in partnership with the body. India’s 

sari, for example, requires the wearer pleat and wrap a length of cloth, many meters 

long around the body. The result is an intricate 3D form that celebrates the design of 

the textile. The Scottish kilt similarly is pleated and wrapped, often secured with a 

pin, the creation of the garment is embedded in the interaction of its wearing and the 

expression of the textile itself. Roman Chiton and Greek himation and many other of 

these examples result in loose flowing garments to allow for body movement through 

the volume of cloth. 

Cutting cloth for a form is often driven by the textile itself, by the desire for greater 

freedom of bodily movement, or a combination of both. The Japanese kimono’s mini-

mal cuts result in a form that is the result of the relationship between loom, layers 

and the body. The width of the loom determines the panel width of the kimono while 

allowing for a holistic approach to sizing where seam allowances can adjust as the 

body changes over time. The kimono’s textile is often intricately dyed and embroi-

dered, and the textile design is in part determined by the 3D form of the kimono, 

ensuring the beauty of the weave and imagery can be displayed. The Dhoti or Panche 

is similarly simply cut utilising basic geometric shapes to produce the often volumi-

nous trouser legs with a gusset for mobility. Many innovative examples of trousers 

from China demonstrate the use of the bias to enable free bilateral movement of the 

legs instead of a gusset. From Mexico the Huipil is a blouse that ranges in complex-

ity from a simple rectangle with a hole for the head, through to more complicated 

versions with gathered sleeves and triangular underarm gussets – almost all exam-

practice. After what was initially a relatively slow evolution -  the industry has more 

recently undergone a rapid transformation into the fast-paced, beacon of aesthetic 

innovation that it is today. The methods utilised by industry are primarily situated 

in the context of cut and sew - or cut and assemble – and these approaches are due 

to the technological limitations of constructing three-dimensional (3D)  garment 

forms from two-dimensional (2D) material. Cut and assemble methods of garment 

construction have been streamlined and standardised under the primary motivation 

governed by aesthetics and speed of production. The way garments are constructed, 

and their resulting aesthetics, are a particular result of a particular system. Next, this 

thesis will discuss some of the methods currently in use in the fashion industry and 

explore how they are the result of the system designers operate within. 

Existing Garment Construction Methods

Pattern cutting for contemporary cut and assembly methods is driven primarily by 

an anthropocentric, production perspective that over time sought to simplify the 

stitching as much as possible to reduce labour costs with little care for the broader 

environmental impacts.  All contemporary pattern-cutting, particularly for cut and 

assemble garments, could be considered as a process of flattening to enable this 

system of production. The translation of a desired three-dimensional garment for a 

3D body into a 2D pattern that can be cut from a 2D cloth requires the seams, gathers 

and darts that construct the 3D form are ‘undone’ and flattened. The simultaneous 

flattening and its corresponding forming actions are the core of most pattern cutting 

methodologies. The garment form is reduced to flat shapes, and markers to rectan-

gles because cloth is 2D, woven on a loom into a rectangle and has grainlines which 

run parallel and perpendicular. 

The foundations of these methods were developed in the context of a small scale 

cottage industry model which bears little resemblance to the context these methods 

are used today. The environmental crisis increasingly demands the development of 

new relationships with the material world. Innovative responses are required that 

build on the kind of holistic relationships between textiles, the forms they make and 

bodies which have existed for millennia. For zero waste fashion design, the rela-

tionship between textiles and form is particularly interrelated – because a critical 

design parameter is the fabric width itself. The relationship between the material of 

construction and the form it makes is built on respect for the textile and its whole 

materiality, not only its behaviour and aesthetic expression. 
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MakeUse (McQuillan, 2014; McQuillan et al., 2018), takes the whole of a rectangle 

of 2D fabric as a starting point then cuts and wraps it around the body into a garment 

form without subtracting and removing any of the cloth. Developed from a Danish 

bronze age pattern (Burnham, 1973), the front, side, back, body and sleeve are 

all viewed from one connected perspective. It is essentially a zero waste un-form-

ing garment version of Roberts’’ Absolute basics’ house. Like Make/Use, Rickard 

Lindqvist also takes the 2D cloth as the starting point and wraps it around the body 

into a garment and then unwrapping the garment from the body to make the pattern. 

Rickard Lindqvist’s PhD (2015) explored the design of garments from a variable 

ever moving axis driven by his critique of the tailors’ matrix. Instead of dividing the 

body into front and back his kinetic garment construction method (borrowing from 

Genevieve Sevin-Doering) wraps the cloth around the body and its limbs leading 

ples utilise embroidery to both finish the edges and decorate the form. All of these 

examples use simple geometric shapes within the limitations of the loom technology 

at hand, in innovative ways to dress and adorn the body while utilising as much of 

the fabric or material as possible through a process of flattening out the 3D garment 

form.

Contemporary fashion usually has relatively complex 2D pattern shapes; however, 

because of the focus on constructed form, limited care is taken for how these shapes 

work within the rectangular confines of the cloth. Ironically many pattern drafts 

begin as a rectangle. Corsetry is commonly drafted as a rectangle that addresses one 

half of a body – centre front to side to centre back – and reduced through the addition 

of multiple panel lines down to the (smaller) waist measurement. The tailors’ matrix 

begins as a complex arrangement of rectangular shapes bearing only a passing 

resemblance to the body. Sometimes the process of pattern drafting takes a different 

approach. The collar and lapel in a suit are drafted almost as worn, and then partial-

ly’ undone’, unfolded and flattened in place to generate the required pattern. The 

two-piece sleeve and trouser are often drafted stacked – top sleeve and undersleeve, 

front and back – on top of each other almost as if constructed already, As well as flat-

tening; pattern cutting is a process of reduction and addition.  Each garment can be 

conceived as a tube around the body which is then shaped through the use of panels, 

darts, pleats, godets and gathers to add or remove from the form. A flared skirt may 

be drafted from the hip measurement, reduced to the waist via darts, gathers or 

panels and then expanded to add the flare of the skirt. The need to and process of 

translating the 3D form into a 2D pattern also drives the particular solutions, details 

and aesthetics which are so familiar – darts, gathers, pleats and godets exist because 

of this process. If the methods of garment construction were different, garments 

would look fundamentally different.

Commonly in pattern-making, the garment is divided into a front, back and occa-

sionally with a side body. Sleeves and hoods are often designed from the side body 

profile, and circle skirts are imagined from a top-down, birds-eye perspective, 

however, these are anomalies. The dominant perspective taken when flattening for 

pattern-cutting is from the front. Julian Roberts (2013) suggests it is possible to 

design from multiple axes simultaneously in his Subtraction Cutting method - best 

described through his’ Absolute Basics’ diagram (Figure 1) which shows the perspec-

tive of a complete house form unfolded like a box. While not zero waste, Robert’s 

approach considers the rectangularity of textiles and works with it to generate form. 

Figure 1: Julian Roberts “The Absolute Basics” shows the unwrapping of a house “shell” - a similar 
perscpective to the unwrapping of the garment “shell” in MakeUse.
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to pattern forms which are almost unrecognisable as garment patterns. However, 

his approach, like most pattern cutting, removes what is not required in the design. 

Lindqvist questions the traditional tailors’ matrix, and his approach is driven primari-

ly by the desire for free movement of the body that the garment dresses. 

The fact that the development of patterns for cut and assembled garments always 

requires a process of ‘flattening out’ points toward a strong relationship between tools 

and technology, and the aesthetics of garments. For garments made from woven 

textiles this is because woven cloth is made on a loom, and the resulting fabric is a 2D 

plane. At the same time, the majority of tools used to cut the patterns (especially in 

a modern industrial context) need a flat surface – the 3D garment form when using 

cut and sew always needs to be flattened out. This process impacts directly on the 

aesthetic, details and construction solutions for garments. All cut and sew garment 

forms are flattened because otherwise, the 2D cloth cannot be cut. As a result, 

modern conventional garments are divided into sections such as’ front’ and’ back’, 

with side seams and shoulder seams to make mass manufacturing more efficient. 

While the cutting of 2D fabric can be mostly automated, the construction of the high-

ly complex curve geometries requires skilful, dexterous hands – with a sensitivity to 

soft, fragile textiles which is yet to be replicated by robotics.

There are examples of zero waste textile and form production methods that utilise 

flat pattern construction approaches such as fully-fashion knitting, and the far less 

common, fully-fashioned weaving.  Fully fashioned knitting is commonly used in 

industry, as well as by home knitters. The approach shapes the knitted pattern pieces 

so that only the yarn needed for the garment is used. Pattern cutting in this process is 

also a process of flattening out the garment form, and utilises many of the approach-

es as used in cut and sew construction as well as taking advantage of the elastic 

quality and flexible structure of knitted textiles. Much less common than fully fashion 

knitting, fully fashion weaving similarly creates garments only utilising the yarn 

required with minimal or no waste; however, these garments are woven on a loom. 

Traditionally these garments were constructed from rectangular pattern pieces as 

this is the most straightforward shape to achieve on the loom; however, it is possible 

to shape on the loom or to utilise shaped looms (see Paper 4: Friends of Light, and 

Manonik examples). Both of these methods use technology to ensure the production 

of garments is zero waste.

Another perspective to consider at the intersection of technology and aesthetics is 

evident in Timo Rissanen, Lynda Grose and Vibeke Riisberg’s (2018) research on 

designing garments with evolving aesthetics. They explore methods of design to flat-

ten garments after use to facilitate the use of over-printing and upcycling technology, 

an approach also utilised by MA graduate Lynn Tallvod (2020). This consideration 

requires the designer to consider the flattening that will occur after use to lead the 

design of the garment to begin with – a process which directly impacts on aesthetics 

and form. 

A critical exploration of hybrid zero waste practice occurred in MakeUse (McQuillan, 

2014; McQuillan et al., 2018). It was a  response to Timo Rissanen assertion that 

“Zero waste is not good in and of itself” (2013), Kate Fletcher’s (2016) demand that 

designers and industry should seek to augment the actions of users and the “use 

practice” of garments. MakeUse began as an exploration of the intersection of zero 

waste design practice and use practice. In its second iteration, it utilised a simulta-

neous print, garment and system design process, where each informed the other to 

reach the desired outcome – which was an open-source, user-modifiable system for 

making zero waste garments. The need for simplicity drove the aesthetics of fit for 

MakeUse as a result of a user-centred approach. These garments needed to be able 

to be understood and made by those without extensive experience. The actions of 

system, garment and textile designer were blurred in MakeUse, with the require-

ments of the system directly informing both the form outcome and the application of 

surface print to the textile. The reverse was also true; the form creation guided the 

design of the system required to understand it. 

For more on this, see Paper 1: Make/Use: a system for Open-source,  user-modifiable, 

zero-waste fashion practice. (2018)

Digital design tools for hybrid design practice
An emerging aid in hybrid design practice is the use of 3D modelling technology such 

as that offered by companies such as Lectra, CLO3D, Browzwear and Optitex. Digital 

3D software enables for the simultaneous design of 2D zero waste pattern and the 

resulting 3D form. This action used to take place primarily in the mind of the design-

er until constructed as a sample or toile. In the past, designers have used methods 

such as paper maquettes to do this initial testing, a technique that while inexpensive, 

does not adequately convey the material quality of the design. In industry, the rela-

tionship between drawing/specification and pattern/sample is relatively linear and 
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one-directional. However, because in zero waste design, the pattern is the design, 

and they have a symbiotic relationship, the application of a simultaneous design 

method to a primarily linear design system is likely to be problematic. Therefore it is 

proposed that the use of digital 3D software to augment and visualise this relation-

ship could enable the more straightforward application of zero waste design methods 

into the industry.

Digital software such as CLO3D has the potential to transform zero waste design 

practice. Early exploration of the use of these tools began by testing known patterns 

in the digital space and revealed it was possible to rapidly generate new design varia-

tions – a process that in the past, may have taken many days can be completed within 

minutes. Once mastered, the software can be used as a method of design genesis in 

addition to design modification.

The use of the software enabled the real-time visualisation of the impact that design 

actions have on the 2D pattern and 3D form. Rather than having to undergo a 

time-intensive physical iterative process of alteration/ sample/ alteration/ sample, 

this can occur entirely digitally and very rapidly. The advantages of this for the 

speed-obsessed industry are apparent. The design of zero waste products that had 

previously been a risky, time and material consuming process could now be explored 

with surety, relatively quickly and with minimal material use. This assertion is backed 

by French zero waste fashion designer Mylène L’Orguilloux. She states on her website 

that the use of 3D software such as CLO3D has enabled her to generate and trans-

form her own zero waste design process rapidly.

The additional benefit of utilising digital prototyping and design tools such as CLO3D 

is that it can significantly reduce the use of materials for design and sampling. It can 

replace many of the initial sampling processes and speed up translation from idea to 

an accurate representation of form without the need for cutting cloth. 

For more on this see Paper 5: Digital 3D design as a tool for augmenting zero-waste 

fashion design practice (2020)

On Mindset - Technology - Method - Aesthetic 

Despite the advancement of digital tools in enabling the design of low waste or zero 

waste garments, the industry still has not widely adopted zero waste as a design 

methodology. There is a gap between what the fashion and textile industry needs to 

ameliorate its significant adverse impacts and the conventional ways of thinking and 

practising that currently predominate. The models and methods in use now were 

conceived at a time when the understanding of the impact of industry on the world 

was more limited. However, industry and designers continue to adhere to them 

despite compelling evidence that existing ways of thinking puts humanity at risk.  

Designers need to be given tools and new ways of seeing their role to facilitate the 

kinds of change required. 

There is a need for a deeper, applied understanding of the opportunities and limita-

tions of zero waste design practice in the context of the industry. This research seeks 

to challenge thinking around what zero waste practice can teach – to question the 

how and why of garment and textile design, and interrogate some of the commercial 

industries responses to the environmental crisis. The research outlined in this thesis 

aims to explore new methods and implications of eliminating textile waste from the 

production of clothing and other textile-based forms at the pre-consumer stage. By 

first applying existing knowledge in this area, and then through the development of 

alternative approaches, it proposes that new methods can be developed to assist the 

broader application of these waste elimination and reduction approaches and that 

in doing so new technological-aesthetic expressions can offer an alternative way of 

living. 
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Approach and Methodology

This section provides a theoretical and methodological framework for the research 

outlined in this thesis. Beginning with the overarching transition design framework 

and “designerly way of thinking” that all the work develops within, the section 

discusses the experimental, reflective and iterative design research approach. The 

research is underpinned by an understanding of design as ‘future-making’, and 

transition design is utilised to aid in the conceptualisation of actions and models for 

change. Later the role of the artefact is discussed concerning metamorphic objects. 

Lastly, the motivation for the experimental design set up is discussed.

Aim

This experimental practice-based design research (Frayling, Koskinen et al. 2008) 

began by establishing a broad research program (Lakatos 1980, Binder & Redstrom 

2006) which aimed to explore new methods and implications of eliminating textile 

waste from the production of clothing at the pre-consumer stage, specifically through 

zero waste design practices. 

The first iteration of this research program sought to apply existing knowledge in this 

area in an industry context, and develop new methods and guidelines to assist the 

broader application of these waste elimination and reduction approaches. However, 

as the research progressed through the field tests, it became clearer that the research 

cannot merely be concerned with designing objects or forms, but should also consid-

er ways of thinking that support these practices. 

The second iteration of the research program sought to explore zero waste as a 

way of thinking and as a tool for a systems approach to design. It takes the way of 

thinking that emerged at the end of the research discussed in Chapter 2 and deepens 

its application in the context of Textile-form construction. The experimental design 

research in Chapter 3 aims to develop methods and aesthetics that are the result of 

this way of thinking.

The two stages of this research project (Figure 2) lean more heavily on some method-

ological practices than others; however, three are consistent: Schön’s (1983)’ reflec-

tive practice’; Lawsons (2006)’ external and internal constraints’; and Johansson-

Sköldberg & Woodilla’s (2013)’ designerly thinking in practice”. In Chapter 2, the 

focus is on using these methodological practices with a phenomenological approach 

to field experimentation and interviews as a means of mapping an understanding of 

the present. In comparison, Chapter 3 adopts a future-making, experimental design 

approach to provide a possible transitional vision for the future. All operate within 

the now almost universally shared understanding that we are in an environmental 

crisis (see Context).
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Figure 2: The research structure follows the “double diamond” (British Design Council, 2005) 
approach. There was a pivotal moment of transition from one way of thinking about the “problem” 
to another way of thinking. This pivot led to the particular structure of this thesis in two parts as 
valuable findings were uncovered in both parts. 
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Experimental, Transition Design Research

Since Schön (1983) states that “In its most generic sense, to experiment is to act in 

order to see what the action leads to”, then the motivation of these experiments is 

important. This research agrees with Tim Marshall (2014), who takes the view that 

design cannot act in isolation of the complex social, economic, and environmental 

issues that envelope it. Furthermore, this research exists (as perhaps all design 

should) in a precarious, and political space (Fry, 2010) – the current situation 

demands that designers “confront an unavoidable choice: we either support the 

status quo or we chose a path of change” (Fry, 2010, p. 1). Simon (1969) argues for 

a conception of design that is about changing existing situations into preferred ones, 

or “how things ought to be”. Grand and Wiedmer (2010) state that design holds a 

“fundamental interest in focusing on the world as it could be, on the imagination and 

realisation of possible futures, as well as on the disclosure of new worlds”. Yelavich 

and Adams (2014) propose that design can facilitate a process of “Future-Making”, 

and that this process would be inherently social and profoundly political. It locates 

design and its effects within issues of social justice, environmental health, political 

agency, education, and the right to pleasure and play, far beyond and with more 

profound impacts than the merely aesthetic. Expanding on Simon, Fry, Marshall’s 

ideas as encapsulated in notions of future-making, Transition Design (Irwin 2015; 

Irwin, Kossoff, and Tonkinwise 2015; Irwin, Kossoff, and Potts 2018) provides a 

framework in four “mutually and co-evolving areas of knowledge, actions and self-re-

flection” (Irwin 2015) which provide a clear intent and purpose for design that cares 

in the 21st century: vision, theories of change, mindset/posture, and new ways of 

designing. 

Zero Waste Systems Thinking in this context proposes zero waste as a lens through 

which to view a system, a transition design’ posture’ which enforces a holistic way of 

thinking. To first unpack and then propose new futures, this research nests experi-

mental design research inside the framework and methodological approach provided 

by Transition Design (Irwin 2015). In support of the transition design framework 

is an emerging methodology as follows: Problem evolution, Problem mapping and 

Visioning (Gasperak and Straus, 2020). Problem evolution – analysis of the history of 

the existing problem (such as the links that fashion and textiles have with the envi-

ronmental crisis, history of the fashion industry as the poster child of Fordism and 

capitalism), occurs primarily via a context review. It is important to note that transi-

tion design and experimental design research share features, particularly regarding 

transition design’s opposition to “imposing pre-planned and fully resolved solu-

tions upon a situation” (Irwin, Kossoff, and Tonkinwise 2015). This understanding 

supports the use of an experimental design methodology that follows the Transition 

design structure for both Problem mapping and Visioning.

This research also used reflective practice, interviews and gigamapping to map the 

interactions of participants and systems from the field tests, as well as the fashion 

system as a whole. These compatible methods revealed zero waste as a design 

method that centres a holistic understanding of the design process, where the 

environmental concerns of waste production overrule conventional fashion industry 

concerns of cost and aesthetics. It revealed that there needed to be a rejection of 

a ‘drop-in solution’ to the current business systems model and instead subsequent 

experimentation needed to focus on methods that would disrupt the system, turning 

the hierarchy on its head.

Designerly Thinking in Practice
Johansson-Sköldberg & Woodilla (2013), suggests a combination of Schön (ibid), 

Buchanan (1992), Lawson (ibid) and Cross’s (2011) thoughts on design thinking 

could provide a structure that places “‘designerly thinking in practice’ in contrast to 

the rationalised, systematic study of design by Simon, and the meaning-creation of 

Krippendorff’s hermeneutic approach”. In the development of the theoretical models, 

this research takes an approach similar to Buchanan’s use of “placements” to examine 

the nature of the problems and constraints. Buchanan defines placements as “the 

quasi-subject matter of design thinking, from which the designer fashions a working 

hypothesis suited to special circumstances” (ibid). In the case of this research, the 

placement is’ zero waste design’.  

In How Designers Think: The Design Process Demystified (1980), Bryan Lawson 

wrote about external and internal constraints in design. There are established sets 

of acceptable or desirable constraints for fashion design which while they vary from 

designer to company to project, are consistent in that they do not usually include 

consideration of material waste. In fact, it would generally be considered an unde-

sirable constraint. The existence of these constraints is explicit in zero waste design. 

So Lawson and Cross’s “focus on the designer’s specific awareness and abilities” 

enables the perspective as a designer practising within the constraints of zero waste 

to uniquely inform a way of seeing and thinking about the industry. 
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thematically code the information in the interviews and observations from the field 

tests. According to Braun & Clarke (2006), a theme “captures something important 

about the data in relation to the research question, and represents some level of 

patterned response or meaning within the data set.” In the field tests and interviews, 

similar themes emerged again and again, and this coding informed the development 

of the reflections and theoretical models. 

Experimental Design practice
Koskinen et al. (2008) describe a design experiment as “pieces of design carried out 

as a part of a research effort”, and clarify that in this process design work is research – 

the two are inseparable. Furthermore, Koskinen et al. (2008), describe the Lab, Field 

and Gallery contexts that design experimentation can occur within. The research 

explored in Chapter 2 is primarily situated in the Field contexts, while in Chapter 3, 

the research is partly located in the Lab context. 

The field is defined as that which places design practice and outcomes into a “natural-

istic setting”, however for the research explored in Chapter 2, the field is not society 

as a whole – the field is the ecology of the company, and to a lesser extent broader 

industry. There has been only limited research of the methods utilised by companies 

when attempting zero waste design. Gathering sufficient empirical data about these 

methods for comparison is problematic, in part due to the reluctance of companies to 

share details about processes that can potentially give them a competitive advantage, 

or embarrass them at their failure. Additional problems are caused by the small 

sample size that would be possible, even if the information was fully accessible. 

So employing an experimental design methodology within the identified field has 

enabled a variety of methods to be tested to gain insight into what might be success-

ful, and the experience allows for me to undertake a “problem mapping” process. 

In experimental design research, the lab is defined as experimentation which is 

“seeking causality: how some things inevitably lead to other things under certain 

circumstances”. While the experiments conducted in Chapter 3 (due to the holistic 

transition design framework) are never entirely divorced from the real world,  some 

separation is, at times, a useful device enabling deep experimentation. However, 

any design research concerned with the “real world” needs to expand its testing out 

into it eventually. The lab context in this way can cause concern around notions of 

“external validity,” – that is “whether results from the experiments can be generalized 

to situations outside the laboratory” (Koskinen et al. (2008). Products, methods and 

The fashion industry can be conceived as a series of interconnected problems, with 

an enormous economic and environmental burden, multiple, differing opinions and 

incomplete or contradictory knowledge.  This conception of the fashion industry 

meets Rittel et al. (1973) and Buchanan’s definition of a “wicked problem”. Buchanan 

wrote, “the activities of design thinking are easily forgotten or are reduced to the kind 

of product that is finally produced. The problem for designers is to conceive and plan 

what does not yet exist, and this occurs in the context of the indeterminacy of wicked 

problems, before the final result is known.” This precarious and future-looking 

approach is taken up more specifically in the Visioning phase from the perspective of 

Future Making and Transition Design.

Taking a phenomenological approach
Experiments undertaken in Chapter 2 enabled the testing of zero waste design 

methods in the context of the existing industry so that an informed problem mapping 

process could occur. The experimental field tests used a phenomenological approach 

where zero waste design strategies were applied in the industry. Phenomenology 

describes experience, and it is always needed when qualitative methods are used. It 

allows researchers to deal with the realities of the world and identify weaknesses in 

data gathering.  Phenomenology seeks to identify patterns of subjective experience. 

Hermeneutic phenomenology states that the relationship between event and person 

will impact on the meaning that is formed. In the context of this research, this is the 

perspective taken. 

It is vital that when designing research which takes a phenomenological approach, 

to acknowledge it is impossible to entirely distance oneself from the findings and 

observations, as the researcher is in effect part of the research itself. When report-

ing on the experience and process of the field tests, I will often use the first-person 

perspective to make explicit that this is my personal experience and reflections of 

the experiments. This approach has weaknesses, such as the inability to describe 

both unique experiences and make generalisations – I must be careful about what I 

conclude from this methodological approach. However, my first-hand experience in 

the context allows for detailed insights to be gained.

To enable the research to expand somewhat more broadly from the personal observa-

tions gained in the field tests, a series of text-based interviews were conducted with 

designers who have worked to progress zero waste collections or garments through a 

design and production process. A thematic content analysis method was employed to 
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processes are not the only outcomes of design experiments.  As Friedman (2003, p. 

521) argues, it is the designers “interpretation and understanding of experience that 

leads to knowledge. Knowledge emerges from critical inquiry.” Combining skills as 

a designer with a critical perspective in the field and lab enables theoretical models 

to be built out of the design experiments and surrounding reflection. As transition 

design seeks to develop “addressing “wicked” problems (such as climate change, 

loss of biodiversity, crime, poverty, pollution, etc.) and catalysing societal transitions 

toward more sustainable and desirable futures” (Irwin, 2018) any outcome from 

a lab will need to be tested in the context for which it is designed. This PhD begins 

to explore application in later stages of experimentation, but further exploration is 

proposed for post-doctoral research.

Designing Futures
In the visioning stage of the design program, this research began by expressing the 

findings as conceptual or theoretical models to provoke a shift in thinking about the 

role of zero waste in industry and the lens through which sustainability is viewed in 

the fashion industry and education. These theoretical models informed the following 

phases of experimentation which aimed to provide methods and examples to make 

the vision more tangible. Visioning the Future links with design as future making and 

encourages the use of practice as a means to present possible futures. This research 

used holistic systems-driven design experimentation, combined with reflective meth-

ods like dynamic research sketches and gigamapping, utilising experimentation and 

developing design methods which were inherently holistic, to create outcomes that 

aim to present a fully articulated vision of the future. 

To present a new vision for the future in the context of transition design, new ways of 

designing in response to a holistic way of seeing the world are needed. One suggested 

holistic approach is simultaneous design. Kathryn Townsend (2003) defines simul-

taneous design practice as that which “merges textile and garment-led approaches 

by considering both the textile design and garment shape at the outset of the design 

process.” While Townsend focussed on its application in the fields of garment and 

textile design, it can be considered to be in action where ever the development of 

the surface or substance of the artefact occurs at the same time as, and in tandem 

with, the form and aesthetic. In the case of fashion and textiles, an example is the 

development of surface pattern and form where the surface pattern is’ engineered’ 

(shaped) to respond to the form. Distinct from the usual way of working with textiles 

in fashion where the textile is selected before the garment design ascertained, or 

the textile is chosen as a result of the design, simultaneous design combines these 

two stages of garment design in response to each other. If zero waste design practice 

seeks to eliminate, where possible, the creation of waste from the creation of prod-

ucts (Rissanen and McQuillan, 2016); a hybrid zero waste design practice will seek 

to do this at the intersection, or through the hybridisation, of two fields of design 

practices. In the case of a garment, this might be digital textile design and garment 

design, for furniture it may be knit textile design and flatpack design. It is not about 

making hybridised products, such as integrating technology into garments, but about 

hybridising design practices to generate innovative no/low-waste outcomes that 

would not otherwise be possible. You could alternatively call it simultaneous design 

for zero waste design practice. 

This research program utilises experimentation and reflective practice (Schon, 1983) 

as a core of the design research. Hannula et al. (2005) advocate that design research 

should be able to communicate “where [the research] is coming from, where it 

stands at this precise moment, and where it wants to go” – a sequence that aligns 

with Transition design’s methodology of Problem evolution, Problem mapping and 

Visioning. Reflection occurs at all stages of this process. In the field tests, the experi-

ence and outcomes are reflected on to develop and report on possible solutions, while 

also planning subsequent design actions and conceptual moves. Throughout every 

stage of the experimental design work, reflection on the outcomes and implications 

enables a deeper understanding of the process and results – and what it may mean 

concerning both the design and the context in which it is situated.  

Role of Artefacts
When designing and later interrogating the objects created through the experimental 

design research (Koskinen, Binder and Redström, 2008) undertaken in this PhD, 

there is a sense of designing multiple things at the same time, both theoretically 

and physically. The scope of the outcomes is broad, encompassing notes, sketches, 

and paper models through to complete and refined graphical representations, and 

finished textile forms. There are multiple roles undertaken as a designer and roles 

that the objects play: objects for the designer to’ work out’ what to do, what has 

happened, what should happen next, what needs to change for example, and concep-

tual figures to sketch an understanding of the ideas embedded in the work itself. 

Importantly there are objects to physically, visually and graphically articulate to 

others the ideas the objects represent from both a meta “why” perspective and both 

the near field and far field specifics of’ how’ to do it. These’ why’ and’ how’ threads 

intersect and traverse the work in its entirety. 
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At first glance, the outcomes of this research can be grouped into two broad catego-

ries (Figure 3), depending on their initial function. Internally communicative objects 

initially function to make an idea known to the designer; these are representations 

of things that are not yet existing. In contrast, externally communicative objects 

serve to make an idea known by others – objects or things of design. “Figures of 

Thought” (Peterson, 2020) describe all manner of matter – doodles, notes, sketches, 

samples and models in both two and three dimensions – which represent the “not 

yet existing thing” that Binder et al. (2011) describe. These’ Figures of Thought’ are 

similar to Schmidt and Wagner’s (2004) “in-the-process-of-becoming” things, and 

might include “dynamic research sketches” (Pedersen, 2013), they are not refined 

or (usually) outward-facing’ objects of design’ and instead are prototypes to materi-

alise and understand figments of ideas or theory, and to articulate or solve physical, 

digital and technological problems or experience. Externally communicative “Objects 

of Design” encompass technical information or files for manufacture, and ‘Proof of 

concept’ examples and diagrams which stand alone and act as support for the thesis. 

These become a sort of’ performance’ of design, as well as being the Object of Design.

When undertaking an experiment in the context of this research, using techniques 

such as paper prototypes or digital models, the outcomes are initially very much 

internal Figures of Thought - they exist to facilitate understanding of what is occur-

ring in the process of the experiment - or to begin to answer “what if” experimen-

tal notions. The outcomes can transition to external Objects of Design as a means 

of presenting ideas. However, they are not always finished aesthetically resolved 

designs, because often, what is being communicated is a method. In summary, an 

Object of Design is not always a beautiful finished object. Sometimes paper proto-

types more clearly communicate “how” and “why”, than the beautiful finished object 

which can cloud and disguise the processes and thinking that is intended to be 

communicated. These kinds of Objects of Design could be considered tools.   

Binder et al. (2011) in Design Things, states that “design work is looked on as an 

act of “metamorphing”, where design concepts are envisioned and realised through 

objectifying and manipulating a variety of representations”. They define the’ object of 

design’ as something which “emerges and evolves through the successive becomings 

of constituents in a web of design”. These figures of thought and objects of design can 

transition from one to the other over time, so are metamorphic.

(Internal) Figures of �ought

(External) Objects of Design

‘W
HY’

‘HOW’

Figure 3: The interaction of the Why and How of this research is explored through the objects that 
emerged out of the experimentation. Notions of “Figures of Thought” (Peterson, 2020)  and Objects 
of Design articulate the changing role of artefacts.
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The experimentation outlined in Chapter 3 sought to develop new methods for a 

holistic design process that integrated production and design with a systems view 

of design. Experimentation started by pushing at the edges of what I knew already, 

taking existing 2D zero waste patterns and experimenting with modifying their 

surface and structure. As the experiments progressed, a new fundamental under-

standing of the design process undertaken (including what is form design and what 

is textile design – which of these is occurring, and when), its context and the research 

program evolved.  

The research in Chapter 3 could have taken a similar approach as Karin Landahls 

PhD “The Myth of the Silhouette” (2015), which explored the theory and expres-

sions possible through developing new design methods for knitted textiles-forms. 

Alternatively, this research could have approached whole garment weaving from a 

textile-led perspective like Anna Pipers PhD “Material Relationships” (2019). Instead, 

it takes a holistic view, where the experiments are situated within a context both 

physical (Textile-form construction) and theoretical (post-anthropocentric, transition 

design), with inputs and outputs that weave together to form a holistic understand-

ing of the findings at the intersection of textile and form.

The research program is holistic; therefore, the methods needed to be developed 

and used also need to be holistic. Zero waste woven textile-based forms embed this 

holism in the process of design and manufacture; it is not possible to design and 

make them without understanding and interacting with the system as a whole. The 

experimental set up sought first to understand the context (Chapter 2), and then 

disrupt the established way of working, develop methods (Chapter 3) that were as 

holistic as the system they were intended to be situated within, and apply the meth-

ods within the systems in order to test them.

On the role of different mediums in design Binder et al. (2011, p. 54) wrote that 

“transforming representations and shifting between modalities, scales, and materials 

highlight different aspects of design and are carried out to widen the design space, 

communicating ideas and narrowing down concepts. It is a challenge for the designer 

to handle a multitude of different media and representations. The transference from 

one medium to another without losing essential qualities is often a crucial issue”. 

This transference between mediums provides opportunities for seeing the outcomes 

and meaning of the work differently. In this experimental design research (discussed 

in Chapter 3), transference revealed a new understanding of the mechanism for 

unfolding the embedded textile layers, thus allowing for a new subset of design tech-

niques and methods to be explored.  

Motivation of the experimental setup and methods used

The experimental design process outlined in Chapter 2 utilised existing methods 

of zero waste fashion design practice to understand and’ problem map’ the current 

context to understand it better. The experiments were conceived as’ experimental 

field tests’ in a range of existing companies. The subsequent reflective’ problem 

mapping’ exercise revealed possible avenues for exploration, which informed the 

subsequent stage of experimentation. In the experimentation outlined in Chapter 3, 

this research aimed to expand the design methods available for Flat Textile-forms 

(primarily for weaving, due to knitting already being easily zero waste) in the context 

of zero waste system design to’ vision’ a future which responds holistically to issues of 

the environmental crisis. 

The experimentation methods were initially based on known zero waste strategies 

that I had developed over the ten years prior research practice. The unknown – or 

“unpredictable” (Rheinberger, 1994) – part of these experiments was how they 

would hold up to the many demands of the industry. Through the process of exper-

imentation in these field tests it became clear they did not stand up that well, and 

that something had to change. An anthropocentric view would argue that the desire 

to eliminate waste should never impact on aesthetic or fit, as this is not good for the 

consumer or business.  Indeed, many of the interactions that occurred during the 

experimental field tests were driven by projects aiming for a ‘less bad’ solution that 

would not challenge the end-user or’ cost’ too much. Seam lines, for instance, were 

often deemed’ too extreme’ for the customer even if their use eliminated kilometres 

of textile waste.  
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2 . ZERO WASTE AS A 

DESIGN METHOD

“Zero Waste as a Method” began by approaching zero waste fashion design as a 

method (primarily of pattern cutting) and sought to apply what was already known 

about zero waste design methods, in the context of the fashion industry and reflected 

on the experience. In doing this, it became clear that what was thought of as a 

design method was actually a way of thinking that had not been articulated thor-

oughly before. This chapter is a summary of the experimentation and interviews first 

presented in my licentiate titled, “Zero Waste Design Thinking”. In this thesis, the 

findings of this section are expanded based on further reflection and experimenta-

tion.

Experimental Field Tests in Industry

Waste in industrial contexts is treated as a management problem (Figure 4), yet the 

origins are in the aesthetic and patterns of the garments. This chapter describes three 

field tests in which waste reduction strategies are applied in the design and marker 

making processes. Following these field tests is an analysis of a series of interviews 

with designers who have attempted similar projects in a range of companies, and 

then a summary of findings that directs the subsequent research undertaken (as 

outlined in Chapter 3).

This chapter begins by outlining the nature of the field tests and how they progressed, 

and later reflects on the implications each has on design practice in the given context. 

The observations cannot be generalised; however, they do provide insight into the 

issues and roadblocks which are likely to occur in the conventional fashion design 

system. The briefs that led the experiments provided a relatively narrow aesthetic 

framework due to the desire to make an existing product on their line zero waste. It 

is important to know that the research intervenes from an ‘outsiders’ perspective of 

a designer (the author) not entirely familiar with the internal processes and systems 

of the particular context at the start. As such, a learning process had to occur. The 

third field test explores zero waste design processes outside of the fashion industry to 

compare and learn what aspects may be unique to the fashion industry and which are 

unique to zero waste design.
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Figure 4: Existing Fashion Design and Production Chain: A conventional fashion design and produc-
tion chain (as simplified here) is usually extremely siloed - particularly in large scale companies.

Figure 5: Proposed Zero Waste Design and Production Chain: Usually Zero Waste design is present-
ed as a so-called “drop-in” solution, whereby the conventional design and development process 
is replace with a zero waste design and development process but the remainder of the process 
remains the same or similar to the conventional supply chain while producing less (ideally none) 
waste.

These field tests aimed to explore new methods and implications of eliminating 

textile waste from the production of clothing and other textile-based forms at the 

pre-consumer stage, specifically through zero waste pattern cutting and design prac-

tices. The research discussed in this chapter sought to apply existing knowledge in 

this area in an industry context, developing new methods and guidelines to assist the 

broader application of these waste elimination and reduction approaches. 

All three field tests were collaborative; between the researcher and marker-makers, 

designers, technical designers, garment technicians, financial managers, and many 

others. The iterative and experimental design process responded to the aesthetics or 

functional implications of the product, and also had to address unexpected factors 

such as the way trade agreements, or cutting machinery impacted on possible prob-

lems and their solutions.
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changing the silhouette or adding to the overall seam numbers. In this constrained 

context, three different possible outcomes were developed, one of which added a 

single seam but reduced yield for the planned style by 26%. 

Outcome
The three modified versions were each costed by the company; however, the changes 

were not implemented. The justification given was that the extra cost of additional 

sewing seams outweighed the savings made on material yield, because the cloth they 

use for this style is extremely inexpensive. 

Three months later the unmodified style the team had worked was on appeared on 

the discount rack of a local store. 

Initial reflection
In this field test, the company asked me to work with their marker makers and not 

their designers. This choice of participants indicates that there was a misunderstand-

ing of the realities of what causes waste in a marker (Figure 7 and 8). As most marker 

makers use extremely effective software to assist them, this stage of the design and 

production process is already optimised for maximum efficiency. The issue lies now 

in the way the garment pattern is constructed, which is entirely determined by the 

garment design, and marker makers do not influence the design decisions being 

made. For more details, please refer to Zero Waste Design Thinking (McQuillan, 

2019)

Experimental Field Test 1: Low price, high-street brand

Aim 
To test the zero waste design strategies in the context of a large, low priced high-

street brand (Fast Fashion).

The stated aim provided by the company was to raise awareness around zero waste 

and waste in general, to train the suppliers’ pattern/marker makers so they could 

produce more efficient ‘mini-markers’. As such, the company wanted to develop 1-2 

minimal waste versions of styles which were already designed (Figure 6) and costed 

as a comparison.

Collaborators
Holly McQuillan; Contracted team of marker makers; Technical Designer at the 

company.

Tools
Existing pattern for existing style; Paper models; Workshop; Scissors; Pen.

Materials
Paper; Tape.

Summary of process
Working with teams of marker makers, using predetermined fabric width and 

garment style and associated pattern, this first field test was of short duration, lasting 

only two days. The company are known for their efforts to reduce the negative 

impacts of their garments; however, as a fast-fashion brand they have a high product 

turn over, with low price points.

An analogue workshop was delivered to introduce fundamental zero waste design 

concepts and then I collaborated with their marker makers to explore possible solu-

tions to the high yield and waste markers this particular style resulted in.

There was a small selection of alternative seam placements – without change of 

silhouette or critical details – which were allowable according to the brief. Methods 

were attempted such as seam Transferral (eliminating a seam in one location by 

moving it to another) to balance the modification of pattern for efficiency without 
Figure 6: Left original pattern for Experimental Field Test 1. Right - minimal waste version with 
reduced yield of about 10% (pink section)
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Outcome:
This design was presented in person to the product team. As part of the workshops 

delivered, team members designed and constructed zero waste garments in their 

R&D centre and the outcomes were presented to all designers at the end of the week. 

When discussing the garment shown in Figure 9, suggestions were made to change 

to seam placement, for reasons of function, taste or aesthetics. However, when 

making these changes, both large and small, efficiency and yield returned close to the 

original. The product team continued work in this field on their own, making small 

improvements to high volume styles.

Experimental Field Test 2: High price outdoor brand

Overall aim
The second field test was of much longer duration and for a very different garment 

brand – a large, high price, sustainable outdoor brand. This field test took place in 

two phases, beginning with a workshop and a brief exploration of zero waste for a 

single garment in a single size, which was never meant for production. This work-

shop and garment experiment was followed by an extended second phase aimed at 

developing a ‘high efficiency’ (or minimal waste) garment in a men’s and women’s 

style, with a full size-range, intended for production. This field test used the digital 

3D software, CLO3D. The software enabled the development of zero/low waste 

designs and digital prototypes despite thousands of kilometres separating the design 

and technical teams. 

Phase 1: Feasibility test

Aim: 
To redesign an iconic mid-layer fleece jacket using zero-waste design principles to 

demonstrate to the team what may be possible. 

Collaborators:
The design team at the company; Holly McQuillan.

Tools:
CLO3D; Optitex Marker making software; Existing pattern. 

Materials:
Digital Cloth; Knit fabric; Zipper; Thread.

Summary of process:
Utilising the current pattern, supplied measurement chart, and sketches, a fleece 

jacket was developed with different seam lines, particularly in the sleeve. The design 

maintained the same fit as the existing fleece jacket and achieved almost no waste. 

A physical sample was never created due to the tight timeframe, but the 3D software 

used reduced the need for this. 

Figure 9: Digital render of zero waste outcome of Experimental Field Test 2, Phase 1. The unconven-
tional spiral sleeve seams were considered to deviate too strongly from the base style. 
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Figure 10: Client Expectation of Design and Production Chain for Phase 1 of 
Experimental Field Test 2. In Phase 1 the design was expected to remain the same as 
the original and yet somehow take up less space and produce no waste. This experi-
ment highlighted the deeply ingrained misconceptions about the relationship between 
design and waste, and the need for cultural work to occur in companies to address 
these misconceptions.
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Figure 11: Proposed Low Waste Design and Production Chain. In response to Phase 1 
of the experiment in Field Test 2 we agreed to aim for low-waste instead of no-waste 
due to the constraining aesthetic expectations the brand held. It was also proposed 
that there would be overlap and collaboration between the silos.
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Using the “Designing the mixed marker” and “Designing a divided marker” meth-

ods resulted in outcomes which were both not efficient enough in the context of 

the constraints of the project and resulted in design lines that were considered too 

“different”. So, in response, suggestions were made to change the placement of seams 

and grain lines. Once actioned, yield and waste returned to the original figures or 

worse. This iterative process continued back and forward for many months, with 

shifting explicit and implicit constraints (to expand upon Lawsons (2006) internal 

and external constraints) playing an ever-increasing role in the decisions made. 

Despite the challenges presented, both the designs progressed satisfactorily enough 

that the company arranged for us to travel to one of their factories for a week of 

intensive collaborative work. At the factory, the team were able to develop success-

ful outcomes much more rapidly – methods and outcomes of methods were quickly 

assessed, any issues that arose were quickly addressed because we could ask each 

other, or the factory floor directly. 

Phase 2: High-efficiency project

Aim: 
To redesign a men’s and women’s technical fleece mid-layer aiming for ‘high efficien-

cy’ – 92% efficient use of materials, instead of the usual 80-85%. The phase used a 

minimal waste pattern cutting approach. 

Collaborators:
The design team at the company; Production team at the factory in Colombia; Holly 

McQuillan.

Tools:
CLO3D; Optitex Marker making software; Existing garment pattern; CNC cutter; 

Cover-stitch machine; Scissors.  

Materials:
Digital Cloth; Knit fabric; Zipper; Thread.

Summary of process:
The decision to seek high efficiency and not zero waste was due to limitations their 

existing production model imposes upon the outcome. The garments needed to 

maintain their aesthetic between sizes, so designing the marker for each size where 

the pattern and garment design is slightly different would be undesirable. The high 

technical requirements for their products means that aesthetic outcomes in response 

to seeking to reduce waste which did not meet performance or fit goals would not 

be acceptable. So a (still very high) goal of 92% was established. The design of the 

garments needed to fit the same as the current style, using the same fabric, but 

initially the remainder of the design was relatively open. 

In Sweden, CLO3D was used to design a possible garment outcome. Accuracy was 

ensured through the use of a scan of the fabric of the design, the brands male and 

female digital fit models and the existing pattern for the garments. Additionally, the 

base block or pattern the design was developed from, size charts, garment samples 

and specifications of the existing design were available to guide the design process. A 

range of approaches was explored: Designing a mixed marker, designing a divid-

ed marker and lastly designing a flexible marker/garment design system. These 

proposed solutions were then digitally sent to their headquarters in the US where 

they would make a toile to test fit. Figure 12: The final lower waste 
versions of the men’s and women’s 
garments as approved at factory.
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Outcome:
The outcome of the experiment was a sample of both the men’s and women’s tech-

nical garments, which maintain the fit of the original design, in a full-size range, 

able to be manufactured with a lower yield than the original. This package was then 

critiqued by the remainder of the design team back in the USA, where they suggest-

ed further small changes to the aesthetic and fit of the design, which the factory 

implemented. Both the proposed changes and process of actioning them were done 

without consideration for efficiency. As a result, the yield and waste percentages only 

marginally improved on what it was initially. 

The company proceeded with this version of the garment, and it became available for 

purchase from April 2019. 

H
ead D

esigner

Factory 
Sampling Production RetailZero/Low Waste Design and DevelopmentPrevious sales data

Customer feedback

Brand aesthetic

Fabric variables Production variables

Less Waste

Waste Produced

Waste addressed

Waste Ignored

Waste Ignored

Existing Design

Figure 13: Diagrammatic analysis of actual Design and Production Chain in Phase 2 of 
Experimental Field Test 2. We integrated much of the design and sampling process, 
however the outcome was evaluated in a conventional context (without consideration for 
waste) and the changes made reverted the efficiency back to what it was originally.

Figure 14: Final production 
version of design retains 
all the aesthetic and fit 
elements of the lower 
waste design but the minor 
changes made to seam line 
shape led to an outcome 
that resulted in almost the 
same waste produced as 
the original version before 
the waste minimisation 
project was undertaken.
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When design method should be system design
The successful outcomes occurred with a system-based approach. Utilising a method 

developed from the Divided Marker approach, each garment is designed to be 

composed of pattern pieces which were separated into large, medium and small 

scales. This enables a marker to be flexible in its configuration across sizes. The 

garment pattern shapes were manipulated so that they achieved a 2D form which 

was as close to a rectangle as possible, without changing the resulting fit.  The small 

and medium pattern pieces nest together to form mini-rectangular shapes, and with 

the large rectangular pattern pieces enable all the various pattern pieces to fit togeth-

er with improved efficiency (Figure 15). 

At the factory, further questions were asked about some of the processes to challenge 

wasteful practices that were considered standard. The buffer between pattern pieces 

was questioned again – and met with resistance. However, at our insistence, their 

cutting technicians tested a smaller buffer and discovered they could halve it. This 

new finding could be applied across hundreds of styles and many different compa-

nies. From a design perspective, reducing the buffer between pattern pieces provides 

more space in the marker for the design. This experience outlines an example of how 

zero waste design enforces a holistic way of thinking that can impact on practices 

outside of design, which can then feedback into design practices. 

Other findinsg include that it is necessary to build trust and collaborative relation-

ships with all stakeholders in the design and production chain since when developing 

a zero waste garment you will come into contact with or impact almost evvery part of 

the supply chain. Additionally blending of different manufacturing methods already 

used in a companies products might be a good step forward to further reduce waste 

without changing fit, such as the use of fully fashion knitting in combination with 

high-efficiency cut and sew. Another key realisation in the experience of this field 

test was that many of the actions undertaken in the zero waste design process in this 

context (incremental changing of pattern outlines to better utilise negative space for 

example) should instead be the role of software. 

For more details, see Zero Waste Design Thinking (2019) and Paper 4: Mind-Body-

Garment Cloth (2020).
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Large pattern pieces

Medium pattern pieces

Small pattern pieces

Di�cult pattern pieces

Figure 15: Beginning of a 
systems approach to develop-
ing minimal waste patterns for 
industry. Garment patterns will 
utilise fabric best if a range of 
pattern piece sizes are devel-
oped. This method works well if 
many of them can nest with each 
other to make their own small-
scale rectangles.
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Experimental Field Test 3: H/E Chair 

Aim:
The majority of zero waste furniture has been explored using hard sheet materials 

such as plywood, so this experiment aimed to examine processes of flat-packable 

furniture combining soft and hard materials. The goal of this experiment was to 

compare the process’ similarities and differences in terms of design practice, particu-

larly any limitations and expectations to see if any insight can be gained from consid-

ering zero waste design practice in a broader 3D form giving context. 

Collaborators:
Holly McQuillan; Emma Fox.

Tools:
Paper models; CLO3D; Concepts app; Wood and metalworking tools; Sewing 

machine; Scissors.

Materials:
Digital cloth; 100% Polyester knitted textile; Aluminium; Beech; Fastenings; Paper; 

Thread; Tape; Zipper.

Summary of Process: Prototype 1
From a starting point of the “shell chair” typology and a shared understanding of 

aesthetic direction, Emma sketched her initial ideas for the chair proportions and 

dimensions. At the same time, zero waste form studies in paper were developed 

exploring the chair. Early on, there was uncertainty about the possible relationship 

between frame and upholstery, and these relative to fabric width. With garment 

design, the designer can start with an established garment size and type; however, 

the constraints for a chair are less clearly fixed. An additional issue regarding differ-

ences between the Emma’s design development process and the requirements of zero 

waste design led to false starts and miscommunications.

While in theory the whole chair frame/body can be designed and controlled, which 

could not be done in garment design, in this design context there was little room for 

the fabric to move relative to the frame. This means that if the frame was set without 

an understanding of its scale relative to the chosen fabric, then there was limited 

Summary of fashion industry field tests

Both of these field tests aimed to explore methods and implications of eliminating 

textile waste from the production of clothing at the pre-consumer stage, specifically 

through zero waste pattern cutting and design practices. These experiments sought 

to apply existing knowledge in zero waste into a fashion industry design and produc-

tion context, and develop new methods and processes that might assist the broader 

application of these waste elimination and reduction approaches. When reflecting on 

what the research aimed for at the outset, it would appear that neither of these field 

tests was considered a ‘success’ at the time. While methods and implications are part 

of the findings, it was imagined that there would be manufactured products which 

demonstrated the success of zero waste design approaches in the context of industry, 

and this part of the PhD would be able to report on these as success stories. 

The first experimental field test reveals the relationship between fabric cost and the 

perceived value applied to waste reduction strategies, which raises questions about 

the motivations for waste reduction in the context of that field test - and perhaps the 

industry as a whole. Methods successfully reduced the yield and waste for the given 

style, however broader considerations regarding the cost of manufacture rendered 

these improvements meaningless from a financial perspective – and therefore, unde-

sirable.

The second experimental field test enabled a reflection on the impact of the domi-

nant hierarchical structures of people involved in the design process. The experiment 

also highlights dominant hierarchies between the design variables and constraints 

that drive the development of any project. In this case, methods were somewhat 

successfully applied within increasingly tightened constraints. However, the improve-

ments to efficiency were undone through the dominant established hierarchy within 

the design development process. This hierarchy does not consider waste or yield in 

the decisions made - and so the impact of changes suggested was unseen, and not 

considered a relevant action of design. 
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Design process reflection 
The key finding of this experiment relates to an emerging understanding of the need 

for a systems approach to the design of zero waste products. Issues of hierarchy in 

design practice were as impactful in this project as it was in the previous two exper-

imental field tests. It became clear that the tools, methods and processes used in 

conventional design processes are inadequate for a holistic, zero waste design prac-

tice. With zero waste design, there needs to be a direct relationship between drawing, 

model and pattern (specification) as soon as possible, ideally from the outset. The 

sequence of design form > material selection was different from large scale fashion 

industry process, where materials often need to be selected and ordered months in 

advance. However fashion designers often do not want or need to know the specifics 

(width for example) of the material at the outset, the material is selected to make the 

design aesthetics and fit work, so width is not relevant. 

Terminology and language was a problem at times – as is often the case in interdis-

ciplinary or transdisciplinary collaboration. This is similar to problems found in the 

MakeUse project when talking about lines (see Paper I for more detail). Establishing 

a precise shared vocabulary when working in cross-disciplinary teams is essential, 

especially in unfamiliar territory such as zero waste design. 

design flexibility which is usually needed for zero waste design to be successful. If the 

whole aesthetic of the chair is predetermined before the zero waste pattern is begun, 

there needs to be room in either aesthetic, seams, construction which would allow 

space for the design to be zero waste. It would be possible to accidentally develop 

a conventional design that happened to enable a zero waste pattern, but it would 

be improbable. After some further discussion, I managed to communicate that we 

needed to design the chair from the perspective of the fabric width because that is a 

detail that cannot be changed. The fabric width is not a design constraint Emma was 

used to considering.  

Eventually, two prototypes were developed of the design following an iterative 

design process. The process explored the relationship between the proportions and 

construction of the chair, the fabric dimensions and related pattern, and how this 

came together to generate the overall aesthetic and function of the chair.

Initial reflection: Prototype 1
Prototype 1 was simplistic and lacked finesse and a clear relationship to the frame – 

the outcome was disjointed because the process itself was not holistic. The pattern 

was low waste – but high yield. However, the development of this prototype gave us a 

good foundation for ongoing collaboration.

Summary of Process: Prototype 2
By the second prototype, a more established and holistic process had been 

established, and each other’s design process was understood more intimately. 

Additionally, the details of the particular materials and proportions we were working 

with were taken from the work in the first prototype; so there was control over the 

resulting outcomes even though the limitations of the proportion and material rela-

tionship had not changed. There was also growing confidence in using the softness 

inherent in textiles as a design feature for furniture, allowing for some of the dimen-

sional differences to be relaxed. 

Outcome:
The outcome of the second prototyping process was a digital render. The project was 

intended to be developed to a complete designed object; however, due to circum-

stances outside of our control, the project is on hiatus. 
Figure 16: Left, Chair design, considering form and use of material by Holly McQuillan. Right, Chair 
design considering details of finishing by Emma Fox. These drawings were made at approximately the 
same time, and illustrate the different approaches the two designers have to design development. 
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Interviews 

In the following section, interviews with designers are reflected on. Each of the 

designers has implemented zero waste strategies successfully in a range of company 

settings. They have been interviewed in this research to expand on the observations 

from the field tests. The interviewees traverse a range of roles and company contexts: 

from a design director for a large established American brand to a junior designer for 

a medium-sized sustainable European brand; to a guest designer for a Hong Kong-

based womenswear brand that specialises in utilising waste from the fashion industry 

for the luxury market; and an owner/designer for a small New Zealand swimwear 

brand.  Each interviewee was asked similar questions via email, giving them time to 

reflect upon their own experience. The questions were developed in response to the 

field test experiments.

An analysis and reflection process is undertaken on the responses and grouped 

thematically. 

For full copies of the interviews and analysis, refer to Appendix

Reflection

Several interconnected themes emerge out of the analysis of the interviews. They 

have been grouped into the following categories: motivation, brand goals, yield and 

resource use, people, grading, product, design process, fabric, plant, time, and lastly 

holism.  

Motivation: Motivation emerged as a common theme amongst respondents. The 

majority of companies interviewed were motivated to attempt zero waste due to a 

brand history of social or ethical action. 

I saw it as the perfect opportunity to develop a capsule collection of entirely Zero Waste 

garments because of Kenneth Cole’s history of social activism. I proposed this to the 

Creative Director and VP of design, who loved the idea (Design Director)

They also were motivated by the use of zero waste as a storytelling mechanism, 

Due to my uncertainty operating as a designer in another field, the design aesthetic 

and proportions was led by Emma, and the zero waste pattern responded to these 

constraints. I had hoped it would be possible to have a more fluid relationship 

between the two but hesitation on my behalf, differing ways of working for both of 

us, and preconceived ideas about the design limited a genuinely holistic approach. 

The question of design agency often arose in discussing the project with Emma. It 

seems that often when designing products (like garments or chairs), a designer may 

act for a time that how it looks is not everything, but eventually, all other aspects are 

up for compromise in order for it to meet specific aesthetic goals. When does that 

happen? To what extent? Does aesthetic adherence serve humanity and the planet in 

the current climate crisis? I know that I do not personally disregard aesthetics; other-

wise, I would not be a garment designer and might be satisfied with sacks as clothes. 

In the past, I have been accused of being dogmatic regarding zero waste design, and 

maybe I can be. However, ultimately I am interested in what way does there occur 

a negotiation between the various goals of a project or product. How should we 

determine what is important? How do we, and could we, design for and against the 

generation of waste and other negative environmental impacts? Furthermore, does it 

matter? 

Summary of Field Tests

The research provides considerable insight as to what can be done to ameliorate the 

implementation of waste reduction strategies in these contexts and provides strate-

gies for the fashion industry to aid in the reduction of pre-consumer waste. However, 

through the development of this research, it became clear that in the context of large 

distributed design and manufacturing systems for the fashion industry a simple 

‘drop-in’, methods-based approach would not be possible. The next section expands 

on some of the possible strategies explored in the field tests and reveals additional 

issues. 
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No companies interviewed aside from Kenneth Cole, expressed the same strict adher-

ence to yield and resource use comparisons as in the first two experimental field tests 

People: The interview responses indicate that who is driving the project and what 

their motivations are can have a great deal of impact. Notions of hierarchy disad-

vantaging development (if the designer in charge of the zero waste project was low 

down in the company structure) or aiding (if the designer was high in the company 

structure) were commonly expressed.

I was the one who proposed this project, and was given full control of design direction 

and execution. I was expected to do sourcing, design, sampling and the tech work with 

the factory.  I normally worked every day with the leaders of all of the other departments 

on other knitwear projects, which was a distinct advantage in explaining and getting 

everyone excited about the project... it takes someone of a director level or higher to shep-

herd the project through from conception through production in order to make effective 

change in a large corporation. (Design Director)

Most interviewees expressed difficulty at production stages to communicate the 

unique zero waste goals of the project, suggesting that clear communication and 

deep collaboration across the whole design and production chain is crucial.

The yield for each size is approximately 1 yard. But the first counter sample factory 

sent back used over 3 yards per garment and wasted huge amounts of fabric. I kept the 

pattern they sent with it because it was so ridiculous. Eventually, after a number of 

emails back and forth, and the involvement of numerous VP’s both on the NY team and 

the team in Asia, we finally got the factory to understand.  (Design Director)

Grading: All interviewees used a paired mixed marker approach to enable grading 

within zero waste design. The approach is one where (for example) two mediums 

might be designed to fit across the width of the fabric, and a small and a large will 

fit side by side. It allows for and requires some flexibility in terms of the design goals 

and construction.

Because they are small pieces I don’t just work with one garment. I work with lay plans 

which make between 2 to 20 garments with 2 or 3 different sizes or designs within the 

same layplan. (Owner/Designer)

At first, the idea of zero waste was most important, especially for marketing reasons. At 

the same time, we focussed on easy designs which could be recognisable as zero waste 

designs at first sight. (Designer)

Though some acknowledged the difficulty in then telling the story of Zero Waste. 

I do think the concept of zero waste is quite difficult for consumers to really understand, 

especially because pattern cutting in general is not something they would know much 

about or really consider in relation to their clothing. When talking to consumers about 

sustainability issues textile waste at the cutting stage isn’t often discussed so I don’t think 

it’s an issue that’s on their radar or that they’re looking to solve (Guest Designer)

Brand Goals: Adhering to current brand goals was important for all designers, 

three of the four were existing employees or company owners, so they had a real 

understanding of what the overarching brand goals are, giving them somewhat of an 

advantage. Tess Whitfort was an ‘outsider’ and expressed some challenges around 

this area:

The challenge here is that the collection also had to work for The R Collectives brand 

aesthetic, which is extremely different to mine. So the starting point was looking at 

ways of toning down my style while preserving my design signature and simplifying 

my approach to zero waste pattern cutting so it can be applied to manufacture. (Guest 

Designer)

Being an in-house designer with first-hand knowledge of the brand’s goals is a 

powerful advantage when attempting to develop zero waste outcomes. However, it 

is possible that if the team adhere too firmly to these goals, they might dismiss viable 

solutions before testing them.

Yield and Resource use goals: All four were developing new products or products 

designed within a collection where the aim was to be zero waste from the outset.  

It was assumed that the fact this was [a] zero waste garment would maximise yield and 

compensate for this being a larger garment (Design Director)

Yield was a consideration, especially since we were working with textile waste so had very 

limited quantities of fabric. But our focus was more on the design and zero waste. (Guest 

designer)
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Design Process: All expressed a balance between the need for flexibility within the 

design process and the desire to meet specific goals. This points toward a holistic 

process advocated and used by all responders 

I created whole markers within the fabric width, predominately based on geometric 

shapes. I kept the patterns and shapes as simple as possible so they could be manufac-

tured effectively at a fairly commercial price point. (Guest Designer)

Fabric: Just as in conventional design, the behaviour and structure of the fabric were 

both considered essential design constraints - with the additional constraint of width. 

The fabric was actually the whole reason I began to make swimwear. (Owner/Designer)

All the fabrics we used are deadstock textile waste, so we had extremely limited choices 

regarding fabric selection. We also made most styles in at least 2 colourways so we had 

to pair fabrics that had the same width, in most instances we ended up with only 1 or 2 

viable fabric options for each style. Added to this, we also had very limited yardage avail-

able so each fabric could only be used for 1 or 2 styles. (Guest Designer)

Plant: The systems for handling fabric were questioned and challenged in some 

instances. 

Between the glue and the pin stinting [of the knit fabric], it became clear that we needed 

to work with the fabric in a tubular form, which would present an entirely new set of 

challenges in finding a factory willing to deal with cutting fabric that arrives in tubular 

(Design Director)

Limitations of equipment or systems within factories were pointed out as problems 

or constraints to work within and around - again illustrating the holistic systems-led 

approach required.  

Time: The interview responses indicated that time was an essential factor for all 

of the designers, with all four indicating there was not enough time to develop the 

designs fully. 

I ideally would have preferred to be handing them complete zero waste markers but the 

timeline was working against us at this point. (Guest designer)

We had some pieces in one size only which would fit size 36-size 42. All other garments 

had basically 2 sizes- size S/M and size L/XL. (Designer)

I designed the patterns for all sizes at the same time. My main approach to grading is to 

place 2 size M pieces next to each other and then a size S next to a size L, so they equal out 

and fit within a rectangle. (Guest Designer)

Since this was a generously sized tee, we decided in conversation with sales/ merchandis-

ing, to sell this in bucket sizes (xs/s and m/l).  I used a standard 1 1/2x grade between 

the sizes and came up with a plan to cut some panels narrower and some wider on each 

tee and then swap them so that all the smaller panels created size 1 and all larger panels 

created size 2.  (Design Director)

This approach was sometimes a problem in production as it deviated sharply from 

existing practices and could have impacts on contractual agreements regarding 

quality control:

The factory] still had some legitimate concerns about sizing in production. Normally 

they are only allowed a tolerance of ½ of the measurement grade to be off spec.  When 

you consider that fabric widths can vary significantly (1-3” in width per lot), if they were 

forced to use all the fabric from edge to edge, the sizes in bulk wouldn’t necessarily hit 

spec (or pass inspection).  (Design Director)

Additionally, it can lead to uneven size distribution (twice as many mediums will be 

produced as smalls or large). This will lead to problems if subsequent orders ask only 

for small sizes, for instance.

Product: All the garments discussed in the interviews were new products, and so 

lacked the tight design constraints when redesigning an existing product

A swimsuit is such a tiny, revealing garment that I feel like I can’t give a hierarchy to one 

thing or another. It must fit well, It must function well and it must be zero waste (Owner/

Designer)

This was a new offering at the relaunch of a new brand. This allowed me to focus on 

concept rather than trying to fit into an established merchandise idea. (Design Director)
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Although some indicated that when the process works well, a design can be very 

rapidly developed

As long as I keep the momentum up a new design can be finished within 1 to 3 days. 

(Owner/Designer)

The two contrasting perspectives are possibly due to the different place in the hierar-

chy the two designers hold within the company structure. The designer with a posi-

tive experience is the owner, while the designer expressing difficulty is an ’outsider’ 

guest designer.

Holism: Balancing multiple variables at the same time was a factor expressed by all 

interview responders.

The connection and interaction between fabrics and the perfect garment to be made out 

of it is I think a very important thing I learned and deepened during this process. This has 

kind of formed my understanding for design very thoroughly. (Designer)

It all ended up being a bit of a jigsaw puzzle with a lot of moving parts (Guest Designer)

Those who found it easiest to balance were more experienced and had greater exist-

ing knowledge of the system as a whole. 

Figure. 17: Garment factory line as experienced in 
Field Test 2, workers wear colour coded uniforms 
based on what section they work in.
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Flexible hierarchy and processes: Where the designers interviewed were working 

within an existing company structure and attempting zero waste, they expressed 

conflicts when their inherently holistic process interfaced with the established linear 

and siloed system. The conflict between the holistic requirements of a zero waste 

design process which is situated in design aesthetics and production simultaneously 

(and so requires a balance and understanding of both), and the siloed, hierarchical 

and linear design process the companies were used to working is a definite road-

block. The entire team must acknowledge this is new, and therefore new workflows 

and interactions are needed.

Buy-in from all levels of the company: This point is closely related to the first and 

fourth point; as without buy-in from all involved in the process the development 

of zero waste or low waste outcomes can be easily derailed due to the established 

working processes and hierarchies. The complex relationship between hierarchy, 

constraints and process was evident in second field test where the design was 

developed through an intensive process which resulted in the efficiency for the given 

design being improved by 5% while maintaining fit and overall aesthetic goals. This 

design went through another iteration which reduced its efficiency to an improve-

ment of 4%. At that point, the design was evaluated by the regular design team who 

were not involved in the high-efficiency project. This team made what appeared to 

be minor visual changes to the design without any consideration for the impact these 

might have on the pattern and resulting efficiency. As a result, the efficiency ended up 

back where the project started. 

Flexible, intra-company and inter-company collaboration is required for this kind of 

work to be successful. Notions of ego, seniority, and siloed roles need to be back-

grounded so that as a team, a successful transformation of processes, methods and 

outcomes can occur. 

Conditions for successful zero waste design 
implementation

Of the four examples explored through the interviews, only one exploration of zero 

waste design (Emroce) is still actively being pursued. In the other three, these were 

more like short expeditions into the world of zero waste design, led by intrepid 

explorers. The research so far points towards a particular set of conditions to be pres-

ent in order for the attempt at zero waste design in the context of cut and assemble to 

be successful. 

Motivation: A robust inherent motivation is needed; the core of the company in 

every successful case is rooted in sustainability or social justice. If internal motivation 

is not present, external (governmental) policies are required to motivate companies 

to address the waste and associated negative impacts they are morally, financially or 

physically responsible for. 

Time: In an industry that is renowned for speed, this research demonstrates that 

the time needed for holistic approaches is both difficult to find and necessary. 

Time encompasses almost all the comments made in the interviews, bracketing the 

attempts made by the designers, hurrying them when they wanted to move more 

slowly. Tess Whitfort’s first comment in the interview was that “the timeline for the 

collection was a lot shorter than I would have liked”. The time it takes to develop 

these new processes and perspectives is seen by the industry as a negative feature. 

However, perhaps this slowing down is a critical component of the transformation 

required of the industry. 

Prior knowledge: The designers in the interviews who successfully developed zero 

waste solutions either had good prior understanding of zero waste design (Hess-

Natur, R Collective), creative approaches to pattern cutting in general (Kenneth 

Cole), or were a small brand in total control of the design process and timeline 

(Emroce). Embedding zero waste in higher education can help build knowledge 

within the industry over time, and workshops can build capacity in existing staff. 

Prior knowledge of  the internal processes of the company itself is also a distinct 

advantage - especially if that knowledge helps to mitigate some of the issues caused 

by the following two points.
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Summary

As most designers are not taught how to manage the level of holistic complexity 

required of zero waste design during their education, and the level of interaction 

between actors is not often encouraged in structures that exist in the workplace, it is 

unsurprising that there are so few examples in the industry of successful zero waste 

outcomes. The field tests and interview responses show that an understanding of the 

zero waste workflow that a company or designer may follow emerges as a reaction 

to encountering constraints and roadblocks. It is not known in advance. While this 

research contributes to the discourse around zero waste design practices in the indus-

try and the broader discussion regarding sustainable design practices, there is a lack 

of explicit articulation in existing research of how the various forces (tangible and 

intangible) impact on the successful implementation of zero waste design processes 

and methods in the fashion industry. The majority of research in this field has been to 

explore design method and process, and not how this method and process interfaces 

with the industry. 

More research is needed in this area.

Fig. 18: Garment factory line as experienced in 
Field Test 2, workers wear colour coded uni-
forms based on what section they work in.
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Zero Waste Systems Thinking for Cut and As-
semble

The following models (an overview seen in Figure 19) were first developed in 

response to the field tests and interviews in an attempt to map zero waste design 

strategies in the context of cut and assemble in a linear system. On reflection, the 

research found that what was thought of as a zero waste method is actually a zero 

waste way of thinking that had not been articulated thoroughly before, and there-

fore the problems and the difficulty integrating it with industry had not been fully 

interrogated. These models represent a departure from the established way of 

thinking about the relationship between design, waste and the industrial systems 

that surround it. 

ZWST for Cut and Assemble processes, proposes that the design process starts from 

the broadest understanding of the system the industry is situated within. Designers 

might be familiar with individual sets of design and production constraints, perhaps 

with tangible and intangible factors influencing decisions made and methods used. 

This approach argues that there is a need to bracket these factors with the goal of 

reaching zero waste - and that this is fundamentally situated within the bounds of 

the ecological ceiling and social foundation articulated by Kate Raworth (2017). 

Once this largest sphere is acknowledged as the most potent and valuable factor in 

the design process participants can begin to work their way in through the nested 

models from systems, to way of thinking, to design process, and lastly to method and 

outcome, and often back out again. 

To utilise this model, this research recommends starting with a team discussion about 

the five conditions of successful zero waste implementation (Five Conditions). These 

filter through all levels of these models and roadblocks may appear at any stage. The 

most important condition in this process, is motivation. The team as a whole most 

hold, and be led by someone who has a strong motivation to improve the environ-

mental and social impacts of the design and production chain. By establishing a clear 

shared understanding of this and the other four factors involving all participants of 

this activity (including design teams, senior management, financial management, 

production and suppliers), the effort is much more likely to be successful. This 

process may only be required to be undertaken a few times, as once a clear way of 

working and expectations of flexibility is established and successfully working - this 

way of being in design, like anything new, eventually, becomes normal.

 
 

 

ZERO WASTE
DESIGN PROCESS
Cut and AssembleBrand

Goals

Resource 
use goals

Motivation

Product

Fabric

Plant

Grading

Min/max 
yield

DE
SIG

N C
ONST

RA
INTS   

     
      

      P
RODUCTION CONSTRAINTS

CUT AND ASSEMBLE

ZE
RO

 W
AS

TE
 D

ESI
GN THINKING

People

Seam typeLimitations

$ 
va

lu
e 

of
 w

as
te

Fixed

Flexible

Flexible
Fixed

En
vi

ro
nm

en
t

Ec
on

om
ic

M
ini

m
um

 go
al

M
ixed 

m
arker

Single size 

m
arker

Bl
ue

 s
ky

 g
oa

l

Selvedge
Surface Grain

Stru
ctu

re

In
te

rn
al

 a
nd

 
Ex

te
rn

al

Staff and Suppliers Software andHardware

W
as

te
 o

r Y
ie

ld
 

re
du

ct
io

n
Ex

is
ti

ng
 Y

ie
ld

 / 
W

as
te

New or Existing

D
esign and

financial criteria

Design and

financial criteria

Appearance / Behavior
Width

Fa
br

ic
 C

os
t

Sizing approach

Buffer

Internal cuts

Cutting table

M
in

im
um

s

Assembly
methods Manual / CNC

Cutting

Training

Engagement

Cut off or use

D
igital                          

  A

nal
og

ue

   Tailored       Square cut       G
eom

etric      Block or Existing pattern     
 Exp

er
im

en
ta

l D
ra

pe
    

   S

yste
m

CUT AND ASSEM
BLE

ZERO WASTE DESIG
N TE

CH
N

IQ
UE

Outcome

CUT AND ASSEMBLE

ZE
RO

 W
AS

TE
 D

ES

IGN METHOD

Zero Waste Design Method

Pattern 
shrinkage

Seam allowance 
on/off.

Design the 
marker 

Product 
features 

Brand 
heirarchy

Marker 
per size

Design
pattern pieces

Who is involved, 
who has control

Brand
Goals

Resource 
Use goals

Motivation

Product

Fabric

Plant

Grading

Minimum/
maximum 

yield

People

Outcome

   
   

 
 

Eval
uation process                     C

onstruction Lim
itations                            D

esig
n H

ei
ra

rc
hy

Ecological Ceiling

Social FoundationZero W

aste Systems �inking

Zero Waste Design �inking

Zero Waste Design Meth
od

Zero Waste Design
Te

ch
ni

qu
e

Outcome

ZERO WASTE SYSTEMS THINKING

Figure 19: Zero waste systems thinking model 
for cut and assemble garment design and 
construction.
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Zero Waste Design Thinking for Cut and Assemble

This interpretation of the zero waste design thinking model emerged out of previ-

ous research and the experiments and interviews undertaken in this PhD. In other 

contexts, there is likely to be overlaps and parallels, but as it is (Figure 20), it is only 

applicable to the context of cut and assemble. 

In this model, the themes that emerged from the field tests and interviews are 

mapped in a holistic circular web. The sections are different colour coded for clarity; 

however, the reality is that they will often overlap and intersect. For example, 

Motivation has a direct link with Resource Use goals. For more detail see Zero Waste 

Design Thinking (2019)

Once the discussion on the Five Conditions has occurred, the team should be able to 

fill out some of the information relating to the motivation and people tree. It is then 

suggested that teams explore the branches they are most familiar with, and deter-

mine and name the tangible and intangible inputs, constraints and specifics relating 

to that branch that currently exist. 

Design team members should be able to discuss brand goals, product, and some, if 

not all, of the fabric branch, while the production manager may have a better idea of 

the inputs, constraints and specifics from the plant and grading branch. 

Once some of the easy to articulate information is established, the team must share 

and collaborate to explore interconnections. This is important as in zero waste 

design, issues relating to production become linked to design decisions - so under-

standing these cross-company relations is essential. Additionally, many of the branch-

es will be completely new concepts and as such, require collaborative discussion to 

determine what the specific inputs, goals and constraints may be. For example, based 

on the discussion about motivation, the team may be able to determine if yield or 

waste reduction/elimination is the goal - with input from marketing, production and 

design teams. 

The goal should be to progressively understand the inputs, constraints, and specific 

manifestation of these in the context the company operates in. Some of these may 

only be able to be understood as a project progresses, so doing a test case is an effec-

tive way to build information and knowledge to map these factors accurately.
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for cut and assemble garment design and 
construction.
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Zero Waste Design Method for Cut and Assemble

Once the Zero Waste Design Thinking model is mostly compiled and a shared under-

standing of the goals of the project are articulated, consider how each of these factors 

impacts on the Zero Waste Design Method (Figure 21). The impacts may be tangible - 

as in the case of the width of the fabric impacting on the design hierarchy and pattern 

limitations. Often they are intangible – such as the often unspoken notions of brand 

aesthetics or the impact that interpersonal relationships can have on collaborative 

decision making. Often they are interrelated; for example, the decisions made about 

grading approach will be linked with brand goals and perception and notions of 

design consistency or quality control contracts. 

In cut and assemble design and production, the factors that feed in from the ZWDT 

model can be grouped into three related sections which inform the Zero Waste 

Design Method model: Pattern Limitations, Design hierarchy and the Evaluation 

process. 

Pattern Limitations: An analysis of the company, plant, grading, yield, resource 

use goals, fabric and people using the lens of ZWDT reveals a range of inputs and 

constraints which provide Pattern Limitations.

Pattern limitations include knowing what grading method to use, the impact of Plant 

on the design method (for example is a buffer between each piece required, how big 

is it?), the theoretical minimum yield to aim for and requirements such as allowing 

for fabric shrinkage.

Design Hierarchy: An analysis of motivation, brand goals, product, fabric and 

resource use goals will establish a design hierarchy relating to why the company want 

to do this work, the desired features of the product, the limitations of the fabric and 

how all these fit within the overall brand goals.

The design hierarchy provides inputs into Zero Waste Design Technique such as 

which pattern block to use, what design features are wanted, the fabric choice, and 

importantly how to evaluate the design.
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Figure 21: Zero waste design method model 
for cut and assemble garment design and 
construction.

Evaluation process: In addition to the significant impact that Design Hierarchy and 

Pattern Limitations have on the Evaluation process, the other fundamental impact is 

people and the internal hierarchy relating to roles within the design process and their 

motivations. This guides how a product is assessed as successful in the fitting and 

sampling process - from a fit, aesthetic and financial perspective. It was the point at 

which the second field test failed - so having a clear set of guidelines for all involved is 

vitally important.
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Zero Waste Design Technique for Cut and Assemble

The Zero Waste Design Technique (Figure 22) model situated at the centre of the 

Zero Waste Design Thinking model illustrates the design techniques utilised to facil-

itate the realisation of the identified design goals into a product. It is the context for 

which the majority of zero waste design research has taken place before the begin-

ning of this research.

In addition to the intersecting techniques explored by Rissanen (2013) and 

McQuillan (2009), this research explored the use of digital 3D design tools (for more 

see: McQuillan, 2020) and the second field test, in particular, developed an approach 

for designing gradable, low waste patterns. The model presents the methods as a 

circular continuum, as the techniques do not work best when kept separate. The 

best combination of approaches will depend entirely on the specifics of the design 

hierarchy, pattern constraints and skills of the people involved in the development of 

the product.

Figure 23 and 24: Danielle Elseners collection A020 was designed using these “zero waste pattern 
masters” - in contrast to the conventional sketch and aesthetic led approach utilised in industry. 
Copyright Danielle Elsener, 2020.

Figure 22: The Zero Waste Design Technique model for Cut and Assemble is the result of cascading 
inputs  from the Zero Waste system thinking model it is embedded in. These inputs help determine 
the methods and tools utilised in the design process, which in turn guides the outcome. 

In the context of design for large scale manufacturing, a methodological system is 

likely to be the best approach. Recent Royal College of Art MA graduate Danielle 

Elsener developed A020 (2020) - a set of “zero waste pattern masters” (Figure 23 

and 24) as tools within a system to enable the development of zero waste garments. 

With similarities to the templates explored in MakeUse, these pattern masters are 

templates for sections of garments and cut lines that work proportionately with each 

other and the body in a flexible way to make a zero waste pattern.
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driven, or motivated by external forces), that the perceived value of making changes 

for environmental gain (such as waste reduction) may change and the tradeoff would 

be seen as worthwhile even if the fabric cost remained the same. However, currently, 

the changes required to the profoundly ingrained system are too significant for them 

to be worth implementing. The business model constrains meaningful improvement 

and change. This observation is supported by the interviews and an examination 

of Runnel et al. (2017) report on textile waste. Despite advocating for a somewhat 

radical rethink of the role and value of textile waste in the industry, the report does 

not address the prevention of its production through design. This oversight is perhaps 

because addressing waste at its creation impacts on design systems, hierarchies in 

both design and production and potentially garment aesthetics. 

In the field tests, discussions with textile designers and material developers 

addressed the possibility of closer interactions with other parts of their supply chain 

to reduce waste. Considerations such as specifying the width for increased efficiency 

was immediately considered infeasible due to the complex relationship they had 

with their many suppliers. The combined complexity and siloed construction of their 

supply chain mean more deeply collaborating to instigate change is difficult.

This research illustrates it is essential for all those involved in the development of 

the product to understand the motivations and the goals of the design. Maintaining 

communication across the project can be difficult, particularly due to the intercon-

nectedness of a zero waste garment. When the measures to evaluate the success of 

the design of a garment includes concepts outside of what can be seen or touched in 

conventional design processes, it can be difficult to hold its value in the mind of those 

assessing the outcome. As a result, design decisions at the fitting stage are easily 

made that negatively impact on material savings made. Therefore keeping track 

and making visible this factor is an important area for future research. For example, 

it may be useful to produce an ‘efficiency report’ that travels with the specification 

to foreground the impact that minor design changes may have on the ability of the 

design to meet those goals. More radically, the industry could implement ’Industry 

4.0’ strategies (Stock and Seliger, 2016) in aid of sustainability goals – enabling a 

level of oversight of the entire value chain across the life cycle of products, making all 

relevant information available and responsive in real-time. Without a clear method of 

communicating these goals or sufficient authority, it is easy for the existing systems 

to override attempts at reducing waste and resource use.  

Reflections on applying zero waste design in 
industry:

Three experimental field tests were undertaken with two large fashion brands and 

one in a non-garment context. The companies provided a brief to which zero waste 

design strategies were applied, supporting interviews were conducted and togeth-

er the unfolding process enabled a problem mapping process to occur. During the 

experimental field tests, it was problematic to integrate a holistic approach into 

the existing linear fashion design and production system. This experience led to a 

profound critique of the fashion industry as a whole. The critical reflection from this 

first stage of experimentation was that a systems approach is necessary, but that 

designers lack the tools and methods to do this for woven textile-based forms. This 

reflection led to experimentation which explored new systems; shifting the research 

program toward transition design, and design and production methods that would 

work in micro-factory contexts.

Zero waste in a linear system

In a linear fashion system; raw materials are extracted, products are made, sold, 

used and eventually discarded. The value of waste and the role of the designer in 

this system needs to be considered within the context and mindset it operates in – 

something Kate Fletcher and Matilda Tham called ‘growth logic’ (2019). Both of the 

companies in the experimental field tests have made some attempts to move towards 

a circular model. The first enable consumers to drop off their unwanted garments 

in store for recycling, while the second provides repair and recycle services and 

have recently released a line of ‘remade’ dead-stock (over-production) and second 

garments. However, the use of these services compared to their current output is 

relatively low. They both primarily still operate in a linear design and production 

model.

The first field test reveals the power the existing growth logic business model has 

in value perception and investment for decision making. When using a convention-

al production process within a high volume, low-cost context, reducing yield and 

improving waste is not seen as a valuable investment in time and resources as materi-

al cost is not a significant part of the cost of a garment. It is possible that with a trans-

formation to an “earth logic” (Fletcher and Tham, 2019) mindset (either internally 
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costing of the garment; since citizens pay for this waste at the point of purchase. 

Additionally, in many cases companies do not technically own the waste created due 

to the complex trade arrangements of the global supply chain. Effectively a compa-

ny may only have a moral responsibility for the waste; this is a responsibility some 

take seriously, but changes in response to moral imperatives can be challenging to 

implement when you have shareholders to answer to. In general, information about 

the volume of waste generated by the production of garments, the markers used in 

production, the exact yield and final patterns used are closely guarded by many facto-

ries. Factories can profit off the ambiguity, and when margins are tight, the revenue 

from selling excess can be substantial. Additionally, the reduction of waste that led 

to a decrease in yield would result in smaller orders of textiles -  unless garment sales 

were increased to compensate for this. Therefore textile producers are not financially 

motivated to support the reduction of yield or waste. Waste, it seems, is an inbuilt 

component of the fashion industry.

The experimental field tests and interviews all point to the interconnectedness 

required in a zero waste design process, and the importance of communication 

across the company structure, and in-depth interaction with manufacturing staff. The 

hierarchies hard-wired into most large companies makes it difficult for a designer to 

make profound impacts. One zero waste designer (a design director with significant 

internal power and clout) writes of her successor to the zero waste work she under-

took at Kenneth Cole:

He worked for months to come up with strategies but found that it was very difficult to 

get the various departments (design, tech, sourcing, production, etc.) to work together. 

Ultimately, nothing was adopted despite the fact that management green-lighted this 

initiative to begin with.  My student echoed my belief that it takes someone of a director 

level or higher to shepherd the project through from conception through production in 

order to make effective change in a large corporation. Everyone is just so used to working 

a certain way, and busy trying to keep everything going, it would really take true lead-

ership to steer the ship in a new direction. (Interview Response from Design Director at 

Kenneth Cole)

There are tightly managed hierarchies governing who controls the design process. 

A key observation from the field tests was that the most rapid and successful design 

and product development occurred when stakeholders were working together in 

the same space and time – when the hierarchies and silos were partially broken 

Early in the sustainability journey for the fashion industry, the expressions that 

emerged out of sustainable material trends in the ’90s for natural-looking fibres – 

with undyed cream and brown colour palettes – a products sustainable credientials 

were often less of a concern. More recently, sustainability has sought to instead 

distance itself from a potential impact this might have on aesthetic. 

The industry comfortably designs out adverse outcomes – if they do not have an 

impact of aesthetic, form, function, fit and cost. They use organic cotton, but only if 

it does not impact on cost or aesthetic. They specify for the removal of toxic dyes so 

long as the replacement is equally vivid and colourfast. Research shows that polyester 

sheds microplastics (Bruce et al. 2015, Roos et al. 2017)) which are now found inside 

almost every ecosystem on the earth. Still, the industry continues to use it because it 

is cheap and convenient. Please, make it zero waste, but do not change any aspect of 

the form, fit, function, cost or aesthetic. The fashion system is designed to prioritise 

almost all things above the environment humanity relies on. The result is the world 

we live in now. 

There exists in all design industries established processes, with established hier-

archies and accepted design constraints – both explicit and implied – relating to 

aesthetics, fit and function. Perception of the value of various constraints differs 

depending on the company and the individual. In most cases, the efficiency of a 

product is not considered at all to be an act of design. The lack of a holistic inte-

gration of all the processes that impact on efficiency (like the final fitting in this 

example) means that waste and yield reduction through design is challenging to 

implement when the hard work can be undone with a swish of a pen or the pinning 

of cloth. There exists a fundamental schism between design as an act of identity 

and product creation and design as a simultaneous act of waste creation. Waste is 

considered a management problem that requires collection and disposal. For cut 

and sew garments waste is the parts cut off when making the desired/designed form 

and detail – it is emphatically NOT part of the design – perceptions of fit, function, 

form, aesthetic and cost are exponentially more important. Consider though: if 

design is not only what is designed into existence, but also what is designed ‘away’ 

(Tonkinwise, 2014), then the waste is also what is designed. 

Since the language of growth logic is financial, it can be compelling to attribute a 

monetary value to the waste generated as a result of established design processes. 

However, in practice, this has little impact as the cost of waste is factored into the 
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down. The marker makers in one field test were experts at making pattern pieces 

fit efficiently into a marker, often performing much better than computer software. 

However, they had no contact with the designers or pattern cutters in this context. 

So any insights they had as to waste and yield reduction via changes to the pattern or 

design had no avenue for communication. 

The waste hierarchy (Lansink, 1978) asks that the production of waste is eliminated 

first and that all other approaches, including recycling, are secondary to this. It is 

common to consider waste an inevitable ‘by-product’ of industry and disregard the 

role designers play in its creation. However, it is essential to remember that before it 

was waste, it was a resource. Consider the garment: from fibre extraction to fibre into 

yarn, yarn into cloth, cloth into a garment, at every stage, materials are imagined and 

manufactured into existence. Each step transforms them from resources, materials 

and ideas to products – and waste, the industry designs that too. If design is consid-

ered as an act of future-making (Simon, 1969; Yelavich & Adams, 2014), then the 

industry has designed this reality and continues to generate the future. Existing 

models of design, society and industry are making a future consumed by both prod-

ucts and waste.  

In the experimental field tests there seemed to be a lack of understanding of the 

spatial reality of a given form design using conventional production methods. There 

was a strong desire in these field tests for the design to meet pre-existing rules 

governed by a conventional system, but for it to somehow take up less space. Change 

without change. The law of conservation of mass implies that mass can neither be 

created nor destroyed, although it may be rearranged in space. Importantly in cut 

and sew the total surface area of the starting materials will be equal to the surface 

area of the materials that make the form. So if the form is determined by its manu-

facturing method and design (including its pattern and fabric use), and no aspect 

of the form, design, material or manufacturing method can change, then it cannot 

change. This may seem like an unusually simple thing to point out – but it seems to 

be a fundamental fact that is ignored by many companies. A conventionally designed 

garment could be made ‘zero waste’ by selling the garment as it is with the waste it 

generates in a bag – as Timo Rissanen and Salla Salin did in their project 15% (2012-

2016). This makes a political statement, but in an industry context, it does not funda-

mentally change anything about the impacts caused by how textile-based forms are 

made. If the design is already determined (either implicitly or explicitly), then only 

minor adjustments at the edges are possible, and the impact will be severely limited. 

So, there must be an opportunity to change either the design, the way the design is 

manufactured or the system in which it is produced. This realisation is the underlying 

motivation for the experimentation undertaken in Chapter 3.

The experimental field tests can be seen as both a failure of zero waste design 

techniques to adapt to the existing system and a testament to the inflexibility of 

the industry. A failure to change even when acknowledging the need to change. As 

Barbara Adams states “Designers are increasingly being called upon to contribute 

their particular knowledge and experience to the hornets’ nest of contemporary crisis 

exacerbated by the habitual default to obsolete systems.” (In Yelevich and Adams, 

2014, p. 183). The overall experience for myself in the experiments discussed in 

Chapter 2 of this PhD was of a forced arbitration between ‘what exists’ and ‘what can 

be’. In this debate, the former won due to the massive force the scale and complexity 

of the industry exerts on those who seek to change it. 

Despite these tensions this research does demonstrate that zero waste design can 

encourage a different way of thinking, allowing designers to ask different questions 

and potentially find alternative solutions. This research agrees with Fletcher and 

Tham that the goal needs to be a holistic redesign of the fashion industry to serve the 

environment. Therefore work is required to address expectations of aesthetics, fit and 

cost of garments, and new systems of design and production which eliminate waste 

and radically reduce resource use need to be urgently developed. Zero waste design 

cannot be considered merely a design or pattern cutting technique that is ‘dropped-

in’ to the existing system. Zero waste design enforces a holistic way of working which 

in many ways is unlike the conventional fashion design system – a perspective this 

research argues for as ‘zero waste systems thinking’.

Can the circular economy save us?

Between 35% (Kerr and Landry, 2017) and 25% (Runnel et al., 2017) of the raw 

materials used to produce garments become waste at the factory. An average of 15% 

(Rissanen, 2013) is generated at the design stage via the pattern cutting-to-marker 

making process, and the remainder is end-of-roll, selvedge waste, and other yarn 

waste. Even if systems could recapture 100% of this waste, the fashion industry 

would be almost 33.5million tons p/a short of recycled material to maintain even 

current levels of consumption. This shortfall would need to be met by the extraction 

of virgin materials, and the consumption of more energy. 
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Zero waste design will lead to a reduction in waste, but this can occur while reducing, 

maintaining or even increasing yield. If a 100% utilisation of raw materials can be 

achieved, entirely different outcomes are possible in a circular economy depend-

ing on how it is done. For example, if 200cm of a roll of cloth is needed to make a 

dress, but only 160cm is utilised, this results in 40cm or 20% waste. If the pattern is 

redesigned or the production method is changed to maintain yield (200cm) – then 

this will maintain overall demand. However, it will drive an increase in the need for 

virgin materials because of the resulting shortfall in recycled material. If instead, 

the same dress is constructed utilising only the 160cm needed to make the style (the 

theoretical minimum yield) then there will be reduced demand for recycled material. 

Assuming current levels of consumption is maintained, demand for virgin materi-

als will remain steady. If a zero waste version of the dress increases yield, overall 

resource demand will increase (even though it produces no waste), and it will drive 

an increase in the need for virgin materials. 

Approaches which increases yield compared to existing conventional design should 

be abandoned in both the circular and linear economy. However, should yield main-

tenance be disregarded as a strategy for zero waste? In the context of a (theoretical) 

circular economy, it seems to serve little purpose. However there is not currently a 

100% circular economy, and it is not likely to ever entirely be the case – according 

to de Wit et al. (2019) globally industries are 9% circular and heading backwards. 

So achieving zero waste while maintaining yield will remove significant volumes 

of waste from landfill and incineration (see Paper 3 for more detail), leading to at 

the very least a delay in the emission of GHG as they burn or decompose. However, 

under a theoretical circular, 100% recovery and recycling scenario, the goal shifts to 

zero waste while reducing yield. If consumption increases, which it is expected to do 

so (from 62 million tons per annum in 2015 to 102 million tons per annum in 2030 

(Kerr and Landry, 2017)) then the benefits to be gained from achieving theoretical 

minimum yield in production increase further. 

In all these scenarios, growth in virgin material demand driven by growth in overall 

demand is still clearly a problem. In a circular economy, the key driver for the 

demand for virgin material use becomes consumption and longevity. If people hold 

on to their garments and continue to purchase more (hoarding), then the demand 

for virgin materials increases as the material available for recycling cannot keep up 

with demand driven by growth. However, if people hold on to their garments, use 

them, repair them and reduce consumption – slow fashion – then demand for virgin 

material is kept in check. Additionally, it is possible that if the speed of a product’s 

journey through use is increased, but it is recaptured and recycled 100% of the time, 

then there could be no growth in demand. In that case, more recycled materials will 

be available and less virgin materials required.

In addition to the above observations and findings, this research reflects on the 

industry’s motivation for increasing efficiency. It is impossible perhaps for a compa-

ny operating in neo-capitalism to view efficiency gains as anything but ‘guilt-free’ 

raw material for more production and therefore growth – the ‘rebound effect’. The 

potential problem, however, is that without a limit on growth, the notion of a circular 

economy will always be an ever-increasing spiral requiring ever more inputs.

Problems found in applying zero waste methodologies in the context of a linear 

economy and design production system, parallel many of the issues encountered 

when examining a product designed for the circular economy. Pedersen et al. (2019) 

identified ten “Challenges to circular business models”, and six of them are cultural, 

the remaining four being technological, market (x2) and regulatory. Earlier research 

(Pedersen, Earley and Andersen, 2019) indicates that in the fashion industry, the 

adoption of sustainability and new business models depend on fundamental organ-

isational values. These findings are similar to the five conditions for successful zero 

waste implementation: motivation; time; prior knowledge; flexible hierarchy and 

processes; buy-in from all levels of the company – all cultural factors.

The fashion industry tends to seek simple technological solutions when, for sustaina-

bility (be that circularity or zero waste), a collaborative, pluralistic way of working is 

required. In the words of Pederson et al. (2019), there is an “...urgent need to collab-

orate across professions, departments and organisations. Taking a circular approach, 

sustainability can no longer be restricted to a single unit, department or profession.”

Chapter 2 of this research explored the application of zero waste as a method into 

the existing system of design and production. The research found that it cannot be 

considered as a method in isolation - a solution to “drop-in” to the existing linear and 

siloed industry to solve its waste problem. All decisions relating to zero waste design 

come from a fundamentally different understanding of the system it is situated with-

in, whether it is known and recognised in advance, or emerges out of the process. 

The models on the right attempt to map this relationship and provide an alternative 

structural understanding of the interrelatedness of design practice when using zero 

waste as a way of thinking. 
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Figure 25: The interconnection of the Zero Waste Systems Thinking model comes from the nested re-
lationship each part has with the other. Rather than a linear progressions, each part is a embedded 
focal point within the larger frame. Design thinking is nested with the system thinking model; Design 
method sits inside of the design thinking model; and lastly design technique is a result of cascading 
factors from method, design and system thinking perspectives.

A turning point

The research articulated in Chapter 2 sought to explore 

the application of a “drop-in” solution to the pre-consumer 

waste generated by the industry and rapidly found that zero 

waste is not purely a “method”, it is nested within ever wider 

spheres of interaction.  Secondly, it is clear that isolated 

changes to the industry are resisted, and the mechanisms of 

the system override the goals of these ’solutions’.  Many of 

the reflections as a result of the field tests and interviews, 

the initial development of the models shown on the previous 

pages, and critique of the industry as a whole occurred as a 

consequence of a somewhat more tangible design experi-

ence. When designing zero waste garments, the designer is 

always seeking to find and make space within the context 

of an existing rectangular material of particular dimen-

sions. This can be a deeply frustrating experience when also 

contending with the multiple constraining factors coming 

from industry and citizens such as fit, expectations around 

“usual” aesthetics, and established manufacturing conven-

tions. Emerging between the constraint of not making waste, 

and the demands of the industry came a desire to make 

space in the textile itself, but not being able to because the 

textile already existed.  This somewhat frustrating design 

experience led to a broader reflection about the way that 

existing systems limit the ways the industry and society 

think about the problem of waste. Whole garment knitting 

works around the limitations of waste elimination, industry 

conventions and consumer expectations by constructing the 

textile and form simultaneously. However, no such method 

exists for woven textiles. This is the field where the research 

explored next. 
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The turning point for this research occurred with the questions: What if systems were 

designed from the outset so that woven textiles could be designed to construct form 

in a similar way as for whole knitted garments? How would that change design meth-

ods, techniques, aesthetics and the understanding of systems of design and manu-

facture for the fashion industry? These questions are at the heart of the experiments 

expressed in Chapter 3 and are explored through experimentation with systems for 

woven textile-based form. As indicated in the earlier sections exploring flat pattern 

cutting (page 30-37), flatness is not a new concept in this research. However, in this 

stage of the research, flatness has a new application and a different place of produc-

tion. It has a changed position in the system of woven textile-based form design and 

production, from being applied to the fabric to be cut, to the embedding of flattened 

form into the materials. It is also an extension of the notion of systems, as by delving 

into the textile structure you are immediately deeper into the system. Fibre cultiva-

tion, fabric design and production become an integral part of the design of form. In 

this view, there a clear relationship between system and flatness. 

The research explored in this chapter seeks to approach the holistic problems of the 

industry with a holistic world view, that through this way of thinking, new systems, 

design methods and techniques emerge. All the experimentation in Chapter 3 is 

grounded in a broad approach which seeks to develop systems that enable local, 

on-demand, zero waste, production. It is important to remember that this research 

does not present Woven Textile-forms as the solution, the solution is the way of 

thinking that produced this way of designing and manufacturing - and it can have 

many manifestations. This research presents one set of outcomes.

Method through system 
It has become clear that when the industry talks about circularity, zero waste, and 

sustainability, the “how” of it usually sits in a market, functional or technical under-

standing. However, all of these require a holistic, cultural and systemic shift. The 

current fashion system is massively complex, distributed and opaque; features which 

have been designed in over the last 150 years. These features are well established, 

and from many perspectives highly successful. Some of the wealthiest people on the 

planet became rich through the fashion industry, and citizens are clothed for less 

money than ever before. However, the system is not designed to address the issues 

humanity are currently facing. Climate change, biodiversity loss, and now the “great 

pause” caused by Coronavirus, are increasing pressure for change to the status quo 

within all facets of society - including the fashion industry. 

3 . ZERO WASTE AS A 

WAY OF THINKING 
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Significant CO2 emissions are produced by the global fashion industry - many of 

which are the result of moving raw materials from where they are grown or produced 

to the site of construction, and from shipping completed goods. Locating manufac-

turing close to consumers reduces these transportation costs. Not addressed directly 

in this research is the transportation of raw fibre to yarn spinning - this would need 

to be included in the systems approach, ideally through a regenerative agriculture 

perspective. 

In addition to a reduction in CO2 emissions, re-localising production could motivate 

the addressing of issues of production, such as waste yarn, fabric, water etc. If not 

addressed in advance, it will make visible the problems of production to consumers 

and government. It is hard to ignore when it is part of the local community. ’There 

are many issues with production processes from an environmental perspective; The 

research in this chapter addresses yarn and fabric waste. 

A significant contributor to waste in the industry, as well as pre-consumer waste 

caused by conventional garment construction methods, is the issue of overproduc-

tion. These production methods are designed to enable on-demand production 

- weaving whole garments at the push of a button – similar to on-demand knitting 

approaches used by companies such as Unmade.

In order to rethink the process by which textile-based forms (such as garments) 

are designed and made, this research delves further into the processes of garment 

production to the weaving of the textile itself. Since all woven textiles are of a planar 

construction, to weave form designers have to be able to flatten the 3D form of a 

garment into the 2D cloth, so new design methods and tools are required. To design 

a Flat Textile-form is to embed the 3D form (garment) potential into a seemingly 2D 

structure (cloth). A basic understanding of design methodologies was developed 

through digital experimentation, and then a series of applied experiments. This 

research explores garment types and their associated flat-form technical/aesthetic 

challenges including the t-shirt, trouser, tunic, coat, gown and shoe.  The series of 

experiments revealed several distinct design methodologies that enable textile-based 

forms to be produced on a flatbed (such as weaving). Lastly, this research sought to 

apply these methods in a group of experiments in specific contexts to exploring find-

ings that emerged; such as fractional density, moulding, and surface pattern.
Figure 26:  Early sketching exploring 
layered construction of textiles in 
relation to the body.
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Existing flat garment construction approaches

Flatness in the context of fashion practice often brings the practices of textile design 

and fashion design in close proximity. Many textile processes require or generate flat 

surfaces, and as a result flattening becomes a common practice when making form 

from textile. However, in most cases, the boundary between textile and form design 

and production remains clear - in the examples discussed next, all develop form from 

the flatness of an already produced textile.

The complex relationship between textile and garment pattern flatness and garment 

form and aesthetics are a common source of inspiration for designers and can be 

grouped into work driven by aesthetics of Flatness and technology that requires 

Flatness – with a large crossover. Flat garment construction methods are not new 

- there are significant examples in the context of Chinese and Japanese garments 

which embraces the Flatness of garments. Miranda Tsui’s book, Flatness Folded 

(2008) is a particularly interesting example due to the exploration of both histori-

cal and contemporary examples. Donna Sgro, in her PhD thesis (2018), continued 

to explore the work of Tsui, in her series exploring Flatness. Next, this chapter will 

discuss the work of a range of relevant designers who explore Flatness as an aesthetic 

and technical feature in their practice. 

RCA MA graduate Andrew Bell seems to draw inspiration from the Fall 2012 Commes 

des Garcons collection in the way he has worked with flat construction and seam-

ing.  By cutting his pieces from the side profile (Figure 27), they can fold completely 

flat while presenting a development of the flat aesthetic developed Kawakubo and 

Margiela. Bells womenswear collection and research titled Collapsing Traditional 

Structures of Womenswear Tailoring seeks to “engineer a future tailoring aesthetic” 

(in Davey, 2019) primarily by removing the use of needle and thread instead using 

sonic welding to construct the garment forms. Sonic welding as a construction meth-

od does not require that the garment form appear or be constructed flat – it can be 

used in conventional garment forms and is commonly used in outdoor wear – so it is 

clear his choice to flatten the form was an aesthetic one. 

Rei Kawakubo for Comme des Garçons, in her well-known Fall 2012 collection 

presented the usual 3D form of the garment as a flat plane. Its Flatness is exaggerat-

ed by the oversized cut and by putting overly broad flattened seams on the outside 

which serves to further flatten layers of fabric together. The axis for flattening is 

Figure 27;  A coat from Andrew Bell’s 2019 
collection that explored form creation 
through flattening processes and inno-
vative construction methods. Copyright 
Andrew Bell, 2019. 
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primarily in the front/back direction – with large seams ‘outlining’ and exaggerat-

ing the garment silhouette. In comparison to Margiela’s 1998 Fall collection, these 

garments were presented on bodies and the dialogue between body and flat garments 

played out on the catwalk because as soon as the body enters, a garment cannot be 

two-dimensional anymore.

In 1998 Martin Margiela famously sent flat garments on hangars held by people in 

lab coats down a catwalk instead of worn by models. This display approach high-

lighted the flat construction of the garments and removed the body entirely from 

the interaction of form and Flatness that is inherent in most garments.  The garment 

limbs and form were contorted through pattern cutting – sleeves rotated from the 

side to the front where chest and shoulder meet – in order for the garment to become 

flat. The interaction of the Flatness of the garment on the 3D body drove the expres-

sion of the outcome - leading to distortion and form that deviates from conventional 

tailoring and garment silhouette and detail, while still being recognisable.

Folding and Origami
There is a blurred space adjacent to flattening that could be called folding. Issey 

Miyake’s 132 5. and Pleats Please, Hiroaki Ohya’s Wizard of Jeanz and Hussien 

Chalayan’s Airmail Dress illustrate different applications of approaches in this cate-

gory. The difference between folding and flattening is that where flattening takes a 

3D form and folds it into a 2D plane, folding begins with a 2D plane (usually paper) 

and folds it into a 3D form. The converse of utilising origami to turn flat sheets into 

curved geometries (Callens and Zadpoor, 2018), 

The series of works contained in Issey Miyake’s 132-5 project explores the mathe-

matics of folding to a flat plane and its transformation into a form in textile on the 

body. The process of flattening is exploited to generate both a flat surface to foil 

print on to (for example) and to develop the unique origami-like expression of the 

final form. Similar to Miyake’s 132.5 is his iconic Pleats Please body of work. Early 

versions of this work explored notions of Flatness in addition to the surface manipu-

lation through pleating. Bold graphic 2D garments become textured 3D form when 

worn on the body. Hiroaki Ohya’s Wizard of Jeanz is presented as a kind of library 

of wearable pop-up books: Both flat and form, Ohya’s work utilises concertina folds 

and pleating to compress and flatten the form into a book format. Another icon of the 

1990’s Chalayan’s Airmail dress used Tyvek to turn a dress into a post-able envelope. 

The garments form is impacted by folding and creasing. At the same time, the surface 

pattern constructs an airmail envelope complete with space for the address, postage 

and the ever recognisable red, blue and white diagonal stripe.  

Whole Garment Weaving and Knitting 
A field for which simultaneous and hybrid practices are fully embedded is within 

the context of what Piper and Townsend (2015) call Composite Garment Weaving. 

For most designers, the behaviour of the textile is understood concerning its 

existing aesthetics and structure. Fabrics are selected based on criteria – such as 

knit or woven, weight, handle, drape, colour, and print – to best serve the intended 

design. The vast majority of designers do not and cannot specify its construction. 

Additionally, most designers consider textiles to be two-dimensional structures. This 

single plane in its simplest form can be hung as a screen, or perhaps manipulated 

into a 3D form to cover a chair, or make a dress. However, what if designers consid-

ered the creation of woven cloth as additive manufacturing for garment production? 

Designers more easily do so for knitted materials, but the same can also be true of 

woven materials and forms. 

In examples from Issey Miyake and Dai Fujiwara, the flattened form is an aesthetic 

developed in response to technology such as weaving or flatbed knitting. In their 

pioneering work, APOC, the design team at Issey Miyake explored the simultaneous 

production of knitted or woven textile and form. Whole garments are embedded into 

the (usually knitted) two-layer textile to be cut out from the fabric by the end-us-

er. Garments were exhibited on fabric rolls and as flat lays - further exploring the 

relationship between Flatness, textiles and form in their work. Recent explorations by 

Miyake have explored the use of steam-reactive yarns (in Lucchi, 2018) that shrink 

and manifest surface 3D form and texture from a 2D woven material. It is difficult to 

know the exact design process, or how much the garment form is designed with the 

woven textile because the company do not publicise this information, however, some 

of Miyake’s examples are clear explorations in whole garment weaving. 

New York City designer and craftsperson Yoshiyuki Minami of Manonik provides 

an example of weaving fully-formed garment sections with this fully-shaped woven 

sleeve (Figure 28, over page). He uses a handloom and carefully shapes the edges of 

the weft,  painstakingly reintegrating the warp into the construction of the form to 

achieve close to zero waste. His work is intentionally slow and critiques the speed of 

the fashion industry.
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Recent explorations on digital whole garment weaving have been explored by 

Anna Piper (Piper and Townsend 2015), Jacqueline Lefferts (2016), Linda Dekhla 

(2018) and Kang Hyun An and Sara Keith (2018). These examples appear to explore 

two-layer constructions and either approach form creation from a textile design 

perspective, so the forms are simple, or explore draped cloth for form-making. Claire 

Harvey et al. (2019) utilised a 3D weaving loom usually used for 3D woven preforms 

to weave a full integrated shoe. Little research has been published that explores how 

to pattern-cut and design form for these approaches. 

Similar to fully fashioned knitting, whole garment knitting utilises all the yarn 

required for the garment with little waste, and additionally, produces complete, and 

sometimes “seamless” garments. It may seem as though it is a process without flatten-

ing; however, an observation of the Shema Seiki software for pattern cutting reveals 

this not to be the case. In the process of pattern cutting for whole garments, there are 

panels (and therefore “seams” of a kind) however these are eliminated through the 

knitting process itself. Due to the knit bed design, the garment emerges ’flat’ from the 

whole garment machine, most commonly oriented front and back, and the design 

process is one that embeds form into the knit structure, flattening through structure, 

yarn selection and shape determination.

Without Flattening
There are of course methods of making garments which do not require flattening in 

any way. 3D printing and its associated software enable the form to be designed in 

three dimensions and its surface and form simultaneously generated. Iris Van Herpen 

is a well-known example of the use of 3D printing to create garment forms. Casting or 

sculpting methods such as those explored by Karin Peterson in her PhD demonstrate 

alternative methods of form creation for fashion practice. Karin Peterson utilises 

sculpture techniques to design and solidify the space between body and garment 

form and then a casting and moulding process to generate a garment from bonded 

non-woven or shrinking material.

Figure 28: A fully shaped and woven tailored sleeve form by Yoshiyuki Minami of New York brand 
Manonik. Minami utilises a standard floor loom (not jacquard loom9 to hand wear his forms. The 
excess warp is sometimes used to construct the form, or any leftovers are used in later projects. 
Copyright Yoshiyuki Minami, 2019.
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Another method which is worthwhile mentioning is the development of examples of 

triaxial weaving for garment forms. While skilled basket weavers have been weav-

ing three-dimensionally for millennia, more recently 2020 RCA graduate Loy Chan 

developed body-shaped loom structures to support the triaxial weaving of seamless 

garment form. 

Motivation for developing systems for Flat Textile-form design

A key finding from MakeUse is of an expanded notion of the dimensional states 

possible for garments. Beyond the usual 2D to 3D (which in MakeUse is titled ‘Flat 

to form’), the project expanded on ideas of garment-as-space (which borrows from 

Julian Roberts), textile print-as-map and textile-as-landscape (see Paper I. for 

more information). MakeUse provided an enhanced understanding of the role of 

the designer in zero waste practice and allowed for the various levels and stages of 

design to be reconsidered in the creation of a garment. In MakeUse the design team 

not only designed the surface expression as a map but also began to intervene with 

the design of the textile structure itself, through the use of paint and digital embroi-

dery to modify the cut-edge behaviour of textiles. It led to the question: Could the 

design of the fundamental structure of textiles themselves support zero waste design 

outcomes? 

There exist methods for producing knitted Textile-forms in three dimensions without 

producing waste, the systems of design and production have been developed and 

are in action in the industry. Despite woven garments making more than 50% of all 

apparel produced (Sandin et al. 2019), there is no such system for zero waste Woven 

Textile-forms. Technology in the context of systems has shaped the forms and details 

of all garments. The urgency of change relating to the environmental crisis suggests 

the industry needs to explore the use of existing technology to change processes 

instead of waiting for new technology to come online - which takes a great deal of 

time and testing. What if the technology that already exists was used differently? 

What role might designers have in finding new uses and applications? What might 

change?

Figure 29: An early test of generating form from a Flat Textile-form construction. The pile speculates 
as to the use of finishing methods like flocking on the outer surfaces, applied before cutting..



114    115

Tools for Manifesting Flattening 

A variety of tools and prototyping methods were used in these design experiments, 

from layered paper models replicating the layers of the textile, to digital samples — 

all attempt to manifest flattening to support stages of the design process. 

Diagrams.
Sketches are used to understand the relationship between the layers in the cross-sec-

tion. Versions of these are commonly used by Textile Designers, the main difference 

in this context is that the cross-section does not necessarily repeat, and its relation-

ship with the map of bindings changes over the x and y-axis and has a direct relation-

ship to 3D form

Paper
Paper models were utilised in order to visualise and haptically understand the layers 

of the garment in a transitional two dimensional and three-dimensional state. This 

was particularly useful as a sketching tool in the early phases of the design process to 

explore simple 2D to 3D transformations, and later as a problem-solving tool when 

working with the designs as two dimensions in Adobe Illustrator assigning connect-

ing structures such as weaving, bonding or stitching.

Toile
The use of cut and sew “works-like” prototypes was explored in response to feedback 

from Hussien Chalayan about the worn experience of the garment being as important 

in fashion research as new technology, ideas and aesthetics. 

It is worth noting at this point that the outcomes in many of the following exper-

iments could be produced as finished outcomes utilising a cut and sew process. 

However, to do so would result in an increase in material use compared to a similar 

style produced conventionally.

Design for Flat Textile-forms

As woven textiles are almost always produced on a loom 

and are therefore approximately planar, then a  flattening 

method of some sort is required to produce a garment 

from a woven textile. This research practice explores an 

approach called Flattening as it employs both flattening 

into and flattening out methods. This enables a diverse 

range of 3D forms to be constructed in the (apparent-

ly) two-dimensional textile. As both form design and 

textile design occur together, it is at the very least, a 

form of Simultaneous Design (Townsend, 2003). 

The following experiments aimed to expand the 

design methods available for whole garment produc-

tion in the context of zero waste design. Beginning 

with a discussion of methods for the visualisation of 

’flattening’ as a tool to develop designs in this field, 

the experiments then explore the use of a variety 

of prototyping methods, both analogue and digital. 

The early digital explorations of pattern cutting and 

form making for Textile-forms then led into a series 

of archetypal explorations intended to test the meth-

ods in a recognisable garment form with the intention 

to make convincing examples. Later as the design 

process developed, the goals expanded to also explore 

the aesthetic and form outcomes possible from the 

application of this system of design and production.  

Figure 30: An early exploration of using double 
weave to generate form. This dress is made from a 
simple tube consisting of two layers. Edges of arm-
holes and neckline are woven in contrast binding or 
colour to indicate cutting.
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Existing Garments
Folding existing garments and photographing on lightboxes is used to to visualize 

the process of flattening existing forms (such as t-shirt shown in Figue 31-35) and 

as a sketching or teaching tool for design development. The use of semi-transparent 

cloth enables the layers of the proposed weave to be visible and provides a rapid ideal 

generation tool through the physical flattening of garments and cloth.  

By taking existing garments the form is already complete and can be constructed 

almost as seen when folded (see Experiment Shirt experiment).

Figure 31 (Above) and Figure 32, 33, 34, 35 (Left): Experiments with folding and back-lighting a basic 
t-shirt form to explore possible layer arrangements that would not require stitching after weaving. 
Any negative space around the t-shirt form (the minimum is bound by the red box) would either be 
waste or further expressional potential. The closer to a rectangle the form is folded (like the folded 
t-shirt shown above) the less deviation from the original form it will be.
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CLO3D
The use of digital 3D software to augment physical reality has proven to be a transfor-

mation in the design process explored in this research in two ways. 

First, it allows for the design to be developed in both 2D and 3D at the same time, 

something that previously was impossible to do in real life. In the past, 2D digital 

tools such as Illustrator were used to generate zero waste garment pattern and the 

patterns are printed on paper in order to make a paper maquette. The use of paper 

was successful as it was cheap and easy to access, and the pattern could be printed 

directly from illustrator to paper at any scale. However, paper does not behave like 

cloth, so it fails to accurately visualize how the garment would behave at full scale in 

cloth. As a result, a half-scale or full-scale cloth prototype – a toile – would be made. 

This method did not have a direct real-time relationship between two dimensions and 

three dimensions, and so internal visualization and guesswork was required, as well 

as a great deal of time and waste. Effective 3D digital software for garments is a rela-

tively recent development and enables the simultaneous development of 2D pattern 

while visualizing the 3D result as it will appear in real life. In zero waste often small 

changes to the pattern can result in a significant loss of efficiency, so the software 

enables the designer to immediately see the impact of altering a garment pattern on 

the form, and correspondingly what changing the fit, or aesthetic of a garment has 

on its pattern and efficiency. This advantage that 3D digital tools provide is true of all 

design and pattern cutting, both zero waste and conventional.

Secondly, specific to this PhD, the use of 3D digital software enabled the design of 

form outcomes for Woven Textile-forms without knowing weave structures in detail. 

Once a fundamental understanding of what might be possible with weaving was 

attained, the software enabled the development of macro form possibilities before 

developing an understanding of the microstructures of the weave. When a greater 

understanding of weave structures was achieved, the software was used to experi-

ment and refine form in response to this new-found knowledge.

See Papers 3, 5, 6 and 7 for more information.

Adobe Illustrator 
Illustrator is used in two ways: to develop potential flattened patterns from photo-

graphs of folded and backlit garments (see Shirt and Trouser Experiments), and to 

develop the Map of Bindings.

When using Illustrator to generate flattened patterns, photographs of folded and 

backlit garments are imported into illustrator, and the different areas are traced. The 

file created can then be exported to CLO3D and the garment digitally assembled. This 

is a relatively quick method of sketching for Flat Textile-forms.

For the Map of Bindings, Illustrator is used as it is vector-based, so ensuring the Map 

of Bindings is made of solid colours without stray pixels is easier. The artboard size 

is set to the repeat width. Sections of the map as layers can be overlaid to generate 

the intersecting sections which indicate a different weave binding is needed. As most 

weave software is pixel-based (where each pixel represents a warp/weft intersec-

tion), the map of bindings needs to be exported to a pixel-based program (such as 

photoshop).

The development of design experiments then progressed into attempting to make 

digital and physical prototypes of recognisable Textile-form types. Four archetypes 

were selected, the T-shirt, the Trouser, the Coat, and the Gown. The experiments 

are discussed in the order undertaken and go back and forward between archetypes 

as various findings were uncovered in each experiment that was seen as potentially 

useful in another garment form. The T-shirt experiments primarily explore form 

creation approaches with minimal garment details, the Coat primarily explores 

detail generation and combining of multiple axes into one flattened Textile-form, 

the Trouser experiments explore alternative axis to the front/back with minimal 

construction. In contrast, the Gown explores the emergence of exaggerated fullness. 

The Transferral experiments emerged out of the growing understanding of weave 

technology and textile thinking in the context of these form experiments and the 

development of a novel approach to two-layer form creation without sewing.



120    121

Experiment 1: Surface Manipulation for Zero 
Waste

Aim
These initial group of experiments explored digitally apply-

ing ideas of controlling the behaviour of the textile. CLO3D 

is used to 3D visualize the expression of these concepts. 

Initially, the experiments were interested in controlling 

the behaviour of the cloth to support more conventional 

zero waste design methods. However, the further along 

these lines of thought the experiments traversed, the 

more apparent it was that they could become future 

areas of research to support explorations of zero waste 

pattern cutting for Flat and Woven Textile-forms

Tools
CLO3D

Methods
Edging: Here specific bindings, fibre types and meth-

ods of cutting were conceptually explored to achieve 

elements such as self-finishing through the proposed use 

of wool which could felt and prevent fraying, or laser cutting 

polyester (similar to Lazerline (Goldsworthy, 2012)). Another 

method considered is the use of a zigzag edge adjacent to floats to 

mimic the behaviour of fabric cut with pinking shears. Additionally, 

it may be possible to combine some of the ideas for edging explored 

in MakeUse – applied laminates and digitally embroidered edges. 

The initial thoughts that came from this which were carried through 

into later experiments were the use of the densest binding possible 

(plain weave) for the edges/seams, and the use of floats to denote 

cut lines. 

Stiffening: An area of exploration which was investigated 

digitally was how weave bindings might be able to manip-

ulate the fabric density and stiffness to replace interlining 

and fusible, reinforce weak areas, to support form, and 

to sculpt the fabric. 

Weakening: Converse to stiffening the experimenta-

tion speculated that it would be possible to weaken 

the cloth utilising open weave structures or floats to 

improve drape in specific areas, and to create light-

weight areas which could become darts for example. 

Combining weak and stiff regions could be explored 

fully to experiment with form expression.

Shaping: Similar to Miyake’s recent work with 

heat-reactive yarns, the research speculated about 

the ability to control areas of shaping through 

shrinking yarns. Other methods such as felting 

fibres in open weave structures and the use of 

elastomeric yarns may be able to control shaping in 

otherwise rectangular woven cloth. The experi-

mentation also speculates about the development 

of fibres that shrink in areas you use a laser cutter so 

that it doesn’t shrink in other more normal everyday 

circumstances.

Reflection
The methods experimented with interacted more 

fundamentally with the textile structure than previ-

ous work like MakeUse - but the initial conception 

of the relationship between textile and form began 

from a similar place as previous work - that it is a 

planar surface to manipulate. These experiments 

started to build an understanding of the use of 

digital tools as a prototyping method for a production 

method that could not be easily sampled using Cut 

and Assemble methods.

Figure 36: Digital render of MakeUse long T-shirt 
pattern exploring weave bindings to indicate 
cutlines and edges. 

Figure 37: Digital render exploring the use of 
heat reactive or elastometic yarns used in iso-
lated areas for impact expression and form
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Experiment 2: Design elements for Flat Textile-form design

Aim:
To design far-field 3D potential into the near-field interstitial spaces of 2D textiles.

Tools
CLO3D; Illustrator; Photoshop

Materials
Digital cloth.

Methods
Axis: These experiments explored how the 3D body interacted with the 2D woven 

cloth, and asked how this interaction might enable new expressions and methods. 

These initial experiments have similarities to Linda Dekhla’s (2018) work Weaving 

Dress. Rotating the plane of a two-layered textile around the body in a three-dimen-

sional axis provides many opportunities for expression. This idea is explored initially 

by weaving the textile into a tube using double weave – creating space for the body 

to pass through. Most composite garment weaving examples explore the front/back 

axis, with a few examples – such as Issey Miyake’s 

early woven APOC work which is shown as a side 

axis – where an alternative axis is used. 

Layered form: The experiments began design-

ing for woven form by considering how to 

make a zero waste fitted bodice (Figure 38), 

something which is very difficult to achieve 

utilising conventional zero waste pattern 

cutting. Layers of the double weave slide past one 

another, are attached at times to double the weight 

and are separate at other times to form parts of the 

garment, to add fullness, shape and manipulate form. 

Here a conventional method for making corsets is applied in a Flat Textile-form 

context to explore if it is possible to create a zero waste corseted form. The layers 

slide and expand past each other beginning at the smallest width (Figure 39). This 

differs from conventional pattern cutting which usually begins with the largest 

diameter and subtracts form away utilising dart manipulation and panels. With this 

corset experiment, the waist measurement is the starting measurement, and the 

form is expanded out to fit the largest measurement (the bust in this case). The same 

approach can be used to generate fullness and flare on a form. 

Working within boundaries (fabric/loom edge): In these experiments, construc-

tion of the garment was not considered; it was purely an experiment in embedding 

form into a 2D rectangular fabric. Essentially the goal is to design a rectangle not to 

be a rectangle. A rectangle is fundamental to the technology of both cut and sew, 

and weaving. Loom warp and weft, circular knitting, all make rectangles. However, 

bodies are not rectangles. Therefore any unaddressed space between rectangle and 

body is waste. Previous work in Zero waste design uses an existing rectangle (fabric) 

to make a not rectangle (garment). This experiment began to alter the formula that 

makes the rectangular cloth so that it is not rectangular.

Figure 39: A conventional bodice (left) is made from a starting point of a rectangle of the widest 
circumference (such as the bust in this case) and volume is subtracted and cut away to generate 
form - resulting in waste.In this bodice experiment (right), the form is achieved by starting with the 
smallest circumference (the waist in this case) and overlapping the pieces so that after weaving the 
form can be expanded.

Figure 38: Digital render exploring form creation for a bustier form. 
Layers expand out from the smallest circumference (waist) to fit the 

largest (bust).

Waist

Bust
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Experiment 3: Weaving layered textiles

Aim:
To explore methods and expressions for weave bindings for multi-layered textiles.

Tools
Illustrator; Photoshop; Scotweave; Industrial Jacquard loom

Materials
Cotton warp and weft yarn

Methods
Rectangular samples were woven which explore binding design and its relationship 

to layers in double or triple layer woven cloth. This process also required basic and 

necessary skills such as Scotweave software use and loading the loom with yarn. 

Basic knowledge was developed in understanding issues specific to weaving.  For 

example, unlike a standard dobby loom, jacquard looms tend to deal better with 

complex non-linear patterns when weaving layered textiles with different bindings 

on each layer (tension issues are visible in Figure 40). The grid format of these 

samples led to problems with warp tension in the single-layer sections. Related to this 

is the difference in K-value between layers and sections. Without careful balancing of 

this, some layers can creep up and essentially weave faster than other layers, which 

leads to issues with the reed/beater and uneven warp yarn tension. 

Reflections on Experiments 1, 2 and 3.
These initial experiments exploring designing the space between - or interstitial 

space - the layers of a double or triple weave began to reveal some of the potential 

outcomes and approaches for this way of thinking about both textiles and form. The 

form making logic for conventional pattern cutting, which is subtractive by moving 

from the largest circumference and is reduced through darts and other shaping, is 

reversed. Instead, the form begins with the smallest circumference, and then the 

shape is expanded outwards in an additive way.  Conventionally textiles are subtract-

ed from to create the desired form after the production. Using the methods explored 

in these experiments, the weaving process could become additive form making

Fibre choices: These experiments were woven with 100% cotton in the warp and 

weft. Where possible all the woven experiments that follow are also monomaterials 

(either 100% cotton ot 100% Polyester, depending on the fibre content of the warp 

available), with the exception of Experiments 18-20 which used either wool or NSK 

yarn in a cotton warp and weft base.

Figure 40 (opposite page): Samples on the loom: The lines visible running down the warp shows the 
tension issues from this early sampling. 

Figure 41 (above): Layered samples, some with long floats.
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Experiment 4: T-shirt iteration One

Aim:
To design a recognisable t-shirt form that is zero waste through the creation of “space” 

within the woven layers. The T-shirt is selected because it is difficult to achieve utilising 

existing zero waste pattern cutting techniques. Additionally, it is a recognisable form 

with enough topological complexity that it would be a challenge, without being too 

complex as a place to begin experimentation.

Tools
Scissors; CLO3D; Existing t-shirt pattern; Scotweave; Illustrator; Photoshop;  Jacquard 

loom; Sewing machine.

Materials
Digital cloth; Cotton warp and weft yarn; Thread.

Method
The first iteration of the T-shirt (Figure 42) utilised Clo3D and the basic T-shirt 

pattern available through the software. The use of existing conventional patterns was 

an attempt to achieve an understood and expected form, however, it also caused an 

inherent front/back flattening of the body form because a conventional T-shirt pattern 

consists of a front and back joined at the shoulder and sides. Despite the use of these 

conventional patterns, they gave a clear and identifiable place to begin the design 

process. 

Woven fabrics produced on a loom are almost always rectangular. Zero waste fashion 

designers are used to working within these types of limitations; however, the possi-

bility of creating space in the weave was not a technique which had been explored 

and physically prototyped by the author before. An already conventionally ‘unfolded’ 

t-shirt pattern was selected and aligned the shoulders with an overlap to eliminate gaps 

between the pieces, which if left, would become waste. The pattern pieces were over-

lapped and stacked into the textile’s layers (see Figure 43-44) so that they fit within the 

smallest width, much like in the corset example in the initial experiments. It is woven 

so that when cut and separated, it can create a shaped 2D pattern from a rectangular 

2D textile. As the t-shirt was conceived as a woven piece, a maximum of three layers is 

available in the woven structure due to the estimated minimum functional warp density 

for the loom used (11epcm – ends per centimetre). The sleeve pattern is placed in the 

same area as the shoulder overlap creating a three-layered structure.

Figure 42: 3D render of t-shirt, formed on body. Transparency at sleeve and shoulder reveals stacked 
construction approach. 

https://embed.vntana.com?productUuid=6a43cf72-af55-4d5c-95be-4efa6a0a333a&clientSlug=phd&organizationSlug=holly-mcquillan
https://embed.vntana.com?productUuid=6a43cf72-af55-4d5c-95be-4efa6a0a333a&clientSlug=phd&organizationSlug=holly-mcquillan
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3D visualisation: To begin to get a sense of the resulting surface expression, trans-

parent fabrics were rendered in 3D software to visualise the impact of the placement 

of these pattern pieces had on the expression of the 3D design. The arrangement was 

simultaneously guided by the resulting expression, the requirement that all areas of 

the weave be ‘used’ for the garment (no gaps) and the technical considerations for 

weaving concerning thread density. In short, through technology, it is possible to 

design the far-field structures of the textile, garment form and surface expression at 

the same time – no one single element consistently dominates the others. 

The three-layer ‘stacked’ pattern was exported from CLO3D as a PDF and opened 

Illustrator (see section on Workflow for more detail). The bindings used in the 

research at this stage are simple and fall into three categories, fill, edge and cut, and 

all determine the relationship between the three layers. There are 16 possible binding 

types for these T-shirts, so there are 16 colours: this constructs the map of bindings 

(Figure 46), which determines both 2D space (woven) and 3D potential (form).

Repeat: In this design, the scale of the garment is impacted by the loom repeat size. 

The loom used has a 40cm repeat, which means the same design must be repeated 

four times across the width of the textile, making a 160cm wide cloth. When design-

ing the T-shirt, a standard T-shirt pattern was used (55,5cm wide), so the repeat 

would ideally be this size. To test the concept as simply as possible, the pattern was 

shrunk to be 40cm wide in Illustrator, acknowledging this will result in a T-shirt with 

a maximum circumference of about 76cm  – a size which would not fit many adults. 

Weft Density: Depending on the weave software utilised, the impact of weft density 

on the scale of the garment also needs to be addressed. For example, weaving the 

T-shirt at a density of 50 threads per cm, then the file needs to be scaled to ensure it is 

the correct length to translate pixel dimensions (which are square) to thread density 

(which is not). The baseline calculation for this requires you divide weft density by 

warp density and multiply by 100 to determine the percentage needed to scale the 

length of the original design. The relationship between warp and weft density is an 

important consideration, especially in whole garment weaving, because when weav-

ing a garment an incorrect scale will result in a garment that is too long or too short. 

See Workflow in Appendix and Paper 2 for more details on translation from photoshop to 

loom.  
Figure 43 (top): Three layers that comprise the finished t-shirt form as shown in the 2D window in 
CLO3D

Figure 44 (bottom): From left to right: The three layers stacked and the t-shirt pattern pieces shown 
(front, back and sleeves; the shoulders overlapped and sleeves separate; all overlapped and stacked 
as woven. 

https://vimeo.com/311307753
https://vimeo.com/311307753
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Cutting and construction: After weaving 

(Figure 45), the layers are cut to separate 

the pattern pieces from each other (Figure 

46). The stacking design method enables 

the T-shirt to be constructed conventionally 

and does not reduce sewing time. Due to 

the low warp density of the loom, the fabric 

frays very easily, which makes construction 

difficult. The resulting T-shirt requires the 

same number of sewing seams as a typical 

T-shirt and has the same silhouette (Figure 

49); however, it is zero waste. See Chapter 4 

for more detailed findings.

Yield: Through this process, it became clear 

that whereas for ‘conventional’ zero waste 

yield and waste is measured by surface area, 

with this method, yield needs to be calcu-

lated by the weight of yarn used. Measuring 

by weight of yarn or fibre used is how the 

yield is measured in whole garment knitting 

or fully-fashioned knitted garments. The 

T-shirt only produces a small amount of yarn 

waste in the auxiliary selvedge (assuming 

you cut it off). 

Figure 45 (far left top): The T-shirt as it appears on 
the loom

Figure 46 (far left bottom): The t-shirt layers partial-
ly cut and separated. Sleeve is shown removed from 
body of remaining form 

Figure 47 (left) The T-shirt Map of Bindings file from 
Illustrator. The colours indicate different weave 
bindings that enable the layers to separate.

https://vimeo.com/471118974
https://vimeo.com/471118974
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Expression: The layers of the weave are visually evident due to the use of a different 

shade of yarn for each layer, though this is not necessary. If a more subtle effect were 

desired, then the use of the same coloured yarns would minimise any surface differ-

ences. As it stands the surface expression of the T-shirt (Figure 49) is a direct result of 

the process used to design and produce it and makes explicit the simultaneous design 

process that is undertaken. 

Figure 48 (above): Scotweave generated 3D render of yarn intersections for the T-shirt on the Right. 

Figure 49 (right): T-shirt prototype, woven in 100% cotton. Three colours of weft yarn were used, 
Black, Grey and White, in order to more clearly differentiate between layers. The auxiliary selvedge 
from the loom is seen on left side of t-shirt form.
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Experiment 5: T-shirt Iteration Two

Aim
To explore the possibility to weave a full-size adult t-shirt utilising the 40cm repeat 

limitation of the loom.

Tools
Scissors; CLO3D; Existing t-shirt pattern; Scotweave; Illustrator; Photoshop;  

Jacquard loom; Sewing machine.

Materials
Digital Cloth; Cotton warp and weft yarn; Thread

Method
T-shirt Iteration Two was in response to the limitation of a 40cm loom repeat. The 

40cm loom repeat was the widest available at the time, and at first impression seems 

to be a significant limitation to developing zero waste composite woven garments 

forms for the body. How can the designer ’make space’ when there doesn’t appear to 

be any? The limitation of the repeat forced the consideration of alternative strategies.

Designing for a repeat: The fabric width is always a limitation in conventional zero 

waste design. Considering the textile as 3D potential enabled this problem to be 

considered in another way.

To change the width of the T-shirt within a fixed repeat, the ‘stacking’ layers method 

was utilised across the width of the body to achieve greater width, instead of only 

using it for shaping the shoulder and sleeve area. In CLO3D, the basic T-shirt front 

and back patterns were divided vertically into panels and then overlapped these to fit 

inside the 40cm wide repeat. The approach allowed the layers to ‘slide’ further apart 

across the horizontal plane – effectively ‘making space’ by considering the 2D textile 

as 3D potential. If a full repeat jacquard loom is available, on the surface, it would 

seem to solve this problem of a too narrow repeat; however, it would also potentially 

provide more space in the cloth than required when aiming for a zero waste design. 

Figure 50: Notation of planned weave structures on initial Map of Bindings.
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Maximising material within a fixed 
width: The resulting zero waste T-shirt 

(page 140-141) requires more sewing 

than a conventional T-shirt; however, it 

fits an adult and can be graded up and 

down to any size where the circum-

ference is less than about 230cm. The 

more layers there can be in a weave, 

the more space can be created. The 

maximum width is the woven width 

multiplied by the number of layers 

(which is constrained by warp densi-

ty). For example, if a full repeat loom 

that is 150cm wide, and it has a warp 

density of 100epcm, with five layers 

at 20epcm each, you would be able to 

achieve a maximum width of 750cm. 

The use of this approach, in combination 

with areas that do not slide or expand, 

enables excellent control of the form of 

the design than in any other zero waste 

method for woven textiles.  

Figure 51 (above) The Map of Bindings for this tshirt demonstrates complicated binding interactions 
to enable the different layers to seperate once cut. Some of the bindings used are surface pattern 
only and are used to guide the stitcher in terms of placement of the overlapping pieces (similar to 
MakeUse with its embedded construction information). 

Figure 52 (above right): T-shirt as it is being woven on the loom

Figure 53 (bottom right): Half sample of T-shirt to check the structures are correct.
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Figure 54: Cutting of this tshirt is relatively 
straightforward assuming the cutter knows 
where to cut. Compared to standard fabric 
cutting processes it is unusual in that you dont 
cut through the whole cloth, only certain layers. 
If automated, this could be done utilising “kiss 
cut” technology in CNC cutters, or controlling 
the depth of cutting in lazercutters

Photography and Filmography by Thomas 
McQuillan

https://vimeo.com/442055339
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Figure 55 and 56 (above): Close-up detail of t-shirt showing variation in surface expression caused by 
weave bindings for construction. Photography by Thomas Mcquillan

Figure 57 (right): T-shirt prototype, woven in 100% cotton. Three colours of weft yarn were used, 
Black, Grey and White, in order to more clearly differentiate between layers. Photography by Thomas 
McQuillan

  141



142    143

Experiment 6: Coat Iteration One

Aim: 
To construct a Flat Textile-form coat from a two-layered textile. Develop methods of 

constructing complex details such as a tailored sleeve,  pockets and collar and lapels, 

Tools
CLO3D; Paper models;  Sewing machine; Toile. 

Materials
Digital cloth; Cotton calico; Thread; Paper; Scissors.

Method
The design of the coat in this experiment is based loosely off the layout of the 

MakeUse Coat, with the additional intention of achieving a more conventional 

sleeve and collar. The coat was designed in Clo3D, as two layers using a convention-

al tailored jacket ’block’. The general coat typology was selected due to the relative 

complexity of form and detail, as well as the potential for exploring layers such as 

shell and lining relationship, pockets, tailored sleeves and the collar and lapel. 

Sleeve: The design process started by stacking the ’folded-out’ two-piece tailored 

sleeve over the side body of the coat, aligning the sleeve head/crown with where 

the shoulder would be in a conventional pattern. The form was designed without a 

seam joining the sleeve crown to the shoulder, and the sleeve angle was adjusted for 

best ergonomics and fit. The sleeve is designed to be cut from the underlying layer 

leaving the body intact. To produce the resulting sleeve form, sewing is required after 

cutting, stitching the back under sleeve seam from the elbow down to the wrist, and 

the whole front under sleeve seam to make the sleeve tube. Next, the sleeve under-

arm needs to be sewn from front notch to back notch

Pocket: The pocket is designed like an internal patch pocket, with the weave struc-

ture linking the two layers at the edge of the pocket-bag. A tighter weave structure 

was designed to be used at the pocket opening to replicate the appearance of a 

double jetted pocket.

Figure 58: Digital render of Coat Iteration 1 Flat Textile-form.

https://vimeo.com/471119380
https://vimeo.com/471119380
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Collar and Lapel: The collar is developed from the MakeUse Coat collar design 

which leaves a hole in the back-neck area where it is cut from 2D to wrap around 

the back of the neck. In contrast, the two-layered design of the weave structure in 

this experiment enables this gap to be filled. The two layers also allow for a lapel-

like shape to be cut and released from the front in a manner that is reminiscent of a 

Trompe-l’œil effect. A subsequent version of a two-layer collar and lapel sought to 

achieve a more correct ‘breakline’ by enabling the back neck of the collar to close up 

more, and the collar and lapel to fold at a recessed breakline, overlapping the leaf 

edge with the area it was cut from (Figure 59). 

Form: The form is generated mostly as 

a simple response to the details. Usually, 

in conventional zero waste design, the 

negative space created from the larger 

form creation is utilised to make the 

details like pockets and collars etc. But 

in this design, because the details do not 

remove surface area, the resulting form 

is more voluminous (Figure 60).

Figure 59: Digital render of collar and lapel design
Figure 60: Digital render of Coat Iteration One as 
garment form.

https://embed.vntana.com?productUuid=9010aa25-d957-41b8-b2dc-37cbfbe853a1&clientSlug=phd&organizationSlug=holly-mcquillan
https://embed.vntana.com?productUuid=9010aa25-d957-41b8-b2dc-37cbfbe853a1&clientSlug=phd&organizationSlug=holly-mcquillan
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Figure 61: Front view of Coat 
Iteration One sample made using 
a cut and assemble process to 
test fit and wear experience.

Figure 62 (right): Side and back 
view of Coat Iteration One sample 
made using a cut and assemble 
process.
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Experiment 7: Coat Iteration Two 

Aim: 
To construct a fully finished tailored sleeve on the loom. Explore potential methods 

for a more conventional collar and lapel construction. Exploit the ability to construct 

different thicknesses of textiles to develop a shell and lining relationship in the main 

body of the coat, as well as a free-hanging pocket.

Tools
Scissors; CLO3D; existing t-shirt pattern; Scotweave; Illustrator; Photoshop;  

Jacquard loom (40cm repeat); Sewing machine.

Materials:
Cotton warp and weft yarn; Paper; Digital cloth.

Figure 63: Sketch exploring the required structural bindings for the underarm, sleeve and crown 
intersection of Coat Iteration Two.

Clockwise from top left

Figure 64: Paper model exploring the collar and lapel for Coat Iteration Two.

Figure 65: Woven sample of collar and lapel for Coat Iteration Two.

Figure 66: Woven sample of collar and lapel for Coat Iteration Two worn on the body.

Figure 67: Detail of the woven sample of collar and lapel for Coat Iteration Two.
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Left to right

Figure 68: Paper model exploring the sleeve for Coat Iteration Two.

Figure 69: Sleeve pattern pieces for Coat Iteration Two.

Figure 70: Digital render of Sleeve for Coat Iteration Two worn on the body.
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Figure 71: Cut and assemble sample of Sleeve for Coat Iteration Two.

Figure 72: Cut and assemble sample of Sleeve for Coat Iteration Two, with layers shown

Figure 73: Cut and assemble sample of Sleeve for Coat Iteration Two, shown on body. Photography by 
Thomas McQuillan
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worn. This stacking as already constructed method was used in combination with the 

unfolding technique and three layers to produce an entirely shaped sleeve pattern 

that when released from the body required only the underarm be sewn. 

Collar and Lapel: The collar and lapel are designed differently to that in Coat 

Iteration One. Rather than utilising a Trompe-l’œil effect to give the appearance of a 

lapel, the two sides of the lapel overlap each other and when released can fold back 

at the breakline as a regular collar and lapel do (Figure 64-67). 

Method
Construction of a full-scale prototype of this garment requires a full repeat loom. So 

the details of the coat such as sleeve, collar and lapel, shell and lining, and pocket are 

sampled as sections. For a fully finished version see Lazulite Coat Experiment.

Sleeve: The starting point for Coat Iteration Two was the desire to design a shaped 

and tailored sleeve that reduced or eliminated the need for sewing after Flat Textile-

form construction. Conventional two-piece sleeve pattern drafting often lays the top 

sleeve and undersleeve stacked on top of each other (Figure 68-70), almost like it is 

Figure 74: Map of Bindings showing basic construction of Coat Figure 75: Notated Map of Bindings 
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Shell and Lining: The use of three layers in this coat enables for variable thickness of 

the coat layers, similar to a conventionally made coat – with a lining and a shell. In a 

regular coat the shell fabric is usually much thicker than the lining, and the lining is 

a smoother texture to enable the easy putting on and taking off of the garment. The 

shell weight layer is achieved by designing the weave structure so that the top two 

layers are woven as one (in a broken twill), and the lining is a single layer woven so 

that the side against the body is a satin weave (which is very smooth).  

Pocket: Unlike the pocket design in Coat Iteration One, the shell and lining weave 

structure in this experiment allows for a pocket bag to be designed so that it hangs 

freely from the shell. Once cut, a functioning pocket is released from the woven form 

that requires no stitching (Figure 76-81). 

Form: The form again is generated in response to the details and is very similar to 

Coat Iteration One. The experiment tested unfolding to extend the circumference of 

the back of the coat while producing a lighter weight textile through the use of the 

fractional density that results from unfolding.

For further exploration of this form, see Lazulite Coat. 

Clockwise from top left

Figure 76: Woven sample of pocket as woven (uncut, showing front side)

Figure 77: Woven sample of pocket as woven (uncut, showing reverse, lining, side)

Figure 78: Woven sample of pocket, lining being cut from outer to release pocket form.

Figure 79: Woven sample of pocket with pocket opening cut, showing use.

Figure 80: Woven sample of pocket, lining fully cut from outer to release pocket form.

Figure 81: Woven sample of pocket, detail.

https://vimeo.com/471420565
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Experiment 8: T-shirt Iteration Three

Aim:
To develop a t-shirt-like form that can be woven on a loom and require only side 

seams stitching

Tools
Lightbox; Camera; Scissors; Paper model; Sewing machine; Toile; CLO3D.

Materials
Existing white cotton t-shirt; Cotton voile; Thread; Paper; Tape; Digital cloth.

Method
In the field tests during the research expressed in Chapter 2, it was clear that a zero 

waste garment will not be viable in the fashion industry if it requires more seams 

than a standard garment. This experiment aimed to find a method of reducing the 

necessary construction to less than for a conventional T-shirt. T-shirt Iteration One 

has eight seams, like a regular t-shirt, but is constrained by the repeat width and 

so only fits a child. T-shirt iteration Two required the sliding layers on the body of 

the t-shirt be applied to each other (using a sewing machine) in addition to the 

eight seams in a regular t-shirt. The experiment sought to find a way to simplify the 

construction of the t-shirt. Is it possible to weave a fabric that through cutting alone 

transforms into a garment form? 

From sliding to unfolding: In Clo3D, it seemed that what was thought of as ‘slid-

ing’ in the animation phase, appeared more like ‘unfolding’. So using an existing 

tshirt and a lightbox (Figure 82), paper models, then a cloth cut and sew prototype 

(Figure 83, 84, 85) and then moving to CLO3D (Figure 86), a stitch-less method was 

conceived to embedded form-making where the woven cloth has the form embedded 

and is released and realised when cut. 

Clockwise from top left

Figure 82: existing T-shirt sleeve detail on lightbox to explore overlapping form.

Figure 83, 84, 85: Cut and assemble detail of t-shirt Flat Textile-form showing shoulder slope ex-
panding out of construction. 
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Due to limitations of warp density, initially, the 3D form of a T-shirt is flattened by 

cutting the side seams open. This is because if left unflattened, two of the three possi-

ble layers will be taken by the front and back alone, leaving little flexibility in over-

lapping areas for form creation. The form of the T-shirt is cut at the sides, flattened 

and then folded to conform to a rectangle for weaving. The design of the original 

T-shirt is modified throughout this process to utilise all of the available 2D space of 

the textile. By designing the 3D T-shirt-potential of the 2D textile, design elements 

such as the shoulder slope and armhole shape are embedded into the weave. Then, 

through cutting, the T-shirt form is realised, with final form construction requiring 

only two side seams instead of the usual eight.

Figure 86: Digital render of T-shirt Iteration Three. This T-shirt explores the expansion of a shoulder 
slope angle and underarm gusset from the Flat Textile-form. It is constructed from three layers, and 
requires two side seams for construction after weaving.

The way in which the desired form is flattened and then folded, and how the folding 

is applied to make it conform to the parallel sides of the repeat directly informs the 

design. T-shirt Iteration Three (Figure 86) uses the minimum folds to generate a basic 

t-shirt form. However, this basic technique could be applied in a range of complex 

ways to achieve a diverse range of form, surface and behavioural expressions. 

https://vimeo.com/471118974
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Experiment 9: Gown Iteration One

Aim: 
This experiment aimed to explore the creation of fitted areas in combination with 

expansive fullness - such as is often seen in a gown. The objective was to achieve a 

fitted bodice and a full flared skirt.

Tools
Paper models; CLO3D.

Material
Paper; Digital cloth.

Method
The gown pattern builds on knowledge from conventional zero waste design (nest-

ing, see Lumsden (2010)) and places the front and two back sections so as they are 

interlocking with each other. The diagonal line separating the front from the back 

intersects where the narrowest part of the body is. This arrangement means the dress 

requires 3 - 5 seams to construct the basic A-line form. This basic A-line skirt form is 

then further expanded on using the layers of the Flat Textile-form. Due to the layout 

of the pattern and the three-layered construction, the circumference of the hem 

of the gown is almost six times the width of the loom-state fabric from selvedge to 

selvedge. 

Figure 87, 88 (left): sketching the pattern concept for Gown Iteration One.

Figure 89 (above): Digital render of Gown Iteration One using transparency to reveal layers and vol-
ume. The method for form creation leads in this case for the hem circumference to equal over 900cm 
from a 160cm wide textile.
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Utilising a method similar to the Corset example in Experiment 1, the bodice fit is 

determined by folding the bust fullness into a flat form, to then be released once 

constructed. 

See Experiment 26: Feldspar Dress for a woven application of this experiment and method

Figure 90: Back view of Gown Iteration One, with 
Three layers of weave structure shown along-
side. The three layers are woven together and 
through cutting, and a small amount of sewing, 
the form on the left is created. 
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https://embed.vntana.com?productUuid=a95772af-6939-4de4-aa6c-1dcd535d826a&clientSlug=phd&organizationSlug=holly-mcquillan
https://embed.vntana.com?productUuid=a95772af-6939-4de4-aa6c-1dcd535d826a&clientSlug=phd&organizationSlug=holly-mcquillan
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Figure 91: Digital render of Gown Iteration One shown on hanger and Avatar
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Experiment 10: T-shirt Iteration 
Four

Aim
To develop a conventional t-shirt form which 

can be woven on a loom and does not require 

stitching.

Tools
Paper models; Scissors; CLO3D. 

Materials
Paper; Tape; Digital cloth.

Method
This experiment began with paper modelling 

to explore approaches to achieve a convention-

ally angled shoulder slope and a set-in sleeve 

with a familiar form. Once the basic flat to form 

mechanics were established in paper, these two 

elements were brought together in CLO3D to 

explore the resulting expression in digital cloth. 

The shoulder slope is achieved by embedding 

an expanding dart from the hem at centre front 

and back (Figure 92). This arrangement changes 

the angle of the shoulder slope from 90 degrees 

relative to the grainline to 10-15 degrees once cut 

and unfolded. The same transformation uncovers 

the neck hole without cutting away any of the 

textile as would typically be the case. 

Figure 92 (top row): Video stills of paper model of 
T-shirt Iteration Four shoulder slope being trans-
formed from flat to form

Figure 93 (bottom row): Video stills of paper model 
of T-shirt Iteration Four sleeve being transformed 
from flat to form
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https://vimeo.com/471424756
https://vimeo.com/471116810
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The sleeve crown and armhole are folded into the shoulder space and create a form 

close to a conventional sleeve head (Figure 93), with an angled sleeve slope while 

still providing ample arm lift.  

Both the shoulder and sleeve form are achieved via the understanding of flattening 

an existing form into the 2D plane. The t-shirt could be produced in three layers and 

require two side seams to be sewn after cutting to produce the form. Or if woven in 

six layers, the entire form would be realised without stitching. 

Expression: The expression of the digital prototype (Figure 94) is driven by the 

placement of the form-making expansions and the use of different transparency to 

highlight the construction and reveal the change in fabric density caused by this 

construction method. 

Figure 94: Digital render of T-shirt Iteration Four
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https://embed.vntana.com?productUuid=4d411632-cdb8-450f-b7ef-d8345886859f&clientSlug=phd&organizationSlug=holly-mcquillan
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Experiment 11: Trouser Iteration One

Aim: 
To construct a pair of simple, conventionally-fitting zero waste trousers that require 

as little construction as possible

Tools: 
Lightbox; Camera; CLO3D; Paper model.

Materials:
Existing lightweight white linen trouser; Paper; Tape; Pen; Digital cloth.

Method:
The trouser was designed from the side axis and took its cue from how tailored 

trousers are commonly pressed and hung (Figure 95). Flattening an existing pair of 

trousers in this way on a lightbox (Figure 96) reveals the internal structures relative 

to what is usually seen on the outside, and suggests placement for joins at the crotch 

seam for instance. The pocket can be placed so it overlaps the area removed from the 

crotch seam. Joins are required at every fold - so the in-seams and side-seams are 

replaced with seams travelling down the front and back of each leg.

Figure 95 (left): A diagram showing a traditional way of profile-folding trousers for hanging.

Figure 96 (above): A lightweight linen trouser is flattened on a light-box and photographed to reveal 
the layers required to construct the form. 
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Figure 97 (above): Video stills showing the translation of the profile-fold approach for trousers into a 
layered paper model. 

Figure 98 (right): Digital render of Trouser Iteration One.

https://vimeo.com/471434902
https://vimeo.com/471117769
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Experiment 12: Trouser Itera-
tion Two

Aim: 
To weave the trouser form developed in 

Experiment 11.

Collaborators:
Holly McQuillan; Milou Voorwinden.

Tools
CLO3D; Scotweave; Illustrator; Photoshop;  

Jacquard loom; Scissors; Zipper.

Method:
The trouser pattern was developed to 

consider the weave binding areas needed 

to construct the form. This includes the 

potential for internal seams or other details 

being visible on the outer surface - and so 

the visualisation took the proposed Map of 

Bindings and translated this 2D map into a  

digital 3D form (see Figure 99, and 100 on 

the following page).

The Map of Bindings, accompanying 3D 

digital image and video of transformation, 

alongside a diagrammatic indication of the 

layer relationships and notation system used 

on the Map of Bindings (see Appendix), was 

then sent to Milou Voorwinden (a weaver 

based in the Netherlands). Through a series 

of online video calls the relationship between 

the Map of Bindings she needed to program 

with bindings and the 3D form it results in 

were explained. She then programmed the 

bindings and wove the trousers. 
Figure 99: Video stills of the construction process of Trouser Iteration Three in CLO3D.

https://vimeo.com/471120028
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Figure 100: Map of Bindings developed in Illustrator, and Digital render of Trouser Iteration Three in 
CLO3D.

Figure 101: Trousers being woven on the loom in set of six at EE Exclusives. Photography by Milou 
Voorwinden
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Figure 102 (left): The trouser separated from the width of the textile (where another five trousers 
were woven alongside it). Photography by Milou Voorwinden

Figure 103 (right): The Textile-form released through cutting the internal connections between the 
crotch seam and the pocket-bag. Photography by Milou Voorwinden

Figure 104 (opposite page): The final form photographed on a weaving mill worker. Photography by 
Milou Voorwinden
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https://embed.vntana.com?productUuid=e53f4465-46ce-452e-9f78-e0986b8bc53a&clientSlug=phd&organizationSlug=holly-mcquillan
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Experiment 13: Shirt Iteration 
One 

Aim: 
To explore the use of existing form find ways 

of flattening a shirt as a design development 

method

Tools: 
Lightbox; Camera; Illustrator; CLO3D.

Materials
Existing lightweight white cotton shirt.

Method:
Placing a folded lightweight cotton shirt 

on a lightbox, the garment is observed to 

identify where the fabric darkens due to 

overlapping fabric layers (Figure 105).

An example was selected to trace the shad-

owed sections in illustrator, which deter-

mines the pattern pieces. These were colour 

coded for ease of assembly later (Figure 

106).

These pattern pieces were exported sepa-

rately and constructed in CLO3D to see the 

basic form (Figure 109).5

Figure 104: Photographs of white shirt folded in 
various arrangements on a lightbox. This is a useful 
“sketching method for designing Flat Textile-forms. 
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Figure 106: Left half shows the flattened form 
of the shirt on the light-box, while right half has 
the pattern pieces overlayed (in illustrator). 
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Figure 107 (top): The final illustrator file on an individual shirt pattern generated from the flattened 
shirt photograph. 

Figure 108 (bottom): A proposal for nesting two shirts to ensure a zero waste outcome (blue line 
would be edge of final pattern and 4 shirts would fit across the full width). 

Figure 109 (right): Final digital outcome. There are no seams shown in this render.
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Experiment 14: Shirt Iteration Two

Aim: 
To explore the expression of the white shirt as developed by the use of necessary  

form creation details - such as seams that are external on mountain folds 

Tools: 
The Flat Textile-form result from previous shirt experiment; CLO3D.

Materials
Digital cloth.

Method: 
The design of the shirt form now needs to consider the construction methods used 

- the joining of layers through seams of the outer edge of folds (the ’apex’ of all the 

mountain folds). Every change in direction requires the joining of layers. 

Consideration was then made for eliminating waste and exploration of the expres-

sion possible. Utilising conventional zero waste methods of “nesting” is utilised to 

explore how the whole shirt form will interlock (Figure 110). In conventional zero 

waste, this approach is per pattern piece whereas in Flat Textile-form this can be by 

garment section (as with the gown experiment), or as in this case with the whole 

garment form. 

Expression:
Interlocking two shirts create a zero waste layout while the shirt form emerges 

from the stacked layers with seams becoming a construction detail which creates a 

particular aesthetic. When rendered in CLO3D, it appears very crisp and minimalist. 

However, its exact expression will depend on the construction method and material/

fibre used. When woven, the seams may need to be wider to compensate for fraying, 

which will also soften the expression of the shirt. While if it is laser-bonded, it will 

remain a similar expression to the digital render as edges will not fray.

Figure 110: Line drawing showing the inclusion 
of seam placement.
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Figure 111 (left): The transformation from Flat Textile-form to 3D garment.

Figure 112 (above): Detail of upper part of shirt. Shows the external seams on the sleeve and the 
internal sleeve on the centre back which is a direct consequence of the construction method derived 
from flattening.

https://embed.vntana.com?productUuid=896f99ff-679f-42ce-94eb-aedc4964528a&clientSlug=phd&organizationSlug=holly-mcquillan
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Experiment 15: Transferral Method

Aim:
To explore the potential for a sewing-free expandable joining method constructed 

from two layers, instead of the usual three layers as in previous experiments. 

Tools
Scissors; Pen; Pencil; Ruler.

Material 
Paper; Tape.

Method
In the film stills on the right, an interlocking tabs method is expressed, which enables 

the expansion of the joint and in doing so generates form and expands the planar 

surface of the textile. The curved example shown would require careful cutting of the 

Flat Textile-form, likely result in fraying. However, the advantage of enabling expan-

sion and form creation from two layers is that the impact on layer density is less, and 

this leaves more potential layers available to provide other design details as required. 

Figure 113 (above):Paper model exploring concept of transferral at early stage as applied at the 
armhole and underarm area. This model was unsuccessful due to small scale.

Figure 114 (left): Video stills of paper model transforming from 2D to 3D using curved transferral 
method.

https://vimeo.com/471435457
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Experiment 16: Transferral Dress Iteration One

Aim: 
To explore the use of the particular features of weaving in utilising Transferral meth-

od of expanding form – specifically the interlacing of warp and weft – at the armhole 

and underarm area.

Tools: 
Scissors; Standard t-shirt garment block; Illustrator; Cross-section drawing; CLO3D.

Materials
Paper; Tape, Digital cloth.

Method: 
For the expansion achieved using the Transferral method to require less cutting, it 

needs to be embedded in floating warp or weft yarns (and not be angled or curved 

like on the initial tests (Figure 114) due to the x and y direction of warp and weft 

yarns). 

Here the development of the use of the Transferral method on the sleeve/crown 

area of a tunic (Figure 116) is shown, with the expansion occurring along the weft 

direction. Placing the expansion for the sleeve/crown area in this direction results in 

the centre front and back being at an angle. The angle could be left as it, and it would 

result in fullness via a flare in the centre front and back; however, this experiment 

attempts to correct the angle to better fit it into a rectangular woven textile. 

Figure 115 (left): Early sketch exploring transferral method applied to 
garment at shoulder slope area, and the cross section of the binding that 
will allow it to be embedded in the weave structure. 

Figure 116 (above): Development of sleeve crown using conventional 
pattern blocks. Shoulder seem is eliminated and then sleeve overlapped 
with armhole. 
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The angle is addressed using the folding 

method described in the t-shirt experi-

ments and results in a particular aesthet-

ic expression and design details that are 

shown on the right. 

Expression: This experiment was done 

in CLO3D and remained digital at the 

time of writing (Figure 117), for ease of 

rendering the weft floats were replaced 

with wide tabs, but the principle of 

expansion remains the same. 

Consideration is needed when placing 

the overlapping forms, particularly the 

journey the sleeve takes to meet the 

armhole once cut and released. The 

space between the sleeve crown and 

armhole once cut and expanded would 

have yarns floating (where the tabs are 

on the render). This has a direct impact 

on aesthetic and expression. In these 

Flat Textile-forms, the entanglement of 

aesthetic and technical considerations is 

profound. 

Figure 117: Flat Textile-form in 2D and 3D on 
the avatar. The stripe-tabs are representations 
of weft yarn. CLO3D software does not allow for 
design at the level of yarn and so rendering yarn 
behaviour accurately is not possible. The char-
treuse ‘seam’ catches the floating warp yarns 
on the sleeve as they intersect with the floating 
warp yarns from the body.
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Experiment 17: Transferral Dress Iteration Two

Aim:
To simplify the basic form creation from Experiment 16 by eliminating the use of 

folding, and to explore the potential of using the Transferral method for non-func-

tional detail. 

Tools: 
CLO3D.

Materials
Digital cloth.

Method: 
The elimination of the folding to achieve form was simply achieved by straightening 

the overall form of the dress; this provided space on the textile form for exploration 

of non-functional design details. 

The exploration of non-functional form utilised existing knowledge of how flounc-

es and frills are pattern-cut and applied this knowledge in the context of layered 

woven forms (Figure 118). Flounces are often created by stitching a curved edge to 

a straight edge (Figure 118 top), while frills are created by attaching a longer length 

to a shorter one (Figure 118 middle). Its expression is the result of the interaction 

between two different lengths of line – the experiment sought to explore if this effect 

could be expressed in Woven Textile-forms. 

Just as with Transferral Dress Iteration One, this experiment remained digital (Figure 

119, 120), and this affects the resulting expression. Further development would be 

needed to explore the aesthetic when weaving. 

Figure 118: Comparison of the construction 
of a flounce (top), frill (middle) and the hybrid 
transferral flounce-frill
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Figure 119: Can be worn as woven, but once 
cut further form expressions can emerge. 
The form of the transferral dress emerges 
at the intersection of the weft yarn for the 
sleeves, and the warp yarns for the frill

Figure 120: I had begun to consider 
the use of all methods of expansion 
as having a time component. They 
could be activated by the manufactur-
er as a form construction method, or 
– because all that is required for their 
transformation is a sharp pair of scis-
sors and a stead hand – alternately 
they could be activated by the user 
when and if they wanted them to. 

  201200    

https://vimeo.com/471122071
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Reflections on Experiments 1-17

The first 17 experiments sought to develop some of the methodology, techniques, 

workflows and expressions possible with this approach to Textile-form design and 

construction. They often drew on existing understanding of pattern cutting, and 

textile design, however, the integration of them into the construction of the textile 

is novel. A pattern cutting approach to designing for the loom allows for a range of 

forms to emerge, many of which are familiar, and yet unexpected.

Experiments 1, 2 and 3 established the foundational understanding of the simul-

taneous design of textile for form and provided a starting point for technique and 

knowledge of the relationship between 2D and 3D and the specific technical challeng-

es for weaving layered textiles.

Experiments 4 and 5 take the existing (already 2D) patterns that make the garment 

and overlap them in CLO3D to be weave-able within the limitations of the loom. In 

Experiment 5, the issue of repeat and size was explored. By expanding the t-shirt 

form out of the layered textile, the form could be made to fit a wide range of sizes, 

depending on how it is constructed. It could also change over its lifetime. In this way, 

time begins to be a material of design.  The problem identified with this approach 

was the requirement for an increased amount of stitching to construct the form. In 

both Experiment 4 and 5, the pattern pieces were being woven in an approach similar 

to fully-fashioned weaving, so the garment still had to be stitched together to make a 

3D form. 

Experiment 6 explored the creation of a more complex garment (a coat) with lapel 

and collar, from a two-layered textile structure. This outcome requires the sleeves 

to be stitched at the hind-arm and underarm, as well as the centre-back of both the 

body and collar. The primary axes for the development of this design are the sleeve 

profile view and the collar and label front view. This results in a clearly defined sleeve 

and lapel and collar form, but an undefined body.

Experiment 7 attempted to reduce the stitching required to construct the coat as so 

utilised a typical flat pattern cutting set up for tailored sleeves where the top-sleeve 

and under-sleeve are drafted stacked on top of each other - almost as if 3D already. 

This arrangement results in a fully formed sleeve form that does not require stitching. 

The sleeve construction required the use of three layers, and these layers also provid-

ed an opportunity to explore the construction of a lining and a free-hanging pocket, 

as well as a more conventional collar and lapel form. The overall form of the coat 

body remained unresolved. These coat experiments helped explore ideas of using 

weaving to embed functionality into the textile(such as lining and pockets), and also 

details such as a tailored sleeve and collar/lapel. The form proved problematic due 

to the need for balance between space for details and spaces for form creation. In the 

t-shirt experiments, there is no collar to be concerned with, and so the shoulder slope 

is easily developed.

Experiments 8 and 9 further extended the fully constructed form methods devel-

oped in the coat sleeve from experiment 7 and applied it to develop arm-lift in 

Experiment 8, and fullness and flare in Experiment 9. In Experiment 8, the form is 

flattened from a bird’s eye view perspective and needs two side seams to construct 

the form. This is probably a satisfactory reduction in construction steps 

Experiment 9 was also an exploration of the limits of form expansion using the 

method. Across the full width of the Textile-form were unfolding pleats made of 

three layers emerging from a fitted bodice - resulting in a hem circumference almost 

six-times the width of the textile. Additionally, Experiment 9 explores the use of a 

conventional zero waste method “nesting” to interlock the three pieces that make 

up the whole dress to better control form without making waste. The experiment 

demonstrates a significant reduction in the sewing construction required for a 

complex form such as a gown. 

Experiment 10 attempted more complex control of form through stacking and 

unfolding layers - particularly around the sleeve underarm and crown area. This 

experiment requires no stitching and therefore has a minimum of two layers for front 

and back, plus the layers needed for weaving the sleeve and shoulder slope which 

takes it to six layers in total. In the context of weave, the higher number of layers 

required for a garment without stitching has a flow-on effect on the surface expres-

sion and transparency of the textile.

Experiments 11, 12, 13 and 14 explore the use of existing garments, photography 

and lightboxes to make visible the layers in exiting garment forms as a means to 

develop flattened patterns. This approach to forming trousers seems highly effective - 

in part due to the existing folding method for trousers already resulting in a particu-

lar expression in front creases which are reflected in the outcomes expressed here. 
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Experiments 15, 16 and 17 further integrated weave thinking into the construc-

tion of form and form thinking into the construction of weave. This approach also 

provided the opportunity to further embed change over time into the Textile-form. 

Additionally, the weave structures that are developed to produce form, directly 

informs the surface expression of the outcome. In Experiment 17, care has to be 

taken when placing the two transferring elements as they are not compatible in 

the same space. The sleeves expand in the direction of the weft yarns while the frill 

expands using the warp yarn. When expanding across the weft, the warp is cut; 

therefore, this technique cannot have expansion occurring in both directions in the 

same place unless you add further layers. Additionally, the original placement of 

the frill will leave a “shadow” after transferral due to the fractional density effect of 

stacking layers.

Expression: The goal in terms of exploration of expression for these first 17 experi-

ments was to primarily conventional aesthetic outcomes, in the context of this new 

method of design and production. Therefore archetypal forms such as the T-shirt, 

Trouser, Shirt, Gown and T-shirt Dress were explored to develop a foundational 

understanding of the techniques and methods required. While the form was based 

on existing notions of ordinary garments, the design and production process and 

the resulting surface expression is anything but ordinary. Overall these examples are 

intended to convince the industry and designers that this radically different design 

and production approach may work in the aesthetic context of the industry.

Process: The process of translating the files from CLO3D to a loom-ready state was 

time-consuming. It led to a growing understanding of the need for digital tools 

to facilitate the transition from one format to another. The tedious and repetitive 

process allowed for a great deal of time to spend thinking about the implications 

for both the method and the context – something commonly alluded to in discus-

sions about craft and craftsperson-ship. It also identified a growing range of steps 

and requirements, limitations and opportunities, in attempting to generate the files 

required to weave the outcome. 

Once the files were generated, the weaving process can be shockingly straightfor-

ward and relatively fast. In Experiment 4, when watching the cloth emerge from the 

loom, it seemed that the t-shirt was being 3D printed in yarn. This experience began 

to suggest that it may fit as a construction method for the context of the micro-fac-

tory or fab lab. The subsequent cutting process was, relatively speaking, slower and 

more problematic, and the stitching required for the t-shirt in Experiment 4 was the 

same as a standard t-shirt. While this particular t-shirt was now a ‘finished’ object of 

design, these two observations pointed towards two related gaps in the development 

of the outcome which indicated the next steps that were needed to be taken: explor-

ing designing for automated methods of cutting, and the development of ‘no-sew’ 

methods of garment construction. 

Next, the experiments sought to explore forms with more complexity in terms of 

detail,  with a less restrictive typology and with a deeper integration between weave 

thinking and form thinking which was begun to be explored in Experiments 15, 16 

and 17. 
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Figure 121: The diagram above shows the simplified workflow for all of the  Textile-forms explored 
through the developing process. The conceptual framework or lens of ZWST constantly feeds into the 
design process of textiles, and form, and the  intersection of these in the Textile-form design space. 
The outcome of the Textile-form design process for Flat manufacturing results in a digital sample 
which progresses to a deeper understanding that leans more towards textile design processes 
(weave structures and bindings) depending on the production tool used. Once produced we have the 
physical textile form
For more detail on workflows see appendix.

WORKFLOW MODEL FOR TEXTILE-FORMS
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Critical Textile Topologies Experiments 

Critical Textile Topologies is a group of researchers exploring new design process and 

methods enabling the distributed production of Textile-forms through the question-

ing of what textiles, materials and form are. A range of methodologies is explored 

from design for additive manufacturing for non-woven garments, whole garment 

weaving, the use of smart textiles in garment production processes and the devel-

opment of on-demand yarn for Textile-form production. In a future perspective, the 

method can enable the development of new manufacturing systems for a broader 

range of outcomes utilising relevant methods. 

The following examples take much of what was explored in the previous experiments 

to apply it in specific contexts, attempting to find new expressions through the devel-

opment of new collaborative ways of working. These processes integrate the design 

and production of form and textiles into a simultaneous step. They are designed for 

use in on-demand weaving production process, such as in a distributed manufactur-

ing (such as in a local micro-factory with a jacquard loom) context, primarily (though 

not exclusively) for garments. 

Image of something pretty from the collab

Figure 122: Close up detail of woven sample utilising variable yarn thickness, photographed on a 
lightbox. See Experiment 18 for more details.
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Experiment 18: H||H Collaboration

Aim: 
To address the Fractional Density effect outlined in the previous experiments by engi-

neering yarn specifically for a Woven Textile-form.

Collaborators
Sara Diaz Rodriquez; Natalija Krasnoperova; Holly McQuillan.

Tools: 
CLO3D; Illustrator; Photoshop; Studio Hilo software and spinning machine;  

Scotweave; Industrial Jacquard loom; Scissors 

Materials
Wool Fibre; Cotton warp and weft yarn; Digital cloth

Method:
Studio Hilo has developed several open-source prototypes for digital yarn spinning 

systems. The Hilo spinning machine is controlled by software that allows users to 

translate digital patterns (such as an image) into different yarn properties (varia-

ble thickness (Figure 123) being of central interest in this experiment) and design 

customised yarn with unique tactile and aesthetic qualities. The hybridisation of 

Studio Hilo’s spinning technology with the Woven Textile-form process enables the 

exact quality of the woven layers to be controlled from the fibre upwards. This exper-

iment progressed so far in two stages; beginning with establishing some base-line 

variables and requirements; followed by the application of the new combined method 

into the context of familiar garment types – this work is ongoing.  

Figure 123: Above images show the effect of Studio Hilo’s yarn spinning process on density of the 
resulting material. The transparency difference seen on the left is controlled through thicker and 
thinner yarns - as is visible on the right. Copyright Studio Hilo 2019.
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Stage 1:

The first stages of this experiment undertook a series of sampling and testing to 

establish the feasibility of combining the two processes. 

A theoretical understanding of the spinning software is necessary to determine 

what information is needed from the Flat Textile-form process to spin the appro-

priate yarn. The yarn software uses grey-scale images (Figure 124) to control the 

thickness of the yarn; where (for example) white would be thin and reduce density; 

while black would be thicker and increase density when woven. The fibre used also 

determines how rapidly the thickness can change from thick to thin - for example; 

a long wool fibre might have a fibre length of 12cm, and Studio Hilos previous 

experimentation indicated that the transition from thick to thin might occur over 

4cm. This transition phase would cause each weaving zone to have a ’blurred’ edge. 

Additionally; its transition is faster from thin to thick and slower from thick to thin 

(Figure 125). These technical factors need to be considered in the design of the forms 

and resulting files. 

An additional consideration is a difference between hand weaving and industrial 

jacquard looms. Handlooms use a shuttle resulting in one continuous yarn back 

and forth in the weft from selvedge to selvedge. While an industrial jacquard loom 

commonly uses a rapier in which the weft yarns are inserted across and then cut; 

resulting in individual weft yarns. From the perspective of the yarn quality over its 

length; the required outcome is quite different (if the weave pattern is not symmetri-

cal).

Figure 124 (top): Screen grab of Studio Hilo yarn spinning software.  
Figure 125 (bottom): Sketch as a result of discussion with Studio Hilo about the quality of the yarn 
when spun in their system. The change in width isn’t even, and the possible resolution at this time 
depends on the fibre length used. As a result we expect to have “blurred” edges at transitions from 
thick to thin, and wider seam allowances to accommodate for the length of change. 
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Figure 126 (top): Diagram showing the relationship between three layered Woven Textile-form in a 
proposed sample..
Figure 127 (middle): Digital render of the same sample.
Figure 128 (bottom left): Digital render of weft yarn journey for the sample.
Figure 129 (bottom right): First test of Studio Hilo spun yarn on an industrial jacquard loom to test if 
it would withstand the high strain of the industrial process. It did.

Figure 130: Samples were woven in uniform standard wool yarn to establish a baseline to compare 
the density of later experiments with. The folded form (top) shows little evidence of yarn variance, 
while when unfolded (bottom) a clear difference in opacity is seen.
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In developing the process, it became clear that the relationship between the Map of 

Bindings for the test file (Figure 132) and the image needed for Studio Hilo would 

be different. The Map of Bindings for the sample file was only one quarter the width 

of the woven cloth from selvedge to selvedge due to the repeat in the jacquard. In 

contrast, the yarn map needed to be the full width and include the yarn taken up in 

the selvedge and auxiliary selvedge. Additionally, a different yarn map is required for 

each of the layers to map the “journey” the yarn takes across the woven fabric. 

The impact of the rapier mechanism also impacts on the yarn map. Due to the current 

set up of the Studio Hilo software for shuttle looms with a continuous weft, each of 

the yarn maps also have to have every second pixel mirrored (Figure 130). In future, 

the Studio Hilo software will have an additional setting for rapier looms.  
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Figure 132:
A: Map of Bindings Repeat
B: Width of finished cloth
C Selvedge
B+C: Yarn journey

Figure 131: An enlarged 
section of the Yarn Map 
as planned  (top) and 
with every alternate weft 
pixel flipped (bottom)
to allow for the shuttle 
weaving back and 
forward action of the 
software to be woven 
correctly by the rapier 
action of the jacquard 
loom.
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Figure 133: In this sample, the yarn map for the top layer only is 
utilised as we tested the variables we needed to control in the 
spinning and weaving process. The top layer (top left) is woven 
with variable yarn based on the sample yarn map 1. While the 
middle and bottom layers are woven with plain yarn in white 
(Middle left) and mid grey (bottom right). 
The variable yarn was challenging to align with the map of bind-
ings due to the yarn stretching as it was pulled across the weft by 
the rapier. This misalignment resulted in diagonal striping of the 
thick and thin yarn - most visible when viewed through a lightbox 
(Figure 134).
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Figure 134: This sequence of weaving tests occurred from bottom to top. For these tests (A-F), we 
would re-spin yarn with different variables to make the intervals between thick and thin sections 
shorter or longer and then reweave to check for improvement. In the last test (F), the thicker yarn 
began to align (thick diagonal shadow). It proved to us it was going to possible to align the yarns in an 
industrial jacquard loom and that it would have a demonstrable impact on opacity and density.
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Stage 2:

Once the first stage of sampling was completed, a proposed workflow was developed 

(Figure 135 for more detail see appendix). The collaborative team then sought funding 

to continue the research. The forms designed next (Figure 136) were for the purpos-

es of the application, and explore the idea of weaving a whole suit with one piece of 

yarn.

The Flat Textile-form is first designed in CLO3D, with an understanding of the 

capabilities of the yarn spinning technology. The decision was taken to embrace the 

“blurring” that results at the transition between yarn thicknesses. The variable yarn 

thickness is used in three ways. To compensate for areas of lower density caused 

by multiple layers; to make single layers more transparent, lighter and drape better 

where desired, and as a decorative surface feature. 

The forms selected were an application of the Trouser Iterations One and Two 

utilising the Studio Hilo yarn, a top developed from Tshirt Iteration Three, and a new 

tailored jacket form. The team plan to begin with the top first as it is the simplest 

piece.

Due to the coronavirus, progress has been delayed in the development of this stage of 

the project.

Figure 135 (above): Workflow model for H|H Collaboration

Figure 136 (r)ight: Garment proposals for WORTH Funding application
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MCQUILLAN, PETERSON, TALMAN & WALTERS

corresponding contributor: karin.peterson@hb.se, +46762581170

Reversed crafting and digital flattening of form for weaving.

Experiment 19: Moulded Tunic Iteration One

Aim:
To explore the use of Woven Textile-form design in combination with heat-reactive 

yarns and moulding to present new expressions for Woven Textile-forms.

Collaborators
Karin Peterson; Riikka Talman; Holly McQuillan; Kathryn Walters.

Tools: 
Existing 3D scanned form; 3D software; CLO3D; Illustrator; Photoshop; ScotWeave; 

Jacquard Loom; CNC router; Scissors; Sewing Machine; Hairdryer.

Material
Polystyrene; Digital Cloth; Cotton warp and weft yarn; Polyester NSK yarn; Thread; 

Double-sided tape.

Method:
This experiment was a collaboration between Karin Peterson, Riikka Talman, Holly 

McQuillan and Kathryn Walters. It utilised mediums such as clay through a process 

called ‘reverse crafting’ (Peterson, 2020), where an analogue garment form (Figure 

137) is produced relating to the physical human body. The 3D form is ‘flattened’ into 

a layered 2D textile design in CLO3D, which can be programmed with weave struc-

tures that enable the 2D fabric, once woven on a standard digital jacquard loom, to 

be cut and expanded out into a 3D garment form without sewing or other ‘assembly’ 

methods. This process uses heat reactive yarns, which enable greater control over 

the resulting form, as once woven, cut and expanded, the Textile-form can be heat 

shrunk over the original mould at full-scale. The Textile-form can also be uniformly 

shrunk, or altered with heat over many alternative forms to manipulate its form 

further at any stage of this lifetime. 

This iteration was the first attempt at utilising a 3D mould to determine form at the 

outset. There were issues relating to the scale of the 3D scan of mould, and a lack of 

arm-body separation in the mould which results in problems of scale (it was bigger 

than intended) and the inability to lift the arm comfortably in the outcome.

Figure 137 (top): Form development from moulding in clay on a scale body (photography by Karin 
Peterson), importing 3D scan into CLO3D and initial flattened form.
Figure 138 (bottom): This experiment was woven on the jacquard loom at Högskolan i Borås which 
has a repeat of 4 X 40cm. As a result the design had to fit within the confines of the repeat. It also 
meant that the Texile-form had to be sewn together from four rectangular panels before the embed-
ded form was released. This process also resulted in four identical versions of the garment being 
produced, which allowed for experimentation in the heat-forming stage of the design process. 



224    225

floats for cutting

weft floats for expanding
2 layer binding

‘seams’ that catch floats

1
2

w
ef

t y
ar

ns

All of the warp floats 

Single layer binding

Cut floats

Expanded weft floats
2 layer binding

‘seams’ that catch floats

1
2

w
ef

t y
ar

ns

Single layer binding

A key development in this experiement was the further exploration and application 

of the expandable binding from the Transferral Experiments which enabled the 

production of form from a two layered construction without sewing. 

Figure140 (top): Applying bindings to the Map of Bindings in ScotWeave.

Figure 141 (bottom left): front face of transferral binding showing the weft floats that enable expansion.

Figure 142 (bottom right): Back face of the transferral binding showing warp floats

Figure 139: Top - 
cross section of 
expandable binding 
as woven. Bottom 
- cross section of 
expandable binding 
once cut and ex-
panded.
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Figure 143 (top): Loom state Textile-form - the repeat means four identical forms can be made.

Figure 144 (bottom): Textile-form cut and arranged into one whole form, ready to be stitched togeth-
er as if woven on a full repeat loom.

Figure 145 (top left): Reverse side of unformed Textile-form showing the long warp floats of the 
expandable binding. 

Figure 146 (top right): The stacked layers of the textile form being cut and separated. 

Figure 147 (bottom): Front side of unformed Textile-form showing long weft floats of expandable 
binding.
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Figure 148 (left): Cutting the reverse side of the expandable binding to enable expansion.

Figure 149 (right): Video stills showing the reverse side of the expandable binding being pulled apart 
after cutting. The long warp floats have been cut at one end of the float, and the weft floats expand 
past one another to generate form.

https://vimeo.com/471916787
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Figure 150 (left): Close up detail of the right side of the expanded binding. 

Figure 151 (right): Using a hairdryer to shrink the heat reactive yarn to change the form,  fit and 
surface expression of the Mouldable tunic Textile-form. Photography by Karin Peterson



232    233

Figure 152 (both pages): 1:1 tunic mould shown from a range of perspectives. 

Photography by Amanda Johansson.
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Figure 153 (left): Tunic on mould - fully shrunk using the mould as a resist.

Figure 154 clockwise from top left: Basic form, right side out, without sleeve cut. Basic form, reverse 
side out, without sleeve cut. Basic form, expandable bindings cut and expanded, sleeve cut and 
released. Moulded form on body. 
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Figure 155: Final form, reverse-side out. Figure 156: Final form, right-side out.
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Reflection:
The overall aesthetic expression of the garment was emergent - the intersection of 

so many methods meant it was difficult to predict precisely how it would express 

in combination. This is especially true as it was the first attempt of this particular 

combination of methods. Additionally, the surface texture generated by the heat 

reactive yarn in particular bindings was not able to be digitally prototyped effectively, 

so predicting the behaviour of the outcome required sampling. 

These Textile-forms do not require new technology, only rethinking how existing 

technology is currently used and understood. By utilising an innovative design 

process (Figure 157) that enables the production of 2D woven textiles with the form 

embedded into the weave structure, these structures and heat-reactive fibres produce 

zero waste garments (or other Textile-forms) through cutting and heat-forming over 

a 3D mould, with minimal or no assembly required.  

For more detail see paper “Critical Textile Topologies x Planet City: Design practice and 

research intersect” by McQuillan, Walters and Peterson, 2020
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Figure 157 (above): Workflow diagram for developing outcomes through the intersection 
of Reverse Crafting, Textile-form design and Changeable textiles.  

Figure 158 (right): Final form, side profile detail.
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Figure 160: Cut and moulded tunic on body.Figure 159: Cut but unshrunk Tunic worn on body.
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Experiment 20: Moulded Tunic Iteration Two

Aim: 
To explore the outcome when the textile form is shrunk uniformly.

Collaborators:
Karin Peterson; Riikka Talman; Kathryn Walters, Holly McQuillan.

Tools: 
Existing Woven Textile-form from 3D moulded and Woven Textile-form Experiment 

1; Dryer; Scissors.

Materials
Cotton warp and weft yarn; Heat reactive polyester NSK yarn.

Method: 
Taking the constructed but uncut Textile-form from the previous experiment, place 

it in a domestic dryer (Figure 161)  and turn it on at high heat for 15mins. Once 

removed from the dryer (Figure 162), carefully cut layers apart and form is revealed 

Figure 163-166).

Figure 161 (above): The basic form, (without sleeves of expandable bindings released) in the dryer.

Figure 162 (right): The surface texture of the basic form once removed from the dryer, before cutting 
to release the form.
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Figure 163 (left): Uniformly shrunken tunic with expandable bindings and sleeves released from 
Textile-form. 

Figure 164 (above): Details of the surface and form interaction of the shrunken Textile-form. 
Clockwise from top left: The inside of the sleeve crown. The sleeve being cut away from the body, the 
outside of the sleeve crown being cut away from shoulder, the sleeve and underarm area of the tunic. 
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Figure 165 (opposite page): Moulded Woven Tunic outcome when uniformly shrunk, front view. 
Photography by Amanda Johansson

Figure 166: (clockwise from top left): Moulded Woven Tunic outcome when uniformly shrunk, Uncut, side 
view, 3/4 view, and Back. Photography by Amanda Johansson
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CTT x Planet City

Overall Aim: 
To broaden the application of the experimental outcomes explored in the first stage 

of Critical Textile Topologies. Specifically, to explore the method in the context of an 

external brief utilising a full-width jacquard loom. 

Collaborators: 
Holly McQuillan; Karin Peterson; Kathryn Walters; Liam Young; Ane Crabtree; EE 

Exclusives; Joachim Harysson (HDK lab technician).

Tools: 
Clay; 3D scanner; 3D software; CLO3D; Illustrator; Photoshop; ScotWeave; Jacquard 

Loom; CNC router; 3D printer; Hot knife; Scissors; Hairdryer.

Materials:
Polyester warp and weft yarn; Heat reactive NSK polyester yarn; Nail polish.

Method
This experiment was a collaboration (Figure 168) between Karin Peterson, Holly 

McQuillan and Kathryn Walters. It was driven primarily by a brief and in the context 

of a speculative art film commissioned for the 2020 Melbourne Triennial “Planet 

City” (Figure 167). Liam Young directs the film while the costume direction is by Ane 

Crabtree. 

C O N C E P T  B Y  L I A M  Y O U N G  /  V E N T U R E L A N D
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Figure 167 (left): Cover art of Liam Young’s Planet City proposal for the Melbourne 
Triennial. Copyright Liam Young 2019.

Figure 168 (right): The collaborative relationships between the three groups of par-
ticipants in the CTT x  Planet City collaboration. 1: The Critical Textile Topologies 
(CTT) research collaboration. 2: The collaboration between the Planet City commis-
sioning group and CTT. 3: The collaborative interaction between suppliers and CTT.
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The aspirational and constructive view of the future presented by Planet City is 

closely aligned with the overall research goals of CTT. The Planet City project was a 

laboratory for testing some of the ideas which were developing in the collaboration 

further. The experiments embrace the notion of design as a process of future-making 

(Simon, 1969; Yelavich and Adams, 2014). Additionally, it is situated in the context 

of Circular Design (Ghisellini et al. 2016; Earley, 2017; Niinimäki, 2017; Stahel, 

2018; McQuillan, 2019), and seeks to utilise monomaterialities to explore form and 

surface potential. It also argues for the speculative future proposed by Planet City to 

align with Ezio Manzini’s (2013) notion of ‘Cosmopolitan Localism’. These experi-

ments take a zero waste systems thinking-approach which integrates the design of 

everything from fibre, through yarn spinning, to textile production, in the design of 

Textile-forms. As Lars Hallnäs (2019) writes, sustainability as a technical issue can 

be distinguished from sustainability as an aesthetic outcome. In response to this, the 

Planet City experiments explore the technologies of sustainability, while also being 

concerned with possible aesthetics from a radical way of living. 

The project went through three interlinked and overlapping processes: Proposal, 

Development and Production. These three stages were not entirely linear due to the 

holistic requirements of the process, and the experimental nature of the research. 

Figure 169 shows development was involved at all stages - from the first moment the 

proposal was begun, to the production process, the team had to develop and respond 

to the challenges that arose from this experimental development process.  

Proposal: Due to the tight time frame of the project, the initial proposal to Planet 

City was to develop versions of garments that had been explored in earlier exper-

iments (Figure 170, over page). The Research Collaboration aimed to take these 

existing forms and expand them with colour, surface development, and the applica-

tion of heat reactive textiles to further form expression possibilities. The use of a full 

repeat jacquard loom provided new form opportunities and limitations linked with 

the systems approach this work took regarding the speculative context of Planet City. 

With this in mind, the proposal pitched a 100% polyester monomaterial body of work 

that aligned with the Planet City premise of “re-mining the past”. The looks eventual-

ly became to be known as Sulphuric Tunic; Lazulite Coat and Sediment Trouser; and 

Feldspar Dress - names inspired by things that come from the earth.

Proposal

Development

Production 1

Production 2

Figure 169: Relationship between proposal, development and production stages 
of the Planet City Experiments. Development was poorly delineated from both 
proposal and production in part due to the emergent nature of both the method and 
stage of research. 
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Development: The development stage overlapped both proposal and production. 

This is in part due to the holistic nature of designing and constructing Woven Textile-

forms and the emerging nature of the research itself. CTT attempted to adhere to 

the Planet City commissioning group’s expectation of a conventional design process, 

however, this proved problematic in implementation as visualising the exact outcome 

from emergent weave structures is difficult to do without sampling, and due to coro-

navirus, this was not possible. 

Production: Production was intended to occur in one stage; however, errors by the 

weaving mill and the CTT team led to a second production phase which enabled both 

the mill and the research collaboration to learn from the mistakes made. 

See “Critical Textile Topologies x Planet City: Design practice and research intersect” by 

McQuillan, Walters and Peterson, 2020.

Figure 170: The four original garment forms proposed for development in 
Planet City. Clockwise from top left: Became the Feldspar dress. Became the 
Sulphuric Tunic. Became the Sediment Trouser. Became the Lazurite Coat.

Figure 171:Cross sections sketches of possible expandable and changeable bindings
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Figure 172: Digital samples 
of heat reactive textile 
structures showing different 
surface textures that result 
from different bindings and 
connection points.The digital 
samples are made from two 
layers of digital cloth stitched 
to each other in a pattern 
indicated in the labels. The 
lower layer is then shrunk 
50% in the weft direction to 
replicate the effect of the 
NSK yarn in weave struc-
tures. 

Figure 173: Digital samples 
of heat reactive textile struc-
tures with AI print applied 
showing effect of the NSK 
yarn in weave structures on 
surface pattern. 
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Figure 174: Digital render of Lazurite 
Coat without surface pattern, but 
showing heat reactive yarn effecting 
surface texture and form.
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Figure 175: Digital render of 
Feldspar dress in development, 
without surface pattern, but showing 
heat reactive yarn effecting surface 
texture and form.
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https://embed.vntana.com?productUuid=e852c489-ccb5-44a9-8bb9-cb48ce1729f4&clientSlug=phd&organizationSlug=holly-mcquillan
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Figure 176 (left): Basic form development for the four Planet City pieces - showing the unisex pieces 
worn on male and female forms. 

Figure 177 (above): First suggested colour and print option (top) was rejected in favour of a much 
bolder colour way (bottom). 
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Production: The Sulphuric Tunic (Moulded Tunic Iteration Three) was programmed 

by Walters and woven at EE Exclusives in the Netherlands. Then it was sent (with the 

Coat outcome from Experiment 22) to the studio in Göteborg. The Sulphuric Tunic 

was the first garment woven using EE exclusives full-width repeat loom, and due 

to the time constraints imposed by the wider project, no sampling could occur. As a 

result, several issues arose. 

The first was an issue of communication and work-flow - the weft colours were incor-

rectly placed and resulted in the delivery of a green colour instead of ochre yellow. 

Green is highly problematic in the context of green screen videography, which is a 

method the Director was going to use to capture these garments.

The density of the bindings for the expanding layers was too loose and when pulled 

apart there was a sort of “seam slippage” as you might get in a low-density cloth if the 

seam is under tension. When cutting the seams to release the form, the seams almost 

instantly frayed on cut-lines going in the weft direction. In contrast, the density of the 

main body of the textile meant that it resisted forming under heat - the bindings were 

too tight and dense to allow for movement of the woven structure. As a result, the 

garment could not be adequately formed. Some of the bindings were upside-down or 

in the wrong layer - this was due to the high degree of complexity of the bindings and 

form relationship, in combination with being unable to sample. 

Reflection: The collaborative design team 

realised the whole design needed to be 

revisited, from form through bindings using 

the knowledge gained from this experiment 

for Iteration Four (Experiment 24).

Experiment 21: Sulphuric Tunic, Moulded Tunic Iteration 
Three

Aim: 
To develop the Tunic from Experiment 19 for a full repeat jacquard loom in a 

mono-material (100% polyester). Additionally, to explore colour and surface pattern 

interacting with form-making processes.

Collaborators: 
Holly McQuillan; Karin Peterson; Kathryn Walters; Liam Young; Ane Crabtree; EE 

Exclusives; Joachim Harysson. (HDK lab technician). 

Tools: 
Clay; 3D scanner; 3D software; CLO3D; Illustrator; Photoshop; ScotWeave; Jacquard 

Loom, CNC router; 3D printer; Scissors; Hairdryer.

Materials:
Polyester warp and weft yarn; Heat reactive NSK polyester yarn; Nail polish.

Method
Proposal: The initial proposal for this piece was that it was a developed version of 

Experiment 19 - maintaining a similar form and surface expression, but addressing 

issues of arm lift and scale that were problematic in the earlier experiment. The 

colourway initially proposed was a base of creams with aubergine and bronze and 

yellow in places (Figure 178). The Planet City commissioning Group selected this 

option for further development. 

Development: The same 3D mould that was used for the first two iterations of the 

Tunic was used for this experiment; however, care was taken to ensure the scale was 

correct. The form design modified the underarm, and also explore the potential for a 

symmetrical weave design with the expectation that it would become asymmetrical 

once heat shrunk. The colourway and surface pattern was developed with guidance 

from the Planet City costume director and resulted in a bold ochre yellow tone and 

a surface pattern derived from AI-generated graphics that resembled layers of sedi-

ment.
Figure 178: The original proposed outcome and 
colour way. 
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Figure 179 (left): 3D scanned mould and flattened pattern being constructed in CLO3D.
Figure 180 (above): The final Flat Textile-form outcome with the integration of shrinking textiles in areas. 
The example on the left is universally shrunk, while the example on the right is moulded around the form 
as shown.
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Figure 181 (above): Proposed colour way
Figure 182 (right): Proposed colour way - feedback from Planet City commissioning group was to remove 
the green tone due to the use of green screen. 
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Figure 183 (above): The Tunic textile form being examined to determine what had occurred to result 
in an outcome so far from what was expected. Photography by Kathryn Walters
Figure 184 (right): A detail of the sleeve of the final outcome of Experiment 21. The binding on the 
inner sleeve is upsidedown (as the grey NSK yarn is visible). The surface texture is highly complex 
however and the frayed yarns at the hem add interest. Photography by Kathryn Walters.
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armhole was dropped relative to the neckline to allow for the textile to shrink. In 

these heat-reactive designs, there needs to be space provided between the loom state 

of the textile form, and the final scale of the mould so that the NSK yarn can shrink 

and create surface texture. The surface pattern was developed alongside the basic 

form and colourways developed. The Commissioning Group selected the blue colour 

for production.  

Production: The Lazurite Coat was programmed and woven at the same time as the 

Sulphuric Tunic, and was sent (with the tunic outcome from Experiment 21) to the 

studio in Göteborg. The coat was found to have several potentially problematic errors 

(again due to the tight time-frame and lack of sampling). However, they were not 

deemed catastrophic enough to re-program or weave.  

The main issue with the Lazurite Coat was the density of the basic weave structure in 

the body. It was extremely dense due to the needs of the surface pattern. The colour-

way of the surface pattern required unneeded colours be “hidden” behind the main 

blue base colour, and the method used for hiding the extra wefts caused the density 

to be high. This high density caused problems when heating the form on the mould 

as it was difficult to shrink the textile sufficiently - and took more time than ideal. The 

woven seams in the Lazurite Coat were denser than in the Sulphuric Tunic but still 

somewhat fragile - as a result, the team experimented with the use of a hot-knife to 

seam seal the cut edges. This resulted in a hard plastic-like finish to the seams, which 

was considered undesirable. Instead, the woven seam was pre-finished with the use 

of nail-varnish to reduce fraying. In future pre-finishing to prevent fraying could be 

printed, or looms and bindings developed 

to avoid fraying (such as the use of Leno 

weaving). 

The long train was woven using the wrong 

yarn colours and resulted in an unaccept-

able green stripe. Therefore a separate train 

was woven and stitched it onto the coat 

form later, rather than reweaving the whole 

Textile-form.

Reflection: The coat, while not perfect, was 

deemed to be successful enough to use in 

the Planet City film.

Experiment 22: Lazurite Coat, Coat Iteration Three

Aim: 
To develop the basic form of Coat Iteration Two through the use of heat reactive 

yarns to manipulate form and surface texture further. 

Collaborators: 
Holly McQuillan; Karin Peterson; Kathryn Walters; Ane Crabtree; EE Exclusives; 

Joachim Harysson (HDK lab technician). 

Tools: 
Clay; 3D scanner; 3D software; CLO3D; Illustrator; Photoshop; ScotWeave; Jacquard 

Loom; CNC router; Hot knife; Scissors; Hairdryer.

Materials:
Polyester warp and weft yarn; Heat reactive NSK polyester yarn; Nail polish.

Method
Proposal: The initial proposal for this piece was that it was a developed version of 

Experiment 7- maintaining a similar basic form but developing the surface expression 

through the use of NSK yarns. The colourway initially proposed was a base of grey-

white with a bold orange and raspberry tone as highlights (Figure 185). The Planet 

City commissioning Group selected this option for further development. 

Development: The Textile-form was developed on the understanding that a 3D 

mould would be developed specifically for this experiment. The plan was for the 

mould to enable the controlled shaping around the shoulder, neck and arm area 

primarily. Ideally, the mould would have been developed first - as was the case with 

the Tunic experiments; however, time constraints and limited access to machinery 

due to coronavirus meant the Textile-form was developed to a near-complete state 

before the 3D scan was available. The Textile-form was developed without the 

mould; however, experimentation occurred to explore the change in surface texture 

and shaping that might occur on the coat, using the avatar as a resist (see the follow-

ing page). 

Once the 3D mould was developed and scanned the final development of the form 

could occur. The armhole and sleeve shape was enlarged to accommodate the 

shoulder and underarm, as well as the shaped sleeve form of the mould, and the Figure 185: The original proposed outcome and 
colour way. 
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Figure 186 (clockwise from top left): Early sketch of flat pattern used to communicate with Walters 
about the general approach to weaving the coat form. Colour way suggestions for the Lazurite 
Coat. 3D scan of mould scaled up to human scale. Adjusting the basic Coat Textile-form for the 
mould. Colour way suggestions in context of coat form. Clay moulding process before scanning, 
Photography by Karin Peterson. 
Figure 187 (right): Digital experimentation of NSK yarn effect on surface of coat using the avatar as a 
shrink resit (before the mould was developed)
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Figure 188 (far left top): The adjusted basic 
Flat Textile-form pattern (basic Map of 
Bindings) for the Lazurlite coat showing 
the stuctural details of the train, the sleeve, 
pocket and collar details.

Figure 189 (far left bottom): The plan (or 
map) for the non-structural surface pattern. 
A combination of these two maps results in 
the final weave file.

Figure 190 (this page): The stages of cutting 
the Textile-form for the Lazurlite Coat. There 
were some problems resulting from stray 
pixels in the final Map of Bindings which re-
sulted in the occassional connection between 
layers when there should not have been.
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Figure 191 (both pages): The 1:1 mould used for the Lazurlite Coat. It is CNC routed from a block of 
Polystyrene.

Photography by Amanda Johansson
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Figure 192 (top): Front and back view of the Lazurite coat partway through construction. The coat 
requires 2 seams to construct: one at the centre back body and one at the centre back collar. The 
planned train had to be cut off (due to the use of green yarn) and as a result the inside of the coat is 
visible. 
Figure 193 (middle): Lazurite coat being shrunk on the Mould - the change in surface texture is clear. 
Figure 194 (bottom): The re-woven train . 
Figure 195 (right): The final coat in the studio, with train, next to the mould it was shrunken on.
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Figure 196 (above): Final Lazurite coat, difference in effect of heat reactive yarns on surface structure 
seen comparing sleeve to main body is due to different bindings and density as a result of Woven 
Textile-form construction method. Photography by Amanda Johansson
Figure 197 (right): Front View of Lazurite coat, worn with Sediment Trouser and woven shoe prototype
Photography by Amanda Johansson.
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Additionally, the trouser Textile-form needed to fit in a repeat across the width of the 

fabric, in this case, three trousers were able to fit across the width while taking the 

mould scale and body scale into consideration. Three versions of a surface pattern 

were developed - as each of the three trousers could have a different pattern. This led 

to some of the trouser forms being used to test shrinking effects and to select the best 

outcome from the three versions.

The colourway changed to have a black base, with bold use of colour in a horizontal 

and vertical print derived from sedimentary layers, and the third version had a simi-

lar pattern to the Lazurlite coat. See page 281. 

Production: The Sediment trouser was programmed by Kathryn Walters in Sweden 

and woven in the second round of production in the Netherlands, and was sent (with 

the outcome from Experiments 24 and 26) to the studio in Göteborg. Due to the 

increased understanding of the loom from the earlier Planet City experiments, the 

trouser outcomes where mostly correctly programmed and woven. 

The only problem that arose was in the yarns used to create the background colour 

for one of the surface patterns not blending as expected.

Once separated from the remainder of the trouser Textile-forms, they only require 

one cut-line to divide the pocket from the crotch seam, and then a zipper inserted. 

Reflection: The trousers shrunk well on the 

form, and the resulting texture and form 

was successful and resembled the digital 

render closely. The team found that the 

shrinking could change the detail and form 

of the trouser significantly. Additionally, 

the areas of the trouser that need to fit a 

body precisely (such as the waist) could be 

shrunk directly on the body, once removed 

from the mould. 

Experiment 23: Sediment Trouser, Trouser Iteration Three 

Aim: 
Develop the Trouser Iteration One to explore the use of heat reactive yarns that allow 

for new expressions in method, form and surface expression. 

Collaborators: 
Holly McQuillan; Karin Peterson; Kathryn Walters; Liam Young; Ane Crabtree; EE 

Exclusives; Joachim Harysson (HDK lab technician). 

Tools: 
Clay; 3D scanner; 3D software; CLO3D; Illustrator; Photoshop; ScotWeave; Jacquard 

Loom (full-width repeat); CNC router; 3D printer; Scissors, Hairdryer.

Materials:
Polyester warp and weft yarn; Heat reactive NSK polyester yarn; Nail polish.

Method
Proposal: The initial proposal for this piece was that it was a developed version of 

Experiment 12- maintaining a similar basic approach to form (trouser from a profile 

view) but developing the surface expression through the use of NSK yarns. The 

colourway initially proposed was the same as the coat in the previous experiment, 

with a base of grey-white with a bold orange and raspberry tone as highlights (Figure 

198). The Planet City commissioning Group selected this option for further develop-

ment. 

Development: The Textile-form was developed on the understanding that a 3D 

mould would be developed specifically for this experiment. The plan was for the 

mould to enable the controlled shaping around the leg and hip area. Ideally, the 

mould would have been developed first - as was the case with the Tunic experiments; 

however, time constraints and limited access to machinery due to coronavirus meant 

the Textile-form was developed to a partially complete state before the 3D scan was 

available. 

Once the 3D mould was developed and scanned the final development of the form 

could occur. An important aspect was the scale of the mould relative to both the body 

and the textile form. This is because the Textile-form needed to be larger than the 

mould so that it could shrink into shape, but the mould needed to fit well around the 

waist for the trouser to fit the body off the mould.  

Figure 198: The original proposed outcome and 
colour way. 
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Figure 199 (clockwise from top left): Sketch exploring the relationship between the body, mould and 
fabric. Proposed resulting form. Relationship between basic Textile-form of trouser, the 3D mould 
relative to the avatar body, and the digital render of the trouser showing resulting texture.
Figure 200 (right): A digital render of the final sediment trouser design (digitally shrunken).
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Figure 201 (top): Basic trouser Map of Bindings (three trousers across the full width).
Figure 202 (bottom): The three surface pattern options developed. 
Figure 203 (right): The Trouser on the loom at EE Exclusives. Photography by Milou Voorwinden.
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Figure 204 (opposite page): 3D printed 1:1 trouser mould. Photography by Amanda Johansson.
Figure 205 (this page, top to bottom): The Trouser Woven Textile-form as a flat textile before cutting. 
Photography by Kathryn Walters. Unshrunk on the Mould. After heat shrinking on the mould. 
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Figure 206 (above): The Sediment Trouser worn, Photography by Amanda Johansson
Figure 207 (above): The Sediment Trouser worn. Photography by Amanda Johansson
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The skirt was planned to be as close to transparent as possible, with a strong contrast 

between the godet sections of the skirt and the single-layer sections between

Production: The first version of the Feldspar dress was programmed and woven at 

the same time as the Sulphuric Tunic. 

The combination of the transparent, low-density bindings and floats caused a 

catastrophic failure of equipment which broke the loom warp and required a day of 

repairs. As a result, the weaving mill was reluctant to weave the dress again unless 

radical changes were made to the design.  

Reflection: The limits of the loom at EE Exclusives had been found, and unfortu-

nately, the design had pushed the equipment beyond the limit to breaking. The team 

had to completely redesign the bindings of the dress, which would have a profound 

flow-on effect to the overall expression of the final outcome. Additionally, the use of 

the white warped loom was no longer possible, so the Feldspar dress was woven on 

the black warp in the next iteration.  

Experiment 24: Feldspar Dress, Gown Iteration Two

Aim: 
To weave a version of the gown form developed in Experiment 9 utilising heat reac-

tive NSK yarn to further control form and texture.

Collaborators: 
Holly McQuillan; Karin Peterson; Kathryn Walters; Liam Young; Ane Crabtree; EE 

Exclusives; Joachim Harysson (HDK lab technician). 

Tools: 
Clay; 3D scanner; 3D software; CLO3D; Illustrator; Photoshop; ScotWeave; Jacquard 

Loom; CNC router; 3D printer; Scissors; Hairdryer.

Materials:
Polyester warp and weft yarn; Heat reactive NSK polyester yarn; Nail polish.

Method
Proposal: The initial proposal for this piece was that it was a developed version of 

Experiment 9 - maintaining a similar basic form but flared from the chest down, 

and developing the surface expression through the use of NSK yarns. The colour-

way initially proposed was a base of black with a bold raspberry and blue tones as 

highlights (Figure 208). The Planet City commissioning Group selected this option 

for further development. 

Development: The Textile-form was developed on the understanding that a 3D 

mould would be developed specifically for this experiment. The plan was for the 

mould to enable the controlled shaping around the shoulder, neck and upper chest 

area primarily. The basic form approach developed in Experiment 9 was developed 

slightly to explore the potential to overlap the three sections that make the macro-

structure of the gown. This (it was imagined) might allow for interesting bindings 

and floats to generate a tassel-like effect on the dress.

Once the 3D mould was developed and scanned, the form development could occur. 

The primary development occurred in the development of the form flaring from the 

chest down, and in colour and surface pattern choice. Planet City wanted the colour 

to be bolder - and chose a very bright salmon pink, fluoro-yellow and orange colour-

way, to be woven on a white warp which would ensure the colours were very bright. 

Figure 208: The original proposed out-
come and colour way. 
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Figure 209 (top: Planning the overlap of the bodice with the skirt to ensure a light weight weave 
structure that shrinks easily.
Figure 210 (bottom): The 3D scan of the dress mould on the avatar. The mould is rendered semi 
transparent to reveal the relationship between the form and the body.
Figure 211 right, top): The Map of Bindiings.
Figure 212 (right, bottom): First iteration of the Feldspar dress on the loom showing the snapped 
warp yarns. This breakage led to the loom being out of action for the remainder of the project. 
Photography by Milou Voorwinden
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Once the two tunics were separat-

ed from each other, the sleeves and 

expanding bindings were cut and 

expanded. Then the zipper was insert-

ed, and the form was dressed on the 

mould and heat applied.

Reflection: The form shrunk much 

more readily than the first version of 

this tunic, however, the interaction of 

the bindings with the NSK yarn still 

impeded shape change. The areas 

without surface pattern were more 

easily shrunk (such as shoulder area), 

and it was found again that the lower 

the density, the more significant the 

change in surface texture and form. 

However, low density would cause 

issues for the structural elements of 

the Woven Textile-forms (in particular 

the seams). Finding a balance between 

these factors is very important.

The expected asymmetry from the 

mould did not eventuate to the extent 

desired. In future, the form will be 

shaped to better match the mould - 

including intentional asymmetry.

Experiment 25: Sulphuric Tunic, Moulded Tunic Iteration 
Four

Aim: 
To re-develop the unsuccessful Sulphuric Tunic from Experiment 21 - solving the 

identified issues of density that effect warp stability and weft flexibility.

Collaborators: 
Holly McQuillan; Karin Peterson; Kathryn Walters; Liam Young; Ane Crabtree; EE 

Exclusives; Joachim Harysson (HDK lab technician). 

Tools: 
Clay; 3D scanner; 3D software; CLO3D; Illustrator; Photoshop; ScotWeave; Jacquard 

Loom (full-width repeat); CNC router; 3D printer; Scissors; Hairdryer.

Materials:
Polyester warp and weft yarn; Heat reactive NSK polyester yarn; Nail polish.

Method
Development: From a Textile-form pattern perspective, the key changes made were 

to do with the relationship between the shape and layout of the pattern to facili-

tate a higher degree of shrinking at the shoulder area. The pattern was changed to 

make two tunics from one MoB (Figure 213) so that the shoulder area could overlap 

creating a lower density weave structure which would shrink more readily. The base 

weave for the remainder of the body was also changed to create a double-layered 

weave with NSK yarn connecting these so that the garment was essentially lined, 

while also allowing for more significant change in form through shrinking. To make 

it easy for the form to be removed from the mould once shrunk, the centre back full-

length zipper was retained. The yarn colours were altered to ensure no tones were at 

all close to green.

Production: The second iteration of the Sulphuric tunic was programmed by 

Kathryn Walters in Sweden and woven in the second round of production, and was 

sent (with the outcome from experiments 23 and 26) to the studio in Göteborg. Due 

to the increased understanding of the loom from the earlier Planet City experiments, 

these tunic outcomes where mostly correctly programmed and woven. 

Figure 213: Revised Tunic Map of Bindings. 
Two tunic forms are mirrored and overlapped 
at the shoulder provide a better formable 
quality of the textile. 
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Figure 214 (left) Detail of expandable binding exploring the blending of yarn colour.
Figure 215 (above): Details of the Sulphuric Tunic Woven Textile-form, uncut. Photography by Kathryn 
Walters.
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Figure 216 (clockwise from top left): Tunic form cut away from other tunic. Sleeve seam cut away 
from main body of Tunic. Sleeve crown cut away from shoulder areas. Reverse side of Sulphuric tunic 
showing where the expanding binding needs to be cut away. A low density layer had to be woven to 
protect the floats to ensure it did not damage the loom while weaving (like the first iteration of the 
Feldspar dress)
.
Figure 217 (right): Tunic shrunk on form. 
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Figure 218 (above): Detail of Sulphuric Tunic. Photography by Amanda Johansson
Figure 219 (right): Sulphuric tunic form on model. Worn with woven shoe prototype. Photography by 
Amanda Johansson.
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Experiment 26: Feldspar Dress, Gown Iteration Three

Aim: 
To address the critical error in Gown Iteration Two - and allow for easier cutting and 

forming of Feldspar dress design, while meeting the expectations of the brief.

Collaborators: 
Holly McQuillan; Karin Peterson; Kathryn Walters; Liam Young; Ane Crabtree; EE 

Exclusives; Joachim Harysson (HDK lab technician). 

Tools: 
Clay; 3D scanner; 3D software; CLO3D; Illustrator; Photoshop; ScotWeave; Jacquard 

Loom (full-width repeat); CNC router; 3D printer; Scissors; Hairdryer.

Materials:
Polyester warp and weft yarn; Heat reactive NSK polyester yarn; Nail polish.

Method
Development: After the first iteration of the Feldspar dress resulting in catastrophic 

failure, this experiment sought to develop the second iteration in such as way as 

it would be “safe” for the weaving mill to produce without fear of it breaking their 

equipment. Two areas were developed to ensure this: a simplification of the form, 

along with an increase in density of the bindings. These two features resulted in a 

simpler form to weave with fewer layers (Figure 220) in total, which also ensured 

that the seams would not fray as easily.

Production: The dress was woven on the black warped loom, which changed the 

colour cast of the selected colours to be more grey and dull. Aside from this, weaving 

went relatively smoothly. 

Once the form arrived at the studio, the construction process began. First, the front is 

separated from the two back pieces. Next, the side seams and shoulder seams sewn, 

and centre back zipper inserted. Then each of the 12 godet-flares had to be released 

- two seams for each godet, a total of 24 cuts from hem to the chest. Lastly, the form 

was intended to be shrunk on the mould.

Reflection: The cut lines around the bodice of the Feldspar dress were the lowest 

density weave structures, and this resulted in a large degree of fraying, and a loss in 

size - therefore the dress bodice had to be shrunk directly on the body instead.

Figure 220 (top): The revised Map of Bindings for Feldspar Dress is simplified to reduce likelihood of 
damage to the loom.
Figure 221 (right): Detail of surface pattern for Feldspar Dress.
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Figure 222 (left): The uncut Feldspar Dress Woven Textile-form. Photography by Kathryn Walters
Figure 223 (above): Details of cutting and construction process for Feldspar Dress.
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Figure 224 (above): Detail of torso of Feldspar Dress. Photography by Amanda Johansson
Figure 225 (right): Final Feldspar Dress form. Photography by Amanda Johansson.
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Reflection on CTT x Planet City

In this project, there was an evident tension between the expectations of the Planet 

City director and costume director, and the research collaboration operating as CTT. 

Koskinen and Krogh discuss the role of prototypes in design research versus practice 

– stating that design researchers see prototypes “like hypotheses in science rather 

than preparations for production” (2015, p.124). Indeed, the digital prototypes 

proposed to the Planet City team at the start of the project were produced by CTT to 

indicate an experimental direction; however, these digital prototypes were interpret-

ed as ‘finished’ in the context of costume design. 

For the research team, research and design practice occurred at all three stages, 

which is in contrast to the conventional design process, where a design is ‘approved’, 

and the goal becomes to realise the outcome exactly as proposed. Koskinen and 

Krogh describe the ‘borderline’ (ibid) between being researchers and acting as 

commercial designers. The aesthetic of related work such as Experiment 19, occurred 

in a purely research context and so was driven by technical and functional consid-

erations. Nevertheless, this is still an aesthetic choice. In conflict with this was a set 

of required external aesthetics for the Planet City project which added a layer of 

complexity to the technical and functional elements and overlayed – and to some 

degree obscured – the making process that they embody. When working between 

research and practice, these threads are as entangled as the yarn in the Textile-forms. 

It was important that as design researchers first and foremost, we were able to main-

tain some of the structures required for experimental research.

The project as a whole points to the multimorphic, interdisciplinary nature of this 

research. It is no longer possible to separate the garment form from the textile: the 

form defines the textile, and the textile defines the form. Areas of the textile must be 

designed to be cut at the level of weave structure – strictly a one-way process, as the 

whole Textile-form needs to be rewoven if a section is damaged.  This inseparability 

applies throughout the design process, where every decision has consequences for 

the Textile-form whole. As a consequence, notions of ‘ownership’ of discrete parts of a 

project become completely entangled. 

Figure 226 (Left): The Planet City experimental outcomes. Photography by Amanda Johansson
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Figure 227 (above): A detailed mapping of The Planet City project process showing the iterative inter-
action of processes-.
Figure 228 (right): Workflow diagram of the processes in the Critical Textile Topologies collaborative 
team
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Zero Waste Systems Thinking for Flat Textile-
forms

After applying the interim ZWST models in the context of Cut and Assemble design 

and production - this research then explored how this might translate to other ways 

of designing and producing. 

Zero Waste Design Thinking for Flat Textile-forms

When analysing Flat Textile-form outcomes using the Zero Waste Design Thinking 

model (Figure 229), it is clear it is an incomplete process since there is no context. 

Until the construction method and context is known, many factors for the design 

remain uncertain and therefore, a fully resolved outcome is not possible. 

The design becomes led from “inside” the product or outcome,  which can be a useful 

approach when developing methods and experimenting with form. However, when 

attempting to develop an outcome for a market, context or scenario, the process 

needs to become more holistic as outlined on the following pages. The five concerns 

that are relevant at this stage: Form, Project goals, Motivation, People and Sizing.

Form: Is the form attempting to achieve a “version of” an existing form or type? What 

are the design features that are required or desirable in this form? 

Project goals: What are the overall goals of the project relating to design messaging 

and financial implications? Is there a price point that needs to be met, or a particular 

expression of the brand that needs to be adhered to?

Motivation: What are the motivations for exploring this approach to making 

textile-based form? Because it is novel and exciting? Because it is zero waste and 

sustainable? Because it can be cheaper? Because it is automated? Do you want to say 

something about the future of the textile and fashion industry? 

People: What training is required internally so that the form can be developed? Are 

all the members of the team on-board?

Sizing: What size range do you want to achieve, and can that be achieved as a mixed 

marker or single size marker?
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Zero Waste Design Thinking for Woven Textile-forms

When the context for a Flat Textile-form is known - in this case, weaving - the scope 

of what constitutes required information for the design process widens considerably.

The key factors can be grouped as follows: People, Sizing, Min/max yield, Plant, 

Yarn, Weave, Form, Project goals, Motivation. 

Form: Is the form attempting to achieve a ’version of’ an existing form or type? What 

are the design features that are required or desirable in this form? If heat-reactive or 

elastomeric yarns are used, how is the form controlled (moulded)? To what degree 

are there things fixed (“has to be this way”) or flexible (“could be nice but its OK if 

not”)? 

Project goals: What are the overall goals of the project relating to design messaging 

and financial implications? Is there a price point that needs to be met, or a particular 

expression of the brand that needs to be adhered to?

Motivation: What are the motivations for exploring this approach to making 

textile-based form? Because it is novel and exciting? Because it is zero waste and 

sustainable? Because it can be cheaper? Because it is automated? Do you want to say 

something about the future of the textile and fashion industry? 

People: Who is involved? What training is required internally so that the form can be 

developed? Are all the members of the team on-board? Does a different relationship 

need to be developed with the weaving mill? 

Sizing: What size range do you want to achieve, and would that ideally be achieved 

as a mixed marker or single size marker? 

Min/max yield: Can the weight of the form be compared to an existing version? 

If new, is there a material yield estimate that would indicate a maximum thresh-

old? Does it matter if the design uses more yarn than an existing version, or is the 

goal-driven more by ideas of aesthetic innovation?

Plant: What software and hardware do you have access to? 3D software for design-

ing the form? Weave software for creating the form? Loom details such as density, 
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width, feeders, etc.? Cutting machinery - by hand or automated, what are the limita-

tions of this? Can the CNC cutter do ’kiss cuts’? Could a laser cutter be used?

Yarn: Is the yarn existing or engineered specifically for the outcome? What is the 

weft yarn quality? What yarn quality and fibre type is the warp? Are you aiming for 

the outcome to be a monomaterial? 

Weave: Weave structure and aesthetics considerations. What weave bindings do 

you need to make the basic structure? Does the design require a surface pattern in 

addition to structural weave bindings? How do these interact with each other, what 

sampling needs to occur before weaving final outcomes? 

Figure 230: ZWDT 
model applied to Woven 
Textile-forms
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Zero Waste Design Method for Woven Textile-form

The branches explored in the Zero Waste Design Thinking model all provide infor-

mation for the design methods (Figure 231). Each of the following three criteria 

interacts with each other, and the importance of each is likely to change throughout 

the projects, but having a clear understanding at the start will be helpful to avoid any 

sudden pitfalls and the cascading failure this can result in.

Evaluation process: How do the motivations and the skills and perspectives of the 

people involved as identified in the Zero Waste Design Thinking model impact on 

how an outcome is evaluated? What sort of feedback loop is needed? What sampling 

is required to facilitate this process more smoothly? What is the organisation struc-

ture of the company or project - who has the final say, and what are their motivations 

and skills?

Design Hierarchy: What factors from how Project goals, Motivation, Form, Weave 

and Yarn impact on design are considered most desirable? What is the hierarchy of 

needs for the design? 

Construction Limitations: What limitations emerge due to the loom, cutting equip-

ment, sizing considerations and how these interact with fractions density, maximum 

layers possible and how sizing is dealt with?

Zero Waste Design Technique for Woven Textile-form

The factors from the previous parts of the model cascade into the Zero Waste Design 

Technique model for Woven Textile-forms (Figure (232)  What methods of contrac-

tion and expansion will be used? How might the loom density and resulting fraction-

al density impact on design methods and solutions? How does stacking impact on 

surface expression? What form development methods and techniques will be used? 

What about the surface and structural patterns?

How will scale and perspective be managed and communicated in this process? 

How can the weaver and the form designer ensure successful communication of the 

requirements of the outcome? 

Will the design process be digital or analogue - which approach will give the most 

advantage, and is there a need for training?
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Figure 231: ZWD Method model applied to Woven Textile-forms

Figure 232: ZWD Technique model applied to Woven Textile-forms
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centres of production which are responsive to the individual needs of the community 

and resources of the environment.

These experiments demonstrate that the deeper into textile systems the form design-

er delves, the more holistic the zero waste systems thinking becomes. Woven Textile-

forms cannot be designed without a high degree of interaction between all the factors 

that contribute to the outcome. The perspective of the designer scales inward from 

form to interaction of materials, yarns and fibres, and zooms out through design 

processes, manufacturing contexts, social implications and environmental systems. 

It all comes together to present an aesthetically compelling vision for the future 

through techniques and methods for woven textile-based form design which enable 

zero waste, hyperlocal and semi-automated production. 

Reflection on Flat and Woven Textile-form Experiments

The experimentation undertaken in this chapter developed new techniques, methods 

and perspectives on the design, production and context of textile-based forms. The 

outcomes fall into two broad categories: Objects to convince – which are versions of 

garments we recognise, and objects to inspire – which present entirely new expres-

sions that emerge out of the method and techniques themselves. 

Out of these experiments, a new category of textile-based form is proposed, that of 

the Flat Textile-form, and more specifically the Woven Textile-form. Design methods 

and techniques for Flat Textile-forms can also be seen as a precursor to the more 

specific methods and techniques required when a production context is determined. 

While design methods for Flat Textile-form design can likely be utilised to produce 

a range of outcomes for any flat-bed production system, weaving is the primary 

location of this research due to the lack of methods available for form design for the 

loom. 

By developing techniques and methods for constructing form on the loom, a degree 

of automation in woven textile-based form production is possible. This automation 

aligns with the microfactory context the experiments are imagined as situated with-

in. Zero waste design processes for hyperlocal manufacturing is the transition design 

posture taken by this project as an overarching guiding force aiding in decision 

making, impacting on the design process as well as how the techniques, methods and 

systems developed are reflected on. 

A somewhat surprising reflection of the second phase of the experimentation 

occurred when estimating the wholesale cost of constructing trousers on the loom, 

revealing a potential unintended consequence of this method of design and produc-

tion. It could conceivably be desirable to develop for large scale garment manufac-

ture as it might enable a massive reduction of their workforce through automating 

the production of garments utilising technology that already exists. Covid-19 has 

increased the appetite for localised, automated supply chains. However, as neither 

localisation and automation of production necessarily ensure material waste reduc-

tion, they run the risk of exacerbating the global issues we face unless we holistically 

approach its development and implementation. The tendency to want to scale-up effi-

cient production methods in any post-coronavirus world needs to be tempered with 

this understanding. Instead, this research suggests we need to scale-out to multiple 
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4 . FINDINGS ON 

ZERO WASTE
SYSTEMS THINKING

 

This chapter traces the findings and central concepts explored in this thesis as a 

whole, and is divided into four kinds of findings (Figure 233): Theory, Methods, 

Techniques, and Aesthetics. The chapter begins with a discussion of Textile-form 

theory, methods, techniques and aesthetics.  A discussion of Multimorphic thinking 

follows this as a bridge to Zero Waste Systems Thinking, Zero Waste Design Thinking, 

Methods and Techniques. The chapter ends with a discussion of the aesthetic implica-

tions of these ways of thinking and designing. The findings are exemplified through 

examples from the experimentation to illustrate how the findings emerged and the 

ways in which the theories inform and are informed by the process, outcomes, and 

expressions.
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Figure 233: (left) Diagramatic illustration of the relationship between Zero Waste Systems Thinking 
and Textile-form Theory. (right) Overlayed with the groups of findings relating to each area.
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Theoretical Models for Textile-forms

Textile things (Figure 234, previous page), according to Hallnäs (2019), are any 

things made of textiles – towels, garments, sofas upholstery, fabric, shoes and more. 

He writes that “A textile is typically something we form, shape, as a garment we wear, 

as a textile thing we use. These are textiles as flexible, adaptable and responsive 

things.” Often, Hallnäs asserts, there is an “expressional gap between the textile thing 

and the textile itself”. Hallnäs seems to suggest that the understanding of the textile 

from a textile design perspective (the “textile itself”), yarn behaviour, weave binding 

etc., is different to the understanding others might have of the textile - as a surface to 

dry oneself with, or fabric to construct a jacket (the “textile thing”). 

It is perhaps this that has led to the commonly understood notion of “3D textiles” 

being, on reflection, not particularly 3D. 3D textiles designed by textile designers 

are 3D from the perspective of bindings and surface expression; however, as a textile 

thing, they are planar in form. When taking a holistic view, textiles and textile things 

are both yarn behaviour and towel, weave bindings and jacket, but there is perhaps a 

larger gap between jacket and weave bindings. How might the gap be bridged? 

Textile-forms emerge directly from the interaction of molecules, fibres, yarns, textile 

structures and finishing processes, into garments, chairs, or perhaps even buildings. 

Form here is defined, similarly to Collins (2007) as that which has a volume made 

in the space between two or more surfaces. This definition moves beyond what is 

commonly referred to as ’3D textiles’, which, while they may have a textured or 

complex surface, are often topologically indistinguishable from conventional textiles. 

In contrast, Textile-forms have more complex topologies as is required to accom-

modate the body (or other complex objects). Textile-forms are designed to produce 

complex topologies from the textile formula — concrete and gestalt at the same time. 

The form is formula and formula is form. 

Three groups of Textile-forms are articulated in this research (Figure 235): Flat 

Textile-forms that are produced in flat-bed production systems; 3D Textile-forms 

which are made as a 3D form through a process of moulding or sculpting; and 

Knitted Textile Forms which are created fully-formed in knitting machines. All three 

have enormous potential for a reduction in textile waste - 3D knit design as the most 

developed of the three already testifies to that. 
Figure 235: Mapping the proposed categories for Textile Forms (dark purple highlights the area of 
focus for this thesis..
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The naming of emerging textile sub-categories has been unevenly applied in part due 

to the emergence over time of increasingly complex application of technology and 

understanding. This has led to names which either need to include vastly different 

interpretations of categories or are no longer fit for purpose. In the context of woven 

textiles, for example, it is common to refer to a textile structure which has space 

between layers as a “3D weave”, however the topology of the majority of 3D woven 

textiles – even if textured – tends to be planar. In contrast, Woven Textile-forms are 

highly complex because they are required to address the human body and its move-

ment. 

What of form? In textile-thinking, form can be defined as the formula (structure of 

the knit or weave made of material) without a fixed idea of form (gestalt) (Hallnäs, 

2019). While ‘form’ in the context of garment design usually is held to mean its 

shape, particular manifestation or configuration of parts – perhaps its gestalt. A 

textile designer often thinks of form in terms of concrete elements such as fibre and 

yarn, weave or knit structure, repeat, colour, texture. According to Tandlers (2016) 

hierarchy, the tools of the textile designer range in scale from the nano up to the 

structure of the textile – and all are relatively ‘near field’. Most might reasonably 

expect to add surface design through embroidery or print to this hierarchy, and this 

is usually where a textile designer’s role is considered to end. The textile is mate-

rial, made of matter in a formula, generally without gestalt. It is a thing in and of 

itself, and yet also a kind of raw material – a paradox. A 3D gestalt form (such as 

a garment) is usually constructed after the textile is designed and produced.  The 

textile becomes a raw material that is part of the configuration of components for 

a particular manifestation of a “far-field” understanding of form. However, when 

designing Textile-forms, the textile-thinking paradox is further expanded because it 

adds a layer of 3D-thinking at a different scale to what textile design usually consid-

ers. This expansion collapses gestalt, formula and matter, and deals concurrently 

with a far-field and near-field understanding of form. 

Figure 236 (above): Generalised nested model for Textile-form
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Textile-form as a term can also then be used to describe the ‘thing’ that it is before 

the form giving language is determined. This applies even when it is not yet a textile, 

though is designed with the intention that it could be textile. 

Flattening is the method or action required to produce a textile-based outcome on 

any flat-bed production system (such as weaving on a loom or printing-as-construc-

tion (see Appendix page 438-443). Flat Textile-form is the object that comes out of 

the process of flattening when the intent of the process is a textile. If this Flat Textile-

form is developed to be woven, it is a Woven Textile-form. While all the examples are 

intended to be textile-based, the design process could be applied to other non-tex-

tile materials. Later experiments expressed as paper models are representations of 

textiles, but could just be ‘paper flat-forms’. Same with the digital renders of experi-

ments – perhaps these could stay ‘digital flat-forms’ and never become a Textile-form. 

The process of flattening form remains, regardless of the intended materiality of the 

final outcome. 

Initially, the Flat Textile-form (Figure 237) is not necessarily tied to a specific 

“language” of form giving (for example, weaving). It exists as an interaction of layers 

of some soft material which are designed as a planar rectangle to not be a planar 

rectangle — designing a textile-thing that is acted upon to become another textile-

thing. Designing the ‘becoming’ of a Flat Textile-form – the interaction between the 

material of textile (molecule, fibre, yarn) to construct the plane, and how the plane 

transforms from flat to form – is an integral part of what is designed. Once the form 

giving language is determined, additional layers of thinking that impact on design 

come into play such as construction formulas (weave bindings for example) or limita-

tions of machinery. 

Figure 237: Nested model for Flat Textile-forms.:
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Methods for Flat Textile-form Design

This research found five main design methods for Flat Textile-form development 

which primarily address the understanding of how a 2D Textile-form translates into 

a 3D Textile-form. In most experiments a range of approaches is used - sometimes 

simultaneously - in order to understand potential 2D and 3D relationships for Flat 

Textile-forms. 

Prototyping methods
Use of existing flat garment patterns (Figure 239)  for Flat Textile-forms tends to 

generate outcomes that have an established silhouette - suggesting this method may 

be useful if attempting to create forms that fit within existing aesthetic outcomes. As 

flat patterns are not 3D and are instead separated, flattened representations of 3D 

form, the construction details need to either be designed in or treated as a way of 

weaving fully-fashioned pattern pieces that will require construction later (as with 

Experiments 4 and 5). 

Multi-layered paper models (Figure 238) enable the hands-on manipulation and 

transformation of flat to form. They are useful to troubleshoot the flat-to-form trans-

formation and to communicate the design to others.

Digital prototyping (Figure 240) was used as a method to iterate and explore details 

for whole Textile-forms, and led to novel understandings of how 2D transforms into 

3D. 

Figure 238: Using paper models to haptically explore the flat to form transformation.

Figure 239: (top) Screeen grab of CLO3D’s 2D screen showing the use of standard 2D garment 
patterns.

Figure 240: (bottom) Digital render of a digital prototype of both 3D form and 2D flat textile.
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Existing 3D garment forms (Figure 242) are used to quickly 3D sketch possible 

compression or folding methods. It is worth noting that when existing 3D garments 

are used in this process, they tend to result in forms which are derivative of the 

starting point

Cut and assemble prototypes (Figure 241) can be used to test ideas of compression 

and expansion of form either of parts of designs. Additionally it allows for  the expe-

rience of wearing the entire form to become part of the design proces, which cannot 

be achieved easily through other means.

Cut and assemble can be used as a final manufacturing method or Flat Textile-form 

methods, the outcomes will be zero waste; however, they are also likely to utilise 

many times more material than a conventionally made outcome. This finding links 

with reflections from Chapter 2 and Paper 3 regarding yield reduction vs waste 

reduction. 

Figure 242: Existing 3D garment form being used to sketch possible flattening approaches and 
generate a digital 3D render. 

Figure 241: Cut and Assemble prototype for a coat sleeve. Photography by Thomas McQuillan.
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Techniques for Flat Textile-form Design

Contraction and Expansion
Key findings that emerged out these experiments are new techniques for designing 

flat-bed textile-based forms, which is independent of the production method used. 

Next, this chapter will describe these ’Flattening’ techniques. 

Notions of Axis: The relationship between textile plane and body - as it relates to the 

direction of compression (Figure 243).

Techniques of Compression and Expansion: Flattening requires a two-step process, 

comprised of first compressing the desired form, and then through utilising methods 

of expansion the resulting form and surface expression is derived. The Techniques 

are grouped: Stacking with Sliding and Transferral, and Folding with Unfolding, and 

can be used in combination

 Compression through Stacking and Expanding through Sliding.   

 Compression through Stacking and Expanding through Transferral.  

 Compression through Folding and Expanding through Unfolding. 

The interlocked techniques of compression and expansion explored in these experi-

ments called Flattening. To some degree, the experiments in Chapter 3 all take exist-

ing notions of 3D form and flatten it – either literally, or conceptually. Three basic 

techniques are utilised. The first takes the existing (already 2D) patterns that make 

the garment and overlapping them in CLO3D within the limitations of the fabric. The 

second approach physically flattens a 3D form (a constructed garment, for instance) 

to reveal the folds and layers required to make the form (sometimes by backlighting 

it). Lastly is a method that combines these two approaches is explored, which broad-

ens the possible forms from these methods. Once these flattening approaches are 

used, the technique of expansion utilised becomes the focus. The process used when 

compressing the form and expanding it out again impacts directly on the expression 

of the garment and can radically change its aesthetic

Figure 243: Digital exploration of the relationship between axis, textile planes and the body.
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Flattening requires a two-step process, comprised of first compressing the desired 

form, and then through utilising methods of expansion, the resulting form and 

surface expression is derived. The techniques are grouped: Stacking with Sliding and 

Transferral, and Folding with Unfolding, and can be used in combination.

Stacking with Sliding: All of the concepts of flattening for Flat Textile-forms involve 

stacking to some degree. The simplest stacked garment would be flattened front and 

back and result in a form and design approach very similar to conventional garment 

design. However, it will also result in the production of a lot of waste due to the 

negative space generated. By stacking the pattern pieces (Figure 244) that make the 

form to remove as much of the negative space as possible, waste can be significantly 

reduced (Figure 245-247). It is important to consider how the form is divided for 

stacking, the axis of stacking (such as front (page 126 - 133) or side (page 172 - 

181)), where overlaps occur, and the number of layers. These will all impact on the 

expression of the form.

Stacking and sliding are utilised in combination with the existing zero waste design 

technique called nesting. In the Feldspar dress example (page 304 - 309) it is used as 

a means of achieving the A-line form without compromising on the silhouette of the 

upper part of the dress. Stacking and nesting do not need to be limited to components 

of the same garment. For example, it would be a technique to utilise in a kind of 

“mixed marker” scenario whereby different garment styles are stacked and partially 

overlap.

Figure 244: (top) A standard set of t-shirt patterns

Figure 245: (bottom) Stacking tshirt pattern pieces to conform to the rectangluar shape of a woven 
textile.

Figure 246: (opposite page, left) Flat Map of Construction for the Tshirt.

Figure 247: (opposite page, right) The stacked pieces expanded out into pieces that resemble the 
original tshirt pattern.
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Stacking with Transferral: This technique takes the advantages of compression 

through stacking and instead uses Transferral methods to expand the form without 

sewing. The approach can be utilised in cut and assemble methods for Flat Textile-

forms; however, it is best integrated into the context of weaving where the inherent 

interlacing of warp and weft can be used to full advantage (see page 228 - 230).

Folding with Unfolding: This technique achieves a Flat Textile-form via compression 

through folding and expansion through unfolding. A haptic way of understanding 

this process is evident in the folding and backlighting of existing garment forms 

(for example, as seen on page 182 -183). This approach can lead to outcomes which 

closely resemble the form from which it originated. The original form does not need 

to be an existing “standard” form archetype however, and the design of the original 

form could be an additional step in the development of innovative Flat Textile-forms.

Figure 248 (top) Stacking the flattened frill and using the Transferral technique to activate the form.

Figure 249: (bottom) The Stacking and Transferral technique demonstrate at the sleeve crown and 
frill on a digital prototype

Figure 250: Paper model and digital render showing the Folding with Unfolding Technique.
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Coding of Layer relationships to build form: A critical development of this research 

was in the establishment of a coding technique to link 3D form construction with 

the 2D Map of Construction (in conventional weaving this is often known as the 

“artwork”, and in Woven Textile-forms it is known as Map of Bindings). Here the 

cross-sectional (Figure 251, lower) relationship between layers and the 2D Map of 

Construction (MoC) is numerically and colour coded. 

In the example shown in figure 251 there are three layers. The layers are numerically 

coded as 1, 2, and 3, and their relationship to each other in cross-section is defined 

using forward-slash (/). Therefore a colour with the code 123 is all three layers 

joined, whereas 1/2/3 the three layers are separated. 12/3 has layers 1 and 2 joined, 

while layer 3 is separate, and 1/23 indicates that layer 2 and 3 are joined, and layer 

1 is separate. Each code has an associated colour, which relates to the colours used 

in the MoC. In combination, the code, colour and MoC combine to enable complex 

geometry to be constructed from Flat Textile-form.

123

123

12/3

12/3

1/23

1/23

1/2/3

1/2/3

Construction Artwork Grid

Figure 251: (this page, 
top) Map of Construction 
for a T-shirt with (lower)
the numeric and colour 
coded layer relationships 
that make a 3 layered 
garment form

Figure 252: (opposite 
page left to right) Layer 
division where sleeves are 
expanded out from the 
layers. Front and back are 
separated. 
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Figure 253: Nested model for Woven Textile-forms.:

Woven Textile-form

Weaving a textile almost always produces a (relatively) flat rectangle, and zero waste 

pattern cutting and design is always constrained in this way. The rectangle is funda-

mental to the technology. The weaving looms warp and weft, even most circular 

knitting is cut flat, and all of these technologies make rectangles. However, bodies 

are not rectangles; therefore, any unaddressed space between rectangle and body 

is waste. Conventionally, work in zero waste design would use an existing rectangle 

(fabric) to make a complex textile topology (garment). Woven Textile-forms seek to 

alter the inherent properties of the textile, making rectangular cloth in order for it to, 

essentially, not be rectangular. 

The current shallow understanding of the relationship between textiles and form 

limits how designers could transform industries and the built environment. This 

research explores how technology shapes form-making, following some of the lines 

of inquiry forged initially by the work of Issey Miyake and Dai Fujiwara in A-POC 

(Miyake and Fujiwara, 1999; Lucchi, 2018). Additionally, the recent explorations 

on digital whole garment weaving by Anna Piper (Piper and Townsend, 2015), 

Jacqueline Lefferts (2016), Linda Dekhla (2018) and Claire Harvey et al. (2019) is 

highly relevant. These explorations are known as ‘composite garment weaving’ and 

‘whole garment weaving’.  However, this research proposes that the term ‘Woven 

Textile-form’ replace these existing terms due in part to the fact that examples of this 

method are not required to be garments. Therefore a more general term is needed 

than “whole garment weaving”, and more specific than 3D weaving which is general-

ly associated with 3D surfaces with less complex topologies.  

It seems a fundamental difference between 3D woven textiles and Woven Textile-

forms is the relationship between binding repeat and form. In 3D woven textiles, the 

binding repeat contributes the near-field form. In contrast, in Woven Textile-forms, 

the form is made in the interactions of the binding repeats to make layers between 

which the body (or other space) can inhabit. Additionally, woven textiles (except 

for fil coupe) don’t usually seek to destroy the warp and weft interlacing through 

the action of cutting or dividing – the textile remains a complete plane. Whereas the 

Woven Textile-form usually requires the layers to be divided to some extent, thereby 

releasing the form made from the textile formula. This way of thinking approaches 

textile thinking from an outsider perspective, taking known strategies in weaving 

such as double weave and fil coupe, and inserts the 3D form building knowledge of 

pattern cutting into the planar textile structure. This kind of multimorphic thinking 

can produce new ways of thinking about both garment and textile.
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Methods for Woven Textile-forms

Design methods for Woven Textile-forms emerge once a construction context is 

determined, and are developed from methods used in Flat Textile-form design. While 

Flat Textile-form methods are primarily concerned with 2D and 3D form, Woven 

Textile-forms require an understanding of woven structures and their limitations 

and possibilities. Essentially it is where form thinking meets weave thinking, as such 

methods involve expressing and manipulating the interlacement of warp and weft 

in order to create form. The addition of a construction method or context adds a 

layer of complexity and resolution to the design process. Consideration is required of 

weave structures and bindings, yarn and fibre behaviour, interactions between woven 

surface pattern and woven 3D structure, fractional density and others. For a detailed 

workflow for translating Flat Textile-form design to Woven Textile-form construction, 

see Appendix.

Map of Bindings: The Map of Construction in Flat Textile-forms becomes the Map 

of Bindings in Woven Textile-forms.  Due to the potential layer swapping through 

the manipulation of warp and weft yarns, and expressional change between layers 

Map of Bindings have the potential to be many times more complex than a Map of 

Construction. Floats can be used to indicate and make cutting easier, while fabric 

behaviour can be controlled through the use of different bindings. 

Transitions between modes: CLO3D to Scotweave: The separate tools and process-

es utilised in the development of Woven Textile-forms all currently exist; however, 

their integration and the specific use of the tools and processes are new. The degree 

of mode shifting, between 2D and 3D, analogue and digital, from vector-based 

programs to pixel often results in digital ‘leftovers and artefacts’ from the process 

which can cause errors in the weaving. 

In translating the 1:1 scale from CLO3D, to a weave-able file, the length of the file 

may need to be changed in order to ensure the finished Woven Textile-form is the 

correct length (Figure 254). This is because the pixels in Scotweave represent a warp 

and weft interlacement which may not be rectangular - depending on relative density 

between warp and weft (see page 452-456 for the technique to ensure correct scale) 

Figure 254: Woven samples exploring the effect of weft density on dimensional scale and colour 
of outcome. Each of these samples are the same file, with the same yarns, however they result in 
different length outcomes, with variable depth of colour and density in weave structure.  
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Fractional Density: When stacking and folding, it is crucial to take into consideration 

the impact that warp density will have on the proliferation of layers. A stack or fold of 

three layers using a warp density of 33epcm will result in a layer density of 11epcm 

in the areas where all three layers are utilised. Sampling shows this is probably close 

to the lower limit of layer density – causing the cloth to fray and be dimensionally 

unstable. However, if warp density is higher, then more layers are possible, or a high-

er per layer density is achievable. Fractional Density has a direct impact on aesthetic 

(Figures 256) so it important to ensure this is considered in the design process (such 

as by using transparency shown in Figure 255). It is also possible to increase apparent 

density by increasing the weft density (packing or cramming) or increasing the yarn 

weight/thickness.

Woven Samples and Prototypes: Woven samples were used to test combining layers 

of different weave structures, the impact of density on the stability of weave, accura-

cy of the application of the design workflow and success of the design and approach 

as a whole. In combination with the digital prototypes, they stand as initial proof of 

concept of zero waste Woven Textile-forms. 

Variable Yarn Spinning for Woven Textile-forms: The use of variable yarn spinning 

can compensate for the fraction density (such as with Experiment 18). It requires 

methods such as the translation of Map of Bindings into a series of Yarn Maps, and 

use of variable yarn spinning software and machinery such as Studio Hilo’s. Yarn 

Maps separate the embedded layers of the Map of Bindings, enabling a greyscale 

yarn map image to be made which controls the thickness of yarn for each area of 

the MoB. The yarn can be spun thinner in areas where three wefts yarns will be 

interlaced to create a single layer, and thicker in areas where each weft yarn will be 

separated into three layers.  

See Experiment 18 and Appendix for further detail.

Moulded Woven Textile-forms: Form can also be further controlled through the 

use of heat reactive yarn such as NSK. The integration of shape-changing materials 

in Woven Textile-forms enables both fit and surface expression to be manipulated 

further. The use of a 3D mould, both digital in CLO3D and later 1:1 with the Woven 

Textile-form, embeds change and then controls the moulding process.  

For Workflows that enable the translation of scanned form to Flat Textile-form design to 

Woven Textile-form construction see Appendix.

Figure 255: (top) Digital render of effect of Fractional Density on garment design. 

Figure 256: (bottom) Woven sample demonstrating Fractional Density in a three layer textile.
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Techniques for Woven Textile-form design

Layer relationships and coding: In Woven Textile-forms the layer relationships can 

become exponentially more complex (such as the use of different bindings for vari-

ation in surface expression Figure 257). Colour coding of the various bindings and a 

clear numerical coding system is required. The possible number of codes representing 

layer relationships is exponentially greater than in Flat Textile-forms (see Appendix)

Digital tools to manage complexity: The more integrated the production of textiles 

and form becomes the greater complexity there is to manage. Until there is software 

to assist, effective systems must be developed to manage the workflow. The Planet 

City collaboration resulted in phases of development which were multifaceted, and 

interconnected, and could cause cascading failures if not managed well. This is 

another area where software development could support the designer. 

Waste and Yield: Conventionally woven garment yield is measured by the surface 

area used; as such, the yield is a function of the width and length of the fabric used in 

the cut and sew process. When weaving whole garments, measuring material use for 

these woven garments becomes more aligned with how the material is measured for 

knitwear – by weight. 

New bindings were developed as a result of the peculiar relationship between form 

and textile, and the prototyping methods used – particularly digital rendering of 

transformation from flat to form, and the use of paper 2D/3D models. This also 

allows for progressive transformation over time, linking the process further with 

notions of elongating lifespans of garments and use practice which is core to sustain-

able design.

When developing new bindings through the experimental design practice, the inter-

section between form thinking and weave thinking is most evident in the develop-

ment of the expandable binding in the Transferral Experiments. This binding enables 

the expression of form from a two-layered construction without sewing. This binding 

represents the embedded and intertwined nature of this research as a whole. It only 

emerged as a result of the particular ways of thinking about form and textile this 

research has, and so as a result is a holistic technique that deals with far-field form, 

all the way down to near-field weave bindings in order to arrange yarn to make form.

Woven Textile-form (Yarn spinning) design: The peculiar relationship between the 

Studio Hilo software and the jacquard loom required the development of techniques 

to marry the two processes better. Studio Hilos software was initially developed for 

use with hand-weaving using a shuttle and continuous weft. In contrast, the indus-

trial jacquard loom used in this research utilises a rapier that cuts each weft inser-

tion resulting in individual weft yarns. The weft yarn map also needs to include the 

selvedge as this forms part of the journey the yarn takes. 

The fibre in the spinning used determines how rapidly the thickness can change from 

thick to thin (see Experiment 18). This transition phase would cause each weaving 

zone in the MoB to have a ’blurred’ edge - when designing this needs to be accommo-

dated for. 

See Appendix for more detail

Woven-Moulded Textile-form design: When designing forms for mouldable 

outcomes, it is essential to allow space for change in Woven-moulded Textile-form 

design. Without this additional space between the Woven Textile-form and the 

mould, the textile will not shrink and change its fit and surface texture. CLO3D can 

be a useful tool - particularly the ability to shrink the weft direction of any fabric. 

Additionally, CLO3D can be used to render the effect that shrinking will have on 

surface texture (see page 256-257). See Appendix for more detail.
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outgoings (if seeking to be an aware, ethical designer). Additionally, the designer is 

required to delve into and isolate at the near-field scale of matter (fibre and yarn), 

into the context of its interaction with weave structure, and digital and textile layers 

at a variety of axis, and to the far-field human scale of how these flattened layers 

allow for form-making upon expansion and how this form is desirable and needed in 

the social context of designed objects. To design in this interdisciplinary way requires 

multimorphic thinking and methods. In the multimorphic objects and design process-

es used in this research, the relationship between cloth and form is approached from 

different perspectives simultaneously and constantly interacts and forms the other. 

It requires a broad and holistic approach to design. Multiple perspectives (visual, 

material and theoretical) each feed into and respond; however, the designed object 

provides a tangible ‘thing’ that focusses the lens used to view the system it emerges 

from and functions within. The Textile-form is the intersection of complex inputs 

and materials from multiple perspectives, which is made so that form emerges from 

it. Form, technology and social context are both embedded in and created from it. 

The outcomes express theory around the making and thinking through the design 

practice undertaken, but also the broader social and environmental context they exist 

within because they are a result of applying a particular way of thinking – zero waste 

system thinking.

Occupying a similar space as Rheinbergers epistemic things, which are situated at 

“the interface, as it were, between the material and conceptual aspects of science” 

(2010), multimorhpic objects that result from multimorphic thinking, combine 

notions of epistemic things with a broader, holistic systems theory integrated into 

the design of things. Multimorphic objects reach further than epistemic things, 

beyond the laboratory, and embed society and the environment into them through 

multimorphic thinking. There is a similarity between multimorphic objects and epis-

temic things - multimorphic thinking is all about the destabilisation, stabalisation, 

destabalisation, the occilation that Rheinberger articulates. However, it is specifically 

located in the context of form ( 2D and 3D: flattening), and perspective (near and far 

field: weave thinking and form thinking; Textile-form thinking), and expands out to a 

holistic consideration of planetary boundaries (Zero Waste Systems Thinking).

Multimorphic Thinking

When designing and later interrogating the objects created through the experimental 

design research undertaken in this PhD, there is a sense of designing multiple things 

at the same time, both theoretically and physically. 

In addition to the Simultaneous, Hybrid and Metamorphic design practices outlined 

in Chapter 1, there seems to be another design process that needs to be articulated. 

According to Binder et al., Latour’s definition of scientific work represents “a move-

ment from matter to fact”. Binder et al. argue that in design the movement is reversed 

– that objects morph from fact to matter “forward and toward the designed form” 

and this movement “is what drives the designer’s inquiry and the unfolding web of 

design” (Binder et al., 2011).  Ingold (2000, p. 242) wrote that “life is not contained 

within things, nor is it transported about. It is rather laid down along paths of move-

ment, of action and perception”, a perspective which assumes a linear understanding 

of time and matter. This research also argues for a multimorphic understanding of 

design process  – that design is not only linear (metamorphic) but exists in a kind of 

‘quantum’ matrix or web (multimorphic).

A ‘Multimorphic’ object is that which is (or can be) many things at once, both 

physical (made of matter) and theoretical (meaning something). The objects can be 

(and often need to be) read and understood at many scales, axis, and dimensions 

simultaneously. They exemplify multiple physical and theoretical concepts through 

both their matter and what they represent or articulate. This research speculates that 

the deeper into the design of the form, surface, textile, yarn, fibre and molecules we 

delve, the more multimorphic the design processes and objects become. 

The Zero Waste Systems Thinking Model discussed later on in this chapter encom-

passes multiple perspectives simultaneously. While it is possible to read and analyse 

as discrete sections for clarity, the ability to traverse across the various fields, scales 

and perspectives is necessary. The same is true of the Textile-form, which results 

from the application of this way of thinking. To develop the objects, the designer is 

required to understand the many contributing limitations and inputs from machin-

ery and technology, as well as the broader social and economic inputs, impacts and 
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Multimorphic Methods

Weave thinking and Form thinking: New understandings of Textile-form relation-

ships that integrate near-field textile design and far-field form design for Woven 

Textile-form: When designing for zero waste flat construction, the designer is 

required to think from multiple perspectives and scales simultaneously. Near-field 

and far-field scales need to be considered in both two dimensions and three dimen-

sions, as well as cross-sectional form. This simultaneous design approach brings with 

it the fourth dimension – time – how each piece transitions between 2D flat and 3D 

form state, and near-field and far-field scales is an important aspect, particularly in 

the cutting process.  This process engages with weave thinking and form thinking at 

the same time. 

The multimorphic nature of the process means that not only does the process trans-

late from one mode to another, but it is also often both modes at the same time. For 

example, in Illustrator, when the Map of Bindings is determined, this map is both a 

two-dimensional map and a three-dimensional form collapsed.  Scotweave requires 

a 2D image to process the weave file, but in programming the bindings in 2D, they 

are layers with 3D cross-sections, these cross-sections change across both the X and 

Y-axis. 

Perspective (Figure 258): The width of textile or loom would be considered a 2D 

perspective as it is a two-dimensional measurement, whereas the Map of Bindings, 

while two-dimensional, are a representation of flattened 3D space. Cross-sections 

are more three-dimensional again as the space between layers in these diagrams 

becomes essential. Additionally, these cross-sections change up and down the length 

of the textile and over time. Bindings are two-dimensional schematics of 3D space 

- similarly to the Map of Bindings, except at a near-field scale. These things come 

together to provide surface expression which is mostly 2D, and a 3D form.

Scale (Figure 259): Fibre and yarn behaviour are both near-field perspectives; 

however, the impact is felt on far-field expressions such as surface expression and the 

resulting 3D form outcome. The density of both the loom and the density variations 

caused by the construction method (fractional density - see page 348) are situated 

in the near-field space (as well as bindings) in which textile designers are likely 

most comfortable. The far-field space is where most form designers are comfortable. 
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Figure 258 (top): Diagramatic representation of the experince of 2D and 3D perspectives in the 
contexts of designing Textile-forms. Concepts (such as Axis of stacking) are placed along a continuum 
from 2D to 3D as it is rare that any details sits purely in one or the other at all times, and time is 
shown encompassing it all.

Figure 259 (bottom): Diagramatic representation of the experince of near-field and far-field scales 
in the contexts of designing Textile-forms. Concepts (such as Cross-sections) are placed along a 
continuum from near-field to far-field as it is rare that any details sits purely in one or the other at all 
times, and time is shown encompassing it all.

Digital and analogue models, and garment folding prototyping methods that enable 

the design of these Textile-forms are both situated primarily in this far-field space. In 

the Textile-form experiments, the outcomes are a manifestation of both the far-field 

scale of fabric width and form, and the near-field formulation of bindings, yarn and 

fibre behaviour and density. 
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Flattening: In order to rethink the process by which textile-based forms such as 

garments are designed and made, this research delves further into the processes of 

garment production to the weaving of the textile itself. Since all woven textiles are 

of a planar construction, to weave form the 3D form of a garment has to be flattened 

into the 2D cloth, so new design methods are required. To design a Flat Textile-form 

is to design the 3D form (garment) potential into an apparently 2D structure (cloth) 

– making it a multimorphic process and outcome. 

Technology: Beyond how a garment is made, technology shapes the aesthetics of the 

built environment. The complex interactions of manufacture, use, and technology 

have provided the aesthetics of textile-based form that are recognised today. This 

research raises questions about the impact of new technologies on the techniques, 

methods and aesthetics of the Textile-forms of the future.

Expanding the Multimorphic Scale:

Textile-form Systems to Zero Waste Systems
This research shows that by going into the textile structure, the designer is immedi-

ately deeper into the system. There a clear relationship between zero waste systems, 

textile systems, and Textile-form structures and flatness. A dominant feature of 

multimorphic thinking is the dynamic relationship both scale and perspective has 

on the design process. The earlier diagrams (page 355) illustrating these aspects 

need to be expanded further to include the systems perspective required of a holistic 

process (Figure 260). The scale ranges from the near-field (microscopic) details of 

fibre behaviour (and perhaps should consider the nano-scale), out to the far-field 

understanding of production context, all the way up to a far-field conception of 

Earth’s planetary boundaries. Each design decision at times needs to be considered 

inside this context, checked against established goals and limitations, and adjusted 

accordingly. 

An example of this might be in the interconnectedness demonstrated by Planet 

City Experiments (discussed in more detail later in this chapter). In Planet City, 

the actions relating to decisions made due to Zero Waste Systems Thinking such 

as monomaterial fibre choice (Planetary boundaries) or equipment availability 

(Factory), directly impact and are considered in the same moment as the aesthetic 

and technical considerations of fractional density, the relationship between zero 

waste 3D form and loom width, and the near-field design of weave bindings using 

heat-reactive fibre. These considerations are held concurrently in the mind of the 

designer and are, as such, evidence of multimorphic thinking. 

Fashion and textile designers know they can no longer expect to operate as if their 

decisions do not matter beyond the commonly held suite of design elements and 

principles such as colour, line and form. While managing the multimorphic complex-

ity of design in this space requires care and commitment, there is a need for tools, 

methods, processes and ways of thinking through design which encompass the 

contemporary concerns of a holistic understanding of design. 
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Figure 260: Expanded model of Multimorphic Scale.
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The multimorphic scale and perspective models in previ-

ous pages are, in practice, overlayed with each other on 

the x and y-axis (Figure 261). Here the various actions 

and outcomes of the multimorphic process are mapped 

over both 2D/3D, and near and far-fields. Each of the 

points identified on the left occur at some point of the 

design process at the same time as others. For example, 

when designing the form using a digital model, the 

stacked pattern and cross-sections are all considered at 

the same time in order to develop the design—thereby 

moving the scale and perspective from 3D/far-field to 

2D/near-field in one moment.

Multimorphic thinking in practice
Next, this chapter will illustrate multimorphic thinking 

through the examination of the design practice of a 

particular example: The Moulded Tunic in Experiment 

19. This chapter will visually map the techniques, meth-

ods and outcomes in the context of the model shown 

here, drawing connections between the different stages, 

techniques and methods that come together to form the 

final outcome.

Figure 261: Mapping the actions and outcomes on the intersection 
of Multimorphic Scale and Perspective.
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Figure 262: Moulded Tunic design 
process mapped on 2D to 3D and near-
field to far-field Axis.

Purple: Material, Industry, Social and 
Environmental context

Red:Experiment sequence

Blue: General Woven Textile-forms 
techniques

Black: Other important connections in 
design process

360  



NEAR FIELD FAR FIELD

3D
2D

Factory    Industry Planetary Boundaries
Design
process

Programming
Map of Bindings

Bindings

Start

End

Width of loom

Cross sections

Map of Bindings

Final Outcome

Digital Model

3D Surface Expression

Stacked pattern

362    363

Figure 263: Simplified Moulded Tunic design 
process mapped on 2D to 3D and near-field to 
far-field Axis.

Purple: Material, Industry, Social and 
Environmental context

Red:Experiment sequence

Blue: General Woven Textile-forms techniques
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As shown on the models outlined on pages 360-363, the design process for the 

Moulded Tunic in Experiment 19 traverses the spectrum from 2D to 3D and Near-

field to Far-field. The order the experiment occurs in is also non-linear and actions 

located in different scales and perspectives, often need to be addressed at the same 

time in the sequence. For example, the digital model generates the basic 3D form 

while also solving and attending to issues arising in the cross-section, and how the 

pattern is stacked and unfolds (Figure 264). In the design development stage of 

designing Woven Textile-forms, this multimorphic thinking occurs almost constantly. 

Once the Map of Bindings (MoB) is determined, the process becomes somewhat 

more linear; moving from MoB, into Scotweave where the MoB is programmed with 

bindings, to then be woven on the loom, cut and moulded to reach the outcome. 

However, when programming the MoB in Scotweave, the bindings need to be consid-

ered both 2D (the more conventional way bindings are understood), and as a moving 

cross-section and a 3D interlacement of warp and weft that enables the 3D form to 

emerge. The moment of programming the MoB is also essentially the moment of 

Textile-form construction (Figure 265), as almost all the information that controls 

the final 3D form outcome is determined at that point, before the textile is woven. 

This relationship between textile design and 3D form design deviates significantly 

from conventional textile-based form construction for woven textiles, which are 

made through a cut and assemble process out of already woven textiles. This multi-

morphic design-production entanglement can, if not managed well, led to cascading 

failures which may have begun far back in the design process. 

Additionally, the overall constraints of these outcomes are determined by the holistic 

consideration of factory, industry and planetary boundaries. In the case of the 

moulded tunic, these constraints provide factors such as loom variables, concepts of a 

microfactory set-up which would include moulding processes, and notions relating to 

longevity through embedding the ability to change form over the garment’s life-time. 

These overall constraints are the result of Zero Waste System Thinking guiding the 

decision-making process.

MCQUILLAN, PETERSON, TALMAN & WALTERS

corresponding contributor: karin.peterson@hb.se, +46762581170

Reversed crafting and digital flattening of form for weaving.

Figure 264 (opposite page): The actions and outcomes occur simultaneously in a multimorphic design 
process.

Figure 265 (this page): The 3D form for Woven Textile-forms is baked-in in the 2D space of weave 
binding programming.
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Theoretical Models for Zero Waste Systems 
Thinking 

The Zero Waste Systems Thinking Model (Figure 266) proposes a plurality of sites 

and approaches (dashed circles in Figure 266), all operating between the social foun-

dation and ecological ceiling defined by Kate Raworth.

All systems thinking approaches need to be nested within the bigger system that all 

living things function within - the Earth. Design thinking is nested within systems 

thinking. Design methods nested within systems and design thinkin. By nesting 

technique within method, design and systems thinking, you will have an outcome 

which is good for the planet and all who inhabit it. Importantly this model suggests 

these things can be redesigned now - and not merely respond to the fashion and 

textile systems, ways of thinking about design, processes, methods and outcomes 

the industry and society currently have. If fact, it should be assumed that with the 

application of this way of thinking all of those manifestations will be different from 

what exists now, which is important, because the current system was built over a time 

when Earth’s resources and capacity were considered unlimited - this is now known 

to be untrue. 

An essential part of change in this context is the need for supporting and compulsory 

legislation. Raphaël Glucksmann, the vice-chair of the Subcommittee on Human 

Rights of the European Parliament, said: “[Brands] will take all the progressive stanc-

es in the world as long as it does not impact their business model, but the problem 

is their business model.” He argues that “the only way to convince them is to show 

that if they don’t change [it], they might face justice”(Biondi 2020). Glucksmann 

was speaking about human rights issues; however, the same is true for environmen-

tal concerns. Without external motivation (legislation), there is little incentive for 

companies to change their business models and relationships with production and 

consumption issues, both social and environmental. 

This part of the ZWST model provides a broad context and limitations that guide 

decision making. The specific make-up of each nested model will be determined by 

the particular technical, production, and design inputs and outputs relevant to that 

site of exploration. However, they all have one thing in common; social and environ-

mental limits bind them. So the ecological and social impacts of the practices devel-

oped must be investigated and then outcomes designed from that perspective inward.

It is fundamentally a post-anthropocentric model.
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https://vimeo.com/473453811
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Zero Waste Design Thinking Model

Making products is wasteful of resources – the industry and academia need to 

develop new methods and tools for understanding design and production so that the 

concept of waste becomes redundant. To do that, the way the industry thinks of the 

context and design of these things needs to be reconsidered. 

The Zero Waste Design Thinking Model (Figure 267) proposes that constraints and 

inputs from the production and design contexts cascade inward to inform the Zero 

Waste Design Method at its centre. The design and production constraints are them-

selves bound and informed by the social foundation and environmental ceiling. 

The innermost ring that surrounds the Zero Waste Design Method model concerns 

as many of the contributing inputs, constraints and specific details of each of these as 

can be ascertained. 

Motivation: What is the key motivation for this analysis or project to occur? Why is 

zero waste important to the company, to specific teams or groups within the compa-

ny, to the individuals that make up those teams? 

People: Directly linked with Motivation is factors relating to people. These can 

include ideas of hierarchy within the company, who is involved and do they need 

further support or training in order to make the development as successful as possi-

ble. It is also relating to relationships with suppliers - are they on board with the 

project, and what information might they need to supply the company (and impor-

tantly, will they).

Production: These factors are primarily relating to concrete inputs and constraints 

relating to hardware and software involved in the production of products. What kind 

of equipment is used, what are the apparent limitations of these? 

Design: This field is where most research in zero waste design has focussed - howev-

er, it needs to be interrogated at a deeper level for Zero Waste Systems thinking. 

From the brand values through to material expressions, these factors intersect with 

the other three factors. The necessary level of detail is higher than in a convention-

al garment design process - for example, the need to know from the beginning the 

width of a material or piece of machinery - this can directly impact on design.
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Zero Waste Design Method Model

Cascading in from Zero Waste Design Thinking is the Zero Waste Design Method 

Model (Figure 268). The contents of this model cascade into the Zero Waste Design 

Technique model. Multimorphic thinking provides an understanding of the kind of 

multiscale and multiperspective thinking required when working using a Zero Waste 

Design Method.

Notions of Motivation, People, Production and Design constraints contribute to an 

understanding of the Evaluation process, Production limitations and Design hierar-

chy. These categories are not isolated silos in the context of zero waste, and instead, 

have blurred boundaries and intersections that are a particular feature of this model. 

Evaluation Process: The exact structure in terms of timing, participants and forma-

tion of the evaluation process will differ depending on the context. In Zero Waste 

Systems Thinking, the evaluation process must include an analysis of the environ-

mental ceiling and social foundation to constitute a holistic practice. 

All those involved in the evaluation process need to have access to information that 

allows them to understand the environmental and social impact of their suggestions. 

Digital tools to facilitate this would be highly advantageous. A digital ’passport’ 

which contains not only the social and ecological context of the product but also 

the impact of design changes on this could travel with the garment throughout its 

production, and onward into its retail and use phases. This builds on retail and use 

phase covered by the CircularID™ Protocol—a global language for connected prod-

ucts in the circular economy so they can be managed sustainably across their lifecy-

cle. This research suggests that these digital tools and others, need to be expanded 

into design and production so that designers and producers can make better choices 

in real-time. 

Production Limitations: These limitations again depend on the exact production 

context and materiality and production technology used, and are gleaned from a 

more detailed analysis of the ZWDT model. Any limitations in production that impact 

on design need to be considered. 

These limitations also need to be challenged - new methods and tools developed to 

better facilitate the kinds of radical change required. This research explored existing 
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technology at its limits (sometimes even beyond the limits, resulting in malfunction) 

and in doing so developed new ways of working with current technology, and makes 

suggestions for further technological development in the context of production. 

This exploration is design-led and in the context of the ZWST model - and does not 

advocate for technological development for its own sake. Instead, any development 

should be within the bounds of planetary systems.

Design Hierarchy: A vital aspect of the ZWDM is a deep and nuanced understand-

ing of the design hierarchy as input from the brand, the design team, marketing, 

and anyone else involved in the development of the product. These factors must be 

known before beginning, as with any holistic process late-coming pertinent informa-

tion can have a derailing effect.

Figure 268: Zero Waste Design Method model
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Zero Waste Design Technique Model

The holistic way of thinking explored in this process guides the selection of tech-

niques and tools required. The outcome is at the centre of the model as a whole; 

however, instead of criteria radiating out from the product, criteria and information 

cascades into the approach used to develop the method from the broader context. 

The techniques utilised are Multimorphic in the context of Woven Textile-form 

design, and hybrid or simultaneous in the context of zero waste design for cut and 

assemble. Both zero waste for cut and assemble, and zero waste for Woven Textile-

form hold at their core an understanding of a holistic relationship between form and 

material that is significantly more integrated than in conventional cut and assemble 

garment production methods. Zero waste enforces a holistic view of the design tech-

niques used.

This generalised model for Zero Waste Design Technique (Figure 269) could apply to 

any zero waste endeavour and the methods and tools selected would depend on the 

context, and the Zero Waste Design Method, and Zero Waste Design Thinking models 

that were explored earlier.
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Figure 269: Zero Waste Design Technique model
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Figure 270: Holistic overview of the Zero Waste Systems Thinking approach, where each subsequent 
model is nested inside the previous and the inputs and outputs cascade inward and outward. 
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Use of zero waste systems thinking model in an experimental process 

Next, this chapter will illustrate the use of the models in the context of Feldspar dress 

example from Planet City. As Planet City is a conceptual body of work many of the 

limitations are drawn from concepts determined by the Commissioning Group (CG), 

however, these intersected with tangible limitations of the physical garment design 

and production processes used.

Zero Waste Systems Thinking in the context of  Planet City.
The global context was provided by the CG and outlined the social and environmen-

tal limits of the project. These were defined as: All citizens of Earth are relocated 

to a megacity which provides for all inhabitants. Manufacturing context is for local 

production in a circular economy - all resources are recyclable to ensure efficient use 

of limited resources. Resources are either grown in the context of the city in verti-

cal fibre farming systems or mined from the refuse of late-capitalism. The cultural 

context is hybridised from existing cultures into distinct cultural groups, and the film 

captures a festival day of celebration. Multiple modes of production are envisioned, 

from craft-led material recycling to fully-automated methods of production. From 

this brief, the outcomes from the ZWST model relating to initial notions of environ-

mental and social limits are as follows:

Notions relating to environmental ceiling: Zero waste. Use of 100% polyester yarn 

due to the film’s concept of “mining late-capitalism”. Polyester is one of the most 

durable fibres, and yet it is most often used in low-value fast fashion garments which 

are not aesthetically long-lasting. In response to the material longevity of polyester, 

the costumes for Planet City are imagined as long-lasting family heirlooms, used for 

celebratory occasions. Additionally as polyester is one of the most readily recyclable 

fibres, all the Planet City garments were planned to be monomaterial to ensure ease 

of recyclability.

Notions relating to the social foundation: Due to limited physical space in the context 

of the megacity concept, new models of production are required, and an alterna-

tive approach to how cities are arranged. In response, the Planet City costumes 

utilise automation in the process of production - which impacts the nature of work. 

Importantly the garments all need to serve the purpose of enabling cultural expres-

sion and celebration.

ZE
RO

 W
AS

TE
 SY

ST
EM

S T
HINKING

Zero Waste. Local Production. Circular. Monomaterial. Long-last
ing fam

ily 
heir

loo
ms.

Reduce sp
ace

 u
se

d 
in

 p
ro

du
ct

io
n.

 A
ut

om
ati

on: nature of work. Garments: cultural expression and celebration.

DE
SIG

N C
ONST

RA
INTS   

     
      

      P
RODUCTION CONSTRAINTS

WOVEN MOULDED TEXTILE-FORM: FELDSPAR D
RESS

ZE
RO

 W
AS

TE
 D

ESI
GN THINKING

ZE
RO

 W
AS

TE
 S

YS
TE

MS T
HINKING

ZE
RO

 W
AS

TE
 D

ESI
GN THINKING

M
OTIV

ATION     
PEOPLE 

 
 

 
PRO

DUCTION     DESIG

N

IN

PUTSCONST
RAIN

TSSP
ECIFIC

S

ZE
RO

 W
AS

TE
 D

ES
IGN METHOD

 
Ev

alu
ati

on process                                   Production Lim
itations                            Design Heirarch

y

ZERO W
AS

TE
 D

ES
IGN TECHNIQUE

Outcome

Tools

Techniques

Figure 271: the Zero Waste Systems 
Thinking model applied to Planet City.
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Zero Waste Design Thinking in the context of Planet City
Form: The Feldspar dress form was derived from the existing Flat Textile-form design 

of the gown in Experiment 9. The necessary form features required were as follows: a 

dramatically full skirt that flares from the bust and a moulded upper torso.

Project goals: An element of celebration needed to be communicated through all the 

garments, with bold use of colour and form so that overall it expressed an element of 

the unknown while having some familiarity. The garments needed to be zero waste. 

The project was commissioned for a specified value, and the cost was required to 

come within that budget.

Motivation: The motivation for the project was in three parts - the motivations 

from the CG (director and costume director), the Research Collaboration (RC), and 

suppliers. 

The CG was motivated by the experimental, novel production process and the unusu-

al expressions possible which met the aesthetic and conceptual goals of the film as 

a whole (see the previous section of notions of the environmental ceiling and social 

foundation). Overall the director wanted the pieces to say something radical about 

the future of the textile and fashion industry, and through it, the future of the world. 

The RC was motivated by the opportunity to explore further the methods developed 

in Experiment 19, with the addition of a higher degree of complexity through the 

inclusion of colour and surface pattern. 

Suppliers were motivated by payment, and also expressed a desire to learn new 

processes and applications of their technology.

People: There are three groups of people contributing to the Planet City project, 

the CG who commissioned the project, the RC who designed and developed the 

outcomes in response, and suppliers who work on producing the outcomes and 

components. 

The RC needed to ensure that the CG  understood how different this design and 

production process was from a conventional process. No additional specific training 

was required; however, the project was experimental and a steep learning curve 

for the Research Collaboration. All contributors were on board with the project; 
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Yarn: The yarn is 100% polyester (monomaterial) and includes both regular spun 

yarn and NSK low melt yarn which shrinks when exposed to heat of about 100 

degrees C. The warp yarn is extremely fine and smooth, which caused issues regard-

ing fraying.  

Colour choices were driven by the CG (they asked for bold colours), and addition-

ally needed to have no green cast to them as the filming method used to capture the 

garments for film utilises a green screen. The yarn colour palette for the Feldspar 

dress was salmon pink, bright yellow and orange in the weft, and a black warp.

Weave: Structural weave bindings were determined by the form, and the need to 

weave the pleats/godet sections of the Feldspar dress in three layers. Additionally, 

weave bindings needed to allow for the NSK yarn to manipulate form. There is also a 

subtle surface pattern, and the final weave bindings are a combination of structural, 

moulding and surface bindings. No sampling was possible due to Covid-19.

Zero Waste Design Method in the context of Planet City
Evaluation process: How do the motivations, and the skills and perspectives of 

the people involved as identified in the ZWDT model impact on how an outcome is 

evaluated? 

The CG was used to working with a particular kind of design development process 

that is common in fashion design and costume design. The final expression of the 

Feldspar dress (and all of the Planet City garments) emerged out of an entangled 

holistic process which has no clear beginning or end. The evaluation process, there-

fore, needed to provide the CG with enough information that they felt secure in what 

would be delivered would meet the brief, while also understanding that the process 

is fundamentally different. Designs were “signed off” for production from digital 

renders, without sampling (due to the Covid-19 situation).

For the RC the evaluation process first assessed if the colours and surface structure 

were somewhat as expected, then that the structural elements were able to transform 

from 2D to 3D and that the seams were able to be cut without excessive fraying, and 

that the form constructed was as expected. 

however, it is essential that the relationships were developed and maintained 

through clear and regular communication between all members. 

In the case of the weaving mill, the Feldspar dress first prototype broke the warp yarn 

and so care was needed to be taken to reassure the business that significant modifi-

cations would be made to the outcome so it would not happen with the next version. 

Others involved include the 3D technician at the 3D lab at HDK who assisted in the 

production of the 1:1 3D moulds. 

Sizing: Size range was determined by the CG and was required to fit a women’s size 

40 at its smallest but also potentially fit an average-sized man. This was possible due 

to the use of the shrinking yarn, which meant that sizing was adaptable. Apart from 

the trousers which were designed to fit the mould and with three trousers across 

the full width, each design was planned as a single marker. The Feldspar dress was 

designed as a single size; however, the method of nesting and stacking the front 

and back pieces, and the shrinking yarn used would enable a range of sizes to be 

produced if desired. 

Min/max yield: Yield was not relevant for this project as it was an art practice more 

concerned by aesthetic and technical innovation. 

Plant: The primary software used is Clo3D, Scotweave, Photoshop, Illustrator.  The 

complexity of the weave bindings meant that Scotweave had to be abandoned as it 

could not manage the binding repeat size. The bindings were all produced manually 

on Photoshop. 

Loom details were gathered, including density, loom width, number of feeders 

etc. This became a key area of development for the project where the limits of the 

machinery were found, and in the context of the Feldspar dress, went beyond its limit 

(and broke the warp). 

The garments were all cut by hand with scissors. While a hot knife was tested, the 

finish was deemed too “plastic” and hard to utilise. 

The moulds were 3D scanned, and 3D printed or CNC routed. The Feldspar dress 

mould was CNC routed. 
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Sampling before final weave construction was not possible. However, the critical 

errors from the first round of production meant that adjustments were made for the 

second round.

The RC had a great deal of say over the evaluation of the final outcomes before post-

ing to the CG in the US. Before sending the finished forms, a video meeting was held 

to determine if the CG was satisfied with the outcome. 

Design Hierarchy: The garments needed to be zero waste and produced in an inno-

vative micro-manufacturing context in keeping with the project concepts. The pieces 

had to say something radical about the future of the textile and fashion industry and 

through it the future of the world. From the perspective of the RC, since this was part 

of PhD Research, the process needed to follow an experimental research practice - it 

was not a case of blindly following a provided brief.

Bold use of colour (with no green), using AI-generated surface pattern, and unusual 

form so that overall it expressed an element of the unknown, while having some 

familiarity. The form would have a dramatically full skirt that flares from the bust 

and a moulded upper torso. 

Construction Limitations: Loom density impacted on the number of layers possi-

ble (four layers for the Feldspar Dress), loom width influenced on the form pattern 

width, number of feeders affected the colour range. The Feldspar dress was initially 

planned on a white warp, however, it needed to be produced on a black warp and 

this changed the colour cast somewhat. The garment is 100% polyester (monomate-

rial). It includes both regular spun yarn and NSK low melt yarn which shrinks when 

exposed to heat of about 100 degrees C. Weave bindings needed to allow for the NSK 

yarn to manipulate form while also expressing pattern and colour, and producing 

structural form. 

Adjustable sizing was possible due to the use of the shrinking yarn, which meant that 

sizing was adaptable. 

As the warp yarn was so fine, any cuts in the weft direction would fray rapidly, and 

the hot knife resulted in a hard plastic edge to the cuts. Therefore, the RC decided it 

would be best to utilise a pre-finishing technique to arrest fraying when cutting (nail 

varnish).
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Figure 273: the Zero Waste Design Method 
model applied to Planet City: Feldspar Dress.
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Zero Waste Design Technique in the context of Planet City
A combination of analogue and digital tools was used, including clay for sculpting the 

3D scanned mould, CLO3D, Illustrator, Photoshop, Scotweave, paper models, and 

sketched weave cross-sections. 

The design techniques used in the Feldspar dress included the folding and unfolding 

methods in the godet/pleats in the skirt, as well as stacking and nesting to overlap 

the front and back pieces to maximise the difference in volume between the torso 

and the skirt form. This stacking and overlapping resulted in a very low-density torso, 

which enabled an interesting surface expression but difficulty sewing as it frayed 

profusely.

Due to the density of the loom, the maximum number of layers for the dress is four, 

which impacts on the folding methods used, and the surface and form expression.

CG supplied AI-generated surface patterns, and these were manipulated further in 

photoshop. 

Once the structural form and surface pattern were determined, they are combined in 

weave software to generate a weave-able file.
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Aesthetic language and expressions . 

Overall the experiments are either functioning to ‘convince’ in the context of the 

existing aesthetic language or to speculate and challenge the relationship between 

technology and expressional elements of the garments the technology produces. 

It is clear from the experiments that expression emerges out of the multimorphic 

entanglement of the method of design and production. Additionally, the techniques 

of flattening, axis, layering, etc. inform both the form and surface expression of the 

Textile-forms regardless of the method of production.  However, the degree to which 

the outcome is aesthetically different from what exists is, to some extent, up to the 

designer. For example, the unconventional aesthetics of the Planet City outcomes 

were due to the provided brief - but it is possible to utilise the same methods in 

another arrangement to control the fit of more conventional forms.

Designing garments using these methods can be derivative: that is, an existing form 

can be used as a typology template to make a ‘version of’. It also points towards 

ideas of adhering to current notions of ‘taste’ or commercial reality in terms of new 

methods for fashion design. The ‘version of’ concept initially arose from the oft-re-

peated request by companies to make a “zero waste version of” an existing garment. 

The t-shirts shown in Experiment 4 and 5 were the first outcome in response. Should 

new methods seek to fulfil expressions that already exist? How does that feed into 

consumption behaviours? Do we need a new way of making a shirt that we already 

have?

Depending on the development of the design, the techniques and methods used can 

generate vastly different expressions, because of the way the garment is produced 

and despite the ‘accepted’ origin. It is not only the direction and method of flattening 

that informs and directs the expression of the form, but the technology utilised in 

its manufacture also guides it. In the case of the t-shirt in Experiment 4, the design 

techniques used directly impact on the expression of the textile surface. The designer 

in this process can choose the areas where the emergence of the form should domi-

nate the desire for a particular surface texture, or when texture and weight are more 

important. When the sleeve is cut away from the shoulder in Experiment 4, it leaves 

a kind of trace or shadow of where it once was – the result of a change in weave 

density and the presence of cut lines. The change in weave density can be controlled 

somewhat utilising the variable yarn spinning method explored in Experiment 18. 

Alternatively, the use of this method and technique can exaggerate weave density 

variation.  Figure 275: The emergent aesthetic of the Moulded Woven Textile-form form Experiment 19
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The direction and method the form is flattened, further informs the textile design 

and resulting garment form - this is highly evident in Experiment 14 (Figure 276). 

The yarn and bindings selection is often chosen to highlight the impact of the method 

on the expression. The design of these Textile-forms is a dance between form, func-

tion and surface expression which is constrained – and enabled – by the technology 

used to design and produce them and the context this operates within. This line of 

enquiry explores the impact of technology on the expression of garments. Is it accept-

able that technology impacts on the expression of garments, and to what degree? 

While refining the process and aesthetic outcomes, the process object allows for a 

multilayered interrogation of the broader context to be undertaken.

On the notion of design agency, the deep entanglement of textile and form design, 

near and far-field, 2D and 3D perspectives can on many levels provide full control 

of the aesthetic outcome. However as many of these are interdependent, and can 

become ‘baked in’ at certain stages of the design process, it can seem as though 

design agency is partially removed from the hands of the designer. Indeed it could 

be said that the design and outcome of this process is a kind of ‘dance’ between 

technology, machines, material and designer, where each negotiates with the other 

in a multimorphic web on interconnections. This is a very different design process 

compared to conventional fashion practice and requires a different mindset. 

The production process chosen will impact directly on aesthetic, even if designed 

as the same Flat Textile-form, a woven version will appear entirely different for 

the same Flat Textile-form design that is constructed from existing textiles. This is 

because the weave structures impact directly on aesthetic language through both 

emergent forms and surface aesthetics. Therefore it is clear that in the contexts of 

these experiments, technology impacts on the aesthetic language of the outcomes. 

The technology, methods and techniques are selected as a result of identifying gaps 

in the lexicon of zero waste Textile-form design and construction - for woven textile-

based forms. Decisions are taken, which respond directly to the industry context 

and planetary boundaries identified in the Zero Waste System Thinking Models, 

which directly impact on the expressional qualities of the outcomes. For example, 

the fibre selection for the Planet City outcomes is a direct response to the decision 

to keep the outcomes monomaterial for ease of cyclability. This choice enables the 

use of heat reactive NSK yarn, and also results in a particular expressional outcome 

for the garments.  In summary, Zero Waste Systems Thinking impacts on the aesthetic 

language of the outcomes designed in the context of this approach, however the degree 

to which they impact aesthetics can be controlled through the use of different tech-

niques and methods. Aesthetics is a part - and an outcome – of a system, whether it is 

the existing one or a new one, it is important that designers take an active role in it.

Figure 276: The aesthetic of Experiment 14 is a result of the flattening methods and technique used
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The power that design welds in the context of environmental impact are well docu-

mented. Sandin et al. (2019) identify that approximately 80% of a garment’s climate 

impact occurs during production, and many of the production methods used are 

specified at the design stage.  However, it seems that the problems of the industry 

have been driven by an approach seeking to develop design or technical solutions for 

the existing system. The research argues that instead, we need to see it as a holistic, 

dynamic and creative practice capable of transformation of not only itself but also of 

the industries  and systems it is associated with 

In the fashion industry, in particular, design is considered one small part of a large 

and powerful system. The fashion industry is massively globalised and complex, and 

in response to these pressures, silos have been established or evolved to maintain a 

semblance of control. “Throughout the development of the fashion industry, we have 

sought to diminish complexity by dividing up the actions required to make a garment 

so that each person only needs to deal with their own discrete unit. However, we have 

merely spread the complexity out – making it harder to see, harder to wrangle, and 

far more inflexible. And now, when we need to change it, we say we can’t because the 

system is too complex” (McQuillan and Rissanen, 2020).

Further exacerbating this issue is that academia teaches students about only parts of 

this system.  At one leading textile and fashion school there exists Fashion Design, 

Textile Design, Fashion Management and Marketing, Textile management, Textile 

Economics, Textile Engineering, and Textile Value Chain Management programs - 

with limited interaction between the programs. This research argues that in doing 

this - in education and the industry - problems such as waste will always remain 

someone else’s responsibility. This research argues that instead, these problems can 

be holistically viewed through a zero waste design lens which can yield both expres-

sional and technical opportunities.

Zero Waste as a Design Method
The experimental field tests and interviews undertaken in Zero Waste as a Design 

Method outlined the contemporary problem and existing attempts at design-led 

solutions to waste. The problem is mapped through both first-hand practice and data 

collection in the form of interviews with successful examples. In mapping the current 

state of things, it became clear that treating zero waste design as a method to replace 

the existing design process in the context of the contemporary fashion systems is 

met with strong resistance that pushes back toward the status quo. As a result of the 

5 . CONCLUSIONS
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industries business model, complexity and long-standing traditions, the forces at 

play are so overwhelming, at least in large-scale industry, that change is challenging. 

The experimentation reveals so much about the dominant system due to the holistic 

nature of the design practice. The issue is not just in how designers design, but also 

the surrounding culture, structures and systems that maintain this established way 

of working. This stage of the research was deeply frustrating. It agrees with Barbara 

Adams when she states in Design as Future-Making “Designers are increasingly being 

called upon to contribute their particular knowledge and experience to the hornets’ 

nest of contemporary crisis exacerbated by the habitual default to obsolete systems.” 

(In Yelevich and Adams, 2014, p. 183). However, despite this frustration and resist-

ance, there are still avenues to explore.

It would be of value to test the application of the “Five conditions for successful 

zero waste implementation” (page 80) and the Zero Waste Systems Thinking Model 

for Cut and Assemble (page 84) at the outset of a project. All of the Field tests and 

interviews show an emergent rather than known zero waste design workflow. That is, 

those working on applying zero waste to their industry context, didn’t have an estab-

lished way of working to follow, and needed to develop it, and problem-solve as they 

went. Chapter 2 outlines a potential workflow for the fashion industry that captures 

many of the variables that need to be considered in a zero waste design process.  It 

would be of value to research the effect of this workflow and way of seeing being in 

place at the start.

Additionally, alternate business models need to be developed which consider the 

implications of holistic ways of thinking. Digital tools that facilitate holistic deci-

sion making in the supply chain are all positive directions that can be explored. In 

short, zero waste design can make the cut and assemble process less wasteful and 

damaging; however, the problem comes in the application into the linear design and 

production process. If changing the design process isn’t possible, then tools (such as 

the use of AI to retrospectively link marker-making efficiency findings with design) to 

better communicate the impact of decisions at all stages would become a necessity.

During the experimental field tests, this research found it was problematic to 

integrate a holistic approach into the existing linear fashion design and production 

system. The experience led to a profound personal critique of the fashion industry as 

a whole. This critique led to experimentation that explored new systems, shifting the 

research program toward transition design, and design and production methods that 

could work in micro-factory contexts. The goal of waste elimination through design 

was maintained throughout, however a more holistic consideration evolved through-

out the experiments – the findings relating to zero waste concerning yield versus 

waste reduction and its relationship to the circular economy, in particular, influenced 

the subsequent experimentation. The lens of waste elimination acts as a “decisive 

constraint” (Mose Biskjaer and Halskov, 2014) which enabled me to see the industry 

differently and was critical to the development of all the design methods used. 

Zero Waste as a Way of Thinking
Treating zero waste design as a method maintains adherence to the same way of 

thinking that plagues conventional design processes in the context of fashion and 

textiles. Approaching zero waste as a way of thinking instead, means that all actors in 

the development and manufacture of a product are part of the system aiming for zero 

waste. The factory worker, the CEO, the textile designer, the production manager, the 

garment designer - all have significant and interconnected roles to play in the devel-

opment of textile-based forms. The experiments that were undertaken in this section 

respond directly to the problems encountered as a designer in Zero Waste as a Design 

Method while aiming to continue to centre design practice as a means of exploration.

Zero waste as a way of thinking explored the development of a systems approach to 

design that built textile-based forms from two simultaneous (and directly related) 

perspectives. On the one hand, from the fibre scale outward, and on the other, 

from the environmental crisis inward. On the other hand, design and production 

decisions in this approach are made as a consequence of the environmental limita-

tions imposed upon design and production. Zero Waste Systems Thinking contrasts 

strongly with conventional anthropocentric systems in which the ecological and 

social implications travels from the desired aesthetics of a product outward – which 

can only attempt to minimise harm.

This research identifies three phases of transition from existing ways of thinking and 

working to the kind of holistic, regenerative system needed (Figure 278). The experi-

ments in Chapter 2 are primarily complementary to Phase 1 - finding “better” ways of 

working within the context of the existing linear system. The experiments in Chapter 

3 primarily address Phase 2, which seeks to escalate the potential for change to a 

circular economy by considering zero waste as a way of thinking. They also propose 

design and production approaches viable for Phase 3, which would aim to deeply 

explore ideas for the development of a regenerative micro-system. 
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The circular economy often relies heavily on the use of seemingly perpetually recy-

clable synthetics such as polyester. “The circular economy seeks to replicate nature’s 

cycling, and one of its premises is that infinitely reusing our industrial materials 

can make commerce compatible with nature.” (Banwell et al., 2020). However, our 

human-made cycles always leak – either energy or materials or both. Banwell et al. 

argue that we need to “think of fashion systems as inside natural ones (rather than as 

having separate biological and technical loops).” In summary, their argument against 

petrochemical fibres can be summarised as: 

“Since so-called “infinitely recyclable” synthetic polymers last for only 10 or so cycles 

(and most plastics for only two to three cycles) even a long-lasting synthetic polymer 

must be designed to return safely to the soil, either slowly, like wood, or in response to 

a chemical switch, like bone… This means there is no alternative to the phasing out of 

non-compostable materials like polyester, and new fibers, however “recyclable,” should 

not be developed if there is no natural decomposition for them…. we see that the laws of 

physics ensure polyester, even when recycled, will ultimately be a pollutant.” (Banwell et 

al. 2020, 9–11)

Banwell et al. present the use of bio-synthetics produced through fermentation and 

genetic modification as a solution to replace petrochemical fibres. However, Burgess 

and Daniels (2020) in their analysis of this report, point out several potential issues 

with this approach, from the perspective of inputs and outputs and in questioning 

their ability to biodegrade safely. They point out that we are currently unable to 

produce bio-synthetics at scale, and meanwhile, plastics are continuing to pollute our 

environment at ever-increasing rates. Burgess and Daniels also highlight that particu-

larly at the industrial scales required to replace petrochemical production, it will be 

impossible to prevent biosynthetic organisms from escaping and becoming pollutants 

themselves. 

At the start of my PhD, I lacked a strong critique of the reliance on polyester in a 

circular economy. I felt that we just needed to use it in the right products and develop 

systems for recovering it. This position has changed in light of emerging information 

about microplastic pollution. In the context of whole garment weaving, the use of 

polyester appeals because of the ability to heat seal polyester seams to prevent fray-

ing. In Planet City, we used a hot knife to cut some of the edges, and my experience of 

cutting these garments was to encounter the toxic-smelling fumes of melting plastic 

and a hard plastic-feeling cut edge. When I did not use a hot knife, the fine polyester 

PHASE 1 
Application of ”better” ways of 
working within the context of 

the existing linear system

PHASE 2 
Implementation of a circular 
economy by considering zero 
waste as a way of thinking.

PHASE 3 
Implementation of 

hyper-local regenera-
tive micro systems. 

Three phases of transition:
From existing ways of thinking and working to a 

holistic, regenerative system for fashion and textiles.

Figure 278: Three phases of transition. The re-
search in Chapter 2 primarily addresses Phase 
1, while Chapter 3 and 4 provide examples of 
methods, processes and aesthetics for Phases 
2 and 3.
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filaments got everywhere, including my nose, mouth and throat. While some of these 

effects could be mitigated in an industrial context with the use of extraction systems, 

there remains the microfibre pollution problem. 

We need to transition to natural fibre-based regenerative micro-systems. Radically 

local systems of fibre and form production, with a profound reduction in resource 

use through zero waste design and production strategies, the elimination of overpro-

duction and halving of consumption. Timo Rissanen, on a recent social media post 

(2020), states that he believes we need to determine how much fibre we can safely 

produce based on what the “capacity of current land used for fibre production is, 

once all fibre production has been converted to regenerative/carbon farming”, and 

use that as our limit to production. He continues by observing that “the industry is 

still in a mindset of limitless production, mainly made ’possible’ (but not really) by 

synthetics derived from fossil fuels that are not bound by limits of land use.” I would 

add that the industry needs to stop expecting to develop a ‘drop-in’ technological 

solution that enables infinite production and consumption without impact. In a 

transition to natural fibres based regenerative microsystems – so as we do not repeat 

the mistakes of the existing one – we need design and production methods designed 

for these systems. 

This research questions how technology can further shape form-making and how 

design can inform technology. The experiments seek to explore the aesthetic and 

technical implications of making in this way. There is a shortage of design methods 

that creatively operate in the spaces identified in Phase 2 and 3 - mostly solutions 

are driven by technology and tools such as LCA, not design. This research attempts 

to populate the area of zero waste woven-form design and construction, adjacent 

to existing fields of 3D printing/moulding, and 3D knitting. A range of techniques, 

methods and ways of working have been proposed - and these need to be continued 

to be explored. Broadening the scope of expressional outcomes is required to prove 

this approach has long-term viability.

Further research would also be valuable in the context of fibre and weave structure 

development - significantly to solve issues of density, and fraying. Digital tools are 

needed to facilitate the design to production process. There is a further opportunity 

for research exploration in this emerging space from an engineering perspective in 

the development of new machinery and add-ons to existing looms and CNC cutters. 

Engineering research is needed to develop the ability to daisy-chain yarn spinners 

with a loom, and CNC cutting with looms to facilitate the micro-factory context these 

methods are imagined as existing within. Even more boldly, this research proposes 

the need to continue to develop strategies that integrate with regenerative agricul-

tural practices. These hyper-local practices would require a significant reduction in 

production and a redistribution of manufacturing locations. This would ensure a 

deep connection between the ecology and society of the local culture and environ-

ment in the context of the zero waste system, and everything that emerges out of it. 

Designers need to be systems thinkers - but not in the sense that they forfeit creativity 

and craft for spreadsheets. We need to develop the methods and tools for all design-

ers to understand, contribute to and interact with the development of new systems in 

a meaningful way.

Findings on Zero Waste Systems Thinking
The theoretical models for Zero Waste Systems Thinking and Textile-forms in this 

research are entangled and interconnected - however, it is possible to explore them 

each in isolation. A fashion designer could use the Textile-form theory to expand 

their understanding of the role they take in the creation of form from textiles, with-

out considering waste on any level. Likewise, someone exploring Zero Waste Systems 

Thinking does not also need to design Textile-forms, or even be a textile or fashion 

designer. The context of Zero Waste Systems Thinking can be in any field that creates 

a physical outcome with the goal of eliminating waste at all stages. Regardless of the 

particular field they identify with, the designer will need to think multimorphically. 

Textile-form thinking aids in a deep action and practice-centred understanding of 

this way of applying zero waste thinking. The Textile-forms presented in this research 

dismiss the problematic perspective of waste (or sustainability or circularity) being 

only a management or technical consideration. In the Textile-form understanding of 

ZWST (Figure 279), the role of the designer and the act of designing Textile-forms 

is inherently holistic – it is central to the reimagining of the systems of design and 

manufacturing. 

The physical Textile-form outcomes embody the systems thinking approach advo-

cated for by ZWST. In ZWST, the kinds of methods supported are only those that can 

be inherently zero waste (such as 3D knitting), and where form, material, design 

and production are deeply entangled. To design a Textile-form, the designer must 

understand the technological context it is situated in - ZWST asks that the role of the 

designer is expanded to encompass the social and environmental context as well. 
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Zero Waste Systems Thinking requires that the designer understand and act at the 

level of the system while developing the product that will result from that system. It 

encompasses multiple perspectives simultaneously – that of the material it is made 

from and where it comes from, the form, its design and who it is for, its construction 

context and the waste it produces, the industry and society it is situated within, 

and most importantly, the Earth. Any object design as a result of this way of think-

ing embeds in it the care that has been taken.  This multimorphic way of thinking 

is exemplified through Woven Textile-forms which use materialities to structure, 

systemically investigate and articulate the alternate futures of a radically reimagined 

material world. 
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Areas for Future Research

While the research attempts depth in areas, the field explored remains wide open for 

further exploration.

• Further experimental practice to find novel aesthetic outcomes. Methods of 

flattening that influence expression. 

• Development of digital tools to facilitate the translation process from Flat 

Textile-form to Woven Textile-form. 

• Primarily it is jacquard weaving that has been explored. Still, there is poten-

tial for these methods to be applied in the context of the biological textiles of Diana 

Scherer, and Kate Goldsworthy’s work with Laserline (Goldsworthy, 2012), both of 

which require flat-beds for production. 

• Flat Textile-form for non-garment Textile-forms.

• Visualisation of multimorphic.

• Interaction with broader systems approaches like Regenerative agricul-

ture (Francis, 1985; Fibreshed, 2018; Gosnell, Gill and Voyer, 2019), through a 

Regenerative Micro-systems (Figure 280) approach to move away from synthetic 

fibres (unless issues of microfibre pollution can be solved or deemed safe). This 

would also include experimentation in smaller scale micro-factory machinery (TC2 

loom). And the further exploration of the potential of yarn spinning for this process. 

• There is potential to explore the use of the ZWST model in a non-textile 

form context – what would it look like for other fields relating to the built environ-

ment.

• Education and Industry: how can both ZWST and Flat Textile-form design 

methods be utilised in industry and education context. Research and development of 

the processes required for application/use by others.

Limitations of Research

This research traverses a broad, holistic field from the application of zero waste 

design processes in the context of cut and assembly, through to the development of 

novel design and production methods for textile-based forms, through to the articu-

lation of foundation and instrumental theory for both Zero Waste Systems Thinking 

and Textile-forms. Taking a  systems focussed approach can lead to a massively 

sprawling research program, so for brevity this research focussed on textile-based 

garment forms as the lens to explore existing and future systems through.

The theoretical models have only been tested in the context of this research - three 

field tests, interviews, and retrospectively on the Textile-form context. Further explo-

ration of these models in other contexts, other companies, other practices would be 

helpful to determine the broad application and impact of this way of thinking. At the 

time of writing the models are being reviewed for use in other case studies.

The findings relating to Zero Waste as a Way of Thinking are only explored in the 

context of textiles and garments. While the results could be extrapolated to other 

textile-based forms to a certain degree, further exploration with non-garment forms 

would be valuable. Non-textile forms are not explored at all - further research would 

be advantageous. 

Methods outside of cut and assemble and the weaving of Textile-forms were not 

explored. Knitting was an area assessed to be not in need of as much research as 

weaving - however, a ZWST lens might yield some interesting insights for knitting.

This research is in artistic design practice. Therefore the observations from the 

perspective of business models, and the development of new technology come from 

a designers view. It would likely be interesting for research in this field to occur from 

other perspectives. 

The research, as a whole, is futures-driven. Widespread, large-scale application in 

industry is neither possible nor desirable at this time. 
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Figure 280:  Future research could 
explore how the Textile-form design and 
production processes fit into a wider 
system including agriculture and society
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APPENDIX Documentation of Interviews with analysis

The following is a reproduction of the full interviews undertaken and discussed in 

Chapter 2. The analysis first appeared in the licentiate: Zero Waste Design Thinking 

(2019) - for further information please refer to that publication.
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Mary Beth McDermott: Kenneth Cole 

Kenneth Cole is a 30-year-old American fashion brand which 

initially began by selling footwear and are known for their strong 

stance on social justice issues. They now have an extensive 

product offering for men and women’s footwear and garments. 

In 2017 Mary Beth McDermott was the designer responsible for 

the development of a zero waste women’s t-shirt.

Q. How did the concept for the zero waste tshirt begin?

I had been toying with the idea of a commercial applications for 

Zero Waste design since our [Make/Use] workshop at Parsons. 

I didn’t immediately have an obvious outlet in my professional 

life (as Design Director of Knitwear, Women’s at Global Brands 

Group).  In early 2016, we heard that we were getting the 

license to design RTW for Kenneth Cole, and I saw it as the 

perfect opportunity to develop a capsule collection of entirely 

Zero Waste garments because of Kenneth Cole’s history of social 

activism. I proposed this to the Creative director and VP of 

design, who loved the idea, but wanted to start with a t-shirt. 

Q. Relationship between initial design, zero waste pattern, 

sampling and final outcome – What was the work flow like?

I was the one who proposed this project, and was given full 

control of design direction and execution. I was expected to do 

sourcing, design, sampling and the tech work with the factory.  

I normally worked every day with the leaders of all of the other 

departments on other knitwear projects, which was a distinct 

advantage in explaining and getting everyone excited about the 

project.

Q. How did you approach the design process regarding 

things such as fabric width, was fabric selected first for example?

Since we were going to be using our current fabric supplier and 
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factories to create this t-shirt, the first step in the process was to 

meet with our VP of fabric sourcing to discuss fabric sourcing.  

All t-shirt fabrics are knit on circular machines whether in jersey, 

rib or interlock. Once off the machine, typically a glue stripe is 

printed on the tub which is then slit in two, allowing factories 

to process the fabric flat. When the fabric is dyed, printed, or 

finished, usually fabric is pulled along machine using pin stints 

along the edge. Pin stints leave tiny holes and many times rips 

and tears in the selvedge. Between the glue and the pin stinting, it 

became clear that we needed to work with the fabric in a tubular 

form, which would present an entirely new set of challenges in 

finding a factory willing to deal with cutting fabric that arrives in 

tubular. 

Since we would be working with fabric in tubular, it made the 

most sense to develop yardage in a fine rib since it lays flat when 

cut.  However, rib adds weight to fabric and we wanted to keep 

the t-shirt light, so that meant using a superfine yarn count to 

knit. We looked at swatches in 100% cotton, organic cotton, and 

cotton blends. Ultimately, we decided to knit sample yardage in a 

cotton/modal blend. The color (black) was dictated by the rest of 

the collection. 

Q In terms of goals what were the main concerns for the 

design? Was there a hierarchy (was fit more important than 100% 

zero waste for example), how did it change over time?

My main concern for design was always to revamp traditional 

manufacturing by creating commercially viable processes for 

minimal waste garments. It was essential that these garments 

were able to be graded in a full range of sizes if we are going to 

create successful systems.  The choices I made throughout the 

design process were always with this focus in mind. 

Q Was the product designed to ‘replace’ an existing one in 

your line, or designed as a completely new offering?
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This was a new offering at the relaunch of new brand. This 

allowed me to focus on concept rather than trying to fit into an 

established merchandise idea. 

Q How do you think this may have impacted on the design 

process?

We also intentionally positioned the Zero Waste t-shirt as 

a novelty tee, so that it did not compete with any basic tee 

program that we would develop. This also release me from the 

constraint of trying to hit an established cost.  The tee needed 

to be in the realm of other novelty shirts, but our merchandis-

ing partners were open to a range of pricing.

Q. Was it important the design met goals regarding Yield 

(did you make comparison to similar products) or was the focus 

on achieving zero waste and a particular fit and design aesthetic. 

We intentionally went with a generously fit tee, so that it did 

not compete with a ‘basic’ tee, so there was no pressure to 

conform in that sense. It was assumed that the fact this was 

zero waste garment would maximize yield and compensate for 

this being a larger garment.  

The only concern I had was from a sales/ minimum fabric point 

of view.  Every fabric factory has a minimum order quantity 

to knit custom fabric.  We would be forced to buy this amount 

regardless of what we sold. And, obviously, if we had left over 

fabric that we did not need to cut, there would be waste.  The 

plan was to cut exactly what we needed and use any remaining 

on a long sleeve tee I was developing for the following season.  

This is not a perfect solution, but the best we could do within 

our sourcing system.  Unless we owned our own fabric mills, 

and/or retail stores, there is no good way to control these 

numbers. 
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Q. Were the cost/price point goals the same for the zero 

waste garments as for regular pieces?

The cost had to fit within the overall cost structure of the 

line, but not a specific price bucket.  It did need to meet the 

“perceived value” test….. meaning, “does this look like it is 

worth $x to our final consumer?”  That is a very subjective 

marker, because each market level perceives what it expensive/ 

inexpensive differently. In the designer market, a $200 t-shirt is 

normal, but in the world of mass market, anything over $12 is 

too much.  T-shirts in the contemporary market go for anywhere 

between $40-100, depending on cost and perceived value.

Q Did you design the whole marker, or pieces that would 

work together (simple geometric shapes for instance).

I made the pattern, first sample, and marker, which is very 

unusual for a large company. Normally, I would be responsible 

for the idea, sketch and maybe a tech pack.  For me to work in 

our sample room and actually do pattern work caused quite a 

stir at work. Everyone that I worked with stopped by to ask what 

I was working on, because designers, and especially, design 

directors did not make patterns.

The pattern is in simple geometric shapes to make it easier 

for the factory who was producing the garment to work with. 

I wanted to come up with a plan that allowed the factory to 

“lay-up” the fabric and cut in the tubular shape it arrived in, as 

opposed to forcing them to slice it, and attempt to unfold and 

lay it flat.  

Q. If you designed whole markers, how did you approach 

grading?  What size range did you work with?  Were all sizes zero 

waste?

Since this was a generously sized tee, we decided in conversa-
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tion with sales/ merchandising, to sell this in bucket sizes (xs/s 

and m/l).  I used a standard 1 1/2x grade between the sizes 

and came up with a plan to cut some panels narrower and some 

wider on each tee and then swap them so that all the smaller 

panels created size 1 and all larger panels created size 2. 

Q How did machinists deal with any complex pattern 

forms, sewing difficulty, new methods of construction? Was this a 

consideration in the design process?

I did everything I could think of to make this easy for the 

factory to follow. I cut and sewed a “sew-by” sample, made a 

pictorial diagram of how to cut and sent an unsewn sample 

for them to follow, and held countless meetings in NY with 

our production staff to make sure they all understood what we 

were trying to achieve. But, with all things new and different, 

there is always a learning curve. 

The yield for each size is approximately 1 yard. But the first 

counter sample factory sent back used over 3 yards per garment 

and wasted huge amounts of fabric. I kept the pattern they sent 

with it because it was so ridiculous. Eventually, after a number 

of emails back and forth, and the involvement of numerous 

VP’s both on the NY team and the team in Asia, we finally got 

the factory to understand. 

[The factory] still had some legitimate concerns about sizing 

in production. Normally they are only allowed a tolerance of ½ 

of the measurement grade to be off spec.  When you consider 

that fabric widths can vary significantly (1-3” in width per lot), 

if they were forced to use all the fabric from edge to edge, the 

sizes in bulk wouldn’t necessarily hit spec (or pass inspection). 

We needed to agree in writing to accept the sizing, however 

it came out based on the width the fabric arrived from the 

factory.  This is way outside of the boundary of normal accept-

able practice for most large manufacturers. And, as you can 
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imagine, made some on both teams a little nervous. 

Q. What were the main issues you faced when designing the 

garment, from management, design and manufacturing etc?

I think my biggest challenge in designing this garment was 

figuring out how to grade the garment for multiple sizes. At first, 

in my discussion with the VP of fabric, we discussed knitting the 

tubes in varying widths. This could be a great solution if you 

have large orders because each width would be a different size, 

and could be knit to order. But with our smaller project, it was 

important to limit to one width and make it work for multiple 

sizes. 

After many discussions with the Creative Director, merchandis-

er, and production, I came up with the plan we used to create 

bucket sizing and shuffle pieces to create a larger size and a 

smaller size. In theory, if fabric was knit in 3 different tube sizes 

and the same technique was used, 6 sizes could be achieved, 

from xs-xxl. This for me would be an important break through in 

making Zero Waste accessible to everyone. 

Q Do you apply any of things you learned in this process 

in ongoing garments or collections – In what way has zero waste 

endured in the company, would the company do it again?

I still primarily design Fully Fashion knitwear currently, so I 

haven’t had a chance to explore this further in a commercial 

setting.  However, I do have my students creating zero waste 

tees as part of their collections this semester.  

A former student of mine was working at GBG after I left and 

part of his responsibilities were to develop sustainable prac-

tices for Kenneth Cole including developing the additional 

Zero Waste garments. He worked for months to come up with 

strategies, but found that it was very difficult to get the various 
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departments (design, tech, sourcing, production, etc.) to work 

together. Ultimately, nothing was adopted despite the fact that 

management green-lighted this initiative to begin with.  My 

student echoed my belief that it takes someone of a director 

level or higher to shepherd the project through from concep-

tion through production in order to make effective change in a 

large corporation. Everyone is just so used to working a certain 

way, and busy trying to keep everything going, it would really 

take true leadership to steer the ship in a new direction. 

Q Is there anything else you might like to add?

I suspect, after re-reading my responses to the questions above, 

there is not as much information about the actual design 

process as you might be interested in.  For me, designing zero 

waste garments is like solving a puzzle. I use my extensive 

experience in creating knitwear shapes and try to figure  out 

creative ways to get the pieces to fit together.  I really enjoy 

working on design from this perspective, but have seen first 

hand with my students, how this is not everyone’s cup of tea. 

Partly, I think students may not have as much of a base pattern-

making knowledge and they get frustrated with the fit and 

shaping aspect (if you take something from one place, it has to 

end up somewhere else.)

I also think that some designers just don’t enjoy this method of 

designing with this sort of limitation. Their priorities may be 

purely aesthetic, or completely functional, but trying to make 

all of that work without wasting an inch of fabric is just too 

complicated for some. 

I keep telling my students that resource shortages will be a 

reality within their lifetime and will affect what they are able 

to design in their careers. Mostly, I get blank stares right now, 

but, hopefully, enough of a seed is planted in the back of their 

minds to get them thinking about new and creative solutions to 

keep moving fashion forward despite whatever happens.
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Simone Austen: Hessnatur

Hessnatur is a German sustainable fashion design brand with a 

40-year history. The Hessnatur Zero Waste Capsule Collection 

was sold from SS15-SS17, for five seasons. Simone Austen was 

a designer involved in the inception and development of the 

collection.

Q. How did the concept for the collection begin? 

I initially asked the former head of design if a zero waste collec-

tion would be of interest for Hessnatur with garment examples of 

my Bachelor of Arts collection in the beginning of 2014. I thought 

it would be a great match for Hessnatur as a sustainable company. 

Q. Relationship between initial design, zero waste pattern, 

sampling and final outcome – What was the work flow like?

At the beginning of each season, we first talked about possi-

ble, easy understandable styles and accordingly to that fabrics 

which might make up a capsule collection, then afterwards I 

started writing to the fabric suppliers to check fabric widths. 

After having received those, I started working out the patterns. 

Having finalized that we started sampling and then fitted the first 

protos, eventually made changes on the pattern/workmanship/ 

draped things differently on a mannequin. After that, we received 

photo samples, and after refining them again the styles went into 

production. This process until production took about 5-6 months. 

The designing process started always 1 year ahead of the season 

and the garments were produced about half a year before they 

were sold instore.

Q. How did you approach the design process regarding things 

such as fabric width, was fabric selected first for example?

Mostly, I started searching for suitable inspirations such as drap-

ing techniques/garments which would be good to be translated 
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into zero waste. Also, I used a lot of my Bachelor ideas and devel-

oped them further. Fabric was mostly second, although after a 

while I had a certain “pool” of fabrics which I used over and over 

again because of its behavior or a very convenient fabric width for 

certain styles.

Q. In terms of goals what were the main concerns for the 

design? Was there a hierarchy (was fit more important than 100% 

zero waste for example), how did it change over time?

At first, the idea of zero waste was most important, especially for 

marketing reasons. At the same time, we focussed on easy designs 

which could be recognizable as zero waste designs at first sight. 

Later the fit became more and more important. The zero waste 

collection was more and more compared to the regular collection 

and needed to be improved more and more in terms of fit and 

wear ability.

Q. Were the products designed to ‘replace’ an existing one in 

your line, or designed as a completely new offering?

The products were created as a whole new offering.

Q. How do you think this may have impacted on the design 

process?

This allowed the design to be a bit more expressive, to show some 

“design” which extended the design language of the prevailing 

collection.

Q. Was it important the design met goals regarding Yield 

(did you make comparison to similar products) or was the focus on 

achieving zero waste and a particular fit and design aesthetic.

At first, it was only a try to make such a collection and the main 

reason for it was maybe the aspect to use it for marketing reasons, 

so the focus was on designing a special shaped garment that 
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would indicate its design background.So the yield wasn’t too 

important at first. 

But for the following collections the importance of yield grew 

more and more. For certain products, such as a basic shirt, the 

yield wasn’t actually too bad in comparison to similar products 

of the regular collection. For more complicated products with 

draping details, the yield was not as good when compared to 

similar products.

Q. Were the cost/price point goals the same for the zero 

waste garments as for regular pieces?

Yes, basically the same.

Q. Did you design whole markers, or pieces that would 

work together (simple geometric shapes for instance).

Yes. I worked together with my technician to find the best work-

manship options and embedded them into the patterns.

Q. If you designed whole markers, how did you approach 

grading?

We had some pieces in one size only which would fit size 

36-size 42. All other garments had basically 2 sizes- size S/M 

and size L/XL. As time was very short to do the grading for a 

whole size set and I also had to work on the regular collection 

mostly, we only developed 2 sizes.

Q. What size range did you work with?

One size fits all, or size S/M and L/XL

Q. Were all sizes zero waste? 
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I am not sure if Hessnatur would start a collection like this 

again- but I think it was a good thing- some products were 

running well, others were maybe to expressive and complicated 

for the customer. 

In the end I guess it was not a tool to increase the yield but to 

express idealistic values. In that way I think it benefitted the 

company’s image a lot.

Yes, except for the selvedge which was cut off.

Q. How did machinists deal with any complex pattern forms, 

sewing difficulty, new methods of construction? Was this a consider-

ation in the design process?

At the beginning, I informed our suppliers about what the goal 

of the collection was: using 100% of the fabric, that’s why they 

would need to follow my patterns quite close to make that 

happen. As we worked very closely with our suppliers and visited 

them often, this was not a problem and worked out quite well. 

Also, we had deviations in fabric width for production sometimes, 

but the suppliers informed me about that and we solved this 

together.

Q. What were the main issues you faced when designing the 

collection, from management, design and manufacturing etc?

I felt like the fabric width often limited the grading/size range- 

there were sometimes critiques from customers who asked for 

different sizes- but I guess if I had more time this would have been 

possible to solve. 

Also, in the end, the price-performance question was very present 

and it was discussed a lot if the zero waste collection was worth 

its cost…

Q. Do you apply any of things you learned in this process 

in ongoing garments or collections – In what way has zero waste 

endured in the company, would the company do it again?

The connection and interaction between fabrics and the perfect 

garment to be made out of it is I think a very important thing 

I learned and deepened during this process. This has kind of 

formed my understanding for design very thoroughly. 
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Emma Churchill: Emroce

Emroce is a small zero waste swimwear brand started in Italy 

by New Zealander Emma Churchill. All of her product range is 

zero waste and she incorporates the pHilosophy holistically, for 

example saving thread remnants to use in other products.

Q. How does the concept for each piece begin?

First of all with the necessity to offer those classic pieces. The 

low waist bikini bottom, the high waist bottom, the simple 

triangle, the one piece. etc. If there is waste left over from the 

layplans of those pieces I will be planning to turn this waste 

into new pieces at the same time. For example the Mangia 

fuoco bikini top which is made from the bits in between the 

highwaist pattern pieces. Perfect unity (See pattern oppocite.) 

 The other main influence is my want to create func-

tional pieces for surfing. Swimwear that covers up and stays 

on. Sometimes I’ll see other styles or features that are function-

al, beautiful and that i can create with a zero waste layplan.The 

concept is sometimes influenced by what [my customers] are 

asking me to make.

Q. What is the relationship between initial design, zero 

waste pattern, sampling and final outcome – What is the work 

flow like?

I have had designs work perfectly with the very first pattern 

(Karmakiss) and I have had others which were so difficult but 

too beautiful to let go of (Mountain top). There are others 

which I’ve had to abandon.  

 These are small pieces so it generally doesn’t take 

too long to sew the samples. I do everything my self or with 

one other person so if the first sample doesn’t work I can often 

unpick and make alterations. It’s a great excuse to visit my 

friends for the fit modelling and usually I will only need to 

make 2 or 3 samples before the final piece is ready. As long as I 

keep the momentum up a new design can be finished within 1 
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to 3 days. The main point in which I lose time is when I’m staring 

into my paper with numbers multiplying and dividing, trying to 

fit everything on to the width of the fabric. I’ve learned to think 

about the zero waste yield only a little along the way. It’s best to 

keep it till the very end and to tweak the pattern slightly if I need 

to. 

 Unless I have a deadline or an order I let my workflow 

happen quite organically. Sometimes I feel extremely motivated 

to make new styles, sometimes I just want to produce in prepa-

ration for the coming season, sometimes I want to update my 

website. I feel like I get more done and make less mistakes this 

way. 

Q. How did you approach the design process regarding things 

such as fabric width, was fabric selected first for example?

In the beginnning I had no idea of what I was doing. After a lot of 

trial and error, making quite a few horrible designs with unsuit-

able machines, and jumping out of bed to scribble ideas down in 

the middle of the night, I eventually realized that It was all about 

the fabric width. I already had my fabric.  

 The fabric was actually the whole reason I began 

to make swimwear. I disovered Auria swimwear and read 

that they were using the econyl recycled nylon. Before that I 

always believed that all clothing could be sustainable except 

for sportswear. I wanted to jump into that opportunity straight 

away and swimming was my favorite thing to do so it just made 

sense. I didn’t check to see if there were other sustainable sports 

fabric out there. I just didn’t think there would be and sadly I’m 

surprised to see that there still aren’t many other options availa-

ble. 

 My machines also determine what I can do with the 

design. I have limited space so to finish the garments I have a zig 

zag machine which can do a straight stitch for sewing darts or 

other projects.  

 Because they are small pieces I don’t just work with 

one garment. I work with lay plans which make between 2 to 20 
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lay plan and I set these aside to make frills for the childrens 

swimwear. I save all of my thread ends to be used as cushion 

stuffing. 

 When I first started, zero waste patternmaking was 

more of my design concept and something fun, economical 

and sustainable to play with. Now that there is a movement of 

people living zero waste lifestyles I feel more encouraged to 

work in this way for them and they’ve made me see the necessi-

ty to not just design my lay plans to be zero waste but to create 

an entirely zero waste business model.

Q. Did you design whole markers, or pieces that would 

work together (simple geometric shapes for instance). If you 

designed whole markers, how did you approach grading? Are all 

sizes zero waste?

I design whole markers. I make one size first, I offer that design 

in all sizes and make to order if it’s asked of me. Each size has 

it’s own layplan.

Q. How do machinists deal with any complex pattern 

forms, sewing difficulty, new methods of construction? Was this a 

consideration in the design process?

Because I work with mainly straight lines I think the sewing is 

actually easier than it otherwise could be. The machinist works 

with me. We produce small runs of 5 or 6 pieces a time in a 2 

person production line, them on the overlocker, me zigzag-

ging or finishing. I will show him or her the first seem putting 

emphasis on how I hold my hands. S/he will run through those 

and so on. 

 This was actually the reason of why I wanted to start 

working with whole rolls of fabric instead of recycled garments 

or sheets. With too many variables in the fabric it is hard to 

mass produce. I really want to compete with the fast fashion 

industry and prove to them that this method of zero waste 

design is economically viable and can can also be used to make 

garments with 2 or 3 different sizes or designs within the same 

layplan.

Q. In terms of goals what were the main concerns for the 

design? Was there a  hierarchy (is fit more important than 100% 

zero waste for example), how does the hierarchy change over 

time? 

A swimsuit is such a tiny, revealing garment that I feel like i 

can’t give a hierarchy to one thing or another. It must fit well, It 

must function well and it must be zero waste.One concern that 

has recently changed for me is the durability of the swimsuit. I 

see a swimsuit as a tool but most people see it as an accessory 

so they like to have 2 or 3 on hand and a new one every year 

or so. At the moment I use a thicker than average lycra. I also 

use a polyester thread and a nylon thread to stop seems from 

breaking. I was worried about using biodegradable fabrics 

and natural rubber because of the durability factor but now it 

seems to me that it could be better that the swimwear is more 

of a disposable item and is completely biodegradable.  I will try 

to make some zero waste  swimwear with 100% natural fibres 

but I will still offer the recycled nylon swimwear for those who 

need it.

Q. Was it important the design met goals regarding yield 

(did you make comparison to similar products) or was the focus 

on achieving zero waste and a particular fit and design aesthetic. 

My yield goal is that every lay plan is zero waste. That, 

combined with my rules that it must fit and function well. I 

really like working within these tight but simple parameters. 

It forces me to be more creative and come up with something 

new. I only look at aesthetics with the colours or prints I choose 

to use. Otherwise I leave them to be controlled by my layplans. 

Sometimes I have little triangles left over in the corners of the 
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Tess Whitfort: R Collective

The R Collective is an upcycled fashion brand with a mission to 

create clothes using waste materials that was born out of Redress, 

the pioneering Hong Kong-based charity working since 2007 

to reduce waste in fashion. Avoidance is a zero waste collection 

designed by 2018 Redress Award winner Tess Whitfort, released 

in 2019.

Q. How did the concept for the Avoidance collection begin?

The main goal I had when starting out was creating a sustainable 

collection that was really different to trends commonly seen in the 

sustainable fashion sphere. I wanted to diverge from that whole-

some, natural style often associated with ethical dressing and 

create sustainable fashion that has streetwear influences and a bit 

of edge. The challenge here is that the collection also had to work 

for The R Collectives brand aesthetic, which is extremely different 

to mine. So the starting point was looking at ways of toning down 

my style while preserving my design signature and simplifying 

my approach to zero waste pattern cutting so it can be applied to 

manufacture. Conceptually, I wanted the collection to be personal 

and reflective of my personality and views, the collection is tech-

nically womenswear but has definite androgynous leanings which 

aim to break down gender barriers and norms. We chose the 

name “Avoidance” because the Collection is all about “avoiding” 

waste, through zero waste pattern cutting and upcycling dead-

stock textiles. The word “avoidance” also resonates with me on 

a personal level as I’ve struggled with anxiety and mental illness 

my whole life and avoidance is my biggest coping method and 

mind trap. So the concept of avoidance is something that I’ve had 

to overcome a lot in order to be where I am now. Creating a collec-

tion called “Avoidance” therefore feels quite cathartic.

large quantities. I want sustainable fashion to be affordable so 

that the average Joe Bloggs can learn to make informative choices 

of which clothes he should be buying and why.

Q. What were the main issues you faced when designing your 

pieces?

My main issue before was that all bodies are so different, and 

these are tiny, tight fitting garments which on one size M will look 

great and another will cut in, in all the wrong places. It makes you 

feel like you’re failing as a fashion designer. That the product isn’t 

good enough. But I’ve stopped searching for perfection because 

it’s not always possible. 

 Now my issue is that the fabrics that I’d like to use and 

that should be available, aren’t there. I know momentum is slowly 

picking up on this but there should be a swimwear fabric that is as 

luxurious as Jersey Lomellina’s Renew Prime but is biodegradable 

(without the petrochemicals) or perpetually recycleable.
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could only be used for 1 or 2 styles. It all ended up being a bit of a 

jigsaw puzzle with a lot of moving parts. The fabric selection was 

happening alongside the zero waste pattern development, and in 

collaboration with the rest of the R Collective team. We selected 

fabrics that would work for the design and then I designed the 

zero waste patterns to fit within the fabric width. I do find it a lot 

easier to be able to select a fabric width that works for a specific 

zero waste design rather than the other way around, so I did end 

up with some fabric widths that made things a lot more challeng-

ing, especially when creating graded zero waste patterns. 

Q. In terms of goals what were the main concerns for the 

design? Was there a hierarchy (was fit more important than 100% 

zero waste for example), how did it change over time?

The main priority was translating zero waste into a collection 

that could be manufactured and worked within the style of The 

R Collective brand. It was also really important that we were 

making garments that people would want to wear for a long time 

so yes fit and quality and design did take priority over 100% zero 

waste. We achieved less than 1% waste on the Tshirt, dress, jump-

suit, and pants. The shirt and jacket had about 4% waste, which I 

think could be improved on but that was the best we could do in 

the factory setting within the time frame. I pushed for 100% zero 

waste as much as possible but ultimately we did need to make 

compromises.  

Q. Was it important the design met goals regarding Yield 

(did you make comparison to similar products) or was the focus on 

achieving zero waste and a particular fit and design aesthetic. 

Yield was a consideration, especially since we were working with 

textile waste so had very limited quantities of fabric. But our focus 

was more on the design and zero waste. Some of the designs we 

did note that the yield was lower than what you’d expect from a 

similar style and fitting garment but we didn’t actually compare 

them to similar products. We did opt for looser, generous fits so 

Q. Relationship between initial design, zero waste pattern, 

sampling and final outcome – What was the work flow like?

The timeline for the collection was a lot shorter than I would 

have liked. I started by sketching all my design concepts, while 

planning the zero waste designs in my head. At this point we were 

still sourcing the fabrics for the collection so I couldn’t create the 

actual zero waste patterns without knowing the fabric widths. 

Initially I was creating vague concepts of pattern shapes and how 

they’d fit together. From there we handed over the designs and 

zero waste concepts to the manufactures at TAL in Thailand, I 

ideally would have preferred to be handing them complete zero 

waste markers but the timeline was working against us at this 

point. We initially had a lot of trouble communicating the concept 

of zero waste pattern cutting to the factory, since it’s not some-

thing they’d done before, so the first samples weren’t actually 

zero waste. From there I did create complete markers including 

all the measurements and multiple sizes within the fabric widths. 

At this point everything was happening at the same time. We’d 

confirm the fabric for 1 style, I’d make the pattern, send it to the 

factory, they’d make the new sample, we’d move on to the next 

style. I then went to Thailand to stay in the factory and work 

directly with the manufacturers, so we did a lot of problem solv-

ing and developed the zero waste patterns through doing quick 

mock ups and using their CAD pattern making software. 

Q. How did you approach the design process regarding things 

such as fabric width, was fabric selected first for example?

All the fabrics we used are deadstock textile waste, so we had 

extremely limited choices regarding fabric selection. We also 

made most styles in at least 2 colourways so we had to pair 

fabrics that had the same width, in most instances we ended up 

with only 1 or 2 viable fabric options for each style. Added to 

this, we also had very limited yardage available so each fabric 
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Since The R Collective is a Hong Kong based label and we’re 

retailing in Lane Crawford the size range is quite small since the 

Asian luxury market doesn’t have much demand for larger sizes 

apparently. I’m definitely wanting to expand the size range of my 

zero waste patterns and cater for bigger bodies too though. 

Q. Were all sizes zero waste?

Yep all sizes were zero waste for most of the styles, excluding the 

styles that weren’t completely zero waste to begin with. 

Q. How did machinists deal with any complex pattern forms, 

sewing difficulty, new methods of construction? Was this a consider-

ation in the design process?

This is probably the part of zero waste design I find the most 

challenging, especially when communicating with manufacturers. 

When I’m sewing one of my zero waste patterns myself I’m okay 

with weird seam allowance shenanigans and can compensate 

for how the pattern fits together (or doesn’t fit together) but 

that’s very difficult to do in a factory setting. We used deadstock 

bindings for most of the necklines, and I made sure the zero 

waste patterns were more straight forward to sew. The factory 

we worked with (TAL) are excellent and the workers there are 

extremely experienced so they were able to problem solve these 

kinds of issues and suggest ways of finishing garments that 

worked with the zero waste patterns.

Q. What were the main issues you faced when designing the 

collection, from management, design and manufacturing etc?

The biggest challenge was communicating with the manufactur-

ers. We’re a small team and this was my first commercial collec-

tion so I was very much jumping in at the deep end and working 

out how the process worked as we went along. I found keeping 

track of specs really difficult and making sure that everything was 

communicated in a way that was consistent and clear. 

they do use more fabric than small garments

Q. Were the cost/price point goals the same for the zero waste 

garments as for regular pieces?

I think so, but I wasn’t actually involved in the costing process. I 

think the sampling process may have been slightly longer/more 

complex, but the manufacture wasn’t more complex than regular 

garments and the fabric consumption was lower so it may have 

evened out. 

Q. Did you design whole markers, or pieces that would work 

together (simple geometric shapes for instance).

I created whole markers within the fabric width, predominately 

based on geometric shapes. I kept the patterns and shapes as 

simple as possible so they could be manufactured effectively at a 

fairly commercial price point. 

Q. If you designed whole markers, how did you approach 

grading?

I designed the patterns for all sizes at the same time. My main 

approach to grading is to place 2 size M pieces next to each other 

and then a size S next to a size L, so they equal out and fit within 

a rectangle. I either expanded on that concept for more compli-

cated patterns, or I created the graded pattern in the same way 

I would any zero waste pattern, just with 3 times the amount of 

pieces. (I hope that makes sense)  

Q. What size range did you work with?

We used a very limited size range, most of the styles are a fairly 

relaxed fit so one size can fit a range of bodies. The dress, tee, 

shirt, and pants all have 3 sizes (S, M, L) the jacket and the jump-

suit are a looser fit so have 2 sizes (XS/S and M/L) 
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Q. How did you feel the media and consumers is respond-

ing?

I think media and consumers are interested in seeing sustain-

able fashion in a style that’s has a bit more edge. We’ve 

made telling the story behind the collection a big priority in 

our marketing campaign so hopefully consumers feel more 

connected to the garments and value them more because of it. 

I’ve received some positive feedback but I’m a bit isolated from 

the brand being back here in Australia now so I’m not getting 

a super clear idea of sales and things. I do think the concept of 

zero waste is quite difficult for consumers to really understand, 

especially because pattern cutting in general is not something 

they would know much about or really consider in relation to 

their clothing. When talking to consumers about sustainability 

issues textile waste at the cutting stage isn’t often discussed so 

I don’t think it’s an issue that’s on their radar or that they’re 

looking to solve. I shared a few of my zero waste patterns on 

social media which I think helped people to understand the 

concept more. The R Collective has decided not to share the 

patterns from our commercial collection publicly though so 

we’re communicating the zero waste aspect to consumers via 

story telling. 
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Appendix Figure 1 (above): The entire collection explores constructing garments through the act of 
printing. Copyright Monika Colja 2020

Appendix Figure 2  (right): In this jacket example, Monika explored the insertion of an undersleeve 
and side-body - while maintaining the flat construction, as a means of developing more complex 
form and accurate fit for the jacket. Copyright Monika Colja 2020

Other construction contexts

Monika Colja - MA at University of Borås

Monika Colja was a MA Fashion student I supervised at the University of Borås; 

she completed in Spring 2020. She explored the use of flattening methods for the 

context of printing as garment construction. Her approach in “Peeling Garments” 

(Colja, 2020) utilised some of the perspectives articulated in this PhD, with design 

and technical factors informed by the printing process. Flattening is an approach 

that suited the Design Program for her MA as she wanted to explore the aesthetic 

possibilities at the intersection of flat-bed printing processes and garment construc-

tion. The construction approach used is similar to what is possible through the use 

of Goldswrothy’s Lazerline method - except Colja uses adheasives instead of lazer 

bonding. The work is not zero waste as she cuts many of her fabric pieces before 

layering, and inserts additional layers to allow for greater aesthetic control, however, 

the rectangular perimeter of the original cloth is often a key part of the expression. 

As the method does not use any stitching to join fabrics, the form can be easily 

unmade by dissolving the adhesive. This might make the method suitable for ‘design 

for disassembly’, an area for potential future exploration. 



442    443

Appendix Figure 3: This diagram shows the 
sequential printing process used to construct 
the jacket shown in Appendix Figure 6.

 Copyright Monika Colja 2020
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Appendix Figure 4 (above left): Jacket designed and produced by Monika Colja for her 2020 MA thesis 
project. Copyright Monika Colja 2020

Appendix Figure 5  (above right): Trouser designed and produced by Monika Colja for her 2020 MA 
thesis project. Copyright Monika Colja 2020

Appendix Figure 6  (right): Suit designed and produced by Monika Colja for her 2020 MA thesis 
project. Each of these pieces is constructed entirely using printing - there is no stitching. Copyright 
Monika Colja 2020
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Speculative approaches

Kate Goldsworthy: Laserline
Kate Goldsworthy’s PhD began to explore the potential of laser etching, bonding and 

cutting non-woven polyester textiles as a method of achieving circularity in textile 

design. She explored the method in the context of a garment with David Telfer and 

together they then etched, cut and bonded a simple two-layer zero waste dress. The 

method requires a flatbed and has the potential to be further explored in combination 

with the Flat Textile-form methods developed in this research.

The same workflow and map of construction could be utilised to generate files able to 

be read by laser cutters with the addition of cutting information which would make 

this a one-step production process. 
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Diane Scherer: Root System Domestication
Diane Scherer is another textile designer developing new methods of textile construc-

tion that utilise a flat-bed. In her work exploring “Root System Domestication,” 

Scherer grows plants in moulds that force the root systems to intertwine, making 

intricate geometric patterns. Once the grass is cut, and the soil is washed away, the 

root system remains. She explored this method in the context of a simple garment, 

and like Laserline, this method of textile construction could be developed using Flat 

Textile-form methods. 

In this case, it is likely a different approach to developing the final file for 3D printing 

(or otherwise producing) the mould would be required, as “seams” are unnecessary. 

However, the basic premise of flattening 3D form into a plane would be necessary so 

that the grass grows as evenly as possible in the substrate.

A similar approach could be used to make moulded garments without the mould 

taking up excessive 3D space.

Appendix Figure 7 : Proposed workflow diagram of the intersection of Lazerline and Flat Textile-form 
design.

Appendix Figure 8: Proposed workflow diagram of the intersection of Root System Domestication and 
Flat Textile-form design.
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Workflows

Preparation

To make the workflow simpler, it is a good idea to set up some processes in advance. 

The number of colours is an indication of the number of structural bindings or 

construction areas are possible. You may not need to use them all in every Flat 

Textile-form. Additional colours will be needed if any non-structural (decorative) 

constructions are used – such as areas where a surface pattern is applied.

Make Basic Flat Textile-form Construction Artwork grid: 
This indicates connection to the layers above and below only, and does not indicate 

where to cut (Appendix Figure 9).

2 layer construction – 2 colours/bindings 

3 layer construction – 4 colours/bindings 

4 layer construction  – 8 colours/bindings 

5 layer construction – 16 colour/bindings 

6 layer construction – 32 colours/bindings

Make Flat Textile-form Construction Artwork grid: 
The colours indicate open, cut lines and joined/seam areas (same approach as 

Appendix Figure 10)

2 layer Construction – 6 colours/bindings  

3 layer Construction – 18 colours/binding 

4 layer Construction – 54 colours/binding 

5 layer Construction – 164 colours/binding 

6 layer Construction – 486 colours/binding

12 1/2

123

123

12/3

12/3

1/23

1/23

1/2/3

1/2/3

1234 123/4 12/34 1/234 1/23/4 1/2/34 12/3/4 1/2/3/4

12345 1234/5 123/45 12/345 1/2345 1/234/5 1/23/45 1/2/345 12/34/5 12/3/45 123/4/5 12/3/4/5 1/2/3/45 1/2/34/5 1/23/4/5 1/2/3/4/5

123456 12345/6 1234/56 123/456 12/3456 1/23456 1/2345/6 1/234/56 1/23/456 1/2/3456 12/34/56 12/3/456 12/345/6 123/45/6 123/4/56 1234/5/6

123/4/5/6 12/3/4/56 1/2/3/456 1/2/34/56 1/2/345/6 1/234/5/6 12/34/5/6 12/3/45/6 1/23/45/6 1/23/4/56 1/2/34/56 1/23/4/5/6 1/2/34/5/6 1/2/3/45/6 1/2/3/4/56 1/2/3/4/5/6

Construction Artwork Grid
Each colour represents a different binding or layer construction

Appendix Figure 9: Basic Flat Textile-form Construction
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Complex Weave structure Artwork Grid 
Complex weaves may have weft and warp yarns that travel to any layer. As such there 

are exponentially more variations possible (Appendix Figure 11).

Without Floats
2 layer weaves – 4 colours/bindings 

3 layer weaves – 24 colours/bindings 

4 layer weaves – 192 colours/bindings 

5 layer weaves – 1920  colour/bindings 

6 layer weaves – 23040 colours/bindings

With Floats
When other weave structure variables are then added such as floats, or weave struc-

tures for surface appearance, the number of weave bindings exponentially increases.

2 layer weaves – 12 colours/bindings 

3 layer weaves – 108 colours/bindings 

4 layer weaves – ...

Weave Structure Artwork

Make basic Weave Structure Artwork grid: 
Use this approach if you only plan to develop bindings that connect to the layers 

above and below, (where yarns do not transfer from front face to back for example), 

and if you do not plan on using floats to indicate where to cut (same approach as 

Appendix Figure 9)

2 layer weaves – 2 colours/bindings 

3 layer weaves – 4 colours/bindings (see Appendix Figure 9) 

4 layer weaves – 8 colours/bindings 

5 layer weaves – 16 colour/bindings 

6 layer weaves – 32 colours/bindings

Basic weave/floats structure artwork
Use this if you plan on using only basic structures and floats (either to indicate where 

to cut or for aesthetic purposes  (Appendix Figure 10).

2 layer weaves – 6 colours/bindings 

3 layer weaves – 16 colours/bindings (Appendix Figure 10) 

4 layer weaves – 64 colours/bindings 

5 layer weaves – 256 colour/bindings 

6 layer weaves – 1024 colours/bindings

123 12/3 1/23 1/2/3 213 21/3 2/13 2/1/3

231 23/1 2/31 2/3/1

321 32/1 3/21 3/2/1

132 13/2 1/32 1/3/2 312 31/2 3/12 3/1/2

Yarn 1

Yarn 2

Yarn 3

123 12/3 1/23 1/2/3

123 12/3

12/3

1/23

1/23

1/2/3

1/2/3

FFF

FFF

12/3F

12/3F

1/23F

1/23F

1/2/3F

1/2/3F

12F/3

12F/3

1F/23

1F/23

1/2F/3

1/2F/3

1F/2/3

1F/2/3

1/2F/3F

1/2F/3F

1F/2F/3

1F/2F/3

1F/2/3F

1F/2/3F

1F/2F/3F

1F/2F/3F123

Basic WovenTextile-form Construction

Basic Weave/Floats Construction

Basic Weave/Floats Construction Artwork

Appendix Figure 10: Basic 3 Layer Woven Textile-form, and Basic 3 Layer 
Weave/Floats Construction with Artwork.

Appendix Figure 11: Complex 3 Layer Woven Textile-form. Yarn order 
changed adds more variables
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Flat Textile-form

1: Form design

A: Clo3D or other 3D software
Make layered form pattern in CLO, virtually drape (2D/3D)

Starting width of zero waste pattern needs to correspond with loom repeat width

Each layer is imagined separate: design where joins (seams) occur, where two layers 

are woven as one, where openings are needed for form or access (armhole for exam-

ple). Utilise stacking, sliding, compressing and expanding techniques to achieve the 

desired form.

Add seam allowance relating to “pixel transition length” of yarn

Export as PDF or DXF with seam allowance as cut line

 Print and test pattern at full scale as cut and sew

Modify if needed

B: Manual
Develop patterns and test layered and 3D form.

Digitise patterns

2: Textile-form Map

Illustrator
Import to illustrator

Stack pattern layers on top of each other

Separate each pattern layer into illustrator layers

Separate seam types into layers

Colour code each layer (transparent)

Set line weight for cut lines (5mm or more) and seams (depending on specifications: 

10mm – 30mm)

Divide layers while preserving transparency: 

 Object >Flatten transparency > preserve alpha

Re-group layers by colour

Label layers with joining structure (2D/3D)

Expand lines and fill

3 . Construction process

4 . Cutting Process

5 . Form completed
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Woven Textile-form

1: Form design

A: Clo3D or other 3D software
Make layered form pattern in CLO, virtually drape (2D/3D)

Starting width of zero waste pattern needs to correspond with loom repeat width

Each layer is imagined separate: design where joins (seams) occur, where two layers 

are woven as one, where openings are needed for form or access (armhole for exam-

ple). Utilise stacking, sliding, compressing and expanding techniques to achieve the 

desired form.

Add seam allowance relating to “pixel transition length” of yarn

Export as PDF or DXF with seam allowance as cut line

 Print and test pattern at full scale as cut and sew a sample

Modify pattern and resample if needed

B: Manual
Develop patterns and test layered and 3D form.

Digitise patterns

2: Map of bindings

A: Illustrator
Import to illustrator

Stack pattern layers on top of each other

Separate each pattern layer into illustrator layers

Separate seam types into layers

Colour code each layer (transparent) based on pre-determined Weave structure 

artwork

Set line weight for cut lines (5mm or more) and seams (depending on transition 

length and weave density: 10mm – 30mm)

Divide layers while preserving transparency: 

 Object >Flatten transparency > preserve alpha

Re-group layers by colour

Label layers with weave/binding structure (2D/3D) based on pre-determined Weave 

structure artwork

Expand lines and fill

Check to make sure there are no stray colours or pixels.

Steps required or SCOTWEAVE – different weave software operates differently

Stretch artwork according to planned weft density 

 You need to lengthen the artwork by dividing weft density by warp density 

(since pixels are square) and taking that as the multiplier 

Export as PSD using Warp density as PPCM

B: Photoshop
Import to photoshop

Check pixel width equals the repeat ends per cm.
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 Each pixel represents a warp end. So if your warp is 33 ends per cm, and 

your repeat is 40cm, then your pixel width dimension in photoshop should be 1320 

pixels. If your repeat is 160cm, then pixel width in photoshop will be 5280px.

Use “index” colour mode to ensure correct colours are used that are consistent with 

Weave structure artwork.

Save as PSD, no feathering or anti-alias (nearest neighbour, hard edges for 

everything)

3 Scotweave

Make base weaves to match the plan in the map of bindings

Open Scotweave Artwork

Open PSD file

File >Technical Artwork details

 Ensure warp and weft sett is correct (loom density: 33), and total hooks 

equal pixel resolution (1320)

Save as SIM

Open Scotweave Jacquard Designer

Open Weave structure artwork with pre-assigned bindings

Artwork refresh 

If you don’t have a weave structure artwork, then you need to get weaves and assign 

bindings to colours according to map

Add Yarns, one colour each layer

 Add weft yarns to complete artwork 

 (Length of artwork in pixels - number of yarn colours or layers) / number 

of yarn colours or layers

Yarn > weft selector

 Can view weave structure in 3D visualisation to check transitions

Save as JQD file

Open Scotweave Jacquard Looms

File > Create new > Load harness  (Grosse Varmetex)

Use harness > JQD file > Name new file

 The resulting file is a WEA file that can be read by loom

4: Loom

Load yarns

Open the file and weave on a jacquard loom.

5: Cut

A: Automated
Export Cut file from Map of Bindings

Determine cut depth. 

Cut one side, turn over, cut the other. Cut any internal joins by hand.

B: Manual
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Cut along floats as planned

Stitch seams if required

6 . Form completed

H|H System

1: Form design

A: Clo3D or other 3D software
Make layered form pattern in CLO, virtually drape (2D/3D)

Starting width of zero waste pattern needs to correspond with loom repeat width

Each layer is imagined separate: design where joins (seams) occur, where two layers 

are woven as one, where openings are needed for form or access (armhole for exam-

ple). Utilise stacking, sliding, compressing and expanding techniques to achieve the 

desired form.

Add seam allowance relating to “pixel transition length” of yarn

Export as PDF or DXF with seam allowance as cut line

 Print and test pattern at full scale as cut and sew

Modify if needed

B: Manual
Develop patterns and test layered and 3D form.

Digitise patterns

2: Map of bindings

A: Illustrator
Import to illustrator

Stack pattern layers on top of each other

Separate each pattern layer into illustrator layers
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3a: Scotweave

Make base weaves to match the plan in the map of bindings

Open Scotweave Artwork

Open PSD file

File >Technical Artwork details

 Ensure warp and weft sett is correct (loom density: 33), and total hooks 

equal pixel resolution (1320)

Save as SIM

Open Scotweave Jacquard Designer

Open Weave structure artwork with pre-assigned bindings

Artwork refresh 

if you don’t have a weave structure artwork, then you need to get weaves and assign 

bindings to colours according to map

Add Yarns, one colour each layer

 Add weft yarns to complete artwork 

 (Length of artwork in pixels - number of yarn colours or layers) / number 

of yarn colours or layers

Yarn > weft selector

 Can view weave structure in 3D visualisation to check transitions

Save as JQD file

Separate seam types into layers

Colour code each layer (transparent)

Set line weight for cut lines (5mm or more) and seams (depending on transition 

length and weave density: 10mm – 30mm)

Divide layers while preserving transparency: 

 Object >Flatten transparency > preserve alpha

Re-group layers by colour

Label layers with weave/binding structure (2D/3D)

Expand lines and fill

Steps required or SCOTWEAVE – different weave software operates differently

Stretch artwork according to planned weft density 

 You need to lengthen the artwork by dividing weft density by warp density 

(since pixels are square)  and taking that as the multiplier 

Export as PSD using Warp density as PPCM

B: Photoshop
Import to photoshop

Check pixel width equals the repeat ends per cm.

 Each pixel represents a warp end. So if your warp is 33 ends per cm, and 

your repeat is 40cm, then your pixel width dimension in photoshop should be 1320 

pixels. If your repeat is 160cm, then pixel width in photoshop will be 5280px.

Save as PSD, no feathering or anti-alias (nearest neighbour, hard edges for 

everything)
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5: Cut

A: Automated
Export Cut file from Map of Bindings

Determine cut depth. 

Cut one side, turn over, cut the other. Cut any internal joins by hand.

B: Manual
Cut along floats as planned

Stitch seams if required

6 . Form completed

 

Open Scotweave Jacquard Looms

File > Create new > Load harness  (Grosse Varmetex)

Use harness > JQD file > Name new file

The resulting file is a WEA file that can be read by a loom

3b: Hilo (occurs at same time as 3a)

Photoshop
Take the Map of bindings to create Yarn maps

 Include selvedge

 Consider if its continuous weft or cut (z or =)

 Flip alternating pixel

Hilo software
Import image file

Determine settings

Hilo Machine
Spin Yarn

Label clearly

4: Loom

Load yarns

Open the file and weave on a jacquard loom.
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2: Map of bindings

A: Illustrator
Import to illustrator

Stack pattern layers on top of each other

Separate each pattern layer into illustrator layers

Separate seam types into layers

Colour code each layer (transparent) based on pre-determined Weave structure 

artwork

Set line weight for cut lines (5mm or more) and seams (depending on transition 

length and weave density: 10mm – 30mm)

Divide layers while preserving transparency: 

 Object >Flatten transparency > preserve alpha

Re-group layers by colour

Label layers with weave/binding structure (2D/3D)

Expand lines and fill

Steps required or SCOTWEAVE – different weave software operates differently

Stretch artwork according to planned weft density 

 You need to lengthen the artwork by dividing weft density by warp density 

(since pixels are square) and taking that as the multiplier 

Export as PSD using Warp density as PPCM

B: Photoshop

Woven Moulded Textile-form 

1: Form design

A: Sculpt form analogue or digitally
Scan form if analogue.

Export as OBJ

B: Clo3D or other 3D software
Make layered form pattern in CLO, virtually drape (2D/3D)

Starting width of zero waste pattern needs to correspond with loom repeat width

Each layer is imagined separate: design where joins (seams) occur, where two layers 

are woven as one, where openings are needed for form or access (armhole for exam-

ple). Utilise stacking, sliding, compressing and expanding techniques to achieve the 

desired form.

Consider the relationship between loom state scale in relation to body and degree of 

shrinking

 On the finished size of the garment

 On surface texture.

Add seam allowance relating to the behaviour of yarn, density, layers etc.

Export as PDF or DXF with seam allowance as cut line

 Print and test pattern at full scale as cut and sew

Modify if needed
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Add Yarns, one colour each layer

 Add weft yarns to complete artwork 

 (Length of artwork in pixels - number of yarn colours or layers) / number 

of yarn colours or layers

Yarn > weft selector

 Can view weave structure in 3D visualisation to check transitions

Save as JQD file

Open Scotweave Jacquard Looms

File > Create new > Load harness  (Grosse Varmetex)

Use harness > JQD file > Name new file

 The resulting file is a WEA file that can be read by loom

4: Loom

Load yarns

Open the file and weave on a jacquard loom.

5: Cut

A: Automated
Export Cut file from Map of Bindings

Determine cut depth. 

Cut one side, turn over, cut the other. Cut any internal joins by hand.

Import to photoshop

Check pixel width equals the repeat ends per cm.

 Each pixel represents a warp end. So if your warp is 33 ends per cm, and 

your repeat is 40cm, then your pixel width dimension in photoshop should be 1320 

pixels. If your repeat is 160cm, then pixel width in photoshop will be 5280px.

Save as PSD, no feathering or anti-alias (nearest neighbour, hard edges for 

everything)

3 Scotweave

Make base weaves to match the plan in the map of bindings: consider connection 

points of reactive yarn, resulting surface texture, degree of shrinking, density.

Open Scotweave Artwork

Open PSD file

File >Technical Artwork details

 Ensure warp and weft sett is correct (loom density: 33), and total hooks 

equal pixel resolution (1320)

Save as SIM

Open Scotweave Jacquard Designer

Open Weave structure artwork with pre-assigned bindings

Artwork refresh 

if you don’t have a weave structure artwork, then you need to get weaves and assign 

bindings to colours according to map
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Digital Content

Page 127: https://embed.vntana.com?productUuid=6a43cf72-af55-4d5c-95be-4efa

6a0a333a&clientSlug=phd&organizationSlug=holly-mcquillan

Page 128: https://vimeo.com/311307753

Page 130: https://vimeo.com/311307665

Page 139: https://vimeo.com/442055339

Page 143: https://vimeo.com/471119380

Page 145: https://embed.vntana.com?productUuid=9010aa25-d957-41b8-b2dc-3

7cbfbe853a1&clientSlug=phd&organizationSlug=holly-mcquillan

Page 157: https://vimeo.com/471420565

Page 161: https://vimeo.com/471118974

Page 165: https://embed.vntana.com?productUuid=a95772af-6939-4de4-aa6c-1

dcd535d826a&clientSlug=phd&organizationSlug=holly-mcquillan

Page 169a: https://vimeo.com/471424756

Page 169b: https://vimeo.com/471116810

Page 171: https://embed.vntana.com?productUuid=4d411632-cdb8-450f-b7ef-d83

45886859f&clientSlug=phd&organizationSlug=holly-mcquillan

Page 174a: https://vimeo.com/471434902

Page 174b: https://embed.vntana.com?productUuid=e53f4465-46ce-452e-9f78-e0

986b8bc53a&clientSlug=phd&organizationSlug=holly-mcquillan

Page 177: https://vimeo.com/471120028

B: Manual
Cut along floats as planned

Stitch seams if required

6 . Form completed
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Page 191: https://embed.vntana.com?productUuid=896f99ff-679f-42ce-94eb-aed-

c4964528a&clientSlug=phd&organizationSlug=holly-mcquillan

Page 193: https://vimeo.com/471435457

Page 201: https://vimeo.com/471122071

Page 259: https://embed.vntana.com?productUuid=e852c489-ccb5-44a9-8bb9-cb-

48ce1729f4&clientSlug=phd&organizationSlug=holly-mcquillan

Page 367: https://vimeo.com/471916787
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Abstract

This paper discusses Make/Use, a multi-disciplinary research project 
 exploring “User Modifiable Zero Waste Fashion”. In particular, it address-
es the use of textile print and a parametric matrix to facilitate the cognitive 
and creative processes involved in the transformation from two-dimension-
al (2D) to three-dimensional (3D) form. The Make/Use project centers on 
the development and testing of an embedded navigational system by which 
users can formulate a functional understanding of the form and construc-
tion of a garment and its opportunities for manipulation. It questions how 
the encoding of navigational clues and markers into a garment might aid 

 Holly McQuillan et al.2

in its facility for creation and modification by the user, aiming to enhance 
emotional investment and connection, and extending its functional life by 
providing embedded opportunities for alteration and visible repair.

KEYWORDS: zero waste fashion, textile print, wayshowing, use practice, 
open source, matrix

Introduction
This paper discusses “Make/Use”, a multi-disciplinary research project 
 exploring “User Modifiable Zero Waste Fashion” (UMZWF): garments 
that can be made and modified by users, with no fabric waste. Exploring 
what occurs if we consider the esthetic of the garments we wear and how 
we make and use them, Make/Use responds to the crisis of waste in today’s 
fashion industry. The project builds on Holly McQuillan’s “Zero Waste 
Fashion” (ZWF) research, questioning industry conventions in relation to 
knowledge-keeping, production, and consumption. To date, Make/Use has 
undergone two key phases. McQuillan developed “MakeUse v1” through 
involvement in “Local Wisdom,” part of Dr. Kate Fletcher’s “Craft of Use” 
project (Fletcher and Toth-Fejel 2014). Curious about the intersection of 
ZWF design and “use practice” (the ways in which people use their clothes), 
McQuillan imagined a fashion industry of both experts and non-experts, 
collaboratively engaged with the sustainable making and ongoing use of 
garments. To further the positive impact of ZWF by reducing material 
waste in both production and use, she hypothesized that the lifespan of 
garments could be lengthened by enhancing the garment-user connection 
through processes of making and modifying. This paper discusses “Make/
Use v2,” in particular the development of an “embedded wayshowing sys-
tem” that encodes navigational markers into the textile print of the fabric, 
and the discovery of a “zero waste matrix” that underpins the relationship 
between garment form and fabric width for Make/Use garments. Findings 
from these interconnected lines of enquiry establish a platform for further 
innovation in UMZWF systems.

The embedded wayshowing system is the original focus of Make/Use, 
and attempts to exploit the direct relationship between fabric, textile 
print, and garment form in zero waste construction. In ZWF none of 
the fabric is lost as waste, which allows for alternative design and mod-
ification options to be built into a single garment pattern as layered cut 
lines, printed directly onto the fabric. Because the fabric is retained, the 
garment form is open and can be reset (mended), recut and remade using 
different cut lines.1 Make/Use v1 tested embedding the modifiable gar-
ment pattern and the instructions for its use into the textile print design. 
Both pattern and guide, the print aimed to facilitate the cognitive and cre-
ative processes involved in the interpretation of a two-dimensional (2D) 
garment pattern and its transformation into a three-dimensional (3D) 
garment form. Makers were aided in gaining a functional  understanding 

Jen Archer-Martin is a spatial 
designer, lecturer, and researcher 
at Massey University, Wellington. 
Her collaborative, interdisciplinary 
design practice seeks to facilitate 
temporary installations, events, 
performances, and exhibitions, 
with experience in residential 
architecture and commercial 
interior design.

Greta Menzies is a Wellington-
based artist/designer, who 
recently completed her MDes 
and is currently a freelance 
designer. Her work considers the 
transformational and performative 
possibilities of bodies and 
clothing. Future thinking and a 
concern for sustainable practice 
inform her work.

Jo Bailey is a lecturer and 
designer at Massey University 
School of Design in Wellington. 
She’s interested in facilitating 
access to information through 
design, whatever format or form 
that takes. With a former-life 
degree in Geography, she has a 
strong interest in the environment 
and conservation. She believes in 
making things as simple as they 
can be, but not simpler.

Karl Kane’s research focuses 
on service, experience and 
social design, civic participation, 
and brand communication. His 
research interests primarily sit 
within the area of twenty-first 
Century Citizenship. He teaches 
in the visual communication 
degree and consults/mentors 
within Massey University’s Open 
Lab, with a focus on service, 
experience, and social design.

Emma Fox Derwin is an 
Industrial Design lecturer and 
product designer and practice 
concentrates on furniture design 
targeting new cross-disciplinary 
approaches to flat-pack furniture 
design through new materials and 
construction methods. Her work 
pushes the boundaries of furniture 
design through functional designs 
that both challenge the way we 
relate to and use the objects in 
our daily lives.



Make/Use: A System for Open Source, User-Modifiable, Zero Waste Fashion Practice 3

of the construction of a zero waste garment, and its opportunities for ma-
nipulation, through engaging in the making process. Producing a custom 
garment from a range of possible options gave them creative agency, with 
the cut of the garment collaboratively determined between our creative 
intent and the creative decisions made by the maker during interpreta-
tion and construction. This system suggests that the user can adopt a 
mode of active engagement rather than passive consumption, challeng-
ing the user–garment relationship. The predominant designer–producer– 
consumer model of wasteful consumption is shifted to a  democratic 
alternative that engages the wearers of clothes as not just users, but 
 “maker-users.”

Testing of Make/Use v1 prototypes (Figure 1) confirmed the viabili-
ty of digitally printed zero waste fabric patterns (“flats”) that could 
be user-made and modified, but found that for unassisted non-experts, 
achieving well-constructed garments (forms) was problematic. Extensive 
instructions were necessary for uninitiated users to decode the guides 
within the textile print. Make/Use v2 proposed to remove these barriers 
to engagement and to develop an open-source system for UMZWF that 
acknowledged a spectrum of participant skill levels, time and available 
resources. One barrier identified was the inflexibility of the zero waste 
pattern, because it is directly tied to the width and length of the fabric. 
This strand of enquiry uncovered a flexible parametric grid—the zero 
waste matrix. This matrix can be considered a ZWF garment block2 that 
gives the relationship between body measurements and two-dimensional 
pattern for a particular garment typology. The matrix can be adjusted to 
suit the interrelated parameters of fabric width/length, size/fit, and gar-
ment design variations. Using the matrix as a foundation, it is possible to 
generate an infinite array of zero waste garment designs. The matrix helps 
the maker/user to rapidly grasp the underlying geometry and sequence of 
construction moves needed to transform flat to form. This innovation aims 
to increase access to ZWF and provide the flexibility required for further 
uptake in the fashion industry.

The paper reviews relevant literature that locates Make/Use’s UMZWF 
in relation to the fields of ZWF and use practice, and contextualizes the 
necessity of expanding ZWF research beyond the waste management 
practices. Key theories are introduced around the redistribution of crea-
tive agency from the designer to the user, setting up the two platforms by 
which we seek to democratize fashion production: open design process 
and product. The development and testing of the Make/Use textile print as 
embedded wayshowing system is outlined, along with the discovery and 
subsequent application of the zero waste matrix. Research processes and 
findings are recounted through a discussion of three user testing scenarios: 
in-house testing, and two public workshops. While conveyed in a linear 
fashion, it should be made clear that the research strands acted as inter-
connected feedback loops, an open process that allowed for the emergence 
of a new territory for UMZWF exploration.
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Review of Literature
Locating the research: user modifiable zero waste fashion

Prior to the publication of the first comprehensive book on the subject 
Zero Waste Fashion Design (Rissanen and McQuillan 2016), research 
in the relatively young field of contemporary ZWF design has primarily 

Figure 1
Make/Use V1 Cropped T-shirt showing 
pattern (bottom) and form (top). The 
digital textile print shown was the first 
test of textile print as instruction and 
esthetic that is explored in Make/Use 
v2. Photograph by Agnes Lloyd-Platt, 
Digital file by Holly McQuillan.



Make/Use: A System for Open Source, User-Modifiable, Zero Waste Fashion Practice 5

 focused on decoding the actions of the zero waste designer/pattern-cutter 
to identify modes of working (McQuillan 2009; McQuillan in Chin et al. 
2010; Lumsden 2010; McQuillan in Adank and Mehzoud 2011; McQuil-
lan in Gwilt and Rissanen 2011; Townsend and Mills 2013; Niinimäki 
2013; Carrico and Kim 2014), and the relevance of ZWF to sustainability 
goals such as timelessness and waste elimination (Rissanen 2005; McQuil-
lan, Rissanen, and Roberts 2013; Niinimaki 2013). The reduction of ma-
terial waste in production is central to ZWF. It is estimated that, in 2015, 
400 billion square meters of cloth will be made for the apparel industry 
(Gugnani and Mishra 2012), and of this, 60 billion square meters (15%) 
will likely be wasted on the cutting room floor. ZWF patterns not only 
eliminate fabric waste but can reduce the length of fabric required.3 How-
ever, while ZWF contributes to industry waste reduction, eminent ZWF 
designer and researcher Timo Rissanen (2013, 160) states, “Zero-waste 
fashion design is not ‘good’ in and of itself,” going on to say that we need 
examine the fashion system it exists within as a whole in order to make 
meaningful change.

In response, Make/Use expands ZWF research to explore how us-
ers might engage with zero waste garments. Similarly to Rissanen, Kate 
Fletcher (with Toth-Fejel 2014) has speculated that while the average envi-
ronmental impact of fashion per product may have reduced, the increasing 
volume of consumption has significantly eroded any gains: approximately 
120 billion new garments are made every year. Consumption behavior 
clearly needs addressing, and one possible avenue is through the trans-
formation of consumers into informed and engaged users. Fletcher (in 
Fletcher and Grose 2012) defines the “wearing and using of garments” as 
use practice, and positions it as central to the practice of garment design. 
Fletcher’s exploration of the craft of use of clothing encourages designers 
to learn from the ways in which users “mitigate… intensify, and adapt” 
clothing to suit their lives. With the exception of Rissanen’s Endurance 
Shirt (2014) which explored ongoing repair in zero waste menswear, the 
craft of use of ZWF has not previously been explored, and forms the re-
search agenda of Make/Use.

Locating the agency: designers as facilitators, users as makers

Fletcher’s notion of use practice challenges the existing ZWF literature, as 
it shifts the creative agency from the expert designer or craftsperson to the 
everyday clothing user, reframing use practice as a “craft” in its own right. 
This subsequently throws into question the role of design and the designer, 
in relation to the role of the user, the design process and resulting product. 
Manzini’s 1994 call to arms, Design, Environment and Social Quality: 
From “existenzminimum” to “quality maximum,” questions designs role 
in a world in crisis. He calls for designers to act within three proposed con-
sumption scenarios (1994, 40): transforming from consumption of prod-
ucts to “Care,” “Utilization of Service,” and “Non-Consumption.” Design 
behavior, activated through these lenses, aims to instigate “a new way of 
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behaving or of viewing the world”. In order to expand the “vision for 
fashion design” to engender behavioral change around “the consumption, 
wearing and using of garments”, and subsequent systemic change in “the 
systems in which the wearing and using occurs” (Rissanen 2013, 160), we 
need to shift the role of design from the creation of products to the facili-
tation of social and political change.

The fashion industry is currently built around ideas of the designer as 
expert; the keeper of specialist knowledge that informs a creative practice. 
Design students are often presented with visions of the fashion design-
er as “somewhere between rock star and artist, designing mainly with a 
sketchbook and directing a group of able production people” (Blomfield 
and Trade 2002). While other fields have moved beyond this mentality 
the fashion industry largely remains locked in a twentieth-century under-
standing of the role of the designer. In his 1990 book Technocracy and 
the Politics of Expertise, Frank Fischer describes “…the ways in which 
expert knowledge and technocratic practices have become key political 
resources sustaining increasingly undemocratic forms of decision-making” 
(“Review: Technocracy and the Politics of Expertise” 1992). According 
to Torgerson (1992), Fischer proposes “a radical democratic alternative 
which would wed expertise with an active public”. While Fletcher’s craft 
of use engages with this “active public” and poses an alternative to Blom-
field’s technocratic “designer as rock star” model, it leaves room to explore 
more democratic relationship between expert and user.

Democratising the design process: tools and facilitation

Democratisation of the design process hinges on the redistribution of de-
sign knowledge and creative agency. In order to move from a technocratic 
to a democratic model of design, the notion of creativity must be explored 
from the perspective of the user. Sanders and Stappers (2008, 12) observes 
Four Levels of Creativity: doing, adapting, making, and creating. Ranging 
from wanting to “get something done” to the more explorative aim of ex-
pressing creativity, of importance is that “expertise, interest/passion, effort 
and returns grow with each level.” Through this desire for creativity in 
ordinary life, users can become part of the design team, but “they must be 
given appropriate tools for expressing themselves” (2008, 12). This echoes 
the wedding of expertise and active public proposed by Fischer, suggesting 
that the role of the designer in transforming the passive consumer into an 
active participant in the design process is one of facilitation and scaffold-
ing through the provision of cognitive tools.

Matt Ratto (2011) proposes critical making as a hinge between a con-
ventional model of designer, maker and user, and an understanding of the 
designer-as-maker, or user-as-maker. He states that critical making focuses 
“on making practices themselves as processes of material and conceptual 
exploration… it is the making experience that must be shared.” The sharing 
of the action, knowledge, and tools of the making process opens the way 
for a more democratic creative process, allowing the user to actively create 



Make/Use: A System for Open Source, User-Modifiable, Zero Waste Fashion Practice 7

“novel understandings”. The exploration of the intersection between craft 
of use and ZWF design redefines the roles of designer, producer and con-
sumer, sharing the making process by repositioning the consumer as both 
maker and user, and empowering them with creative agency. Both Sanders 
and Fischer propose a need for tools that scaffold this experience, enabling 
it to generate new understandings and engender new modes of behavior.

Open design: unfinished things and wayshowing as an open 
system

Cameron Tonkinwise (2005), in Is Design Finished?, suggests that we need 
to reframe design entirely and stop designing mere “things”. Instead, we 
should be designing “how things thing.” He issues the challenge that we 
“design timely things, things that can last longer by being able to change 
over time” or that we design unfinished things, “things in motion”(Tonk-
inwise 2005, 6).

The proposal to design unfinished products is further explored by Fuad-
Luke in “Ways of Making” (2009, 95) which target the over-consumer. 
According to Chapman (2005), stories help develop the desire to hold 
onto things; a notion that was tested by Fuad-Luke and Anya Herscher 
in a fashion context in Half Way (in Niinimaki 2013). Half Way Products 
are produced incomplete for finishing by the consumer, where mistakes 
become part of the narrative of making and owning. Workshop partici-
pants determine their level of skill and involvement and are supported to 
modify, make, or design a prepared garment style.4 This approach trans-
forms a passive relationship between the consumer and ready-to-wear 
garment into one where the consumer becomes active in the design and 
making of their garments. Another example of open garment design is the 
Post-Couture project (van Strien n.d.). Targeted at a non-fashion-specific 
“maker culture,” their approach simplifies the making of a garment so that 
it requires no stitching, and provides the garment files for download and 
production at a “maker-space” anywhere in the world. Aimed at democ-
ratising the making process, it does not open the design of the garments 
to ordinary users.

A building or city can be seen as something activated by the user or in-
habitant. “Wayshowing,” a system of design elements that facilitate “way-
finding,” is “the process of using spatial and environmental information 
to navigate to a destination” (Lidwell, Holden, and Butler 2003, 260). 
Per Mollerup’s (2006) Wayshowing: A Guide to Environmental Signage 
clarifies the relationship between wayshowing as design output, and way-
finding as intended user experience. In this manner, wayshowing can be 
considered an open system that is designed to be interpreted or completed 
by the user. The term wayfinding is most commonly associated with the 
disciplines of urban planning, architecture and landscape design, and their 
intersections with visual communication design. Popularized by Kevin 
Lynch’s (1960) in The Image of the City, this was expanded by Rome-
di Passini (1984) in Wayfinding in Architecture. Lynch (1960) describes 
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the process of finding one’s way as having four phases: orientation, route 
decision, route monitoring, and destination recognition, while spatial cog-
nition is aided by five key elements: paths, districts, edges, nodes, and 
landmarks. When successfully laid out and comprehended, these facilitate 
the legibility of a city, or “the ease with which its parts can be recognized 
and … organized into a coherent pattern” (Lynch 1960, 2). In attempting 
to develop an open design system, we explored the application of spatial 
wayfinding to the process of garment transformation, attempting to trans-
late Lynch’s city-image to one of garment-image, whereby the garment 
parts can be easily recognized and organized. Wayshowing/finding is gen-
erally considered in an environmental rather than object-based context, 
so this may seem somewhat of a leap, but as suggested by creative pattern 
cutter Julian Roberts (2013), a garment can be considered a space for 
the body to pass through. Rather than merely transposing the concept of 
wayshowing onto the creation of garment-as-object, the research shifts 
towards this notion of garment-as-space. This reveals a new, transdiscipli-
nary, understanding of the zero waste garment that underpins Make/Use 
v2.Discussion of research

Overview

The Make/Use v2 research outlined below was conducted through a peri-
od of in-house testing and development, followed by test workshops with 
volunteer participants. This shaped the format of a series of public work-
shops, first delivered as part of a month-long exhibition and residency 
at Objectspace Gallery in Auckland, New Zealand, and since, at various 
locations worldwide.5 While the intent was to develop a series of stand-
alone UMZWF patterns that could be openly shared with users, it became 
clear that we needed to design both the system, and the means for under-
standing and disseminating it. The discussion is structured around three 
such participatory experiences: an initial in-house test is used to set up 
the basic concepts and problems with using the printed pattern to create 
the garment form, the “Flat-to-Form” workshop illustrates the use of the 
embedded wayshowing system, and the “Your Style” workshop helps to 
demonstrate the further potential of the customizable zero waste matrix.

The collection of Make/Use v2 prototype garments and patterns con-
sists of seven garment forms: Crop T-shirt, Long T-shirt, Long Coat, Wrap 
Dress, Tube Dress, Skirt and Trousers.6 The concepts that enable making/
using are most easily illustrated in the Crop T-shirt (Figure 2).7 The foun-
dational garment used to develop the Make/Use systems, it provides a 
relatively low level of complexity and a recognizable garment typology. 
The pattern is derived from a minimal waste pattern often referred to as 
the Bog Coat, that can be traced back to at least the Danish Bronze age 
(Burnham 1973). It has been explored by numerous historians and design-
ers over time because of its simplicity, efficiency and versatility.8 The basic 
modifiable Make/Use t-shirt pattern was developed through Make/Use v1 
and v2. Beyond creating the basic t-shirt form, embedded in this pattern 
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are four possible groups of modifications (Figure 3). In combination with 
three choices of neckline offered, the options embedded within the Make/
Use Crop T-shirt create 48 possible permutations from a single pattern.9 
This pattern became the testing-site for the embedded wayshowing system, 
and was the site of discovery of the underlying parametric system that 
developed into the zero waste matrix.

Initial “in-house” workshopping

User testing of the textile print as navigational system in MakeUse v1 re-
vealed its complexity and the need for either verbal explanation or a key 
to decode the instructional print elements.10 Most elements referred to a 
corresponding action, such as “cut and separate” or “cut and fold back” 
(Figure 4). One example referred to a means of orientation: a “guide” line, 
indicating center front or back of the garment. Upon analysis, a lack of 
consistency in the visual instructions was noted, as was a lack of hierarchy. 
These early tests suggested the potential of the embedded instruction con-
cept, and a need for further development, both in terms of its functionality 
and legibility as a system, and its esthetic as a textile print.

Initial Make/Use v2 testing further explored the use of coded cut lines 
and matching symbols as clues to the “completion” of the garment. These 
in-team tests involved the garment-form designer presenting two other 
team members with a paper prototype of the Crop T-shirt pattern, with no 
instruction. Despite having knowledge of the basic pattern and modifica-
tion concepts and being proficient in three dimensional form design, they 
were unable to successfully transform the paper “flat” into the intended 
garment “form” without additional guidance. An example of feedback 

Figure 2
Make/Use Crop T-shirt print on left and form shown on right. Digital File by Holly McQuillan, Photograph by Bonny Beattie.
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loops and “fast failure,” this test highlighted the existence of a procedural 
hierarchy which had not previously been visible to the ZWF expert due 
to it being innately, rather than explicitly, understood. This prompted a 
search for visual hierarchy to communicate multiple levels of instruction 
within the textile print, as well as attempts to clarify and articulate the 
underlying geometric logic.

Subsequent tests looked to find a coherent synthesis between the exist-
ing visual languages of cartography and pattern-making. Issues arose with 
the inherent incompatibility of coded systems that have been developed 
over time within specialist disciplinary fields. This may be exemplified by 
the dashed line, which could be variously interpreted by the different spe-

Figure 3
There are four basic modifications 
possible from the Make-Use Crop 
T-shirt print. These are: body volume 
rotation, armhole volume rotation, 
sleeve volume rotation, and sleeve 
taper swap. Illustration by Jen 
Archer-Martin.
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cialists as a seam, fold, cut, perforation, grid line, route, or the delineation 
of an object “behind” or “above.” While attempting to use different line 
types, weights, and colors to denote all of the instructions required in one 
pattern to create multiple possible garment forms,11 it became clear that 
the inherent complexity of this codification still required either verbal ex-
planation or a key . This was considered a failure to liberate the creative 
act from overly coded technocratic understanding. It became clear that 

Figure 4
Make/Use v1 Tube Dress design with key demonstrates early instructional/wayshowing print experimentation. Photograph and illustration by 
Holly McQuillan.
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what was required was not simply a set of instructions for making, but a 
set of cognitive tools for understanding.

In attempting to simplify the navigational system in order to develop 
these tools, it was realized that the complexity resulted from both the 
mode of visual communication, and the design of the garment itself, in-
cluding the number and nature of embedded modifications. This led to an 
analysis of the pattern design and modification system, clarifying the key 
volume-creation concept and uncovering a simple underlying organiza-
tional system. Secondary paper pattern testing confirmed that these two 
things helped to cognitively support successful form creation. First, visu-
alizing the basic T-shirt as two conjoined tubes created by joining paral-
lel edges (Figure 5), aided understanding of volume-creation as a simple 
wrapping from flat plane to cylindrical form. Mapping these “arm” and 
“body” tubes onto the flat fabric reveals the organizational system, a 12-
zone matrix that anchors the pattern and textile print (Figure 6) relative 
to both fabric and body “zones”: left or right, front or back, “sleeve,” 
“shoulder,” and “body.”

These findings impacted on both the textile print design and the devel-
opment of the garment forms themselves, illustrating the interdependence 
of the embedded wayshowing system and the zero waste matrix. The ma-
trix underpinned the liberation of the textile print from having to commu-
nicate complex instructions, allowing the research to explore more open 
methods of communication that focused on affectively supporting the cre-
ative process of the maker/user.

“Make/Use: flat-to-form” workshop

With the difficulty of the previous iterations presenting a barrier to the 
participants in both successful completion of the task, and confidence in 
doing so, we sought to understand how the textile print might support the 
creative process both cognitively and emotionally. It was acknowledged 
that the fear of “getting it wrong” when decoding complex instructions, 
implied that the “right” answer was gate-kept by the designer. In contrast, 
the intent was to foster an open-ended collaboration between designer, 
maker/user and textile that empowered the maker/user to actively make 
design decisions, affording them creative agency. If the designer or expert 
is not present, this agency hinges on the relationship between the textile 
and the maker/user. The concept of wayshowing became useful here in the 
sense that wayshowing is a series of navigational cues or signs left in the 
landscape for the wayfinder to follow. This prompted the reimagining of 
the instructional print as an embedded wayshowing system.

Unlike wayfinding at the landscape scale, which may be supported by 
a map, the zero waste textile is both map (flat) and landscape (form). A 
proposed shift in focus from print-as-map to textile-as-landscape sought 
to offer more opportunities for intuitive wayfinding rather than instruc-
tion-following. Hiking through a landscape with different levels of per-
ceived navigational information was adopted as a spatial analogy for 
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visual hierarchy. At a basic level, the inexperienced hiker can follow a pre-
defined path and signposts. A more seasoned hiker might follow less obvi-
ous paths or rely on general orientation and the occasional route marker. 

Figure 5
By making three simple cuts, two from 
either side of the fabric and one cut for 
the desired neckline the basic T-shirt 
form is able to be created. Illustration 
by Jen Archer-Martin.
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An expert might find their own way, able to read less visible cues in the 
landscape. Within this fabric-landscape analogy it became possible to de-
scribe multiple levels of information that existed simultaneously, without 
having to be immediately visible, or explicitly understood. If not essential 
to the immediate creative or cognitive process, the information would re-
main a part of the background print. It was proposed that this system 
of emergent information might combat the overwhelming experience of 
deciphering multiple encoded instructions in the textile print.

The resulting wayshowing system borrows from Lynch (1960) and con-
sists of four levels of emergent information—orientational cues, prima-
ry paths, secondary paths with supplementary rotational cues, and route 
markers. In the Make/Use “Flat to Form” workshop, these emergent levels 
were first explored haptically by making an A4 paper version12 of the Crop 
T-shirt (Figure 7). After being shown a diagram of the T-shirt pattern and 
the finished garment, participants were invited to create a paper model of 
the basic T-shirt form from the printed paper. Participants were then able 
to use primary paths (clearly marked essential cut lines) to begin the form 
creation process. In the T-shirt pattern, only three essential cuts need to be 
made: two cuts that separate the fabric of each side of the “sleeve tube” 
from the “body tube,” and the neckline (three style options were availa-
ble). It was found to be helpful to describe the T-shirt as a horizontal tube 
for the arms/shoulders/upper torso and a vertical tube for the body and 

Figure 6
Twelve zone matrix with body zones mapped onto the surface. This facilitates an understanding of the relationship between 2D fabric and 
body for the maker/user. Illustration by Holly McQuillan.
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to give a brief demonstration of this concept. Two elements in the print-
ed paper pattern further aided in the task. Orientational cues, including 
recognizable “landmarks” like the neck hole, and directional marks that 
suggest the flow of gravity from the high point on the body to lower or 
outer edges/hems, helped participants to locate the “body zones” on the 
flat fabric. Once participants located the neckline they were able to cogni-
tively position the body inside the garment, guided by the gravity cues. The 
research has found that the latter are particularly useful in zero waste pat-
tern cutting, where the various zones of the pattern are contained within 
the same piece of fabric, but in multiple orientations that can be difficult to 
understand until they are on the body. This combination of cues helps the 
maker/user to read the neckline as the high point in the pattern, combating 
the common tendency to read the uppermost edge as the “top.”

Once this first stage of volume-creation is successfully completed, par-
ticipants were introduced to the concept of volume manipulation, central 
to the Make/Use ZWF pattern cutting methodology. This was achieved 
through a brief demonstration of the concept, in which a tube cut 

Figure 7
A A4 scaled paper copy of the textile print was provided to the participants to practice making the garment. Textile Design by Greta 
Menzies.
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 diagonally and rotated 180 degrees forms a bent tube. Translated into fab-
ric, this creates more volume on one side of the tube, and lifts the hem on 
the other. In the same way that the delivery of this information was done 
in stages, the supporting navigational aids in the pattern are given visual 
hierarchy. Secondary paths, or cut lines for manipulating the volume, are 
expressed as edges between zones where the background print becomes 
denser, rather than as clearly marked paths or lines. The rotational move-
ment required to make the modification is supported by the print, with a 
directional pattern of rotational cues such as chevrons sitting “behind” the 
other visual information as a background to the textile print. Participants 
were not overwhelmed with this information in the first step, as the sec-
ondary information is integrated with the background pattern of the print 
in such a way that it emerged once the participant was ready to focus on it.

Lynch (1960) describes route monitoring as supporting the route de-
cision-making process. This is achieved in the Make/Use textile through 
the considered placement of visible symbols, or route markers, at points 
that needed to be connected in order to complete the transition to three- 
dimensional garment form. The lineage of these symbols can be traced 
to pattern-making conventions, and can be seen in proto-typical form in 
MakeUse v1. The simple symbolic system, devised by the visual commu-
nication designers within the team, used basic geometric shapes that re-
quire little decoding, and became part of a multi-modal dynamic visual 
system for the wider Make/Use project. Returning to the spatial analogy 
of hiking in a landscape, the symbols resemble the route markers placed 
at intervals along a trail—high-visibility messages of reassurance that one 
has not gone too far astray. Matching the symbols facilitates the creation 
of the garment form and provides positive visual feedback that gives the 
participants confidence that they are “on the right track,” validating their 
creative decisions.

Participants had varying degrees of success with grasping the basic form 
creation and customization but quickly learned from each other in the 
workshop setting, using the wayshowing print as a guide.13 The set of nav-
igational cues that make up the Make/Use embedded wayshowing system 
act as scaffolding that supports the learning maker-user to explore further 
as their skill and confidence grows. Forming a layered visual system that 
takes the raw textile as its base, the cues emerge from the background 
of the print as required. This open-ended system acts mutually with the 
maker/user to build their agency, initially shielding them from complexity 
while gradually unlocking new understandings and more complex gar-
ment forms, rewarding those who are ready to look beyond the more ba-
sic visual guides. The requirement for explicit guidance decreases as the 
agency of the maker-user increases and they feel comfortable to ignore the 
markers and create their own garment forms, leaving the landscape open 
to affective interpretation. This was demonstrated in the workshop when 
participants were given a full-size fabric version of the Crop T-shirt to work 
with. While we anticipated multiple variations of the 48 possible garment 
permutations contained within that pattern, the openness of the system 
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was further illustrated in the unplanned modifications some  maker/users 
chose to make (Figure 8). The observation was that the  participants were 
afforded the conceptual understanding, confidence, and “permission,” not 
only to do, adapt, or make, but to create (Sanders and Stappers 2008, 12).

“Make/Use: Your Style” workshop

While user testing of the Make/Use Crop T-shirt showed that the embed-
ded wayshowing system was successful in facilitating cognition and cre-
ative agency, it was clear that this success did not occur in isolation. The 
underlying geometric concepts that were clarified in order to both refine 
the system and explain how to use it began to emerge as a new way of 
understanding and teaching zero waste design. It became evident that this 
was a central innovation rather than a byproduct of the process, leading 
to the development of the zero waste matrix and a “grid and template” 
system (Figure 9). These were tested through a second workshop typol-
ogy—“Your Style”—in which participants could bring their own fabric 
and customize a Make/Use pattern. In discovering this underlying logic, 
we found a solution to a key critique of zero waste patterns, which is the 
lack of flexibility regarding fabric width due to the pattern being directly 

Figure 8
An example of the variations participants produced from the same T-shirt pattern, some followed the guidelines, others deviated from 
planned modifications (center). Photograph by Bonny Beattie.
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informed by the size of the piece of fabric. In an industry in which there 
is no global standard for fabric width, this is problematic. The Make/Use 
workshop planning encountered the same issue—while fit variations were 
possible within a single printed pattern, the extent of these was governed 
by the size of the cloth, meaning that participants desiring a larger fit had 
to make additional modifications, such as opening the T-shirt at the front 
to make it a jacket.14 If participants were to work with different width 
fabrics, a system was needed to easily adjust the patterns without the ex-
pert having to recreate a full custom pattern each time. This redesigning 
was both unfeasible in the time available, and undesirable in that it would 
place technocratic and creative agency back into the hands of the “expert,” 
disempowering the maker/user.

The zero waste matrix might best be described as the ZWF equivalent 
of the fashion “block.” Conventional blocks are based on a complex ma-
trix that translates the basic 3D garment form, as it relates to the body, 
onto the 2D plane. Each block corresponds to a specific “standard” body 
size, shape, and gender. The body is divided into front and back, with joins 
commonly at the shoulder and side body, creating separate pieces that are 

Figure 9
Make/Use Crop T-shirt grid. This works in tandem with the templates (see Figure 10) to determine placement of the garment design features 
(such as neckline) at the intersection of the horizontal and vertical guidelines. The guideline placement is determined by the user’s fabric 
width, body size and designers design outcome. Illustration by Holly McQuillan.
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then flattened to form the block. This is then used as the base from which 
to generate patterns for different garment designs. This approach is limited 
in its consideration for the cloth used, with placement onto the fabric of 
pattern pieces for various designs differing in the pattern cutting process. 
In contrast, in ZWF pattern cutting it is the direct relationship between the 
“block” or pattern base and the fabric that determines the cut of the gar-
ment. While many ZWF designers exploit this relationship to great effect, 
the challenge of modifying a zero waste pattern to another fabric width 
or garment fit/size can be difficult for even an experienced pattern cutter. 
For Make/Use, the need to cater for both novice and expert users amplified 
the problem. An ideal solution would see the pattern, including embedded 
modifications, adjustable to suit both different sizes/fits and fabric widths.

The zero waste matrix was utilized during the workshops in two ways. 
The first was to explain the underlying geometry of the pattern, and aid 
comprehension of how the different zones of the flat pattern map to the 
garment form. The second was the development of the “grid and template” 
system which formed the main focus of the “Your Style” workshop. In this 
workshop, participants began with the same paper-modeling exercise as 
outlined in the first workshop. It was found that starting in this small-
scale and informal way reduced the trepidation about cutting into cloth, 
and allowed participants to gain confidence and understanding through 
the benefits of the printed wayshowing system. Rather than an exercise to 
understand the wayshowing, this became an exercise that used the way-
showing to understand the principles of Make/Use flat-to-form volume 
creation. Then participants were instructed in how to adapt their own grid 
using custom parameters. While in this workshop, the participants were 
able to choose to make any garment from the full Make/Use collection, the 
Crop T-shirt will again be employed here to illustrate the properties of the 
matrix and the generation of a custom grid and garment pattern.

The 12 zones of the T-shirt pattern are defined by a 4 × 3 grid.15 In its 
simplest form, four equal sections across the width of the fabric relate to 
the garment/body circumference (equal to full fabric width) and sleeve 
length (equal to a quarter of the width). Of the three vertical sections, the 
top two are equal and the third variable; the top two rows define the sleeve 
depth (the top row wrapping backward to form the back of the sleeve and 
shoulders), and the third, bottom, row makes up the remaining length of 
the garment (see Figure 9). The width parameters (fabric width, shoulder 
width + sleeve length, and body circumference) are thus interrelated, as are 
the length parameters (fabric length, garment length, and sleeve depth).16 
Working backwards, participants were able to measure their desired gar-
ment/body circumference to determine their choice of fabric width and 
the sleeve length relative to their shoulder width, and mark out the verti-
cal divisions on their fabric. How long to cut the fabric was determined 
by measuring their desired garment length, and adding the desired sleeve 
depth, then using these dimensions to mark out the horizontal divisions. 
Participants then had a marked-out fabric “block,” customized to their 
fabric and desired fit, on which to lay out the desired templates.
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The flexible parametric grid is only useful if the pattern can be easily 
adjusted to fit it. To this end, we separated out each element of the pat-
tern-cutting options into separate templates (Figure 10). These modular 
templates were tested in an analog fashion for the workshops, and are also 
provided in an open-source digital form. For the Crop T-shirt, six basic 
template sets existed, each with multiple options: necklines, body rota-
tions, sleeve rotations (elbow), sleeve rotations (shoulder), sleeve-shoulder 
tapers, and sleeve-body tapers. To achieve the most basic garment form, 
participants selected a neckline and used the corresponding grid inter-
section to position it, followed by making the three essential cuts (neck 
hole and sleeve/body separation). Other modifications could be added as 
desired by locating the templates at the grid intersections. Once marked 
out and pre-finished,17 these could then be activated in the initial garment 
creation, or at a later date. As with the printed textile version of the gar-
ments, any cut or modification can always be unstitched and “reset” in 
order to select an alternative. This both allows for ongoing adaptability, 
and relieves some perceived pressure about making the “best” choice the 
first time.18

The zero waste matrix proved to be a breakthrough innovation, al-
lowing any fabric to be made into any Make/Use garment design with 
any form variation and modification applied. In the short duration of a 
standard six hour Make/Use workshop, participants of varying skill levels 
were able to design and make their own custom versions of the Make/Use  

Figure 10
Templates for design features shown 
here are laser cut from recyclable card 
but can also be printed onto standard 
A4 or A3 paper if a laser cutter is not 
available. Both file types are available 
for download from www.makeuse.nz 
and include instructions for their use. 
Photograph by Timo Rissanen.
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UMZWF garments. This has exciting applications beyond the workshops 
and is already available as an open-source system on www.makeuse.nz, 
along with the digital print files for the embedded wayshowing system 
versions. However, a number of limitations remain. One is that the textile 
print design is not yet adjustable, and so cannot be used in conjunction with 
the parametric grid. This is an area for further research and development. 
Another is the recognition that these solutions do not fully satisfy the orig-
inal aim of the research, which was to encode the instructions for garment 
form creation into the printed textile so that a user could make and modify 
the garment without supplementary instructions. It is acknowledged that 
the majority of testing occurred in a workshop setting, where we took the 
participants through the key concepts and processes, and were there to 
troubleshoot. This does not offer a comparable situation to the proposed 
home user experience, where the user might access the garment patterns 
or order a digital printed textile through the Make/Use website, and work 
through the process alone. This is addressed in part by the supplementary 
material available on the website, which is intended to be further devel-
oped and instructional videos added. It is believed that these aids need be 
introductory only, and that once users understand the basic concepts they 
are able to find their own way through the textile-as-landscape.

Conclusion
With the fashion industry in crisis, producing unsustainable volumes of 
waste, zero waste garment design and construction provides obvious ad-
vantages. However, we identify two current key issues with ZWF: its per-
ceived complexity and inaccessibility, and its inability to effect significant 
change when considered in isolation from consumption to use. Make/Use 
pursues a re-examination of the goals of ZWF design, extending its appli-
cation and impact through integrating new understandings of how users 
might engage with zero waste garments. Borrowing from Fletcher’s notion 
of use practice, we explore how people might make and modify their own 
zero waste garments, empowering them to engage with both the produc-
tion and use of their clothing. As demonstrated by Make/Use v1, ZWF 
garments provide inherent opportunities for ongoing modification due to 
the whole cloth being retained, giving them the ability to be “reset” and 
remade. We initially set out to test whether this process could be facilitated 
by embedding multiple options for making and modifying the zero waste 
garment, along with codified instructions, into a pattern digitally printed 
directly onto the fabric. While it was proposed that this would remove 
the need to translate between conventionally separate elements of fabric, 
paper pattern, and accompanying instructions, thus simplifying compre-
hension, user testing revealed that complexity in decoding the various ele-
ments of the instructional print remained a central barrier to engagement, 
despite the overall success of the embedded modification options. Contra-
ry to the aim of placing creative agency back into the hands of clothing 
users, this reinforced the perception of ZWF as technocratic.
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Aiming to democratize access to ZWF, enhance user connection to the 
garment and increase both its functional and desirable life span, Make/
Use v2 brought together a larger interdisciplinary team to explore how 
the printed pattern might better support users to understand, make, and 
modify, while simultaneously creating a desirable textile print and gar-
ment. Early unsuccessful testing of a symbol-based visual language was 
revealing: cognitive understanding of the process of transforming the flat 
pattern into garment form required more than a clever system of “encod-
ed” instructions. For a start, relying solely on a language of lines and sym-
bols to communicate multiple options and actions made the “reading” of 
that language an additional hurdle for the maker/user to overcome rather 
than reducing the number of cognitive leaps to be made. A better visual 
hierarchy was needed to guide the maker/user through the stages of the 
making process. Understanding the garment as a spatial form, the fabric 
was reconceptualized as both “map” and “landscape”, and ideas of spatial 
wayfinding more often applied to cities was used to create a framework 
for embedding navigational cues. This embedded wayshowing system 
aimed to support users both cognitively and affectively, reducing intimi-
dating visual complexity and attempting to instead support intuition. The 
development of the Make/Use v2 T-shirt print employed a strategy that 
turned a simplified logic of volume-creating “moves” into multiple layers 
of emergent visual information.

This printed textile was successfully employed in the Make/Use v2 
workshops. Participants made essential moves to transform flat to form 
by following visually obvious primary cut paths, supported by a sense of 
orientation provided by recognizable landmarks like the neck hole, and di-
rectional cues in the print background suggesting how the fabric might fall 
when orientated to the body. Participants were then enticed and supported 
to make creative decisions about secondary modifications by looking for 
less obvious visual cues in the print. A relationship between the maker/us-
er’s readiness to look for these cues, and their “emergence” from the visual 
field of the print, was observed. Matching symbols/markers provided the 
reassurance required to start joining edges together to build the garment 
form. Together, this series of cues both cognitively supported understand-
ing of the flat-to-form transformation, and affectively supported maker/
users to feel as though they were “on the right track.” Furthermore, the 
open-ended ambiguity of the print empowered more adventurous partici-
pants to re-interpret the options for modification beyond those provided. 
Rather than all participants reaching the same destination, the resulting 
variation of emergent garment forms evidenced the openness of the pro-
cess as a collaboration between designer/facilitator, textile/facilitator, and 
maker/user.

Despite the success of the embedded wayshowing system in facili-
tating an empowering collaborative encounter with the textile, it was 
recognized that the textile print was not able to fully remove the need 
for verbal or other support. Test workshops prompted a rethinking 
of this system, not as the primary research outcome, but as a tool for 
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 supporting initial engagement. With the community of maker/users en-
gaging in democratic knowledge-sharing growing, it became apparent 
that there was a bigger barrier to the democratic application of UM-
ZWF: catering to this diverse community was problematic while the 
printed textile pattern was still constrained to the dimensions of the 
cloth. To cater for a variety of participants, sizes, and fabric widths, the 
system needed to be made more flexible. The Make/Use zero waste ma-
trix emerged as a solution. Translated into a grid and template system, 
the matrix allowed participants to modify the garment design in rela-
tion to the fabric width. In workshop testing, participants successfully 
created their own grid using custom parameters, then located templates 
for garment elements onto this grid to create bespoke ZWF patterns, 
with embedded modification options as desired. Beyond this proof of 
concept, we believe that this innovation can increase accessibility and 
flexibility of ZWF for the individual maker/user, regardless of skill level, 
and pave the way for more widespread uptake of zero waste construc-
tion in the fashion industry.

Following successfully prototyping and testing via the Make/Use work-
shops, both the digitally printed textile with embedded wayshowing sys-
tem and the customizable grid and template system based off the zero 
waste matrix have been made publicly available as a set of open-source 
tools for User Modifiable Zero Waste Fashion (see www.makeuse.nz). 
However, research is ongoing. A more comprehensive qualitative study 
on the empowerment of the maker/user through the wayshowing system, 
and a quantitative study of the reduction of waste in use through the hy-
pothesized extended life cycle, are required. The grid and template system 
is currently analog and lacks the visual support offered by the wayshow-
ing system, while the textile print is not yet flexible. At present the way-
showing print acts as a “cognitive tool” that enables comprehension of the 
system, with people then moving on to the more flexible forms possible 
through the grid and template system. This points to the need for further 
research and development of a digital composite of both systems, whereby 
the parametric grid locates both garment features and print elements to 
generate a flexible and comprehensible “flat” from any width fabric, that 
can be made into a “form” for a wide range of bodies. It is at the inter-
section of these two systems where the research positions new territory 
for exploration, and forecasts development of a universal system for User 
Modifiable Zero Waste Fashion design.
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Notes
 1.  This concept for zero waste garments has been explored further in a 

textile context by Greta Menzies’ Master of Design thesis “Conversa-
tional skins : heirloom ‘pelts’ that emerge and evolve” (Menzies 2015). 
G. Menzies was the textile designer for Make/Use.

 2.  Also known as a “sloper”.
 3.  An unlined coat from Burda patterns (Burda, n.d-a) requires 250 cm 

of 150 cm wide cloth. While the Make/Use Long Coat, with a similar 
silhouette, requires only 150 cm of a 155 cm wide cloth. A pair of 
trousers from Burda (n.d-b) requires 230 cm of 140 cm wide cloth, 
while the Make/Use Spiral Trouser of a similar design requires 155 cm 
of 150 cm wide cloth for two pairs, or only 78 cm of 150 cm wide 
cloth if using a reversible fabric.

 4.  Fuad-Luke also proposes a model of “Modular Evolved Products” 
(2009, 101) where products are designed to be easily repaired.

 5.  Locations so far include: Dunedin, Wellington and Auckland, NZ; Los 
Angeles, San Francisco and New York, USA; London, UK; and Borås, 
Sweden.

 6.  See supplementary material.
 7.  As in all Make/Use garments, any excess neck or arm hole fabric is 

retained (featured as a flap or folded back and sewn to the adjacent 
fabric), allowing for future mending/resetting.

 8.  Tilke 1922; Balenciaga 1961; Telfer 2008; Rissanen 2013; McQuillan 
2014 and many others.

 9.  Differences in fabric dimensions, placement of cut lines, volume re-
distribution, neckline and body shaping possibilities, color and textile 
print, and the potential for maker-users to create their own modifica-
tions, allow an infinite number of garment possibilities.

10.  We noted other critiques, such as a high degree of difficulty finishing 
the edges. This was resolved in a range of ways such as painted or 
pre-embroidered edges through the research. These are not the focus 
of this paper.

11.  See Bernard Rudofsky’s (1947) Are Clothes Modern, page 146 for an 
early (1873) example of this approach.

12.  As a cheap but inflexible proxy to cloth, participants are asked to 
scrunch up their paper and flatten it a couple of times to soften it so it 
behaves more like cloth.

13.  As with the in-house testing, we found that guidance was needed in 
explaining the underlying geometry and sequence for a greater success 
rate. This is discussed in the conclusion.

14.  The Make/Use Crop T-shirt for which the wayshowing print was de-
signed will fit only a New Zealand size 8–12.

15.  Seam allowances are not discussed here, but these can be allowed for 
in the calculations or resolved through alternative edge finishing and 
joining methods.

16.  Adjusting the fabric width will change the body circumference, and 
shoulder width and sleeve length. Adjusting the fabric length and/or 
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the placement of the upper two divisions will change garment length 
and sleeve depth.

17.  Prefinishing techniques explored in Make/Use ranged from simple 
analog processes to more complex specialty techniques and included 
digital embroidery, machine sewing, felting and hand painting using 
latex and house paint.

18.  Assuming the esthetic impact of resetting is acceptable to the user.
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Abstract: This practice-based design research explores methods of eliminating textile 
waste through utilising zero waste pattern cutting to expand the outcomes possible 
through composite garment weaving and speculates as to the implications for the 
wider industry and society. Employing a hermeneutic phenomenological approach, I 
tested known strategies in the context of industry and responded with new emergent 
strategies to the challenges that arose. The findings that emerged from the iterative 
design practice, and surrounding discussions and reflections, inform the 
experimental design work that follows. It is this experimental ‘future-making’ that is 
the focus of this paper, which outlines foundational pattern cutting theory and 
methods for an emerging field – composite garment weaving – as well as findings 
relating to the impact and use of technology in the fashion industry while bringing 
into sharp relief the inherent conflicts that exist within the fashion system.  

Keywords: Zero waste design, Composite garment weaving, Technology, Circular 
design, Sustainable fashion 

1. Introduction
Typically, 15%-25% (Rissanen, 2013; Runnel et al., 2017) of the cloth needed to produce a garment is 
wasted due to deeply entrenched and complex conventions of design, pattern cutting, and 
production practice, all of which are reinforced by dominant and problematic business models. The 
combination of a massively globalised and fragmented industry, and fear of a loss of competitiveness 
if the realities are revealed (Ditty, 2015), leads to a general lack of transparency in the fashion 
industry. In a recent 2018 report by Fashion Revolution, the highest transparency level achieved was 
144.5 out of a possible 250 points (Ditty, 2018). The demonstrable opaqueness of the industry makes 
comprehending the scale of the waste problem and then addressing it a herculean task, so most 
strategies have been applied only on a small scale. The inclination to want to scale up these, and 
other innovative sustainable strategies are understandable. However, this may fail to address the 
underlying consumption model which is responsible for many of the problems we face (Brooks et al. 
2017). 

© 2019 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-
NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/), which permits non-commercial re-use, 
distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, 
or built upon in any way.
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It may seem we should write off the large-scale globalised model as a destructive one, but to do so 
would neglect to address areas of the industry that negatively impact on people and planet at a 
considerable scale. Perhaps we should look to brands who produce intentionally slowly and 
holistically, utilising ‘fiber sheds’1, local production and natural dyers. The garments they produce are 
hand-made by those who have the skills to make themselves or bought from the skilled by those who 
can afford to pay for them. However, it can be argued that this small-scale approach fails to impact 
on the wider production and consumption issues the industry faces. Probably the best holistic 
solution to the problems we are facing in the fashion industry is addressed through circular design, 
assuming we apply it holistically, at all stages of the fashion cycle and not only at fiber recycling. 
Simultaneous respect for (re)use of resources and at least a flattening of consumption and 
production will be required to address the problematic waste issue we are facing – requiring us to 
not only change the way we use and discard materials, but the production methods we employ. 

2. Aim
Hybrid zero waste design is a design approach that operates at the intersections of practices, and 
through it aims to reduce or eliminate waste from production while revealing new expressions. In 
this case, the intersection is between fashion and textile design and takes a simultaneous design 
approach (Townsend, 2004) where we realise in tandem the textile structure and garment/3D form. 
This practice is not merely concerned with designing objects or forms, but also the systems that this 
hybrid practice operates within. I agree with Tim Marshall (in Yelevich and Adams, 2014) who takes 
the view that design cannot act in isolation of the complex social, economic, and environmental 
issues that envelope it. Furthermore, this research exists (as perhaps all design should) in a 
precarious, and political space (Fry, 2010) – our current situation demands that we “confront an 
unavoidable choice: we either support the status quo or we chose a path of change.” (Fry, 2010, pg 
1)  

2.1 From field test to future making 
The aim of these fields tests was to explore the limits and opportunities of zero waste fashion design 
practice in the context of the fashion industry and aimed to develop viable, manufacturable garment 
outcomes for two large garment design and producing companies. Employing a hermeneutic 
phenomenological approach, my research program (Redström 2017) takes the form of iterative ‘field 
tests’ within relatively tight design frameworks – where the initial constraints were set by the ‘field’ 
in which the tests took place. The findings that emerged from the back and forward iterations of the 
field tests and surrounding discussions and reflections (Schön, 1983) directly and indirectly inform 
the experimental design work that follows, it is this experimental ‘future-making' (Simon 1969, 
Yelavich & Adams 2014) that will be the focus of the second half of this paper.  

3. Research Methodology
The beginning of this research involved two field tests, of different durations and goals, both within 
large garment companies which have sizeable globalised supply chains and operate within the 

1 Fiber sheds are a network of farmers, ranchers, land-managers, designers, ecologists, sewers, knitters, felters, and natural 
dyers, spinners and mill operators that have defined a strategic geography to work and create within. (Fibreshed, 2018)   
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conventional fashion system, predominantly producing using “cut and sew”2 methods. I set out with 
the original intention to develop ‘successful' products for these companies so that I could then report 
on my success in my PhD so others – be they designers, companies or researchers – might learn from 
my experience. In this section I will outline the nature of the field test and how they progressed, later 
reflecting on the experience, and outlining how this spurred my research in a somewhat unexpected 
direction.  

3.1 Field Test One outline: Large high street clothing brand 
The first field test was of short duration, lasting three days and taking place in Istanbul. I was asked 
by a large fast fashion company to work with a group of their freelance marker makers3. The 
company are known for their efforts to reduce the negative impacts of their garments; however, 
they are a brand where high-volume, low-cost garments dominate. I worked with teams of marker 
makers on a specified existing dress design, exploring a range of approaches and small changes to 
the design in order to dramatically improve garment yield and reduce waste, without change of 
silhouette or critical details. In this context, we developed three different possible outcomes, one of 
which reduced yield for the planned style by 26%, by adding a single seam. These modified garments 
and markers were costed by the company4, however, as the savings they would make on material 
yield, were outweighed by the extra cost of sewing the additional seam – because their cloth was so 
inexpensive – they were not implemented.  

3.2 Field Test Two outline: Large sustainable clothing brand 
The second field test was of much longer duration and for a very different garment brand. In 2016 I 
led a zero-waste design workshop with a large American sustainable clothing brand. In preparation 
for the workshop, I was asked to redesign an iconic mid-layer fleece jacket using zero waste design 
principles to demonstrate to the team what may be possible. I presented this design while hosting 
the zero waste design workshop with the product team who suggested changes to seam placement, 
such as moving seams slightly for reasons of function, taste or aesthetics. When making these 
changes, both large and small, efficiency and yield returned close to the original. 

Later, the team decided to embark on another project with me – redesigning a men’s and women’s 
technical fleece mid-layer. The project began “off calendar” meaning it would have a long 
development period, acknowledging the peculiar challenges this type of project faced. However, it 
was moved to be “on calendar” midway through the process, significantly reducing the time available 
to develop effective solutions. An iterative process continued back and forward for many months, 
with shifting explicit5 and implicit6 constraints playing an ever-increasing role in the decisions made. 
Despite the challenges presented through constraints, the designs progressed satisfactorily enough 

2 Cut and Sew garments are constructed using patterns to cut garment pieces from an existing roll of cloth (knit or woven), 
and then sewn on a sewing machine. The process is time consuming, complex and wasteful compared to fully fashioned 
knitting for example. 
3 Marker maker takes the provided garment pattern and works with specialised marker making software to achieve the 
most efficient layout of the pattern of fabric for production. They have to consider the full-size range, volume of the 
production run, cutting table size, fabric behaviour (shrinkage for example), and directional print or grainline. They do not 
generally have input into the design of the garment, except in exceptional circumstances (where the garment pattern 
pieces are too large for the fabric width for example).  
4 This is where the total cost of the garment is calculated in detail, including all material use, trim and thread use, the time 
required to manufacture the garment.   
5 Factors which were able to be easily communicated and answers found – such as fabric width, size and grading 
requirements, limitations of manufacturing equipment 
6 Factors which were much more difficult to articulate – such as ‘house style’ or the hierarchy of what was important in a 
given design. 
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that the company arranged for the design and technical design team, and me to travel to one of their 
factories for a week of intensive collaborative work. This kind of at-factory design had never taken 
place in the company before, and in a short space of time, a significant amount of work and related 
breakthroughs were achieved. The outcome of this week was a working sample of both the men’s 
and women’s technical garments, with significantly lower yield than the original. However once 
assessed by the wider team, and suggested changes to the aesthetic and fit of the design were 
actioned, the yield and waste was only marginally improved on what it was initially. The company is 
proceeding with this version of the garment.  

4. Reflection – The desire for change without change
4.1 The value of fabric waste 
A key finding in Field Test One was that when using a conventional production process, within a high 
volume, low-cost context, reducing yield and improving waste is not a valuable investment in time 
and resources if the material cost is not a significant part of the cost of a garment. The changes 
required to the profoundly ingrained system are too significant for them to be worthwhile unless 
there is motivation outside of a financial imperative. The business model constrains meaningful 
improvement and change. 

In the process of working through Field Test Two, I had conversations with the wider team at the 
company regarding textile use and waste. I discussed with textile designers and material developers 
the possibility of specifying fabric width but this was considered infeasible. At times I found it 
compelling to attribute a value to the waste generated, but due to trade agreements, effectively the 
company only has a moral responsibility for the waste, this is a responsibility they take seriously but 
can be challenging to implement. In general, information about the volume of waste generated by 
the production of garments, the actual markers, yields and patterns used are closely guarded by 
many factories. They profit off the difference between what they quote and what they use, and 
when margins are tight, this revenue can be important. Waste it seems in an inbuilt component of 
the fashion industry. 

4.2 Hierarchies in design and production 
Field Test Two revealed that this kind of work cannot be rushed, and requires holistic approaches 
and partnerships from all stakeholders involved. It is of note that the most rapid and successful 
period in the design and product development process was when many of the stakeholders were 
working together in the same space and time. It is essential that design language is confirmed and 
articulated, and production limitations known and challenged – such as what aspects of the design 
and production are negotiable, what is not – and when the designer, line manager, pattern cutters, 
production managers and technicians are working together these can be more easily addressed.  

The conflict between the holistic requirements of a zero waste design process which is situated in 
design aesthetics and production simultaneously (and so requires a balance and understanding of 
both), and the siloed, hierarchical and linear design process the company was used to working with 
was another clear roadblock. There seemed to be a lack of understanding of the spatial reality of a 
given garment design using conventional production methods – both company’s wanted the design 
to remain the same, but for it to somehow take up less space – change without change. But zero 
waste design in not magic, and cannot be considered merely a design or pattern cutting technique. 
You could say it enforces a holistic way of working which in many ways is unlike the conventional 
fashion design system. The field tests can be seen as both a failure of my zero waste design 



Hybrid zero waste design practices 

807 

approaches to adapt to the industries rules and a testament to the inflexibility of the industry, a 
failure to change even when acknowledging the need to change. Despite these tensions, this 
research does demonstrate that zero waste design, when implemented into the wider industry, can 
enforce a different way of thinking, allowing us to ask different questions and potentially fine 
alternative solutions. 

A key finding in the field tests was the realisation of the degree to which the constraints of industry 
prevent meaningful and responsible innovation. Extensive reflection has led to me questioning the 
relationship and hierarchies between fabric and garment within the design process. This questioning 
takes place through an experimental iterative process, where I was able to combine a newfound 
understanding of the digital jacquard loom, with my prior tacit (Polayni 1966) and explicit knowledge 
in the field of zero waste garment design. This has revealed the beginnings of foundational pattern 
cutting theory and new methods for an emerging field – composite garment weaving – as well as 
findings relating to the impact and use of technology in the fashion industry. 

5. Conceptualisation – Future making aesthetics,
production and economies
Simon (1969) and then Yelevich and Adams (2014) have worked to highlight design as an act of 
future making. They argue that as designers ‘make’ the future through products, services and 
interactions, design is intrinsically social and utterly political, and therefore our actions as designers 
need to consider what kind of future we are making in doing this. The following section explores 
three avenues for considering the practice outlined in the remainder of the paper as future making. 

5.1 Aesthetics and Production: Pattern cutting for Composite 
Garment Weaving 
A common criticism of zero waste practice is the perceived lack of aesthetic control the designer has, 
this was raised in discussions with staff at the two field test companies – and it does require a more 
nuanced negotiation between 3D form and 2D pattern than conventional fashion design practice 
where the 3D almost always completely controls the 2D pattern. Though in practice it is rarely this 
straightforward – it is usually taught that pattern cutting is in service of the design sketch, and so the 
process of sketch to pattern to garment is clearly established. For most fashion designers the 
behavior of the textile is understood concerning its existing aesthetics and structure. Textiles are 
selected based on criteria – such as knit or woven, weight, handle, drape, colour, and print – to best 
serve the intended design. The vast majority of designers do not and cannot specify its construction. 
Additionally, most designers consider textiles to be two-dimensional structures, a single plane that in 
its simplest form can be hung as a screen, or perhaps manipulated into a 3D form to cover a chair, or 
make a dress.. However, what if we considered the creation of woven cloth as additive 
manufacturing for garment production? We more easily do so for knitted materials, but the same is 
true also of woven materials and forms. Our existing shallow understanding of the relationship 
between textiles and form limits the ways in which designers could transform our industry and built 
environment. I question how technology has and can further shape form-making, following some of 
the lines of inquiry forged by the work of Issey Miyake and Dai Fujiwara in A-POC (1999 - present), 
and recent explorations on digital composite garment weaving by Anna Piper (Piper and Townsend 
2015), Jacqueline Lefferts (2016) and Linda Dekhla (2018). This reshaping of form-making has the 
potential to future-make the structure of the industry itself, and through that our social fabric. 
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5.2 Digital Crafting 
Thomsen (in Yelevich and Adams, 2014) argues that understanding the behavior of the real material 
is augmented by the opportunities afforded by their digital representation (increase in variation and 
design complexity for example). "The term digital crafting suggests the intersection between digital 
design tools and the capacity for precision, variation and control within the craft tradition" (in 
Yelevich and Adams, 2014, p.61). By modifying their structure, we can discover new behaviors for 
existing materials, and use digital tools to expand on the possibilities this new understanding offers 
designers. The use of 3D modeling software is already having profound impacts on the 
representation of garments in the fashion industry7, however, how can it impact on the design 
process, outcomes, and systems in which designers operate8? This research utilises 3D design 
software extensively, enabling the design of highly complex woven garments, even though the 
designer (me) had little existing understanding of weaving or weaving software. New technology can 
act as a conduit between fields – such as fashion design and textile weaving – which need to be able 
to communicate better, but lack the language needed to conceive of new forms and methods at the 
intersection of practices and fields of knowledge.  

5.3 Economic Models – Circular design, Scale and Social Impact 
Cut and sew manufacturing is a complex, time, body and material intensive process – and the most 
commonly used for garment production. In a conventional manufacturing model, the actions needed 
to produce a cut and sewn garment are divided up into an assembly line in large factories requiring 
many workers to produce a single garment in a largely un-automated process. Models which disrupt 
this have begun to be explored by London based Unmade, and by Adidas, in their 2017 “Knit for you” 
popup shop and factory. Both examples utilise interactive software to enable consumers to 
participate in the design of their garments and onsite whole garment knitting to produce the 
garment designed on demand. Reducing the steps required to produce garments, and in some cases 
eliminating many of the hand finishing processes involved, my practice builds on ‘Seamdress’ by Kate 
Goldsworthy and David Telfer (2013) which explored circular economies, mono-materials and laser-
etched garments. By situating the majority of garment production processes in a single location – 
ideally, in a distributed model close to end-users – transportation emissions are reduced, and end 
users can witness the process of making garments.   

It is important to consider the potential impact that this kind of automation will cause on the 
economies and livelihoods of current garment workers. The International Labour Office (2017) 
discusses these impacts in a report titled New Automation Technologies and Job Creation and 
Destruction Dynamics 1 – making clear the potential benefits and costs they foresee with increasing 
automation. They estimate that as soon as 2030, 47% of all work in the US, and 89% of sewing 
machinists are at high risk of being replaced by robots and other automation techniques and that if 
these costs are not addressed in a timely way, the repercussions are severe. Any new development 
can have consequences those that develop them do not foresee or care to mitigate. 

One way of ensuring new technologies do not have unforeseen impacts is, of course, to not use any. 
Favoring a transition back to slow, human-scale, labor-intensive, cottage industries, proponents 
advocated for natural dyeing, hand weaving and knitting, and home sewing of simple garments. A 
kind of ‘change by changing back’, these models seek to undo many of the technological and 
aesthetic changes wrought by the industrial revolution but like automation are not without negative 

7 The use of Clo3D by Balmain for their advertising using the world’s first digital supermodel is an excellent example of this. 
8 For more on this see Siersema, I. (2015) ‘The influence of 3D simulation technology on the fashion design process and the 
consequences for higher education’, in Proceedings of Digital Fashion Conference 2015 Digital Fashion Society. 
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impacts9. In response to Jamer Hunts (in Yelevich and Adams, 2014) critique of the "blindingly" 
"convoluted" scale of industry, I agree with Kamenetzky (1992) who argues for an economic model 
which is human in scale. Like Kamenetzky I do not advocate for a wholesale return to ‘primitive’ 
technologies “whose operation required large amounts of human energy” – I instead aim to help 
make a technologically driven future which reduces the scale of the industrial complex required to 
produce woven garments which would previously be ‘cut and sewn’ – a kind of high-technology-
meets-cottage-industry model (see figure 1).  

Hybridising the actions needed to make a garment (or chair, or building) enables me to produce 
innovative garments, both recognisable and radical. The approach could enable a circular model of 
production – produced with a single material and fibre, embedding details which are often glued 
(interfacing) or stitched (most commonly using polycotton thread) to the cloth. Eliminating the 
majority of the waste from the manufacture of the garments, reduces the energy needed to capture 
and recycle these fibres. By prototyping ideas to proof of concept stage utilising currently available 
technology, the digital, industrial jacquard loom, I propose and begin to materialise a future – first 
clearly articulated by Miyake (1999) – where engineered cloth/garments are produced primarily on 
the loom, on demand, potentially proposing new technological developments10.  

Figure 1.  Theoretical circular model for hybrid zero waste composite woven garments.  

9 There are examples which prove small scale does not always mean only looking backward. Yoshiyuki Minami of Manonik 
(Minami, 2018) perhaps provides a good example for small scale with forward-thinking change – his work explores new 
methods of form making through weaving utilising small-scale and local processes – simultaneously significantly slowing 
and shrinking the scale of the industry while developing new methods of making garments that result in new forms.   

10 Such as highly sensitive automated cutting equipment. 
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6. Active Experimentation
T-shirt form
The next section explains my design process and workflow for designing the 3D form of a T-shirt, 
translating it to weave-able 2D structure, in order for it to once again be made 3D. I chose a T-shirt 
because it is difficult to achieve utilising existing zero waste pattern cutting techniques in a 
recognisable form. I explore the T-shirt form in three iterations, presenting it in detail for the first 
iteration, and subsequently exploring the sequence of limitations and possibilities that arise through 
iteration two and three. 

6.1 T-shirt Iteration One – Stacking layers 
To design the first iteration of the T-shirt, I utilised Clo3D and the basic T-shirt pattern available 
through the software. The use of existing conventional patterns was an attempt to achieve an 
understood and expected form, however, it also caused an inherent front/back flattening of the body 
form because a conventional T-shirt pattern consists of a front and back joined at the shoulder and 
sides. Despite the use of these conventional patterns, they gave a clear and identifiable place to 
begin the design process.  

Woven fabrics produced on a loom are almost always rectangular. I am accustomed to working with 
this limitation due to my experience with zero waste pattern cutting, however, the possibility of 
creating space in the weave was not a technique I had been able to explore before. I stacked the 
pattern pieces into the textile’s layers (see figure 2), woven so that when cut and separated, can 
create a shaped 2D pattern from a rectangular 2D textile11. The front and back are overlapped at the 
shoulder seam as shown in figure 2.1, and the sleeve pattern is placed overlapping in the same area 
so that a maximum of three layers12 is needed in the woven structure. Due to the use of 3D software, 
I could easily see the impact of the placement of these pattern pieces on the expression of the 3D 
design. The placement was simultaneously guided by the resulting expression, the requirement that 
all areas of the weave be ‘used’ for the garment13 and the technical considerations for weaving 
concerning thread density. In short, through technology I am able to design the macro structure of 
the textile, garment form and surface expression at the same time – no one single element 
consistently overrides the others.  

11 Often in the field tests discussed earlier in the paper, I wanted to be able to ‘find' or make space beyond what the flat 
fabric could provide, and in this technique, I discovered I am able to. 
12 This self-imposed 3 layer maximum was determined based on the relatively low warp density I had available to me. The 
warp density of the cotton industrial jacquard loom used for these samples is 33 ends (warp threads) per cm, so when 
divided into three layers each layer would have a maximum of 11 ends per cm, which is considered very low for apparel 
textiles. With a higher density warp more layers would be possible. 

13 So none would be cut off and discarded, as is required in zero waste design 
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Figure 2. T-shirt Iteration Two development showing three layers that make the weave when separate and not stacked for 
weaving. Red lines show overlapping conventional t-shirt patterns. 

Figure 2.1.  T-shirt Iteration Two development showing stacking of the three overlapping layers. Left to right: T-shirt pattern 
shapes (front back and two sleeves); Front and back overlapped; Front, back and sleeves overlapped (this is how the T-shirt 
is woven on the loom. 
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The three-layer ‘stacked' pattern was exported from CLO3D as a PDF and opened Illustrator. In 
Illustrator the three layers of patterns are sandwiched to produce a single layer, colour-coded ‘map' 
of weave structures or ‘bindings'. The bindings used in the research so far are simple and fall into 
three categories, fill, edge and cut, and all determine the relationship between the three layers. 
There are 16 possible binding types for these T-shirts, so there are 16 colours: this constructs the 
map of bindings (Figure 3), which determines both 2D space (woven) and 3D potential (form). 

Figure 3. T-shirt Iteration One, map of bindings. Each colour defines an area with a specific weave structure and therefore 
a relationship to the other layers above and below. File is elongated to account for weft density. 

The impact of repeat size, and weft density on the scale of the garment is important. The loom used 
has a 40cm repeat, and the same design must be repeated four times across the width of the textile, 
making a 160cm wide cloth. When I designed the T-shirt, I used a standard T-shirt pattern which is 
55,5cm wide, so the repeat would ideally be this size. In order to test the concept as simply as 
possible, I shrunk the pattern to be 40cm wide in Illustrator, acknowledging this will result in a T-shirt 
with a maximum circumference of about 76cm14 – a size which will likely only fit a child. The impact 
of weft density on the scale of the garment also needs to be addressed. For example, if I weave the 
T-shirt at a density of 50 threads per cm, then the file is scaled to ensure it is the correct length to 
translate pixel dimensions (which are square) to thread density (which is not). If I halve the thread 
density to 25 pics per cm without changing the file’s vertical scale, I will end up with a T-shirt twice as 
long.  

The correctly scaled map of bindings is then exported to Photoshop to translate to pixels instead of 
vectors and check that the total pixel dimensions align with the warp density. From Photoshop I 
export as a PSD file to ScotWeave where I can assign specific bindings to the map colours and 
generate the code which the digital jacquard loom can read. The textile is woven using a different 
coloured yarn for each of the three layers in order to better visualise the process15. After weaving, I 
carefully cut the layers separate from each other using the floats as cut guides (Figure 4) and 
constructed the T-shirt conventionally. The resulting T-shirt requires the same number of sewing 
seams as a conventional T-shirt and has the same silhouette (Figure 5); however, it is zero waste. It 
becomes clear that whereas for ‘conventional' zero waste you measure yield and waste by area, with 
this hybrid zero waste method you need to measure yield by weight of yarn used. The T-shirt only 
produces a small amount of yarn waste in the auxiliary selvedge (assuming you cut it off). The surface 
expression of the T-shirt textile is a direct result of the process used to design and produce it and 
makes explicit the simultaneous design process that is undertaken16. 

14 40cm front and 40cm wide back, minus seam allowances 
15 Top layer of the weft yarns is white, while the middle layer is grey and bottom is black. All yarns are 100% cotton. 
16 If all the weft yarns used were the same colour visual difference of the textile would be significantly reduced. 
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Figure 4.  T-shirt iteration one, sleeve layer cut from body. Transparency of sleeve is caused by the low weft and warp
density of the loom. 

Figure 5.  T-shirt Iteration One is sewn using a standard t-shirt construction sequence, side seams, shoulder seams and
armhole. Auxiliary selvedge shown as fringe on left side, this can be removed. 
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6.2 T-shirt Iteration Two – sliding layers 
T-shirt Iteration Two was in response to the limitation of a 40cm loom repeat. To change the width of 
the T-shirt within a fixed repeat I utilised the ‘stacking’ layers method across the width of the body. 
The allowed me to ‘slide’ the layers further apart across the horizontal plane (Figure 6). In Clo3D I 
first divided the basic T-shirt front and back patterns vertically into panels and then overlapped these 
to fit inside the 40cm wide repeat (Figure 7). This resulted in a zero waste T-shirt (Figure 8) which 
requires more sewing than a conventional T-shirt, but which fits an adult and allows this design to be 
graded up to any size17 where the circumference is less than about 230cm18.  

Figure 6.  Planning the ‘Map of Bindings’ for T-shirt Iteration Two. Notation indicates relationship between layers. 

17 The resulting designs in different sizes will have visual differences to each other, a concept already proposed by Rissanen 
(2013) as a method to address grading problems within zero waste design. 
18 40cm front, and 40cm wide back, multiplied by three layers, minus seam allowances 
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Figure 7.  T-shirt Iteration Two on the loom as it is being woven, 40cm wide repeat shown

Figure 8.  T-shirt Iteration Two, once cut and sewn as a ‘Half’ sample, actual design would be full length. Different weave 
structures are visible particularly on the sleeves, which are a result of the design process. More extensive sewing is required 
to form the outcomes generated from the sliding method. 
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6.3 T-shirt Iteration Three – expanding layers 
I next aimed to find a method of reducing the construction required to less than for a conventional T-
shirt. In Clo3D I noticed that what I thought of as ‘sliding' appeared more like ‘unfolding'. So using 
paper models first, and then moving to Clo3D (Figure 9), I conceived of a stitch-less method of 
embedded form making where the woven cloth has the form embedded and released when cut. 
Initially the 3D form of a T-shirt is flattened by cutting the side seams open so the form of the T-shirt 
can be flattened and then folded to conform to a rectangle for weaving. The design of the original T-
shirt is modified throughout this process in order to utilise all of the available the 2D space of the 
textile. By designing the 3D-Tshirt-potential of the 2D textile, design elements such as the shoulder 
slope and armhole shape are embedded into the weave, which then through cutting, the T-shirt form 
is realised, with final form construction requiring only two side seams 19.  

Figure 9. T-shirt iteration Three, showing expanding layers at shoulder and armhole (in light and dark grey) to enable fit 
and ease of movement. Only the side seams are needed to be sewn in this t-shirt, in contrast to the usual side, shoulder and 
armhole seams in a conventional garment.. 

7. Insights and Conclusion
7.1 Pattern cutting as Flattening 
All pattern cutting for cut and sew garments is a process of flattening the 3D form. Zero waste design 
as an experimental design practice also explores what is possible when we three-dimensionally form 
the flat textile. The converse of utilising origami to turn flat sheets into curved geometries (Callens, S. 
J. P., and Zadpoor, A. A. 2018), this hybrid zero waste research takes curved geometries (in this case
T’shirts) and ‘flattens’ them into weave-able structures. It is an iterative 3D – 2D – 2D – 2D – 3D
process (see figure 10) that transforms the outcome at every step, and flattens 3D form into an
apparently 2D textile. I am defining the interstitial space-potential in textiles – treating the textile as
3D potential.

19 If the T-shirt was woven in 6 layers it would not require any stitching at all. 
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Figure 10. Proposed design model demonstrates 3D – 2D – 2D – 2D – 3D relationship, interpretation and impact. The 
design process is supported by a supplementary digital design and prototyping process allowing the development out 
complex 3D outcomes while simultaneously developing the required 2D structure. 

This research presents outcomes for the human body, but they are only one set of examples. Of 
course this approach can be applied to many different 3D applications where we utilise woven 
textiles: interior furnishing (curtains and screens), furniture, spatial design, agricultural furnishings 
(climate screens), construction design (weave 3D building structures into flat cloth), or expanding 
forms used in science and technology such as folding robotics20.  

7.2 Technology – how it designs us as we design it. 
It is not only the direction and method of flattening that informs and directs the expression of the 
form, but it is also guided by the technology utilised in its manufacture. In the case of the examples 
presented here the stacking, sliding and expanding techniques used directly impact on the 
expression of the textile surface. As the designer, I have to choose the areas where the emergence of 
the form should dominate the desire for a particular surface texture, or when texture and weight are 
more important. The direction and method the form is flattened, then further informs the textile 
design and resulting garment form. The design of these textile-forms is a dance between form, 
function and surface expression21 which is constrained – and enabled – by the technology we use to 
design and produce them. 

7.3 Future making for garment making 
Through this research, I make examples that show how things are made while questioning why and 
in what context. Dilnot (in Yelevich and Adams, 2014, p. 196) argues for an ethical approach to future 
making asking – when designing and future building Simons (1969) “preferred” future, how do we 
define the ethics of this? Tonkinwise (in Yelevich and Adams, 2014) advocates for a process of 
intentionally designing out the things we do not need or that don't serve us – “the very active act of 
unmaking aspects of our locked-in world – designing things out of existence” (p. 198). In making 

20 There are other advantages – such as the ability to shipping as flat (flat pack furniture) or on a roll. The potential for the 
3D forms to easily collapse back down to its flat 2D woven form can also be exploited in other areas – curtains, screens, 
smart textiles or even folding robotics. 
21 However at this stage many of these limitations are caused by the technology I currently have available for sampling and 
would radically change with changes such as utilising a higher density loom and variable yarn thickness/behaviour.  
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these examples it becomes clear I am not only designing something, but I am also proposing we must 
“design away” some of the things we already have and do.  

The examples and theory explorations presented here seem situated between two seemingly 
opposing viewpoints within the scholarly sustainable fashion community, viewpoints which inevitably 
mirror the debate around wider ideas of sustainability. On the one hand, we idealise technological 
improvements, while we are seemingly resigned to the massive scale of the industry. There 
dominates a low cost, high science model of ‘change without change’, where industry hopes that 
with technological advancement in areas such as fibre recycling we can continue with the remainder 
of the industry as it currently operates. While on the other hand, we glorify small-scale, handcrafted 
garments and practices, where time and money intensive practices present a model of ‘change by 
changing back' to how we used to do things. When invented in the early 1800s the jacquard loom 
was considered disruptive technology, so much so that many looms were destroyed by the workers 
they replaced, while the looms inventor was attacked. Eventually, society accepted the jacquard 
loom because of the positive change it brought to the industry. My research is ‘future-making’ – 
proposing artifacts which might exist as a result of a kind of ‘high-tech cottage industry’ – which 
suggest ways of being for designers, manufacturers and users alike. 
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ABSTRACT 

This paper discusses research currently being 

undertaken which addresses the interrelated 

volume, value and cost of waste and the 

responsibility designers have in its creation. The 

paper begins by outlining the contemporary waste 

problem (in the fashion industry). Then utilising 

observations made during recent field tests – where 

waste reduction and elimination strategies were 

applied to existing designs ¬ the impact that 

explicit and implicit design hierarchies and 

complexity have on waste minimisation attempts 

are discussed. Questions such as: is waste a 

problem in the context of proposed Circular 

Economy models? After all, if we have a Circular 

Economy, then any waste we make can be put back 

into the cycle. So, will the CE let designers (and 

industry) off the hook? Lastly, I speculate as to 

what a fashion industry without waste might look 

like, discussing my design response to the issues 

raised. 

INTRODUCTION 
This paper discusses research currently being 
undertaken as part of a PhD in Artistic Design and 
addresses the interrelated volume, value and cost of 
waste, and the responsibility designers have in its 

creation. The discussion utilises textile waste as an 
example however many of the problems that exist in the 
fashion and textile industry exist in other design fields, 
and it is possible that some of the ways of thinking 
discussed to address these problems will be 
transferrable. The paper begins by outlining the 
contemporary waste problem (in the fashion industry). 
Then utilising observations made during recent field 
tests – where I was invited by major brands to apply 
waste reduction and elimination strategies to existing 
designs ¬ I sketch out the impact that explicit and 
implicit design hierarchies and complexity have on 
waste minimisation attempts. Then I question if waste is 
actually a problem in the context of proposed Circular 
Economy (CE) models – after all if we have a CE then 
perhaps we can continue the status quo in terms of 
design (overproducing and generating excessive waste 
in production) because any waste can be put back into 
the cycle? Maybe the CE will let designers (and 
industry) off the hook? Lastly, I speculate as to what a 
fashion industry without waste might look like, 
discussing my ongoing design response to the issues 
raised.  

Things overrun our world. Many products are over-
manufactured, never owned and so are waste through 
poor management, others are produced, bought, owned 
but sooner or later discarded. Many products are 
designed as waste, such as packaging, or waste as an 
inevitable outcome of manufacturing. As an example, 
the fashion and textile industry generates between an 
estimated 55 and 92 million tons (Kerr & Landry, 2017) 
of waste every year based on 2015 consumption figures. 
Within one year close to two-thirds of the material used 
to produce clothing becomes waste. Only 10% of this is 
currently recycled, with the remainder ending its life in 
the incinerator or landfill.   

 

Paper 3: Waste, so what ? 

McQuillan, H. (2019). ’Waste, so what ? A reflection on waste and the role of 

designers in a circular economy.’, Nordic Design Research Journal. Espoo, Finland, 

8(8), pp. 1–9.Available at: http://www.nordes.org/opj/index.php/n13/article/

view/485/456. 
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Figure 1: Raw material status within the fashion system after 
one year. Based on 2015 data (Kerr and Landry, 2017) 

METHODOLOGY 

This research program (Redström 2017) asks a 
seemingly simple question: What if we eliminate waste 
from the production of products? What could that look 
like in the context of the fashion industry? Employing 
an experimental and phenomenological approach, I have 
undertaken a series of iterative field tests and 
experiments in response to these questions, grounded by 
ongoing reflection (Schön, 1983) and analysis of 
available consumption and waste data. Through a lens 
which advocates for us to consider design as an act of 
future-making (Simon 1969, Yelavich & Adams, 2014)  
I have begun to craft an argument supporting the call for 
an alternative fashion industry.  

 

REFLECTIONS ON DESIGN HIERARCHIES AND 
WASTE 

The waste hierarchy asks that we first eliminate the 
production of waste and that all other approaches, 
including recycling, are secondary to this. It is common 
to consider waste an inevitable ‘by-product’ of industry 
and disregard the role designers play in its creation. 
However, it is important to remember that before it was 
waste, it was potential. Consider the garment: Fibre into 
yarn, yarn into cloth, cloth into a garment, at every stage 
materials are imagined and manufactured into existence 
– what we do with them, how we make them, how we 
utilise them – each step we transform them from ideas 
and materials with potential, to products. And waste – 
we design that too. If we consider design as an act of 

future-making (Simon, 1969; Yelavich & Adams, 
2014), we have designed our reality and continue to 
generate the future. Nine years ago McDonough and 
Braungart in their seminal work Cradle to Cradle (2010) 
advocated for a redesign of the very notion of waste, 
however, our models of design, our society and 
industries continue to make a future consumed by both 
products and waste.   

In this context, I was invited by two major fashion and 
clothing brands to work with their teams. In this section, 
I will discuss my reflections relating to the second, 
longer field test to demonstrate that when attempting to 
reduce waste within an existing business and production 
model there occurs a powerful – and lopsided – 
negotiation between resource waste and design 
outcomes.  

Field Test 2: In 2016 I led a zero-waste design 
workshop with a large American sustainable clothing 
brand. In preparation for the workshop, I was asked to 
redesign an iconic mid-layer fleece jacket using zero 
waste design principles to demonstrate to the team what 
may be possible. I presented this design while hosting 
the zero waste design workshop with the product team 
who suggested changes to seam placement, such as 
moving seams slightly for reasons of function, taste or 
aesthetics. When making these changes, both large and 
small, efficiency and yield returned close to the original. 

Later, the team decided to embark on another related 
project with me – redesigning a men’s and women’s 
technical fleece mid-layer. The project began “off 
calendar” meaning it would have a long development 
period, acknowledging the peculiar challenges this type 
of project faced. However, it was moved to be “on 
calendar” midway through the process, significantly 
reducing the time available to develop effective 
solutions. An iterative process continued back and 
forward for many months, with shifting explicit and 
implicit constraints playing an ever-increasing role in 
the decisions made. Despite the challenges presented 
through constraints, the designs progressed 
satisfactorily enough that the company arranged for the 
design and technical design team, and me to travel to 
one of their factories for a week of intensive 
collaborative work. This kind of at-factory design had 
never taken place in the company before, and in a short 
space of time, a significant amount of work and related 
breakthroughs were achieved. The outcome of this week 
was a working sample of both the men’s and women’s 
technical garments, with a significantly lower yield than 
the original. However once assessed by the wider team, 
and suggested changes to the aesthetic and fit of the 
design were actioned, the yield and waste were only 
marginally improved on what it was initially. The 
company is proceeding with this version of the garment. 
(McQuillan, 2019) 

The key finding of this field test was the lived 
observation of the limitations that existing hierarchies of 
design impose when trying to reduce or eliminate waste 
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from the fashion design process. There exists a 
fundamental schism between design as an act of product 
creation and design as a simultaneous act of waste 
creation. Waste is considered a management problem 
that requires collection and disposal. For cut and sew 
garments waste is the parts cut off when making the 
desired/designed form and detail. It is emphatically 
NOT part of the design. Perceptions of fit, function, 
form, aesthetic and cost are considered exponentially 
more important. And yet, if design is not only what we 
design into existence, but also what we design ‘away’ 
(Tonkinwise, 2014), then the waste is also what we have 
designed. The problem is currently, where we only 
recycle 10% of textile waste, there is no ‘away’. 

We are content to design out adverse outcomes that do 
not have an impact of aesthetic, form, function, fit and 
cost. We use organic cotton, but only if it does not 
impact on cost or aesthetic. We specify for the removal 
of toxic dyes so long as the replacement is equally vivid 
and colour fast. We do not yet have a solution for non-
toxic waterproofing, so we continue to use it despite its 
impact. Please, make it zero waste, but do not change 
any aspect of the form, fit, function, cost or aesthetic. 
We have designed the fashion system to prioritise 
almost all things above the environment we all rely on. 
The result is the world we live in now.  

Through this research, I often ask myself: should 100% 
resource use in production be the ultimate goal? If the 
answer is an ideal yes, then we need to address 
expectations of aesthetics/fit of garments or develop 
new methods of design and production which eliminate 
waste while maintaining current expectations. 

 

REFLECTIONS ON COMPLEXITY 

In a 2017 report by the Global Fashion Agenda (GFA) 
(Kerr and Landry, 2017) industry workers identified the 
following barriers to sustainability; short-term thinking, 
siloed roles, resistance to collaboration, lack of 
company resources, among others. Contemporary 
industries tend to have complex supply chains, with 
materials sourced globally, and key actions and 
decisions made independently of others, often in 
different buildings, cities or countries, using different 
languages. How can we negotiate the various forces at 
play in the development of a design when a holistic 
approach is needed. A key observation from the first 
field test described was that the most rapid and 
successful period in the design and product 
development process was when many of the 
stakeholders were working together in the same space 
and time –when the hierarchies and silos were partially 
broken down. 

The tightly controlled hierarchies governing who 
controls the design and the sequence these levers of 
control are used became very apparent in Field Test 1. 

Field Test 1: was of short duration, lasting three days 
and taking place in Istanbul. I was asked by a large fast 

fashion company to work with a group of their freelance 
marker makers. The company are known for their 
efforts to reduce the negative impacts of their garments; 
however, they are a brand where high-volume, low-cost 
garments dominate. I worked with teams of marker 
makers on a specified existing dress design, exploring a 
range of approaches and small changes to the design in 
order to dramatically improve garment yield and reduce 
waste, without change of silhouette or critical details. In 
this context, we developed three different possible 
outcomes, one of which reduced yield for the planned 
style by 26%, by adding a single seam. These modified 
garments and markers were costed by the company, 
however, as the savings they would make on material 
yield, were outweighed by the extra cost of sewing the 
additional seam – because their cloth was so 
inexpensive – they were not implemented. (McQuillan, 
2019) 

The marker makers in this field test were experts at 
making pattern pieces fit efficiently into a lay plan, 
often performing much better than computer software. 
However, they had no contact with the designers or 
pattern cutters in this context. So any insights they had 
as to waste and yield reduction via changes to the 
pattern or design had no avenue for communication. 
This field test also speaks to a particular way of thinking 
that dominates our capitalist society and industry. Even 
if a design can be made more efficient in terms of 
material use, it needs to save money overall to be 
considered viable. So, how much fabric do we need to 
save for it to be ‘worth’ the human effort and financial 
cost?  

When using a conventional production process, 
particularly within a high volume, low-cost context, 
reducing yield and improving waste does not seem a 
valuable investment in time and resources – especially if 
the material cost is not a significant part of the cost of a 
garment. The changes required to the profoundly 
ingrained system are too significant for them to be 
worthwhile unless there is motivation outside of a 
financial imperative. This observation is supported by 
an examination of Runnel et al. 2017 report on textile 
waste. Despite advocating for a somewhat radical 
rethink of the role and value of textile waste in the 
industry, the report still only attempts to address waste 
once it is made, not the prevention of its production 
through design. This is perhaps because doing this 
impacts on design systems, hierarchies in both design 
and production and potentially garment aesthetics.  

I wonder: To what extent are industry and consumers 
willing to change? 

 

REFLECTIONS ON THE CIRCULAR ECONOMY 
AND WASTE 

If we have a circular fashion system then does that mean 
we can continue to overproduce and produce excessive 
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waste in production because the waste can all be put 
back into the cycle? 

Humans are impacting on the geological record to such 
an extent that the International Geological Congress in 
2016 designated that we are now in the Anthropocene, 
despite the fact humans only account for about 
1/10000th of the world's biomass (Bar-On, Phillips. & 
Milo, 2018). Yet the dominant business-led discourse 
around ‘radical’ developments such as the circular 
economy and circular textiles on the surface seems to 
suggest that there is little need to modify wider 
behaviour of consumers and business models because 
the 100% recycled circular economy will save us from 
climate oblivion. However, Fellner et al. (2017) and 
Brooks et al., (2017) argue that such simplistic notions 
of recycling solving our problems – even if we achieved 
a theoretical 100% recapture of materials  – is flawed. 
The 2017 study by Fellner et al. examined what level of 
greenhouse gas (GHG) emissions reduction we might 
expect if we recycled 100% of the materials used across 
a wide range of industries: plastic, aggregates, iron, 
steel, aluminium and paper/board. They found that even 
with a theoretical (and impossible) 100% recapture and 
recycling rates we would only generate a 1.6% 
reduction in GHG emissions. This is because the 
industries examined already recycle at relatively high 
rates, the materials are often in permanent (or near 
permanent) use, so material throughput is low, and 
growth is still very high, so replacing new with recycled 
material will not come close to meeting the increase in 
demand. The report concludes that growth in material 
use needs to flatten and stabilise. 

A NOTE ON DATA 

Getting reliable data on the volume of waste generated 
by the fashion industry is notoriously difficult – a reality 
exemplified by the fact that the Kerr and Landry’s 
report seems to suggest we discard significantly more 
garments (92mt p/a) than we consume (62mt p/a). 
Perhaps the authors have conflated the fashion and 
textile industries when reporting on waste and not when 
calculating consumption. Additionally, the Global 
Fashion Agenda who commissioned the report is in part 
funded by garment giants Kering, ASOS, Nike and 
H&M, which could be argued as being a conflict of 
interest. Most garment companies do not keep reliable 
records of textile waste (Runnel et all 2017), and there 
is no clear categorisation of types of waste or what is 
done with it. In many cases, companies have little 
information about what happens to production waste as 
they do not technically ‘own’ it, and only have a moral 
responsibility for it. With these limitations in mind, I 
have calculated the theoretical recycling shortfall c 
based on the 62mt p/a consumption figure and adds 
35% to account for pre-consumer waste, as is indicated 
in the GFA report (Kerr & Landry, 2017).  

 

 

TEXTILE WASTE AND THE CIRCULAR 
ECONOMY 

Fellner et al. (2017) do not discuss the fashion and 
textile industries (though they could be included in 
some of the figures used for plastic and even potentially 
paper). However utilising the figures provided in the 
GFA report (Kerr & Landry, 2017), we can extrapolate 
figures to illustrate the textile and fashion story. 
Assuming a theoretical 100% recapture and recycle rate 
at both pre and post-consumer stages, the fashion 
industry would be almost 33.5million tons p/a short of 
recycled material to maintain even current levels of 
consumption, assuming both zero growth and no 
improvements in efficiency in production. This shortfall 
is mainly because people hold on to 54% of their 
garments year to year (Kerr & Landry, 2017).   

 

 

 
Figure 2: Comparison of material status after one year, 
assuming zero growth and no rebound effect. 

Between 35% (Kerr & Landry, 2017) and 25% (Runnel 
et al. 2017) of the raw materials used to produce 
garments becomes waste at the factory. An average of 
15% (Rissanen, 2013) is generated at the design stage 
via the pattern cutting-to-marker making process, and 
the remainder is end-of-roll, selvedge waste, and other 
yarn waste. Zero waste through design can lead to a 
reduction in waste while maintaining yield, or both a 
reduction in yield and a reduction in waste (before 
meeting a theoretical minimum yield). If we achieve a 
theoretical 100% utilisation of raw materials two 
entirely different outcomes are possible depending on 
how we do this. For example, if we currently need 
200cm of cloth to make a dress but only utilise 160cm 
(20% waste), but we redesign the pattern or production 
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method to make the same style utilising the full 200cm, 
without generating waste but without a reduction in 
yield – then this will maintain overall total demand. It 
also drives an increase in the need for virgin materials (a 
theoretical increase of 21,7 million tons per year) 
because of the resulting increase in a recycled material 
shortfall. If instead, we make the same dress utilising 
only the 160cm needed to make the style (the theoretical 
minimum yield) then we will reduce demand of 
recycled material while maintaining demand for virgin 
materials, assuming we maintain current levels of 
consumption (Figure 2). Should we, therefore, disregard 
the reduction of waste without the reduction of yield as 
a strategy for zero waste? Under theoretical 100% 
recycling rates yes, however, we do not have that, and it 
is not likely to ever be the case. This strategy will 
remove significant volumes (up to approx. 8.3 million 
tons per annum at the 2015 rate of consumption, see 
Figure 3) of waste from landfill and incineration, 
however under a theoretical 100% recovery and recycle 
scenario the goal shifts to reducing yield while reducing 
waste.

 
Figure 3: Impact of zero waste (without reduction in yield) on 
textile waste volume at current recycling rates. 

If consumption increases, which it is expected to do so 
(from 62 million tons per annum in 2015 to 102 million 
tons per annum in 2030) then the benefits to be gained 
from achieving theoretical minimum yield in production 
increase further (Figure 4). However, growth in virgin 
material demand is still clearly a problem. 

 
Figure 4: Material demand and shortfall over time, assuming 
100% recovery and recycling. 

At a theoretical 100% recovery and recycling rate, the 
key driver for the demand of virgin material use 
becomes how long people use their garments and its 
relationship to growth in consumption. If people hold on 
to their garments (without using them) while also 
increasing consumption (hoarding), then the demand for 
virgin materials increases as the material available for 
recycling cannot keep up with demand driven by 
growth. However, if people reduce consumption 
because they hold on to their garments and use them 
(slow garments, Figure 5), then demand for virgin 
material is moderated. Alternatively, if people speed up 
the flow of products through their lives and we can 
capture and recycle 100% of these products, and there is 
no growth in demand as one garment is made for every 
garment recovered. In this scenario, more recycled 
materials will be available and less virgin materials 
required. 
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Figure 5: From status quo to better to ideal. 

So, we need a multi-pronged approach. First, we need to 
reduce the amount of material needed (aiming for 
theoretical minimum yield) to make the garments. 
Secondly, we need to be able to achieve as close to 
100% recapture and recycling rates as we can. Thirdly, 
we need to eliminate the hoarding of garments, and 
instead have two distinct kinds of garments (Peters, G. 
et al. 2018): those that are designed to last, that do not 
drive consumption increases because they are repaired, 
cherished, reused, lent, on-sold – these are the only 
garments (if any) we should consider making from 
virgin materials. Also, fast ‘1:1 garments’; which move 
through the fashion cycle rapidly, providing their own 
raw material to be reborn, therefore meeting their own 
demand for recycled material. Lastly, ideally, we need 
to flatten growth in material use to achieve a steady 
state economy.   

 

A NOTE ON THE ‘REBOUND EFFECT’  

It has been observed that increases in efficiency often 
increase production and consumption, as the raw 
materials saved through efficiency become drivers for 
growth – a phenomenon called the ‘rebound effect’. 
”Invariably… efficiency in production processes have 
been used by the businesses… to save on costs so as to 
be able to produce and sell more. In fact, what we call 
economic growth is the long history of the diversion of 
efficiency gains into production increases.” (Grosse, 

2011). There seems to exist hope for a perpetually 
expanding market fed by ever decreasing raw material 
consumption. 

During the field tests I often reflected at the companies 
motivation for increases in efficiency, it is impossible 
perhaps for a company operating in a neo-capitalism to 
view efficiency gains as anything but ‘guilt-free’ raw 
material for more production and therefore growth. The 
potential problem, however, is that without a limit on 
growth our notion of a circular economy will always be, 
in fact, an ever-increasing spiral requiring ever more 
virgin inputs. 

 

FUTURE-MAKING 

“The best way to predict your future is to create it.” 
Abraham Lincoln 

It makes sense that business is reluctant to disrupt the 
status quo after all industry has been benefitting at the 
expense of the environment and many humans for 
hundreds of years. A progression of efficiency savings 
in labour (first through the division of labour and more 
recently automation), and extraction has fostered a 
business model for the garment industry which is so 
complex, global and entrenched that change on almost 
any level seems infeasible. However, change we must. 
CE “is not a “more of the same” approach…[it] has the 
potential to understand and implement radically new 
patterns and help society reach increased sustainability 
and wellbeing at low or no material, energy and 
environmental costs.” (Ghisellini, Cialani, & Ulgiati, 
2016). The future we need (as a self-realised choice and 
not catastrophic collapse) can seem thoroughly 
fantastical. The point is that we need radical change – 
either it happens to us or we design it ourselves. 

This research seeks to illustrate what a future alternative 
model of design and production for woven textiles 
might be in response to the question: What if we 
eliminate waste from the production of products, and 
what could that that look like in the context of the 
fashion industry? The remainder of this paper seeks to 
explore some of the approach taken so far.  

 

ZERO WASTE COMPOSITE GARMENT WEAVING 

Building on my tacit (Polanyi, 1966) knowledge gained 
from past experience and in response to the field tests 
outlined earlier I began to explore the edges of zero 
waste design practice. Based on my experience 
attempting to design within the tight framework 
provided in the field tests it became clear there was a 
need for a holistic approach, and that the fundamental 
design of the textile was underexplored as a method of 
reducing waste for woven textiles.  

A key critique of zero waste fashion design is the 
perceived difficulty in controlling the exact outcome. A 
holistic approach is required where a careful negotiation 
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is made between the various competing goals of a 
product. A fundamental limitation is the rectangular 
form of the cloth at odds with the curved form of the 
human body. This perhaps explains why many zero 
waste garments are voluminous or boxy in form – 
controlling details and silhouette in the context of 
rectangular cloth can be difficult.  

In response, I experimented with designing both the 
textile and the form in a simultaneous design process 
(Townsend, 2003). This enabled me to find the 3D 
potential in what most designers consider a 2D material. 
Treating the loom as a kind of 3D printer for woven 
textiles, “composite garment weaving” (CGW) is 
defined by Piper and Townsend (2015) as the 
simultaneous design, and production, of woven textile 
and garment. This way of working has existed for 
knitted garments for many years first through fully 
fashioned knitting and later whole garment knitting, but 
woven garments are made utilising a method called Cut 
and Sew. 

Cut and Sew is the primary method of garment creation 
for both woven and knitted garments within the 
industry. It has been adopted by industry because it 
enables the various actions of garment creation to be 
divided into separate steps (the division of labour). 
However, it is a complex, time consuming and resource 
intensive practice. This method of production 
contributes an average of 43% of the waste generated at 
production due to inefficient and entrenched design and 
pattern cutting processes. This research critiques cut and 
sew as an appropriate production method in the context 
of the circular economy.  

In contrast, CGW (like its cousin whole garment 
knitting) hybridises and automates many of the various 
actions needed to make a garment – form and detail are 
materialised with textile. Existing explorations of 
composite garment weaving include Issey Miyake and 
Dai Fujiwara in A-POC (1999 - present), and recent 
explorations of composite garment weaving by Anna 
Piper (Piper and Townsend 2015), Jacqueline Lefferts 
(2016) and Linda Dekhla (2018). Other models which 
disrupt cut and sew for knitwear have begun to be 
explored by London based Unmade, and Knit for You 
(Adidas, 2017) with onsite, on-demand whole garment 
knitting of garments that have been partially designed 
by the user. Seamdress’ by Kate Goldsworthy and 
David Telfer (2013) explored circular economies, 
mono-materials and laser-etched garments reducing the 
steps and materials required for garment production. 3D 
printed garments are an area of increasing interest, and 
more work is needed for the outcome to have a cloth-
like feel.  

By situating the majority of garment production 
processes in a single automated action and location – 
ideally, in an on-demand, distributed model close to 
end-users – production and transportation emissions are 
reduced and over-production limited. Additionally, it 
makes possible the re-shoring of production – reversing 

the decades-long process of ‘offshoring’ the waste and 
labour abuses which occur in conventional production. 

None of the current examples of CGW fully explore the 
potential for CGW to generate recognisable forms while 
reducing or eliminating waste for woven garments. As 
discussed previously there is a clear need to reduce the 
yield required to manufacture garments, eliminate (or at 
least drastically reduce) waste of all kinds (including 
weaving waste and overproduction) in the context of the 
CE. It is in this territory that my work has been focussed 
so far.   

 
Figure 6: The design process occurs primarily in the digital 
software CLO3D. 
https://vimeo.com/user42375475/review/311307753/8f2247db
1e 

 

CONCLUSIONS AND ONGOING RESEARCH 

Design in the context of a circular economy should 
ideally adhere to the following: Reduce yield to the 
theoretical minimum while reducing or eliminating 
waste in overall production. Products need to be able to 
be recycled easily, so we can achieve as close to 100% 
recapture and recycling as we can. We need to design 
two distinct kinds of products: those that are designed to 
last, that do not drive consumption increases because 
they are repaired, cherished, reused, lent, on-sold: And 
‘1:1 products; which move through the use cycle 
rapidly, meeting their own demand for recycled 
material.  

My design responses to these demands are beginning to 
take form. The use of the t-shirt archetype enables me to 
explore the possibilities for recognisable form creation 
utilising a radically different design and production 
method. The zero waste CGW t-shirt shown in this 
example was designed almost entirely utilising digital 
software (CLO3D), which would theoretically enable an 
on-demand design model for consumers where the 
garment is digitally tailored to fit. It is then woven on a 
digital jacquard loom and cut so that the embedded 
layers, details and 3D form of the t-shirt expand out 
from the 2D woven cloth.  
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Figure 7: Video showing the weaving and cutting for the 
tshirt. 
https://vimeo.com/user42375475/review/311307665/fb5719ed
3b 

 

All of the examples made so far are woven from 100% 
cotton to avoid hybrid materials which are more 
difficult (or sometimes impossible) to recycle, and with 
further development will require no stitching (which is 
usually a polyester-cotton blend). Further research will 
include developing more variation in the creation of 
form, surface, edges, and details. Variable yarn weight 
will be explored to potentially eliminate the need for 
adhesives in production and to control the density (for 
durability and drape) of the cloth across the loom width.  

 

WASTE, WHO CARES? 

So what is the effect of eliminating waste from the 
design of the products we make? It is clear that we are 
facing a waste problem that requires we transform our 
industries and that the scale of the problem is vast and 
designers cannot continue to behave as though it is only 
a management and recycling problem. We need to 
understand that aiming for 100% resource use in 
production needs to be part of our goals. To achieve 
this, we need to either address expectations of 
aesthetics/fit of garments or develop new methods of 
design and production which eliminate waste while 
satisfying needs and expectations – or perhaps both. 
However, 100% efficient resource use cannot be our 
only task. McDonough and Braungart (2010) critique 
the waste hierarchy – reduce, reuse, recycle – as the 
logic of death and argued that we must find a way to 
design for abundance. Their argument is that growth 
isn’t in and of itself wrong, only the way we do it and 
that the things society and industry tends to want to 
grow like product sales and dividends – unless also 
tethered to the finite environmental (and social) limits of 
our planet – are the very things that can make 
abundance for all impossible to achieve.  

The complexity of the fashion industry mirrors the 
complexity of many design-led industries. Our 
ingrained ways of working, particularly the silos and 
hierarchies are barriers to meaningful change. Designers 
need to act as translators and facilitators, enabling better 
communication to improve the status quo and providing 

a clear creative vision for what the future might look 
like. We have work to do so that the products we design 
are the right kind of products, able to be recycled, and 
repaired, at the right time. We need to design to prevent 
the creation of waste in the first instance while reducing 
the total material needed to make them and meeting our 
needs. The circular economy will not save us from 
climate disaster unless we employ its mechanisms well 
and creatively. We need to utilise all the tools at our 
disposal to transform the ways products are made and 
the system they exist within so that once technology 
catches up with our design dreams, we are ready and 
waiting.   
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Introduction 

As our understanding of fashion and sustainability broadens beyond quantified accounts of 

supply chains and material use, the fashion system requires an expanded, holistic 

understanding of how we clothe the body and through it the mind, and how design may 

contribute to this understanding. Here we ask questions about the presence and absence of 

mind-body dialogues in contemporary fashion design practice, and the roles of technology, 

weaving and cutting in facilitating these dialogues.  

In this chapter mind refers to that of designer, maker and wearer of clothing. Body is 

explored through discussion of the labour of both craftsman and factory worker, and the 

role of the wearer’s body in the design of, and lived experience in garments. Cloth is 

explored in relation to the reduction of waste and the simultaneous design and production 

of cloth. Garment behaves like a vehicle, facilitator and communicator of these interactions.  

The themes of mind, body, garment and cloth are expanded through a series of case 

studies to provide multiple perspectives on the potential models and approaches possible as 

we seek to transform the fashion industry. The practitioners discussed in this chapter 

diverge significantly from each other, in terms of the contexts in which they practice, their 

methods of practice, and in their relationships to materials. We nonetheless speculate on a 

connecting thread that creates a common ground for all of them – all of us, in fact, since we 

count ourselves in this group. The common thread is a pursuit of wholeness or 

completeness in the practice – not only relating to designer, maker and cloth but also 

industry and wearer.  

How a sense of wholeness manifests in the practice and its outcomes of each 

practitioner varies broadly, yet it provides a robust and useful lens with which to examine 

these divergent practices. It is necessary at this point for us to define holism as both a 
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process of expanding out to see and act on a range of problems, issues and perspectives 

while pulling and holding together these divergences in order to ameliorate the industry we 

are actors within. We do not believe there can ever be a single solution to our complex 

industry. This is the spirit in which these case studies are explored.  

Having an holistic respect for cloth and body in garment design is not a new 

proposition: in Cut My Cote Dorothy Burnham (1973) presented her thesis that the loom 

type of a particular culture was directly connected with the widths of the cloth that that 

loom produced, and the width, in turn, informed the cuts of the garments made from the 

cloth. Historically most garments were produced with careful consideration for the cloth 

they were cut from. The quality of the cloth in many garments was directly impacted by the 

body of the maker – such as in the case of back strap looms where tension is provided by 

the body of the weaver. While in Japanese Kimono the form of the garment is an interaction 

between the width of the cloth produced, the maker and the body of the intended wearer – 

a relationship which changed over the garment and wearers lifetime.  

Additionally, designers such as Yeohlee Teng have used the dimensions of the cloth 

as both a limit and instigator in her design practice. This is a type of completeness that we 

investigate in contemporary practice, including our own practices, however, we do not limit 

our investigation to it. Wholeness or completeness can have multiple meanings that are not 

necessarily mutually exclusive but rather, complementary. In much of contemporary 

fashion, the body is subservient to industry, serving to either produce (as makers) or buy (as 

consumers) the garments the industry produces. The experience of being and living in 

garments is often underexplored by designers, and the experience of making garments 

either by the skilled home sewer, or the factory machinist is almost entirely ignored. It is a 

one-sided dialogue where the garment is primarily valued as a unit of sale, while other 
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inputs such as material and time, and outputs such as waste and physical or social impacts 

are secondary.  

In this chapter we will explore holistic conversations between body, mind, cloth and 

garment, first in the context of McQuillan’s practice within the existing fashion industry, 

providing a counterpart for the more avant-garde practices explored later.  

 

The Belly of the Beast: Industry context 

It often feels that the fashion industry – as an emblem of capitalism and Fordism1 – is the 

antithesis of the holistic. Originally a cottage industry where growers, weavers, makers and 

wearers were known to each other. When the goal became to produce as many units in as 

short a timeframe as possible this craft-centric structure began to change. Division of 

labour, a key tenet of Fordism (Forty 1986: 122-123),  is unmistakably in action within the 

conventional fashion factory and clothing production, as far from a cottage industry or the 

notion of craft as we can imagine. At times it seems utterly removed from the human scale, 

yet abusive towards the bodies who produce it. The sprawling, globalized and disjointed 

supply chain of the fashion industry is difficult to discern due to its goliath size, and its 

opaqueness makes a holistic approach difficult to realize at large scale. Achieving holism is 

difficult for a range of reasons: trade agreements restricting materials you can source, 

inconsistent or underutilized machinery and technology, along with more obvious 

obstructions such as geography and language. However, one of the biggest barriers to 

holistic change in the fashion industry is the ingrained hierarchical systems caused by the 

need to control this beast of an industry.  

Many attempts to wrangle the ills of the industry have been made at the atomic 

level, for example through organic fibres and non-toxic dyes. These changes are important 
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and necessary because of the high ecological and human impacts that they will have, if left 

unchanged. Tackling ingrained systemic issues about consumption, labour, design systems, 

and economic models are even more difficult due to the multiple stakeholders and complex 

interdependencies involved. One explanation for why most of the attempts to change these 

systems have been on a small scale is that holistically implementing a design and production 

system that benefits all involved becomes exponentially more complex the larger the supply 

chain and company.  

 

Industry in pursuit of zero waste 

Pursuing a radical reduction in waste in a large garment company requires a holistic, multi-

faceted approach, but it was only through attempting this that the complexities of achieving 

holism is revealed. McQuillan collaborated with an outwear brand who carries iconic pieces 

through decades with minimal changes, meaning successful change can last for many years. 

This company dedicates time to developing materials and testing garments in the elements 

for which they are made before approving them for production. Wearers of their garments 

are supported to repair instead of replace, and they were pioneers in the movement toward 

reducing the use of toxic chemicals in their materials. Despite these advancements, the 

brand still adheres to many of the conventional systems that make the transformation to a 

holistic approach, such as zero waste design2, difficult. 

In preparation for a workshop with the company, McQuillan was asked to redesign a 

mid-layer fleece jacket using zero-waste design principles, demonstrating to the team what 

may be possible when applying these methods. Working from the current pattern, 

measurement chart and sketches, McQuillan was able to design a fleece jacket with 

different seam lines, which maintained the same fit as the current fleece jacket, and created 
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almost zero waste. A physical sample was never created in her design process due to the 

tight time-frame but the 3D software McQuillan used reduced the need for this. Team 

members constructed garments in the company’s R&D centre during her visit, and the 

garment was presented to all designers at the end of the week with the following feedback 

provided: the sleeve seams were determined to deviate too strongly from the original, a 

centre back seam was not a viable option for aesthetic reasons, and cutting on the cross 

grainline was considered infeasible. Changes to seam placement – such as moving a seam 

0.5-1 inches for reasons of function, taste or aesthetics – were suggested by the wider 

design team, however, when making these changes, both large and small, efficiency and 

yield returned close to the original. McQuillan and the product teams both learned together 

many valuable insights through this process. 

It became clear that no steps can be skipped, and cross- departmental teams must 

be involved in all parts of the early phases of the design process. Importantly design 

language must be confirmed and articulated – such as what aspects of the design are 

negotiable, what is not. Ultimately a holistic overview of the entire garment design, 

construction and production is needed, from customer expectations to the machinery used 

to construct it, to the size of the cutting table used in its production. Zero waste is not 

merely a design or pattern cutting technique: it enforces a holistic way of working. 

This approach is in contrast to other collaborations undertaken with similarly sized 

brands where McQuillan would be asked to work with a specific section of a company in 

isolation. Often the interactions would be with the marker-makers3, who have little to no 

authority to change the design, and no ability to impact on fabric suppliers, or with junior 

designers, who would then be expected to argue for holistic change with their superiors. In 
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these projects, the siloed, hierarchical structure of the fashion industry would reveal itself to 

be a key player preventing meaningful change. 

 

'High Efficiency' 

Building on McQuillan’s workshop and initial case study, the company continued work on 

developing low waste styles, making small improvements to high volume styles, and 

eventually, the team decided to embark on another case study with McQuillan - this time 

redesigning a technical fleece mid layer. The goal was set at reaching ‘high efficiency’ of 92% 

efficiency, rather than 100%. This is still a lofty goal, as the average garment in all the 

fashion industry is only 75-85% efficient (Rissanen, 2013; Runnel et al., 2017) – It is 

complicated to achieve this because there is a minimum of five different sizes that need to 

be cut all with the same or very similar design lines, with all the same construction methods 

and relative fit. Overall, however, the development progressed in a method more closely 

aligned with their usual way of working, with many months of collaboration, where the 

team attempted to uncover together with all stakeholders – such as technical designer, 

designer, line manager, factory management, factory marker makers and sewers on the 

factory floor  – what is needed to be known.  

 

Questions arose during the process, including:  

● How does the width of the cloth impact on outcome (fit/aesthetic/finish/grading) 

and how much can/should we control this?  

● How do we ensure factories are engaged in these radically different ways of 

working?  
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● What does a reduction cloth consumption mean for the business model of the 

company and suppliers?  

 

In some cases these questions addressed, and pointed towards the deeper dialogue 

between McQuillan and staff at the company, as well as internally within the company 

about the relationship between the mind of the person wearing the garment, the bodies 

that make and wear it, the cloth required to produce it and the industry context in which 

these interactions are situated in.  

Overall, these projects demonstrate this company’s ongoing commitment to 

critically evaluating their processes and systems, and a long-term commitment to changing 

the way they do business – far removed from the tokenistic approach often seen in the 

fashion industry. Most importantly for the authors, it reveals that at its core, zero-waste 

fashion design cannot be reduced to an exercise in efficient marker-making, garment design 

or pattern cutting. Instead, it demonstrates that any attempt to radically reduce the textile 

waste produced in garment production needs to be undertaken as a holistic redesign of the 

system itself and a mindful renegotiation of value with the stakeholders involved. 

 

ThreeASFOUR  

ThreeASFOUR4 is an avant-garde New York-based brand founded by three designers, Angela 

Donhauser, Adi Gil and Gabi Asfour. During a studio visit in 2016, Asfour described a one-

piece t-shirt to Rissanen that they had refined for several years, a process that still 

continues. The t-shirt is composed of one piece of cloth that travels asymmetrically around 
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the body through curvilinear cutting, as distinct from the vertical and horizontal seaming of 

a conventional t-shirt.  

 

Figure 1: This one-piece t-shirt by ThreeASFOUR has been through many iterations in its 

design journey. Photograph by Marcelo Krasicic. 

 

On initial inspection the t-shirt seems wasteful: its cutting and making result in 

relatively large off-cuts of fabric. Asfour himself acknowledged this as an issue. Two 

counterpoints, however, ought to be acknowledged in relation to the t-shirt. First, its 

evolution over many years jars with the capitalist relationship fashion has to time, of 

focusing on novelty at a high speed. Over a span of years, Asfour returns to the t-shirt, 

tweaking it, proposing it again, tweaking it once more. Asfour is not alone; Rissanen (2011: 

136) has examined other designers’ relationships to time, and several agree that good ideas 
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in fashion design do not follow the industry’s traditional six-month schedule, or the 

accelerated schedule of recent years.  

The artificial pace of fashion change is required by the economic system in which 

fashion operates, not by fashion users. We, the authors, are not in any way against fashion 

change; rather, we invite the reader to notice that different speeds of fashion production 

can and should be encouraged to coexist in the fashion system. We invite the reader to 

notice that very fast speeds now dominate, and we call for a balance of speeds. Secondly, 

the ThreeASFOUR studio keeps all fabric off-cuts, including those created by this t-shirt. 

They are carefully sorted and stored by type and colour, always ready to be used as an 

embellishment or as a contrast fabric. ThreeASFOUR have a deep respect for the materials 

they work with, be they traditional silks or 3D-printed polymers. This is not unlike the 

companies Yeohlee, Alabama Chanin and Dosa Inc, led by Yeohlee Teng, Natalie Chanin and 

Christina Kim, who also show reverence to the materials they use, by wasting as little as 

possible through holistic, systemic thinking that permeates each respective company. Scraps 

become amulets, filling for cushions, applique and so forth. The material is valued in and of 

itself, as well as for what can be created from it. ThreeASFOUR, Yeohlee, Alabama Chanin 

and Dosa model a form of materialism that fashion business more broadly could learn from. 

Although ThreeASFOUR’s approach differs from those presented by Dorothy Burnham, the 

deep respect for the material is a shared pillar of both. The cloth is viewed and treated as an 

inherent part of a larger whole.   

 

Rickard Lindqvist: Designing for a body in motion 

Rickard Lindqvist is a Swedish designer and co-founder5 of experimental fashion brand 

Atacac. In 2015 Lindqvist completed his Ph.D. titled Kinetic Garment Construction: Remarks 
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on the foundation of pattern cutting, and subsequently set up Atacac as a way to apply his 

research. A key facet of Lindqvist's research is situated in his disregard of the static tailor's 

matrix, which he criticizes as not responding adequately to the actual moving human body. 

Instead, Lindqvist's design and pattern cutting approach hinges on the biomechanical points 

of the body which pivot and move, allowing the cloth, body and garment to interact in a 

harmonious manner.  

Lindqvist's seam lines flow around the human form similar to the work of French 

Costume designer Geneviève Sevin-Doering, and like Sevin-Doering, the resulting garment 

patterns (Figure 2) are almost unrecognizable as patterns, however, they come together 

into forms we do recognize: shirts, coats, trousers and suits. Lindqvist’s consideration for 

the moving body as a tool for design enables a different kind of relationship to develop 

between garment and wearer, and the garment moves with the body in ways that are 

unexpected. A seemingly conventional casual suit is revealed, by lifting the arms, to offer a 

full range of motion, through its unconventional pattern construction.  
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Figure 2: Rickard Lindqvist’s Kinetic garment construction matrix, applied to an outdoor 

jacket style. Red lines indicate Lindqvist’s body-centric pattern cutting matrix (2015). 

 

Umberto Eco (1986) wrote of the relationship between dress and thought in his 

essay Lumbar Thought. He describes the way in which the physical body impacts the mental. 

He wrote of how garments impose on behaviour: 

As a rule I am boisterous, I sprawl in a chair, I slump wherever I please, with 

no claim to elegance: my blue jeans checked these actions, made me more 

polite and mature.   (Eco, 1986) 

Moreover Eco felt that the restrictive nature of jeans (and armour, corsets, bras, high heels, 

suit, etc.) changed not only the wearers behaviour but also restricted their thoughts: that 

'thought abhors tights' (in Eco et al., 1986). Lindqvist seems to understand this and has 

dismantled the rigid tailor’s matrix to facilitate the full expression of the body by designing 

garments patterns in response to free movement, not in spite of it. Lindqvist’s work requires 

a deep understanding of the behaviour of cloth and body, and his work developing Atacac 

explores the multifaceted dialogues these can have with the mind of the wearer through 

garments. By allowing the wearers body to move freely, he allows their mind to also. 

By utilizing digital design tools Atacac does away with the need to sketch a design. 

CLO 3D enables the design of the garment aesthetic and pattern form simultaneously on a 

digital avatar; a process which also provides a digital fit prototype the company uses to 

promote the garments for sale through their website. This design model flows through into 

a pricing and production model in which the prices behave more like airline tickets, 

becoming more expensive the closer they are ordered to the production date, while their 

'micro-factory' only produces what is ordered by their clients.  
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Atacac experiments with the use of holograms in order to 'show' customers 

garments without having to materialize them. While producing waste, the notion of 

wholeness in the Atacac brand encompasses a holistic understanding of the body as a 

medium and tool for garment design as well as a design process, production model and 

pricing structure which carefully addresses one of the key issues the fashion industry faces – 

over-production – while embracing technology to deliver a contemporary design and retail 

experience.   

 

friends of light  

Considerations of wholeness can inform the design of a supply chain as much as that of a 

garment. It can also be the basis for both. Thinking about human-scale supply chains, it 

helps to regard the body, both of the maker and the wearer. friends of light6 is a weaving 

cooperative based in the Hudson Valley, New York state, that demonstrates such an 

approach. friends of light work with wool grown in the Hudson Valley ; knowing the origin of 

materials is important to the cooperative. Working directly with the fibre producer 

facilitates direct conversations about the quality of the yarn.  

Stewart Brand’s (1999: 35-36) six layers of speeds of activity in a resilient civilization 

is a holistic view of time: the wholeness of time. Nature is the slowest layer, with the layers 

of culture, governance, infrastructure and commerce leading to the fastest layer, fashion. 

The faster layers innovate while the slower layers stabilize. 

The work of friends of light builds connections between the fast speeds of fashion 

and commerce and the slow speeds of nature and culture. It is important to note that Brand 

does not make a value judgment about the different speeds – that 'slow' is better – but 
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rather, Brand reinforces the point that in a resilient system the different layers of civilization 

are in balance with one another.  

friends of light provide one example of bringing balance to the fashion system, 

which, like the capitalist system, focused on limitless economic growth, is disproportionately 

slanted towards the faster layers. Kate Fletcher, a scholar of fashion and sustainability, 

states: 'Nature’s power is in us understanding that it has value that goes beyond its 

usefulness to us. The literacy this gives us – the knowledge this gives designers – is deeply 

held and has the potential to shape all our ideas and actions' (St Pierre, 2015). friends of 

light demonstrate this literacy: the jackets are literally borne of the Hudson river valley, both 

in fibre and labour. Place - a particular ecosystem and its human and non-human actors - is 

woven into each jacket.  

friends of light weave each jacket to shape, to the specific measurements of their 

clients. Rissanen (2013: 33-34) has referred to this approach as 'fully-fashioned weaving'7, 

following from the widely used method of fully fashioned knitting, of knitting garments to 

shape. This approach eliminates the off-cut waste created during the cut and sew method of 

clothing manufacture. Each component of the jacket – fronts, backs and sleeves – are 

woven to shape on looms that the members of friends of light construct for themselves. 

Each jacket component has its own loom, which is a wooden board with nails hammered 

into it in the shape of the component. The warp is then laid between the nails, and the weft 

woven in with a needle. The weft ends are spliced into each other so that no knots or visible 

joins exist in the cloth.  

In this the friends of light’s approach resonates with the four-selvedged cloths of 

ancient Peruvian weavers. Elena Phipps (2013), a textile scholar, has investigated the 

Peruvian textiles in the collection of the Fowler Museum at UCLA extensively. Peruvian four-
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selvedged cloths have all four edges finished with a clean selvedge. They are whole and 

complete through weaving and sometimes joining, instead of through cutting and sewing. 

This approach came to the collective from an innate desire; they later found the work of 

Phipps, remarking how ‘it was beautiful to feel such kinship with weavers that preceded us 

by several centuries.’ At a presentation about the jackets in 2016, Pascale Gatzen said: 'I 

don't want to cut into the cloth. For me the beauty [is] the endlessness; there's no cutting.' 

The jackets by friends of light produce no warp waste: the warps are continuous and loop 

back into the cloth. Often, the question of scaling such an approach is raised: there is a 

tendency to want to commercialize or industrialize great waste-saving ideas for clothing. If 

successful, however, this would mean plugging a waste-less idea into an inherently wasteful 

industry, negating the positive effects over time through growth and over-production. 

Perhaps instead we need to work in reverse and de-industrialize parts of the system? It is 

easy to dismiss craft-based approaches in relation to the global industrial behemoth that 

fashion has become, however as Max-Neef (1992) has pointed out, creation is one of the 

nine fundamental human needs. We ought to make space and opportunities for creation, at 

a diversity of scales and speeds.  

The friends of light cooperative functions akin to an haute couture business in that 

each jacket is woven and constructed once a client has placed an order for it. An individually 

fitted pattern is developed for the client and the toile is fitted until both the client and the 

weaver are satisfied. The jackets are extraordinary examples of workmanship and technical 

ingenuity: precisely curved armholes and set-in sleeves are woven to exact shapes, while 

simultaneously warps are woven back into the cloth. Once the pieces are complete, they are 

woven and hand-sewn together into a jacket for the client. Each jacket takes approximately 

150 hours to finish. Mae Colburn says of the process: 'That is where the relationships 
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happen.' With friends of light, the notion of wholeness extends into the maker-client 

relationship. The contact is direct and due to the intensely personal process, intimate. 

As well as Peruvian weaving, the work of friends of light can be a likened to the work 

of French couturier Gabrielle Chanel. Ease of movement in the sleeves was a signature of 

Chanel’s; friends of light ensure that the jackets are comfortable and accommodate 

movement. They are to be worn, not to be worn by.  

Like Chanel, friends of light include fully working pockets in their jackets. The pockets 

are woven in rather than sewn in as separate pieces of fabric. While this technique is 

somewhat common in knitted garments, it is rarely applied in weaving. Even if a woven-in 

pocket was desired for a cut and sew garment, the overall dimensions of the garment would 

need to be known before weaving the long lengths of cloth. The dominant industry schedule 

and dynamics do not support such an approach; industrial weaving is not human-scale. 

Fabrics are woven mostly before it is known what will be designed and made from them. To 

rephrase the proverb that gave Burnham's book its title, 'I cut my cote according to my 

cloth', the friends of light weave their cloth according to their cote. The work of friends of 

light elevates Dorothy Burnham's ideas in that they are weaving tailored garments to shape. 

The work is human-scale weaving: weaving that responds to the human body, weaving 

pieces and shapes to fit the body, and responding to individual desire as opposed to a 

somewhat abstract market demand.  

The supply chain is also human-scale: it is fathomable by a single person. One of the 

challenges for sustainability in fashion systems is the incomprehensible scale of supply 

chains: entire teams are needed to retroactively map supply chains before any sustainability 

work can take place. We are not naively suggesting that brands need to know every 

individual person in their supply chain, however, we do advocate for human-scale systems 
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in fashion and textiles: systems that can be understood and analysed by a single individual. 

The efficiencies achieved by scale should not mask issues such as a structurally unsound 

garment factory, as was the case with the Rana Plaza building collapse in 2013. The tragedy 

seemingly came as a surprise for several brands whose clothes were being manufactured in 

the building, including Benetton, JC Penney and Primark. Surely we ought to strive for 

systems that do not leave room for such deadly surprises, by affording us a view of the 

whole system. 

 

Manonik  

Yoshiyuki Minami of Manonik8 is a creator who values nature in his work. Minami is a 

Japanese artist and designer based in Brooklyn, New York. Unlike friends of light, Minami 

weaves shaped volumes that compose garments, for example, cylindrical tailored sleeves 

with a sleeve cap and voluminous torsos with shaped armholes, on a traditional four-

harness floor loom. Minami has honed fully-fashioned woven coats, trousers and shirts. Due 

to the loom type with its continuous warp, each garment results in some warp waste, which 

Minami collects. Often he will use waste from one garment as an embellishment on a later 

garment; there is barely any yarn waste going to landfill from the Manonik studio. Time 

begins to overlap in his work: the surplus from past work becomes material for new work. 

Through its layering, time is both linear and cyclical in Minami's work. 
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Figure 3: Coat by Manonik (2017) with ‘waste' thread from a past project as surface 

embellishment. Photograph by Yoshiyuki Minami 
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Knowing where things come from – for example the organic cotton farmer – imbues 

value into the material. Minami works with fibre producers within the United States. 

Organically grown cotton is a major fibre in his work, and Minami acknowledges the history 

of 'blood, sweat and tears' within the history of cotton production in the US: the country’s 

economy was built on slavery. Minami knows the entire supply chain for every garment he 

designs and makes. From fibre to yarn, to dye plants, to metal hardware, everything is 

documented on the brand website. Everything and everyone is given value. 

Anni Albers (2000: 7) wrote that 'we use materials to satisfy our practical needs and 

our spiritual ones as well.' Echoing Albers, knowing the locality and the humanity of the 

fibres he works with is non-negotiable for Minami.  

 

MakeUse: How does knowing how garments are made, transform our 

relationship to them? 

Zero waste fashion design – as distinct from efficient marker making – and any design 

practice fully engaged with the pursuit of wholeness, demands a holistic approach and 

broad understanding of the multiple stakeholders involved. Designing within the concept of 

wholeness is, at its core, a process of 'critical making'.   

Critical Making, as explored by Ratto (2011) and Hertz (2012), challenges us to 

understand – through making – the cultural, historical and social context, and implications 

of the solutions and technologies we use and master. It asks: once we know how to use 

Arduino (or make a zero waste garment), what then? How do we ensure we use this 

understanding to make a positive change?  
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Many fashion wearers lack a full understanding of the ‘work' required to both design 

and produce the garments that they wear every day. Historically, garment production 

occurred close to those who wore it, with garments frequently being made at home. This 

close relationship meant there was a tacit understanding of the time, resources and work 

(of the body and mind) needed in garment creation. In recent history, changing time 

pressures and rising clothing affordability has buried this knowledge. MakeUse is a project 

which employs critical making to excavate a richer understanding of garment making for the 

wearer. 

 

Figure 4: MakeUse Tube Dress pattern and garment (2015). Garment design by Holly 

McQuillan, textile design by Greta Menzies. Photograph by Bonnie Beattie. 
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MakeUse9 (McQuillan et al., 2018) is a collaborative, open source system which aims 

to provide 'scaffolding' (Sanders & Stappers, 2008), for making user-modifiable, zero waste 

garments. It’s overarching goal being to assist in the realization of an active user of clothing 

from a passive purchaser – a 'maker-user'. MakeUse provides a user-centred toolset that 

helps consumers gain agency in the making and ongoing use of the clothing that they wear.  

The system was provided at a range of cost points, speeds, locations and modes of 

access10 to cater for as wide a range of people as possible. This multimodal approach 

followed the work of Dr Kate Fletcher as discussed in her book The Craft of Use (2016) and 

catered to the wide range of ways in which fashion participants engage with their clothing, 

striving to amplify some of their existing practices while satisfying some expected modes of 

engagement (such as retail). 

 

Figure 5: MakeUse Cropped T-shirt pattern and garment (2015). Garment design by Holly McQuillan, 

textile design by Greta Menzies. Photograph by Bonnie Beattie. 

 

In addition to the multimodal access approach, the design of the range was driven 

largely by the underlying geometry of a garment pattern that is thought, by Burnham, to be 
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at least Danish Bronze age in origin (1973: 20). Used extensively by many designers 

throughout history, including Cristobal Balenciaga and Yeohlee Teng, it was from this 

ancient anchor that the entire collection was derived (McQuillan et al., 2018). Commonly 

called the 'bog coat', in its simplest iteration it is a one-piece pattern (Figure 5) where all the 

sections of the garment are connected to each other, and form is created through two or 

three simple cuts that enable the cloth to wrap the body in straight tubes. This approach is 

very different to the front/back and side/shoulder seams division of form which occurs most 

commonly in contemporary garment design, and questions the flatness of a fashion design 

process which favours croquis and specification drawings for their speed, over working with 

cloth on a body.11 The bog coat and its iterations were from a time before the 

industrialisation of the garment industry, where having a separated front, back and sleeve 

enabled the division of labour through the division of the garment. The use of the ‘whole’ 

pattern of the bog coat enables makers to critically question the conventions of how 

contemporary garments are made. 

The workshops have been the most enduring aspect of MakeUse, and in delivering 

them McQuillan has gained insight into the kind of thinking required for participants to 

successfully engage with making a zero waste garment. The scale of the cloth, 

body/garment dimensional relationship – or 'fit' – cutting plan and sewing methods, all need 

to be considered in a holistic manner to achieve the overall desired design outcomes. 

Participants who were home-sewers or garment professionals used to working with cloth 

often felt at an advantage but the way of working introduced through the MakeUse 

workshops differed, particularly in terms of the sequence that information or decisions were 

required. Seam allowances, for example, need to be considered very early on in the design 

process as they are incorporated into the cloth and pattern itself, and not added after the 
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garment pattern is determined. The relationship between cloth width and body 

circumference needs to be considered when selecting the fabric to make the garment from.  

The proverb loved by Burnham, 'I cut my cote according to my cloth', rings true here. In 

these workshops, thinking this way is a fundamental requirement - choosing the cloth for its 

width and not just for its handle or colour, becomes extremely important. The relationship 

between body and cloth needs to be considered at the same time as fabric selection and 

resulting fabric width, as they are tied to each other in a flexible matrix.   

 

Figure 6: MakeUse workshop demonstration garments as used in the gallery/public workshop space 

and design residency - Objectspace (2015). Photograph by Bonnie Beattie. 
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The most successful outcomes of the MakeUse activities resulted when a holistic 

approach was taken by the participant: careful consideration of fabric weight and width 

relative to the body, garment proportions and desired garment type, allowing for a more 

equal interplay between mind, body, cloth and garment.  

Importantly MakeUse advocates for a conversation between maker-user and the 

cloth itself, the dialogue is not one-sided and is not dictated by industry, instead, it is in the 

hands – literally and figuratively – of the maker-user. Through this dialogue, a broader 

understanding of the value of our garments and those making them for us may be achieved.  

 

Conclusions 

In this chapter, we have contrasted our shared research interest and practice in zero waste 

fashion design with fashion designers and fashion practitioners, whose approaches diverge 

from ours and yet are connected through ideas of wholeness and completeness. These 

connections are not formulaic; rather, our intention is to invite the reader to explore 

questions of wholeness in different systems, at different scales, and in their own practice. In 

much of our contemporary fashion industry, the body – subservient – has entered into a 

one-sided dialogue where the garment is primarily valued as a unit of sale, while other 

inputs such as fibre and labour, and outputs such as waste and the many physical or social 

impacts, are secondary. In this chapter we have explored some of these ideas, 

demonstrating attempts at holistic conversations between body, mind, garment and cloth. 

First in the context of the existing fashion industry in the case study with a large sustainable 

outdoor brand, then in the context of craft practitioners such as Manonik, or the avant-

garde approach of ThreeASFOUR. We call for more research on different models of different 
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scales: diversities in scale and approach are essential to the resilience of the fashion system 

as a whole. 

The relationships possible between mind, body, garment and cloth are many and 

varied, however, the fashion industry is focused on only a few narrow interactions. Garment 

aesthetics and cost are usually prioritized over the mind, body and cloth, and diversity is 

sacrificed for speed and profit. Cutting holistically can enforce a different way of thinking, 

allowing different questions to be asked. We note that many companies aim to maintain 

current design and production systems while asking designers to perform some kind of 

apparel alchemy to turn a wasteful design into an efficient marker12. If the relationships 

between the mind of the consumer and designer, and the interaction of body and cloth 

through garment are reduced to units of sale, it can still be possible to generate more 

efficient designs – but is higher efficiency enough and does the industry actually want this? 

If you reduce waste and therefore yield, then less fabric is required and purchased, unless 

end-user consumption is increased. Reducing over-production by companies and over-

consumption by purchasers has a similar outcome. So, while many in the fashion and textile 

industry lament the existence of waste and wring their hands over what to do with it, waste 

remains an inherent component of their business model13.  The tendency to want to scale 

good waste reduction ideas may serve only to increase efficiency - the so called ‘rebound 

effect’ (Ghisellini, P., Cialani, C. and Ulgiati, S. 2016: 24) – therefore increasing profit and 

growing production. This does little to tackle the vast overproduction that occurs in the 

fashion industry.    

Throughout the development of the fashion industry, we have sought to diminish 

complexity by dividing up the actions required to make a garment so that each person only 
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needed to deal with their own discrete unit. However, it seems we have merely spread the 

complexity out – making it harder to see, harder to wrangle, and far more inflexible. And 

now, when we need to change it, we say we can't because the system is too complex. The 

hierarchies and systems in the fashion industry make holistic approaches and 

comprehensive changes difficult to implement, but these fundamental shifts in focus, 

towards a human scale, are drastically needed. Kate Fletcher has mused that the gains we 

have made in improving the sustainability of fashion, have likely been absorbed and 

overtaken by corresponding increases in production (Fletcher, 2016: 21-22). Again, we 

suggest that we need to de-industrialize parts of the garment industry. We do not say this 

from an anti-technology perspective; instead, we encourage readers to consider how  and 

why innovation and technology are used, in what context, and how, if and when we scale 

innovative ideas. By taking a human and local approach to fashion design and production, 

we can critically address the systems, forge ahead with a different and, at times, difficult 

conversation, and in doing so transform the industry. 

                                                        
1 Fordism is “a technological system that seeks to increase production efficiency primarily through carefully engineered 
breakdown and interlocking of production operations and that depends for its success on mass production by assembly-
line methods” (Merriam Webster Dictionary). In the fashion industry, this presents as the dissection of the act of making a 
garment into many different steps performed by different people, sometimes in different parts of the world.  
2  Zero waste fashion design, as defined by the authors in their book of the same name (Rissanen & McQuillan 2016), refers 
to designing and making clothes without creating fabric waste in the process. 
3 A marker-maker takes the provided garment pattern and works with specialized marker making software to achieve the 
most efficient layout of the pattern of fabric for production.  
4 https://www.threeasfour.com/ 
5  With Jimmy Herdberg 
6 The cooperative’s four founding members are: Pascale Gatzen, Mae Colburn, Jessi Highet and Nadia Yaron.  
7 Fully-fashioned refers to an approach of making in which the garment pieces are created individually through knitting or 
weaving to their exact shapes and then joined to create the garment. This is distinct from the more common cut-and-sew 
approach, in which the garment pieces are cut from fabric and then joined together to create the garment.  
8 http://www.manonik.com/ Minami received his B.A. in Economic Sociology from the University of Michigan in 2005 and 
founded Manonik in 2015 following an artist residency at the Textile Arts Center in New York. 
9 See www.makeuse.nz for further detail. 
10 In August of 2015 MakeUse was simultaneously presented at Objectspace Gallery in Auckland, New Zealand, its 
development visible through the 'designer in residence' program at the gallery, learnable via a series of workshops, 
downloadable for free from the MakeUse website, and available for purchase as finished fashion product at the boutique 
fashion store The Keep. 
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growth model demands, continued virgin inputs will be required unless we limit the pursuit of growth.  
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ABSTRACT
This article describes the use of three-dimensional (3D) software in zero-waste fashion design, with
a focus on its application in the context of the authors’ research and experience in industry and
education. It expands on its use in visualisation for merchandising and marketing, to discuss how
as a hybrid design and prototyping tool, 3D software could transform zero-waste design in
industry, education and research. This research uses an experimental design approach and
reflects on the authors’ design process before using 3D software, and its transformation upon
learning, due to its utility for holistic 2D/3D practices. The article explores a range of examples of
3D software in use, revealing new design workflows that it allows for in articulating the
relationship between form, pattern cutting and waste – and concludes that the advantages of
3D software to augment the garment design process is particularly evident for zero-waste
fashion design.
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1. Introduction

This article describes the use of 3D software (in this case
CLO) in zero-waste fashion design, with a particular
focus on its application in the context of the authors
Artistic Research PhD.1 Zero-waste fashion design is
the process of designing of garments which aims to pre-
vent the creation of waste when the garment is cut and
sewn (Rissanen & McQuillan, 2016; Townsend & Mills,
2013). Conventional fashion production wastes between
15 and 25% (Rissanen, 2013, p. 4; Runnel, Raihan, Castle,
Oja, & Bhuiya, 2017, p. 19) of the cloth needed to make a
garment. Most attempts in industry to reduce waste
occur at the marker making2 stage, and not at the design
stage where the majority of waste is determined. 3D soft-
ware is often primarily used by the industry as a visual-
isation tool for merchandising and marketing; however,
this article expands on this use to discuss how as an
exploratory design and prototyping tool the software
could transform zero-waste design practice in industry,
education and research.

1.1. Research scope

After providing a context for the practice-based work,
this paper reflects on the authors’ zero-waste design pro-
cess before using 3D software, and – through a discus-
sion of the authors’ contemporary design practice – its

transformation upon implementing it. The case studies
were undertaken between 2016 and 2019 in a range of
contexts, and are grouped as following: education, indus-
try and research. The article explores a range of examples
of 3D software in use in these contexts, and reveals new
workflows and resulting opportunities the use of 3D soft-
ware allows for in the design process. In summary, it
argues that the advantages of 3D software to augment
the garment design process are particularly evident for
zero-waste fashion design.

1.2. Fashion design process

According to Davis (in Lee & Jirousek, 2015), the goal of
an apparel designer is to create aesthetically pleasing gar-
ments by manipulating design elements conditional on
design principles. Hallnäs (2009) asserts that while the
majority of the design industry seeks to solve a problem
on some level, fashion differs in its primary goal to intro-
duce aesthetic ‘difference’. Lee and Jirousek (2015), when
articulating Cross’ (2001) ‘designerly ways of knowing’
for fashion designers, describe the ‘design process path
that can be traced in every stroke of a professional
designer’s sketches’ (Lee & Jirousek, 2015). This process
of seeking aesthetic difference as achieved through
sketching is the dominant design process taught to and
utilised by fashion designers.
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McKelvey and Munslow (2012) write that despite pat-
tern cutting being an implicit part of the fashion design
process, they will not discuss it in depth because ‘we are
dealing with the basic design process’ (p. 16). Implying
that pattern cutting sits slightly outside of basic fashion
design practice. James, Roberts, and Kuznia’s (2016)
articulation of the traditional fashion production process
is divided into design and make. Here ‘Design’ includes –
in sequence – research, ideation, concept development,
design development and design selection. While ‘Make’
includes an iterative first patterns and second patterns
stage, followed by production sample, factory sample
and lastly final production. Here, like McKelvey and
Munslow, design and pattern cutting are not part of
the same stage of a process. Almond (2010), in contrast,
writes that the ‘luxurious art’ of creative pattern cutting
generally has a more holistic and collaborative approach
between design and pattern cutting. Recent conferences3

dedicated to creative pattern cutting have highlighted the
increasing rejection of the design–pattern cutting divide.

Of Fiona Dieffenbacher’s (2013, p. 12) two distinct
fashion design processes – Linear and Random – creative
pattern cutting likely fits into the later. The nature of the
industry – that it is predominantly linear, siloed and
cost-sensitive – means that divisible, sequential design
processes are favoured. The more ‘random’ and holistic
practices favoured by creative pattern cutters make an
uneasy fit into most commercial fashion.

Rissanen (2007) expands on our understanding of
design processes (including pattern cutting) by articulat-
ing eight design workflows from idea to sample (Figure
1), and discussed them for their potential to consider
waste elimination. Written before the emergence of suc-
cessful 3D design tools, Rissanen’s categorisation still
provides a clear framework for the analysis of emerging
workflows for zero-waste practice made possible with
digital tools. Rissanen (2007) discussed the relationship
between two-dimensional (2D) and 3D processes in
fashion design and pattern cutting, and identifies that a
number of commonly utilised methods can pose signifi-
cant problems for waste elimination from the designers
perspective. In 2013, he wrote:

In most fashion industry practice, a pattern is cut for a
garment based on a sketched idea. When a fashion
designer is sketching a garment, the shapes of pattern
pieces and how they may interact on a fabric width are
not considerations in conventional fashion design (p. 5).

It seems that in fashion design processes – particularly
where the sketch or an existing garment is a critical
design genesis stage (Figure 1: A, C, E and F) – there is
a perceived loss of control over the design process if pat-
tern cutting impacts on the outcome of the planned

aesthetic. This may be due to a gap in knowledge
about the pattern cutting process (designers do not
always know how to pattern-cut the designs they sketch),
or because they see the pattern cutting only as a tool or
process which physically manifests a design that already
exists. For these designers, if the process cannot manifest
the design as originally intended, then the process is not
working.

1.3. Zero-waste fashion design

Zero-waste fashion design could be seen as a practice
concerned with solving a problem. When engaging
with the zero-waste redesign of an existing garment –
we know its overall desired form, but we strive to achieve
something similar without making so much waste – so
the design ‘problem’ is the waste. Even in a design
where the aesthetic outcome is open, there always exists
fabric width as the parameter or constraint, with the
resulting ‘problem’ of waste to be solved. For the majority
of brands utilising a conventional fashion process, the
aesthetic, function and production costs are privileged
over its impact on society and the environment. The
assumption is that a holistic approach which addresses
aesthetics, function, production and waste reduction is
too difficult or is not desirable – or that it can be achieved
as purely a function of pattern cutting and marker mak-
ing, after the design is determined. Increasingly however
– as consumer demand and legislative pressure mounts
to address the climate crisis – these hierarchies may be
challenged. Avoiding its production is a key step in the
reduction of waste, so the fashion industry will need
tools that enable designers to address issues such as
waste within the context of the design process.

James et al. (2016) note that when zero-waste tech-
niques were used ‘the sequence of a traditional fashion
production process changed’ (p. 143). They describe
the design process as an ‘almost trial-and-error
approach’ where ‘when working in flat pattern format,
the zero-waste principals worked; however once pro-
duced into a 3D garment, the fit, silhouette or shaping
was wrong’ (p. 144). As a result designer and pattern cut-
ter are required to repeat steps until the outcome in ‘the-
ory’ and the outcome in ‘practice’ align. James et al.
discuss five themes that emerge out of their research:
communication issues, the role of the pattern cutter,
input into the design process, collaboration and oper-
ational setup (p. 148–149). In their discussion, these
themes all suggest a potentially problematic implemen-
tation of zero waste as a method in the reduction of
waste in the fashion industry.

I have in the past described zero-waste design as a pat-
tern cutting process, however, if the design – pattern
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cutting demarcation is maintained, problems such as
James et al. describe almost always occur. A holistic blur-
ring of boundaries between design and pattern cutting is
required for successful outcomes of zero-waste design–
the visualising the 3D form, 2D pattern and fabric
yield, to best meet the objectives of the design, need to
occur all at the same time. This holistic approach was
until recently difficult to act on and very hard to commu-
nicate to others. It is in this space that 3D software could
emerge as a potential aid. By hybridising the actions and

visualisation of the relationship between the 3D ‘sketch’,
the 2D pattern and the 3D sample, digital design tools
can enable a more holistic approach to garment design
which may provide space for waste reduction practices
to occur.

1.4. Digital tools

Unlike many other 3D design industries in which the use
of 3D software such as ArchiCAD, Rhino and others have

Figure 1. Developed from text by Timo Rissanen (2007), these fashion design processes were developed before 3D software was readily
available for fashion design. They articulate some of the design-prototyping processes commonly used in industry.
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transformed both workflows and outcomes – the fashion
industry has been relatively slow at implementing the
utilisation of 3D software in the design process. Almost
all early 3D rendering programs were extensions of exist-
ing industry pattern cutting software. However, there was
limited uptake in part because of the poor quality of the
outcomes in terms of accurately rendering, and visualis-
ing attributes such as fit and drape. The relationship
between the 2D plan or pattern and the 3D garment in
fashion practice is arguably more challenging to visualise
digitally than is the case for architecture (an early adopter
of 3D software). The requirements for rendering the
interactions of body, textile and gravity and the infinite
variations possible for textile behaviour made the devel-
opment of accurate software more problematic than for
the predominantly hard materials used in architecture.
As a result, the fashion industry has only recently
begun to explore the use of such software broadly.

1.4.1. Examples of current 3D software use
3D design software is often primarily used by the indus-
try as a visualisation tool for merchandising and market-
ing purposes. Ikea uses CLO to visualise textiles in
interior settings, Balmain promoted their Autumn 2018
collection using the so-called first digital supermodel,
Shudu, and two other digital avatars digitally dressed
in their collection (‘Balmain’s New Virtual Army’, 2018).

A key attribute of the development of digital 3D soft-
ware for fashion has been accuracy and application as a
replacement for at least part of the prototyping process.
Most 3D software now allows for the pattern to be visu-
alised in 3D, and its pattern exported for use in pro-
duction. The advantages are seen by many in the
industry: 86 international companies are listed as current
users of CLO, and Adidas, Patagonia, Amazon, Lindex,
Li&Fung, Helmut Lang are all, at time of writing, recruit-
ing for 3D digital designers and software users. Digital
prototyping enables designs to be developed with mini-
mal waste, and potentially to be ordered directly from
a digital render. Swedish brand Atacac utilise 3D soft-
ware in almost every stage of their business, from
design/pattern cutting, to visualisation for online retail,
through to exporting the patterns to be used in their
micro-factory. In education, many fashion programs
have introduced CLO courses into their curriculum (58
schools internationally at the time of writing). Increas-
ingly, these digital tools are being integrated into more
areas and segments of the fashion industry.

2. Research methodology

This research took an experimental (Koskinen, Binder, &
Redström, 2008) and reflective (Schön, 1983) design

approach. A phenomenological perspective is adopted,
and by reflecting on the difference between prior practice
and my experience now, I speculate as to the potential
positive impact these tools may have. The four case
studies are grouped into education, industry and
research, though often these actually overlap – for
example where research is undertaken in the context of
industry.

2.1. Simultaneous and hybrid practices

This paper takes the position that zero-waste fashion
design has always been a simultaneous, and is increas-
ingly a hybrid practice (Townsend, 2003). Beyond the
colour, texture and behaviour of the textile that conven-
tional fashion practice needs to consider, zero waste also
has to address fabric width – a constraint that is usually
outside of the designers’ control. This research discusses
work at the intersection of textile and form design prac-
tices, similar to the way discussed by Katherine Town-
send and colleagues (Briggs-Goode, Townsend, &
Northall, 2010; Townsend, 2003; Townsend & Goulding,
2011). In simultaneous design, the designer operates in
two fields at once, and the objects are both textile and
form at the same time and their development occurs sim-
ultaneously. In hybrid design practices, the designer
moves from one field to the other and back again,
often utilising the tools of the respective fields in a hybrid
way. The objects that emerge, as a result, are meta-
morphic, they transform, intellectually and sometimes
literally, from one state to another. Marshall and Pen-
gelly (2006) discuss the relationship between computer
technology, transdisciplinary discourse and hybrid
design practices, stating that ‘an increasing number of
practitioners are able and willing to negotiate working
across previously designated disciplinary domains’. To
effectively operate in a hybrid manner, we need tools
that enable translation between modes of work.

Hybrid practices are often also holistic practices. This
lens is ever present as a result of the nature of zero-waste
design – multiple perspectives and a broad understand-
ing of the context the researcher is operating within is
optimal. The degree of holistic thinking required varies
across the different contexts, sometimes constrained by
technology, other times by industry, or necessity.

3. Transforming zero-waste design practice
through 3D design tools

While it is common to consider the use of digital tools for
fashion in the context of visualisation of outcome or
marketing, here, I am discussing visualisation in the
design process. As an exploratory design and
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prototyping tool 3D software could transform zero-waste
design practice in industry, education and research. Next
I will introduce the differences between a basic fashion
design process, a basic zero-waste design process without
3D tools and how the use of 3D software transforms
zero-waste design (Figure 2).

3.1. Design process before 3D digital tools

The zero-waste design workflow I used between 2004
and 2016 involved 2D digital tools such as Gerber pat-
tern cutting software, Adobe Illustrator and Photoshop
to develop the 2D zero-waste pattern and sometimes
the textile print. In Illustrator, colour coding was used
to aid in the understanding of the translation from 2D
to 3D. Much of this design process occurred in the
brain of the designer and articulating it clearly and visu-
ally was difficult and inaccurate. To pattern-cut the
sketch – as is usual in many parts of the fashion industry
– is difficult if not impossible with zero-waste fashion
design. So to assist in visualising the desired outcome,
throughout the design process, the 2D pattern was
printed at small scale on paper, then cut and constructed
using tape – forming a 2D/3D ‘sketch’ that enabled the
development of designs to a more advanced stage before
constructing at full scale in cloth (Figure 2, B). This pro-
cess was relatively time consuming and commonly seen

as a barrier to industry uptake, due to its complexity
compared to the basic fashion design process (Figure 2,
A). The toile stage was crucial as it was the first time
an accurate 3D version of the design was made and
often required multiple corrections to the pattern, and
sometimes a wholesale rethink of the design.

The first four stages of the basic zero-waste design
process prior to 3D software (Figure 2, C), replace the
‘ideation/sketch’ process of a conventional fashion design
practice, while the remainder follows a more conven-
tional fashion development practice, seeking to test the
pattern. The major limitation in terms of a design process
is that the digital 2D pattern–analogue 3D paper model
process is not accurate since paper is not like cloth.
Any sketch or design decision undertaken was partly
an educated guess, informed by tacit knowledge (Polanyi,
2009) built from years of working with cloth and form
under the limitations of zero waste. Being comfortable
with risk is a requirement of all experimental design
practitioners, but even more so when practising zero-
waste design. However, too much risk can be paralysing.

3.2. The impact of 3D software on my practice

Tools which enable rapid ideation and clear communi-
cation of hybrid or simultaneous practices within fashion
design were rare until the development of effective 3D

Figure 2. Diagrams showing, for comparison, (A) the basic fashion design process (developed from Rissanen’s (2007) categorisations),
(B) a basic zero-waste design process without 3D tools and (C) a basic zero-waste design process using 3D tools. Diagram courtesy of
Author.
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design software. It is their utility in a zero-waste fashion
design context are discussed next.

The reality of the basic zero-waste fashion design pro-
cess prior to 3D software, (as outlined in Figure 2, B), is
that in practice the Digital 2D pattern – 3D paper model
is repeated over and over again, similar to an iterative
conventional sketching methodology. However, the out-
come of these iterations is still mostly uncertain because
of the inaccurate translations between digital, paper and
cloth media in two different dimensions, within the goal
of achieving a zero-waste marker. It is in this space that
the potential transformational qualities of 3D software
are apparent. This perspective is shared by zero-waste
designer Mylène L’Orguilloux who utilises the software
in her practice. She writes (https://www.milanavjc.com)
that using 3D software allows her to design clothes digi-
tally while simultaneously analysing the resulting mar-
ker. Consequentially, ‘meaningful modifications can be
done virtually, without producing any fabric waste
during prototyping and final cutting phases’. Upon
learning 3D software, I could immediately see the poten-
tial for developing new workflows which hybridised
many of the back and forward actions in my existing
design practice – increasing the space for creativity,
while reducing risk and material use.

3.2.1. Digital 2D/3D design
For many designer-pattern cutters, the relationship
between 2D and 3D has always been fluid, but as its mut-
ability exists inside the thought process of the individual,
communicating to others, the 2D–3D relationship can be
complicated. The experience of designing using 2D/3D
software is that the relationship between 2D pattern
design and 3D form design is fluid and permeable, and
as it is visualised, this experience can be communicated
to others. Digital 2D/3D design in the context of zero-
waste fashion design hybridises the iterative transferal
of 2D pattern shape to 3D garment outcome, and back
again (Figure 2, C). 2D pattern design ‘moves’ or actions,
from the grand to the minor are visualised immediately
in the corresponding 3D avatar screen. The various
actions involved in garment design and pattern cutting
– which are usually either linear, siloed or imagined by
the designer – occur together and in direct response to
the other. This hybridising of actions proves particularly
useful for zero-waste design practice since it is inherently
a holistic and hybrid practice already.

4. Reflections on practice

Next, this paper will discuss a range of examples the
author experienced first-hand of the utility of 3D soft-
ware for zero-waste design. Drawing from the authors’

research, these examples range from workshops with stu-
dents, to large-scale garment industry projects, to specu-
lative research experiments.

4.1. Education

Many contemporary fashion design students explore
simultaneous and hybrid practices in their work – mov-
ing beyond the application of print or embellishment to
the form, they explore methods which integrate the
design of form into the design of textiles. Tools that
enable a fluid interaction between textile expression
and 3D form are valuable in this space. Software such
as CLO enables rapid and early design generation,
which can then be translated directly to their outcomes.

In the context of education, in particular, it is impor-
tant to stress that digital tools should be considered an
addition – and not a replacement – to the analogue
tools already in use. Building on tacit knowledge is essen-
tial in the digital context as it helps to anchor the stu-
dents practice in real lived experience. For example,
there is (so far) no way to replace the experience of wear-
ing a coat and lifting your hand to place it into a pocket
to feel that sense of ease when it has been placed in a
comfortable location and angle. 3D software can be
another tool fashion designers have at their disposal.

4.1.1. Zero-waste workshops: conceptual idea –
digital 2D/3d design – sample
Next, this article will discuss the use of 3D software in a
zero-waste workshop for Make/Use (McQuillan et al.,
2018) from both the perspective of teaching and student
experimentation. In the workshop, a range of teaching
tools is utilised for communicating the non-conventional
zero-waste form construction possible using the Make/
Use method.

3D software enables the rapid demonstration of con-
struction and design ideas in workshop or classroom for-
mat. Rather than asking the students to imagine the
changes possible – or make in full scale – the modifiable
zero-waste patterns in Make/Use, digital samples of the
Make/Use coat are altered live in the 3D digital space
(Figure 3). Additionally, the software enables the easy
sharing of videos showing how Make/Use garments are
constructed. Feedback suggests this is highly effective
at communicating the unconventional form-making
process.

A key advantage of using 3D design software in edu-
cation is in their use as learning tools. Once the initial
hurdle of learning the software itself is overcome, it
can be a relatively risk-free way of a student learning
something new or trying an experimental form. In
Make/Use workshops, students were supported in
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developing design concepts which often started with a
conceptual idea of what they hoped to achieve, and
through the use of 3D software were able to test out
their thoughts before committing to constructing the
outcome. Students often come to workshops with a lim-
ited amount a cloth, in a sense it is a scarce resource. So
they are often reluctant to cut into it without knowing if
the design will meet expectations. However, the care they
want to take when deciding what to make with it needs to
be balanced with learning about possibility. 3D design
software enables them to take care of the cloth while
being experimental and open to possibility with the
design.

4.2. Industry

The linear and siloed nature of the majority of the
fashion industry can make the implementation of a hol-
istic process such as zero-waste practice problematic. In
interviews conducted with designers who have worked to
produce zero-waste designs, McQuillan (2019) notes that
a common perspective is that the designer needs to
undertake many roles simultaneously and with a high
degree of authority. While these issues also arose in the
following case study, the use of 3D software facilitated
a different level of understanding from the company
and designer than in previous attempts.

4.2.1. High price outdoor brand: existing 2D pattern
– digital 2D/3d design – sample
In a field test with a high price, outdoor brand, the use of
3D software enabled international collaboration between

myself (based in Sweden) and the US-based design/tech-
nical team. The software led to a design process (shown
in Figure 4) which enabled digital prototyping of a lower-
waste design in an industry context, which could then be
made into a physical sample.

As the fit of the garment needed to be accurately
expressed in the digital prototype, the brand provided
a digital fabric sample for use in CLO. This digital fabric
sample mimicked the behaviour, texture and expression
of the actual fabric, and an accurate lower-waste design
was able to be developed digitally. Both digital and ana-
logue samples were made throughout the process – the
digital patterns were sent to the design team, and they
would construct a sample from the actual fabric. This
process proved that the digital version was highly
accurate.

The software enables the direct link which already
exists between 2D pattern, 3D form and waste produced
in garment design to be visualised. The design and tech-
nical team involved in the project gained a deep under-
standing of this intrinsic relationship. It is important to
note that the success of this lower-waste design, and
the deep understanding of the relationship between
design and waste that the design team developed was
derailed when a conventional design process was
implemented in subsequent steps. The head designer
assessed the final physical sample, and changes were
made to the design without consideration for the waste
generated, as a result the percentage waste reverted to
what it was originally. If the industry is to move towards
significant reductions in waste, we need to address waste
where it is made – in the design process. Therefore tools

Figure 3. Diagram of a simplified zero-waste design process that is utilised by students during zero-waste workshops that involve 3D
software. The integrated digital 2D/2D design process allows for rapid design development with a lower level of perceived risk. Diagram
courtesy of Author.

Figure 4. Diagram of a simplified zero-waste design process that was utilised in the industry context described. An existing (physical or
digital) pattern can be input into the 3D software and new iterations developed. Digital samples can replace line drawings used in
garment specification, and give a highly accurate representation of the real-life outcome. Diagram courtesy of Author.
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such as these, which visualise the design-waste relation-
ship are necessary at every stage of the design-pro-
duction process.

4.3. Research

In the research context, these digital design tools demon-
strate the expansive possibilities of engaging with exper-
imental design research which pushes at the edges of
what the software was designed for.

4.3.1. Project name: drape – digitise pattern –
digital 2D/3D design – sample
The design process (Figure 5) for Zero + One (McQuillan
& Cumming, 2018) involved draping applying Lindq-
vist’s (2015) Kinetic garment construction method
using calico on a dress-form, to produce a garment
shell that was not zero-waste, then digitising the resulting
pattern and tracing it in the 3D software. The 2D pattern
was then digitallymodified so that it filled the entire space
of the fabric (Figure 6, centre), while simultaneously

visualising the outcome (Figure 6, left). The digital 2D/
3D design process enabled a direct transformation of
the non-zero-waste design into a zero-waste outcome,
proving immediate feedback, and the experience was
more like sculpture. This pattern could then be printed
and a sample constructed (Figure 6, right).

4.3.2. Zero-waste whole garment weaving:
conceptual idea – digital 2D/3D design – fabric
construction – sample
Zero-waste systems thinking (McQuillan, 2019) views
the relationship between the broader social and environ-
mental contexts of the industry through a zero-waste
lens and responds with a systems-based approach to sol-
ving issues that are brought into focus. As a result design
practice using this lens approaches the design of textile-
forms from a systems perspective – from fibre, up to
form, and beyond – the system discussed here is whole
garment weaving.

Anna Piper’s, 2019 PhD initially explored the devel-
opment of whole garment weaving outcomes (Piper &

Figure 5. Diagram of a simplified zero-waste design process that integrates 3D draping into the development of innovative forms. 3D
tools can effectively be used to augment existing physical tools while achieving zero-waste outcomes. Diagram courtesy of Author.

Figure 6. Zero + One zero-waste coat as developed through a Drape – Digitise pattern – Digital 2D/3D design – Sample design process.
Left is the digital sample, middle is the zero-waste pattern developed alongside the digital sample, and right is the Final sample. Images
courtesy of Author, except right image: courtesy of Bonny Beatty.
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Townsend, 2015). While she discusses the use of digital
tools in the context of textile design and weaving
(Piper, 2019, pp. 48–61), the focus is primarily on digital
production tools (digital looms). She discusses the ‘col-
lapsed’ (Piper, 2019, p. 70) 3D experience when design-
ing in a digital 2D space, and writes of it ‘inhibiting the
designer’s instinct to grab, fold, or manipulate the 2D
cloth to assess and/or form the 3D structure’. (Piper,
2019, p. 71). In this context, 3D software is invaluable
for assisting in understanding and visualising the mul-
tiple and changing perspectives necessary when design-
ing for whole garment weaving.

3D software is one in a range of prototyping tools,
which also includes analogue processes such as paper,
calico toiles, and weaving. The tools together also func-
tion to communicate ideas to others involved in the
design process, such as textile designers and loom

technicians. The design process used is shown in Figure
7. The use of 3D software enabled the development of
theoretical zero-waste, whole garment woven designs
before an understanding of the required weaving tech-
nology was acquired. Using only a foundational under-
standing of what might be possible on a jacquard
loom, design concepts were able to be developed which
tested the potential of flattening form for the loom. Digi-
tal is not materialised, meaning design practice and
research can be more open-ended. The ease of iterating
concepts enables a large number of experiments to take
place in a relatively short space of time, and as design
moves and the assessment of the outcomes of them
can co-occur, progress is rapid (Figure 8). Additionally,
the software enabled the designs to be resolved to a sig-
nificantly higher level before physical prototyping, saving
time, resources and money.

Figure 7. Diagram of a simplified zero-waste design process used for zero-waste whole garment weaving. The use of 3D software
enabled the development and visualisation of highly innovative weave-able forms, reducing the risk of wasting time on the loom. Dia-
gram courtesy of Author.

Figure 8. Examples of whole garment weaving digital prototypes as developed through Conceptual Idea – Digital 2D/3D design –
Fabric Construction – Sample design process. The 2D pattern, 3D form, 2D textile surface and structure are partially or fully developed
through this process. Images courtesy of Author.

INTERNATIONAL JOURNAL OF FASHION DESIGN, TECHNOLOGY AND EDUCATION 97

While translating a digital prototype to garment pat-
tern to physical sample utilising conventional construc-
tion methods is straightforward, the translation from
digital prototype to woven sample remains time-con-
suming. It is clear that at this highly experimental edge
of fashion and textile practice, there is a need for new
digital toolsets that integrate 3D form design and weav-
ing software.

5. Digital 3D design workflow for zero-waste
design practice

The eight fashion design workflows that Rissanen articu-
lated (refer to Figure 1) all provide opportunities to con-
sider (or hinder) waste elimination. To augment these
existing workflows, this paper suggests a series of
additional processes, shown in Figure 9, which have
emerged because of the new digital tools available.

Figure 9. In addition to Rissanen’s (2007) eight design processes, these explore the impact of 3D software in the development of a
hybrid, simultaneous and holistic 2D/3D design process. This hybridises the multiple iterative steps of 2D sketching, 3D draping, 2D
pattern cutting, and 3D toileing, into a single 2D/3D design process. Diagram courtesy of Author.
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Digital 3D design tools primarily replace the Sketch –
Pattern – Toile – (Design/Pattern alteration) part of the
basic fashion design process and zero-waste fashion
design process without 3D tools (refer to Figure 2),
with a single holistic process: Digital 2D/3D Design
that encompasses all of these. This hybridising of mul-
tiple 2D and 3D processes into one, can speed up the
development of garment designs, whether zero waste
or conventional. However, the interdependence between
2D pattern, waste, and 3D form for zero-waste fashion
design means the utility of 3D software is amplified.
3D software provides the designer with a higher degree
of certainty that the garment they design in virtual 3D
from the zero-waste 2D pattern is the one they produce
in real life – with far fewer mistakes and fabric waste in
the process.

6. Conclusion

The emergence of accurate 3D software for garments has
had a significant impact on the fashion industry in the
last five years. While often used for visualisation and
marketing, the potential for these tools to transform
design practice itself is vast. The advantages of 3D design
software to augment the garment design process are
clear, and this is particularly true for zero-waste fashion
design. Zero-waste design is a hybrid 2D/3D activity, one
which ties the 2D pattern powerfully to the 3D outcome
through the goal of no waste. Every decision has an
impact on both efficiency and expression, so 3D software
allows the designer to see in real-time the impact of these
decisions.

The use of digital 3D tools opens up new opportu-
nities for the application of zero-waste design practice
and articulates new workflows and ways of working. In
this paper, I have discussed a range of industry, education
and research case studies, to demonstrate ways 3D soft-
ware has transformed my practice as a zero-waste
designer. It has enabled my practise to evolve from
mostly creating rough analogue approximations in
paper to accurate digital experiments. These case studies
are used to propose eight new workflows in addition to
Rissanen’s analogue processes that are relevant for
zero-waste design practice. Additionally, this paper
suggests the development of new digital tools to further
support the use of hybrid fashion and textiles practices.

It is clear that for the industry to move towards a sig-
nificant reduction in waste, it needs to address waste
where it is made – in the design process. Therefore,
tools such as these – which visualise the form design-tex-
tile waste relationship – are necessary at every stage of
the design process. By enabling a simultaneous aware-
ness of textile use and design of form, 3D software

makes it possible to take care of textile resources while
being open to design experimentation. This freedom
also provides space for new zero-waste methods that
more profoundly integrate the design of textile with
the design of form in a truly holistic systems-based
approach for the redesign of the industry as a whole.

Notes

1. Creative Practice PhD.
2. Marker making is a (digital or analogue) process that

takes the provided garment pattern and seeks to achieve
the most efficient layout of the pattern of fabric for
production.

3. Creative Cut: International Conference for Creative Pat-
tern Cutting at Huddersfield in 2014 and 2016.
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Abstract  

The aim of this research is to adopt a transition design “posture” of zero waste system design 

to develop processes for garment manufacturing. It seeks to uncover approaches and methods 

which are viable in the context of Manzini’s Cosmopolitan Localism – aiming to pair digital 

distribution with flexible local manufacture and micro-factories – utilising technology in 

alternative ways and propose new methods for whole garment weaving. Makerspaces and 

Fab-Labs have traditionally been the domain of hard materials, while forays into soft 

materials have explored the use of laser-cut textiles, 'smart' electronic textiles, 3D printing of 

wearables, and the cultivation of bio-plastics. Options available for automated manufacture of 

entire garments and textile-based forms are limited to whole-garment or fully-fashioned 

knitting – weaving has been mostly missing from this discourse. Conventionally, weaving is a 

two-dimensional practice – which through cutting and sewing may become form. Cut-and-

sew is the most common method of garment construction used in industry; however, it is also 

exploitative, time-consuming and wasteful. The current shallow understanding of the 

relationship between woven textiles and form limits how designers could transform industries 

and the built environment. This research questions how technology can further shape form-

making – what if we treat the jacquard loom as a tool to enable a kind of 3D printing with 

yarn? It follows some of the lines of design inquiry forged by the work of Issey Miyake and 
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Dai Fujiwara in A-POC, and recent explorations on digital whole garment weaving by Anna 

Piper, Jacqueline Lefferts, Linda Dekhla, and Claire Harvey and colleagues. This research 

undertook a series of experiments which aims to expand the design methods available for 

whole garment weaving in the context of zero waste system design. This paper presents three 

experiments using a variety of prototyping methods to deepen understanding of the complex 

'reverse origami', or 'flattening', methods required and are intended to test the processes in 

specific contexts. This multimorphic and analogue-digital craft practice develops new 

understandings of conventional textile design and manufacturing elements, such as jacquard 

looms and weave structures, for use in micro-manufacturing contexts. This holistic and 

disruptive reshaping of form-making has the potential to future-make the industry, our cities 

and our social fabric. 

 

Keywords: Transition design, Micro-factory, Weaving, Textile-form, Waste, Fashion design 

 

Introduction 

This article discusses the development of new design methodology and processes for garment 

manufacturing for textile-based forms which emerged out of adopting a transition design 

“posture”1 of zero waste design. ZWST draws from posthumanism, and Kate Fletcher and 

Matilda Tham’s Earth Logic2 to expand our understanding of who, what and how we design 

for the world, decentering the human in favour of the holistic3 whole. This paper discusses the 

journey to uncover approaches and methods which are viable in the context of Manzini’s 

Cosmopolitan Localism4 – aiming to pair digital distribution with flexible local manufacture 

and micro-factories – utilising technology in alternative ways and propose new methods for 

whole garment weaving. This paper is focused on the artefact or outcome of the design 

process situated within and as a result of the proposed system. Therefore, this research also 

 3 

adds to the ongoing discourse around the role of the artefact in the development of design 

research. 

The fashion industry is massively globalised, and as 80% of a garment's impact occurs 

in the production phase, including transportation and manufacturing. How can we further 

develop the use of technology to enable the redistribution of garment manufacturing closer to 

users? A suggested approach to the development of local manufacture is through the 

development of Fab-City’s. Building on maker-spaces such as Fab-Labs, the notion of a Fab-

City envisions a hyper-local ecosystem of supply and production linked with digital tools for 

collaboration. However maker-spaces have traditionally been the domain of hard materials, 

and while forays into soft materials have explored the use of laser-cut textiles, 'smart' 

electronic textiles, 3D printing of wearables, and the cultivation of bioplastics. The options 

available for automated manufacture of textile-based forms in makerspaces and micro-

factories been limited to whole garment knitting (such as Kniterate5 and Unmade6). Weaving 

has been mostly missing from this discourse, and this paper proposes methods that enable it to 

be included.   

Weaving is conventionally seen primarily as a two-dimensional practice, the making 

of cloth which through cutting and sewing may become form, a process which is wasteful, 

labour-intensive and often requires a high level of skill. Cut-and-sew is the most common 

method of garment construction used in industry; however, it is also exploitative, time-

consuming and wasteful. The current shallow understanding of the relationship between 

woven textiles and form limits how designers could transform industries and the built 

environment. This shallow understanding is the result of a relatively recent conception of the 

fashion industry – one built on speed and volume of production which therefore separated the 

various roles and actions required to make a garment or textile-based form. This separation 
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constrains the relationship between textiles and form and has impacted on the aesthetics of 

textile-forms.  

This research questions how technology (such as a jacquard loom) can further shape 

form-making – what if the jacquard loom was treated as a tool to enable a kind of 3D printing 

with yarn?  The recent arrival of the TC2 Loom, a relatively small, low cost, digital, hand 

jacquard loom and the emergence of the use of the jacquard looms for so-called ‘3D weaving’ 

opens a space for discussion around the use what is very old technology, in the context of 

makerspaces and micro-factories to produce garments on the loom. This research follows 

some of the lines of inquiry forged by the work of Issey Miyake and Dai Fujiwara in A-POC7, 

and recent explorations on whole garment weaving by Anna Piper8, the use of the digital 

jacquard loom for garments by Jacqueline Lefferts9, Linda Dekhla10 and more recently fully-

woven footwear by Claire Harvey and colleagues11. Primarily this kind of work has been 

explored by textile design specialists, and the particular focus of this research in terms of the 

design method is on the design and form-making process through pattern cutting for the loom.  

 

Background 

In light of the environmental crisis, theorists have sought to unpack the relationship between 

technology, design, and sustainability goals and its relationship to aesthetics. Victor 

Papenek12 suggests that we might need to be open to new aesthetics emerging as a result of 

considerations for the environment. Ezio Manzini wrote: 

 “it should not be forgotten that design was born and developed within the context of 

the development model in crisis today. Likewise, fundamental concepts such as form, 

function, client, user, and market must be revisited. The same is true for the role of 

technology, aesthetics and design itself"13 

 5 

Technology has shaped, literally and conceptually, the forms and details of all of our 

garments, and yet we barely consider it. Why are garments the shapes they are? History, 

convention, movement, comfort, sexism, sizism, racism and any more have all had a profound 

impact on aesthetics, but also the technology we use itself has helped shape what we wear and 

accept. So what if we used technology differently? What might change?  

 

Design and Anthropocentrism 

Design industries adherence to function, aesthetics and cost are inherently anthropocentric. 

Design impacts on things outside of our aesthetic and functional enjoyment of human life, 

therefore the way we assess the viability of a product needs to step outside of the merely 

human. Thomas Wendt argues that “if humans are at the “center,” then things like 

environmental sustainability, social justice, care for ourselves, economic equality… most 

political aspects of design, cannot be adequately considered”1. Laura Forlano2 states that 

posthumanism “greatly expands our understandings of the multiple agencies, dependencies, 

entanglements, and relations that make up our world” and flows through into and from ways 

of working that “better address the challenges we face as a planet.” It is essential to consider 

how emergent design practices, including those that might decentre the human, might 

simultaneously support equality and justice for humans and nonhumans alike. From this 

perspective, posthumanism could aid attempts to utilise a holistic approach to design for 

which this research program aims. 

                                                
1 Thomas Wendt, “Empathy as Faux Ethics,” EPIC People, 2017, https://www.epicpeople.org/empathy-faux-

ethics/. 

2 Laura Forlano, “Posthumanism and Design,” She Ji: The Journal of Design, Economics, and Innovation 3, no. 

1 (2017): 17, https://doi.org/10.1016/j.sheji.2017.08.001. 
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In the specific context of the fashion and textile industries, the ethos of transition 

design points also toward what Matilda Tham and Kate Fletcher call for in Earth Logic . They 

argue that fashion needs to centre the Earth and not growth, transitioning the industry and our 

experience with garments utilising six holistic ‘landscapes’. Traversing both fashion 

activities, and processes to create, maintain and evaluate outcomes, the notions of Less (the 

rejection of the logic of growth, and the centring of Earth), Local (decentralising production 

and economic power), Plural (decolonisation and rejection of an Anthropocentric view of the 

industry) and Governance (cultural level changes to support the other landscapes and promote 

diversity and resilience) are highly relevant to this research It suggests that the outcomes need 

to be centred not as a result of form, function and cost (as is conventionally done in design), 

but due to an expanded understanding and attention to the holistic context. 

 

Transition Design 

Assuming that we currently have an anthropocentric approach to design raises the question of; 

how do we transition away from this, and to what?  Grand and Weidmer agree with Simon14 

when they say that design and design research fundamentally focuses on the world “as it 

could be, on the imagination and realisation of possible futures, as well as on the disclosure of 

new worlds”15. Transition design argues that there exist many frameworks for what kind of 

different world we need to have (circular economy, permaculture design, sustainable design, 

speculative design and others), and many calls for change from the design community but that 

there is little exploring how we transition from our existing situation into the desired 

alternative. There exists a gap between the discourse and the practice. Transition Design as 

conceptualised by Irwin and colleagues provides a framework in four parts that provide clear 

intent and purpose for design that cares in the 21st century: vision, theories of change, 

mindset/posture, and new ways of designing. It imagines a design world where designers 
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could apply the deep understanding of the "interconnectedness of social, economic, and 

natural systems"16 that is needed for addressing the complex issues we are facing.   

 

Zero waste systems thinking  

Zero waste system thinking (ZWST) is a posthuman, transition design posture or lens that 

argues for a wider frame of reference beyond that of the design of the form and aesthetics of a 

product. Design enters into the realm of “how things ought to be”17 which in ZWST centres 

the Earth. Part of the current posture of the fashion and textile industry assumes that waste 

will be created – its monetary cost is built into the system and paid for by consumers when 

they purchase goods. At the same time, its environmental cost has been historically ignored 

and considered an inevitable unfortunate side effect of the reality of business.  

The zero waste design thinking (ZWDT) model18 was first developed as a result of a 

series of in-depth field tests undertaken at the start of this research which attempting to apply 

zero waste design methods into the context of the current garment industry. In this model, 

inputs and outputs cascade in and radiate out of the design process in a modified version of 

the (existing) design and production system. On reflection, the posture adopted when 

undertaking the field tests, and when developing the initial model was that the existing system 

is 'how it is and always will be' we just need to make it 'better' by designing better. The 

revised ZWST model (Figure 1), borrows from Kate Raworth’s Doughnut Economics 

Model19, furthermore, proposes that we need to rethink this posture and system at a 

fundamental level if we are to transform the industry in the way we need to.  
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Figure 1: The Zero Waste Systems Thinking model is proposed to be situated in the space between Kate Raworths Social 

foundation and Ecological ceiling. When viewed through the lens of zero waste, all design and related activities become 

holistically nested. How this might manifest depends on the specific context (dashed circles). Here a general Zero Waste 

Systems Thinking model (on the left) is presented that might be adaptable to many contexts, while on the right is the version 

of the model that this paper explores – Woven Textile-forms.  

Methodology 

This research is developed under an umbrella of the research program20 builds on transition 

design and posthumanism in the context of zero waste system thinking. The research as a 

whole looks at a variety of flatbed construction methods in this context; however, this paper 

focusses on woven textile-forms. Utilising an experimental design methodology, the research 

asks what new methods and aesthetics are possible in this context and what implications do 

 9 

they have for the development of new systems of design and production for textile-based 

forms.  

 

Experimental design research  

Experimental design research shares features with transition design, particularly regarding the 

opposition to “imposing pre-planned and fully resolved solutions upon a situation” 21. Hans-

Jorg Rheinberger22 wrote that experimental research needs to be stable enough to withstand 

the destabilising forces of the experiments and "sufficiently loosely woven so that in principle 

something unpredictable can [and must] happen.” This research undertook a series of 

experiments which aimed to expand the design methods available for woven Textile-forms in 

the context of zero waste system design. This paper presents a variety of prototyping methods 

used to deepen understanding of the complex 'reverse origami', or 'flattening', methods 

required. These explorations of form-making for whole garment weaving then lead to more 

resolved Objects of Design intended to test the processes in a specific context. 

This paper will focus on the three experiments undertaken so far relating to the trouser 

form, beginning with a discussion of methods for the visualisation of 'flattening' as a tool to 

develop designs in this field, a variety of prototyping methods is explored, both analogue and 

digital. The outcomes of the experiments take the form of both ‘Figures of Thought’ 23, which 

include everything from “dynamic research sketches” 24 to unrefined digital and analogue 

prototypes as a result of the experimental process and Objects of Design which are more 

refined and outward-facing. These 'Figures of Thought' are similar to Schmidt and Wagner’s 

“in-the-process-of-becoming” 25 things, and are prototypes that materialise and further 

comprehend figments of ideas or theory, and to articulate or solve physical, digital and 

technological problems or experiences. In this case, they are notes, paper metamorphic 
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sketches or models, digital experiments, photographs, and more conventional textile and 

cloth-based samples. 

 

Multimorphic Flat Textile-forms 

The ZWST (figure 3) diagram discussed earlier encompasses multiple perspectives 

simultaneously, and while it is possible to read and analyse as discrete sections for clarity, 

comprehension of the whole is necessary. The same is true of the textile-form, which results 

from the application of this way of thinking. To develop the objects, the designer is required 

to understand the many contributing limitations and inputs from machinery and technology, 

as well as the broader social and economic inputs, impacts and outgoings (if seeking to be an 

aware, ethical designer). Additionally, the designer is required to delve into and isolate at the 

near-field scale of matter (fibre and yarn), into the context of its interaction with weave 

structure, and digital and textile layers at a variety of axis, and to the far-field human scale of 

how these flattened layers allow for form-making upon expansion and how this form is 

desirable and needed in the social context of designed objects. To design in this 

transdisciplinary way requires multimorphic thinking and methods. In the multimorphic 

objects and design processes used in this research, the relationship between cloth and form is 

approached from different perspectives simultaneously and constantly interacts and forms the 

other, like a web where the reverberations of one strand are felt throughout. It requires a broad 

and holistic approach to design. Multiple perspectives (visual, material and theoretical) each 

feed into and respond; however, the designed object provides a tangible ‘thing’ that focusses 

the lens we use to view the system it emerges from and functions within. The textile-form is 

the intersection of complex inputs and materials from multiple perspectives, which is made so 

that form emerges from it. Form, technology and social context are both embedded in and 

made from it. The outcomes express theory around the making and thinking through the 
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design practice undertaken, but also the wider social and environmental context they exist 

within because they are a result of applying a particular way of thinking – zero waste system 

thinking. 

 

Flattening 

In order to rethink the process by which we design and make textile-based forms such as 

garments, this research delves further into the processes of garment production to the weaving 

of the textile itself. Since all woven textiles are of a planar construction, to weave form we 

have to be able to flatten the 3D form of a garment into the 2D cloth, so new design methods 

are required. To design a flat textile-form is to design the 3D form (garment) potential into an 

apparently 2D structure (cloth). Basic understanding of design methodologies was developed 

through the design of t-shirt forms26, and utilising the multimorphic understanding of flat 

textile-form design gained from those experiments, other garment types were explored. This 

research has explored garment types and their associated flat-form technical/aesthetic 

challenges including the t-shirt, trouser, tunic, coat, gown and shoe.  The series of 

experiments revealed several distinct design methodologies that enable textile-based forms to 

be produced on a flatbed (such as weaving). 

 

Experiments 

Next, a series of experiments are discussed which aimed to expand the design methods 

available for these systems with a focus on whole garment weaving in the context of zero 

waste design. These are often developed parallel to each other, even though they are presented 

sequentially, that is not actually how the design process evolves, and usually, many elements 

are interconnected and being developed simultaneously.   
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Trouser Experiment 1: Flattening a trouser 

The process of flattening often involves the use of methods that enable the visualisation of a 

potential axis of flattening. In this case, the trouser began with the commonly used method to 

fold trousers for hanging (Figure 2). There are many ways a trouser can be folded, here the 

trouser is folded from the profile or side axis, with centre front and back waistband folding 

inward toward the centre line of the body and the leg folding near the centre of the leg. 

 

Figure 2: Tailored trousers are commonly folded in this way. It almost completely flattens the complex form, and it is, 

therefore, a potentially useful way of developing a flat textile-form for trousers. Diagram by Holly McQuillan, 2020. 

 

Placing garments on a lightbox enables an understanding of the layers that are the result of 

flattening to occur as the light transmission is reduced the more layers it has to travel through 

(Figure 3). This stage allows for the beginning of the relationship between layer construction 

and form to be determined. These images could be turned into weave-able files almost exactly 

as they are, or their details and form manipulated further to allow the methodology and 

technology used to influence their expression.  
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Figure 3: Placing a folded garment on a lightbox or other light source can provide insight into the layers that can make the 

desired form. Here the overlapping layers of a pair of white linen trousers reveal possible avenues for flattening the original 

form. Photograph by Holly McQuillan, 2020 

 

New forms and expressions are also explored through the use of paper models. These figures 

of thought are like 2D/3D sketches that experiment with an element of or the entirety of a 

form. The paper models begin to demonstrate that an action (from form to flat and flat to 

form) is a ‘material’ of design of these textile-forms – the models are metamorphic sketches 

or objects that facilitate the experience of transformation from two dimensions to three, and 
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back again. The desired form determines the number of layers through the cross-section of the 

design at this point of the design process. If it is known how the form will be constructed, 

then it is determined by an intersection of desired form and construction specifications (such 

as loom warp density if woven). The paper models exist as physical things and also as video 

of them transforming – as is shown in the stills in Figure 4. Videoing of the transformation 

both documents the transformation while also allows for new ways of seeing the action and 

becomes part of the design process itself. Additionally, paper models allow effective 

communication between collaborators as they physically manifest the flat to form relationship 

by being able to exist as flat and formed as well as every state in-between.  

 

 

Figure 4: Stills taken from a video of a paper model for the trouser form. Paper models not only help to resolve far-field flat 

to form relations, and they also provide insight into the near-field textile structure interactions. Videoing these 

transformations allow for documentation and also the facilitation between collaborators. Video and Stills by Holly 

McQuillan, 2020 
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The basic form explored in the paper model as derived from the folded trouser was then 

explored in digital form using CLO3D (Figure 5). Here the relationship between body and 

form begins to be manifested. The number of layers required in the flat textile-form is 

finalised (four), but exact design details are not resolved. This design shows the negative 

space created by the crotch seam in the middle two layers enables a pocket to be built in the 

form. The digital model at this stage is like a template of a basic flat textile-form design that 

can be manipulated further and detailed to explore a range of possible resulting expressions 

depending on the construction method intended to be used. 

 

 

Figure5: The digital model of the trouser resolved the basic premise of the form on the body, and the minimum number of 

layers required (4), and these layers are visualised using different colours for each layer (white, light grey, mid-grey and 

black). Digital render by Holly McQuillan, 2019) 
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The final stage of this experiment was developed initially to a digital prototype (Figure 6). In 

this stage, the construction method was chosen (weaving) but only applied to the point of the 

width of loom repeat (40cm). As a result, an interim map of bindings was constrained by this 

40cm width and the ensuing form potential was explored. The aesthetic possibilities of 

draping fabric from the front and back leg seams were developed, and considerations of fit, 

and edge details were resolved.   

 

 

Figure 6: The digital prototyping stage of this experiment is the final stage of this development of the Flat Textile-Form for 

the trouser and sought to prove the concept of flattening trousers in this way is possible, and that diversity in the resulting 

form and details is possible. Digital render by Holly McQuillan, 2019 
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Trouser Experiment 2: Weaving a Trouser 

In Trouser Experiment 2, the critical experimental element to explore was to resolve and code 

the Map of Bindings so that the flat textile-form from Trouser Experiment 1 could be woven. 

The relationship between 3D form woven into the layers of the cloth and the map of bindings 

required to weave the flat textile-form has implications on the expression of the surface of the 

trouser (Figure 7). Woven seams present in internal layers (such as the crotch seam) can be 

visible as a kind of "trace" on the outside leg around the pocket. This relationship can be 

exaggerated or minimised, depending on the weave bindings used.   

 

Figure 7: The Map of Bindings (left) is a 2D map of the file needed for weaving. Each colour indicates a different weave 

binding. It is then constructed in 3D digital space to gain an understanding of the potential impact of the weave bindings 

required for form on the surface pattern. Diagram and digital render by Holly McQuillan, 2020 
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Figure 8: The diagram visualised the near field relations between the layers in the textile needed to make form. When read 

together with the map of bindings, the coding allows for the development of individual bindings that generate the form in the 

weave. Diagram by Holly McQuillan, 2019. 

 

This experiment was a remote collaboration27 with weaver Milou Voorwinden who worked 

with the author to develop the final map of bindings and then used the video in Figure 4 and a 

simplified layer coding system (Figure 8) to understand the intended relationship between 

layers to assign weave bindings. The final woven outcome (Figure 9) used contrasting colours 

to illustrate the layers of the weave. The rigidity of the resulting cloth (which is 100% 

polyester) was not adequately accounted for and will be developed in future testing.   
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Figure 9: A woven sample of Trouser experiment 2, as worn by weaving mill staff member. Photography by Milou 

Voorwinden 
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Trouser Experiment 3: Planet City Trouser 

This experiment was a collaboration with Karin Peterson and Kathryn Walters for the 

speculative film Planet City directed by Liam Young and costume direction from Ane 

Crabtree. This trouser experiment took the basic form developed in experiment 1 and 2 and 

combined it with surface pattern and embedded emergent behaviour formed on a mould.  

 In the Planet City Woven Trouser experiment, the form was determined in part by a scanned 

3D mould made by Peterson, which when input into CLO3D helped drive the design 

development of the trouser textile-form. The trouser was designed to work for either men or 

women, with adjustable sizing depending on the degree of shrinking applied. These factors, in 

combination with the loom width, determined we could fit three trousers across the width of 

the loom.  

 

 

Figure 10: The first stage of the digital prototyping experimented with the relationship between existing trouser textile-form, 

and the width of the loom the trouser was to be woven on, the male and female bodies the outcome would dress (left), the 3D 

scanned mould (white, centre) and the resulting effect on the form and surface of the fabric that could result when heat is 

applied (right). Digital renders by Holly McQuillan. 
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The initial Map of Bindings (Figure 11, top) was a balance between the width of the loom, the 

minimum size of each trouser, and the flexibility offered by the moulding process. Three 

trousers fit well across the full width which allowed for a small amount of texture to appear at 

the widest point of the mould while shrinking enough to reduce to its smallest (the hem) 

 

 

Figure 11: Since three trousers fit across the width of the loom (top), three different surface patterns were developed (bottom) 

from supplied AI-generated patterns. Map of Bindings (top) by Holly McQuillan, 2020, Digital file of the surface pattern by 

Holly McQuillan, Kathryn Walters and Karin Peterson, 2020. 
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Young and Crabtree of Planet City partially determined the surface pattern (Figure 11, 

bottom). For the purposes of research in this experiment, it was a variable with unknown 

effect in terms of how the additional bindings required for the surface pattern would impact 

on the bindings required for the form. In combining all of the previous elements – body, 3D 

mould, map of bindings and surface pattern, a digital approximation can be produced to 

communicate to within the collaborative team and to the client what the outcome might look 

like (Figure 12). It is important to note (and was communicated to the directors of Planet 

City) that due to limitations of technology, this digital prototype cannot be entirely accurate. 

 

Figure 12: This render shows the digital approximation of the body, 3D mould, Map of Bindings and surface pattern. This 

render was used by the collaboration to communicate with the directors of Planet City what our intentions were. Digital 

render by Holly McQuillan, 2020. 
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While the moulding process itself is open in that where and when heat is applied can affect 

the outcome – in contrast to cut and sew – in this process almost all of the expression of the 

trouser is determined before the cloth is woven. Peterson calls this reversal "Reverse 

Crafting" and means there is still craft embedded in the outcome – it is just in another place. 

The construction of the trousers is a matter of the weave technicians loading the appropriate 

weft yarns and pushing a button. The textile from arrives at the user almost fully formed, with 

only a few cuts required to release the 3D form from the 2D textile, and one seam sewn for 

the zipper (Figure 13). Beyond that, if fitting is required, or the form possible through 

moulding, then the heavy application of a hairdryer can transform the textile-form further. In 

all, it seems a process well suited to micro-factories or makerspaces.  

 

Figure 13: After separating the three trousers from the roll (top), to release the form constructed in the textile requires 5 cuts 

(crotch seam from pockets, two pocket openings and two hems). Then the trouser can be put on the 1:1 mould (middle) and 

then shrunk (bottom). Top image photography by Kathryn Walters, 2020, and middle and bottom by Holly McQuillan, 2020 
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Figure 14: The final trouser example from Experiment 3 shown on a model. Photography by Amanda Johansson, 2020. 
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Reflection on experiments 

This research identifies three stages of transition from existing industry ways of working to 

the kind of holistic, regenerative industry we need. In Stage 1 (for more on this see 

McQuillan, 2019) we move from bad to better, utilising industry 4.0 in existing industrial 

contexts to reach for a low waste fashion ecosystem supported by Industry 4.0. In Stage 2, the 

industry is reimagined in multiple centres with semi-automated, zero waste micro-factories 

supported by regional waste collection systems and the development of the circular economy. 

Stage 3 builds on practices of regenerative agriculture28, and encompasses the entire 

production, design, and use chain in Regenerative Micro-systems moving away from 

synthetic fibres (unless we can solve issues of microfibre pollution). This proposed 

Regenerative Micro-system can be articulated as a cycle of Farm – Form – Wear – Worm 

(and back to Farm), where sites of cultivation of fibre (Farm), production of form (Form), use 

of outcome (Wear) and decomposition (Worm) occur in hyper-local systems. Further 

reduction in production and consumption is achieved by addressing both the systems of 

manufacture and attitudes towards use, resulting in a plurality of production approaches, sites 

and aesthetics, all which seek to eliminate the concept of waste as we currently conceive of it. 

The first two experiments of this paper primarily address stage 2 and propose 'Form' (design 

and production) methods for stage 3. The Planet City experiment is situated primarily in 

Stage 3; however, it approaches the cycle outlines from an alternative perspective provided by 

the film context. Planet City was proposed that all resources come from the reuse and re-

mining of late capitalism and so the process would instead start with re-mining the leftover 

plastics and polyester of our contemporary society: a Mine, then Form – Wear – Reuse cycle. 

In this context, a circular economy use of polyester was assessed as most relevant, and in 

Planet City’s speculative future, it is assumed the problem of microplastics is solved, though 

it would not be regenerative, only cyclical.  
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Transition design asks that this research consider the implications of automation on 

the fashion industry and how a 'just' transition can be designed to manage the transition from 

the dominant manual high human input that exists now, to a mostly automated system in this 

imagine 'preferred' future. Another layer of analysis that Transition Design theory would add 

is the consideration of location. How might the system discussed operate in Sweden, New 

Zealand, Nigeria, India, China – urban or rural settings? Irwin states that transition 

visions “propose the reconception of entire lifestyles where basic needs are met locally or 

regionally, and the economy is designed to meet those needs, rather than grow for its own 

sake” 29, therefore these broader structural notions would need to be considered in both the 

development and analysis of the outcomes of this research.  

A key reflection of Experiment 2 occurred when estimating the wholesale cost of 

constructing trousers on the loom. The cost of the (Europe based) weaving mill time, length 

of the trouser and number of trousers across the loom width per metre results in a production 

cost of about €26 per unit for five pairs of trousers. Larger sizes will be more expensive as 

they use more yarn; however economies of scale will drop that cost to €10.40 per unit30 if 

making more than 500 trousers at a time. This illustrates a potential unintended consequence 

of this method of design and production. It could conceivably be desirable to develop for 

large scale garment manufacture as it might enable a massive reduction of their workforce 

through automating the production of garments utilising technology that already exists. 

Covid-19 has had and will continue to have an impact on the globalised supply chain 

of the fashion and textile industry. As well as driving a reduction in overall consumption, the 

sudden disruption, and in many cases destruction, of existing supply chains has increased the 

appetite31 for localised, automated supply chains. However, as neither localisation and 

automation of production necessarily ensure material waste reduction, they run the risk of 

exacerbating the global issues we face unless we holistically approach its development and 
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implementation. The tendency to want to scale-up efficient production methods in any post-

Covid world needs to be tempered with this understanding – instead, this research seeks to 

explore the potential to scale-out to multiple centres of production which are responsive to the 

individual needs of the community and resources of the environment.   

The role of the outcomes of these experiments, or artefacts, in this research, is a 

complex one. It is a physical manifestation of a range of holistic theoretical, methodological 

and physical inputs. The design process explores how we can utilise existing technology in 

the making of new forms and new futures. A key aspect is the translation from 2D to 3D, 

which occurs as a kind of reverse origami, allowing for more complex forms that those 

usually possible with whole garment weaving, and without waste creation. Its multimorphic 

and analogue-digital craft practice develops new understandings of conventional textile 

design and manufacturing elements, such as jacquard looms and weave structures, for use in 

micro-manufacturing contexts. The form-making processes developed in this research can be 

utilised in a range of processes. Primarily its is jacquard weaving that has been explored, but 

there is potential for these methods to be applied in the context of the biological textiles of 

Diana Scherer32, and Kate Goldsworthy's work with Laserline33, both of which require 

flatbeds for production. This will inform some future explorations of this research. 

Conclusion   

The work presented in this paper aims to develop methods and processes which are viable in 

the context of digitally distributed manufacture and local micro-factories, utilising existing 

technology in alternative ways and suggesting new methods with the potential to transition 

the form and nature of the industry to one that works for all. We need multiple visions of a 

future in which a just, safe and fulfilling life for all is bound by the social foundation and the 

ecological ceiling articulated by Kate Raworth.  
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We lack the methods to implement the automated, local micro-factory production of 

woven garments. By designing the interstitial spaces of textiles and not only the surface, we 

reimagine the 2D textile as 3D potential – enabling complex 3D form to be constructed from 

an apparently 2D material. The boundaries between textile and garment are blurred. Operating 

in this blurred space enables new methods to emerge and the making of alternative futures. 

These design methods apply to any production method that requires a flatbed and allows for 

complex 3D form to emerge from that with minimal and in many cases, no stitching at all. 

New design tools are needed to be developed to automate the translation from 3D to 2D; new 

materials and processes are needed in production. This holistic and disruptive reshaping of 

form-making has the potential to future-make the industry, our cities and our social fabric. 

So, imagine a circular micro-factory or regenerative micro-system in every 

community. What would micro-factories producing on-demand in every community mean for 

the textile and garment industries? Currently, it has one of the most globally distributed, 

complex supply chains of any industry, utilising the bodies of the largest workforce in the 

world. We need to consider the flow-on effect of what in some cases will cause the reshoring 

of production – models such as these would put many out of work. However, the CO2 

emissions associated with the transportation of materials and goods for the current fashion 

and textile systems are massive. Garments made-to-order locally, utilising local materials 

needs to become a commonplace reality, and to do that we need to reduce transportation and 

transform the relationship between design the production, which suggests redistribution and 

automation – how should we ensure a just transition? The so-called global north currently 

exports the negative impacts of garment production to countries in the global south with more 

relaxed laws relating to labour laws and environmental impacts. If we redistribute production, 

we risk merely redistributing the environmental problems associated instead of addressing 

them. Perhaps this will force the development of materials, recycling, production and waste 
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management processes which previously were far easier to ignore. Radical change is coming, 

either it happens to us, or we design the transition ourselves.
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Abstract 
This paper discusses the collaborative project the authors undertook for the speculative 
film Planet City in the context of a research program titled Critical Textile Topologies. It 
outlines the experimental design research methodology undertaken in the project, and 
reflects on the tension between design practice and design research that occurred in the 
development of multimorphic textile-based forms using whole garment weaving. After 
outlining the project as a whole, two key areas are discussed: The negotiation between 
expectations relating to design practice and the requirements of experimental design 
research; and the emergence of multimorphic understanding of this kind of 
interdisciplinary design practice. Planet City provided the researchers with a clear 
‘laboratory’ context to experiment within, rapidly driving the research forward in order to 
present a speculative vision for the future. The paper presents this research as an example 
of interdisciplinarity situated at the borderline between practice and research, 
demonstrating that when balance is maintained between various practical and research 
drivers new knowledge and an enticing vision for the future can be developed. 

KEYWORDS: multimorphic design; design practice; interdisciplinary design research; 
collaboration; whole garment weaving 

Introduction 
This paper discusses the collaborative project the authors undertook for the speculative 
film Planet City (Young, forthcoming 2020), and reflects on the tension between design 
research and design practice that occurred during the development of multimorphic1 
textile-based forms (garments). We explore what happened when the authors’ PhD 
experimental design research practices met a design brief for Planet City. We reflect on 
the journey, and discuss the interaction between design practice and design research and 
the impact this tension had on the process and outcomes. 

Planet City is a speculative film, exhibition and book project by Liam Young for the 
Melbourne triennial (2020).  It is set on the day of a city-wide festival celebrating its 
creation and presents: 
 

1 A ‘multimorphic' object(ive) is that which is many things at once, encompassing both physical 
and theoretical states and able to be read and understood at many scales, axes, and dimensions 
simultaneously. They exemplify multiple physical and theoretical concepts through both their 
matter and what they represent or articulate. (McQuillan, forthcoming)  

page 1 
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... a speculation of what might happen if we… collapse the entire population of 
the world into a single city, returning the rest of the globe to wilderness… 
The materiality of the city… is developed around the rule that no new 
resources will be consumed or extracted to build the city and all of the 
artefacts within it… are all made from a process of re-mining our existing 
world... (Young, L. Personal Correspondence, 2020) 

Background 
Critical Textile Topologies (CTT) for Planet City has three spaces of collaboration 
(Figure 1): 1. Within the Research Collaboration (RC); 2. Between RC and the 
Commissioning Group (CG); and 3. Between RC and suppliers.  

RC participants for CTT in the context of this project are three PhD researchers: Holly 
McQuillan is a fashion design researcher exploring the design of textile-forms developed 
through a lens of zero waste systems thinking. Kathryn Walters is a textile design 
researcher who explores how the concepts of complex systems and emergent behaviour 
can lead to new aesthetics and techniques in smart textile design. Karin Peterson is a 
fashion design researcher exploring the role of the analogue and the digital within 
methods of crafting dress, challenging the currently dominant processes of cut and 
assemble through a process of “reversed crafting2” for moulded garment forms. RC had 
already undertaken an initial successful experiment at the intersection of their research in 
Experiment 0 seen in Figure 2 (for more information see McQuillan, forthcoming). 

The Commissioning Group (CG) for Planet City consisted of director Liam Young, and 
costume designer Ane Crabtree. Liam Young is an educator, architect and Bafta 
nominated film director, while Ane Crabtree is an Emmy nominated costume designer. 
Both are based in the US; as a result all of the design process and decision making 
between CG and RC took place online.  

2 Reversed Crafting is a method which argues for the importance of front end craft knowledge in 
the use of 3D digital techniques. In this case a form is moulded from clay, and 3D scanned to be 
used in the textile-form process. (Peterson, 2020) 
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Figure 1: The three spaces of collaboration: 1. Within the Research Collaboration; 
2. Between the Research Collaboration and Commissioning Group; 3. Between 
Research Collaboration and suppliers. Arrows indicate direct lines of 
accountability between specific actors.  

As PhD researchers, we are accustomed to analysing and reflecting on our experiences. 
This paper focuses on our perspective, as it was within the RC that we found the tensions 
manifested between design research (our normal model of working), and design practice 
(our interactions with CG). It was also within this space that we moved beyond a 
multidisciplinary collaboration into interdisciplinarity (Choi & Pak, 2006), developing 
new tools, terminology, and concepts to work together towards hybrid textile-forms. This 
interdisciplinary collaboration required frequent communication, made complex by the 
Covid-19 pandemic, which required the collaborators to work remotely. Frequent video 
calls were triggered spontaneously whenever a discussion or decision was required. In 
contrast, CG had a directive role, requiring scheduled weekly updates, which occurred 
primarily between Crabtree and McQuillan, representing CG and RC respectively.  
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Figure 2: Experiment 0 was an initial test at the intersection of flattening, reversed 
crafting and emergent/changeable textiles.  

Research Program: Critical Textile Topologies  
The research program (Binder & Redström, 2006) for CTT seeks new relationships 
between textiles and form in the context of future-making (Yelavich & Adams, 2014) and 
smart textiles. RC brought perspectives from each of their research specialities which 
range from textile structures and form development to design methodology, along with a 
combined awareness of the need for a reduction of pre-consumer textile waste in the 
production of textile-based forms (e.g. garments). This paper provides a detailed applied 
example of multimorphic interdisciplinary work undertaken in the space between design 
research and practice.  

Future-making a holistic, circular, zero waste and local world 

The aspirational and optimistic context for Planet City is closely aligned with the overall 
goals of the CTT research program, and the film project became a laboratory for testing 
these ideas further. It is in that way a practice that is interested in design as a process of 
future-making (Simon, 1969; Yelavich & Adams, 2014) in the context of Circular Design 
(Ghisellini, Cialani, & Ulgiati, 2016; Earley, 2017; Niinimäki, 2017; Stahel, 2018; 
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McQuillan, 2019a), and proposes that Ezio Manzini’s (2013) notion of ‘Cosmopolitan 
Localism’ be included in the speculative future proposed by Planet City. Zero waste 
systems thinking (McQuillan, 2019b) views the relationship between the broader social 
and environmental contexts of the industry through a zero waste lens and responds with a 
systems-based approach which integrates the design of everything from fibre, through 
yarn spinning, to textile production, in the design of textile-forms.  

Lars Hallnäs (2019) distinguishes sustainability as a technical issue from the aesthetics of 
sustainability. In this manner of thinking the Planet City film project is grounded in 
research into technologies for sustainability, but is also concerned with the possible 
aesthetics of a radical new way of living.  

Methodology  
 
If what is to be found is really new, then it is by definition unknown in advance. 

There is no way of telling where a particular line of research will lead 
(Francois Jacob 1982, p.67). 

Experimental design research 

Imre Lakatos (1971) argued that progress is not a result of individual experiments or 
studies, but lies in the development of research programs. Koskinen, Binder, and 
Redström (2008, p.47) wrote that “progress in research happens only when a study makes 
an argument and contributes to a research program either by adding new knowledge to it 
or by correcting it.” They describe a design experiment as “pieces of design carried out as 
a part of a research effort” (p.46), and clarify that in this process, design work is research 
– the two are inseparable. The research discussed in this paper is primarily situated in the 
Lab context where the lab is both digital – in the use of software – and physical – in the 
development of woven samples and constructed prototypes. In this specific project, the 
context also includes a future ‘Gallery’ – the Planet City film – which impacted the 
design practice and design research actions undertaken in the lab context. 

Given the necessary unpredictability of research experimentation, Hans-Jorg Rheinberger 
(1994, p.70) wrote that a “research device has to fulfill two basic requirements”: to be 
stable, while being “sufficiently loosely woven” for unpredictable outcomes to occur. The 
design of this set of experiments gained stability from previous research by the authors 
(Figure 2). From this earlier experiment a set of parameters relevant for the Planet City 
experiments were established. This included: Use of heat-shrinkable yarn; the need for a 
loom with high warp density (over 70 ends per cm), which in turn defined the width, 
number of weft colours, and warp colour; the goal of zero waste; and the use of a 
moulding process. These parameters were only ‘loosely woven’ however, and the exact 
interaction, combination and expression of these in the design research context remained 
open throughout the process. 

Design accountability: at the intersection between design practice and design research. 

On the notion of the entanglement of design research and practice Koskinen and Krogh 
(2015) argue for “design accountability” as a method to frame work that exists on the 
boundary between practice and research. In the context of what they call constructive 
design research3 the key premise is that “design research needs to build on design practice 

3 Others call this ‘research through design’ (Frayling, 1993) or ‘practice-based research’ (Mäkelä 
& Routarinne, 2007). 
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so that it can be relevant for practicing designers not only in terms of knowledge, but also 
in terms of methods, processes, and aesthetic quality” (p.122). Koskinen and Krogh argue 
that because constructive design research comes up against the boundary of practice there 
needs to be a framework in place to “avoid the pitfalls that arise when research gets too 
close to practice” (p.126). This paper uses the concept of design accountability 
(particularly relating to differences in methodology and the ‘borderline’) to help articulate 
the problems that arose in this case where the outcomes of the experimental design 
research are also designed objects for use in a film. 

The case of Planet City 
The initial proposal consisted of the framing of the textile-form garments as an outcome 
of alternative modes of design and production viewed via the lens of zero waste system 
design. In this project this hypothetical system included concepts relating to fibre 
sourcing, production models, use practice and circular design – and the aesthetics that 
emerge as a result of these. There were three stages to the project: Proposal; 
Development; and Production (Figure 3). 
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Figure 3: The three stages of development of this project are familiar to designers: 
1. Proposal, 2. Development, and 3. Production, however the specific processes 
and their interconnectedness contrasts with conventional fashion design 
practices.  

Stage 1: Proposal 

In Planet City all materials are acquired through a theoretical ‘re-mining of our existing 
world’. The three looks were proposed as new ‘heritage’ garments, intended for special 
occasions and that would be passed down through generations for future festival 
occasions. The garments were designed utilising Peterson’s moulded garment forms, 
McQuillan’s whole garment weaving approach, and Walters’s emergent textile forms and 
surfaces. The textile-forms incorporate polyester low-melt component (NSK) yarn which 
shrinks in response to heat – therefore time becomes an additional design variable 
(Talman, 2019). This allows form and surface to be moulded and transformed over its 
lifetime. Within the Planet City world, they would be produced in the context of a smart 
urban micro-factory where fibre reclamation, yarn spinning, textile weaving, and form 
cutting would occur on site. Produced from 100% polyester (a persistent, durable and 
recyclable textile fibre), at the end of their long life they would be readily recycled and 
re-extruded to make the next generation of textile-forms.  
Three looks were selected by CG (Figure 4), and these became the Sulphuric Tunic, 
Lazulite Coat and Sediment Trouser, and Feldspar Dress. The research then progressed to 
an intensive development stage. 
 

 
Figure 4: Initial proposals for tunic (top), coat and trouser (bottom left), and dress 
(bottom right) 
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Stage 2: Development 

Stage 2.1: In stage 2.1 a range of interrelated and interdisciplinary processes occurred 
simultaneously, primarily acting as inputs between processes. 

McQuillan developed prototypes of the garment forms to a ‘basic’ flattened form stage 
using both digital and analogue tools. These developed the design, but also served to 
facilitate interdisciplinary and research-practice communication both within RC, and 
between RC and CG. These took the form of 3D textile and garment renders, paper 
prototypes, and cross-sectional diagrams of textile structures. The prototypes were more 
important than usual in the process as it was not possible to sample before production, 
due to the Covid-19 pandemic and time constraints. 

The garment forms took into consideration the aesthetic and technical requirements for 
weaving the surface and structure. For example, while it would be possible to design all 
of the garments to not require any assembly, this would reduce opportunities for surface 
pattern and structural stability – so a compromise was found.  
 

 
Figure 5: Small scale clay mould being developed for the Lazulite Coat 

Alongside the development of these flattened forms, moulds were sculpted in clay (Figure 
5) by Peterson, and 3D scanned. RC jointly developed surface patterns based on AI 
generated graphics supplied by CG. Initial colours were selected, however issues arose in 
interpretation of colour via screen, since the yarn samples were late in arriving and were 
not associated with any international colour standard such as Pantone. There were also 
technical limitations restricting certain colours due to the use of greenscreen technology 
for the film. 
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At the end of Stage 2.1 an online meeting was held between RC and CG and the 
developed digital prototypes were presented. An earthy colour palette was rejected in 
favour of highly saturated colours (see Figure 6). RC reinforced the message that these 
digital prototypes were not 100% accurate representations of the finished forms, in either 
colour or surface, due to lack of yarn colour information from the weaving mill, and the 
emergent aesthetic inherent in this design and production process.  

It was at this stage that feedback from CG became more directive, particularly with 
respect to the aesthetic. These aesthetic decisions had technical implications, but did not 
significantly impact core research elements and processes. It was nevertheless here that 
the tension between design and design research began to build. 
 

 
Figure 6: The digital prototypes selected and ‘approved’ by Planet City CG.  

Stage 2.2: The design research processes in Stage 2.2 became increasingly 
interdisciplinary and multimorphic, moving into a space where a new language was 
required to communicate within the emerging field, and where each developing outcome 
became multiple entities at once – nearfield textile structure, far field 3D form, 2D textile 
surface and emergent 3D behaviour. 

Scanned 3D moulds were input as OBJ files into CLO3D, and used to develop the 
flattened prototypes (Figure 7). This enabled the flattened textile-form to be modified to 
respond to the 3D mould while developing the surface pattern and textile-form structures 
to facilitate this relationship. All four processes – 3D mould, flattened digital form, 
surface pattern, and textile-form structure, were developed simultaneously.  
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Figure 7: Lazulite Coat mould and flattened prototype being integrated and fitted 
using CLO3D in collaboration with Karin Peterson (in insert) via screen sharing on 
Zoom. 

Stage 2.3: Once the four processes were finalised, the digital textile-form, along with 
textile-form structure information, was converted into a Map of Bindings (McQuillan, 
2019a). Combined with the surface pattern, colour selection, and loom constraints (such 
as width and warp colour), weave bindings could be designed by Walters. Each binding 
produces a colour and layer structure in the final textile-form, and is both dependent on, 
and an embodiment of, all the processes described above. Compiled into loom-ready files, 
they translate the digital design into a form that can be interpreted and made physical 
through the weaving process.  

Stage 3: Production 

Once the designs and related files were established the project moved to a third stage – 
production. The garments were woven in the Netherlands, then sent to Sweden for 
cutting, forming and moulding. Key weaving decisions such as weft density had to be 
based on estimates due to time and Covid-19 travel restrictions.  
Stage 3.1: In stage 3.1, loom-ready files were supplied to the weaving mill, with two 
pieces woven initially. While not entirely successful – and as sampling was still 
impossible – the two pieces that had been woven could be used to understand the 
behaviour of the yarns in the specific weave bindings used. Fundamental changes were 
made to the weave bindings in subsequent textile-forms, in order to promote 
shrinkability, alongside widening and stiffening the seams (Figure 8), which had been a 
point of failure in the initial tunic.  
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Figure 8: Three variations of the Sediment Trouser woven across the width of the 
loom. After failing in the initial tunic, the seams for the remaining garments were 
widened and the bindings changed. The crotch seam (at bottom) affects the 
surface pattern, an example of the impact of multimorphic design practice. 

Simultaneously, full-scale moulds were produced from the 3D scanned clay models, by 
3D printing with bioplastic (Figure 9), and CNC cutting of polystyrene blocks. The 
moulds were produced in collaboration between Peterson and HDK lab technician 
Joachim Harysson. 
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Figure 9: The Sediment Trouser mould was 3D printed using bioplastic. It was 
printed in parts to facilitate removal from the shrunken textile-form.  

Stage 3.2: Once the fabric arrived, a careful process of cutting (Figure 10) began. While 
CNC laser cutting could theoretically be used, cutting was done by hand, requiring both a 
technical understanding of the construction of the textile-form, and haptic sensitivity. 
Finally, a small amount of sewing was required to form each garment. 
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Figure 10: Cutting the crotch seam of a version of the Sediment Trouser. Cutting 
the layers apart is required to release the 3d form from the 2d textile.  
 

 
Figure 11: Sediment Trouser shrunk over the mould shown in Figure 9. The 
shrinking process alters fit, form, fabric behaviour, density, texture and the 
expression of surface pattern. 

The textile-forms were shrunk over the corresponding 3D moulds (Figure 11). Heat 
activates and shrinks the NSK yarn where form and surface manipulation is desired. This 
moulding stage also involves design decisions, as how much, where, and in what order 
the textile is shrunk leads to different surface and form outcomes, impacting the final 
garment aesthetic. Figure 12 shows the completed garments. 
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Figure 12: Top to bottom, left to right: Sulphuric Tunic, Lazulite Coat and Sediment 
Trouser, and Feldspar Dress photographed before sending to Commissioning 
Group in LA. 

Reflections and findings: Design research vs design practice 
Even at the early stages of the design process there was tension between the established 

page 14 

 

costume design practice of CG and the emergent and unpredictable nature of 
experimental design research. Digital prototypes were produced by RC to indicate an 
experimental direction, however the visual language of these digital prototypes could be 
interpreted as ‘finished’ in the context of costume design. This tension is discussed by 
Koskinen and Krogh when they discuss the role of prototypes in design research versus 
practice – stating that design researchers see prototypes “like hypotheses in science rather 
than preparations for production” (2015, p.124). 

For RC, research and design practice occurred at all three stages. However in the 
conventional design process, once the design was ‘approved’ by CG, the design would be 
finalised and the goal become realising the proposed outcome. RC were required to 
operate at Koskinen and Krogh’s ‘borderline’ (ibid) between being researchers and acting 
as commercial designers – the tension of working to a brief, but incorporating 
still-developing research. This impacted the development process, with RC required to 
present a quite detailed proposed outcome for approval by CG at an early stage, whereas 
in a solely research context the outcome would be free to emerge from the process 
without predefinition. While it was emphasised by RC that elements of the making 
process were unpredictable, with the shrinking process in particular affecting both form 
and expression, it was not clear that this was fully understood by CG. As commissioners, 
they were interested in the wearable outcomes of our research, whereas as researchers, we 
are interested in exploring the processes that lead to those outcomes, and the interplay 
between process and result. 

Conflicts arose between the technical/performance requirements of costume made for 
film and the design research goals of RC, and in regards to the emergence and 
establishment of aesthetics. The aesthetic of previous research work by the collaborators 
was driven by technical and functional considerations, an aesthetic choice nevertheless. 
By comparison, the aesthetics required for the Planet City project added a layer of 
complexity to the technical and functional elements developed in the research process, 
overlaying the making process that they embody. 

The results from the first weaving session reiterated this tension between our roles as 
researchers and as designers. As researchers, the outcome of a single successful garment, 
and a second piece that demonstrated areas requiring development, would have fed into a 
period of reviewing and analysing the findings, and developing new ideas. As designers 
with a tight timeframe, we needed to deliver three looks that met the requirements and 
expectations of CG with little opportunity for reflection. This tension reveals the power 
differential implicit in the role between commissioner and designer, not normally present 
in our role as (PhD) researchers. As researchers, we can justify our work in a multitude of 
different ways, but as designers, we must hew to the expectations of CG, delivering not 
new knowledge, but artefacts that look and function in specific ways. In this relationship 
we yield some of the power to interpret these artefacts: it can seem that the only context 
that matters is the one imposed from outside. Working between research and practice, 
these threads are as entangled as the yarn in the textile-forms we wove. It was important 
that as design researchers first and foremost, we were able to maintain some of the 
structures required for experimental research. 

Reflections and findings: Interdisciplinary, multimorphic design 
research 
Despite the tensions between design research and design practice, by building on a 
foundation of existing research, the experiments in this project deepened our 
understanding of interdisciplinary and multimorphic design research and practice. At the 
intersection of fashion and textile design research there is an interdisciplinary field we 
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call Textile-form design (Figure 13). Building on common understandings of the role of 
textiles and their behaviour in order to generate form, the methods developed from 
Experiment 0 (Figure 2) through to the outcomes presented for Planet City (Figure 12), 
reveal shared tools (such as paper models), and the need to generate new ones (map of 
bindings) – particularly in the socially distanced context of Covid-19. They also reveal a 
conflicting use of words – understandings of words such as ‘structure’ and ‘form’ depend 
on each discipline's notions of scale, or contrast, as in ‘pattern’ (surface design) for 
textiles, compared to ‘pattern’ (as form template) for fashion. We needed to establish new 
vocabulary to remove confusion and aid collaboration, and to communicate the actions, 
outcomes and methods used. 

  
Figure 13: The intersecting space of the research, between form and textile design, 
outlining the conceptual framework, processes, tools and outcomes of the project. 

This research reveals some of the differences between the ways designers in each field 
relate to textile-things even when both are involved in their design. Woven textile 
designers primarily work from the scale of yarn and weave binding, up to the scale of 
surface pattern repeats. In contrast, fashion designers work at the scale of the body, and 
while they may ‘zoom in’ to features of a garment, they do not usually approach the yarn 
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scale – particularly when using woven textiles. Thus while the two disciplines may 
overlap at the level of surface pattern and garment features, their scales differ from there. 
So the notion of multimorphic design practice and object(ives) emerged out of the 
perspective that is required to design these kinds of textile-forms – we needed to 
holistically understand multiple forms, states, times and scales of each piece.  

The difference between the fields can be illustrated by the view each discipline has of 
cutting into textiles. Woven textile designers see cutting as a destructive act. For fashion 
designers, however, cutting is a constructive act, required to generate form. Within the 
context of the RC, this expresses itself as an additional level of complexity in the 
textile-form: areas of the textile must be designed to be cut at the level of weave structure 
– strictly a one way process, as the whole textile-form needs to be rewoven if a section is 
damaged. This points to the multimorphic, interdisciplinary nature of this research 
collaboration. It is no longer possible to separate the garment form from the textile: the 
form defines the textile, and the textile defines the form. This inseparability applies 
throughout the design process, where every decision has consequences for the 
textile-form whole and as a consequence notions of ‘ownership’ of discrete parts of a 
project become completely entangled.  

Conclusion 
The context provided by Planet City aligned closely with the contextual framework of the 
authors’ research program, providing a clear and tangible context to apply ongoing 
research. The final garments embody the potential of Planet City – a world in which 
manufacturing is local, circular, and zero waste. It allowed the authors to manifest an 
outcome that is the result of their process in a hypothetical context – a representation of 
the possible aesthetic outcome of this holistic approach.  

After describing the three stages of the design research process we reflect and discuss the 
findings that emerged. It is clear that the requirement to use primarily digital 
communication modes for physical outcomes was problematic, and the 
interconnectedness of interdisciplinary, multimorphic research involving physical ‘things’ 
was made more difficult, due to Covid-19. However it ensured the development of clear 
language and communication strategies utilising digital tools such as CLO3D and Zoom. 
Design accountability (Koskinen & Krogh, 2015) describes three areas of common 
pitfalls when operating in the space between design practice and design research – for us 
the key areas of tension we encountered relate to the role of methodology and prototypes, 
and the difficulty of maintaining our position when operating at the ‘borderline’ of design 
practice and experimental design research. Despite the tension between design practice 
and design research which occurred, this paper provides an example utilising a flexible 
approach to generate satisfactory design and experimental research outcomes. We argue 
that by building on the stability that Rheinberger (1994) argues needs to exist in 
experimental systems, we were able to maintain our position at the borderline between 
research and practice.  

The notion of this practice being interdisciplinary and multimorphic emerged out of the 
inseparability of the textile and form. In inter and transdisciplinary research (where the 
object of research is a physical thing) practice needs to be multimorphic as the various 
scales, perspectives and skills involved are entangled. This entanglement applies 
throughout the design process, and was abundantly clear in this project where every 
decision had consequences for the textile-form whole and for each contributor to the 
textile-form. Furthermore, theory, methods, and outcomes become entangled. Even once 
the outcome is delivered to the commissioning group, traditional notions of ‘ownership’ 
remain entangled – distributed clearly along lines of physical objects, which are now 
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‘owned’ by Planet City, but attributed to us – while the theory, methods, and knowledge 
remains woven into the combined practises of the researchers.  

As designers and researchers we need to develop ways of working collaboratively in a 
rapidly changing world where traditional methods of design development may no longer 
be possible. We need to be able to communicate within the interdisciplinary teams 
necessary to tackle the problems we face, without losing the essential element of 
risk-taking at the core of experimental design research, and while relinquishing traditional 
notions of ownership. Planet City embodies the notion of design as future-making and the 
Critical Textile Topologies RC sought to provide examples of both an aesthetic vision of 
a future that is enticing, and the means for producing it.  
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