Waste, so what?
The fashion system is contributing to the environmental and social crises on an ever
ronmental and social limits proposed by economist Kate Raworth, and the 17 sustainable
development goals set out by the United Nations.
This research explored methods of eliminating textile waste through utilising zero waste
pattern cutting to expand the outcomes possible within industrial contexts and speculates as to the implications for the wider industry and society. Employing an experimental
and phenomenological approach, this thesis outlines the testing of known strategies in
arose. A series of interviews were conducted with designers who have applied zerowaste fashion design in an industry context – both large and small scale – to unpack the
strategies used and contextualise the difficulties faced. The findings that emerged from
the iterative design practice and the experience of working within the field tests inform
the surrounding discussions and reflections. This reflection brings into sharp relief the
inherent conflicts that exist within the fashion system and has led to the development of a
series of theoretical models.
The implications for design and industry are broad. Firstly that while this thesis outlines
garment design strategies, and broader – company-wide – approaches that can work to
reduce waste in a given context, this research finds that a holistic transformation of the
internal design and management processes of the industry is required for them to be successful. In response, theoretical models have been developed which seek to articulate the
constraints, roles and actions of design within broader company practices, while contextualising these within the economic system it operates. It is clear that reducing waste will
only have a minor positive effect on the environmental outcomes unless we also reduce
consumption of raw materials through reducing yield or reducing consumption – ideally
both. These findings and models point towards a necessary recalibration of the industry as
a whole – small changes are not enough as the existing methods, processes and ethos are
deeply embedded, and its agents are resistant to change. The results concur with previous
research and conclude that a fundamental shift in thinking is required – one that prioritises a different set of constraints to those the industry and society currently focus on – in
order to make the rapid and meaningful change necessary.
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ABSTRACT

Waste, so what?
The fashion system is contributing to the environmental and social crises on an ever
increasing scale. The industry must transform in order to situate itself within the
environmental and social limits proposed by economist Kate Raworth, and the 17
sustainable development goals set out by the United Nations.
This research explored methods of eliminating textile waste through utilising zero
waste pattern cutting to expand the outcomes possible within industrial contexts and
speculates as to the implications for the wider industry and society. Employing an experimental and phenomenological approach, this thesis outlines the testing of known
strategies in the context of industry and responds with new emergent strategies to
the challenges that arose. A series of interviews were conducted with designers who
have applied zero-waste fashion design in an industry context – both large and small
scale – to unpack the strategies used and contextualise the difficulties faced. The findings that emerged from the iterative design practice and the experience of working
within the field tests inform the surrounding discussions and reflections. This reflection brings into sharp relief the inherent conflicts that exist within the fashion system
and has led to the development of a series of theoretical models.
The implications for design and industry are broad. Firstly that while this thesis outlines garment design strategies, and broader – company-wide – approaches that can
work to reduce waste in a given context, this research finds that a holistic transformation of the internal design and management processes of the industry is required for
them to be successful. In response, theoretical models have been developed which
seek to articulate the constraints, roles and actions of design within broader company
practices, while contextualising these within the economic system it operates. It is
clear that reducing waste will only have a minor positive effect on the environmental
outcomes unless we also reduce consumption of raw materials through reducing
yield or reducing consumption – ideally both. These findings and models point
towards a necessary recalibration of the industry as a whole – small changes are not
enough as the existing methods, processes and ethos are deeply embedded, and its
agents are resistant to change. The results concur with previous research and conclude that a fundamental shift in thinking is required – one that prioritises a different
set of constraints to those the industry and society currently focus on – in order to
make the rapid and meaningful change necessary.
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FOREWORD

The 2018 UN climate report (IPCC, 2018) states that we have approximately 12
years to make significant systemic and social changes to all facets of human activity;
otherwise we risk catastrophic climate change, leading to ecosystem, financial and
social collapse. The fashion and textile industry is a massive, globalised and complex
system. In such a system holistic change is difficult – but change we must.
The waste hierarchy, developed from Lansiks Ladder (1978) states that before landfill or incineration, and before recycling, we must first prevent the creation of waste.
The fashion industry is responsible for the production of between 55 and 92 million
tons (Kerr & Landry, 2017) of waste every year based on 2015 consumption – a figure
which is expected to grow significantly as consumption increases. Waste is most often
treated as a management problem, and not as a design problem. Zero waste fashion
design is concerned with reducing or ideally eliminating textile waste in the production of garments, in my case through the use of zero waste pattern cutting and design
techniques. Past research has been to investigate the methods and expressions possible when waste is considered in the context of design. The research outlined in this
licentiate sought to apply existing knowledge in the context of the garment industry,
and then in the context of non-garment form design – furniture design. The research
seeks to provide insights into the opportunities and limitations of zero waste design
practice in the context of the current linear economy and speculate as to its function
in the proposed circular economy.
When I began my PhD in early 2017, I believed that we could change the system from
within by modifying some of the systems and processes used. I worried that it might
be unreasonable to expect wholesale systemic change from such a massive, complex
and influential industry, and instead, we needed incremental and ‘realistic’ change
that would not frighten industry too much. This licentiate traces my evolution from
industry apologist to something a little more radical.
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FOREWORD

Seeking new methods and aesthetics
I came into this PhD from a background of 15 years exploring zero waste pattern cutting as a design methodology. In 2009 I presented (Using design practice to negotiate
the awkward space between sustainability and fashion consumption, McQuillan 2009)
some of the previous four years of my research into this area, discussing my explorations into possible methods for making fashion without making waste and the
mindset required to work effectively in this way.
My early explorations were concerned with finding new methods and expressions.
I explored combinations of conventional processes such as the use of standard garment blocks (Wolf/Sheep, 2009) and drape processes (War/Peace, 2010) shown in
Fig. 2. In the TwinSet (2011), shown in Fig. 3, and Twinset: Yield (2011) I combined
multiple garments in a single zero waste pattern in order to better utilise the negative
space from one garment pattern for the creation of another. Challenging the locus or
origin of design ideas within fashion design was a focus of VOID (2012) which explored the idea of tabula rasa, or designing from a ‘blank slate’.

Fig. 1: Zero + One (2016) was a collaboration between McQuillan and One piece
garment
12 designer Deb Cumming. In this three piece series (only one is shown here)
they collaborated at the intersection of their practices, seeking new expressions and
methods. ©Bonnie Beattie

Fig. 2: War/Peace (2010) explored the use of two
dimensional typographic elements to drive the development of the draped three dimentional form.
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In Wolf/Sheep (2009), War/Peace (2010) and Twinset: Yield (2011), I explored the
use of textile print design in combination with zero waste garment design utilising
a simultaneous design process. In MakeUse (2015), shown Fig. 4, this was extended
further, and the collaborative team of graphic, textile and garment designers explored the use of print and digital embroidery to assist the maker in constructing the
form and self finish the cut edges.
I collaborated with Julian Roberts and Timo Rissanen in The Cutting Circle, to develop
new methods at the intersection of our different practices. In Fashion Thinking –
Creative Approaches to the Design Process, Fiona Dieffenbacher (2013) refers to the generic idea of a fashion design process as methods of “research – sketch – flat pattern/
drape – fabrication – make”. In our paper The Cutting Circle: How Making Challenges
Design (McQuillan, H., Rissanen, T., & Roberts, J. 2013) we discussed our collaborative attempts to challenge how making and design are taught within many fashion
contexts, and we began to explore zero waste design as a holistic practice. In Zero +
One (2016), Deb Cumming and I explored the intersections of our design practices,
seeking to apply the unconventional, multi-axis perspective of the body that many
one-piece patterns have to find new processes and expressions for zero waste design
(see Fig. 1).
I began to explore the intersections of zero-waste practice and how people use their
garments – what Dr Kate Fletcher calls the craft of use (2016). In MakeUse (2015)
my goal initially was to exploit the opportunities of zero waste in the context of the
craft of use, specifically the fact no part of the fabric used to make the garment is lost,
and can, therefore, be used to alter or repair itself if desired. Over time the project
evolved (2016) to explore the creation of a user-modifiable open source zero waste
design system (See appended Paper I for more detail).
In the context of the industry, I have briefly explored the application of zero waste
in sportswear for two leading brands in 2012 and 2014, and up-cycling in Space
Between with Jennifer Whitty (2012-2014) and I have regularly presented my research to industry audiences. The application of zero waste in the industry is an area
that needs more in-depth investigation.
In addition to foundational research, I have taught zero waste design to diverse
audiences globally: At Aalto University. (2012), Re:Design, Melbourne, Australia.
(2012), Commune, RMIT, Melbourne, Australia. (2012) I explored my initial
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Fig. 3: Twinset two-piece
suit (2011) explored the
opportunities to be found
when embedding two
cloely related garments,
in this case the jacket and
trouser of a mens suit,
into a single zero waste
pattern.
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practices, divided into three approaches called Cut and
Drape, Planned Chaos and Geo Cut. Later I developed a
more precise step by step method for understanding zero
waste design approaches first through Local Wisdom:
WGTN. (2014), and later through MakeUse (Fig. 4). This
technique was taught at TED MA Masterclass, University
of the Arts London (2013 and 2016), and Make/Use
Masterclass and Lecture, De Young Museum, Parsons,
Swedish School of Textiles, Borås. (2016)
In YIELD: Making fashion without making waste held at
The Dowse Art Museum, Wellington and the Textile Art
Centre, Brooklyn, New York (2011), Timo Rissanen and
myself curated the first exhibition surveying contemporary zero waste practitioners. We worked together again to
co-author the first book on the subject Zero Waste Fashion
Design (2016). My research has sought to both expand
on the methods and expressions possible in the context of
zero waste while discussing the broader implications of
the practice in the context of the industry and education.
The last 15 years of research in this field has lead me to
gain a deep understanding of the methods and processes of zero waste design in a range of contexts. The lack
of progress towards the application of these approaches
more broadly in education and industry is frustrating. My
practice also suggests to me a fundamental difference in
this way of working that at times has felt like an unwelcome hindrance. However, it seems that its value might
be in this difference; after all, we know that the way the
fashion industry currently does things is unsustainable
and wasteful. Perhaps a different way of thinking and
working, one that places value on a different hierarchy is
precisely what is needed.
Fig. 4: The MakeUse (2015) garments shown here are a possible outcome of the user modifiable zero
waste design system developed by a collaborative team. Each garment is only a suggestion possible
from the design process, a methodology which sought to make zero waste design more accesible.
©Bonnie Beattie.
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OUTLINE

This licentiate comprises the first of two related stages of the research undertaken
during this PhD. The weaving discussed in Appended Papers II and III (see Appendix)
is not discussed here. Instead, this licentiate lays a foundation for a proposed shift in
thinking about the role of zero waste design in industry and education.
Following the foreword – which serves to provide the personal research context
this licentiate arises from – the text then provides a background to the related fields
in which the research operates in, and methods and approaches used to expand
upon the field. Through the field tests and interviews, the research seeks a deeper
understanding of the issues the industry faces. This licentiate then reflects on the
field tests and interviews to begin to conceptualise the value of waste in our current
linear economy and speculates as to its place in the proposed circular economy. This
reflection leads to the development of a series of theoretical models of zero waste
design and finally concludes that for zero waste design to have a positive impact on
the industry, it needs to be considered as a way of thinking through design, and not
merely a method or process.

Chapter One
This chapter outlines the environmental, economic context the research takes place
within while outlining existing research in the field of zero waste design, including
academic research, examples in the fashion and furniture industry as well as key
directions for investigation such as the nature of constraints and the use of digital
software.

Chapter Two
The chapter provides a theoretical and methodological framework for the research
outlined in this thesis. The research process is theorised, visualised and described
in three subsections. Beginning with experiencing zero waste in the industry, this
covers the use of an experimental design methodology in the context of field tests
and the phenomenological and analytic approach needed for both the field tests and
interviews. Next, the chapter describes the reflection process using an iterative, reflective approach in the context of designerly thinking in practice. Lastly, the research
is underpinned by an understanding of design as “future making” and advocates for
a transition design approach to aid in the conceptualisation of actions and models for
change.
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Chapter Three
This chapter describes three field tests in which waste reduction strategies are
applied in the design and marker making processes. It also analyses a series of four

List of Publications

interviews with designers who have recently explored zero waste in the industry. The
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view/485/456.

zero waste strategies successfully in a range of company settings. Their responses are
reported and reflected on in order to expand on the observations made in the field

III. McQuillan, H., 2019. ‘Hybrid zero waste design practices. Zero waste pattern

tests.

cutting for composite garment weaving and its implications’, in The Design Journal,
Taylor and Francis.

Chapter Five
In this chapter, the value of waste and the relationship between constraints and waste

Conference presentations

in response to the interviews and field tests is reflected upon. Additionally, the chap-

McQuillan, H., 2019. Hybrid Zero Waste Design at EAD Running with Scissors,

ter speculates about the role of the designer, and the ‘value’ of waste in the context of

Dundee.

the proposed circular economy, and how the experience in the field tests resulted in a
recalibration of the ongoing research.

McQuillan, H., 2019. Waste: So what? At Who Cares? NORDES 2019 Helsinki.

Chapter Six

Exhibition

This chapter presents a series of theoretical models for zero waste design. The models

McQuillan, H. and Cumming, D., 2018. Zero + One in Unmaking Waste, Australia,

are proposed as a ‘lens’ that can be useful when attempting to develop an alternative

2018

mindset regarding resource use in the context of product design, development and
manufacture. Beginning with the broadest social and environmental contexts, the
models allow for an alternative framework for holistic design to develop that consi-

Workshops and presentations

ders all the factors that impact on or are informed by design.

Making space, without waste. Kolding University, Denmark, 2017.
Making space, without waste. Glasgow School of Art, Scotland, 2018.

Chapter Seven
This chapter concludes this stage of the PhD research, calling for a shift in thinking

Zero Waste in industry. Glasgow School of Art, Scotland, 2018.
MakeUse workshop, Queensland University of Technology, 2018.
Zero waste master class, TAFTA, Melbourne, Australia, 2018.

about the use of zero waste design and sustainability in the industry. It summarises the primary outcome of this research – the establishment of a new lens to view
through called Zero Waste Design Thinking. Lastly, it articulates the limitations of the
research, areas for further study are proposed, and the proposed trajectory for the
continuation of the PhD research is discussed.
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1. BACKGROUND

This chapter outlines the environmental and economic context the research takes
place within while outlining existing research in the field of zero waste design. It
includes an overview of contemporary academic research in the field, examples of
zero waste design in the fashion and furniture industry, as well as key directions for
investigation such as the nature of constraints and the use of digital software.

Economic and Environmental Context
Despite the fact humans only account for about 1/10000th of the world’s biomass
(Bar-On, Phillips. & Milo, 2018), we are impacting on the geological record to such
an extent that we are now in a new geological epoch – the Anthropocene (Steffen et
al., 2011). The adverse effects of linear resource-extraction-to-waste behaviours are
becoming increasingly explicit with extensive biodiversity loss, and climate change
tracking for at least a 1.5 degree warming (IPCC, 2018) even if rapid and radical
changes to our social, economic and manufacturing systems are made.
For the last century, focus of the economic system has been on encouraging the
growth of the production and consumption of products with only a 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-production turned scarcities first into plenty, then abundance and
a plethora of waste”. In the linear economy, resources flow primarily in one direction, from the extraction of raw materials (such as water, fibre, minerals, oil, coal),
through production, to consumption and finally discarded as waste. The majority
of industry’s design, production, retail and waste management systems have been
developed to fit this linear model. The result in the fashion industry is the vast scale
of extraction 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
accumulation of waste.
Stahel (ibid) argues that there has been a preoccupation with “waste management
policies instead of efficient resource use and waste prevention”, an approach that has
seeming led to a limit on the degree of positive change possible within many industries, while also pointing towards the ultimate goal of zero waste design practices. He
continues by challenging designers who in the past may have just designed products
to primarily meet aesthetic goals, to “consider the duration, mobility and systemsrelevance of objects in the CIE, focussing on designing tools, not toys; function, not
fashion.” This alternative paradigm draws from the seminal 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.
22
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Circular Economy

plastic, aggregates, iron, steel, aluminium and paper/board. They found that even
with a theoretical (and impossible) 100% recapture and recycling rates it would only

Geissdoerfer et al. (2017) define the Circular Economy (CE) as a “regenerative sys-

generate a 1.6% reduction in GHG emissions. This is because the industries exami-

tem in which resource input and waste, emission, and energy leakage are minimised

ned already recycle at relatively high rates, the materials are often in permanent (or

by slowing, closing, and narrowing material and energy loops”. The CE definition

near permanent) use, so material throughput is low, and growth is still very high,

offered by Giessdoerfer seems to suggest that the minimising of inputs and outputs is

so replacing new with recycled material will not come close to meeting the increase

‘enough’. The dominant business-led discourse around ‘radical’ developments such

in demand. The report concludes that growth in material use needs to flatten and

as the circular economy and circular textiles seem to suggest there is little need to

stabilise.

modify the behaviour of consumers or challenge growth-centric business models,
because it is assumed that technology – such as the development of a 100% recycled

One reason increases in efficiency and material recapture are ‘not enough’ is because

circular economy – will prevent climate oblivion. However, research indicates that we

it often actually increases production and consumption, as the raw materials saved

need to develop and move rapidly towards more sustainable methods and solutions

through efficiency become drivers for growth – a phenomenon called the ‘rebound

based on a genuinely circular economy (Tukker and Tischner, 2006; MacArthur,

effect’. Grosse (2011) argues that “what we call economic growth is the long history

2013), which does not prioritise growth in consumption (Brooks et al., 2018).

of the diversion of efficiency gains into production increases.” There seems to exist a
hope for a circular economy whereby a perpetually expanding market is fed by ever

If the CE is fundamentally concerned with imagining an economy made up of pro-

decreasing raw material consumption, therefore removing the need to limit growth.

ducts and services without end and without waste – then the very concept of waste is

It seems clear, however, that without limits to growth it is likely that our longed-for

reimagined. Martin Charter in Designing for the Circular Economy (2018) writes that

closed circular economy will instead manifest as an ever-expanding spiral economy.

we need to “design and implement new systems that focus on maximising materials
value in the system for the longest time period, where waste is ‘designed out’ from

In Kate Raworth’s Doughnut Economics (2017), the fundamental problem with our

the beginning”. Charter points to another perspective of CE which is relevant to this

obsession with growth is laid bare. She conceptualises all human existence as suc-

research, that it potentially turns the traditional ‘waste hierarchy’ on its head. In

cessfully functioning between a “social foundation” and an “ecological ceiling” and

the CE it seems that resource consumption over time is most important, rather than

demonstrates how our obsession with economic growth within a linear economy has

waste management. Charter goes on to argue that from an infrastructure perspective

led us to transgress both. She argues that we treat GDP and the pursuit of growth as

we require a two-pronged approach – “focus on ‘zero waste’ and maximising value in

essential truths, when in fact they are relatively recent additions to our understan-

the system over time”. He identifies that this will mean “significant process re-engi-

ding of economics. She advocates for a genuinely circular model seeking to ‘thrive

neering; (...) requiring product and behavioural changes on a major scale.” Profound

in balance’ in the ‘doughnut’ between our ecological ceiling and social foundation.

holistic transformation is required. In the context of zero waste design where the

Raworth was a contributor to the Circularity Gap (de Wit et al., 2019) which reports

goals have primarily been to reduce waste, and not necessarily reduce resource use,

on a world which is only 9% circular, and this figure is in a negative trend. There is

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

much left to be done.

Hope that a CE focused on recycling will solve our problems, without the need for a

24

holistic change is commonly held by industry and citizens alike. Fellner et al. (2017)

The allure of the Circular Fashion Economy

and Brooks, et al. (2018), argue that these simplistic notions – even if a theoretical

Due to its wastefulness, size and complexity, the fashion industry has often been

100% recapture of materials is achieved – are flawed. The 2017 study by Fellner et

the focus of research into enabling the circular economy. From the position of raw

al. examined what level of greenhouse gas (GHG) emissions reduction we might

materials, systems and design outcomes, garments are a particularly problematic

expect if we recycled 100% of the materials used across a wide range of industries:

case for material circularity (Charter, 2018). This is due to the mixing of biologi-
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cal and technical materials (through mixed fibres such as cotton and

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

elastane, and the use of metal or plastic trims) in individual products

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

making fibre recycling challenging to do without the reduction of quality

Production. A vital pillar of the circular economy asks that we design-out waste, but

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

the focus of this has tended to occur in the product use stage and through enabling

Researchers Rebecca Earley and Kate Goldsworthy have been exploring

recycling. There is little drive to design out manufacturing waste beyond what is

concepts of circularity in the fashion and textiles space for many years

already done automatically by computer software (primarily though marker-making

(Goldsworthy and Telfer, 2012; Earley and Goldsworthy, 2015; Earley,

software) because space is not provided for it to be fully explored in the deeply em-

2017; Goldsworthy, 2017), first in their work with Textile Environment

bedded systems and methods for cut and sew construction.

Design and later in its incarnation at Centre for Circular Textiles.
The fashion industry itself seems very interested in ideas of the circular
economy. H&M says that they aim to “become 100% circular” (H&M
Group Sustainability Report 2017), by exploring solutions that create a
close-loop for textiles, where “unwanted clothes can be recycled into new
ones” (Ellen MacArthur Foundation, 2019). 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 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.
The circular economic model embraced by industry is critiqued by
Brooks et al. (2017) who argue that by focussing on closed-loop recycling, these businesses actually “privilege the status quo and technological
change.” They argue that such “optimistic” solutions to the challenges
facing us indicate adherence to the notion of a “good Anthropocene,”
whereby it is imagined we adapt and prosper in human-centered,
“utopian eco-modernist systems”. Brooks et al. write that the focus
of environmentalists, on the other hand, has been to encourage us to
change our consumption habits – buy less, pay more. However, “because
fundamentally changing consumption patterns represents a threat to one
of the logics that underpins capitalism: the need for the market to grow
and economic activity to ever expand or face crisis” this is a strategy
which has so far failed to gain much traction.
Fig. 5: Garment factory line, workers wear colour
coded uniforms based on what section they work in.
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Zero waste design

Zero waste in the fashion industry

Research in the field of zero waste design has been located

Current examples of zero waste design methods applied in the industry have pri-

primarily in the fashion context. Unlike the majority of

marily been within small scale fashion business. Brands such as womenswear brand

fashion design practice – where the goal is primarily to in-

Study NY and swimwear brand Emroce (see the interview in Chapter 3) exemplify

troduce a difference (Hallnäs, 2009) – zero waste fashion

the kind of small companies who make zero waste a core aspect of their business.

design could be seen as a practice concerned with solving

Their small scale enables them to overcome many of the issues of scale that exist in

a problem. When engaging with the zero waste redesign

the larger globalised fashion industry, particularly the impact that hierarchical design

of an existing garment – we know its overall desired

systems have in large companies. Eckert & Stacey (2003)observe that for knitwear

form, but we strive to achieve something similar without

companies, there is a difference “in how much effort they put into particular activities

making so much waste – so the design problem is the

(…) the more upmarket companies invest more money in the design process, and

waste. Aside from my own investigations (see Foreword),

designers have better opportunities to do research” (ibid. p. 19). This points towards

research has primarily focussed on decoding the actions

a demarcation that is visible in the application of zero waste in the industry – outside

of the zero waste designer/pattern-cutter to identify

of small companies, examples tend to be within a larger research-intensive company,

design methodology (Rissanen, 2005, 2010, 2013;

and manifest at small scale as a one-off garment or capsule collection. Companies

Lumsden, 2010; Gwilt and Rissanen, 2011; Niinimaki,

which explore zero waste within the context of a one-off garment often only ever de-

2013; Townsend and Mills, 2013; Carrico and Kim, 2014),

velop it to a prototype and do not put it into production, such as David Telfer’s 2012

the relevance of zero waste fashion design to sustaina-

project for Northface – Argentari Jacket. In 2017 COS developed a limited edition

bility goals such as timelessness and waste elimination

collection exploring waste reduction (though not zero waste) through patterncut-

(Rissanen, 2011; Niinimaki, 2013) and implications when

ting for their 10th-anniversary celebrations. The copy associated with the collection

teaching (Noronha Valle and Assis, 2018). In response to

included explanations of the relationship between design elements, garment pro-

the climate crisis and the associated waste problem, zero

portions and fabric width – “With the shape of the hem determining the shape of the

waste design cannot only eliminate material waste but

sleeve heads, the design of this cotton poplin shirt dress uses up any surplus fabric to

can also reduce the yield (volume of resources required)

show the geometric potential of a single length of fabric” – giving insight into their

for a given design. However, while it can contribute to the

design process. COS Creative Director Karin Gustaffson said at the time “Each look

reduction of industry waste and resource use, eminent
zero waste fashion designer and researcher Timo Rissanen
(2013, p. 160) states, “Zero-waste fashion design is not
‘good’ in and of itself,” going on to say that we need to
examine the system it exists within as a whole in order
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Fig. 6: APOC by Issey Miyake 2009. Not all
APOC pieces were zero waste, however all
demonstrate a direct relationship to fabric.
© 2019. Digital image, The Museum of
Modern Art, New York/Scala, Florence.

was created like a jigsaw puzzle. The shape was decided based on how best to use the
entire width of the fabric so there was no waste. It was a new challenge for us.” (in
Flanagan, N., 2017). The collection was produced at scale and was available across
their stores and online; however, it was only a one-off production. In 2016 German
company Hess-Natur developed a zero waste collection with Carolina Carrera based

to make meaningful change. Beyond initial explorations

around coats and had a broader zero waste capsule collection between 2016-2017

which have occurred, such as in MakeUse (version 1:

(see interview). Today only the one zero waste skirt (Fig. 7) is available for purchase

2015, and version 2: 2018) and Rissanen’s Endurance

suggesting zero waste is not an ongoing design strategy for the company. As with

Shirt (2011), further research needs to explore this

many of the proposed solutions for sustainable or circular fashion, companies seem

fundamental challenge, asking what the current problems

to be searching for a ‘drop-in’ solution that does not require significant change to

are, and what can we do to redesign manufacturing and

their process. The swapping of one fibre for another is relatively more straightfor-

related systems (as in APOC shown Fig. 6) as a whole.

ward than the readjustment of entire supply chains.
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Constraints and Zero Waste Design
An understanding of the impact of constraints on design practice is useful when
considering zero waste design practice. The most apparent constraint in zero waste
design is the width of the fabric and the goal to eliminate waste. Lawson (2006)
explored the relationship between the internal and external constraints in design,
and the notion of ‘decisive constraints’ was explored by Mose Biskjaer and Halskov
(2014). They write, “we have noticed that certain intentional creative moves that
seem counterintuitive or even unwise… in fact turn out to be related to the attainment of radically new solutions.” This experience of intentionally choosing constraints
leading to innovation is one that I have experienced in my zero waste work regularly.
Mose Biskjaer and Halskov attribute two features to the type of decisive constraints
that lead to innovation, which are that they are “…rooted in radical decision-making
by going against easy and common creative choices as solution alternatives, and they
accelerate the design process by pushing it forward in the form of an unexpected
leap.”(2014, p. 28).
While it is clear that constraints as a methodology can function as a way to generate
innovation, it seems there is something else at play in industry’s difficulty in implementing zero waste to a larger scale. From an academic ‘outsiders’ perspective, it
seems there is a mismatch between the collaborative and holistic design practices
that we knew were needed to develop zero waste designs successfully and the hierarchical, siloed nature of the majority of large scale industry. 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 critical 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.
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Fig. 7: Hess-Natur skirt developed in 2017, still in
production at time of publication. ©Hess-Natur
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Digital 3D design for zero waste fashion practice
One possible emerging aid in the implementation of zero waste design in the industry is the use of 3D modelling technology such as that offered by companies such as
Lectra, CLO3D 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 designer until constructed in some form as a sample
or toile. In the past I have used paper maquettes to do this initial testing, a method
that while inexpensive did not adequately convey the material quality of the design.
In industry, the relationship between drawing/specification and pattern/sample
is relatively linear and one-directional, however, because in zero waste design the
pattern is the design and they have a symbiotic relationship, the application of a reciprocal 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 relationship could enable the more straightforward application of zero waste
design methods into the industry.
Upon learning about CLO3D, it became immediately apparent that this software had
the potential to transform my design practice. I began by exploring the application
of the software to garment patterns I already knew worked and was able to see how
rapidly I was able to generate new design variations from this – a process that in the
past would have taken many days now took only a few minutes. Once I began to master the use of the software I explored its use as a method of design genesis in addition
to design modification.
In Zero + One (McQuillan and Cumming, 2018)I first developed a draped torso form
according to Rickard Lindqvist’s Kinetic Garment Construction theories and inputted this into CLO3D to evolve into a zero waste coat (Fig. 9). The use of the software
enabled me to see in real time what impact my actions on the 2D pattern had on the
3D form. Rather than having to undergo a time-intensive physical iterative process
of alteration/ sample/ alteration/ sample, this occurred entirely digitally and very
rapidly. The advantages of this for the speed-obsessed industry were clear. The

Fig. 8: Zero + One digital prototype exploring the intersections of one piece garment
cutting and zero waste design methods. With digital 3D tools it is possible to rapidly
test design variations for zero waste garments.

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

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

minimal material use. This assertion is backed by French zero waste fashion designer

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

Mylène L’Orguilloux who states on her website that the use of 3D software such as

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

CLO3D has enabled her to generate and transform her own zero waste design process

accurate form without the need for cutting cloth.

rapidly.
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Zero waste furniture
Outside of the fashion industry, there has been some
exploration of zero waste design. Within furniture
design most investigation in this field has been within
the context of sheet material, probably because
unlike sheet material, other industrial manufacturing
methods are inherently low waste already (rotational
moulding for example). An interesting example is the
Four Brothers chair series (Fig. 12) by Seungji Mun.
This series of four chairs are similar – like brothers
– and are cut from the same dimensioned sheet of plywood. The chairs featured in a window display across a
range of COS stores to promote their 10th-anniversary
collection (which was zero waste). Following a similar
approach is the series “inspired by the ingenuity,
resourcefulness and values of the Occupy Movement”
by furniture company FN. All pieces are produced using
Plywood and CNC manufacturing, and the efficiency
is listed on the items page in their online shop. New
Zealand Furniture designer Glen Catchpool explored a
more curvilinear form with his Pare Chair, in which he

Fig. 10: Chair by FN ©Ken Landauer;

used sheet material, but thin, moldable veneer rather
than relatively inflexible ply. The waste from offcuts is
used to grow the mycelium in the space between the

So, what now?

veneer layers, allowing him to produce a more complex
and curved form.
Fig. 9: Pare Chair construction and
pattern detail by Glenn Catchpool
©Glenn Catchpool

It is clear there is a need for a deeper, applied understanding of the opportunities
and limitations of zero waste design practice in the context of industry and how we

Two key differences for furniture design that makes

can educate to enable change. This research seeks to challenge thinking around what

zero waste strategies simpler is that there are inter-

zero waste practice can teach us – to question the how and why of garment design,

nationally standardised material sheet sizes, and

and interrogate some of the commercial industries responses to the environmental

grading (needing to produce different sizes for the

crisis we find ourselves in. The research outlined in this licentiate aims to explore

same design) is often not required. Additionally, the

new methods and implications of eliminating textile waste from the production of

relatively slower pace of change (compared to the

clothing at the pre-consumer stage, specifically through zero waste pattern cutting

fashion industry) in the furniture industry means this

and design practices. By applying existing knowledge in this area in an identified

is a field which has great potential for further zero

industry context, it is proposed that new methods and guidelines can be developed to

waste research, and perhaps there are approaches we

assist the broader application of these waste elimination and reduction approaches.

can build on.
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2. APPROACH
AND METHODS

The chapter provides a theoretical and methodological framework for the research
outlined in this thesis. The research program for this PhD as a whole takes the form
of reflective practice (Schön 1983) as advocated by Kolb (1984) of experience,
reflection, conceptualisation and active experimentation. This licentiate traverses the
experience reflection and conceptualisation phases.
The research process is theorised, visualised and described in three subsections.
Beginning with experiencing zero waste in the industry, this covers the use of an
experimental design methodology in the context of field tests and the phenomenological and analytic approach needed for both the field tests and interviews. Next, the
chapter describes the reflection process using an iterative, reflective approach in the
context of designerly thinking in practice. Lastly, the research is underpinned by an
understanding of design as ‘future making’ and advocates for a transition design approach to aid in the conceptualisation of actions and models for change.

Aim
This experimental practised based design research (Frayling, Koskinen et al. 2008)
began by establishing a broad research program (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 pattern cutting and design practices. This research 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 (see
Fig. 11 on the following page). 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 design the systems that this practice operates
within.

36

37

APPROACH AND METHODS

38

Fig. 11: The initial plan for this research sought to expand on the lack of research into
the application of zero waste methods in indsutry. It was imagined that through experimenation in the field, and reflection and articulation of the experience, findings could
outline suitable methods and provide guidelines for both industry and future research
in the field. This model is developed from the “double diamond” design development
process (British Design Council, 2005)
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Experiencing zero waste design in the industry

Experimental Design

As the majority of academic research in the field of zero waste design practice has

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

occurred in the developmental and theoretical realm, it was important that part of

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

this research sought to apply zero waste practices within a contemporary industry

– the two are inseparable. Furthermore, they describe the Lab, Field and Gallery

context. Field tests were planned in order to apply previous research ‘in the field’. The

contexts that design experimentation occurs within. This research is primarily

goal was to experiment with developing zero waste garments within defined industry

situated in the Field context, which is defined as that which places design practice

contexts and report of their progression through the design and production phases so

and outcomes into a “naturalistic setting”, however for this research, the field is not

that others may learn from this. The field test context was predefined and controlled

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

by the company. Existing research has already established that when attempting zero

broader industry.

waste as an independent researcher, without the existing constraints of an existing
design process within an existing company then successful zero waste outcomes

There has been only limited research of the methods utilised by companies when at-

can be developed (see Foreword and Background); however, the majority of the

tempting zero waste design. Gathering sufficient empirical data about these methods

fashion industry is not set up or even open to this kind of approach. As outlined in the

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

Background section the kinds of approaches attempted by industry are primarily one-

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

off garments or ‘capsule collections’ that sit somewhat outside of the existing model

embarrass them at their failure, and also due to the small sample size that would be

– this research seeks to know to what extent zero waste design can be applied within

possible even if the information was fully accessible. So employing an experimental

existing industry frameworks and what can be learnt from this experience.

design methodology within the identified field has enabled a variety of methods to be
tested in order to gain insight into what might be successful.

The beginning of this research involved two field tests, of different durations and
goals, both within large garment companies which have sizable globalised supply

Products, methods and processes are not the only outcomes of design experiments.

chains. The original intention was to develop ‘successful’ products within these

As Friedman (2003, p. 521) argues, it is the designers “interpretation and under-

companies so that these successes could be reported on in this Licentiate so others –

standing of experience that leads to knowledge. Knowledge emerges from critical

be they designers, companies or researchers – might learn from the experience. The

inquiry.” Combining skills as a designer with a critical perspective on the field

third field test was a collaboration in a field outside of the fashion industry in order

enables theoretical models to be built out of the design experiments and surrounding

to understand both the fashion industry and zero waste practice in comparison to

reflection.

a related but contrasted field. Interviews were conducted to gain insight into other
designers experience in this field of study.
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Taking a phenomenological perspective

Reflection on the implications

Phenomenology describes experience, and it is always needed when qualitative met-

Reflection occurs at all stages of the design program. In the field tests, the experience

hods are used. It allows researchers to deal with the realities of the world and identify

and outcomes are reflected on in order to develop and report on possible solutions,

weaknesses in data gathering. Phenomenology seeks to identify patterns of subjec-

while also planning subsequent design actions and conceptual moves. Throughout

tive experience. Hermeneutic phenomenology states that the relationship between

every stage of the experimental design work, reflection on the outcomes and implica-

event and person will impact on the meaning that is formed and in the context of this

tions enables a deeper understanding of the process and outcomes, and what it may

research this is the perspective taken.

mean concerning both the design and the context in which it is situated. A crucial
moment of reflection occurs through the interviews, which were undertaken after the
field tests, and sought to understand the context within which the field tests operated

Field tests and interviews

while providing more significant insights into potential strategies. The interviews
were then analysed alongside the field tests and both were used to develop the zero
waste design models.

It is important 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
reporting on the experience and process of the field tests, I will often use the first per-

Reflective Practice

son 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

This research program utilises experimentation as a core of the design practice. “In

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

its most generic sense, to experiment is to act in order to see what the action leads to”

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

(Schön 1984). Hannula et al. (2005) advocate that design research should be able to

the context allows for detailed insights to be gained.

communicate “where [the research] is coming from, where it stands at this precise
moment, and where it wants to go”. In action, this reflective practice took the form of

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

design practice within the field tests followed by broader speculation of the future of

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

the fashion industry in response to the experience in the field tests, and the develop-

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

ment of the theoretical models to articulate these observations.

design and production process. A thematic content analysis method was employed to
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

Iterative design practice

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

In the context of all three field tests, and through the reflection on these and develop-

of the reflections and theoretical models.

ment of the theoretical models, a non-linear iterative design practice occurred. The
progressions from experience, to reflection to action, was not always straightforward
or clear, and sometimes many months passed between insights. Additionally, all field
tests were collaborative, a factor that leads to a greater depth of understanding but
also, therefore, more problems needing to be solved.
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APPROACH AND METHODS

Designerly Thinking in Practice
Johansson-Sköldberg & Woodilla, (2013) suggests a combination of Schön,
Buchanan, Lawson and Cross’s 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 (1992) use of “placements” and 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”. In the case of this licentiate, 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 undesirable constraint. The existence of these constraints is explicit in zero waste design,
and 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.
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 is a conception that Rittel et al. (1973)
and Buchanan (ibid) define as meeting the definition of a “wicked problem”. As
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 conceptualisation phase
from the perspective of Future Making and Transition Design.
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Fig. 12: The trajectory of the research was far less linear than originally concieved as the field tests
revealed significant road blocks to the successful implimentation of zero waste design methods as a
’drop-in’ model. Despite the linear way it is outlined in the text, experience, reflection and conceptualisation did not occur entirely linearly and was not always orderly. Often my experience in the design
program felt confusing and messy, while at other times I felt clear headed – only to then question my
actions and fundamental beliefs. Operating in this uncertain space is an essential part of the design
program as we need to make ourselves uncomfortable to find the exciting stuff.
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Conceptualisation

Future Making and Transition Design

In the conceptualisation stage of the design program, this research sought to express

Simon (1969) argues that design is about changing existing situations into preferred

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

ones, or “how things ought to be”. He argues that “design and design research share

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

with engineering a fundamental interest in focusing on the world as it could be, on

in the fashion industry and education.

the imagination and realisation of possible futures, as well as on the disclosure of
new worlds” (in Grand and Wiedmer, 2010). Yelavich and Adams (2014) propose
that design can facilitate a process of “Future-Making”, and that this process would

Thinking through design

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

Zero Waste Design Thinking in this context means something like “thinking about

merely aesthetic.

the industry/problem/system through zero waste design”. It proposes zero waste
design thinking as a lens through which to view a system or company, which enforces

Expanding on ideas encapsulated in Future Making, Transition Design as conceptua-

a holistic way of thinking. It probably most closely aligns with Buchanan’s (1992)

lized by Irwin et al (Irwin, 2015; Irwin, Kossoff and Tonkinwise, 2015) provides a

understanding of design as (ill-defined) problem solving, but also draws from

framework in four parts that provides clear intent and purpose for design that cares

Schön’s ‘reflective practice’, Lawsons (1980) ‘external and internal constraints’ and

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

Cross’s (2011) ‘designerly ways of knowing’. This research agrees with Tim Marshall

designing. It imagines a design world where designers could apply the deep under-

(2014) who takes the view that design cannot act in isolation of the complex social,

standing of the “interconnectedness of social, economic, and natural systems” that is

economic, and environmental issues that envelope it. Furthermore, this research

needed for addressing the complex issues we are facing.

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

Up to the phase of the research discussed in this licentiate, future making and transi-

support the status quo or we chose a path of change” (Fry, 2010, pg 1). This tension

tion design methodological approaches help to identify the areas for which change

is the context in which this research is undertaken.

is required, and how they may intersect with my “specific awareness and abilities”
(Johansson-Sköldberg et al. 2013).
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3. WASTE IN
THE FIELD

This chapter describes three field tests in which waste reduction strategies are applied in the design and marker making processes. The 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 first two field tests are
anonymous; the brand of the company involved is not essential; however, the context
they operate in is. Additionally the observations cannot be generalised, but they do
provide potential insight into the issues and roadblocks which are likely to occur
within these contexts. The first two field tests are embedded in the conventional fashion design system, and the experiments for them have a relatively narrow aesthetic
framework, and the research intervenes from an ‘outsiders’ perspective – someone
not initially familiar with the internal processes and systems of the particular content. The third field test explores zero waste design processes outside of the fashion
industry in order to compare the issues that arise and learn more about what aspects
may be unique to the fashion industry and which are unique to zero waste design.
The goal leading into these field tests was to develop successful zero waste garments
for the companies and, in Field Test 2, to see the design through the entire design,
production and retail process in order to report on the research findings so that other
researchers, designers and companies might learn from it. While this occurred to
some extent, the reality was entirely different.
All three field tests were acts of collaboration, between the researcher and markermakers, designers, technical designers, garment technicians, financial managers,
and many others. The iterative design process responded not only to the aesthetics or
functional implications of the product but also to unexpected factors such as the way
trade agreements, or cutting machinery may impact on possible problems and their
solutions.
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Field Test 1: Low price, high street brand
The first field test was of short duration, lasting only two days. A sizeable fast fashion
company (referred from here on as FT1) asked me to work with a group of their
freelance marker-makers to reduce waste in their markers. FT1 are known for their
efforts to reduce the negative impacts of their garments; however, they are a brand
with high product turn over, where low-cost garments are the vast majority of their
offering.
The zero waste design workshops I deliver are usually very hands-on to provide participants with a tacit understanding of the opportunities and limitations of zero waste
fashion/pattern design – it usually involves planning, designing and making a zero
waste garment, or modifying an existing design to meet similar goals. The participants in this field test do not usually design garments or make patterns; they either
adjust patterns for fit or make mini markers using provided patterns and marker
making software. This was identified as a problem for the proposed workshop in the
context of the company as for zero waste design, the marker is the pattern – they are
not separate. While there are strategies to use that can make a marker more efficient,
it usually impacts on the pattern itself. So, if the pattern cannot be modified at all, it
is not possible to make a zero waste design, or even to reduce the waste it makes.
Marker-making is where the majority of attempts to reduce waste in production take
place, and companies and designers commonly view zero waste as a design/markermaking exercise. A 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 are rarely allowed to make changes to the design,
though they can sometimes make suggestions to the design team aimed at improving
yield. Furthermore, most marker making software is excellent at generating the most
efficient marker possible for a given pattern, but the problem is that the pattern is not
designed to be highly efficient. It is designed to make the design as specified, and efficiency is rarely specified. It was clear that a significant shift in process and understanding was required. Nevertheless it was decided the project should continue – while
allowing a small range of design and pattern modifications for a specified design – in
order to test possible improvements and outcomes within this tight framework.
The garment specification (Fig. 13), pattern and existing marker (Fig. 14) were provided, and an example (Fig. 15, 16) was developed to show them before the workshop

Fig. 13: Specification drawing of proposed design for
development as provided by FT1. A simple design was
chosen with relatively high yield and waste.

began.
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Aim
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’. They hoped to reduce
their waste on 1-2 styles which were already shipped, in
order to share the findings in broader company meetings
and try to get more focus and attention on the issue.
Teams of marker-makers worked on an existing dress
design, which had a predetermined fabric choice and
relatively high yield and waste percentage. Garment selection was based on a style they were currently producing a
marker for; therefore the design was considered already
established.

Fig. 14: This image shows the garment pattern (for the specification shown in Fig. 13) placed in a production marker. Waste is
approximately 25%
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Process
The staff involved in the workshop did not use 3D software in their work; therefore a paper design method was
utilised to explore possible outcomes.
The field test followed the following outline over two
days: Beginning with a lecture introducing zero waste,
including a discussion exploring industry application,
in particular how it relates to the design and production
process within FT1, such as grading, marker-making
and flexibility (or lack of) within their processes. The
importance of managing complexity in construction was
discussed, as when taking an existing garment and reducing its waste, this can easily lead to more seams or more
elaborate construction sequences. The discussion served
to highlight the things that were needed to be known
before starting – from what are the ‘fixed’ aspects of the
design (in this instance almost everything), to what is the
size of the cutting table.
The workshop explored the modification of existing
designs in order to be less wasteful by demonstrating how
to translate a conventional dress into a zero/low waste
version, first with an external example and then using the
companies own design (see Fig. 16). Then the participants
explored a range of the MakeUse patterns, in order for
them to gain an understanding of zero waste patterns in
paper. Zero waste design techniques were demonstrated

Fig. 15: This image shows part of the initial planning for modifying the
dress design in order to reduce yield. Zero waste was not an objective
as the design brief was much too narrow – the design was only allowed to change in a minimal way.
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that were seen as useful based on the requirements of the
existing design – for example, the design had a kimono
sleeve, so the kimono based MakeUse tops were demonstrated. Then the participants moved on to the MakeUse
modifiable zero waste grid system and the use of blocks or
existing patterns for zero waste design.
The main collaborative exercise involved proposing small
changes to the provided garment design in order to improve garment yield and reduce waste dramatically. The
kinds of changes allowable by FT1 were limited to a small
selection of alternative seam placements, without change
of silhouette or critical details. 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 changing the silhouette or
adding to the overall seam numbers. In this context three
different possible outcomes were developed, one of which
reduced yield for the planned style by 26%, by adding a
single seam.

Fig. 16: The resulting pattern from initial experimentation with pattern manipulation within the defined guidelines. As only one seam
was allowed to be added, to enable the reduction of yield this example eliminated seams elsewhere – the shoulder and side seams.
The manipulation modified the grainline for some pieces. The yield
was reduced in this example by approximately 10%, The dark red
section at the top shows the difference between the original yield
and the new. The black is waste.
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Outcome
Each of the modified garments and resulting markers
were costed by FT1; however, the company indicated
they would not have chosen to implement the changes, as the savings made on material yield, though
considered extremely significant in the context of the
fashion industry, were outweighed by the extra cost of
additional sewing seams – because their cloth was so
inexpensive.
Two months later I saw the original style we had
worked on in the window of a local store.

Initial reflection
My immediate reflections on this field test began from
when the company asked me to work with their marker
makers and it became clear they had no influence
over the design decisions being made. This choice of
participants indicated to me that there was a misunderstanding of the realities of what causes waste in a
marker. 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.

Fig. 17: A speculative pattern layout for FT1 dress that would
significantly reduce yield and waste. This approach would require
a redesign, and much more complex sewing. In the context of the
brand this is not feasible. Dark red area on right shows reduction
in yield from original. Black is waste.
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Field Test 2: High price outdoor brand
The second field test was of much longer duration and for a very different garment
brand – a large sustainable outdoor brand (referred to as FT2). This field test took
place in two phases, beginning with a workshop and a brief exploration of one possible zero waste approach for a single garment in a single size, which was never meant for production. This workshop and garment exploration was followed by an extended second phase aimed at developing a ‘high efficiency’ garment for both men’s
and women’s styles, in a full size-range for production. A vital aspect of this field test
was the use of the digital 3D software, CLO3D. The software enabled the development of zero/low waste designs and digital prototypes to proceed despite thousands
of kilometres separating me from the remainder of the design and technical team.

Phase 1: Feasibility test
Aim and process
In 2016 I led a zero-waste design workshop with product departments at FT2 and 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. Working from the current pattern, measurement chart, and sketches, I design

Zero waste redesign
of men’s style for
Phase 1 of FT2.
Fig. 18 shows the
zero waste pattern.
The pattern was developed using some
of the key concepts
proposed by Rickard
Linquist in his PhD,
but adapted for a
zero waste concept.
Fig. 19 shows digital
prototype of garment
that the pattern
generates. FT2
determined that the
design lines deviated
too strongly from the
original design it is
interpreted from, however saw potential
in the experiment.

a fleece jacket with different seam lines particularly in the sleeve, but maintaining
the same fit as the existing fleece jacket, and achieving almost no waste. A physical
sample was never created during my design process due to the tight timeframe but
the 3D software I used reduced the need for this.

Outcome
This design was presented to the product team while hosting the zero waste design
workshop. Team members designed and constructed garments in FT2’s R&D centre
during my visit and the outcomes were presented to all designers at the end of the
week. When discussing the garment shown in Fig. 19, changes to seam placement,
such as moving seams slightly for reasons of function, taste or aesthetics were suggested, however, when making these changes, both large and small, efficiency and
yield returned close to the original. After learning so much during the workshop and
initial design development, staff at FT2 continued work in this field on their own,
making small improvements to high volume styles.
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Phase 2: High efficiency project
Aim
After working on these improvements as a result of Phase 1, the team decided to
embark on another project with me, this time redesigning a men’s and women’s
technical fleece mid-layer. The goal regarding waste minimisation was for what they
called ‘high efficiency’ – 92% efficient use of materials, instead of the usual 80-85%.
The project began as ‘off calendar’ meaning it would have a long development period
with no specific production date, acknowledging the particular challenges this type
of project development faced.
The decision to seek high efficiency and not zero waste was based on the understanding of the limitations their existing production model would likely impose upon
the outcome. The fabric width is fixed after all, and if you wish to grade a garment
conventionally it will take up more room. Strategies such as rotating pattern pieces
90 degrees to allow for growth in the lengthwise direction were not desired due to
shading and difference in fabric stretch. The patterns needed to maintain aesthetic
between sizes, so designing the marker for each size where the pattern and garment
design is slightly different would also not be desirable. 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.
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Fig. 20. Using the provided garment patterns in CLO3D,
potential layouts were developed. Here the pattern pieces
are ’nested’ to visualised the negative space created with
minimal pattern manipulation.
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Process
The design process was as follows. In
Sweden, I would design a possible solution utilising CLO3D – in which I was
able to digitally construct a prototype
made with an aesthetic and material behaviour scan of the fabric of the
design, and on the brands male and
female digital fit models. I did this using
the existing pattern for the garments,
and I also had access to the base block
or pattern this was developed from, as
well as size charts, garment samples and
specifications of the existing design.

Method: Designing the marker
Initially, my design approach was that I
would design the patterns to interlock
in a specific way, effectively designing the marker. I would send these
patterns (which formed a set marker)
to a technical designer at FT2 who
would grade them, and place them in
the marker using their marker making
software. This process confirmed that
the approach of designing an exact
layout for the marker would mean that
once graded the yield and waste would
be the same or worse than the original.
Alternative grading approaches which
may mitigate this were proposed and
rejected by FT2 due to difficulty maintaining consistency of fit and aesthetic

Fig. 21 and 22. Using the provided garment patterns in
CLO3D, potential layouts were developed. In this case the
whole marker is designed, and the overlapping pieces
lead the development of the pattern and resulting design
lines.

across sizes.
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Method: Designing a mixed marker
The notion of designing a mixed marker
in a predetermined arrangement of sizes
was suggested as I knew that it had been
successful in other contexts (also see interviews with Tess Whitfort and Mary Beth
McDermott). Mixed markers are commonly
used in industry and usually combine sizes
of the same style garments into a single
marker. However, in a conventional mixed
marker, the exact configuration or ratio
of sizes is not predetermined, and instead
responnds to the specific order numbers
for different sizes. FT2 was not willing to
attempt this as it could lead to a mismatch
between demand and what is produced
(which would be wasteful)

Method: Design a divided marker
Next, I attempted a method where the body
and sleeve was spatially divided on the marker, and each were designed as rectangular
units (see Fig. 24). In this approach, the
Fig. 23: Early on the effectiveness of designing
groups of patterns to nest with each other was clear
(divided marker). The fabric is always rectangular,
so units of patterns that nest perfectly with each
other need to be designed, with complementary
angles, and in a range of sizes to best fill the gaps.
This allows for efficiency to be maintained even after
grading.
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Fig. 24: The triangular sleeve pattern piece changes
in small ways from the first design to the second,
but this leads to a significantly more efficient
design because the pieces can now nest closely
together. This nesting approach means that pattern
pieces dont have to be rectangles, so long as they
make somethng close to a rectangle then the layout
is likely to be more efficient.

body pattern pieces would nest with other
body pieces, and the sleeve and hood would
nest with other sleeve and hood pieces.
Effectively designing internal partial markers that are rectangular and can be puzzled
together to make a more efficient layout.
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I attempted this method with a range of
design lines; for example, I began using
hexagonal pattern pieces, referencing a
significant design element commonly used
by FT2. I speculated that the hexagonal angles would enable the pieces to slide by one
another, theoretically allowing the pieces to
make room for larger pieces while closing
and filling gaps in smaller sizes. I tested this
approach, and the result is shown in Fig. 25,
26 and 27.
The results were assessed by the line manager and its design lines were considered too
different from the original so suggestions
were made to change the exact placement
of seams, which was actioned, and yield
Fig. 25: While i do not often sketch to design this sketch was generated in order to propose the hexagonal method i thought may work
with the brand goals.

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.

Fig. 27: The resulting 3D render of the hexagonal
approach. The relationship between the sketch (left)
and the resulting pattern render is close. This I
believe is the result of the 3D software that enables
the designer to see the impact of their pattern decisions on the 3D form as they progress.
Fig. 26: Hexagonal pattern layout, this achieved about 87% efficiency
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Constraints
The longer the process continued, the more constraints were placed on the design
both from the wider design team in the company and from the factory. For example,
the factory required a buffer (Fig. 28) between pattern pieces of 6mm in order to
cut notches to assist in the construction, immediately generating about 3-6% waste
(depending on the number of seams and pieces) which seemed unavoidable. From
the company, there was an ever increasing list of design elements that could not
be changed that were not there at the beginning. I believe this was because at the
beginning the design team at FT2 were not able to fully articulate the core of the
design – it is a classic piece; they know it implicitly. However, when working with an
external designer, they needed to be explicit, or at least allow for time to fill in the
missing information. FT2 seemed to require the design to be fundamentally different
while staying almost exactly the same. It was at this time that the project was moved
to be ‘on calendar’, significantly reducing the time available to develop successful
solutions.
Despite the challenges presented through constraints, both the designs progressed
satisfactorily enough that FT2 arranged for the design, technical design team, and
me to travel to one of their factories for a week of intensive collaborative work. We
were to finalise details and to work with the factory to troubleshoot some of the more
unconventional design elements of the garment, with a deadline of the end of the
week.
At the factory, we were able to develop successful outcomes much more rapidly. We
were able to quickly establish methods and outcomes of methods which did not work
for the specific context, issues arose and were rapidly addressed because we could
ask each other, or the factory floor directly.

Fig. 28: 6mm buffer between pattern pieces
leads to an automatic generation of waste and
design limitations brought about by the reduction in surface area available. Yellow line is sewing line (6mm seam), bright blue is cutting line
and black line is the 3mm buffer added to each
piece, generating a 6mm buffer between piece.
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Method: Designing a flexible marker/garment design system
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2. These large existing garment pattern shapes were manipulated so that they

Small pattern pieces



nally determined to be small or medium sized.





could not be divided further due to functional and aesthetic goals. Other large pieces
ctional and aesthetic goals. The sleeve cuff, side body and hood pieces were provisio-







For example, the front and back body of the garment were the largest pieces that
such as the sleeve were determined to be able to be divided further based on the fun-

Medium pattern pieces







1. The garment pattern pieces were separated into large, medium and small sizes.

Large pattern pieces



of pattern pieces which have the following features.





(2013) “hierarchy of garment elements”, each garment is designed to be comprised



method developed from the Divided Marker approach. Borrowing from Rissanens



The team and I approached the design of the garments at the factory utilising a

achieved a 2D form which was as close to a rectangle as possible, without changing







line and therefore made a form very close to a rectangle (see Fig. 29)



was. The shoulder seam was moved so that it now ended perpendicular to the grain-











































3. The small and medium pattern pieces nest together to form mini-rectangular










front of the hood grew out of the front neck and filled in the space where the neckline









the resulting fit. In the case of the front body, the seams were manipulated so that the

shapes, and with the large rectangular pattern pieces enable all the various pattern
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could have been move flexible, then a more efficient hood could have been achieved.











the area of the design that is most wasteful. If one of either the fit or the design lines



ant that modifying the design of the hood was not desired. As a consequence, this is



had a very specific desired fit, as well as a precise placement of design lines. This me-





The main area of difficulty was in the hood for both men’s and women’s styles as they















pieces to fit together with improved efficiency.

Fig. 29: An example marker
showing the large, medium and
small pattern pieces nesting into
rectangular-like forms within the
marker. The large pattern piece
marked at the top is the front body
which has been modified to better
fill the space. The medium pieces
make part of the sleeve. Difficult
pieces include the hood (bottom
blue piece) which remains largely
unchanged from the original
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When not designing is designing
It seemed our presence at the factory enabled questions to be asked
about some of the processes and practices considered standard. The
buffer between pattern pieces was questioned again – we examined
how the cutting machine worked, how the notches were made and the
software used to apply them to the pattern to see if we could reduce
the buffer and therefore reduce the waste. At first, the factory was
adamant it could not be changed, however at our insistence they asked
their cutting technicians to test it, and discovered they would be able
to cut with half the buffer. This new finding could be applied across
hundreds of styles and many different companies. From a design perspective, we could reduce the buffer between pattern pieces (Fig. 30),
which made 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.
Fig. 31

Outcome
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
sample of both the men’s and women’s technical garments, maintaining the fit of the original design, in a full-size range, able to be manu-

Fig. 30

factured, 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 suggested further small changes to the aesthetic and fit of the
design, which the factory actioned, and these returned 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.
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Fig. 30, 31 and 32: The 6mm buffer was thought to be required because
of the cutting machine needing room to turn sharp corners when cutting
external notches for sewing knitwear. Testing (shown Fig. 33 and 34) demonstrated we only need a 3mm buffer in total (Fig. 32)
Fig. 32
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Fig. 36: Adjusted after design feedback: 83.35%
Fig. 35: Factory prototype, waist band in different fabrication so yield is reduced for main body: 86.01%






















































































































































































Fig. 34: Best prototype pre-factory, utilising sliding
hexagon method and nesting as squares: 87%
Fig. 33: Original Marker: 83.13%





The complex relationship between hierarchy, constraints and processes is clear. Here are the markers
taken from various stages of the development of the
garment shown in Fig. 37. The design went through
multiple iterations to where its efficiency reached an
improvement of 4%: a 22% reduction of waste (Fig.
35). After which the design was evaluated by the
regular design team who were not involved in the high
efficiency project and the efficiency reverted close to
where it started (Fig. 36).




77
76

































WASTE IN THE FIELD

Fig. 37: The women’s digital prototype (shown above as developed at factory) achieved 86% efficiency.
The right shoulder area shows the construction of the garment – there is no raglan seam. The left
shoulder shows a ’fake’ cover stitched raglan seam line. This was a compromise between yield/efficiency and aesthetics.
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Fig. 38: The men’s garment at conclusion of the factory collaboration (shown above) achieved 86%
efficiency. The same underlying construction is used for the men’s style as for the womens, however
the ’fake’ raglan seam used on the women’s style was not specified here due to the desired ’masculine’ line that the underlying construction offered. The sleeve construction is different between
women’s and men’s style in this iteration, however it was later changed to both have the same
construction as the men’s style.
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Initial reflections
The construction of the garment was unconventional, and so detailed construction sequences were provided to people on the factory sewing line, and we worked
through these with the factory line manager to ensure that what we hoped to achieve
was possible with the equipment available and the skill of the staff. It was necessary,
in these interactions that we trusted each other and learnt from each others understanding of design and construction in order to achieve a successful outcome. If this
process had occurred earlier in the process this research proposes it would have saved
a significant amount of time.
I have suggested to the company that a blending of different manufacturing methods
they already use in their products might be a good step forward, such as the use of
fully fashion knitting in combination with high-efficiency cut and sew (Fig. 39). This
approach would enable the specific shaping required in areas that are wasteful in ‘cut
and sew’ (such as the hood) to be instead produced using a lower waste method of
production, further reducing waste overall for the product.
Another key realisation in my experience of this field test was that many of the
actions undertaken by me should be actioned instead by software. Often I found
myself moving seams incrementally back and forward in order to balance the needs
of efficiency and fit, and I feel these actions could inform a new hybrid design/marker
maker software that makes changes within specified limits and generates possible
lower waste outcomes within these variables.

Interview
An interview was conducted with one of the design team who was extensively involved in FT2 in order to discuss if any aspects were missed in the reflection process at
the time of the field tests. Often this was because there were many decisions made
which the researcher (as someone not working at the company) was not privy to. The
questions asked are the same as asked in the Interview chapter in order to enable
comparison.
Fig. 39: Sketch exploring hybrid manufacturing
processes as proposed to FT2 company as a
way of balancing some of various Design and
Production constraints.
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This interview is conducted with the technical designer at
FT2 who proposed the waste reduction project to the remainder of their team.

PRODUCT

waste that would be! Design aesthetic was also a high priority
for similar reasons – if it’s not beautiful, no one will want to
wear it… again, wasted time and resources!
Q.

Q.

How did the concept for the zero waste project begin?

I attended a free workshop given by Holly McQuillan at a college

In one project we let the design and product teams make all fit

campus in California. Excited by the idea of bring zero waste

PEOPLE

design to scale, I brought the material and Holly and Timo’s

ternmaker to interpret the end results desired by the designer
–slimmer though the waist, or more smaller hood fit, or longer

MOTIVATION

Holly down for a weeklong workshop with our product teams.

sleeve length for example. The internal patternmaker could

Over the week participants explored different methods of achieving zero waste and gained an appreciation for how difficult this

and design comments, and rather than just sending those to
the factory, we also gave these comments to the internal pat-

[Rissanen] book [Zero Waste Fashion Design] back to work and
designers picked up on the excitement as well so we brought

How was this managed with the fitting process for

example?

think through multiple ways to solve the issue rather than
simply adding to the sleeve length at the end of the sleeve. It

PEOPLE

task is, especially to scale for a range of sizes and using multiple

PEOPLE

fabric widths.

was imperative that we have the design team express all of
their needs for fit, function, and design from the beginning so
that we didn’t get to the end with a product that no one wanted

Q.

to sell.

Relationship between initial design, zero waste pattern,

sampling and final outcome – What was the work flow like?
Q.
As described in FT2

Was the product designed to ‘replace’ an existing one in

your line, or designed as a completely new offering?

PRODUCT
Q.

Replace existing

How did you approach the design process regarding things

such as fabric width, was fabric selected first for example?
Q.
Fabric was selected first. We felt it would be a waste of time to
try to design something with less waste without knowing fabric

FABRIC

width.

How do you think this may have impacted on the design

process?

PRODUCT

It’s definitely harder since there’s already a customer following
of the current product, you can’t compromise any of the exis-

Q.

ting features for the sake of waste reduction. We would be open

In terms of goals what were the main concerns for the

FABRIC

design? Was there a hierarchy (was fit more important than 100%

to using a new fabric for a completely new zero waste design.

zero waste for example), did the hierarchy change over time, in what
way?
Fit and function override everything else. If it doesn’t fit then no

Q.

BRAND GOALS

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.

one will buy it / keep it and it will go to landfill anyway – what a
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Yield is important in every product due to waste and cost. The

ups when 3D was not available. We learned to bring the factory

focus on these projects were on achieving a higher efficiency
rate/ less waste. Reducing yield was also a goal – both for cost

PEOPLE

partners (sewers) into the conversation earlier than normal to
help ensure that our designs would be feasible in production.

RESOURCE USE GOALS

and material resources. Is it really that much better to achieve
zero waste if you increased yield/ material production in order to
achieve this?
Q.
Q.

Were the cost/price point goals the same for the zero waste

What were the main issues you faced when designing

the garment, from management, design and manufacturing etc?

garments as for regular pieces?

TIME

Yes

Time and manufacturing alignment. If we had ample time to
explore design lines and involved the factory from the beginning stages I think we could be successful in at least getting to

Q.

95% in the base size for a top/ jacket (and pants, but pants are

Did you design the whole marker, or pieces that would

already closer to this target in some cases). It comes down to

work together (simple geometric shapes for instance)? If you designed whole markers, how did you approach grading?

PEOPLE

this being a side project for a few people when it would need
the time commitment of a full-time person. Working with the

We have tried both ways – geometric shapes that will work together as well as looking at the existing marker and modifying the
most problematic pieces. We never got to the point of achieving

manufacturer proved to be challenging over email – we had

DESIGN METHOD
PRODUCT

PEOPLE

much more success when we went there and worked together
in person. I believe you need a team of people working on this

exceptionally less waste than current in the base size so have not

type of project, including someone from the factory, who is

explored this.

invested in researching what’s possible.

Q.

Q.

What size range did you work with? Were all sizes zero

waste?
It would have been alpha sizing, or SM / ML size grouping had

waste endured in the company, would the company do it again?

GRADING

we gotten this far. None were zero waste
Q.

Do you apply any of the things you learned in this

process in ongoing garments or collections – In what way has zero

We are more aware of the marker yields in production, especi-

PRODUCT

How did machinists deal with any complex pattern forms,

to work on these projects and we continue to explore as time
and bandwidth allows for all departments involved.

sewing difficulty, new methods of construction? Was this a conside-

MOTIVATION

ration in the design process?
We had to make very detailed, color coded sewing sequence

ally for our higher volume styles. There is interest in continuing

PEOPLE

instructions for the factory to be able to sew the complex shapes.
Sewing sequence was considered in the design process, utilizing

PLANT

3D to mock up a design in some cases, and sewing actual mock

PLANT: SOFTWARE
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Summary of fashion industry field tests

Is it you or me? Zero waste methods outside of

These field tests aimed to explore new methods and implications of eliminating

the fashion industry

textile waste from the production of clothing at the pre-consumer stage, specifically
through zero waste pattern cutting and design practices. This stage of the research

Parallel to FT1 and FT2 a collaborative zero waste project outside of the garment

sought to apply existing knowledge in this area in a fashion industry context, and

context was explored. The goal of this was to compare the processes similarities and

develop new methods and guidelines to assist the broader application of these waste

differences in terms of design practice, particularly any limitations and expectations

elimination and reduction approaches.

to see if any insight can be gained from considering zero waste design practice in a
broader 3D form giving context.

In terms of what the research aimed for at the outset, neither of these field tests were
considered a ‘success’ at the time. While methods and implications are part of the

This research speculated that there exists a similarity between industrial design

findings, it was imagined that there would be manufactured products which demon-

practices and zero waste design – that zero waste design seeks to solve a problem, as

strated the success of zero waste design approaches in the context of industry, and

opposed to only seeking aesthetic differences (Hallnäs 2009). This research sought to

this licentiate would be able to report on these as success stories.

test if this similarity existed, so it could be exploited in the future to enable more accessible application of zero waste in some sections of the fashion industry which are

Field Test 1 revealed a relationship between fabric cost and the percieved value of

more similar to industrial design (such as outdoor sportswear, which more heavily

applying waste reduction strategies, something that raises questions about the mo-

invests in the development of their products than high street fashion).

tivations for waste reduction in the context of that field test. Methods were applied
and were successful at significantly reducing the yield and waste for a given style,
however broader considerations regarding the cost of manufacture rendered these
improvements financially meaningless, and therefore undesirable.
Field Test 2 uncovers the impact of hierarchy between people involved in the design
process, but also between the various design variables and constraints that drive the
development of any project. Again methods were applied somewhat successfully,
even given the increasingly tightened constraints, however, the improvements were
reversed through an established hierarchical design development process which is
not expected to consider waste or yield in the decisions they made.
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Field Test 3: H/E Chair

Process

H/E Chair is a prototype of a collaborative chair design undertaken by myself and

We decided on the type of chair it would be, a ‘shell chair’ which is a typology that

furniture designer Emma Fox. Emma is based in New Zealand undertaking her PhD

does not typically follow flat-pack design principles, likened to those made famous

through Lund University and is exploring new propositions for flat pack furniture

by Charles and Ray Eames and Robin Day in materials like fibreglass or thermofor-

using circular and composite materials currently focused on the use of textiles to

med plastic. We made a shared folder on Instagram of the kind of aesthetic we were

further develop and improve the field. I am in Sweden, and my goal with this col-

interested in pursuing in order to establish a shared understanding of the overall

laboration is to explore zero waste design in a non-garment context. Due to distance,

goals. From this starting point, Emma sketched her initial ideas for the chair propor-

much of our design process occurred via the internet utilising social media platforms

tions and dimensions, while I developed form studies in paper exploring the chair.

such as Facebook and Instagram, as well as Skype and Messenger.

Emma was reluctant to provide dimensional starting points for me to work with, and
because I usually worked with a body/frame as a starting point, I felt like I needed
her to provide this for me. However, in furniture design there is no established body/

Aim

frame – you design it yourself although there are some conventions which are commonly adhered to. Early on there was uncertainty about the possible relationship
between frame and upholstery, and these relative to fabric width. With garment de-

We aimed to explore the use of zero waste pattern cutting in the context of flatpack

sign the designer can start with an established garment size and type; however, these

furniture design. The majority of zero waste furniture has been explored using hard

constraints for a chair are less clearly fixed. So where do we start?

sheet materials such as plywood (see Background chapter), so this experiment aimed
to explore processes which combined soft and hard materials.

Emma began by exploring the proportion and size of the chair and expressed difficulty in dealing with the relationship between various requirements of the design.

I treated the design of the chair in the following way. The frame of the chair is like

She expressed tension between aesthetics relating to curves and volumes, functional

the body, except that we can control the design and construction of the chair frame

aspects in terms of flat packing the frame, and concerning fit and the pattern making.

whereas the shape and form of the human body are relatively consistent. I viewed the

Emma seemed to seek to determine details of the design early on and was reluctant

upholstery of the chair as I do the garment – I was ‘dressing’ the chair frame (body).

to send me anything unresolved. She asked me how much detail I needed before pro-

This conceptualisation aided me in comparing the design processes I usually use with

ceeding with the zero waste pattern cutting aspect of the design, and I told her that

how I designed for the chair, allowing me to gain a different understanding of my

the less exact the details are, the easier it will be. I wrote, “it’s very hard (like FT2

preconceptions about how I design for the body.

hard) to achieve an exact design unless zero waste has been there from the start.” I
was concerned she was talking about the specifics of curve details before I had seen
any details about proportion and overall scale which for zero waste usually relate directly to fabric width. Additionally, she seemed to be seeking to determine the fabric
pattern without working from the fabric width. I wrote: “Maybe you’ve considered
it, but I haven’t seen what you’ve been doing except for sketches, which don’t have a
relationship to fabric width.” It was clear that we were miscommunicating key elements of each other’s design processes essential to the projects success.
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H/E Chair, Prototype 1. Fig. 40 shows sketches from
Emma Fox’s initial design development process
exploring the chair silhouette and the relationship
between frame and soft structure.
©Emma Fox 2017
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H/E Chair, Prototype 1. Fig. 41
and 42 show sketches from
Emma Fox’s frame construction
development process. When i
first saw these I was concerned
as the frame proportions had no
relationship to the fabric width
and the aim was to integrate the
development of both.
Fig. 43 shows final frame design,
finished before the soft structure
was developed at all.

Fig. 42: ©Emma Fox 2017
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Fig. 41: ©Emma Fox 2017

Fig. 43 ©Emma Fox 2017

WASTE IN THE FIELD

Fig. 44: ©Emma Fox 2017

Fig. 45

H/E Chair, Prototype 1. Fig. 44 shows Emma Fox’s chair ”mass” sketch. The frame is determined
at this stage. Fig. 45 shows a paper concept seeking to achieve the desired silhouette within the
constraints of the fabric width.
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Fig. 47

While Emma was exploring details of the chair (Fig. 46), I was attempting to
solve the puzzle of how to generate the basic form (Fig.s 45, 47 and 48) within
the constraints provided: fabric width, established chair dimensions, functional
and aesthetic goals. On reflection I realised that we were working within different
hierarchy of constraints, on the same project, and at times these differences
conflicted with each other.
Emma wrote:
I am not asking you to make the basic concept I have sketched magically zero
waste, I hope you will see from the frame there is lots of freedom to move within
the textile upholstery, and that we can incorporate the ideas I have suggested, for
the embossing/folding etc as at the end of the day for my research the flat-pack is
of higher value right now than the zero waste, but there must be a balance so both
are well resolved and of value for both of us.

Fig. 46: ©Emma Fox 2017
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I wrote that if she designs the whole aesthetic of the chair, there needs to be room

The relationship between the frame dimensions and the fabric are difficult. For

in either aesthetic, seams, construction, some space somewhere that allows for the

example, if the seat pan was 1x2, and the armrest 1x1 and the seat back 1x2,

design to be zero waste. It would be possible to accidentally develop a conventional

and those measurements related directly to proportions of the fabric width that

design that happened to enable a zero waste pattern, but it would be improbable. She

would make life easy. The armrest could be 1 x whatever and the seat back 2 x

responded that her drawings “don’t have a relationship with fabric width because

whatever. The widths are where it gets harder, not impossible but it limits the

we can change the design dimension within about 100-200mm depending on fabric

options.

choice” – assuring me that it is “not a specific design as such, [but] there are key
elements I’d like to achieve”. She was happy to change the proportion of the frame if

After some further discussion, I managed to communicate that my comments and

we needed to.

questions about the frame dimensions were coming from the perspective of the fabric
width because that is a detail I cannot change. The fabric width is not a constraint

I also hoped to clarify aesthetic ‘fit’ goals (or silhouette), a common discussion in fa-

Emma was used to considering.

shion design, asking if there are “goals in terms of fit between frame and ‘dress’ … If
we were talking about a garment: sleek, tight, clean?”. I wanted to know if there were

For a design where zero waste was not a goal questions about the relationship

any opportunities in this area to accommodate the full use of cloth while generating

between scale and fabric with would rarely – if ever – come up. The design would be

interesting design features or required construction details. Her primary concern

driven entirely by the desired final dimensions of the chair, and the pattern would be

was the relationship between frame and fabric and the need for the chair to be easily

adjusted to fit that and the waste produced would be written off as an unfortunate

assembled, something I was not used to considering. It could be equated to ‘wearabi-

side effect of something what was more important – how the designer wants the

lity’ or ‘usability’ in fashion however we purchase most garments entirely constructed

chair to look.

so this field of research is not commonly required by garment designers, especially
relative to hard materials.

After some initial difficulty in establishing a starting point for proportions, we eventually developed two prototypes of the design following an iterative design process

While we could in theory design the whole chair frame/body, which could not be

exploring the relationship between the proportions and construction of the chair, the

done in garment design, in this design context, there was little room for the fabric to

fabric dimensions and related pattern, and how this came together to generate the

move relative to the frame. This means that if the frame was set without an un-

overall aesthetic and function of the chair.

derstanding of its scale relative to the chosen fabric, then there was limited design
flexibility which is usually needed for zero waste design to be successful.
Once Emma was able to provide me with a basic proportion framework I used the
3D software CLO3D to develop the upholstery layout and resulting upholstery form
design, working first with an estimated fabric width until we had an established
materials palette. To support this, I also used paper prototyping (Fig. 46), and halfscale fabric sampling to both develop and resolve ideas and communicate them with
Emma.
The proportion of the frame remained a problem due to the combination of the desired expression of the chair fabric, the proportion of the chair frame and the width of
the selected cloth. I wrote:
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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 wasted
only a small amount of material so was
relatively efficient; however, its layout was
not particularly low yield (see Fig. 51). The
chair was never entirely constructed as the
issues with the design were perceived as
fundamental. However, the development of
this prototype gave us a good foundation for
our ongoing collaboration.

Fig. 49

Fig. 50: ©Emma Fox 2017

H/E Chair, Prototype 1 development, Fig. 49 shows
form sketch from pattern development, and Fig. 50
shows an early sewn sample.
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H/E Chair, Prototype 1 and 2, 2D pattern development.
Fig. 51 shows pattern for Prototype 1. Black sections are waste. This pattern demonstrates
a high yield compared to the second prototype, and the 3D design and construction is more
complicated, and did not meet the aesthetic goals of the project. Fig. 52 shows H/E Chair,
Prototype 2, 2D Pattern. Here the pattern is simplified, with waste and yield significantly
reduced compared to Prototype 1.

Fig. 51
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Fig. 52
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Fig. 53: H/E Chair, Prototype 2 frame development
sketches by Emma Fox. The zero waste upholstery
design developed is seen in the grey images to the
right where Emma explored various frame and leg
configurations relative to the cloth seat design.
©Emma Fox 2017
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Initial reflection: Prototype 2
By the second prototype (Fig. 54), we had established
a more established and holistic process and we understood each other’s design process more intimately.
We had also established the details of the particular
materials and proportions we were working with
already from our work in the first prototype; so we
had more control over the resulting outcomes even
though the limitations of the proportion and material
relationship had not changed. We also become more
confident in using the softness inherent in textiles as
a design feature for furniture which allowed for some
of the dimensional differences to be relaxed. Despite
this ‘relaxing’, the degree of ‘acceptable’ fluidity and
drape in this chair design was significantly less than
what may be allowable in a garment, that is to say,
the ‘space’ between body/frame and cloth/upholstery
is often less in furniture design than garment design.
In many ways this was similar to my experience with
FT2 where a tight fit within a specific design framework was desired.

Fig. 54
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Design process reflection

After we completed the first prototype of the H/E chair, I asked Emma a series of
open questions regarding her design process. I was trying to gain an insight into how

Different ways of working were highlighted in this project, particularly in terms of

she saw her design process in order to compare it to how I saw mine. It seemed that

design hierarchy and the role that drawing plays in each of our design processes. In

there were fundamental differences that existed because I work with zero waste,

zero waste design a drawing, unless we are talking about a scaled pattern, is just a

perhaps I operate using a different design hierarchy?

vague concept. For industrial design and conventional fashion design, the drawing
holds a different place in the hierarchy. Eventually, it becomes the specification but

My feeling initially was that Emma knew what kind of fundamental design form and

only near the end of the design process, and before then it is a kind of aesthetic goal.

aesthetic she wanted from the start and the design process was a process of bringing

With zero waste design there needs to be a direct relationship between drawing,

this into focus. I thought perhaps an essential aspect of her bringing the idea into

model and pattern (specification) as soon as possible, ideally from the outset. The

focus or controlling the design was through the act of drawing. She seemed to draw a

sequence of design form > material selection was different from what I experience

lot especially early on, whereas I draw very little in comparison and design primarily

in the large scale fashion industry, where materials often need to be selected and

through making digital models, paper models, and prototypes, with drawing functio-

ordered months in advance. However fashion designers often do not want or need to

ning as a form of sketch-based notetaking. People often question if I have any control

know the specifics (width for example) of the material at the outset, the material is

over my design process as a zero waste designer. It seems that this question might

selected in order to make the design aesthetics and fit work, so width is not relevant.

be related to both the use of fabric utilisation as a design constraint and the role
drawing (or a lack of it) has in my design process as a result.

Terminology was a problem at times, Words like ‘fixed’, and ‘flexible’ or ‘stretch’. I
use fixed and flexible to describe the relative malleability of design variables – for

Many students when attempting zero waste design strategies seeks to apply the

example, is this design element set in stone (fixed) or can we change it if we need

design processes they understand and use already to zero waste context and rapidly

to (flexible) – and not relative to material behaviour. This is similar to problems we

encounter a problem, they cannot make what they drew zero waste, and either have

found in working in the MakeUse project when talking about lines (see Paper I for

to change the design aesthetics or not make it zero waste – therefore concluding they

more detail). In hindsight, this was because I always use flexible materials (cloth)

have no design ‘control’. So, I asked Emma if ‘design control’ is: you draw it, and you

so using the words fixed and flexible to talk about material behaviour is redundant.

make what you draw.

Establishing a precise shared vocabulary over time when working in cross-disciplinary teams is important, especially in unfamiliar territory such as zero waste design.

E: No it’s not as linear as drawing then make what is drawn, I use physical
making of things whether they are material tests, 1:1 foam and card/paper pro-

From my perspective the design was led by Emma, I felt less confident with aspects

totypes and manufactured components to development far more to achieve con-

of proportion in this context, so she determined proportions and I had to try to make

sistency/control. Which is very iterative, the aim isn’t to achieve what is drawn,

the upholstery zero waste to fit it. I never attempted to design the frame proportions

in most of my work an experience or particular material or set of ideas is the

directly; however, in hindsight, this may have been a more effective strategy. I had

start point, sometimes a drawing is used to represent this early in the process but

hoped it would be possible to have a more fluid relationship between the two but

it is very open through making and testing the design evolves from the original

hesitation on my behalf, differing ways of working for both of us, and preconceived

sketch. Drawing is used in many different ways throughout my process. Overall

ideas about the design limited a genuinely holistic approach.

for me I don’t think it’s a process aimed at ‘design control’ it is a process of using
‘design’ as an activity to resolve, test and express an idea through a made object.

110

111

WASTE IN THE FIELD

H: what do you use to test if it works? Do you try to achieve what you drew or inten-

Field Test 3 reflection

ded when you drew? Or is it open?
Field Test 3 aimed to explore the use of zero waste pattern cutting in the context of
E: It would depend if I did a drawing. I don’t always do a drawing... Depends on

flatpack furniture design. Conceptualising the frame of the chair is like the body and

the scale of the project; in industrial (design) we work at a wider range of scales

the upholstery of the chair as the garment was somewhat problematic as there re-

in relation to the body/environment than I believe fashion designers do. It also

mains a second actual body (the seated person) in this context which was potentially

depends on the material, I do very few drawings when I am doing ceramic or if

ignored. Despite this, the conceptualisation outlined aided in the comparison of the

I am trying to find an application for a particular process I’ve developed with a

design processes usually use in zero waste design and the fashion industry, with how

given material these processes are a combination of CAD and physical making

the design developed for the chair in the furniture design context.

on repeat. A lot of my process is about figuring out how to make things work by
developing processes to achieve particular ideas, these ideas can be represented

Comparing the two contexts aided in the development of the following understan-

by drawings, both digital and physical models and material tests.

ding of fashion design constraints and standard ways of thinking:

My questions were attempting to help determine when the act of design occurs? How

Normally with (zero waste) fashion practice the body is a known thing at the

do we measure the success of a given design? It seems that often when designing

start. The garment is for a human. To live in, move in, wear, communicate

products (like garments or chairs), we may act for a time that how it looks is not eve-

through. This is both a hindrance and a blessing, as the designer can only change

rything, but eventually, all other aspects are up for compromise in order for it to meet

the sex and size of the human that it’s for, but there is a lot of freedom in many

specific aesthetic goals. When does that happen? To what extent? Does aesthetic

ways about dressing that body. The body is self-supporting, so the garment dres-

adherence serve us in our current climate crisis? I knew that I do not personally dire-

ses it and isn’t required to physically ‘work’ except with and against gravity, it

gard aesthetics; otherwise, I would not be a garment designer and might be satisfied

doesn’t usually require skin tight clothes, so there is space between the body and

with sacks as clothes. In the past, I have been accused of being dogmatic regarding

the garment, and we always know the basic shape of the form that the void of the

zero waste design, and maybe I can be. However, ultimately I am interested in what

garment needs to enclose. Unless designers engage with radical body modifica-

way does there occur a negotiation between the various goals of a project or product,

tion and start removing limbs, the basic forms stay the same (McQuillan/Fox

how should we determine what is important, and how do we and could we design for

private Facebook group comment).

and against the generation of waste and other negative environmental impacts, and
does it matter?

This field test reveals that many of the same limitations, roadblocks and constraints
arose in the development of the two chair prototypes as emerged out of the design

This project is still ongoing.

process in Field Test 2. The delicate balance between design and production constraints is always in action and being responded to, even in this small scale collaborative context. Additionally, the field test demonstrates that the implied hierarchy
which places constraints relating to aesthetics, over resource use constraints is in play
in this context also. The aesthetic/fit constraints relating to the looseness of the upholstery were similar to what was experienced in Field Test 2. However, as there is a
higher degree of flexibility in the design of the frame (as opposed to the body), these
constraints were mostly able to be mutually resolved.
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WASTE IN THE FIELD

The use of fabric and not a hard sheet material like plywood raised an issue that is

Summary of Field Tests

experienced in the fashion industry where the width of the fabric is not standardised. This lack of standardisation is a problematic production constraint which has

While the research provides considerable insight as to what can be done to amelio-

profound impacts on the longevity of any given zero waste design. The fabric width

rate the implementation of waste reduction strategies in these contexts, through

may change at any moment, even within the context of one season, and a zero waste

the development of this research it became clear that in the context of large distri-

design produced as a whole marker requires a specific width fabric. Additionally, if

buted design and manufacturing systems for the fashion industry a simple ‘drop-in’,

a new fabric is desired for an existing design, the new fabric is unlikely to come in

methods based approach would not be possible. Chapter 4 expands on some of the

the same width as the original zero waste design. The industry does not respond ho-

possible strategies explored in the field test, and reveals additional issues. Chapter 5

listically to this inherent irregularity and malleability (such as by allowing for small

reflects further on the insights into why these issues arose, and Chapter 6 reports on

differences in garments), and instead attempts to enforce consistency either through

the key questions and findings (presented in a series of theoretical models with supp-

cutting of more or less selvedge to accommodate for the differences, or by automati-

lementary explanations) that it is hoped others can learn from going forward.

cally producing a new marker that may produce more or less waste than the original.

Fig. 55: Screen shot of pattern window in CLO3D, mid design development for FT2
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4. INTERVIEWS
WITH THE FIELD

Learning from the success of others
In the following chapter four interviews with designers are reported and reflected
on. Each of the designers has implemented zero waste strategies successfully in a
range of company settings. They have been interveiwed in this research in order 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.
The interviews are reproduced as conducted. They were then read, reflected upon,
and an analysis process is undertaken. The critical text is highlighted and labelled
with related thematic groups, these themes are further reflected on in summary at
the end of this chapter, and inform the development of the theoretical models in the
following chapter.
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INTERVIEWS WITH THE FIELD

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.

Since we were going to be using our current fabric supplier and
factories to create this t-shirt, the first step in the process was to

PEOPLE

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

PLANT

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

FABRIC AND PLANT

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.

I had been toying with the idea of a commercial applications for
Zero Waste design since our [Make/Use] workshop at Parsons.

FABRIC AND PLANT

I didn’t immediately have an obvious outlet in my professional

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

life (as Design Director of Knitwear, Women’s at Global Brands
license to design RTW for Kenneth Cole, and I saw it as the per-

process the fabric flat. When the fabric is dyed, printed, or finished, usually fabric is pulled along machine using pin stints along

How did the concept for the zero waste tshirt begin?

Group). In early 2016, we heard that we were getting the

meet with our VP of fabric sourcing to discuss fabric sourcing.

MOTIVATION:
BRAND IDENTITY

cut. However, rib adds weight to fabric and we wanted to keep

FABRIC

fect opportunity to develop a capsule collection of entirely Zero

the t-shirt light, so that meant using a superfine yarn count to
knit. We looked at swatches in 100% cotton, organic cotton, and

Waste garments because of Kenneth Cole’s history of social ac-

cotton blends. Ultimately, we decided to knit sample yardage in a

tivism. I proposed this to the Creative director and VP of design,

cotton/modal blend. The color (black) was dictated by the rest of

who loved the idea, but wanted to start with a t-shirt.

the collection.

Q.

Q

Relationship between initial design, zero waste pattern,

sampling and final outcome – What was the work flow like?

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?

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.

PEOPLE: COMMUNICATION
AND HIERARCHY

My main concern for design was always to revamp traditional

MOTIVATION

I normally worked every day with the leaders of all of the other
departments on other knitwear projects, which was a distinct

nimal waste garments. It was essential that these garments were

GRADING

able to be graded in a full range of sizes if we are going to create

advantage in explaining and getting everyone excited about the

successful systems. The choices I made throughout the design

project.

process were always with this focus in mind.

Q.

How did you approach the design process regarding

things such as fabric width, was fabric selected first for example?
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manufacturing by creating commercially viable processes for mi-

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

PRODUCT

Q.

allowed me to focus on concept rather than trying to fit into an

Were the cost/price point goals the same for the zero

waste garments as for regular pieces?

established merchandise idea.
The cost had to fit within the overall cost structure of the line,
Q

but not a specific price bucket. It did need to meet the “percei-

How do you think this may have impacted on the design

ved value” test….. meaning, “does this look like it is worth $x to

process?
We also intentionally positioned the Zero Waste t-shirt as a no-

PRODUCT

our final consumer?” That is a very subjective marker, because

PRODUCT

each market level perceives what it expensive/ inexpensive

velty tee, so that it did not compete with any basic tee program

differently. In the designer market, a $200 t-shirt is normal, but

that we would develop. This also release me from the cons-

in the world of mass market, anything over $12 is too much.

traint of trying to hit an established cost. The tee needed to

T-shirts in the contemporary market go for anywhere between

be in the realm of other novelty shirts, but our merchandising

$40-100, depending on cost and perceived value.

partners were open to a range of pricing.
Q

Did you design the whole marker, or pieces that would

work together (simple geometric shapes for instance).
Q.

I made the pattern, first sample, and marker, which is very unu-

Was it important the design met goals regarding Yield

sual for a large company. Normally, I would be responsible for

(did you make comparison to similar products) or was the focus
on achieving zero waste and a particular fit and design aesthetic.

PEOPLE

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

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.

work. Everyone that I worked with stopped by to ask what I was

PRODUCT
YIELD AND
RESOURCE USE GOALS

working on, because designers, and especially, design directors
did not make patterns.

DESIGN METHOD
The pattern is in simple geometric shapes to make it easier for
the factory who was producing the garment to work with. I wan-

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

PEOPLE

ted 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

PEOPLE: SUPPLIERS

to forcing them to slice it, and attempt to unfold and lay it flat.

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

Q.

plan was to cut exactly what we needed and use any remaining

grading? What size range did you work with? Were all sizes zero

on a long sleeve tee I was developing for the following season.

waste?

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

GRADING

If you designed whole markers, how did you approach

Since this was a generously sized tee, we decided in conversation with sales/ merchandising, to sell this in bucket sizes (xs/s

numbers.
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and m/l). I used a standard 1 1/2x grade between the sizes

Q.

and came up with a plan to cut some panels narrower and some

garment, from management, design and manufacturing etc?

wider on each tee and then swap them so that all the smaller

What were the main issues you faced when designing the

GRADING

panels created size 1 and all larger panels created size 2.

I think my biggest challenge in designing this garment was
figuring out how to grade the garment for multiple sizes. At first,

Q

GRADING

How did machinists deal with any complex pattern

in my discussion with the VP of fabric, we discussed knitting the
tubes in varying widths. This could be a great solution if you

forms, sewing difficulty, new methods of construction? Was this a
consideration in the design process?

FABRIC

have large orders because each width would be a different size,
and could be knit to order. But with our smaller project, it was

I did everything I could think of to make this easy for the

important to limit to one width and make it work for multiple

factory to follow. I cut and sewed a “sew-by” sample, made a

sizes.

pictorial diagram of how to cut and sent an unsewn sample
for them to follow, and held countless meetings in NY with

PEOPLE

After many discussions with the Creative Director, merchandiser, and production, I came up with the plan we used to create

our production staff to make sure they all understood what we
were trying to achieve. But, with all things new and different,

DESIGN METHOD

The yield for each size is approximately 1 yard. But the first

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

there is always a learning curve.

YIELD AND
RESOURCE USE GOALS

counter sample factory sent back used over 3 yards per garment

GRADING

from xs-xxl. This for me would be an important break through in

FABRIC

and wasted huge amounts of fabric. I kept the pattern they sent

and the same technique was used, 6 sizes could be achieved,
making Zero Waste accessible to everyone.

with it because it was so ridiculous. Eventually, after a number

Q

of emails back and forth, and the involvement of numerous

in ongoing garments or collections – In what way has zero waste

VP’s both on the NY team and the team in Asia, we finally got

PEOPLE

Do you apply any of things you learned in this process

endured in the company, would the company do it again?

the factory to understand.
[The factory] still had some legitimate concerns about sizing

I still primarily design Fully Fashion knitwear currently, so I

GRADING

haven’t had a chance to explore this further in a commercial set-

in production. Normally they are only allowed a tolerance of ½

ting. However, I do have my students creating zero waste tees as

of the measurement grade to be off spec. When you consider
that fabric widths can vary significantly (1-3” in width per lot),

part of their collections this semester.

FABRIC

if they were forced to use all the fabric from edge to edge, the

A former student of mine was working at GBG after I left and

sizes in bulk wouldn’t necessarily hit spec (or pass inspection).

part of his responsibilities were to develop sustainable prac-

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 ac-
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tices for Kenneth Cole including developing the additional

PEOPLE
PEOPLE

Zero Waste garments. He worked for months to come up with
strategies, but found that it was very difficult to get the various

ceptable practice for most large manufacturers. And, as you can

departments (design, tech, sourcing, production, etc.) to work

imagine, made some on both teams a little nervous.

together. Ultimately, nothing was adopted despite the fact that
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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.

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

PEOPLE:
HIERARCHY

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.
Q

How did the concept for the collection begin?

Is there anything else you might like to add?
I initially asked the former head of design if a zero waste collection would be of interest for Hessnatur with garment examples of

I suspect, after re-reading my responses to the questions above,
there is not as much information about the actual design

DESIGN METHOD

process as you might be interested in. For me, designing zero

my Bachelor of Arts collection in the beginning of 2014. I thought

MOTIVATION

waste garments is like solving a puzzle. I use my extensive

it would be a great match for Hessnatur as a sustainable company.

experience in creating knitwear shapes and try to figure out

Q.

creative ways to get the pieces to fit together. I really enjoy

sampling and final outcome – What was the work flow like?

working on design from this perspective, but have seen first

PEOPLE
BRAND GOALS

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 pat-

At the beginning of each season, we first talked about possible,
easy understandable styles and accordingly to that fabrics which

ternmaking knowledge and they get frustrated with the fit and

FABRIC

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

Relationship between initial design, zero waste pattern,

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

PEOPLE

DESIGN METHOD

designing with this sort of limitation. Their priorities may be

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

purely aesthetic, or completely functional, but trying to make

photo samples, and after refining them again the styles went into

all of that work without wasting an inch of fabric is just too

TIME

complicated for some.

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

MOTIVATION
I keep telling my students that resource shortages will be a

were sold instore.

reality within their lifetime and will affect what they are able
to design in their careers. Mostly, I get blank stares right now,

Q.

but, hopefully, enough of a seed is planted in the back of their

such as fabric width, was fabric selected first for example?

minds to get them thinking about new and creative solutions to
keep moving fashion forward despite whatever happens.

DESIGN METHOD

How did you approach the design process regarding things

Mostly, I started searching for suitable inspirations such as draping techniques/garments which would be good to be translated
into zero waste. Also, I used a lot of my Bachelor ideas and deve-
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loped 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

important at first.

FABRIC

But for the following collections the importance of yield grew

certain styles.
Q.

more and more. For certain products, such as a basic shirt, the

YIELD AND

In terms of goals what were the main concerns for the

RESOURCE USE GOALS

design? Was there a hierarchy (was fit more important than 100%
zero waste for example), how did it change over time?

MOTIVATION AND
RESOURCE USE GOALS

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.

At first, the idea of zero waste was most important, especially for

Q.

marketing reasons. At the same time, we focused on easy designs

waste garments as for regular pieces?

which could be recognizable as zero waste designs at first sight.

PRODUCT

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

Yes, basically the same.

BRAND GOALS

wear ability.
Q.

Q.

PEOPLE

Were the products designed to ‘replace’ an existing one in

DESIGN METHOD

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 workmanship options and embedded them into the patterns.

your line, or designed as a completely new offering?
The products were created as a whole new offering.

Were the cost/price point goals the same for the zero

Q.

PRODUCT

If you designed whole markers, how did you approach

grading?
Q.

How do you think this may have impacted on the design

GRADING

process?
This allowed the design to be a bit more expressive, to show some
“design” which extended the design language of the prevailing

BRAND GOALS

Q.

GRADING
TIME

collection.
Was it important the design met goals regarding Yield

GRADING

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
so the focus was on designing a special shaped garment that
would indicate its design background.So the yield wasn’t too

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.

(did you make comparison to similar products) or was the focus on

reason for it was maybe the aspect to use it for marketing reasons,

We had some pieces in one size only which would fit size 36size 42. All other garments had basically 2 sizes- size S/M and

PRODUCT

One size fits all, or size S/M and L/XL
Q.

MOTIVATION
RESOURCE USE GOALS

What size range did you work with?

Were all sizes zero waste?

Yes, except for the selvedge which was cut off.

FABRIC

PRODUCT

126

127

INTERVIEWS WITH THE FIELD

Q.

well, others were maybe to expressive and complicated for the

How did machinists deal with any complex pattern forms,

customer.

sewing difficulty, new methods of construction? Was this a consideration in the design process?

In the end I guess it was not a tool to increase the yield but to
At the beginning, I informed our suppliers about what the goal
of the collection was: using 100% of the fabric, that’s why they

PEOPLE

RESOURCE USE GOALS
MOTIVATION

express idealistic values. In that way I think it benefitted the
company’s image a lot.

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.

FABRIC

Also, we had deviations in fabric width for production sometimes,
but the suppliers informed me about that and we solved this
together.
Q.

PEOPLE
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 rangethere were sometimes critiques from customers who asked for

GRADING

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

MOTIVATION

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

PRODUCT

garment to be made out of it is I think a very important thing I

DESIGN PROCESS

learned and deepened during this process. This has kind of formed my understanding for design very thoroughly.
I am not sure if Hessnatur would start a collection like this againbut I think it was a good thing- some products were running
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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.

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

DESIGN PROCESS

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.

DESIGN PROCESS

How does the concept for each piece begin?

First of all with the necessity to offer those classic pieces. The

fit everything on to the width of the fabric. I’ve learned to think

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 prepara-

BRAND GOALS

tion for the coming season, sometimes I want to update my website. I feel like I get more done and make less mistakes this way.

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

DESIGN PROCESS

Q.

new pieces at the same time. For example the Mangia fuoco

How did you approach the design process regarding things

such as fabric width, was fabric selected first for example?

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 functional pieces for surfing. Swimwear that covers up and stays
on. Sometimes I’ll see other styles or features that are functio-

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 unsuita-

BRAND GOALS
DESIGN PROCESS

ble machines, and jumping out of bed to scribble ideas down in
the middle of the night, I eventually realized that It was all about

FABRIC

nal, beautiful and that i can create with a zero waste layplan.

the fabric width. I already had my fabric.

The concept is sometimes influenced by what [my customers]

The fabric was actually the whole reason I began to

are asking me to make.

make swimwear. I disovered Auria swimwear and read that they

FABRIC
Q.

were using the econyl recycled nylon. Before that I always believed that all clothing could be sustainable except for sportswear. I

What is the relationship between initial design, zero

wanted to jump into that opportunity straight away and swim-

waste pattern, sampling and final outcome – What is the work
flow like?

MOTIVATION

ming 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

I have had designs work perfectly with the very first pattern

there. I just didn’t think there would be and sadly I’m surprised to

(Karmakiss) and I have had others which were so difficult but

see that there still aren’t many other options available.

too beautiful to let go of (Mountain top). There are others

My machines also determine what I can do with the

which I’ve had to abandon.

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

These are small pieces so it generally doesn’t take

other projects.

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

Because they are small pieces I don’t just work with

PEOPLE
TIME

DESIGN PROCESS
GRADING

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.

keep the momentum up a new design can be finished within 1
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Q.

When I first started, zero waste patternmaking was

In terms of goals what were the main concerns for the

design? Was there a hierarchy (is fit more important than 100%

more of my design concept and something fun, economical and

zero waste for example), how does the hierarchy change over

sustainable to play with. Now that there is a movement of people living zero waste lifestyles I feel more encouraged to work

time?

MOTIVATION
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

in this way for them and they’ve made me see the necessity to
not just design my lay plans to be zero waste but to create an

PRODUCT

entirely zero waste business model.

must function well and it must be zero waste.One concern that
has recently changed for me is the durability of the swimsuit. I

Q.

BRAND GOALS

Did you design whole markers, or pieces that would

see a swimsuit as a tool but most people see it as an accessory

work together (simple geometric shapes for instance). If you desig-

so they like to have 2 or 3 on hand and a new one every year

ned whole markers, how did you approach grading? Are all sizes

or so. At the moment I use a thicker than average lycra. I also

zero waste?

use a polyester thread and a nylon thread to stop seems from
breaking. I was worried about using biodegradable fabrics

FABRIC
DESIGN PROCESS

and natural rubber because of the durability factor but now it
seems to me that it could be better that the swimwear is more

MOTIVATION

GRADING

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.

of a disposable item and is completely biodegradable. I will try
to make some zero waste swimwear with 100% natural fibres

Q.

but I will still offer the recycled nylon swimwear for those who

forms, sewing difficulty, new methods of construction? Was this a

need it.

How do machinists deal with any complex pattern

consideration in the design process?

DESIGN PROCESS
Q.

Because I work with mainly straight lines I think the sewing is

Was it important the design met goals regarding yield

actually easier than it otherwise could be. The machinist works

(did you make comparison to similar products) or was the focus

with me. We produce small runs of 5 or 6 pieces a time in a 2

on achieving zero waste and a particular fit and design aesthetic.

RESOURCE USE GOALS
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

PEOPLE
PLANT

DESIGN PROCESS
CONSTRAINTS

This was actually the reason of why I wanted to start

MOTIVATION

Sometimes I have little triangles left over in the corners of the

stuffing.

emphasis on how I hold my hands. S/he will run through those

working with whole rolls of fabric instead of recycled garments

use. Otherwise I leave them to be controlled by my layplans.

swimwear. I save all of my thread ends to be used as cushion

ging or finishing. I will show him or her the first seem putting
and so on.

only look at aesthetics with the colours or prints I choose to

lay plan and I set these aside to make frills for the childrens

person production line, them on the overlocker, me zigzag-

DESIGN PROCESS
YIELD

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 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.
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Q.

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.

What were the main issues you faced when designing your

pieces?

PRODUCT

My main issue before was that all bodies are so different, and

GRADING

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.

DESIGN PROCESS
CONSTRAINTS

Now my issue is that the fabrics that I’d like to use and

Q.

How did the concept for the Avoidance collection begin?

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

The main goal I had when starting out was creating a sustainable

luxurious as Jersey Lomellina’s Renew Prime but is biodegradable

collection that was really different to trends commonly seen in

(without the petrochemicals) or perpetually recycleable.

MOTIVATION
BRAND GOALS

the sustainable fashion sphere. I wanted to diverge from that
wholesome, 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

MOTIVATION
PLANT

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 col-

BRAND GOALS

lection is technically 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 upcyc-

PRODUCT
FABRIC
RESOURCE USE GOALS

ling deadstock 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
collection called “Avoidance” therefore feels quite cathartic.
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Q.

Relationship between initial design, zero waste pattern,

HOLISM

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

FABRIC

tion with the rest of the R Collective team. We selected fabrics

DESIGN PROCESS
FABRIC

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 so-

with some fabric widths that made things a lot more challenging,

Q.

PEOPLE

zero waste for example), how did it change over time?

PEOPLE
MOTIVATION
DESIGN PROCESS
GRADING

that could be manufactured and worked within the style of The
making garments that people would want to wear for a long

PRODUCT

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,

PEOPLE

jumpsuit, and pants. The shirt and jacket had about 4% waste,

rectly with the manufacturers, so we did a lot of problem solving

which I think could be improved on but that was the best we

PEOPLE

ups and using their CAD pattern making software.
Q.

The main priority was translating zero waste into a collection
R Collective brand. It was also really important that we were

factory, they’d make the new sample, we’d move on to the next

and developed the zero waste patterns through doing quick mock

In terms of goals what were the main concerns for the

design? Was there a hierarchy (was fit more important than 100%

TIME

confirm the fabric for 1 style, I’d make the pattern, send it to the
style. I then went to Thailand to stay in the factory and work di-

sier to be able to select a fabric width that works for a specific zero

especially when creating graded zero waste patterns.

zero waste. From there I did create complete markers including
At this point everything was happening at the same time. We’d

waste patterns to fit within the fabric width. I do find it a lot ea-

DESIGN PROCESS

mething they’d done before, so the first samples weren’t actually
all the measurements and multiple sizes within the fabric widths.

that would work for the design and then I designed the zero

waste design rather than the other way around, so I did end up

DESIGN PROCESS

they’d fit together. From there we handed over the designs and
zero waste concepts to the manufactures at TAL in Thailand, I

with a lot of moving parts. The fabric selection was happening
alongside the zero waste pattern development, and in collabora-

TIME
DESIGN PROCESS

used for 1 or 2 styles. It all ended up being a bit of a jigsaw puzzle

could do in the factory setting within the time frame. I pushed for

RESOURCE USE GOALS
PEOPLE

How did you approach the design process regarding things

such as fabric width, was fabric selected first for example?

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
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

achieving zero waste and a particular fit and design aesthetic.

FABRIC

Yield was a consideration, especially since we were working with

RESOURCE USE GOALS

or 2 viable fabric options for each style. Added to this, we also
had very limited yardage available so each fabric could only be

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

YIELD

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

PRODUCT
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them to similar products. We did opt for looser, generous fits so
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they do use more fabric than small garments

YIELD

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

Q.

Were the cost/price point goals the same for the zero waste

GRADING

Asian luxury market doesn’t have much demand for larger sizes
apparently. I’m definitely wanting to expand the size range of my

garments as for regular pieces?

zero waste patterns and cater for bigger bodies too though.
I think so, but I wasn’t actually involved in the costing process. I

PEOPLE: HIERARCHY

think the sampling process may have been slightly longer/more

TIME

Q.

Were all sizes zero waste?

complex, but the manufacture wasn’t more complex than regular
garments and the fabric consumption was lower so it may have
evened out.
Q.

YIELD

GRADING

Yep all sizes were zero waste for most of the styles, excluding the
styles that weren’t completely zero waste to begin with.

Did you design whole markers, or pieces that would work

Q.

together (simple geometric shapes for instance).

How did machinists deal with any complex pattern forms,

sewing difficulty, new methods of construction? Was this a consideration in the design process?

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

DESIGN PROCESS
PRODUCT: COST
PEOPLE
PLANT

fairly commercial price point.
Q.

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

If you designed whole markers, how did you approach

that’s very difficult to do in a factory setting. We used deadstock

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

bindings for most of the necklines, and I made sure the zero

DESIGN PROCESS:
GRADING

waste patterns were more straight forward to sew. The factory we

PEOPLE
GRADING

worked with (TAL) are excellent and the workers there are extremely experienced so they were able to problem solve these kinds

a rectangle. I either expanded on that concept for more compli-

of issues and suggest ways of finishing garments that worked with

cated patterns, or I created the graded pattern in the same way

the zero waste patterns.

I would any zero waste pattern, just with 3 times the amount of
pieces. (I hope that makes sense)

Q.

What were the main issues you faced when designing the

collection, from management, design and manufacturing etc?
Q.

What size range did you work with?
The biggest challenge was communicating with the manufactu-

We used a very limited size range, most of the styles are a fairly

GRADING

PEOPLE

rers. We’re a small team and this was my first commercial collec-

relaxed fit so one size can fit a range of bodies. The dress, tee,

tion so I was very much jumping in at the deep end and working

shirt, and pants all have 3 sizes (S, M, L) the jacket and the

out how the process worked as we went along. I found keeping

jumpsuit are a looser fit so have 2 sizes (XS/S and M/L)

track of specs really difficult and making sure that everything was
communicated in a way that was consistent and clear.
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Q.

How did you feel the media and consumers is respon-

ding?
I think media and consumers are interested in seeing sustainable fashion in a style that’s has a bit more edge. We’ve
made telling the story behind the collection a big priority in

MOTIVATION

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

MOTIVATION:
CONSUMERS

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

MOTIVATION

story telling.
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Interview themes

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

Several interconnected themes emerge out of the analysis of the interviews. They

looking at ways of toning down my style while preserving my design signature

have been grouped initially into the following categories: motivation, brand goals,

and simplifying my approach to zero waste pattern cutting so it can be applied to

yield and resource use, people, grading, product, design process, fabric, plant, time,

manufacture. (Guest Designer)

and lastly holism.

Motivation
Most companies were motivated by a brand history of social or ethical action.

Yield and Resource use goals:
No companies interviewed outside expressed the same strict adherence to yield and
resource use comparisons as FT2 or FT1. This is likely because all four were developing new products, or products designed within a collection where the aim was to be

I saw it as the perfect opportunity to develop a capsule collection of entirely Zero

zero waste from the outset.

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

It was assumed that the fact this was [a] zero waste garment would maximize

Director)

yield and compensate for this being a larger garment (Design Director)

They also were motivated by the use of zero waste as a storytelling mechanism,

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)

At first, the idea of zero waste was most important, especially for marketing reasons. At the same time, we focused on easy designs which could be recognizable
as zero waste designs at first sight. (Designer)
...though some acknowledged the difficulting in then telling it.

People
Linked to motivation is notions of hierarchy; the interview responses indicate that
who is driving the project and what their motivations are can have a great deal of

I do think the concept of zero waste is quite difficult for consumers to really

impact.

understand, especially because pattern cutting in general is not something they
would know much about or really consider in relation to their clothing. When

I was the one who proposed this project, and was given full control of design

talking to consumers about sustainability issues textile waste at the cutting stage

direction and execution. I was expected to do sourcing, design, sampling and the

isn’t often discussed so I don’t think it’s an issue that’s on their radar or that

tech work with the factory. I normally worked every day with the leaders of all of

they’re looking to solve (Guest Designer)

the other departments on other knitwear projects, which was a distinct advantage in explaining and getting everyone excited about the project...it takes someone

Brand Goals
Adhering to current brand goals was important for all designers, three of the four

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.
(Design Director)

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

Additionally, the interviews indicated that clear communication and collaboration

Whitfort was an ‘outsider’ and expressed some challenges around this area:

is crucial, most expressed difficulty at production stages to communicate the unique
zero waste goals of the project.
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The yield for each size is approximately 1 yard. But the first counter sample fac-

Product

tory sent back used over 3 yards per garment and wasted huge amounts of fabric.

All the garments discussed in the interviews were new products, and so lacked the

I kept the pattern they sent with it because it was so ridiculous. Eventually, after

tight design constraints of FT1 and FT2.

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.

A swimsuit is such a tiny, revealing garment that I feel like i can’t give a hierarchy

(Design Director)

to one thing or another. It must fit well, It must function well and it must be zero
waste (Owner/Designer)

Grading

This was a new offering at the relaunch of new brand. This allowed me to focus

All use mixed markers to enable grading within zero waste design, something that

on concept rather than trying to fit into an established merchandise idea.

allows for and requires some flexibility in terms of the design goals and construction.

(Design Director)

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

Design Process

within the same layplan. (Owner/Designer)

All expressed a balance between the need for flexibility within the design process and
the desire to meet specific goals.

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 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

I designed the patterns for all sizes at the same time. My main approach to gra-

manufactured effectively at a fairly commercial price point. (Guest Designer)

ding 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)

Fabric

Since this was a generously sized tee, we decided in conversation with sales/ mer-

The fabrics behaviour, structure and width were all considered important design

chandising, to sell this in bucket sizes (xs/s and m/l). I used a standard 1 1/2x

constraints

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

The fabric was actually the whole reason I began to make swimwear. (Owner/

created size 1 and all larger panels created size 2. (Design Director)

Designer)

This approach was sometimes a problem in production however as it deviated sharply

All the fabrics we used are deadstock textile waste, so we had extremely limited

from existing practices and might have impacts on contractual agreements regarding

choices regarding fabric selection. We also made most styles in at least 2 colour-

quality control:

ways 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

The factory] still had some legitimate concerns about sizing in production.

also had very limited yardage available so each fabric could only be used for 1 or

Normally they are only allowed a tolerance of ½ of the measurement grade to

2 styles. (Guest Designer)

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)
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Summary of Interviews

Plant
The systems for handling fabric (for example the Kenneth Cole t-shirt) were questioned and challenged in some instances. Limitations of equipment or systems within

The field tests and interview responses show an emergence of an understanding

factories were pointed out as problems or constraints to work within and around.

of the workflow that a company or designer may follow as a reaction to encountering constraints and roadblocks. There is a lack of explicit articulation in existing

Between the glue and the pin stinting [of the knit fabric], it became clear that we

research of how the various forces at play impact on the successful implementation

needed to work with the fabric in a tubular form, which would present an enti-

of zero waste design processes and methods in the fashion industry. The Background

rely new set of challenges in finding a factory willing to deal with cutting fabric

chapter demonstrates that the majority of research in this field has been to explore

that arrives in tubular (Design Director)

design method and process, and not how this method and process interfaces with the
industry. This research proposes that having a clearer understanding of these factors
at the outset may help mitigate some of the negative impacts. The following chapter

Time

attempts to articulate these and map them out in the environmental and economic

The interview responses indicated that time was an essential factor for all of the

context.

designers, with all four indicating there was not enough time to fully develop the
designs.,
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)
Although when it works well, the design process can be very fast.
As long as I keep the momentum up a new design can be finished within 1 to 3
days. (Owner/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)
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5. REFLECTIONS
ON WASTE

In this chapter, the relationship between constraints and waste in response to the
interviews and field tests is reflected upon. Additionally, the chapter speculates
about the role of the designer, and the ‘value’ of waste in the context of the proposed
circular economy, and how the experience in the field tests resulted in a significant
recalibration of the ongoing research. The research does not argue that little of use
emerged from the field tests and interviews, but rather that the findings from field
tests revealed a much larger issue at play than a ‘drop-in’ design method based approach could address.

Fig. 56: Current design system
in context of Kate Raworth’s
Doughnut Economics Model. This
illustrates how the production and
design context that provides the
fashion system and industry with
constraints are drawn from an
economic context that overshoots
the environmental and social
limits needed for a safe and fulfilling life.

Make it zero waste: Waste in a linear system
Field Tests 1 and 2 took place in what is generally considered to be 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 it operates in. Both companies have made some
attempts made to move towards a circular model, FT1 enables consumers to drop off
their unwanted garments in store for recycling, and FT2 provide repair and recycle
services. 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 role of value and investment in decision making. A key
finding was that when using a conventional 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 unless material cost a significant part of the cost of
a garment. It is probable that if linked with a serious commitment to waste reduction – either internally driven, or motivated by external forces – the perceived value
of fabric waste may change and the tradeoff would be seen as worthwhile even if the
fabric cost remained the same. The changes required to the profoundly ingrained
system are too significant for them to be worth it 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 2, conversations took place with the
wider team at the company regarding textile use and waste. There were discussions
with textile designers and material developers about the possibility of specifying
fabric width or having a consistent width across their product range as a method of
enabling efficiency. Specifying the width for increased efficiency had not been considered by them before, and was considered infeasible due to the complex relationship
they had with their many suppliers.
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At times it was compelling to attribute a monetary value to the waste generated as a

In the interviews where the designers were working within an existing company

result of their established design process. However, in many cases company’s do not

structure and attempting zero waste, all three expressed conflicts when their inhe-

technically own the waste created because the factory producing the garments own

rently holistic process interfaced with the established linear and siloed system. The

the fabric, and once the garments are complete, the company repurchases them and

conflict between the holistic requirements of a zero waste design process which is si-

they are shipped for retail. Effectively a company may only have a moral responsibi-

tuated in design aesthetics and production simultaneously (and so requires a balance

lity for the waste; this is a responsibility some take seriously but can be challenging to

and understanding of both), and the siloed, hierarchical and linear design process

implement. In general, information about the volume of waste generated by the pro-

the companies were used to working is a definite roadblock.

duction of garments, the actual markers, yields and patterns used are closely guarded
by many factories because it might reveal a difference between what they quote and

In Field Test 1 and Field Test 2 there seemed to be a lack of understanding of the spa-

what they use. The factories profit off the difference, and when margins are tight, this

tial reality of a given garment design using conventional production methods – both

revenue can be substantial. Additionally, if a garment producing company reduced

company’s seemed to want the design to remain the same, but for it to somehow take

waste by reducing yield, they would need to order less cloth unless garment sales

up less space. Change without change. The law of conservation of mass implies that

were increased to compensate for this. Textile producers do not want a reduction in

mass can neither be created nor destroyed, although it may be rearranged in space.

orders for obvious reasons, so they are not financially motivated to support the reduc-

Importantly the total mass of the starting materials must be equal to the mass of the

tion of yield or waste unless they can be financially compensated for their increased

products. So if the mass of a garment is determined by its manufacturing method

efficiency or orders increased. Waste it seems in an inbuilt component of the fashion

and design (including its pattern and fabric use), and no aspect of the garment form,

industry.

design, material or manufacturing method can change, then it cannot change mass. A
conventionally designed garment could be made ‘zero waste’ by selling the garment

The interviews point towards a particular set of quite unusual conditions to be pre-

as it is with the waste it generates in a bag – as Timo Rissanen and Salla Salin did in

sent in order for the attempt at zero waste design to be successful. A robust inherent

15% (2012-2016). This makes a political statement, but in an industry context, it

motivation is needed; the core of the company in every case is rooted in sustaina-

does not fundamentally change anything about how garments are made. If the design

bility or social justice. Of the four examples explored through the interviews, only

of the garment is already determined (either implicitly or explicitly), then only minor

one exploration of zero waste design (Emroce) is still actively being pursued. In the

adjustments at the edges are possible and the impact will be severely limited. So

other three, these were more like temporary expeditions into the world of zero waste

there must be an opportunity to change the design, the way the design is manufactu-

design, lead by intrepid explorers. The designers either had good prior knowledge of

red or the system in which it is produced.

zero waste design (Hess-Natur, R Collective), or pattern cutting in general (Kenneth
Cole) or were a small brand in total control of the design process and timeline

The waste hierarchy asks that we first eliminate the production of waste and that all

(Emroce).

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

Time encompasses almost all the comments made in the interviews, bracketing the

its creation. However, it is essential to remember that before it was waste, it was po-

attempts made by the designers, hurrying them when they wanted to move more

tential. Consider the garment: Fibre into yarn, yarn into cloth, cloth into a garment,

slowly. Tess Whitfort’s first comment in the interview was that “the timeline for the

at every stage materials are imagined and manufactured into existence – what we do

collection was a lot shorter than I would have liked”. In an industry that is renowned

with them, how we make them, how we utilise them – each step we transform them

for speed, this research demonstrates that the time needed for holistic approaches is

from ideas and materials with potential, to products. So waste – we design that too.

difficult to find.

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. Our models
of design, our society and industries are making a future consumed by both products
and waste.

150

REFLECTIONS ON WASTE

There exists a fundamental schism between design as an act of identity and product

There was an established process, which had an established hierarchy, and inputting

creation and design as a simultaneous act of waste creation. Waste is considered a

to this were design constraints – both explicit and implied – relating to aesthetics,

management problem that requires collection and disposal. For cut and sew gar-

fit and function. Perception of the value of various constraints differ depending on

ments waste is the parts cut off when making the desired/designed form and detail –

the company and the individual, and in most cases, the efficiency of a product is not

it is emphatically NOT part of the design – perceptions of fit, function, form, aesthetic

considered at all to be an act of design. Reframing can help. For example, when eva-

and cost are exponentially more important. Consider though, if design is not only

luating the costs and benefits of design changes consider the % reduction in waste,

what is designed into existence, but also what is designed ‘away’ (Tonkinwise, 2014),

not only the increase in efficiency. To illustrate this while an increase from 82% to

then the waste is also what is designed. The problem is currently, where only 10% of

87% efficiency may only seem like an improvement of 5%, it results in an almost 28%

textile waste is recycled, there is no ‘away’.

reduction in waste for that style. The lack of a holistic integration of all the processes
that impact on efficiency (like the final fitting in this example) means that waste and

The industry seems content to design out adverse outcomes that do not have an

yield reduction through design are difficult to implement when the hard work can be

impact of aesthetic, form, function, fit and cost. They use organic cotton, but only if

undone with a swish of a pen or the pinning of cloth.

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 colour fast. There is not yet a solution for
non-toxic waterproofing, so they 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.
The fashion system is designed to prioritise almost all things above the environment
we all rely on. The result is the world we live in now.
This research asks: should 100% resource use in production be the ultimate goal?
Should the industry aim to reduce resource use overall? If the answer is an ideal
yes, then work is needed to address expectations of aesthetics/fit of garments or to
develop new methods of design and production which eliminate waste and reduce
resource use while maintaining current expectations.
The complex relationship between hierarchy, constraints and process was evident

Fig. 57: When one
part of the design
process overides
the others, the
design process becomes imbalanced

in Field Test 2 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

The Kenneth Cole example is particularly interesting as it was led by a design direc-

reduced its efficiency to an improvement of 4%, at which point the design was evalu-

tor with significant internal power and clout, undertaking roles well outside of her

ated by the regular design team who were not involved in the high-efficiency project.

usual activities. Each interview expresses the interconnectedness required in a zero

This team made what appeared to be minor visual changes to the design without any

waste design process, and the importance of communication across the company

consideration for the impact these might have on the pattern and resulting efficiency.

structure, and in-depth interaction with manufacturing staff. The hierarchies hard-

As a result, the efficiency ended up back where we started.

wired into most large companies makes it difficult for a designer to make profound
impacts. Mary Beth McDermott writes of her successor to the zero waste work she
undertook at Kenneth Cole:

152

REFLECTIONS ON WASTE

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 corpo-

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.
(Design Director at Kenneth Cole)

ration. 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. (Interview Response from Design Director at Kenneth Cole)
A key observation from Field Test 2 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 managed hierarchies governing who controls
the design process and the sequence these levers of control are used became very apparent in Field Test 1. The marker makers in this 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.
Field Test 1 also speaks to a particular way of thinking that dominates both 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 needs to
saved for it to be ‘worth’ the human effort and financial cost?
Reducing yield and improving waste does not seem a valuable investment in time and
resources when using a conventional production process, particularly within a high
volume, low-cost context such as fast fashion – especially if the material cost is not
a significant part of the cost of a garment like in Field Test 1. The changes required
to the profoundly ingrained system are too significant for it to be worthwhile unless
there is motivation outside of a financial imperative. 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 still only attempts to address waste once it is made,
not the prevention of its production through design. This omission is perhaps because
doing this impacts on design systems, hierarchies in both design and production and
potentially garment aesthetics.
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Field Tests 1 and 2 can be seen as both a failure
of my zero waste design methods to adapt to the
industry’s rules 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 this project was of
a forced arbitration between ‘what exists’ and ‘what
can be’ – where ‘what exists’ 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 us to ask different
questions and potentially find alternative solutions.
Zero waste design cannot be considered merely a
design or pattern cutting technique that we ‘drop-in’
to the existing system. It 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 design thinking’.

Fig. 58: Factory line from FT2. Garment workers at this factory
wear uniforms which indicate the specific area they work in.
Hierarchies, and siloed workplaces are the norm right across all
aspects fo the fashion design process and supply chain.
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The circular economy will save us?
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

IN A CIRCULAR FASHION
SYSTEM CAN THE
INDUSTRY CONTINUE
TO OVER PRODUCE
AND BE INEFFICENT
BECAUSE THE WASTE
CAN ALL BE PUT BACK
INTO THE CYCLE?

waste. Assuming a theoretical 100% recapture and recycle rate at both pre and postconsumer 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 would
need to be met by the extraction of virgin materials, and the consumption of more
energy.
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 (see Chapter 6). If a theoretical 100% utilisation of raw materials can be
achieved, two entirely different outcomes are possible depending 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 make the same style utilising the full 200cm, without generating waste and maintaining yield – then this will maintain overall total demand.
It will also drive an increase in the need for virgin materials (a theoretical increase
of 21,7 million tons per year) because of the resulting increase in recycled material
shortfall. If instead, the same dress is constructed utilising only the 160cm needed to
make the style (the theoretical minimum yield) then the demand of recycled material
will be reduced while maintaining demand for virgin materials, assuming current
levels of consumption is maintained.
Should the reduction of waste without the reduction of yield be disregarded as a
strategy for zero waste? Under theoretical 100% recycling rates yes, it seems to serve
little purpose. However a 100% circular economy is not currently functioning and
it is not likely to ever entirely be the case – according to de Wit et al. (2019) globally
we are 9% circular and going backwards. So achieving zero waste while maintaining
yield will remove significant volumes of waste from landfill and incineration (up to
approx. 8.3 million tons per annum at the 2015 rate of consumption, see Paper III
for more detail), leading to at the very least a delay in the emission of GHG as they
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burn or decompose. However under a theoretical circular, 100% recovery and recycle
scenario the goal shifts to reducing yield while also reducing waste. 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.
However, in all these scenarios growth in virgin material demand driven by growth in
overall demand is still clearly a problem.
At a theoretical 100% recovery and recycling rate, the key driver for the demand for
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
(hoarding) while also increasing consumption, 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 fashion – then demand for virgin material is kept in
check. Alternatively, if people can speed up the flow of products through their lives
and industry can capture and recycle 100% of these products, and there is no growth
in demand as one garment is made for every garment recovered, then 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 company 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.
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Zero waste design as a lens to view through
Emerging out of the reflection on the interviews and field tests this chapter proposes a series of radiating zero waste design models (Fig. 59) which outline the ideal
scenario in which this practice occurs.
The following theoretical models for zero waste design are a ‘lens’ that can be useful
when attempting to develop an alternative mindset regarding resource use in the
context of product design, development and manufacture. These are applicable
across a range of subgroups within the industry, for example: technicians, engineers,
management, designers, textile designers. The models are framed as questions to ask,
points to consider, things to know or negotiate. As such they are equally applicable in
an educational context and allow for an alternative framework for holistic design, as
all of these factors impact on or are informed by design.
The zero waste design models explore the context of zero waste practice beginning
with the broadest social and environmental contexts. It is with this understanding
this research proposes that Zero Waste Systems Thinking occurs - systems thinking
through a zero waste design lens. Zero Waste Design Thinking encompasses a broad
understanding of the design and production constraints - this is the area the majority
of the research discussed in this licentiate has taken place. Within this, in response
to the constraints, is situated the Zero Waste Design Process, in which is situated the
context that the majority of research into zero waste design takes place, Zero Waste
Design Methods.

Fig. 59
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Social and Environmental Context
Developed from Kate Raworths Doughnut
Economic model, the model shown in Fig. 60
explores the relationship between the broader
social and environmental contexts of industry
and the proposed zero waste design model. All
design and economic models need to be bound
by the limits placed on them by social foundations (for example fair pay, safe work conditions
and socially responsible advertising), and the
environmental ceiling. As shown our current
industry and linear economy overshoots both
these boundaries in a variety of ways.
From the space between the social and environmental limits comes the design and production
context which informs and is informed by the
theoretical zero waste design model

Fig. 60
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Zero waste design model in the
context of constraints
The zero waste design model (Fig. 61) is comprised of 4 layers of
decreasing specificity and increasing influence. The boundaries
between layers are permeable and fuzzy. The most significant
potential sphere of influence is zero waste systems thinking which
is focussed on the design of systems using zero waste design thinking as a tool. Zero waste design thinking encompasses all the
interrelated and holistic inputs and constraints from production
and design contexts that impact on the zero waste design process.
The zero waste design process encompasses all the inputs from
zero waste design thinking that lead to the application of zero
waste design methods which results in a product.
In this model the four layers of the zero waste design model are
weighted towards Kate Raworth’s environmental ceiling. This is
because the majority of research and motivation for exploring
zero waste design has been driven by environmental factors.
However as the understanding of zero waste expands into zero
waste design thinking and zero waste systems thinking, it is
important that this new knowledge encompasses a clear acknowledgment of the social foundation all these practices are built
from.
The space between zero waste design methods and zero waste
design thinking is where the research explored in this licentiate is
situated.
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Zero Waste Design Thinking
This Zero Waste Design Thinking model (Fig. 62) embraces all the inputs into the
zero waste design process from within the broader context of the companies explored through this research. It is developed from the field tests and interviews
and includes many aspects which are not usually considered as parameters
for design. This model explores the garment context; however, with modification, could be utilised for a range of design contexts.
There are different approaches required when attempting the design
of a low waste or zero waste product. The considerations needed
and constraints provided when developing a zero waste redesign
of an existing product can be quite different to when developing
an entirely new zero waste offering, and potentially different
again if the context is an entirely new brand, or one that
already exists. This research has developed a model for implementing zero waste design strategies into a company, but not
all branches will be entirely relevant for all companies.
Before beginning a process of waste reduction in a given
company, there is a range of considerations and questions that
need to be asked. These can be grouped into two broad categories – Design context and Production context – and include
macro-structures like company motivation, to micro decisions
such as the cost of the fabric used. It is important to consider a
continuum of waste reduction strategies for different industry
segments: From doing nothing (because it might be best to use
other strategies to achieve sustainability goals), through to high efficiency, or zero waste. It is also essential to question the fixed nature
of all decisions and inputs.
It is imperative that we acknowledge that time – a lack of it usually – is
encompassing and impacting on all aspects. In most cases the development of
a zero/low waste garment will take longer, particularly in the first instance, so
providing an environment conducive for success is imperative. How much time will
there be to develop the design?

Fig. 62

In this section, each branch of the tree is explained, and the ways that the model might assist in
the decision-making process and company analysis is explored.
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Motivation
What is the motivation within the company for waste reduction? Motivation is often
directly linked to the type of company. A high volume low-cost fast fashion company
is likely to be motivated primarily by financial reasons to reduce waste and may aim
to reduce yield as a way to increase production without increasing material expenses.
Does external legislation motivate the company? Reputation? Bad press? The level
of company-wide engagement with waste and resource use reduction will directly
impact on the resources and cooperation provided to address this problem,
An honest appraisal of the goals is essential.
Linked explicitly with people and brand goals; motivation can also be impacted by
knowing more about the cost of the current state of affairs – what is the cost of the
waste that is currently produced?

Fig. 63
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Brand Goals
Brands have explicit and implied goals regarding aesthetics, fit and function; it is
vital that everyone involved in this process understands what they are and how fixed
or flexible they are, as they these core brand beliefs will cascade into the rest of the
design development.
Consider the brand goals divided into aesthetic, function and fit. There might be
certain types of design lines that are commonly adhered to within all products that
the brand produces. There may be aesthetic aspects of fit that fall outside of the
brand’s identity. It is essential to articulate these to all members of the team to reduce
deadends. Working through each of these branches enables the team to identify the
core brand goals determine how fixed or flexible they are for this product, and establish a clear hierarchy that can be referred to and adjusted throughout the products
development.
The development of a brand goal hierarchy may also take input from motivation,
resource use and maximum and minimum yield, to establish guidelines that can be
applied across the development of all the products the brand produces.

Fig. 64
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Product

New
It is significantly easier to achieve zero waste if there is no existing design to emulate.

Product is the area most often considered, but this research argues that companies

While it makes it harder to know how successful a design is, the freedom provides a

and designers need to think differently about it – what are the explicit and implicit

great deal of opportunity with the design.

design and production constraints? Are they fixed or flexible, hard or soft?
What garment type will be developed? What are the aesthetic requirements for
High volume:

the garment? These can be hard to parse out from function and fit sometimes, but

Selecting a high volume product will mean that the investment is more likely to be

consider the designs more esoteric features. It is perhaps driven by mood/vibe

repaid and the impact on waste reduction is amplified. A reduction of yield of only

derived from an examination of the Brand goals. What are the functional features the

3% on a high volume style might mean saving many thousands of metres of fabric a

garment must have (pockets, hood for example)? Establish if it is going to be based

season on a single style.

on a block or perhaps loosely based on the current pattern. How fit fixed or flexible
are each of these?

Use Longevity:
Is it anticipated that the product will have a short life span? In this case, the impact of

When linked with the constraints provided by the analysis of Brand goals,

reducing waste will be amplified.

Motivation, People, Fabric, this analysis provides a shared understanding and design
hierarchy on which to develop the design.

High yield/low efficiency:
High yield products with low efficiency provide more opportunities for waste elimination and resource use reduction. Achieving significant efficiency gains in easier
when there is more ‘room’.
Design longevity:
Choosing a product which is a ‘staple’ for the company can mean that investment
in its efficiency will have a more prolonged period to repay the investment before
needing further change.

Existing
With an existing product, it is crucial to consider which product from the existing line
will be developed. Look for the easy wins first.
Once the product is selected, analyse its features from a function, aesthetic and fit
perspective. What must remain, what must change, what is flexible, how flexible,
what are the limits, how much can the design team push it? If the fit is going to
change for an existing style, make the fit alterations first before developing the updated version.
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Fabric

Structure
Is the fabric a knit, woven or non woven. How might the structure impact on seam

As with conventional garment production, the appearance, cost and qualities of the

allowances, finishing, or behaviour for example?

fabric used has a profound impact on the outcome and feasibility of the garment.
With zero/low waste garments there are additional factors to consider that directly
impact on the design process. Importantly, when selecting garments to redevelop, it

Width

may be best to chose those that use expensive fabrics as they will yield higher finan-

One of the most critical pieces of information needed, especially when designing the

cial returns, even if the changes may require greater use of time to produce them.

garment as a whole marker, is the width of the fabric the design will use. Remember
to account for shrinkage and selvedge removal (if it is not being utilised).

Appearance
Consider any surface treatments to the fabric that may impact on the pattern layout.
These include features such as the nap of a pile impacting on grainline of pattern
pieces, or a directional print or weave structure. Consider if the fabric is reversible,
the same on both sides or if the difference between sides could be used as a design
feature – this may enable the flipping of pattern pieces in unconventional ways.
Shading is related to the features listed above relating to the surface but is usually
more subtle. Determine how important it is to avoid shading effects on the product.
What is the appearance (and behaviours) of the selvedge? In most cases, it needs to
be removed in industry, but consider the possibility of using it as a feature (like in the
case of selvedge denim).

Behaviour
Consider the behaviour of the fabric, the bias drape, and importantly the crosswise
grain and grainline. How do they shrink or stretch when washed, but also how similar are their behaviours. If the grainline and crosswise grain behave the same (as in
some plain weaves), or if a small variation is deemed acceptable, then placing pattern
pieces perpendicular to the usual manner may work and provide the designer with
more options.

Fig. 66
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Resource use goals

When evaluating the costs and benefits of design changes made, consider the percentage reduction in waste, not only the increase in efficiency. For example, while an

Resource use is usually the primary driver when exploring waste reduction or elimi-

increase from 82% to 87% efficiency may only seem like an improvement of 5%, it

nation approaches. Part of the discussion around motivation needs to consider this

results in an almost 28% reduction in waste for that style.

question: does the company want to reduce waste or yield? This impacts on the design approach taken and also points to the overall motivation for the company. Also

When setting minimum and blue sky goals consider that the higher the improvement

consider, what is the minimum goal for it to be worthwhile, how does the company

desired, the more difficult it will be, and that this difficulty increases exponentially

determine this. Is there a ‘blue sky’ goal?

the closer to 100% efficiency and theoretical minimum yield a design becomes.

If the yield is reduced while maintaining an existing style, then waste will automatically be reduced, whereas it is possible to reduce waste without reducing yield at all.
It is not usually desirable to reduce waste while increasing yield, but it is, of course,
possible to do if care is not taken. The desired goals point towards the overarching
motivations for the brand, linking with either with environmental storytelling (waste
reduction) or economic drivers (yield reduction). The best case scenario is both a reduction in yield with an additional reduction in waste, and approach that compounds
the positive environmental and economic impacts.
If the offering is a new product, goals should be based on similar styles from within
the companies existing brand or similar garment types externally if there is nothing
comparable internally.
These considerations directly interact with Minimum and Maximum Yield and have
clear links with the ‘branches’ relating to Fabric, Product, Motivation, People, Plant.
There may be ‘fixed’ constraints placed on these goals from Plant (such as the need
for a buffer) and Fabric used.

Percentage of waste reduced

Fig. 67
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Minimum/ Maximum Yield

This theoretical minimum yield imagines that the stuff that makes the garment is like
a fluid (something like whole garment knitting, or a cast fluid/plastic, 3D printed).

Between the minimum and maximum yield is the space for zero waste design met-

However, with cut and sew garments it is not possible. The limitations provided by

hods, processes and thinking to act to reduce waste and yield. The theoretical mini-

the fabric and construction methods, combined with limitations of fit, aesthetic goals

mum yield is the amount of fabric needed to make the garment if there was no waste.

and conventions, means this minimum is theoretical only. It is useful as a tool to give

This figure will be an estimation if the product is a new offering, or an absolute figure

an extreme ‘decisive constraint’ to aim for.

if it is a redesign of an existing garment.
It is important to note that if the manufacturing method changes, such as using fully
In addition to the environmental impact of producing waste, the financial cost of

fashioned or whole garment knit instead of cut and sew methods, then to assess for

waste (both in terms of loss of value and cost of disposal) should be factored into

improvements in resource use, the weight of the cloth for the original will need to be

discussions about motivation and goals. Currently, the cost of the waste is included in

calculated instead.

the retail price of a garment through the garment costing (yield includes waste, and
the cost is based on yield) – so the cost of waste is passed on to citizens without their
explicit knowledge.

Calculating the Theoretical Minimum Yield:
If the fabric width stays the same determining the minimum yield is a simple calculation. Subtract the waste percentage from the current yield. If the fabric width
changes with this new design, then make a theoretical marker with the new yield,
determine the waste percentage and then subtract the percentage of waste from the
theoretical marker. The theoretical minimum yield gives a theoretical ‘best case’, and
between that and the current best yield that the design achieves, provides a framework to work within.
If the design is a new offering, then use a similar garment style to provide a framework or decide to ignore this parameter when the design is being developed.
CALCULATION:

Yield

		

- % Waste

		

=

Theoretical Minimum Yield

STYLE X EXAMPLE:
		

Yield

x 120cm

		

Waste

- 18%

		

TMY of Style X

=

98,4cm length

Fig. 68

Redeveloped style needs to use between 120cm and 98,4cm of fabric per unit.
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Grading

Full size-range
Aiming for a full size-range will usually require that the project aims for waste reduc-

Grading is one of the most often questioned issues relating to zero waste design in

tion, not elimination. This is because zero waste in a full size-range requires extensive

the industry. If aiming for higher efficiency – and not zero waste – then standard gra-

development of a marker for each size separately to the rest. If fabric can be ordered

ding can be used (as was the case in Field Tesr 2). However, if zero waste is the goal

to specified widths this approach could be achieved more simply, but specifying

then more radical approaches are necessary. Rissanen and McQuillan (2016) discuss

width is usually problematic for the majority of brands.

the use of one size fits all, graded markers (where each size is a new marker and
variations between sizes are accepted as inevitable), and embedding the size range

Probably the method most compatible with existing industry is to aim for a reduc-

into the pattern from the outset.

tion in waste/yield, in a limited size range. The ease of implementation, of course,
reduces the positive impact.

Additionally, the interviews point to the use of limited or ‘bucket’ sizes which enables
the grouping of small with extra large, and medium with large for example. A similar
approach could be used that group different garment types that use the same fabric.
It is important to discover if mixed markers are possible, or if the markers all need to
be a single size and garment type. Deciding what size range and grading approach
are needed will directly impact on the design method used.

One Size
Using one-size-fits-all is the easiest method as only one design/pattern/marker needs
to be developed. Other sizing approaches can be utilised such as drawstrings and
wrapping to accommodate a range of bodies.

Limited sizes
Limiting the size range is the second most straightforward approach for grading, and
works for many companies that have a more casual fit. Care needs to be taken pairing
sizes together to accommodate the variable sizes of the garment pattern pieces. In
the case of the grouping of limited ‘bucket’ sizing, a mixed marker provides the best
flexibility. The interviews reveal the technique of pairing different sizes is used in
industry contexts.

Fig. 69
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Plant
Plant includes all the equipment – hardware and software – utilised in the development of the product. These factors are not commonly considered part of the design
process.

Question production methods
It is vital to question the methods used to produced garments. This research finds
that in many instances attempting to achieve zero waste or super high efficiency
for an existing design or within a very tight design brief in the context of existing
production methods, will be a futile exercise. Companies already seek to optimise
as much as possible within these constraints because it saves them money – so as a
result there is very little room to move. Moreover, the more significant the desired
efficiency increase, the more difficult it is to achieve it. However, it may be possible
to make more substantial gains in efficiency if the right technology and production
method (or combinations of these) is applied to the correct garment.
Understanding the technology and equipment used (cutter buffer, marker software,
sewing machines for example) can reduce waste without having to change the
design. This was the case in Field Test 2 where the cutting buffer could be reduced
which reduced waste without impacting on the design. Accesss to good quality marker software during the design development process ensures accurate markers can
be developed in the design process. In Field Test 2 the factory achieved same yield
and efficiency with automated marker making software as the technical designer
did – however the technical designer had to take significant time to adjust the marker
manually.
Sewing machinery and cutting can impact directly on the design process. Any cutting buffer, cutting techniques such as manually cutting or plunge cuts, or physical
aspects such as cutting table length or seam allowances also feed data into the design
process. The available equipment at the factory will impact on seam types – which
impacts on zero waste design method, garment aesthetic and finish.

Fig. 70
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People
The People category traverses both design and production, and addresses the degree
of engagement from those involved, and potentially indicates where training or detailed briefing is required.
The area of ‘People’ is identified in interviews and field tests as an area of potential
risk and opportunity. Ensure the right people with sufficient authority are involved,
and the work will go more smoothly – of course conversely, the opposite is also true.
The impact of any attempt at addressing a holistic system transformation will be
significantly reduced without either a holistic understanding of what is needed by the
entire team, or the direct involvement of someone with significant authority and the
right mindset.
Often a design has unspecified restrictions and goals. Finding the right technique in
balance with these goals can take time, so working in person can be more successful
because the unspecified goals can be immediately responded to as they come up.
This is likely the reason zero waste strategies tend to be applied in small companies.
Working with the factory who will be producing the garments – ideally at the factory
– and at the concept phase of the process is imperative. Complex and integrated
systems of decisions are likely to be impacted through this process, so being able to
see things and communicate in person is beneficial. Additionally, working in person
with the factory, explaining the project with full transparency and the motivations for
it can build a lot of trust and a sense of teamwork. This research finds that the factory
should be able to input and make suggestions, as this could help integrate the design
into the factories processes. Then if a change in the process becomes necessary, they
would be more willing to consider this if they were part of the development from the
beginning.

Fig. 71
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Zero Waste Design Process
The constraints and inputs taken from the nine areas
outlined in the previous pages – Plant, Grading, Yield,
Resource use goals, Fabric, Product, Brand goals,
Motivation and People – impact on the zero waste design
process in a variety of ways. These limitations in turn
then impact on three areas which interact with each other
and on the design process for zero waste and low waste
products.
All three interacting areas – Pattern limitations, Design
hierarchy and Sampling and fitting process – need to be
considered and in balance for the model to work. As was
the case in Field Test 2 the sampling and fitting process
derailed the delivery of a more efficient design outcome
because the holistic goals of the project were not communicated to the team responsible for the final fitting.

Fig. 72
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Pattern Limitations
An analysis of the company, plant, grading, yield, resource use goals, fabric and
people using the lens of the Zero Waste Design Thinking 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 the zero waste design method such as
which pattern block to use, what design features are wanted, the fabric choice, and

Fig. 73

importantly how to evaluate the design.

Sampling and fitting process
In addition to the significant impact that Design Hierarchy and Pattern Limitations

Zero Waste Design Method

have on the sampling and fitting process, the other fundamental impact is people and
the internal hierarchy relating to roles within the design process and their motiva-

The Zero Waste Design Method (Fig. 73) rings situated at the centre of the zero waste

tions.

design model illustrate the design methods utilised to facilitate the realisation of the
identified design goals into a product. It is the context for which the majority of zero

This results of this research find it is vitally important that all those involved in the

waste design research has taken place before the beginning of this research.

development of the product understand the motivations and the goals of the design.
Keeping track of this across the sequence of activities and people involved can make

In addition to the intersecting methods explored by Rissanen and McQuillan (2015),

this problematic, however. It may be useful to produce an ‘efficiency report’ that

this research explored the use of digital 3D design tools and Field Test 2, in parti-

travels with the specification to foreground the impact that minor design changes

cular, developed an approach for designing gradable, low waste patterns (see Field

may have on the ability of the design to meet those goals. More radically, the industry

Test 2 methods pg. 64-72). The model presents the methods as a circular continuum,

could implement ’Industry 4.0’ strategies (Stock & Seliger, 2016) in aid of sustainabi-

as the techniques do not work best when kept separate – the best combination of

lity goals – enabling a level of oversight of the entire value chain across the life cycle

approaches will depend entirely on the specifics of the design hierarchy, pattern con-

of products, making all relevant information available and responsive in real time.

straints and skills of the people involved in the development of the product.

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.
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THEORETICAL MODELS
OF ZERO WASTE DESIGN

Use of the model
The zero waste design models are presented in a sequence from the macro scale to
design process and methods. Taking this
perspective (Fig. 74) is essential as often
it is easy to forget the bigger picture. The
research proposes that for Zero Waste
Design Thinking to be effective holding
the big picture in mind is imperative.
Companies can use this model to generate
discussion points and as a tool for decision making. There will be parts which
are not relevant, depending on the broader context, the structure of the company
and the product selection and design
approach. Perhaps it is useful to begin in
an area that the team is most comfortable with, and work outwards and then
back inwards to ensure all the potential
issues and inputs are addressed. Another
approach is to start with Motivation to
ask why the company wants to do this
work? The model enables companies
and designers to establish a clear set of
design parameters which can be referred
to again and again throughout the design
and evaluation of the product.
The model can also be used to evaluate
the company as a whole in a theoretical
way. In this way it is a holistic lens for
seeing what exists in a different way,
enabling the company, and the industry
to identify areas for action and change.

Fig. 74
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This chapter concludes this stage of the PhD research which argues for a shift in
thinking about the use of zero waste design and sustainability in the industry. It summarises the primary outcome of this research – the establishment of a new lens to
view the industry through called Zero Waste Design Thinking. Lastly it articulates the
limitations of the research, proposes areas for further study, and discusses a trajectory for the continuation of the PhD research.
This research 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 pattern cutting and design practices. It 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 design the systems that this practice operates within. The research concludes
that zero waste cannot be considered a method to be ‘dropped-in’ to the existing
linear systems of the industry, and instead needs to be considered as part of a diverse
range of approaches seeking holistic transformation. The research outlines the clear
mismatch that exists between what is needed to be done to transform the industry,
and what the industry wants to do or sees as possible. This conflicting space leads to
paralysis in the status quo when holistic action is needed. Zero waste design thinking
is proposed as one of the tools the industry and education could use to enable a
shift in thinking. The research argues that all actors in the fashion system need to
to understand that it is a holistic system they are a part of, and that holistic actions
that prioritise a different set of constraints to those the industry and society currently
focus on are needed to change it.
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Thinking through the lens of Zero Waste Design
The outcome of the field tests shows that zero waste as a design method to reduce resource use in the context explored has minimal effect. However, as a way of thinking
about resource use through design, zero waste methods are well situated to support
the development of highly efficient circular systems. To design using zero waste methods requires a holistic understanding of the whole system and its interconnections –
it is not only a design, pattern cutting or marker making exercise. It has the potential
to be used as a tool in education and industry to expand the role of sustainable design
beyond a product, and therefore increase its impact across a range of industries and
products. Teaching students to think about the design process holistically through
a zero waste lens will provide them and the industries they go on to work within, a
diverse range of tools to identify where improvements and transformations can occur.
The inherent ‘extreme’ nature of zero waste design brings the problems into sharp
focus – forcing us to take notice and, hopefully, act. Focussed, sharp and holistic; this
is the kind of thinking we need for the emerging circular economy.
Zero Waste Design Thinking enables us to recontextualise the constraints we choose
to impose on the products we design. Designers need to be provided with the tools to
think about constraints differently, importantly we need to choose the right constraints, and place importance on a broader range of product attributes when developing and evaluating them. Most importantly we – designers, technicians, engineers
– need to be provided with a way to do this.
It is clear that a diverse approach is required. First, this research demonstrates (appended Paper III) that industry needs to reduce the amount of material required
(aiming for theoretical minimum yield) to make garments. Secondly, recapture and
recycling rates of waste and unwanted garments need to achieve as close to 100%

Fig. 75

as possible. Thirdly, the ‘hoarding’ of garments needs to be eliminated, and instead
have two distinct kinds of garments (Earley and Goldsworthy, 2015; Goldsworthy,
2017; Peters et al., 2018). Garments that are designed to last, that do not drive
consumption increases because they are used – and repaired, cherished, reused, lent,
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on-sold – these are the only garments (if any) we should consider making from virgin

models need to be developed which enable production to be located closer to where

materials. Fast ‘1:1 garments’ are needed; those which move through the fashion

the garments will be sold and used. Lastly, growth in material use ideally needs to be

cycle rapidly, providing their own raw material to be reborn, therefore meeting their

flattened to achieve a steady state economy. This research proposes that the theore-

own demand for recycled material. The globally distributed (and therefore energy in-

tical models for zero waste design outlined in this licentiate could help facilitate this

tensive) nature of the fashion industry needs to be reconsidered, and manufacturing

holistic shift in thinking about design.
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There is an incompatibility between what industry and citizens want (in our products
and systems) and what needs to be done (for both the environment and our our
survival). This conflict is at a personal level – we want to buy strawberries all year
round, but we need to buy the local in-season apples instead because the strawberries need to be shipped from the other side of the world. For the fashion industry,
there is a mammoth mismatch between these kinds of needs and wants. The industry
needs to reduce resource use, eliminate waste, improve recycling rates and decrease
consumption. However, the fashion industry wants to continue as they have been – in
fact, they want to sell more. The most critical reflection from the field tests was the
realisation of the degree to which the constraints of industry prevent meaningful
change and innovation. Within the field tests, a variety of strategies were attempted to address this; however, more extensive reflection has led to this research to
question the role of constraints, the value and role of waste within our future (as yet
theoretical) circular economy and its relationship with the complexity of the industry, and the hierarchies evident between fabric and garment. It is clear there is a vast
chasm between what is wanted and what is needed. Designing zero waste garments
requires a fundamentally different approach to what the vast majority of the industry
uses, and conventional zero waste design attempts to ‘drop-in’ to the existing ‘cut
and sew’ system. This research shows that playing at the edges of the existing linear
system will result in a struggle to achieve the degree of change necessary – a radical
rethink of the models that the design, production and use of textile products take
place within must occur.
In response to the crisis, it can be common to become paralysed by fear and doubt;
we worry that nothing can be done to enable the kind of change we need. In the face
of this fear, indecision and sense of helplessness, tools are needed – for designers,
educators, management, CEOs, CTOs, technicians – and new ways of seeing and understanding the industry. It is common to teach sustainability in education from the
perspective of materials, resource management, and occassionally systems. However,
this research demonstrates the need to consider how we design things and what that
can teach us, not only what they are made of or how they look and function. Things
are the physical manifestation of ideas, through materials and systems, and if we
do not understand the problems with the ideas, materials and systems, we cannot
effectively change them.

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 in Mind-Body-Cloth-Garment.
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Limitations of the research

’Industry 4.0’ approach augment our attempts in this regard? – and through simplification of other aspects. How might the industry be simplified so that change is

This Licentiate builds on the body of work in zero waste design that has been explo-

possible? Continuing the status quo is insufficient for the kind of change required.

red for the last 15-20 years and has attempted to apply methods in the context of

Importantly, further research is needed into economic models that limit growth. How

the fashion industry as it stands. When applying these strategies to existing industry

might the zero waste design models presented here assist in the development of a

models and processes, it is clear that zero waste struggles to gain traction as a design

steady state economy?

method – it becomes a round peg in a square hole. Within the constraints of the existing fashion industry zero waste feels like too hard of a task. However, by conceiving

It would be of value to explore the use of the models in education – can they be useful

of these constraints as ‘decisive constraints’ (Mose Biskjaer and Halskov, 2014), they

to help students in understanding the complexity of the system they operate within?

instead act as a catalyst which forces a shift in thinking about what sustainable design

What is the role of constraints in education? Resource shortages will likely be a rea-

can be and how it interfaces with industry and society. Because the actions of the

lity for many of our students as they transition into their working lives, how can we

designer are directly impacted on by its interconnected and complex context, the de-

adequately prepare them for designing in a (hopefully) circular but finite world.

signer is forced to consider and respond. This understanding has pivoted the ongoing
research for this PhD toward conceiving of zero waste design as an interconnected

Lastly, examples are needed that demonstrate how this new world might look

system of thinking because of the constraints and the increased understanding of the

through the lens of future making and transition design. In my PhD Thesis, I will

broader context that they present.

expand on this model, illustrating an alternative way of working that builds a way of
thinking about the design of textile-based forms and their production from the yarn

There are several limitations of the findings of this research which point towards

onwards through a lens of Zero Waste Systems Thinking.

further areas of investigation. Given the small sample size (two fashion case studies,
one furniture case study, and four interviews), the research has a relatively narrow
frame of reference. The lack of information about waste reduction through design
interventions in the industry is primarily due to the scarcity of attempts but it also
due to the opaqueness of industry. There was a case which the research sought to
include in the interviews, but could not get a response from anyone in the company.
So, to build a clearer picture of what can work, more case studies need to be undertaken in industry, and it would be valuable to test the application of these models in the
industry, workshopping them to seek gaps and appropriate workflows. It would also
be of value to see how these models might apply to other industries.
As always, more data is needed about the scale of the waste problem, although based
on the data we have, wider research asserts that it is a problem that needs addressing. Beyond waste, this research interfaces with all other aspects of the developing
circular economy, from new fibre developments, mechanical and chemical fibre
recycling, to life cycle analysis, use practices, and habits of disposal/return. A vital issue in the development of a circular economy which was highlighted in this research
is the industry’s super-complexity; in fact, complexity seems to be a hallmark of the
industry. Existing complexity needs to be dealt with by developing systems, software
and machine learning to support some aspects of this complexity – how might an
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