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ABSTRACT: Zero waste fashion design is a way and at the end of the pattern designing process occurs no cut-and-sew waste. Modular
fashion design is a process in that one garment can have the appearance of different designs which can be modified by the consumer.
The zero waste fashion design and modular fashion design are considered together as a multiple design methodology to supply
sustainable fashion production. Although both design techniques are completely unique, the common aim of sustainability design results
can be reached through the combination of the two. In this study, a collection was designed by integrating these two design
methodologies: zero waste and modular fashion. If consumers have an active role in the sustainable design process, the responsibility
for sustainable fashion design falls partially on them. The consumer is one of the three pillars of sustainable design philosophy, so they
have a major role in helping create a balance on the sustainable fashion production and a sustainable fashion market. Thanks to this
harmony, the design process should consider consumer-centered design options and consumer demands. In this study, an experimental
development practicing method via modular and zero waste fashion design methods were used to create a suggested collection. At the
end of this study, three garments were designed for that suggested collection, and each can be worn in three or four different looks.

Keywords: Zero waste fashion, modular design, sustainable fashion, modularity

SIFIR ATIK VE MODULER MODA TASARIMI:
BiR KOLEKSIYON ONERISi

OZ: Sifir atik moda tasarimi, bir yontem olarak kabul edilir ve pastal plani tasarim siirecinin sonunda hi¢ kumas atig1 olusturmaz.
Modiiler moda tasarimu ise bir giysiye birden farkli tasarimlarin gériiniimiinii kazandirma siirecidir ve bu tasarimlar tiiketici tarafindan
degistirilebilmektedir. Sifir atitk moda tasarimi ve modiiler moda tasarimu, siirdiiriilebilir moda iiretimini saglamak icin ¢oklu bir tasarim
metodolojisi olarak bir arada ele alinmaktadir. Her iki tasarim teknigi tamamen farkli olmalarina ragmen, ikisinin birlesmesiyle ortak
amaglar1 olan siirdiiriilebilir tasarim sonuglarina ulasilabilmektedir. Bu ¢alismada, sifir atik ve modiiler moda tasarim, bu iki farkl
tasarim metodolojisinin entegre edilmesi ile bir koleksiyon tasarlanmustir. Tiketici, siirdiiriilebilir tasarim siirecinde aktif rol aldig
siirece, sirdiiriilebilir moda tasariminin sorumlulugu tiiketici acisindan 6nem kazanmaktadir. Tiketici, stirdirilebilir tasarim
felsefesinin ii¢ ayagindan biridir ve bu nedenle siirdiiriilebilir moda iiretimi ve siirdiiriilebilir moda tiiketimi arasinda bir denge
olusturmak i¢in 6nemli bir role sahiptir. Bu uyum sayesinde, tasarim siireci, tiiketici merkezi tasarim segenekleri ile tiiketici taleplerini
dikkate alinmalidir. Bu ¢aligmada deneysel gelistirme uygulama yontemi araciligi ile modiiler ve sifir atik moda tasarimi yontemleri bir
koleksiyon onerisi olusturmak i¢in kullanilmigtir. Bu ¢aligmanin sonucunda, dnerilen koleksiyon igin ii¢ farkli giysi tasarlanmig ve bu
giysiler ii¢ veya dort farkli gorliniimde giyilebilmektedir.

Anahtar Kelimeler: Sifir atik moda, modiiler tasarim, stirdiiriilebilir moda, modiilerlik
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1. INTRODUCTION

The fashion industry is considered, along with the oil industry, as
one of the most responsible for global warming. This is related to
the environmental destruction caused by the overexploitation of
natural resources [1]. The fashion industry’s uncontrollable
production and consumption cycle have led to a waste problem,
making it one of the most harmful industries to both human beings
and the natural environment [2]. Sustainable fashion design
methods naturally affect the environment, people, and economy.
The three pillars of sustainability [3], while ensuring a more
balanced and responsible future for all. Sustainable fashion aims
to minimize ecological impact, foster social equity, and support
economic resilience.

The philosophy of sustainable design aims to design while
considering the reduction of negative effects on the natural
environment [4]. According to waste management strategies for
natural resources, sustainable development is achieved by
avoiding the production of waste altogether [5],[6]. So, creating a
sustainable design and finding a solution to waste before it
becomes a problem is possible by zero waste fashion design
method [7]. Approximately half of the cost of a garment is fabric
and 10-15% of this fabric turns into cut-and-sew waste [8],
[9],[10]. That range can be 68.5% to 87.6% depending on the
fabric pattern and width [11]. Given that this rate pertains to
conventional mass fashion production, the issue of cut-and-sew
waste becomes more significant. The zero-waste fashion design
method offers a solution by avoiding waste rather than filling the
planet with cut-and-sew waste [12]. Therefore, the objective of
designing a garment can be attained by utilizing the entire fabric
through the zero-waste fashion design method, not only
conserving raw materials but also benefiting the environment [13],

HEM

HOOD
1720 mm x 1520 mm
(67 % x 5974 inches)
LEFT
SLEEVE
LEFT BODY

7
c8 S %"e
%,
o
o\ 5»/0 CF
g S5
%
Jo
O\

RIGHT

RIGHT BODY HOOD UNING SLEEVE

TOP RIGHT FACING]

CUFF | CuFF
HEM BOTTOM RIGHT FACING

A: HOOD KEEPER
B: EYELET BACKING PIECES

[14]. Zero waste fashion design is a design process begun with
fabric width information and by progressing unpredictable shapes
and fitting all gaps by setting block patterns on the whole fabric.
This is a spontaneous process and should be improved on the
marker plan making process not on the process of drawing
sketches [15], [16]. By designing a zero-waste fashion garment
using the draping method, excess of fabric can be manipulated
[17]. Zero waste fashion design is actually an ancient clothing
design method [18]. This line indicated zero waste fashion design
historical background in the literature.

The fashion industry naturally generates waste during garment
manufacturing. Garment patterns consist of various shapes,
including curvy corners and straight lines. When garment patterns
are arranged on a marker plan, gaps can form, leading to the
generation of cut-and-sew waste [19]. In the literature, there are
various zero waste fashion design methods such as: Tessellation
by Holly McQuillan, Subtraction cutting by Julian Robert, and
Jigsaw puzzle by Timo Rissanen [4]. The tessellation method is
invented by McQuillan and created by a piece variance and
repeating of pattern in the marker plan. Geometrical fabric pieces
such as hexagonal were removed, replaced, and finally after the
tailoring process reached the garment look [20],[14]. The Jigsaw
method was improved by Rissanen and is defined as all pattern
pieces interlocking with each other [14]. This method’s pattern
pieces are so similar to block pattern pieces and potential gaps
evaluated as minor pattern pieces can be used in the design of a
garment. Rissanen’s hoodie jacket patterns are an example of the
jigsaw puzzle method for the zero-waste fashion design (Figure 1)
[21]. Subtraction cutting method is explored by Julian Robert, the
design and pattern making process works in synchrony [19].
Besides this, the subtraction cutting method is regarded as a
modular design method.

Figure 1. Tessellation and jigsaw puzzle method zero waste fashion design methods [21]
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The concept of modularity is defined as the ability to create a unit
whose structural elements connect among themselves and
demonstrate a relative connection with other units [22]. Initially,
the term 'modularity’ was used in the context of architectural
design. Nowadays, this term has started to be used in other fields
such as fashion. Modular cloth design has two different
applications in view of zero waste fashion design. In the initial
application, the consumer plays a central role in the design of the
garment, allowing them to modify the design based on the owner's
preferences. As a result of this process, the garment enjoys an
extended lifecycle [23]. The other method presents taking off
small and necessary parts of a garment, specifically parts that can
be laundered easily. Fletcher and Grose established a creative and
playful connection between the designed garment and its user, a
process that results in a satisfied user, fulfilling the necessary
personal perceptions and requirements. In view of using
requirements and modification adaptation, designing a modular
garment demands much more from the designer because the
designed cloth should be adapted to user expression and user-
friendliness rather than being the designer’s opinion [24]. Through
smart design, the active usage period of the garment is extended
[25]. A well-designed modular garment preserves consumer
preference which changes the fashion producers’ design strategy.
So, creating a bridge between consumers and fashion designers
can be a little step in this long sustainability journey. Considering
cradle-to-cradle by Braungart and McDonough, saving material is
a design criterion for more sustainable design [3]. Gwilt and Pal
have highlighted that supporting ecological improvement
opportunities through the enhancement of a garment's
designability during its life cycle, based on the original design
conditions, contributes to its extended longevity [26]. The focus
of the design ideas utilized in this study was to prevent textile
waste in garment design, achieved through zero waste design and
modular design. The modular design places the consumer in the
role of a designer, thus assigning consumers the responsibility to
engage more sustainably in their consumption of zero waste
fashion design clothing. The creation of a collaborative
relationship between users as consumers and designers aims to

design a garment while encouraging consumer responsibility, by
empowering them with a designer role.

In the modular fashion design system, the designer focuses on
enhancing the analyzed concept beyond the dimensions of a cloth
design. This process aims to address sustainability issues by
incorporating consumer behaviors, purchasing habits, social
coding, and incorporating these elements into the design [24].
Modular fashion design aims to lengthen the life cycle of a design
so that consumers explore fashion with creating more
responsibility consciousness. This application plan involves the
consumer as a co-designer in the process of using a modular
garment through personalized design. Thus, it is expected that
there will be strong satisfaction between the designed product and
the user. The fact that the modular clothing design can be changed
by the person provides variety in the consumer's closet [27]. In
modular garment design, the consumer is also at the center of the
design. The modular apparel approach enables consumers to
individualize their garments in line with their changing tastes and
wishes [28].

In modular fashion design, the consumer can take an active role in
the post-purchase design stage, influencing the appearance of the
clothing based on their experience. Deploy’s designs are a good
example of a woman's apparel brand. Their philosophy is to
“Create smart clothes for smart women and a smarter future” and
improve sustainable garment design. Founded by Dr.Bernice Pan
in 2006, the company aimed to achieve various looks with a
single-piece modular garment design (Figure 2). It transforms a
dress into a blouse and a trench coat into a jacket, offering a multi-
garment look from one perfectly designed garment [29].

1.1. Zero Waste Modular Garment Design Applications

There are several examples of modular garment design
applications in zero waste fashion design. Two approaches are
examined as illustrative examples. The first of these involves the
assembly of mold parts, formed by combining modular
components through stitching. Ariel Bishop’s modular zero waste
design serves as an example. (Figure 3) [20].

Figure 2. Various look examples of a modular garment [29]
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Figure 3. Ariel Bishop’s modular zero waste design [20]

The concept is realized using hexagonal pieces that can be shifted,
removed, completely reconfigured, or rearranged in the zero-
waste modular suit designed by Ariel Bishop (Figure 3) [20].
Another example of a zero waste modular design application is the
"Subtraction Cutting" technique, which places the user at the
center of the design, as created by Julian Robert.

This approach assigns an active role to the user in zero-waste
clothing design and involves them in the design process, resulting
in a garment that can be utilized in various ways. The objective of
this application is to promote sustainability through the zero-waste
clothing design approach. Additionally, with the modular clothing
design method, the consumer can achieve multiple appearances
while using the garment (Figure 4).

Figure 5 displays a red dress designed by the subtraction cutting
zero-waste design method, as created by Julian Robert [21]. The
dress is showcased in multiple distinct styles. The red dress is a
product of the sub-cut method, combining two different colors
with seven meters of fabric allocated to each. Engineered with a
large fabric aperture that the body threads through, this dress is
adaptable for use in a minimum of five diverse manners through
user modification [21]. This method, developed through the
incorporation of the covering technique, boasts the flexibility to
assume any shape, allowing any part of the garment to be removed
by the user or designer for reasons of aesthetics or harmony. This
adaptive nature can yield unexpected outcomes, thereby entailing
a certain level of risk due to the unpredictable final appearance
[7]. The garment ultimately presents modular versatility,
providing a range of appearances in equal measure.

Figure 4. The red dress was designed by subtraction cutting method [30]

Figure 5. Various ways of the red dress wearing
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Figure 6. Sub-cut zero waste designed garment examples [31]

Figure 6 illustrates various examples of zero-waste designed
garments. Each of these pieces can be worn in distinct styles based
on user experience and preference [21]. The subtraction cutting
method prioritizes modularity perception for the consumer rather
than the designer, where the designer's role is confined to creating
garments that facilitate modular constructions.

1.2. Zero Waste Fashion Design through Draping
Techniques

Essentially, draping is a French word that means to mold or sculpt
in order to create the structure of a garment. The draping technique
has been used to create a garment since ancient times as seen in
historical garments from artwork [32]. Before the invitation of
cloth pattern drawing, draping was the only way to create a
garment pattern. Although zero waste fashion design has been in
the academic literature for the last 20 years, it is actually a very
old method that has been preferred for centuries. Mostly known
examples of them are the himation, chiton as an ancient Greek
dress “peplon” and the Indian traditional cloth “Sari” designed by
draping technique (Figure 7) [33].

T CT<<<J <<<<<<<<<< ccc&l

Figure 7. Peplon and Sari illustrations [34],[35]
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Zero waste pattern designers predominantly opt for the draping
technique to manipulate fabric, allowing unshaped fabric pieces to
conform to the body. Zero waste fashion design methods, such as
tessellation, jigsaw puzzle, and subtraction cutting, involve
practicing the draping technique in conjunction with pattern
drawing methods [7]. In this study, the draping technique was
employed to craft a collection of modular garments designed for
zero waste.

2. METHOD

In this study, a literature search methodology was employed to
access information pertaining to the zero-waste fashion design
method (ZWFD), modular garment design method, and zero waste
fashion designed modular garment designs through studies. The
literature review is the analysis, synthesis, and summary of the
information about the research problem [36]. In line with this
information obtained, it is planned to use the experimental practice
method for the application phase of the research. The experimental
development method is a systematic study of the production of
new inventions with new materials, producing new systems, or
improving an existing product or system with the knowledge
obtained from research or practical experience [37]. This study
employed an experimental practice that aimed to explore new
methods of eliminating textile waste from the production of
clothing by way aimed at zero waste modular clothing design.
This study sought to create modular zero waste designed clothes
by using draping techniques.

3. FINDINGS

Three different multi-functional garments were created with the
aim of producing zero waste using the draping technique. The
garments were designed to be multi-functional. The first ZWFD
modular garment was designed to be manipulated by the user to
create three different looks. The second ZWFD modular garment
can be manipulated by the user to create four different looks. The
third ZWFD modular garment can also be manipulated by the user
to create three different looks. The garments were created using
draping techniques, such as pleats, gathers, tunnel gathers, clips,
and cloth accessories, to achieve different visual effects.

3.1. The First ZWFD Modular Garment

The first modular garment produced using zero waste fashion
design (ZWFD) requires 150 x 210 cm (width x length) fabric.
The width is designed with a fully-filled pleat that merges with the
cross of the fabric corner. The length and width of the fabric line
have a separable zipper, which allows for easy adaptation to
different looks. The first ZWFD modular garment can be worn in
three different ways, including two different dresses and one skirt.
Figure 8a demonstrates one of the options, a one-shoulder draped
dress made via a fully pleated design.
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Figure 8. The pattern of the first ZWFD modular garment
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As illustrated in Figure 8a, an asymmetrical black dress and its
technical drawing. The dress is draped using the entire width of the
fabric, with the length of the fabric forming the skirt hem and
neckline. The garment is constructed using the draping method, and
the selvages of the fabric are connected via a separable zipper.

Figure 8b presents an alternate rendition of Figure 8a, showcasing
a backless dress along with its accompanying technical drawing.
The dress features a distinct zip line that runs down the front
center. The complete length and width of the fabric are utilized for
both the skirt hemline and neckline. This modularity culminates
in a fully draped dress design.

As indicated in Figure 8c, this presents a distinct iteration of both
Figure 8a and Figure 8b. The fully draped section of the fabric is
secured as a side seam for the skirt. The separable zipper functions
as an extended side seam, reaching up to the waistline and
allowing for size adjustment according to the user. The skirt
exhibits a fully draped design, as evidenced by the skirt line.

i/
"«

C

\\.,

Figure 8a. One shoulder draped dress look and technical drawing

Figure 8b. Backless dress look and technical drawing
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Figure 8c. Draped skirt look and technical drawing

3.2. The Second ZWFD Modular Garment

The second modular garment in the ZWFD series is crafted from
a fabric measuring 70 x 150 cm (width x length). The fabric's
central line is adorned with a smock tunnel, which aligns with the
left shoulder. The left sleeve's hem is equipped with a detachable
zipper line, facilitating effortless transformation into various
styles. The versatility of the second ZWFD modular garment
allows the user to wear it in four distinct ways: two distinct
blouses, a skirt, and a shalwar (Turkish pants).

Figure 9a showcases a blouse meticulously designed to exhibit an
asymmetrical appearance, achieved through a single shoulder and
its corresponding skirt line. A smock tunnel is positioned atop the
single shoulder, enhancing user-adjustability. The blouse achieves
a snug fit using clips and a separable zipper that extends along the
sleeve hem.

Figure 9b shows a different version of Figure 9a. This blouse is
quite similar to the first version. This look shows a shorter sleeve
with the help of the smock tunnel. A belt accessory is added to the
look of the blouse as an alternative look for the user.

As seen in Figure 9c, this skirt is strikingly different from Figure
9a and 9b. This skirt model was achieved by modifying the fabric.
To accomplish this, the smock tunnel was moved to the side seam
of the skirt, and the separable zipper line was moved to the other
side seam of the skirt, extending the waistline. This skirt has an
asymmetrical look for the user, and the clips have a role that is out
of order.

Figure 9d presents another version of Figure 9c. Figure 9c was
modified and inspired by Turkish pants (shalwar), and the clips of

the fabric are connected to achieve that shalwar look. The
waistline was made higher with the assistance of a separable
zipper line. This asymmetrical look can be easily modified by the
user. The shalwar look is more comfortable compared to the skirt
model (Figure 9c).

3.3. The Third ZWFD Modular Garment

The third ZWFD modular garment is produced using 110 x 150
cm (width x length) fabric. The length of the fabric line has a
separable zipper that can be easily adapted to different looks, as
seen in Figure 10a. The width of the fabric has an armhole to allow
for different looks. The upper side of the fabric has an accessory
(clip) to be able to connect it as a dress look. The third ZWFD
modular garment can be worn in three different ways by the user,
as three different dresses.
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Figure 9. The pattern of the second ZWFD modular garment
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Figure 9c. Skirt look and technical drawing
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Figure 9d. Shalwar's look and technical drawing

As seen in Figure 10a, the third ZWFD modular dress practice is
a version of the one-shoulder dress look and its technical drawing.
This dress has an asymmetrical look via its one-shoulder and
overall appearance. The dress fits the body through one armhole
and a separable zipper, which is designed as a side seam of the
dress.

Figure 10b indicates another version of Figure 10a. This
asymmetric dress model is completely modified with a draping
technique, using the entire fabric. This backless dress has a
neckline with clips, and its center has a cross node (using the
armhole) to create the entire structure of the dress.

| 25cm 44 cm
T | dem Sem |O4 om H
20em 20em
Ly 12 e 12
110 cm| |60 cm 60 cm
L |1
! 150 cm

Figure 10. The pattern of the third ZWFD modular garment
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Figure 10b. Cross-dress look and technical drawing

Figure 10c. Zipper dress look and technical drawing
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Figure 10c shows a different version of Figure 10b. In this model,
the zipper is moved to the center of the dress, and the armhole of
the pattern is used to create a backline, which connects to the
neckline by clips. This dress has an asymmetrical look with a
unique design, and it can be easily modified by the user to create
different styles.

4. CONCLUSION

Today’s waste problems of the fashion industry have brought
attention to its role in ecological responsibility. In the view of
sustainable design, working to save material could be possible by
managing zero waste design methods. According to the zero waste
fashion design, fashion design and pattern making processes
should be improved simultaneously. Zero waste pattern pieces are
crafted with the goal of utilizing every inch of fabric, thereby
eliminating the issue of cut-and-sew waste by the conclusion of
the fashion production process. On the other hand, the modular
garment design gives the user the ability to choose various
appearances for one garment for the post-consumer process. Both
ideologies support sustainability in the fashion system by
providing three or four looks for one garment through modular
garment design, extending the life cycle of a garment which
avoids making it a waste problem. Sustainability can be achieved
by using one garment with multiple design methodologies, such
as the modular design and the zero waste design.

The literature review conducted for this study highlighted
subtraction cutting as a zero-waste design technique aimed at
achieving modular design variations. However, this methodology
is intricate, and its implementation within the fashion industry can
be challenging. Although, Ariel Bishop's modular zero waste
designed garment comprises numerous pattern pieces, which can
prove time-consuming for the fashion industry. Regarding the
literature on zero waste modular fashion design, this study aimed
to offer a simple option for the fashion industry which can be
applied more practically by centering on the consumer. In this
research, we aimed to explore new methods to eliminate textile
waste from the production of clothing by designing zero-waste
modular clothing. So, a collection consisting of three different
zero waste fashion and modular garment designs was designed.
Ultimately, ten different looks were provided, including five
dresses, two skirts, two blouses, and one shalwar. Zero waste
patterns were designed on the model mannequin using draping
techniques and accessories. This subject was approached carefully
with the aim of achieving modular changes through the zero waste
fashion design method. The consumer is regarded as the central
role in this aesthetic modularity design application.

Consequently, those different techniques are harmonized in this
study to eliminate the waste problem of the fashion industry with
sustainable design methodologies. At the end of the study, ten
different garment looks were achieved by using variances of three
different garments. These garments were conceived with a focus
on both utility and aesthetic allure. For future research, delving

into diverse modularity concepts within the realm of zero waste
fashion design would be beneficial. Furthermore, the
simultaneous integration of two or more distinct sustainable
design ideas could yield meaningful contributions to the fashion
industry.
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