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Abstract 
Digitization has changed the way individuals build relation-
ships, work, and consume. Such changes have affected the 
fashion industry in significant ways, revealing a whole series 
of new practices, not only regarding the design and manufac-
turing processes but also modifying how products are dis-
played, distributed, and consumed.

In the age of connectivity and technological innovation, a 
dematerialized economy is being shaped based on rethought 
consumption patterns and solutions to reduce energy de-
mand. New concepts come together aiming at the possibility 
of economic development supported by sustainable social 
and environmental practices. Regarding this, the fashion indus-
try has relatively recently embraced the dematerialization of 
fashion products, exploring different paths and opportunities 
that multiply the possibilities of relationships with the con-
sumer and on the other promotes more sustainable and valu-
able processes.

Since the outbreak of the covid-19 pandemic, luxury 
brands and large retailers invested in the incorporation of new 
technologies, especially regarding the digitization of clothing, 
where multi-million partnerships between fashion brands and 
the games industry in the development of skins for electron-
ic games proved to be a promising investment. In addition, for 
many companies, the adoption of 3D design and computer 
graphics software for the creation, modelling and prototyping 
processes represents an optimization in the workflow, increas-
ing productivity, efficiency and reducing the environmental 
impact. The boundaries between the physical and the digital 
seem to be progressively being blurred, offering new experi-
ences to users. In these circumstances, the Digital Twins tech-
nology, already adopted by other industries, is now starting to 
find its place in the fashion system, showing a potentially dis-
ruptive impact on traditional retail and communication chan-
nels that pass from omnichannel to phygital up to a new hybrid 
reality.

Considering the range of applications and usability opened 
by the digitalization of fashion, the emergence of new tech-
nologies (AI, VR, MX, Digital Twins) and the complexity of new 
challenges and impositions faced by the design field, the pres-
ent paper aims to define innovative trajectories within the 
fashion retail sector, impacting both business models (in order 

to make it more sustainable and valuable) and consumer ex-
periences. In addition, this paper intends to discuss how de-
sign could contribute to creating new sustainable experiences, 
supporting the transition between physical and digital spaces, 
as well as adapting operational practices to make the phygital 
process positive and viable.
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ence; Design for Sustainability.

Introduction
The entrance of new players - mostly from Information 
and Communications Technology areas - into the fashion 
competitive landscapes, the pandemic crisis that has fur-
ther required a quick digital transformation (Bertola, 2021), 
and the emergence of contemporary technologies, such as 
metaverse, 3D printing, the Internet of Things, VR, AR, AI and 
Digital Twins, made the fashion industry recognize the impor-
tance of integrating digital fashion into its operation portfo-
lio (Baek et al., 2022). Such digitalization process relates to 
the concept of dematerialization of fashion, which allows the 
unfolding of new trends into the contemporary design scene, 
aimed at the development of digital products using ad-
vanced technologies (Azambuja et al., 2021). Even if recent, 
the process of digitalization of fashion may expand the field 
of action of fashion design by bringing new ways of relating 
to fashion processes itself, beyond the challenge of bringing 
together the physical and digital worlds (Giuriatti & Pinheiro, 
2022). Furthermore, one of the opportunities created by the 
digitalization of fashion regards the dematerialization of the 
supply chain, capable of “improve resource efficiency and 
compressing, eliminating, and shortening various business 
activities, as well as reorganizing the operating model toward 
a more collaborative approach in different stages of the pro-
cess” (Casciani et al., p.790, 2022). 

Within this context, this paper presents a conceptual 
framework (regarding t7he impact of advanced technologies 
on fashion consumer experience and how Digital Twins are re-
shaping the fashion value chain), followed by an interpretative 
framework, composed by three different operation models 
(Digital Twin-empowered hyper-real visual campaigns; Digital 
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Twin-empowered tailored and sustainable buying and retail 
dynamics and Digital Twin-empowered phygital and immer-
sive retail experiences), intending to investigate the impacts of 
Digital Twins technology within the fashion value chain, focus-
ing on distribution and communication processes. 

Conceptual framework

The impact of advanced technologies  
on fashion consumer experience
Since the Covid-19 pandemic outbreak, the global fashion 
industry faces exceptionally challenging conditions, and due 
to the various restrictions imposed - mainly during 2020 
and 2021 - digitalization processes have been accelerated. 
However, to date, few brands or retailers have embraced 
technology with a truly competitive mindset to fuel positive 
and valuable innovations (Bertola, 2021). Now, fashion and 
technology work together to enable companies to expand 
into new markets, win deeper levels of customer loyalty, and 
establish data driven strategies and decision making (Bof & 
McKinsey, 2022). 

Emerging technologies such as blockchain and non-fungi-
ble tokens (NFTs) along with impactful technologies such as 
Digital Twins (DT), artificial intelligence (AI), machine learning 
(ML), and virtual reality (VR) (Joy et al., 2022), are placing the 
fashion industry under a historic transformation, entering the 
new global competition market by augmenting those phases 
in which design, creativity, sustainability, and technological 
transformation are the principal axes while simultaneously re-
inventing its business models (Iannilli & Linfante, 2022). 

Besides the high investments from fashion brands into the 
Metaverse  (Burberry - B Bounce Game, 2019; Gucci - Tennis 
Clash game, 2020;  Balenciaga -Fortnite game, 2021; Ralph 
Lauren - Zapeto, 2021; Zara - Lime Glam Meta collection, 2022; 
Adidas - Digital Ozworld Experience, 2022), the use of other 
technologies are also arising, such as IoT (Burberry, 2012; LDN 
Adidas, 2019); Mixed Reality (Hipanda, 2019; Lego & Snapchat, 
2019; Gucci, 2022); AI (Chanel+Farfetch, 2019; Burberry, 2018) 
and Digital Twins (Yooxmirror, 2018; Bacon’s version, 2021). 
Apart from increasing process efficiency and quality in the 
production process, reduce costs and improve logistics, these 
technologies can strategically create a unique relationship with 
consumers, especially those belonging to generation Z. In fact, 
such technological commitment coming from fashion com-
panies is somehow directly linked to the demands of this new 
generation of consumers, which will define the future of con-
sumption with $4.4 trillion in estimated discretionary spending 
power (Snap Inc., 2022). In addition to being considered digital 
natives, along with Millennials, Gen-z generation base their re-
lationships with companies by evaluation how they treat the 
environment, protect personal data, and position themselves 
on social and political issues (Deloitte, 2022). 

How Digital Twins are reshaping  
the fashion value chain
Digital Twins are expected to become a business impera-
tive, covering the entire life cycle of an asset or process, and 
forming the foundation for connected products and servic-
es (Hartmann & Auweraer, 2020). Coined in 2010 by John 
Vickers of NASA (Hazrathosseini & Afrapoli, 2023) the term 
“Digital Twin” stands for an encapsulated software object or 
model that mirrors a unique physical object, process, organi-

zation, person, or other abstraction (Gartner Glossary, 2023), 
and according to Kamble et al (2022. p.1) “it is a method of 
developing sustainable, intelligent manufacturing systems 
for attaining robust quality, reducing time, and customized 
products using real-time information throughout the product 
life cycle.”.

Listed as one of the top 10 strategic technology trends in 
2018 and expected to cross the chasm in 2026 to reach $183 
billion in revenue by 2031 (Gartner, 2018/2022), Digital Twins 
are being explored in multiple fields (Guo & Lv, 2021), where 
the most successful ones, according to IBM, are those of en-
gineering (systems), automobile manufacturing, aircraft pro-
duction, railcar design and building construction manufactur-
ing. The fashion field, however, found itself forced to accelerate 
its digital processes due to the pandemic (BoF & Mckinsey, 
2020/2021), and now recognizes Digital Twin technology as a 
possible valuable and sustainable addition into the field.

A first and rather extensive literature review (Nobile et al., 
2021; Noris et al., 2021) has shown a growing interest of the 
scientific community in the topic, which the proliferation of 
experiences and explorations of leading fashion brands and 
emerging digital companies has accompanied. In particular, 
the authors investigated the field of Digital Fashion (within 
which Digital Twins represent a particular typology with pecu-
liar features and potentialities) according to three categories: 
Communication & Marketing - also related to the transforma-
tion of the Customer Experience in the retail environment; De-
sign & Production; and Culture & Society. Not surprisingly, the 
area of Communication & Marketing includes the most stud-
ies and applications.

Fashion brands have been experimenting the application of 
Digital Twins from buying campaigns (SUNNEI) and visual cam-
paigns (Puma Flash Retail Film; Chase the light – Timberland; 
Kendall for the TB Summer Monogram campaign by Burberry) 
to animated fashion shows (Bacon’s Version by Bacon; GCDS 
Out of this world SS 2021) and retail distribution (I.T Hong Kong 
x The Fabricant). Within the gaming industry, widely explored 
by fashion companies over the last few years, the specific use 
of Digital Twins is still diffident (Ralph Lauren redesign of polo 
logo for first time in new digital collection with Fortnite; Moncler 
limited-run of physical apparel inspired by the fashion house’s 
far-reaching archives with Fortnite; Balenciaga and Fortnite on 
a series of in-game outfits and a limited-run physical apparel 
collection). From the creative and production processes to the 
retail and communication operations, Digital Twins, according 
to Riedelsheimer et al (2020, p.664) “could be used as an infor-
mation basis on environmental, social and economic aspects 
along the whole lifecycle and provide assistance by optimizing 
the product’s environmental and social impact.” 

Interpretative framework

Reframed fashion retail & communication operat-
ing models through Digital Twins implementation
Within a context of progressive and pervasive dematerializa-
tion of fashion, large and small fashion companies have rec-
ognized the great potential of digitization both to make their 
omnichannel distribution system smoother and more effi-
cient (Jocevski, 2020; Palmié et al., 2022) and to improve and 
enhance the consumer experience (Alexander & Kent, 2020; 
Bonetti et al., 2019). According to this critical scenario, this 
paper proposes an interpretative framework to understand 

373

dematerializing fashion. improving design-led sustainable and hybrid retail experiences via digital twins



374

and analyze the impacts of the adoption of Digital Twins 
within the fashion value chain, with a specific focus on those 
distribution and communication processes that typically 
result downstream of the design and product development 
phases. Starting from the analysis of exemplary case studies, 
this research proposes three different operating models that, 
in one hand, shows the most recent strategies and operation-
al paradigms in the fashion field and on the other hand, iden-
tify potential and significant trajectories of development and 
innovation in the sector.

The three different operating models reflects the many 
transformations of the “traditional” supply chain (Figure 1) 
with impacts acting at the level of: business models, user ex-
perience, and sustainable processes.

The first operating model refers to the adoption of Digital 
Twins in a complementary approach to the traditional design 
and prototyping process of the physical garment, with signif-
icant impacts on the collections’ display and communication 
formats and, consequently, on the experiential models pro-
posed to the consumer. The second operating model regards 
the adoption of Digital Twins by transforming the traditional 
supply chain from the early stages of fashion product design, 
opening the possibility of experimenting and redefining key 
and particularly “unsustainable” processes such as sales cam-
paigns and online distribution channels’ management. Finally, 
the third operating model proposes a still partially unexplored 
and highly alternative model to the traditional supply chain 
translating into a properly phygital solution the relationship 
with the consumer and integrating in a valuable way the digital 
and physical dimensions of the purchasing experience.

 
Digital Twin-empowered hyper-real  
visual campaigns
The rise of digital transformation, and its acceleration due 
to the COVID-19 pandemic, has significantly impacted the 
fashion industry. One of the most visible and impressive con-
sequences was how visual content and fashion shows are 
produced. Many fashion events and fashion weeks have been 
postponed or cancelled due to the pandemic, and those that 
have taken place have often been held virtually or with strict 
safety measures. One of the significant impacts of the pan-
demic on fashion shows has been the shift towards virtual 
events (de Carvalho Godim & Cunha, 2023; Linfante & Pom-
pa, 2021). Many fashion brands and designers have turned 
to digital platforms to showcase their collections through 
live streams, pre-recorded videos, or interactive digital ex-
periences. These strategies have allowed them to continue 
to present their works while reaching a global audience, thus 
experimenting with new visual formats and narrative codes 
and simultaneously introducing changes and new operational 
settings to the traditional fashion design process (Figure 2). In 
fact, creative and technical back-end design processes - trend 
and color choice; fabric and raw material research and choice; 

sketching; colors approval and technical files development - 
were directly impacted, as shown in the following cases. 

A couple of examples can particularly illustrate the poten-
tial and impact of the dematerialization of fashion in commu-
nication, from fashion shows to visual and marketing cam-
paigns. “Out of This World SS2021” was the first virtual and 
appropriately “multi-format” fashion show proposed by the 
young brand GCDS, realized in collaboration with the interna-
tional AR, VR and MR production studio Emblematic Group. It 
represents one of the first cases that used digital avatars not 
only for the presentation of the collection, but also for the re-
alization of an immersive and narratively complete experience 
offered to an active and involved community. The virtualization 
of the garments took place starting from the sketches of the 
creative director Giuliano Calza, thus disrupting the conven-
tional process of prototyping and product development (GCDS 
Had the Most Surreal Front Row, 2020). In this way, the creation 
of the digital fashion show and the entire collection production 
process followed parallel, non-sequential processes, allowing 
the former to be released well in advance of the latter and ex-
panding the opportunities for interaction between the brand 
and its community (Moore, 2020). The fashion show was part 
of a more comprehensive communication and exhibition 
format that, based on an interactive digital platform, enabled 
augmented reality community socialization through playable 
video games, interaction with avatar-like front-row guests, and 
behind-the-scenes content. 

Another example of a digital pipeline being used to pro-
duce a fashion show, and more generally, to promote a new 
and more sustainable model of visual content production 
and marketing, is ‘Bacon’s Version Show’, presented at Mi-
lan Fashion Week 2021 by Bacon Clothing and developed in 
collaboration with TwinOne (Essere sostenibili nella moda 
usando la realtà virtuale, 2022). TwinOne recreated the 3D 
digital collection, starting with sketches and paper patterns 
and then, using the 3D game tool Unreal Engine technolo-
gy, developing a potentially unlimited number of fabric-col-
our-pattern variations. This new digital pipeline impacted 
both the traditionally long prototyping phase and the equally 
costly production phase of visual communication content 
(Goodine, 2021) by promoting a new sustainable framework 
that reduces waste, accelerates timelines, and eliminates re-
dundant investments.

Digital Twin-empowered tailored  
and sustainable buying and retail dynamics
As discussed previously, Digital Twins have been introduced 
and implemented within distribution processes for various 
purposes, ranging from supply-chain optimization to improv-
ing the user experience, to promoting new and more sustain-
able operating procedures. From the point of view of sustain-
able supply-chain optimization, for example, they can help 
retailers to manage inventory more efficiently, reduce waste, 
and improve responsiveness to changing demand (dos San-
tos et al., 2021). Similarly, from the point of view of improving 
the user experience, Digital Twins allow customers to make 
more informed purchasing decisions by creating virtual try-
on experiences (Riedelsheimer et al., 2020), with a positive 
impact, particularly for online retailers or by offering gar-
ments’ ID cards thus improving transparency and traceabil-
ity. In the following described cases, the back-end processes 
affected concerns mainly campaigns and online distribution 
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Figure 1. Illustrative diagram of the traditional Fashion Supply-Chain  
(simplified elaboration from the Miroglio Group Supply-Chain diagram  

presented at the company visit, July 2022).



channels’ management, such as market analysis, merchan-
dising strategy and assortment planning.

In this context, SUNNEI Canvas - a project developed from 
2020 onwards by the streetwear brand SUNNEI with the sup-
port of the 3D production agency Pezzo di Studio - represents 
an interesting example of connecting and hybridizing the dig-
ital dimension of fashion with its physical connection to the 
retail channel, implementing new services and forms of inter-
action between the brand and its audience, from buyers to end 
customers (Iannilli & Linfante, 2022) (Figure 3). 

SUNNEI Canvas is an ongoing project launched with the 
SS21 collection of the brand’s signature pieces delivered in all 
white and designed to be customized and developed with se-
lected stores worldwide: the clothing and accessories could be 
modified to meet the specific preferences and needs of each 
store. To facilitate this customization process, SUNNEI creat-
ed an online platform – only accessible with a password – that 
utilizes 3D engineering and customization technology to allow 
buyers to modify shapes, fits, and fabrics digitally. In order to 
enhance the virtual experience, SUNNEI developed male and 
female avatars with human-like features and a 100% SUNNEI 
aesthetic. These avatars can be used to showcase the cloth-
ing and accessories in the SUNNEI Canvas collection and al-
low buyers to see how they would look on a virtual model. The 
customization process, therefore, will result in different collec-
tions resulting in “Made for...” tags for different retailers (Leitch, 
2020). The SUNNEI Canvas collection was launched as part of 
Milan Digital Fashion Week, with the buyers’ platform also go-
ing online on that day. A second part of the collection was re-
leased in September, focusing on end customers’ experience. 
The second part of the project focuses on community involve-
ment by proposing an “endless video game” without objectives 
or levels to overcome. The avatars in the game are dressed in 
outfits and look chosen by game players, who are part of the 
SUNNEI community. The whole project is a reflection on the 
potential of the venture between fashion and the game indus-
try to generate and test new ways of consumer engagement 
and involvement (Salibian, 2021).

Digital Twin-empowered phygital  
and immersive retail experiences
The third operating model refers to a complete integration of a 
digital pipeline assuming, different from the previous cases, a 
complete consumer and retail-oriented perspective. In the ex-
emplary case considered, the adoption of Digital Twin has the 
main objective of experimenting and taking opportunities with 
new emotional and highly interactive models in the final client 
relationship. The opportunity for collaboration between the 
retailer I.T Honk Kong and The Fabricant, a pioneering agency in 
the fashion dematerialization field, arises on the retailer’s 30th 
anniversary. For the occasion, a travelling pop-up exhibition is 
planned to showcase a unique collection of global exclusives 
created in collaboration with leading fashion designers (The 
Fabricant, 2022). The adoption of Digital Twins, together with 
other technologies that “activate” and “augment” the physical 
space of the exhibition/retail space, represents one of the first 
and most interesting experiments of phygital reality (Iannilli & 
Spagnoli, 2021). This approach connects the tangibility of the 
physical experience with the interactivity and smoothness so 
typical of the digital dimension (Figure 4).

The travelling pop-up exhibition was held at various loca-
tions, including Hong Kong, Shanghai, and Beijing, in the winter 

of 2018 and in Europe at the beginning of 2019. Designed to 
showcase a unique mix of physical and digital garments fea-
turing interactive displays, the exhibition was intended to pro-
vide a unique and immersive shopping experience that show-
cased the capabilities of digital fashion and the potential for 
omnichannel retail. The exhibition included a digital collection 
of garments from brands such as Marques Almeida, Helmut 
Lang, and Alexander McQueen, only available for pre-purchase 
viewing in digital form at the pop-up locations. Customers 
could purchase these garments by scanning QR codes using 
a specially developed app. The retailer’s goal was to attract 
various consumers with this unusual presentation and shift 
the perception of what a fashion retailer could deliver (Mor-
ris, 2019). Moreover, the interactive digital displays included 
a surreal maze of humanoid figures rendered in real-time 3D 
and buyable garments. The humanoids were programmed to 
respond to shoppers’ movements, which were tracked using 
object detection cameras mounted above the screens. The 
3D models were rendered using the three.js library and were 
synchronized with videos of the digital garments, which were 
displayed across 16 LED displays (‘I.T Hong Kong’, 2019). 

This third operating model focuses on the experimenta-
tion of new codes and forms of emotional, immersive, and 
interactive connection traditionally about the exhibition 
sphere, which is reframed and performed in a hybrid space 
between the pop-up store and the travelling exhibition. This 
implicates the back-end processes from the design phase to 
distribution, logistics and retailing, until delivering the expe-
rience to the consumer. In addition, the perspective shift re-
flected the potential of the dematerialization of fashion from 
a communication and retail point of view and made it pos-
sible to renew and revolutionize the traditional supply chain 
and, therefore, the connected business model, starting from 
the innovation of the consumer experience, with promising 
and positive future implications. 
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Figure 4. Digital Twin-Empowered fashion supply-chain with impacts  
on phygital products and services offerings.

Figure 3. Digital Twin-Empowered fashion supply-chain with impacts  
on B2B and B2C buying and selling phases.

Figure 2. Digital Twin-Empowered fashion supply-chain with impacts  
on visual and marketing campaigns’ phases.
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Improve Design-led Sustainable Innovation  
in Fashion Retail
Increasing sustainable actions in creation, production and 
consumption processes has become an urgent issue and 
challenge involving the fashion industry along with the whole 
stakeholder ecosystem. Awareness about sustainable fashion 
is growing, even though most operating models and applied 
experiences are exclusively focused on the fashion prod-
uct development phase (Kozlowski et al., 2018), going from 
waste reduction design strategies to raw material control to 
product lifecycle management. More recently, new agendas 
are emerging, acting on different levels and  contributing to 
bridging a gap both in terms of operational practices and stra-
tegic conceptualization in the field of sustainable fashion: on 
one hand, the growing interest in the retail sector (Ruiz-Real 
et al., 2019) that, together with the communication domain, 
represents the interface between fashion product and con-
sumer and which, by adopting sustainable approaches, has 
the potential to affect both the consumer experience and 
business models (Dodds et al., 2022); and on the other hand, 
the need to integrate the concept of sustainability into the 
fashion design processes (Kozlowski et al., 2018) with a sys-
temic approach to generating long-term and viable sustaina-
ble innovation in the fashion system.

Concerning specifically the fashion retail design field, tech-
nological and digital acceleration very quickly increased the 
implementation of advanced technologies (among others 
AI, VR/AR, MX and, not least, Digital Twins) in all back end and 
front-end distributive processes (Bulović & Čović, 2020; Cas-
ciani et al., 2022). In addition, as big data is increasingly being 
used in trend forecasting research/consumer behavior analy-
sis and data centers and data transmission networks are re-
sponsible for nearly 1% of energy related GHG emissions (Iea, 
2022), the use of data also integrates debate regarding sus-
tainability. These technological applications have often been 
used to improve specific retail chain knots. However, a sys-
temic reflection on the potential of technology to sustainably 
rethinks the fashion value chain, shaping a virtuous integration 
of retail design, marketing, management, and ICT disciplines is 
still in its infancy (Dodds et al., 2022; Iannilli & Spagnoli, 2021). 

Similarly, a reflection on the peculiarities, practices, and 
tools of “Design for Sustainability” has been pursued. Taxo-
nomic definitions (Arnette et al., 2014) and analytical frame-
works (Rocha et al., 2019) are flanked by evolutionary readings 
of the Design for Sustainability domain. Design for Sustaina-
bility has seen a progressive broadening from a predominant-
ly technical and product-centric level of innovation to a broad 
socio-technical and systemic innovation scale (Ceschin & Ga-
ziulusoy, 2016). In a context in which “the current understand-
ing suggests that sustainability is a system property and not a 
property of individual elements of systems (...) achieving sus-
tainability requires a process-based, multi-scale and systemic 
approach to planning for sustainability guided by a target/vi-
sion instead of traditional goal-based optimization approach-
es” (Ceschin & Gaziulusoy, 2016, p.119). 

Starting therefore from the previously investigated operat-
ing models - which highlighted both the potential of the Digital 
Twins in the distribution, promotion and valorization processes 
of the fashion product and the consequent transformation of 
the value chain - a first and tentative critical interpretation of 
design-led innovation for fashion retail is proposed (Figure 5). 

 
Design-led innovation oriented to promote sustainable solu-
tions through the exploitation of advanced technologies op-
erates on several interdependent levels: on business models’ 
innovation, the supply chain and, finally, the customer expe-
rience innovation. The valuable impacts that adopting Digital 
Twins can bring in these three domains range from the im-
provement of customer service (e.g. Real Time B2B and B2C 
customization as in the case of SUNNEI Canvas) to perfor-
mance efficiency (e.g. time reduction in marketing and visual 
contents’ production as in the case of Bacon’s Version), to the 
creation of new hybrid and phygital consumption formats 
(e.g. offering new products and/or services as in the case of 
the I.T Honk Kong exhibition/pop-up). Within this framework, 
it is also important to highlight how design-led innovation 
for sustainability can act at different levels: strategic, tacti-
cal, and operational. These levels, systematized by Rocha, 
Antunes and Partidário (Rocha et al., 2019) and used as an 
analytical framework to explore different Design for Sustain-
ability models, here similarly return the different dimensions 
that a systemic approach to sustainability for fashion retail 
should take charge of. In particular, the strategic level refers to 
the highest layer of corporate policies and macro-strategies; 
this level acts mainly at the business model scale and sys-
temic supply-chain transformations. The tactical level refers 
to the operating processes and the system of relationships 
that regulate specific business units; for this reason, the tac-
tical level has impacts that predominantly involve the supply 
chain and the customer experience when its transformation 
entails changes in processes, services, and distribution chan-
nels. Finally, the operational level acts within the micro-level 
of project management approaching primarily incremental 
sustainable innovation and focusing on streamlining tradi-
tional processes or flanking them.

Concurrently, addressing these different levels becomes 
mandatory to drive and implement sustainable innovations in 
the areas of fashion retail and communication. Within this con-
text, design is required to encompass the system’s complexity 
once again and embrace technological innovation (together 
with other contemporary drivers) by embedding it within posi-
tive and long-term signifying frameworks.

Figure 5. Design-led Sustainable Innovation in Fashion Retail enhanced by adopting 
advanced technologies (with a focus on Digital Twins implementation).
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Conclusion
In the light of the dematerialized economy that is being 
shaped in the attempt to fulfill new sustainable demands 
through advanced technologies (AI, VR, MX, Digital Twins), 
fashion embraced digitization as a facilitator in the process of 
rethinking smart solutions for its value chain. In this context 
and aiming to study the impact of Digital Twins technology 
within the fashion system and how it can be used throughout 
the supply chain as a mean of feasible practices, this paper 
analyzed three different operational models. The first mod-
el “Digital Twin-empowered hyper-real visual campaigns”, 
mostly regarding visual and marketing campaigns; the sec-

ond model “Digital Twin-empowered tailored and sustainable 
buying and retail dynamics”, inclined to the traditional supply 
chain transformation from the early stages of product de-
sign; and the third model “Digital Twin-empowered phygital 
and immersive retail experiences”, drawing up phygital solu-
tions. The research then, based on the analyses of the three 
operational models, presents a critical interpretation of de-
sign-led innovation for fashion retail, showing that the appli-
cation of advanced technologies (in particular Digital Twins) 
can, from a sustainable point of view, improve customer ser-
vice, increase efficiency and create new phygital consump-
tion formats. 

References  
Alexander, B., & Kent, A. (2020). Change in technology-enabled omnichannel customer 

experiences in-store. Journal of Retailing and Consumer Services, 102338.  
https://doi.org/10.1016/j.jretconser.2020.102338

Arnette, A. N., Brewer, B. L., & Choal, T. (2014). Design for sustainability (DFS): The 
intersection of supply chain and environment. Journal of Cleaner Production, 83, 
374–390. https://doi.org/10.1016/j.jclepro.2014.07.021

Azambuja, M., Henriques, F., dos Santos Miguel, L., Bortolucci Baghim, C.(2021).  
A desmaterialização da informação de moda: um estudo de caso de “The  
Fabricant”, 10º Congresso Internacional de Design da Informação e 10º Congresso 
Nacional de Iniciação Científica em Design, Blucher Design Proceedings,  
Volume 9, 2021, Pages 1172-1185, ISSN 2318-6968, http://dx.doi.org/10.1016/ 
cidicongic2021-090-355387-CIDI-Tecnologia_ac



378

dematerializing fashion. improving design-led sustainable and hybrid retail experiences via digital twins

Baek, E., Haines, S., Fares, O., Huang, Z., Hong,Y., Hwan Mark Lee, S. (2022). Defining  
digital fashion: Reshaping the field via a systematic review, Computers in  
Human Behavior, Volume 137, 107407, ISSN 0747-5632, https://doi.org/10.1016/ 
j.chb.2022.107407.

Bertola, P. 2021. “Fashion within the Big Data Society: How Can Data Enable Fashion 
Transition towards a More Meaningful and Sustainable Paradigm?” CHItaly 2021: 
14th Biannual Conference of the Italian SIGCHI Chapter, July 11–13, Bolzano, Italy. 
doi:10.1145/3464385.3468146.

Bertola, P., and J. Teunissen. 2018. “Fashion 4.0: Innovating Fashion Industry through 
Digital Transformation.” Research Journal of Textile and Apparel 22 (4): 352–369. 
doi:10.1108RJTA-03-2018-0023.

BOF., Mckinsey., (2020). The state of Fashion 2021.
BOF., Mckinsey., (2021). The state of Fashion 2022.
BOF., Mckinsey., (2022). The state of Fashion 2023.
BOF., Mckinsey., (2022). The state of Fashion: Technology.
Bonetti, F., Pantano, E., Warnaby, G., Quinn, L., & Perry, P. (2019). Augmented Reality in 

Real Stores: Empirical Evidence from Consumers’ Interaction with AR in a Retail 
Format. In M. C. tom Dieck & T. Jung (Eds.), Augmented Reality and Virtual Reality: 
The Power of AR and VR for Business (pp. 3–16). Springer International Publishing. 
https://doi.org/10.1007/978-3-030-06246-0_1

Bulović, V., & Čović, Z. (2020). The Impact of Digital Transformation on Sustainabil-
ity in Fashion Retail. 2020 IEEE 18th International Symposium on Intelligent 
Systems and Informatics (SISY), 000149–000154. https://doi.org/10.1109/
SISY50555.2020.9217087

Casciani, D., Chkanikova, O., & Pal, R. (2022). Exploring the nature of digital transforma-
tion in the fashion industry: Opportunities for supply chains, business models, and 
sustainability-oriented innovations. Sustainability: Science, Practice and Policy, 
18(1), 773–795. https://doi.org/10.1080/15487733.2022.2125640

Ceschin, F., & Gaziulusoy, I. (2016). Evolution of design for sustainability: From product 
design to design for system innovations and transitions. Design Studies, 47, 
118–163. https://doi.org/10.1016/j.destud.2016.09.002

de Carvalho Godim, C., & Cunha, J. (2023). A Look into Fashion Shows During and After 
the Covid-19 Pandemic: Are Digital Fashion Shows Here to Stay? In N. Martins & D. 
Brandão (Eds.), Advances in Design and Digital Communication III (pp. 406–414). 
Springer Nature Switzerland. https://doi.org/10.1007/978-3-031-20364-0_35

Deloitte. (2022). The Deloitte Global 2022 Gen Z and Millennial Survey. https://www.
deloitte.com/global/en/issues/work/genzmillennialsurvey.html

Dodds, S., Palakshappa, N., & Stangl, L. M. (2022). Sustainability in retail services:  
A transformative service research (TSR) perspective. Journal of Service Theory 
and Practice, 32(4), 521–544. https://doi.org/10.1108/JSTP-12-2021-0255

dos Santos, C. H., Gabriel, G. T., do Amaral, J. V. S., Montevechi, J. A. B., & de Queiroz,  
J. A. (2021). Decision-making in a fast fashion company in the Industry 4.0 era:  
A Digital Twin proposal to support operational planning. The International 
Journal of Advanced Manufacturing Technology, 116(5), 1653–1666. https://doi.
org/10.1007/s00170-021-07543-z

Essere sostenibili nella moda usando la realtà virtuale: L’esperienza di Bacon Clothing. 
(2022, October 6). CSR Stars. https://csrstars.it/andrea-pilato-barrara-bacon- 
clothing/

Gartner Glossary. (2023). Digital Twin. https://www.gartner.com/en/information- 
technology/glossary/digital-twin

Gartner. (2018). Gartner Top 10 Strategic Technology Trends for 2018. https:// 
www.gartner.com/smarterwithgartner/gartner-top-10-strategic-technology-
trends-for-2018

Gartner. (2022). Emerging Technologies: Revenue Opportunity Projection of Digital 
Twins https://www.gartner.com/en/documents/4011590

GCDS Had the Most Surreal Front Row. (2020, September 24). PAPER. https:// 
www.papermag.com/gcds-dua-lipa-anwar-hadid-virtual-2647794410.html

Giuriatti, L., José Pinheiro, Olympio. Rethinking about the consumption through of 
digital fashion design. DATJournal v.7 n.4. 

Goodine, R. (2021, April 6). Creating a Virtual Fashion Show: Interview with TwinOne’s 
Giovanni Visai. ArtStation Magazine. https://magazine.artstation.com/2021/04/
interview-with-twinone/

Guo, J., Lv, Zhihan. 2022. Application of Digital Twins in multiple fields. Multimedia Tools 
and Application. Vol. 81, p. 26941-26967. 

Hartmann, D., Van der Auweraer, H. (2020). Digital Twins. [Online] Available at https://
www.researchgate.net/publication/338853051_Digital_Twins

Haw, J., Leong Sing, S., Hong Liu, Z. (2022). Digital twins in design for additive manufac-
turing, Materials Today: Proceedings, Volume 70, Pages 352-357, ISSN 2214-7853, 
https://doi.org/10.1016/j.matpr.2022.09.268.

Hazrathosseini, A., Moradi Afrapoli, A. (2023). The advent of digital twins in surface 
mining: Its time has finally arrived, Resources Policy, Volume 80, 103155, ISSN 
0301-4207, https://doi.org/10.1016/j.resourpol.2022.103155.

I.T Hong Kong. (2019). Your Majesty Co. https://yourmajesty.co:/work/i-t-hong-kong
Iannilli, V. M., & Linfante, V. (2022). Exploring disrupting scenarios in the fashion retail 

and communication paradigms. Luxury Studies: The In Pursuit of Luxury Journal, 
1(1), 45–65. https://doi.org/10.1386/ipol_00005_1

Iannilli, V. M., & Spagnoli, A. (2021). Phygital Retailing in Fashion. Experiences, Oppor-
tunities and Innovation Trajectories. ZoneModa Journal, 11(1), 43–69. https://doi.
org/10.6092/issn.2611-0563/13120

IBM. (2023). What is a digital twin?. https://www.ibm.com/topics/what-is-a-digital- 
twin#:~:text=IBM%20Log%20in-,What%20is%20a%20digital%20twin%3F,T 
win%20Exchange%20(01%3A41)

Ied. (2022). Data Centres and Data Transmission Networks. https://www.iea.org/
reports/data centres-and-data-transmission-networks

Jocevski, M. (2020). Blurring the Lines between Physical and Digital Spaces: Business 
Model Innovation in Retailing. California Management Review, 63(1), 99–117. 
https://doi.org/10.1177/0008125620953639

Joy, A., Zhu, Y., Pena, C., Brouard, M., (2022). Digital future of luxury brands: Metaverse, 
digital fashion, and non-fungible tokens. Strategic Change. 2022; 31:337–343.

Kamble, S., Gunasekaran, A., Parekh, H., Mani, V., Belhadi, A., Sharma, R. 2022. Digital  
twin for sustainable manufacturing supply chains: Current trends, future perspec-
tives, and an implementation framework. Technological Forecasting and Social 
Change. Volume 176, 121448, ISSN 0040-1625, https://doi.org/10.1016/ 
j.techfore.2021.121448.

Kozlowski, A., Searcy, C., & Bardecki, M. (2018). The reDesign canvas: Fashion design as 
a tool for sustainability. Journal of Cleaner Production, 183, 194–207. https://doi.
org/10.1016/j.jclepro.2018.02.014

Leitch, L. (2020, July 15). Sunnei Spring 2021 Menswear Collection. Vogue. https://www.
vogue.com/fashion-shows/spring-2021-menswear/sunnei

Linfante, V., & Pompa, C. (2021). Space, Time and Catwalks: Fashion Shows as a  
Multilayered Communication Channel. ZoneModa Journal, 11(1), 15–42. https://
doi.org/10.6092/issn.2611-0563/13100

Linfante, V., & Pompa, C. (2021). Space, Time and Catwalks: Fashion Shows as a  
Multilayered Communication Channel. ZoneModa Journal, 11(1), 15–42. https://
doi.org/10.6092/issn.2611-0563/13100

Moore, B. (2020, September 24). GCDS RTW Spring 2021. WWD. https://wwd.com/
runway/spring-ready-to-wear-2021/milan/gcds/review/

Moore, B. (2020, September 24). GCDS RTW Spring 2021. WWD. https://wwd.com/
runway/spring-ready-to-wear-2021/milan/gcds/review/

Morris, L. G. (2019, January 29). Into digital fashion? These Frame Lab exhibitors can 
show you what you’ll shop for in the future. https://www.frameweb.com/article/
into-digital-fashion-these-frame-lab-exhibitors-can-show-you-what-youll-shop-
for-in-the-future

Morris, L. G. (2019, January 29). Into digital fashion? These Frame Lab exhibitors can 
show you what you’ll shop for in the future. https://www.frameweb.com/article/
into-digital-fashion-these-frame-lab-exhibitors-can-show-you-what-youll-shop-
for-in-the-future

Nobile, T. H., Noris, A., Kalbaska, N., & Cantoni, L. (2021). A review of digital fashion 
research: Before and beyond communication and marketing. International Journal 
of Fashion Design, Technology and Education, 14(3), 293–301. https://doi.org/ 
10.1080/17543266.2021.1931476

Nobile, T. H., Noris, A., Kalbaska, N., & Cantoni, L. (2021). A review of digital fashion 
research: Before and beyond communication and marketing. International Journal 
of Fashion Design, Technology and Education, 14(3), 293–301. https://doi.org/ 
10.1080/17543266.2021.1931476

Noris, A., Nobile, T. H., Kalbaska, N., & Cantoni, L. (2021). Digital Fashion: A systematic  
literature review. A perspective on marketing and communication. Journal of 
Global Fashion Marketing, 12(1), 32–46. https://doi.org/10.1080/20932685. 
2020.1835522

Noris, A., Nobile, T. H., Kalbaska, N., & Cantoni, L. (2021). Digital Fashion: A systematic  
literature review. A perspective on marketing and communication. Journal of 
Global Fashion Marketing, 12(1), 32–46. https://doi.org/10.1080/20932685. 
2020.1835522

Palmié, M., Miehé, L., Oghazi, P., Parida, V., & Wincent, J. (2022). The evolution of the  
digital service ecosystem and digital business model innovation in retail: The 
emergence of meta-ecosystems and the value of physical interactions. Techno-
logical Forecasting and Social Change, 177, 121496. https://doi.org/10.1016/ 
j.techfore.2022.121496

Palmié, M., Miehé, L., Oghazi, P., Parida, V., & Wincent, J. (2022). The evolution of the  
digital service ecosystem and digital business model innovation in retail: The 
emergence of meta-ecosystems and the value of physical interactions. Techno-
logical Forecasting and Social Change, 177, 121496. https://doi.org/10.1016/ 
j.techfore.2022.121496

Riedelsheimer, T., Dorfhuber, L., & Stark, R. (2020). User centered development of a 
Digital Twin concept with focus on sustainability in the clothing industry. Procedia 
CIRP, 90, 660–665. https://doi.org/10.1016/j.procir.2020.01.123

Riedelsheimer, T., Dorfhuber, L., & Stark, R. (2020). User centered development of  
a Digital Twin concept with focus on sustainability in the clothing industry.  
Procedia CIRP, 90, 660–665. https://doi.org/10.1016/j.procir.2020.01.123

Rocha, C. S., Antunes, P., & Partidário, P. (2019). Design for sustainability models:  
A multiperspective review. Journal of Cleaner Production, 234, 1428–1445. 
https://doi.org/10.1016/j.jclepro.2019.06.108

Ruiz-Real, J. L., Uribe-Toril, J., Gázquez-Abad, J. C., & De Pablo Valenciano, J. (2019).  
Sustainability and Retail: Analysis of Global Research. Sustainability, 11(1).  
https://doi.org/10.3390/su11010014

Salibian, S. (2021, January 15). Sunnei to Present Canvas Collection Through Video 
Game Concept. WWD. https://wwd.com/fashion-news/fashion-features/ 
sunnei-canvas-collection-videogame-concept-1234696493/

Snap Inc. (2022). Say hello to the snapchat generation.
The Fabricant. (2022, September 30). Meet You Outside The Comfort Zone. Medium. 

https://thefabricant.medium.com/meet-you-outside-the-comfort-zone-
982b1192fe66


