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Beyond sustainability rhetoric:
design guidelines for a
responsible fashion system

Chiara Colombi* and Marco Rodigari

Department of Design, Politecnico di Milano, Milan, Italy

Introduction: The fashion system is under increasing pressure to integrate
sustainability across complex and globalized supply chains. However, despite
growing commitments, sustainability narratives often rely on reductive
solutionism and selective transparency, leading to a misalignment between
communication strategies and actual supply chain transformations. This paper
critically examines how sustainability rhetoric shapes design briefs and decision-
making processes, thereby constraining the potential for systemic innovation.
Sustainability rhetoric refers to the recurrent framing of sustainability through
simplified narratives, solutionist claims, and selective transparency that prioritize
communicability and reputational value over the structural transformation of
production systems, governance models, and decision-making processes.
Methods: Adopting a qualitative research design that combines discourse
analysis with a multi-case study approach, the study identifies alternative
pathways emerging from fashion companies and research-driven initiatives that
operationalize sustainability through material experimentation, technological
innovation, and reconfigured supply chain models. Through cross-case analysis,
this study develops an interpretative design-driven framework for reconfiguring
sustainability as an integrated system of decisions, rather than a trend-driven,
futures-oriented, or purely narrative set of isolated interventions.

Results: The findings reveal recurrent rhetorical patterns that limit the
scope of sustainable action, alongside evidence of practices that challenge
dominant narratives by embedding digital traceability, localized production,
circular material flows, and collaborative ecosystem approaches. The framework
articulates how sustainability is enacted across different leverage points of the
fashion value chain.

Discussion: The discussion reframes these findings within a broader systemic
perspective, highlighting how sustainability outcomes are shaped by governance
structures, economic logics, and cultural and ethical assumptions related
to value, speed, and consumption. This research contributes to redefining
sustainability in the fashion system by demonstrating how integrating critical
design perspectives with supply chain innovation can support a transition toward
more transparent, accountable, and transformative models.

KEYWORDS

circularity and material innovation, design-driven innovation, digital traceability and
transparency, strategic governance, sustainability narratives, sustainable fashion supply
chains, systemic sustainability
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1 Introduction

The fashion system, including textile and apparel supply
chains, has become one of the main targets of sustainability
conversations due to its intensive use of natural resources
in production, particularly water, and its significant negative
environmental and social impacts. Beyond its material footprint,
“fashion is the most complete expression of a post-modern
industrial culture (...) (Fiorani, 2006: 7-8). Being a core cultural
industry (Hesmondhalgh, 2007), it expresses the evolution of
symbolic, experiential, and cultural content through narrative
and marketing strategies, exerting broader influence on consumer
behavior and shaping consumption patterns that extend beyond
the fashion market (Rathore, 2018). However, communication
has been progressively functioning primarily as a mechanism
to stimulate demand and accelerate consumption cycles, rather
than as a means to articulate or reflect broader cultural and
anthropological transformations.

This has led sustainability to emerge as a dominant discursive
framework in fashion marketing and branding (Kilbourne,
2004), often driven less by substantive transformation by
its growing normative and symbolic value in responding to
consumer expectations and market pressures. As a result,
sustainability has frequently been articulated through aesthetic and
narrative elements—such as visual cues, storytelling, and symbolic
references—rather than through transparent representations of
structural change (Diaz-Soloaga, 2021). While sustainability is
often described as “communication-led,” this condition should not
be interpreted merely as a strategic misalignment or managerial
failure. Rather, it reflects a structural feature of a market-driven
economic paradigm in which symbolic value, branding, and
narrative differentiation function as primary competitive assets.
Within this context, sustainability narratives are incentivised to
operate at a discursive level, where they can generate market
advantage without necessarily challenging underlying production
volumes, pricing structures, or growth imperatives.

In the academic discourse, the concept of sustainability was
initially articulated as “eco-development” by Sachs (1978), defined
as “...an approach to development aimed at harmonizing
objectives with ecologically
management, in a spirit of solidarity with future generations.”

social and economic sound
The Brundtland Report, formally titled Our Common Future
1987),

sustainable

(World Commission on Environment and Development,
concept,
integrated interaction of economic,

subsequently expanded this framing
development as the
environmental, and social dimensions. This tripartite framework
was reaffirmed at the international policy level during the
United Nations (2012), Conference on Sustainable Development in
The Future We Want, which explicitly recognized that “Sustainable
development goals for the development agenda beyond 2015
should integrate all three pillars of sustainable development:
economic, social and environmental.”

While
economic dimensions of sustainability are widely recognized

in the literature the environmental, social, and

as interdependent, in practice their integration has remained

uneven (D’Itria and Aus, 2023). In particular, environmental and
social sustainability have received increasing attention through
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regulatory frameworks and operational interventions, whereas
economic paradigms have proven more resistance to structural
reconsideration (Roy, 2016). This imbalance has limited the overall
effectiveness of sustainability initiatives, as efforts within individual
pillars tend to be constrained by economic logics that remain largely
unaltered, with a general focus on limiting costs.

Within this context, economic performance indicators
have continued to play a central role in shaping
strategic decision-making across the fashion value chain

(Medcalfe and Miralles Mird, 2022) and organizational choices are
still predominantly evaluated in relation to their contribution to
financial outcomes, positioning communication as a key economic
lever within competitive market environments.

As a result, sustainability narratives have often been reframed
toward solutions that are readily communicable and economically
advantageous, privileging symbolic alignment over substantive
specificity. This shift has contributed to the proliferation
of ambiguous or partial claims, generating interpretative
uncertainty that can support short-term economic objectives
(Greco and De Cock, 2021).

understood merely as a communication failure, but as a structural

This tendency should not be

feature of a market-driven and growth-oriented system in
which sustainability is often absorbed into competitive logics of
branding, differentiation, and value extraction. In this sense, the
increasing commodification of sustainability narratives reflects
a broader political-economic condition in which environmental
responsibility is frequently rearticulated in ways that remain
compatible with accumulation and accelerated consumption.
The progressive ambiguity of sustainability narratives has also
had material implications for product development (Janz et al.,
2025). When sustainability claims remain insufficiently specified
or contested, product design and production choices tend to be
evaluated primarily through financial performance metrics. Under
these conditions, investments in product quality, durability, or in
the wellbeing of workers involved in the production process risk
being deprioritised, if economic performance indicators continue
to function as the dominant criteria of success (Buchel et al., 2022).

These dynamics yield two interrelated systemic -effects
that significantly undermine the transformative potential of
sustainability initiatives in the fashion system. The first can be
characterized as temporal acceleration and reactive sustainability
adoption. While brands and manufacturers increasingly recognize
market demand for sustainability-oriented solutions, accelerated
production cycles and competitive pressures favor short-term,
reactive responses. Under compressed time-to-market conditions,
sustainability is frequently operationalised through rapidly
assembled interventions designed to maintain alignment with
industry trends rather than to address structural needs across
the supply chain. This dynamic can be interpreted through
the lens of social acceleration (Rosa, 2013), whereby temporal
compression constrains organizational capacity to pursue long-
term systemic transformation. As a result, sustainability principles
are often introduced as initial design inputs without a holistic
understanding of their system-wide implications, thereby limiting
their ability to generate durable and meaningful outcomes.
This reveals a structural paradox within sustainable fashion:
while sustainability requires durability, reduced throughput, and
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long-term accountability, the fashion system remains dependent
on novelty, acceleration, and high turnover as conditions of
economic growth. Whereas trend acceleration is acknowledged as
a systemic driver of unsustainability, this study focuses instead on
the upstream design and governance conditions that structurally
enable or counteract acceleration, rather than on forecasting logics.

The second effect pertains to knowledge asymmetry and
behavioral spillovers. As sustainability-related practices are
predominantly communicated through branding and marketing
channels, consumers become structurally dependent on corporate
narratives to evaluate sustainability attributes that are otherwise
difficult to observe or verify. This condition reflects a form of
information asymmetry (Akerlof, 1970), in which access to reliable
knowledge about product impacts is unevenly distributed between
producers and consumers. While communication plays a critical
role in diffusing new practices—such as changes in product use,
care, and disposal—it also introduces the risk of misinterpretation
when claims are partial or insufficiently contextualized. In such
cases, behavioral spillover effects may occur (Thegersen, 1999),
whereby practices perceived as sustainable are replicated across
contexts, potentially producing unintended negative outcomes
while sustaining the perception of responsible behavior.

Against this backdrop, the present research conducts a
critical analysis of alternative design approaches emerging from
selected case studies within the fashion system. The cases span
multiple levels of intervention, including sustainability-oriented
practices developed by start-up brands, systemic innovations
within manufacturing supply chains, the adoption of technologies
that address specific environmental or social needs, and the
introduction of novel materials into production processes. The
analysis examines how these interventions negotiate the tensions
between communicative logics and structural transformation
and considers their implications for achieving substantive
sustainability outcomes. At the same time, these tensions are
not only industrial and organizational, but also cultural and
ethical, as they are shaped by dominant assumptions about
value, speed, desirability, and consumption that underpin the
fashion system.

1.1 Historical and systemic emergence of
sustainability in fashion

The conceptual origins of sustainability in fashion can
be traced to the second half of the 19th Century, when

concerns related to anti-consumerism, waste reduction,

the use of natural fibers, and the promotion of durable

products first emerged. Although these ideas were not
framed within a contemporary sustainability paradigm,
they reflected early apprehensions regarding resource

efficiency, product longevity, and the social consequences of
industrial production.

During the 1960s and 1970s, sustainability evolved into
a more explicit form of environmental and social awareness,
mirroring the broader ecological debates that characterized
the period. A pivotal contribution to this shift was Rachel
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Carson’s Carson (1962), which documented the environmental
harms associated with the indiscriminate use of pesticides in
agriculture. The book played a significant role in shaping
public environmental consciousness and contributed to regulatory
responses such as the ban on DDT and the establishment
of the Environmental Protection Agency in the United States
in 1970.

In the late 1980s, environmental scandals associated with
global supply chains, involving the extensive use of hazardous
substances and the discharge of untreated waste from dyeing
processes into rivers in Asia, Eastern Europe, and Latin America,
highlighted the significant environmental footprint of textile
production (Piccolo, 2022). At the same time, the public
uncovering of labor exploitation practices by major global brands
raised concerns about respect for human rights within the
fashion industry, extending the sustainability discourse beyond
environmental preservation to social responsibility (Ross, 1997).
The emergence of such environmental and social crises within the
fashion industry led to the explicit codification of the concept of
“sustainable fashion.”

From the early 2000s onward, sustainability increasingly
became a governance and institutionalization issue, particularly
after the publication, in 2004, of the report Who Cares Wins,
issued as part of a joint initiative of the United Nations and major
financial institutions which introduced the Environmental, Social,
and Governance (ESG) framework. Within the ESG framework,
which was meant to integrate sustainability into corporate strategy
and financial decision-making (Vigolo etal., 2025), corporate
governance is configured as the set of structures and processes
through which companies are directed and controlled, defining
their purpose, power relations, accountability mechanisms, and
decision-making processes. Virtuous approaches such as Stella
McCartney’s development of alternatives to animal-derived
materials and Patagonia’s early adoption of recycled polyester
contributed to legitimizing sustainability as a normative reference
within the industry (Gwilt, 2020), shaping public expectations
and accelerating the diffusion of sustainability discourse across
brands and supply chains, not so much as voluntary choice
as a structural requirement. From the 2010s onward, the
transition toward a systemic approach to sustainability started
to be operationalised in a market characterized by the extreme
overconsumption of globalized production and entrenched
consumerism, making the mainstreaming of sustainability in
fashion discourse relatively late. Moreover, the institutionalization
of sustainability occurred within a system already structured
around growth-oriented economic paradigms (D’Itria and Aus,
2023). While regulatory frameworks, operational interventions,
and reporting obligations increasingly addressed the environmental
and social dimensions, the economic system underpinning fashion
production remained largely unrevised, continuing to push for
infinite growth through rising volumes and financial targets.
Governance practices have continued to prioritize monitoring,
documentation, and compliance, rather than questioning the
structural conditions that define production, consumption, and
value creation. This asymmetry has limited the transformative
capacity of ESG implementation. Environmental and social
initiatives have often been pursued independently of a substantive
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reconsideration of cost-margin structures, investment logics, and
performance indicators.

1.2 Environmental dominance and
cost—margin governance

Within the fashion supply chain, the environmental dimension
of sustainability has become the most visible and operationalised
pillar (D’Itria, 2025). This predominance is closely linked to
the widespread adoption of environmental certifications and
standards, which are comparatively easier to communicate, rely on
shared and standardized parameters, and are issued by qualified
third-party organizations. Certifications provide brands with a
clear and recognizable signal of sustainability performance, while
often transferring the responsibility for compliance, monitoring,
and implementation to material suppliers and manufacturers
(Grant and Shaw, 2019).

The growing reliance on environmental certifications has
contributed to a marked concentration of sustainability efforts in
the upstream segments of the fashion and textile supply chain.
While this trend has facilitated measurable improvements in areas
such as chemical management, wastewater treatment, and raw
material sourcing, it has simultaneously reinforced asymmetries
in the distribution of costs, responsibilities, and innovation
efforts. Environmentally responsible alternatives typically entail
higher production costs, requiring significant investments from
suppliers, more complex sourcing strategies for brands, and
increased coordination across multi-tiered production networks
(Mazzanti and Zoboli, 2009).

These dynamics have substantial implications for design and
creative processes. Designers are increasingly required to operate
within constrained material palettes, as not all fibers, fabric
constructions, or finishing techniques are available in certified or
otherwise “responsible” forms. Consequently, decisions concerning
aesthetics, construction methods, and material performance are
frequently subordinated to considerations of availability, cost, and
certification requirements (Osborne, 2023). At the same time,
the governance of cost-margin structures has remained largely
unchanged. Brands continue to adhere to accelerated fashion
calendars and reduced lead times, placing sustained pressure on
suppliers to lower prices to preserve margins while simultaneously
absorbing the additional costs associated with compliance with
environmental standards (Kiran, 2025; Brooks and K. Fletcher,
2017; Farrer and Fraser, 2011).

This configuration has effectively shifted the burden of
innovation and transition onto suppliers, without a corresponding
reconfiguration of the economic models governing brand-
level operations. Suppliers are expected to invest in cleaner
technologies, certification processes, and responsible materials,
while also accommodating reduced prices and compressed
(Talay etal., 2020). In the
of structural adjustments to cost-margin governance and

production timelines absence

development cycles, environmental sustainability initiatives
risk remaining confined within existing production logics
(Patora-Wysocka and Sulkowski, 2019). As a their

capacity to generate systemic transformation is limited, as

result,
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sustainability ~becomes operationalised primarily through
incremental adaptation rather than through the restructuring
of economic and organizational frameworks (Bertola and Colombi,

2024).

1.3 Traceability, transparency, and
structural contradictions

Within the ESG framework, the governance pillar has also
placed increasing importance on traceability, intended not as a
mere technical or logistical function but as a systemic capacity to
reconstruct and communicate, and potentially disclose publicly,
the sequence of processes a fashion item undergoes throughout its
entire lifecycle (Garcia-Torres et al., 2022). Therefore, traceability
encompasses the sourcing of raw materials, the manufacturing
and assembly phases, the measurement and verification of product
and process performances, the definition and respect of life-
cycle assessment indicators, and the development of end-of-life
strategies, impacting the whole supply chain of a fashion brand.
From this perspective, traceability has increasingly been framed
as a critical tool for enhancing transparency and strengthening
accountability across supply chains, and for fostering consumer
trust in global, fragmented production systems (Cura et al., 2022).

Despite its relevance, the practical operationalisation of
traceability reveals several structural issues. Historically,
competitive advantage in the fashion system has been closely
dependent on the protection of proprietary knowledge, particularly
in relation to sourcing strategies, manufacturing processes, and
material and process innovation (Jha, 2024). As a result, brands
and suppliers have traditionally operated within organizational
cultures characterized by selective disclosure, in which knowledge
asymmetries were preserved as strategic assets. The recent
increase in regulatory frameworks and reporting requirements
has disrupted this practice, compelling companies to disclose
information regarding their supply-chain integrity and the
environmental and social impacts of their operations (Yang, 2024).
This shift toward greater transparency, instead, has revealed
substantial organizational and infrastructural constraints. After
decades of limited visibility or insufficiently practiced control over
their supply networks, many companies now struggle to retrieve,
standardize, and verify the data needed to comply with traceability
requirements across complex, global supply chains (Onuma,
2025). This often results in traceability activities demanding
significant investments in terms of time, financial resources, and
the acquisition of specialized expertise. Attention is therefore often
diverted to contingent organizational issues rather than to design-
led or strategic interventions capable of producing substantial
environmental or social improvements, resulting in transparency
functioning primarily as a compliance-driven process, rather than
as a lever for systemic transformation (Singh et al., 2026).

Furthermore, the implementation of traceability remains
uneven and often selective. Disclosure practices tend to prioritize
suppliers, materials, and processes that are more reputationally
advantageous or for which data is readily available, leaving
less visible or more problematic segments of the supply chain
underreported. This selective approach to transparency not only
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limits the analytical and transformative potential of traceability
systems but also reinforces existing power asymmetries between
brands and suppliers and limits the capacity of traceability to
address structural issues embedded within global production
networks (Gardner et al., 2019).

1.4 The cultural crisis of product knowledge

Beyond governance and supply-chain dynamics, the fashion
system is also affected by a profound cultural crisis of product
knowledge. This crisis is closely linked to a gradual shift in
the criteria used to evaluate brand and designer performance,
increasingly prioritizing financial indicators over qualitative
attributes such as material integrity, construction quality,
durability, and aesthetic value (Sellitto et al., 2022). Within this
framework, the overproduction of high-margin, low-quality
products has progressively eroded shared standards of product
excellence, contributing to an overall impoverishment of material
culture (Ozdamar-Ertekin, 2016).

The effects of these dynamics have been evident both at the level
of design practice and in consumer behavior.

From a design perspective, creative processes have become
increasingly constrained by cost parameters and margin
expectations, rather than guided by product-specific considerations
of quality, durability, or the appropriateness of materials and
manufacturing techniques (Ferguson et al., 2024). Across market
segments—including the luxury sector—traditional markers
of craftsmanship and quality have been progressively replaced
by simpler solutions aimed at reducing costs and enhancing
scalability. Examples include the substitution of embroideries
with printed motifs, the replacement of high-quality fibers such
as cashmere or fine wool with blends incorporating synthetics or
lower-grade recycled fibers, and the shift from complex woven
structures—such as satins, brocades, or velvets—to jerseys, fleeces,
and other less resistant alternatives (Long and Nasiry, 2022). Over
time, this systematic downgrading of materials and technical
processes has contributed to the normalization of lower-quality
standards across both design practices and organizational cultures
(Aus et al., 2021).

On the consumer side, the erosion of product knowledge
has been exacerbated by aggressive marketing strategies and
the growing dominance of digital and social media. Purchasing
decisions are now predominantly shaped by visual representation,
influencer endorsements, and price positioning, often in the
absence of direct sensory engagement with materials, construction,
or fit. As a result, consumers experience growing difficulties
in assessing product value, including the intrinsic quality of
materials, the complexity of manufacturing techniques, and the
environmental and social implications embedded within garments.
This dynamic has facilitated the widespread acceptance of
products characterized by limited durability and short lifespans
(Sagapova et al., 2022).

The combined effects of these processes carry significant
implications for sustainability outcomes. When durability is
no longer perceived as an essential attribute, garments are
designed and consumed with the expectation of limited use
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and rapid disposal (Aakko and Niinimaki, 2022; Niinimaki, 2011).
This accelerates material throughput and amplifies waste flows,
thereby necessitating the activation of secondary cycles—such as
second-hand markets or recycling platforms—that often reproduce
the same profit-driven logics underpinning linear consumption
models. Simultaneously, the erosion of stable product identities
weakens long-term relationships between brands and consumers,
generating uncertainty about brand meaning and undermining the
cultural foundations that support more sustainable consumption
patterns (Adamkiewicz et al., 2022).

From this perspective, sustainability in fashion cannot be
reduced to improved materials or more efficient processes alone;
it also requires a transformation in the cultural imaginaries
and evaluative criteria through which products are designed,
communicated, and consumed.

2 Materials and methods

This research adopts a qualitative case-study methodology to
critically interrogate the roles of design-driven processes in shaping
sustainability principles with regard to fashion products, processes
and organizational structures within the fashion system, focusing
on how sustainability is constructed and operationalised through
design-related practices rather than on assessing sustainability
performance through quantitative indicators.

The case study method foregrounds the situatedness of
specific practices, allowing researchers to engage with real-world
phenomena that are difficult to analyse with quantitative methods
(Eisenhardt and Graebner, 2007; Yin, 2008), thereby challenging
traditional concepts and narratives. This in-depth exploratory
dimension is crucial in a dominant sustainability discourse that,
in fashion, is characterized by recurrent rhetorical patterns, such
as solutionism, selective transparency, and impact displacement,
and helps identify alternative pathways toward a systemic approach
to sustainability.

Although single case studies do not support statistical
generalization, they yield rich empirical insights that underpin
analytical reasoning and theory-building. In this article, the
adoption of multiple case studies strengthens methodological
rigor by enabling critical analysis, enhancing analytical depth,
and partially offsetting limitations related to generalizability (Yin,
1994). Its empirical rigor is grounded in systematic comparison
across heterogeneous cases, triangulation of sources, and theory-
informed interpretation (Yin, 2014). Comparative analysis across
multiple cases facilitates the construction of an interpretative
framework that can inform and be further developed by subsequent
research (Nixon and Blakley, 2012). Within this perspective, the
case study method provides direct observational evidence and
contributes to the articulation of theoretical insights grounded in
practice (Kohlbacher, 2006). For these reasons, multiple case study
designs are widely adopted in fashion-related scholarship, spanning
fashion studies (Granata, 2016), business and management research
(Bonoma, 1989), and design research (Bertola and Colombi, 2014).

This study adopts an abductive research approach, whereby
initial domain knowledge informed case selection, while analytical
categories were iteratively refined through engagement with
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empirical material (Timmermans and Tavory, 2012). In line with
case-based theory building (Eisenhardt, 1989) the research
develops interpretative constructs grounded in systematic cross-
case comparison.

According to the tradition of design research (Frayling, 1993;
Cross, 2006; Laurel, 2003; Friedman, 2003) and research-through-
design (Frayling, 1993, 2015; Stappers and Giaccardi, 2017), cases
are not presented as best practices to be replicated, but as
knowledge-creating elements that reveal tensions, trade-offs,
and possibilities for systemic change. Within this perspective,
cases are treated as knowledge-generating artifacts that reveal
systemic tensions and opportunities for transformation. In fact,
the selected cases do not represent the mainstream sustainability
strategies of the fashion system. They challenge dominant
rhetorical frameworks and propose alternatives rooted in their
operations, offering a heterogeneous yet complementary view of
how sustainability is embedded upstream in strategic and design
decisions and can be reframed as governance and design challenge,
rather than a purely compliance-oriented exercise retrofitted into
impact reporting.

The selection of the case studies followed a purposive
and maximum variation sampling strategy (Patton, 2002),
aimed at identifying information-rich and theoretically relevant
cases. Rather than pursuing representativeness, cases were
selected to capture diverse approaches to structural sustainability
challenges across the fashion supply chain, leveraging the authors’
domain expertise.

Case selection was guided by the following aspects:

(i) Counter-rhetorical positioning to move beyond generic
sustainability claims by addressing specific structural issues
such as overproduction, waste accumulation, opacity, or
end-of-life responsibility.

(ii) Adoption of a design-driven innovation approach to
materials, products, processes, and systems.

(iii) Supply chain reconfiguration through the development
of new organizational and governance models, or
technological infrastructures, at different stages of
the value-chain.

(iv) Operationalisation of into

evidence-based,

sustainability  principles
actionable mechanisms, metrics, or
technical solutions.

These criteria ensured coverage of multiple leverage points
across the fashion supply chain, including material innovation,
production models, waste management, end-of-life systems, and
transparency mechanisms.

Nine case studies, selected on the basis of these criteria,
were analyzed using empirical material and theoretical concepts,
applying multiple lenses to examine how sustainability is enacted:
first, circularity principles allowed the analysis to focus on how each
case addresses material flows, waste prevention, reuse, recycling,
and end-of-life scenarios; second, the use of a design-driven
innovation lens focused attention on how design acts as a mediator
between technological possibilities, organizational structures, and
stakeholders™ interests; lastly, governance models, infrastructural
dependencies, and the redistribution of responsibility across the
value chain were considered for each case.
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The analysis followed a three-step procedure:

(i) Within-case interpretation, in which each case was analyzed
through the selected analytical lenses

(ii) Cross-case comparison, aimed at identifying similarities,
divergencies, and recurring patterns across cases; and

(iii) Abstraction, through which these patterns were synthesized
into higher-level interpretative constructs.

According to the type of systemic leverage they activate, the
analysis of the cases allowed the identification of eight pathways.
They do not represent predefined categories, but merge from cross-
case analysis as recurring mechanisms through which sustainability
is operationalised across different domains of intervention. The
use of maximum variation sampling allowed identifying patterns
that persist across heterogeneous cases, strengthening the analytical
robustness of the proposed framework.

The eight pathways can contribute to more transparent,
resilient, and accountable fashion supply chains, as follows:

. Material transition and circular integration

Waste prevention and stock valorisation

. Territorial fiber-to-fiber, evidence-based circularity

. Component-level circularity of premium waste

. Design for disassembly and end-of-life enablement
On-demand production and value-chain reconfiguration
. Systemic governance of end-of-life and flow allocation

© NV AW~

. Radical transparency and economic accountability.

The definition of these pathways aims to synthesize the logics,
mechanisms, and leverage points through which sustainability is
enacted across fashion supply chains and progressively reframed
from operational optimisation to value-chain reconfiguration and,
ultimately, to system-level governance and accountability, rather
than being a function of technological features.

Desk research and qualitative analysis of primary and
secondary sources ensured evidence triangulation and structured
a robust data collection process. These resources included:
(a) Policy and institutional reports on sustainability, circular
economy, and Extended Producer Responsibility (EPR) in textile
and fashion; (b) Brands™ official websites, corporate reports and
statements, and public-facing communication materials; (c) Project
documentation, including technical reports and files and project
descriptions; (d) Field research conducted at trade shows, in
retail contexts, and during company visits; (e) Academic literature
on design studies, fashion studies, innovation and sustainability
studies, used to ground the analytical framework.

3 Results

3.1 Emergent alternative pathways toward
systemic sustainability

This section presents the empirical findings of the research
based on the analysis of selected case studies. Through a cross-
case analytical approach, the section identifies recurring patterns
in how sustainability is operationalised across different contexts
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TABLE 1 Cross-case analytical matrix.

10.3389/frsus.2026.1811881

Case Company/ Supply Key sustainability Intervention Analytical lens
initiative chain stage challenge domain (circularity/ design/
governance)
1 Spiber Upstream Fossil-based Biofabricated Design + circularity + Material transition and
(materials) dependency, material materials, circular governance circular integration
innovation limits integration
2 Manteco (Prato Upstream Fiber recyclability, Mechanical Circularity + evidence-based Territorial fiber-to-fiber
district) (materials and quality degradation recycling ecosystem processes circularity
processing)
3 Imbotex Component level | Underutilisation of Functional Design + circularity Component-level
premium waste component circularity of premium
upcycling waste
4 Nona source Pre-production Overproduction, B2B deadstock Governance + circularity Waste prevention and
(LVMH) deadstock accumulation marketplace stock valorisation
5 Weturn Pre-production/ Waste traceability, Waste collection, Governance + circularity Waste prevention and
manufacturing material opacity sorting, traceability stock valorisation
6 Resortecs Design and Non-recyclable garments | Design for Design + governance Design for disassembly
end-of-life due to assembly disassembly and end-of-life
technologies enablement
7 Candiani custom | Production and Overproduction, On-demand Design + governance On-demand production
retail demand mismatch production, and value-chain
microfactory reconfiguration
8 Retex.green End-of-life Lack of coordinated Collective Governance Systemic governance of
system waste management infrastructure, flow end-of-life
allocation
9 Honest by Cross-chain Lack of transparency and | Radical Governance + design Radical transparency and
(transversal) accountability transparency (cost, economic accountability
supply chain)

TABLE 2 Sustainability pathways by type of leverage and level of intervention.

Pathway Type of leverage Level
Material transition Technological + design Upstream
Waste valorization Market + governance Midstream

Disassembly Design + infrastructure Cross-stage
On-demand Business model Production
Governance systems | Institutional System-level
Transparency Informational Cross-chain

of the fashion value chain. The aim is not to generalize beyond
the analyzed cases, but to articulate empirically grounded pathways
that describe distinct modes of intervention.

To enhance analytical transparency and make explicit the
comparative logic underpinning the study, Table 1 presents a
cross-case analytical matrix linking each case to its corresponding
sustainability challenge, intervention domain, and pathway.
This overview clarifies how heterogeneous cases contribute to
the identification of recurring mechanisms across the fashion
supply chain.
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A complementary synthesis is provided in Table 2 which
reorganizes the identified pathways according to their type of
leverage and locus of intervention, highlighting how different
mechanisms operate across and within the fashion value chain.

As discussed, the fashion system’s structure reveals several
rigidities that often make it difficult to incorporate new solutions
aligned with robust sustainability objectives. Nevertheless, over
the past decades, the industry has been moving toward concrete
solutions spanning multiple stages of the value chain, frequently
introducing next-generation actors established to address specific
opportunities and needs. These initiatives engage deeply with the
system’s underlying logics and capture aspects that mainstream
sustainability narratives do not address. Rather than relying on
the mere use of the term “sustainability” as a label applied to a
widely recognized problem and treated only at the surface, these
approaches originate from real issues identified by practitioners and
sectoral actors who have leveraged structural challenges intrinsic to
the system itself. In doing so, they move beyond communication-
driven sustainability by prioritizing structural interventions that
generate measurable, repeatable systemic mechanisms. Considered
together, these cases demonstrate that sustainability outcomes are
not primarily determined by the presence of greener inputs. Rather,
they are shaped by the configuration of governance mechanisms
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that structure decision-making across the value chain: material
innovation determines substitution opportunities only if aligned
with circular rules; market infrastructures determine whether
surplus becomes waste or resource; disassembly determines
whether recycling is practically feasible; production models
determine whether inventories are structurally overproduced;
systemic consortia determine whether end-of-life flows can be
allocated and monitored at scale; transparency determines what can
be measured and contested.

Understanding sustainability as an emergent property of
governance configurations, these guidelines contribute to the
development of a framework that can support the redefinition
of roles and dynamics that currently stabilize unsustainable
production and consumption patterns, reorient the fashion
product narrative toward the attributes and values that historically
enabled its development and growth, and contribute to consumer-
facing communication that supports a new, information-based
approach grounded in real systemic issues. In this sense,
the pathways identified do not only address industrial and
technical dimensions, but also implicitly engage with the
cultural assumptions and temporal logics—such as acceleration,
disposability, and symbolic consumption—that shape sustainability
outcomes in the fashion system.

Building on the cross-case analysis, the eight pathways are here
reframed as an interpretative framework—visually represented in
Figure 1—that articulates how design-driven approaches enable
sustainability across different leverage points of the fashion value
chain. Rather than representing discrete or isolated solutions,
the pathways capture recurring mechanisms through which
sustainability is operationalised, revealing how interventions at
different stages of the system interact and contribute to broader
systemic transformations. In fact, the framework operates across
multiple levels of intervention, including upstream material
innovation, midstream production and manufacturing systems,
end-of-life
governance and transparency mechanisms. In this perspective,

downstream infrastructures, and cross-cutting
sustainability is not treated as an intrinsic property of materials or
products, but as an emergent outcome of coordinated decisions,
infrastructures, and value-chain configurations.

Moroever, the pathways are not mutually exclusive: they
may co-exist, overlap, and reinforce each other within the same
system, generating cumulative effects. For instance, material
innovation requires alignment with end-of-life infrastructures;
waste valorisation depends on market and governance mechanisms;
and transparency acts as an enabling condition for accountability
across all stages.

By structuring these pathways into a coherent framework, the
study contributes to theory-building by shifting the understanding
of sustainability in fashion from a set of isolated practices
to a system of interdependent governance mechanisms. This
framework provides an analytical tool to interpret, compare,
and design sustainability strategies beyond communication-driven
approaches, supporting a transition toward systemic, accountable,
and evidence-based sustainability models.

The following sub-sections unpack these pathways through
a discussion of the selected case studies, while maintaining a
primary focus on the empirical evidence and the patterns emerging
across cases.
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3.1.1 Material transition and circular integration

As outlined in Table1, this case exemplifies material
transition and circular integration as a pathway, addressing
upstream challenges related to material innovation and end-
of-life compatibility. Substituting conventional fossil-based or
animal-derived materials with bio-based or biofabricated materials
aims to reduce impacts and dependencies on limited resources,
while challenging industrial standards of performance, scalability,
and compatibility (Seidu et al., 2024; D’Itria and Colombi, 2022).
Material innovation constitutes a prominent axis, but its systemic
implications depend on whether governance frameworks connect
material design to end-of-life and infrastructural conditions.
The Japanese company Spiber Inc. illustrates this through its
Brewed Protein™ fibers, a family of materials based on engineered
protein polymers produced through biotechnological processes
(Spiber Inc, n.d.). Operationally, the project involves designing
the protein sequence to achieve target properties, producing the
protein via fermentation in bioreactors, and converting it into
material and spinning/processing it into forms compatible with
textile applications. Brewed protein fibers are therefore not a
simple bio-based drop-in but represent an approach to material
design aimed at making material properties, such as hand feel,
strength, and performance, tunable. On this technological basis,
the Biosphere Circulation Project (Spiber Inc, n.d.) extends the
proposition beyond material substitution, focusing on designing
materials and products with attention to end-of-life trajectories—
in particular blend compatibility, downstream processability,
and recovery logics—and on the infrastructures required to
manage them. This project functions as a platform connecting
material innovation and design-for-circularity, seeking to avoid
next-generation fibers remaining isolated solutions that cannot
be integrated into industrial post-use management systems, being
assimilated into unchanged industrial logics, without coordination
across processing, blending, finishing, and end-of-life pathways.

3.1.2 Territorial fiber-to-fiber, evidence-based
circularity

As summarized in Table 1, this case illustrates territorial fiber-
to-fiber circularity, grounded in historically embedded industrial
practices and evidence-based recyclability. Territorial industrial
ecosystems with historical know-how in selection and regeneration
derive sustainability from value chains already predisposed to
mechanical recycling, often supported by experimental evidence
on repeatability of cycles. In the Italian panorama, the Prato
textile district, historically known for mechanical wool recycling.
A distinctive component of the district is the socio-technical
infrastructure of selection, given to the “cenciaioli’, ragmen, who,
for more than 100 years, have been sorting garments and waste
by composition and color, enabling optimisation of regeneration
and, in some cases, reducing or avoiding dyeing through weight,
composition and, most importantly, chromatic sorting. This step
makes the cenciaioli the forerunners of a sustainable practice
that today seems impossible, as methodical sorting is structurally
relevant for the quality of mechanical recycling, which depends
on the length and purity of input fibers. Manteco products and
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FIGURE 1
Design-driven sustainability framework. Sources: Authors.

processes are rooted in this tradition and in research on the
iterative recyclability of wool. Manteco positions recycled wool
as a premium material and—particularly relevant for a scientific
framing—includes experimental research and industrial testing
on the number of possible mechanical recycling cycles for wool
fibers under controlled input-quality conditions (Manteco, n.d.;
Barberis Canonico, 2021). This positioning allows recycled wool to
be discussed not as a one-off solution, but as a material potentially
compatible with iterative looping logics, provided that technical
control of input quality and regeneration processes is ensured.

3.1.3 Component-level circularity of premium
waste

As indicated in Table 1, this case represents component-level
circularity of premium waste, focusing on scalable upcycling
at the level of functional materials. This domain refers to
initiatives that pursue circularity by recovering high-value waste
streams for functional components, taking advantage of an
opportunity often underappreciated in the sustainability discourse
in fashion. Imbotex operates in this framework, in regard of
the production of circularity at the component level, such as
paddings, insulation, technical linings, where premium waste
streams can be transformed into engineered materials incorporated
in a more controllable and replicable way across many merchandise
categories—outerwear, accessories, bedding, workwear—, revealing
a more scalable approach than recycling at the garment level.
In fact, substituting virgin inputs in a functional component can
be replicated across brands and product types more readily than
garment-level recycling, and it can be monitored through clearer
technical specifications.

Cameluxe® by Imbotex is an example of premium waste
upcycling that valorises selected scraps/offcuts from high-end
apparel production and transforms them into a functional
accessory (Imbotex, n.d.), maintaining material value and reducing
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the waste of precious fibers. Luxepad® by Imbotex follows a
similar paradigm by engineering a high-performance padding
that integrates recycled content (Imbotex, n.d.), with the logic of
substituting virgin materials and improving resource-use efficiency.

3.1.4 Waste prevention and stock valorisation

As shown in Table 1, these cases exemplify waste prevention
and stock valorisation, addressing structural inefficiencies related
to overproduction and surplus management. Intervening before
materials become waste represents another path to reducing
impacts, addressing sustainability as a problem of structural
inefliciency in planning, minimum order quantities, and demand
volatility. Such an approach is implemented by companies
reallocating surplus, unsold goods, and deadstock toward new
uses or new production cycles, with strong relevance for material
efficiency and the reduction of “avoidable” waste.

This is the case of Nona Source, a B2B luxury deadstock
marketplace launched by LVMH that operates as a re-sourcing
infrastructure for high-quality fabrics and leathers originating from
the surplus of the conglomerate’s luxury fashion houses (LVMH,
n.d.). The sustainability rationale is waste prevention and the
substitution of virgin production with materials that have already
been produced but remain unused, transforming potentially
immobilized inventory into productive inputs for third parties,
particularly designers and small brands, and thereby enabling
pre-production circularity. This model addresses a structural
inefliciency of the fashion supply chain, linked to minimum
order quantities, overproduction, and demand variability, which
generate excess even in premium segments. In terms of circularity
governance, the platform acts as a “market device” that reduces
barriers to access to high-end materials, normalizes upstream reuse
practices, and makes circularity compatible with the aesthetic and
performance requirements of luxury. However, the intervention
is merely a correction, as it mitigates the consequences of
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overproduction without necessarily altering its causes, thereby
remaining compatible with the underlying growth-oriented logic of
seasonal production and accelerated turnover.

A complementary, more manufacturing-proximate strategy is
represented by Weturn, a certified B-corp company that combines
collection, selection, and redirection of pre-consumer waste toward
reuse/recycling channels, with traceability (Weturn, n.d.). They
manage (i) unsold goods and dormant stock; (ii) surplus fabric rolls;
and, in a particularly relevant industrial dimension, (iii) cutting-
room waste derived from cost-optimized industrial cutting layouts,
which represents a pre-consumer fraction often characterized
by high fiber quality yet difficult to reintegrate without quality
loss. The materials are then used to produce high-level outputs,
such as new traceable yarns and fabrics suitable for premium
products, rather than downcycling. Traceability, segregation by
composition, and the maintenance of lot-level information support
more robust claims for regenerated material and reduce the typical
opacity of mixed recycled content, making sustainability statements
more credible. Weturn serves as an orchestrator between brands,
manufacturers, and recyclers, enabling action in response to
emerging regulatory drivers such as obligations to manage unsold
goods and increasing pressure to trace recycled content. Therefore,
circularity is not shown as a mere question of recycling capacity
but of governance over material flows and, at the same time,
over information flows, as it requires additional organizational
work—for data capturing, auditing, and coordination—which is
necessary to perform in a time-to-market dominated system as is
the fashion one.

3.1.5 Design for disassembly and end-of-life
enablement

As outlined in Table 1, this case reflects the pathway of design
for disassembly and end-of-life enablement, repositioning design
as a critical lever for downstream circularity. The proposition of
this pathway is to define disassembly as a design requirement,
transferring part of end-of-life complexity upstream to the
design and manufacturing level (D’Itria and Trejo Machin, 2024),
considering that many fashion items are theoretically recyclable
but not in practice because disassembly is costly, and not
always technically possible, and material contamination reduces
recycled quality.

Initiatives in this area propose solutions that enable
downstream separation of components and recycling of complex
garments, reducing disassembly costs and increasing the purity
of fractions.

A remarkable case is Resortecs, a Belgian company developing
disassembly technologies, such as threads and accessories designed
to release assembly under controlled conditions, to address the
structural bottleneck presented by most of the fashion production
at the end-of-life stage of a product (Resortecs, n.d.). The
relevance of this pathway extends beyond the environmental to the
infrastructural, as there is a shift from downcycling to a higher-
value recovery pathway. Constraints on recycling change from
the absence of recycling technologies to the impact of design
decisions that generate complex material assemblies (Dumée,
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2022). However, the possibility that dissassemblability become
an operational outcome depends on an inter-organizational
governance that bridges design, manufacturing, sorting, and
recycling actors as it requires that (i) brands decide to embrace
this approach; (ii) garment manufacturers adopsthe solution during
production; (iii) sorting and recycling operators are equipped
with lines capable of activating disassembly with standardized
procedures; and (iv) specialized recyclers for the disassembled
fractions are part of the ecosystem.

3.1.6 On-demand production and value-chain
reconfiguration

As indicated in Table 1, this case exemplifies on-demand
production and value-chain reconfiguration, challenging
conventional production logics and inventory structures. A
fourth set of interventions challenges the economic and temporal
architecture of production itself. Proximity production and
made-to-order or made-to-measure initiatives reduce waste
and impacts reducing unsold inventory, and, in some cases,
reconnecting consumers with the products material culture.
In this framework, Candiani Denim, a denim manufacturer,
has been demonstrating an alternative pathway for all fashion
companies and brands through its Candiani Custom microfactory
(Candiani Denim, n.d.), by shifting from forecast-driven mass
output to pull-based customized production. It proposes an
urban model for made-to-measure, on-demand denim production
aimed at reducing overproduction, typical of seasonal models, by
rationalizing the offer to the minimum styles and components
needed to personalize a pair of denim jeans, respecting the heritage
and historical elements that characterize this item. Beyond the
quantitative lever of reducing unsold inventory Candiani Denim
introduces experiential transparency in building your own custom
jeans, offering a cultural and cognitive lever. In fact, proximity
to the production process enables consumers to directly observe
materials, workmanship, and production phases, increasing their
ability to evaluate quality and reducing the distance between
the material/manufacturing’s value and the customer’s perceived
value. This product literacy is particularly relevant in a context
where digital purchasing, visual marketing, and price signaling
reduce opportunities for sensory assessment of hand feel, density,
construction, and finishing, thereby diminishing consumers’
competence in evaluating product quality. This re-anchoring of
value in material and manufacturing knowledge can be interpreted
as a countermeasure to the cultural drivers of disposability.

Moreover, the microfactory makes empirically observable the
gap between typical luxury markup structures commonly reported
in the luxury fashion sector (D’Arpizio et al., 2022; Deloitte, 2021),
sustained by branding and distribution, and the real cost of
local, personalized production. Candiani Custom’s product is
positioned at a price point typically higher than mass-market,
yet potentially competitive with traditional bespoke and certain
luxury tiers, particularly because it integrates customization, local
production, and process visibility. It foregrounds how certain forms
of premium pricing can be supported by real manufacturing service
content, such as customization, local production, and process
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visibility, rather than primarily by symbolic value extraction,
inviting a critical comparison on the economic dimension of
products that is frequently discussed but rarely operationalised in
sustainability debates.

3.1.7 Systemic governance of end-of-life and
flow allocation

As summarized in Table 1, this case illustrates systemic
governance of end-of-life and flow allocation, focusing on
collective infrastructures and traceability systems. A systemic
governance approach is implemented by consortia, platforms, and
infrastructures that aim to govern the collection, sorting, and
determination of the destination of material streams, focusing on
flow traceability and valorisation decisions, whether they involve
reuse, recycling, or disposal.

The Italian consortium Retex.Green addresses end-of-life and
circular flows through collective infrastructures aligned with EPR-
like logics, aiming to structure value chains for the collection and
management of flows, such as unsold goods, industrial waste, and,
more broadly, post-use fractions (Retex.Green, n.d.). Their relevant
feature is the combination of traceability and allocative decision-
making: not all collected material has the same quality or optimal
destination; therefore, an effective system must be able to measure,
classify, and allocate fractions to the most appropriate channels
to enable the preparation for reuse, refurbishment, recycling, or
residual management. Circularity is thus not an intrinsic product
attribute but an emergent property of the end-of-life system’s
capacity to treat materials in a differentiated and verifiable manner.
It requires not only technological options but also governance
mechanisms capable of handling heterogeneity in material quality,
composition, and market outlets in a measurable, scalable, and
auditable way. Such an approach calls for a change in upstream
economic paradigms so that end-of-life governance becomes a
driver that feeds back into design and production decisions rather
than a compliance cost to be minimized.

3.1.8 Radical transparency and economic
accountability

As outlined in Table 1, this case represents radical transparency

and economic accountability, addressing informational
asymmetries across the value chain. This domain refers to
initiatives that intervene in sustainability not (only) through
materials or processes, but through informational governance:
they make visible attributes that are normally opaque, thereby
reducing information asymmetries and enabling accountability in
procurement and manufacturing relationships.

An exemplary case is Honest By, a fashion company
founded by Bruno Pieters, characterized by the application of
radical transparency to fashion products, structuring product
sheets as comprehensive techno-economic dossiers and, more
generally, reconfiguring sustainability governance through end-to-
end transparency. In fact, the initiative made explicit: (i) materials’
origin and the sequencing of production; (ii) the identity and

location of suppliers and subcontractors; (iii) the bill of costs
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and, distinctively, (iv) the margin structures and mark-ups along
the value chain, including the brand’s margin. Beyond this level
of economic disclosure, the model introduced a rarely observed
element in the fashion system: the mapping of production phases
and their corresponding time/steps, enabling reconstruction of
the product’s process architecture, from components to assembly,
with direct implications for assessing the credibility of claims
and for comparability across products. In this way, Honest
translates sustainability from a theoretical claims-based concept
into an auditable set of economic and process parameters
(Striahle and Merz, 2017). The brand was launched in 2012 and
ceased operating as an active fashion label between 2018 and 2019,
as reported in industry interviews and public communications
by the founder (Pieters, 2019; Business of Fashion, 2019), having
a more symbolic impact than commercial scalability, but it
remains a proof of feasibility for extreme transparency in a sector
typically grounded in competitive opacity. It exposes a foundational
contradiction of the fashion system and its economy: while
sustainability is frequently framed as a property of materials or
certifications, the most influential determinants of environmental
and social outcomes are often embedded in pricing structures,
margin allocation, and time constraints imposed on suppliers.

4 Discussion

4.1 Systemic interpretation of sustainability
in fashion

This section moves from the empirical findings presented in
the Results section toward a higher-level interpretation, focusing
on the systemic implications of the identified pathways and their
relevance for understanding sustainability in the fashion system.
Rather than discussing individual cases, the following analysis
synthesizes cross-case insights to highlight structural dynamics,
tensions, and contradictions.

The empirical findings presented in the previous section
highlight a discrepancy between the rhetoric of sustainability
in fashion and its material outcomes, emerging not from a
lack of innovation or technical solutions, but from structural
misalignments within the fashion system, particularly between
governance frameworks, design practices, and sustainability
objectives. Consistent with Payne (2019), the paper positions itself
as one interpretation within the plural field of sustainable fashion,
contributing a design-driven, supply chain-embedded perspective.

The cases examined reveal that sustainability is frequently
approached as an operational or reputational requirement added
onto existing systems, rather than as an approach capable of
reshaping their principles and functioning. From this perspective,
communication-led sustainability is not simply a managerial
distortion, but a systemic expression of growth-driven governance.
Sustainability is often rendered compatible with existing market
logics by being translated into symbolic and reputational value,
rather than being allowed to challenge the economic structures that
depend on speed, volume, and competitive differentiation.

Across the cases, sustainability initiatives tend to operate
within pre-existing economic and organizational constraints such
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as accelerated fashion calendars, rigid cost-margin structures,
and growth-oriented performance indicators. As evidenced by
the analysis of cost-margin governance, social and environmental
outcomes in fashion supply chains are not primarily determined
by individual ethical intentions, but by pricing structures, margin
expectations, and time-to-market constraints embedded in growth-
oriented economic models. Illustrative cases such as Honest
By and Candiani Custom’s microfactory highlight how deeply
sustainability outcomes are conditioned by pricing strategies,
margin allocation, and time constraints, which are rarely included
within sustainability governance. On the other hand, initiatives
focused on waste valorisation and circular inputs, such as Nona
Source, Weturn, and Manteco’s business model, demonstrate that
even highly efficient material strategies are limited in their impact if
they do not influence upstream decisions on volumes, forecasting,
and design.

The limits of the fashion system thus do not lie in the absence
of sustainable practices, but in the decision-making structure
that frames them. In fact, sustainability is constantly required to
adapt to economic rules considered immutable, resulting in partial
improvements that fail to generate systemic change (Sahimaa et al.,
2024). These observations suggest that the core issue is not the
absence of sustainable solutions, but the systemic conditions that
constrain their effectiveness.

A key systemic tension emerges in the disconnection between
governance mechanisms and design processest: while governance,
operationalised through ESG frameworks and compliance tools,
focuses predominantly on monitoring, reporting, and certification,
design processes are driven by trend-driven turnover, seasonal
cycles, and cost sheets. This separation produces a situation in
which sustainability targets are defined independently of the design
decisions that most directly determine material use, durability, and
labor conditions. For example, design-for-disassembly solutions
or recycled material strategies require early-stage integration into
product conception. However, when design is evaluated primarily
through short-term economic performance, such integration
becomes non-compulsory rather than structural. Governance
thus fails to act as a coordinating agent between sustainability
aspirations and design realities, reinforcing fragmentation rather
than alignment (Dissanayake and Weerasinghe, 2022).

Technological innovation plays an ambivalent role
within this landscape. On one hand, technologies enabling
traceability, disassembly, or advanced materials, as in the
cases of Spiber and Resortecs, expand the technical feasibility
of circularity and transparency. On the other hand, the
analysis reveals that the economic impact of technological
processes is often unevenly redistributed across the supply
chain. Suppliers and manufacturers are frequently expected
to absorb the costs of technological upgrades, certifications,
and data provision, while brands maintain unchanged margin
their
supply chain under constant pressure. These dynamics risk

expectations and time-to-market schedules, putting
intensifying existing power asymmetries: technology becomes
a compliance requirement rather than a shared investment,
and environmental sustainability achievements may coincide
with increased economic and social tensions downstream. The

problem, therefore, is not technology per se, but the absence of
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governance mechanisms capable of ensuring equitable integration
of technological change.

Another core limitation of current sustainability practices in
fashion lies in the way sustainability knowledge is structured
and operationalised. Although ESG frameworks were conceived
as supporting tools to be integrated, their implementation
within the fashion system has largely led to sustainability
being fragmented into operational silos and, consequently, only
partially addressed by choosing one focus over others—usually
the most convenient or easy to address. In fact, environmental,
social, and governance dimensions of sustainability are often
addressed through separate organizational units, metrics, and
compliance instruments, reinforcing functional separation rather
than systemic coordination. This fragmentation is particularly
evident in the predominant use of environmental indicators to
represent sustainability performance (Maghssudipour and Sedita,
2024). Substitution of materials, recycling rates, and certifications
are frequently considered self-contained solutions, while the
economic and organizational structures that cause production
volumes, cost pressures, and time constraints remain external
to sustainability assessment. As shown by the analyzed cases,
this siloed approach allows improvements in one dimension to
coexist with unresolved—or even intensified—pressures in others.
In this sense, selective transparency and solutionism can also be
interpreted as effects of the commodification of sustainability,
whereby environmental action is translated into communicable
market attributes that support competition without necessarily
producing structural transformation. ESG thus operates less as
an integrative epistemology and more as a classificatory device
that stabilizes existing organizational boundaries and decision-
making hierarchies.

A further consequence of ESG fragmentation is the systematic
marginalization of culture and knowledge as transversal attributes
of sustainability. None of the environmental, social, or governance
indices adequately captures the role of material literacy, design
competence, or product understanding in shaping sustainability
results. This is not able, given that the concept of cultural
sustainability has been added to the triple-sphere framework
of ecology, economy, and equity as a fourth pillar (Hawkes,
2001; Nurse, 2006; United Cities and Local Governments (UCLG),
2010). Rather, culture is understood as an operative condition
enacted through design competence, material literacy, and
governance choices, rather than as a separate conceptual domain.
Yet the cases analyzed clearly demonstrate that the erosion of
technical and material knowledge among designers, managers,
and consumers alike is a structural driver of overconsumption,
disposability, and declining product durability. Initiatives that
reintroduce proximity to production, process visibility, and
experiential engagement, such as Candiani Custom’s microfactory,
show that cultural competence has multi-dimensional effects:
it influences design decisions, perceived value, consumption
behavior, and waste generation simultaneously. However, these
outcomes are largely unexplored in ESG-based assessments, which
manage sustainability as a technical and procedural issue rather
than a socio-technical and cultural transformation. By excluding
culture and knowledge from its evaluation criteria, sustainability
governance consolidates short-term optimisation and limits its
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ability to influence the deepest drivers of unsustainable practices.
This suggests that more transformative approaches to sustainability
require design to move beyond a narrowly process-oriented logic
toward a broader life-centered and ethics-aware orientation, in
which products, systems, and decisions are evaluated in relation to
their long-term effects on human and more-than-human life.

In this context, sustainability is structurally confined to a
compensatory role and becomes a stabilizing element of the system
rather than a driver of transformation.

Framing sustainability as a governance failure shifts the
analytical focus from incremental optimisation toward the
redefinition of decision-making priorities and system objectives. In
line with Ehrenfeld’s (2008) Sustainability by Design, ethics and life-
centered concerns are treated not as external prescriptions, but as
dimensions embedded within design decisions that shape material
flows, durability, time horizons, and accountability across supply
chains. This reframing provides the conceptual foundation for the
guidelines proposed in the following section, which translate these
systemic insights into actionable principles for design, industry,
technology, and education.

4.2. Guidelines for systemic and sustainable
fashion practice

Building on the empirical findings and their systemic
interpretation, this section translates the identified dynamics into
a synthesized set of actionable guidelines aimed at reconfiguring
governance, design, and production as an integrated system, while
also challenging the cultural assumptions, temporal pressures,
and ethical limitations that currently shape unsustainable fashion
practices. In this sense, the guidelines are intended not only as
operational recommendations, but also as a way to challenge the
growth-driven economic conditions that tend to prioritize volume,
speed, and margin extraction over durability, accountability, and
long-term value creation.

4.2.1 Design guidelines

Shifting design practices from a product-centric to a process-
oriented perspective is imperative, as real sustainable outcomes
depend less on isolated product attributes than on how products
are conceived within industrial systems. Moreover, when design
incorporates visibility over processes, making costs, phases,
and disassembly requirements transparent, sustainability becomes
structurally embedded rather than cosmetically applied. In this
perspective, design is not only a technical or creative activity, but
also an ethical practice that shapes how value, responsibility, and
sustainability are materialized within products and systems.

A second important requirement is the restoration of
knowledge of fibers, structures, and manufacturing constraints to
enable more responsible design decisions and reduce reliance on
short-term substitutions, avoiding choices driven by availability,
price, or certification rather than by performance and longevity.
Material literacy should therefore be considered a core competence
of sustainable design.
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Equally important, sustainability requires the inclusion of
durability and time within the design evaluation frameworks,
redefining success metrics to include time-based performance,
such as expected lifespan, reparability, and iterative use. Without
integrating time as a design parameter, circular strategies risk
becoming accelerators of consumption rather than alternatives to it.

4.2.2 Industrial and supply-chain guidelines

Effective sustainability initiatives emerge when brands and
manufacturers co-develop solutions, sharing risks, knowledge, and
investment. This suggests the need to replace extractive sourcing
models with collaborative industrial governance.

A collaborative relationship with suppliers allows a
redistribution of value across transparency, quality, and service,
enabling the definition of alternative pricing and margin models
and, consequently, allowing ethical costing—which explicitly
accounting for environmental and social requirements—to be
integrated into governance frameworks rather than treated as an
external constraint.

Furthermore, transparency should extend beyond storytelling
to include the communication of real constraints, such as technical
limits, cost implications, and trade-offs, as make these explicit
enables more realistic and accountable sustainability strategies

across the supply chain.

4.2.3 Technological guidelines

Therefore, technological solutions should be framed as enablers
of circular systems, not as substitutes for human labor or
organizational responsibility or as tools that compensate for
poorly designed products or inequitable governance structures.
Their implementation should be facilitated by the definition
of governance frameworks requiring shared investment models,
capacity building, and protection against the unilateral transfer of
compliance burdens to suppliers so that the costs, and benefits, of
transformative technology are distributed equitably.

4.2.4 Cultural and educational guidelines

Consumer education should be considered an integral
component of design and retail experiences, and it should be
included in brands‘ missions as educated consumers can evaluate
products’ quality and durability, understand trade-offs, and
consciously choose to reduce overconsumption.

In the same way, nurturing a technical understanding of
materials, processes, and quality among designers, technicians,
and managers, again through education and lifelong learning, is
essential to counteract disposability and instrumental symbolic
consumption upstream, in order to prevent the release of
unsustainable options on the market.

To implement sustainable fashion practices, it is essential to
promote a cross-disciplinary education that integrates design,
engineering, economics, and managerial concepts, enabling
professionals to understand how decisions in one domain affect
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outcomes in others. This interdisciplinary approach is necessary
to counter disciplinary silos within organizations that reinforce
the fragmentation of sustainability initiatives and to promote
collaboration among functions.

4.3 Limitations, implications and future
research

This study uses a qualitative, descriptive approach and focuses
on selected initiatives within the fashion system, which may not
be representative of all market segments or geographic contexts.
Accordingly, the study does not aim at statistical generalization,
but at analytical generalization grounded in case-based evidence.
As it relies primarily on qualitative case-based evidence, it has
a limited ability to generalize quantitative impact across the
industry, even if this was not the study’s objective. Nonetheless,
many sustainability outcomes remain difficult to measure due to
inconsistent data availability, proprietary constraints, and evolving
regulatory frameworks, thereby limiting the effectiveness of a
systematic assessment of the relevance of the discussed solutions.

To build on this study, future research could (i) address
these methodological limitations by developing longitudinal and
comparative analyses examining how changes in governance affect
sustainability outcomes over time; (ii) deepen the analysis by
adopting a critical design approach to investigate sustainability
not as an attribute of products but as a property of decision-
making systems; and (iii) further develop the proposed guidelines,
articulating detailed activities to advance sustainability toward a
deeper interrogation of how value, success, and responsibility can
be governed within the industry beyond simple optimisation within
existing structures.

Overall, this study contributes to ongoing debates on
that
transformation depends on the alignment of design practices,

sustainable fashion by demonstrating meaningful
governance structures, and cultural change within a coherent
systemic perspective. By moving beyond communication-led
approaches and framing sustainability as an emergent property of
interconnected socio-technical, economic, and cultural and ethical
configurations, the research highlights the need to rethink how
value, responsibility, and decision-making are structured within
the fashion system. In this sense, sustainability is not achieved
through isolated interventions, but through the reconfiguration
of the conditions under which products are designed, produced,

and consumed.

Data availability statement

The
study

the
article/supplementary

contributions in

the

original presented
are included in

Frontiers in Sustainability

14

10.3389/frsus.2026.1811881

further be directed the

corresponding author.

material, inquiries  can to

Author contributions

CC: Methodology, Writing - review & editing, Writing
- original draft, Conceptualization, Resources. MR: Resources,
Writing - review & editing, Writing — original draft, Validation.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was used in the
creation of this manuscript. During the preparation of this
work, the author(s) used ChatGPT for English proofreading. The
author(s) assert that no hypotheses, discourse logic, or conclusions
of the entire article were the result of the use of a system that
integrates (Generative) Al, and they take full responsibility for the
content of the publication.

Any alternative text (alt text) provided alongside figures in
this article has been generated by Frontiers with the support of
artificial intelligence and reasonable efforts have been made to
ensure accuracy, including review by the authors wherever possible.
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/frsus.2026.1811881
https://www.frontiersin.org/journals/sustainability
https://www.frontiersin.org

Colombi and Rodigari

References

Aakko, M., and Niinimaki, K. (2022). Quality matters: reviewing the connections
between perceived quality and clothing use time. J. Fashion Mark. Manag. 26, 107-125.
doi: 10.1108/JFMM-09-2020-0192

Adamkiewicz, J., Kochanska, E. Adamkiewicz, 1., and &Lukasik, R. M.
(2022).Greenwashing and sustainable fashion industry. Curr. Opin. Green Sustain.
Chem. 38:100710. doi: 10.1016/j.cogsc.2022.100710

Akerlof, G. A. (1970). The market for lemons: quality uncertainty and the market
mechanism. Q. J. Econ. 84, 488-500. doi: 10.2307/1879431

Aus, R, H. Moora, M. Vihma, R. Unt, M. Kiisa, and Kapur, S. (2021). Designing
for circular fashion: integrating upcycling into conventional garment manufacturing
processes. Fash. Text. 8:34. doi: 10.1186/540691-021-00262-9

Barberis Canonico (2021). Wool recycling and fibre degradation.” industry research
presentations and talks.

Bertola, P., and Colombi, C. (2014). Rebranding made in italy: a design-driven reading.
Fash. Pract. 6, 175-200. doi: 10.2752/175693814X14035303880632

Bertola, P., and Colombi, C. (2024). Can fashion be sustainable? trajectories of change
in organizational, products and processes, and socio-cultural contexts. Sustain. Sci.
Pract. Policy 20:2312682. doi: 10.1080/15487733.2024.2312682

Bonoma, T. (1989). Learning with Cases. Boston: Harvard Business School.

Brooks, A., K. Fletcher, R. A. Francis, E. D. Rigby, and Roberts, T. (2017).
Fashion, sustainability, and the anthropocene. Utop. Stud. 28, 482-504.
doi: 10.5325/utopianstudies.28.3.0482

Buchel, S., Hebinck, A., Lavanga, M. and Loorbach, D. (2022). Disrupting the status
quo: a sustainability transitions analysis of the fashion system. Sustain. Sci. Pract. Policy
18, 231-246. doi: 10.1080/15487733.2022.2040231

Business of Fashion (2019). “What Happened to Honest By?” Available online at: https://
www.businessoffashion.com (Accessed December 10, 2025).

Candiani Denim n.d. Microfactory and custom projects documentation.
Carson, R. (1962). Silent Spring. Boston, MA: Houghton Mifflin.
Cross, N. (2006). Designerly Ways of Knowing. London: Springer.

Cura, K., Sheenam, J., and, Niinimiki, K. (2022). Transparency and Traceability in
the Textile Value Chain. Aalto University. https://aaltodoc.aalto.fi/bitstream/handle/
123456789/117564/isbn9789526496238.pdf (Accessed December 10, 2025).

D’Arpizio, C., Levato, F., Prete, F., and De Montgolfier, J. (2022). Luxury Goods
Worldwide Market Study. Milan: Bain and Company.

Deloitte (2021). Global Powers of Luxury Goods. London: Deloitte Insights.

Diaz-Soloaga, P. (2021). “Communication in the Fashion Industry: Sustainability
Focus.” in Firms in the Fashion Industry: Sustainability, Luxury and Communication
in an International Context,eds. Gardetti, M. A. and Torres, A. (Cham: Springer
International Publishing), 117-139. doi: 10.1007/978-3-030-76255-1_8

Dissanayake, D. G. K., and Weerasinghe, D. (2022). Towards circular economy in
fashion: review of strategies, barriers and enablers. Circ. Econ. Sustain. 2, 25-45.
doi: 10.1007/s43615-021-00090-5

D’Itria, E. (2025). Fashion Design Circularity: Reimagining Development Models to
Transform the System. Florence: Mandragora.

D’Itria, E., and Aus, R. (2023). Circular fashion: evolving practices in a changing
industry. Sustain. Sci. Pract. Policy 19:2220592. doi: 10.1080/15487733.2023.2220592

D’Itria, E., and Colombi, C. (2022). Biobased innovation as a fashion and textile design
must: a european perspective Sustainability 14:570. doi: 10.3390/su14010570

D’Itria, E., and Trejo Machin, A. (2024). Stitching sustainability: threads as catalyst of
change in fashion. Fash. Highl. 4, 138-147. doi: 10.36253/fh-2912

Dumée, L. F. (2022). Circular materials and circular design—review on challenges
towards sustainable manufacturing and recycling. Circ. Econ. Sustain. 2, 9-23.
doi: 10.1007/s43615-021-00085-2

Ehrenfeld, J. R. (2008). Sustainability by Design: A Subversive Strategy for Transforming
Our Consumer Culture. New Haven, CT: Yale University Press.

Eisenhardt, K. M. (1989). Building theories from case study research. Acad. Manage.
Rev. 14, 532-550. doi: 10.2307/258557

Eisenhardt, K. M., and Graebner, M. E. (2007). Theory building
from cases: opportunities and challenges. Acad. Manag. J. 50, 25-32.
doi: 10.5465/amj.2007.24160888

Farrer, J., and Fraser, K. (2011). Sustainable ‘v’ unsustainable: articulating division in
the fashion textiles industry. Anti-po-des Design Res. J. 1, 1-12.

Ferguson, S., Brahma, A. Eckert, C., and Isaksson, O. (2024). Managing and modelling
margins in design as a means for confronting the challenges of a disruptive world. J.
Eng. Des. 35, 1185-1192. doi: 10.1080/09544828.2024.2414130

Fiorani, E. (2006). Moda, Corpo, Immaginario: Il Divenire Moda del Mondo fra
Tradizione e Innovazione. Milan: Edizioni POLI.design.

Frontiers in Sustainability

10.3389/frsus.2026.1811881

Frayling, C. (1993). “Research in Art and Design.” Royal College of Art Research Papers,
(London: Royal College of Art), 1-5.

Frayling, C. (2015). Closing Provocations of the 2015 Research through Design
Conference. Available online at: https://vimeo.com/129775325 (Accessed December 10,
2025).

Friedman, K. (2003). Theory construction in design research: criteria, approaches, and
methods. Des. Stud. 24, 507-522. doi: 10.1016/50142-694X(03)00039-5

Garcia-Torres, S., Rey-Garcia, M., Séenz, J., and Seuring, S. (2022). Traceability and
transparency for sustainable fashion-apparel supply chains. J. Fash. Mark. Manag. 26,
344-364. doi: 10.1108/JFMM-07-2020-0125

Gardner, T. A., Benzie, M., Borner, J., Dawkins, E., and Fick, S., Garrett, R., et al. (2019).
Transparency and sustainability in global commodity supply chains. World Dev. 121,
163-177. doi: 10.1016/j.worlddev.2018.05.025

Granata, F. (2016). “Fitting sources-tailoring methods: a case study of martin
margiela and the temporalities of fashion,” in Fashion Studies: Research
Methods, Sites and Practices, ed. H. Jenss (London: Bloomsbury), 142-159.
doi: 10.5040/9781474220163.0020

Grant, D. B., and Shaw, S. (2019). “Environmental or sustainable supply chain
performance measurement standards and certifications,” in Handbook on the
Sustainable Supply Chain, ed. J. Sarkis (Cheltenham: Edward Elgar), 357-376.

Greco, S., and De Cock, B. (2021). Argumentative misalignments in the
controversy surrounding fashion sustainability. J. Pragmat. 174, 55-67.
doi: 10.1016/j.pragma.2020.12.019

Gwilt, A. (2020). A Practical Guide to Sustainable Fashion. London: Bloomsbury
Publishing. doi: 10.5040/9781350067059

Hawkes, J. (2001). The Fourth Pillar of Sustainability: Culture’s Essential Role in Public
Planning. Melbourne: Common Ground Publishing..

Hesmondhalgh, D. (2007). The Cultural Industries. London: Sage.
Imbotex n.d. Cameluxe® and Luxepad® Product Documentation.
Imbotex n.d. Corporate Communication on Italian Wool Projects.

Janz, F., Jordanow, S. Heidenreich, S., and Schifer, J. (2025). Shades of green
deception—an empirical examination into the consequences of greenwashing of
innovations. Creat. Innov. Manag. 34, 312-332. doi: 10.1111/caim.12639

Jha, P. (2024). Trade secrets in the fashion industry. Int. J. Law Manag. Humanit. 7,
1746-1758. doi: 10.10000/[JLMH.118424

Kilbourne, W. E. (2004).
social ~paradigm: can they be
doi: 10.1177/1470593104045536

Sustainable communication and the dominant
integrated? Mark. Theory 4, 187-208.

Kiran, P. (2025). Barriers to sustainable transition in the fashion industry: insights from
India. Sustain. Sci. Pract. Policy 21:2466286. doi: 10.1080/15487733.2025.2466286

Kohlbacher, F. (2006). The use of qualitative content analysis in case study research.
Forum Qual. Soc. Res. 7.

Laurel, B. (ed). (2003). Design Research: Methods and Perspectives. Cambridge, MA:
MIT Press.

Long, X., and Nasiry, J. (2022). Sustainability in the fast fashion industry. Manuf. Serv.
Oper. Manag. 24, 1276-1293. doi: 10.1287/msom.2021.1054

LVMH n.d. Nona Source Platform Documentation. Available online at: https://www.
nona-source.com (Accessed December 10, 2025).

Maghssudipour, A., and Sedita, S. (2024). From fashion to sustainability: the key role of
industrial districts. Investig. Reg. 60, 117-132. doi: 10.38191/iirr-jorr.24.027

Manteco n.d. Infinity Recycled Wool Documentation. Available online at: https://www.
manteco.com (Accessed December 10, 2025).

Mazzanti, M., and Zoboli, R. (2009). Embedding environmental innovation in local
production systems: sme strategies, networking and industrial relations: evidence
on innovation drivers in industrial districts. Int. Rev. Appl. Econ. 23, 169 195.
doi: 10.1080/02692170802700500

Medcalfe, S., and Miralles Mir6, E. (2022). Sustainable practices and
financial performance in fashion firms. J. Fash. Mark. Manag. 26, 141-158.
doi: 10.1108/JFMM-10-2020-0217

Niiniméki, K. (2011). From Disposable to Sustainable: The Complex Interplay between
Design and Consumption of Textiles and Clothing. (PhD diss.) Espoo, Aalto University.

Nixon, N. W., and Blakley, J. (2012). Fashion thinking: towards an actionable
methodology. Fash. Pract. 4, 153-177. doi: 10.2752/175693812X13403765252262

Nurse, K. (2006). Culture as the fourth pillar of sustainable development. Small States
Econ. Rev. Basic Stat. 11, 28-40. doi: 10.14217/SMALST-2007-3-EN

Onuma, E. P. (2025). Multi-tier supplier visibility and ethical sourcing: leveraging
blockchain for transparency in complex global supply chains. Int. J. Res. Publ. Rev. 6,
3579-3593. doi: 10.55248/gengpi.6.0325.11145

frontiersin.org


https://doi.org/10.3389/frsus.2026.1811881
https://doi.org/10.1108/JFMM-09-2020-0192
https://doi.org/10.1016/j.cogsc.2022.100710
https://doi.org/10.2307/1879431
https://doi.org/10.1186/s40691-021-00262-9
https://doi.org/10.2752/175693814X14035303880632
https://doi.org/10.1080/15487733.2024.2312682
https://doi.org/10.5325/utopianstudies.28.3.0482
https://doi.org/10.1080/15487733.2022.2040231
https://www.businessoffashion.com
https://www.businessoffashion.com
https://aaltodoc.aalto.fi/bitstream/handle/123456789/117564/isbn9789526496238.pdf
https://aaltodoc.aalto.fi/bitstream/handle/123456789/117564/isbn9789526496238.pdf
https://doi.org/10.1007/978-3-030-76255-1_8
https://doi.org/10.1007/s43615-021-00090-5
https://doi.org/10.1080/15487733.2023.2220592
https://doi.org/10.3390/su14010570
https://doi.org/10.36253/fh-2912
https://doi.org/10.1007/s43615-021-00085-2
https://doi.org/10.2307/258557
https://doi.org/10.5465/amj.2007.24160888
https://doi.org/10.1080/09544828.2024.2414130
https://vimeo.com/129775325
https://doi.org/10.1016/S0142-694X(03)00039-5
https://doi.org/10.1108/JFMM-07-2020-0125
https://doi.org/10.1016/j.worlddev.2018.05.025
https://doi.org/10.5040/9781474220163.0020
https://doi.org/10.1016/j.pragma.2020.12.019
https://doi.org/10.5040/9781350067059
https://doi.org/10.1111/caim.12639
https://doi.org/10.10000/IJLMH.118424
https://doi.org/10.1177/1470593104045536
https://doi.org/10.1080/15487733.2025.2466286
https://doi.org/10.1287/msom.2021.1054
https://www.nona-source.com
https://www.nona-source.com
https://doi.org/10.38191/iirr-jorr.24.027
https://www.manteco.com
https://www.manteco.com
https://doi.org/10.1080/02692170802700500
https://doi.org/10.1108/JFMM-10-2020-0217
https://doi.org/10.2752/175693812X13403765252262
https://doi.org/10.14217/SMALST-2007-3-EN
https://doi.org/10.55248/gengpi.6.0325.11145
https://www.frontiersin.org/journals/sustainability
https://www.frontiersin.org

Colombi and Rodigari

Osborne, L. G. (2023). Constrained to Create: The Regenerative Dance between Designer
Creativity, Sustainability, and Design. (PhD diss.) Drexel University, Philadelphia.

Ozdamar-Ertekin, Z. (2016). Conflicting perspectives on
and consequences of the fast fashion system. Mark. Glob. Dev. Rev.
doi: 10.23860/MGDR-2016-01-01-06

speed: dynamics
1:6.

Patora-Wysocka, Z., and Sutkowski, £. (2019). Sustainable incremental organizational
change—a case of the textile and apparel industry. Sustainability 11:1102.
doi: 10.3390/su11041102

Patton, M. Q. (2002). Qualitative Research and Evaluation Methods, Edn., 3rd ed.
Thousand Oaks, CA: Sage.

Payne, A. (2019). Fashion futuring in the anthropocene: sustainable fashion as
‘taming’ and ‘rewilding. Fash. Theory 23, 5-23. doi: 10.1080/1362704X.2017.13
74097

Piccolo, K. (2022). Stitching a Sustainable Fashion Industry: A Comparative Legal
Approach. (PhD diss). Universita degli Studi di Milano, Milan.

Pieters, B. (2019). Honest by official disclosures and interviews.

Rathore, B. (2018). Allure of style: the impact of contemporary fashion marketing on
consumer behaviour. Int. J. New Media Stud. 5:114. doi: 10.58972/eiprmj.v5i2y18.114

Resortecs n.d. Design for Disassembly Technology Overview. Available online at: https://
www.resortecs.com (Accessed December 10, 2025).

Retex.Green n.d. EPR and End-of-Life Governance Documentation. Available online at:
https://www.retex.green (Accessed December 10, 2025).

Rosa, H. (2013). Social Acceleration: A New Theory of Modernity. New York, NY:
Columbia University Press. doi: 10.7312/rosal4834

Ross, A. (ed). (1997). No Sweat: Fashion, Free Trade and the Rights of Garment Workers.
London: Verso.

Roy, S. (2016). “A critique on current paradigms of economic ‘growth’ and
‘development’ in the context of environment and sustainability issues. Consilience
16, 74-90. doi: 10.7916/consilience.v0i16.3926

Sachs, I. (1978). Eco-development. Prospects 8, 439-445. doi: 10.1007/BF02282151
Sagapova, N., and Buchtele, R,, and Dugek, R. (2022). “The fashion industry and
its problematic consequences in the green marketing era: a review,” SHS Web of
Conferences, Les Ulis: DP Sciences.

Sahimaa, O., Miller, E. M. Halme, M. Niinimaki, K. Tanner, H. Mikeld, M., et al. (2024).
From simplistic to systemic sustainability in the textile and fashion industry. Circ. Econ.
Sustain. 4, 1115-1131. doi: 10.1007/s43615-023-00322-w

Seidu, R. K., Eghan, B, and Acquaye, R. (2024). A review of circular fashion
and bio-based materials in the fashion industry. Circ. Econ. Sustain. 4, 693-715.
doi: 10.1007/s43615-023-00303-z

Sellitto, M. A., Valladares, D. R. F., Pastore, E., and Alfieri, A. (2022).
Comparing competitive priorities of slow fashion and fast fashion operations
of large retailers in an emerging economy. Glob. J. Flex. Syst. Manag. 23, 1-19.
doi: 10.1007/s40171-021-00284-8

Frontiers in Sustainability

16

10.3389/frsus.2026.1811881

Singh, A., Payne, A. R, and Pal, R. (2026). From compliance to collaboration: towards
a strategic framework for social sustainability in fashion supply chains—insights from
a two-phase literature review. Corpor. Soc. Respons. Environ. Manage. 33, 2783-2801.
doi: 10.1002/csr.70297

Spiber Inc. n.d. Biosphere Circulation Project. Available online at: https://spiber.inc/wp-
content/uploads/2023/12/Spiber-Inc._the-biosphere- circulation- project_overview_
Dec-2023.pdf (Accessed December 10, 2025).

Spiber Inc. n.d. Brewed Protein™ Fibers: Technical Overview. Available online at:
https://spiber.inc/en/protein (Accessed December 10, 2025).

Stappers, P. J., and Giaccardi, E. (2017). Research through Design. in The Encyclopedia
of Human-Computer Interaction, 2nd ed. Aarhus: Interaction Design Foundation.

Strahle, J., and Merz, L. (2017). “Case study: total transparency at Honestby.com,” in
Green Fashion Retail, ed. J. Strihle (Singapore: Springer), 269-291.

Talay, C., Oxborrow, L., and Brindley, C. (2020). How small suppliers deal with buyer
power in asymmetric relationships within the sustainable fashion supply chain. J. Bus.
Res. 117, 604-614. doi: 10.1016/j.jbusres.2018.08.034

Thegersen, J. (1999). Spillover processes in the development of a sustainable
consumption pattern. J. Econ. Psychol. 20, 53-81. doi: 10.1016/S0167-4870(98)00043-9

Timmermans, S., and Tavory, I (2012). Theory construction in qualitative
research: from grounded theory to abductive analysis. Soc. Theory 30, 167-186.
doi: 10.1177/0735275112457914

United Cities and Local Governments (UCLG),
Pillar of Sustainability. Barcelona: United Cities
doi: 10.18192/clg-cgl.v3i1.194

(2010). Culture: The 4th
and Local Governments.

United Nations (2012). The future we want: outcome document of the united nations
conference on sustainable development, (A/CONF.216/16).

Vigolo, M., Baldasso, C., Silvestre, W. P., Bortolin, T. A., and Schneider, V. E. (2025).
Evolution of the environmental, social, and governance (esg) model: a review of its
ascending trajectory. Cad. Pedag. 22:¢16291. doi: 10.54033/cadpedv22n7-137

Weturn. n.d. Official Website and Technical Documentation. Available online at: https://
www.weturn.eco (Accessed December 10, 2025).

World Commission on Environment and Development (1987). Our Common Future.
Oxford: Oxford University Press.

Yang, A. (2024). Sustainable finance exploration: analyzing the impact of
environmental, social, governance (esg) information disclosure in the supply
chain. Supply Chain Sustain. Res. 15-31. https://s008.tci- thaijo.org/index.php/SCSR/
article/view/3011/2288 (Accessed December 10, 2025).

Yin, R. K. (1994). Case Study Research: Design and Methods.Edn., 2nd ed. Thousand
Oaks, CA: Sage.

Yin, R. K. (2008). Case Study Research: Design and Methods.Edn., 4th ed. Thousand
Oaks, CA: Sage.

Yin, R. K. (2014). Case Study Research: Design and Methods. Edn., 5th ed. Thousand
Oaks, CA: Sage.

frontiersin.org


https://doi.org/10.3389/frsus.2026.1811881
https://doi.org/10.23860/MGDR-2016-01-01-06
https://doi.org/10.3390/su11041102
https://doi.org/10.1080/1362704X.2017.1374097
https://doi.org/10.58972/eiprmj.v5i2y18.114
https://www.resortecs.com
https://www.resortecs.com
https://www.retex.green
https://doi.org/10.7312/rosa14834
https://doi.org/10.7916/consilience.v0i16.3926
https://doi.org/10.1007/BF02282151
https://doi.org/10.1007/s43615-023-00322-w
https://doi.org/10.1007/s43615-023-00303-z
https://doi.org/10.1007/s40171-021-00284-8
https://doi.org/10.1002/csr.70297
https://spiber.inc/wp-content/uploads/2023/12/Spiber-Inc._the-biosphere-circulation-project_overview_Dec-2023.pdf
https://spiber.inc/wp-content/uploads/2023/12/Spiber-Inc._the-biosphere-circulation-project_overview_Dec-2023.pdf
https://spiber.inc/wp-content/uploads/2023/12/Spiber-Inc._the-biosphere-circulation-project_overview_Dec-2023.pdf
https://spiber.inc/en/protein
https://doi.org/10.1016/j.jbusres.2018.08.034
https://doi.org/10.1016/S0167-4870(98)00043-9
https://doi.org/10.1177/0735275112457914
https://doi.org/10.18192/clg-cgl.v3i1.194
https://doi.org/10.54033/cadpedv22n7-137
https://www.weturn.eco
https://www.weturn.eco
https://so08.tci-thaijo.org/index.php/SCSR/article/view/3011/2288
https://so08.tci-thaijo.org/index.php/SCSR/article/view/3011/2288
https://www.frontiersin.org/journals/sustainability
https://www.frontiersin.org

	Beyond sustainability rhetoric: design guidelines for a responsible fashion system
	1 Introduction
	1.1 Historical and systemic emergence of sustainability in fashion
	1.2 Environmental dominance and cost–margin governance
	1.3 Traceability, transparency, and structural contradictions
	1.4 The cultural crisis of product knowledge

	2 Materials and methods
	3 Results
	3.1 Emergent alternative pathways toward systemic sustainability
	3.1.1 Material transition and circular integration
	3.1.2 Territorial fiber-to-fiber, evidence-based circularity
	3.1.3 Component-level circularity of premium waste
	3.1.4 Waste prevention and stock valorisation
	3.1.5 Design for disassembly and end-of-life enablement
	3.1.6 On-demand production and value-chain reconfiguration
	3.1.7 Systemic governance of end-of-life and flow allocation
	3.1.8 Radical transparency and economic accountability


	4 Discussion
	4.1 Systemic interpretation of sustainability in fashion
	4.2. Guidelines for systemic and sustainable fashion practice
	4.2.1 Design guidelines
	4.2.2 Industrial and supply-chain guidelines
	4.2.3 Technological guidelines
	4.2.4 Cultural and educational guidelines

	4.3 Limitations, implications and future research

	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


