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Abstract: The digital transformation of the fashion industry is creating the conditions for a more sustainable
production model, based on reducing resource consumption and optimizing design processes. In this context,
digital libraries of textile materials are gaining a central role, not only as storage tools but as active
components of an interconnected digital ecosystem. Recent studies show that the integration of 3D simulation,
the use of the “digital twin” concept, and the development of collaborative platforms significantly reduce the
need for physical prototypes and improve process efficiency. At the same time, the use of digital material
libraries in ecodesign supports informed decision-making and accelerates product development. Materials can
be tested, adjusted, and reused quickly, without additional physical resources, offering a clear advantage over
traditional methods. This article analyzes the role of digital libraries in shaping a digital ecosystem in fashion,
highlighting the need for standardization and interoperability between platforms. The aim of the research is to
define a conceptual model for integrating digital libraries into contemporary design workflows, with a focus
on their impact on sustainability. The development of these structures is an essential condition for the
transition from fragmented digitalization to a coherent and functional system in the fashion industry.
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1. INTRODUCTION

The fashion industry is undergoing a period of profound transformation, driven by
increasing pressure related to sustainability and resource efficiency. The traditional model, based on
repetitive physical prototyping and intensive material consumption, is increasingly being challenged,
making innovative solutions necessary to reduce environmental impact. In this context, the
digitalization of design and production processes is becoming a strategic direction, supported by the
development of 3D simulation technologies and collaborative digital platforms [1, 2].

Recent research highlights that the transition to digital fashion does not only involve the use
of advanced technological tools, but also the development of a digital ecosystem in which various
actors, resources, and technologies interact in an integrated manner. Thus, studies on sustainability
in the context of the metaverse emphasize the importance of platform interconnectivity and
collaboration among stakeholders for value creation and waste reduction [3]. At the same time, the
specialized literature on digital ecosystems points to the need for open and scalable architectures,
based on common standards that enable interoperability of data and processes [4].

In this framework, digital libraries of textile materials become essential components of the
digital ecosystem, facilitating the storage, reuse, and transfer of information regarding material
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properties. Studies in the field show that the use of such libraries significantly contributes to
reducing physical prototypes and optimizing the decision-making process in design [5, 6]. However,
a major issue remains the lack of standardization of digital materials, which limits interoperability
between different platforms and industrial actors.

In this context, the aim of this paper is to analyze the role of digital textile material libraries
within the digital ecosystem of the fashion industry and to propose a conceptual model for their
integration into contemporary design workflows.

2. STANDARDIZATION OF DIGITAL MATERIALS AS THE
FOUNDATION OF A SUSTAINABLE DIGITAL FASHION ECOSYSTEM

The standardization of digital materials can be seen as a natural next step in the evolution of
digital fashion. In practice, the field is still quite fragmented, with design processes often tied to
specific platforms. Without shared standards, digital materials are hard to transfer between systems,
which limits their broader use and slows down their integration into industrial workflows.

A digital textile material should be understood as more than just a visual surface. It is, in
fact, a set of parameters that define how the material behaves, how it looks, and how it interacts in a
virtual environment. This way of thinking places the material at the center of the design process,
similar to how physical materials function in traditional fashion. Still, without standardization, these
digital materials remain incompatible, leading to repeated work and inefficient processes.

By introducing standardization, a common language for digital materials begins to take
shape. This makes it possible for different software platforms and industry actors to work more
easily together. In this context, digital material libraries become essential, as they allow materials to
be stored, reused, and shared across projects. This not only reduces duplication but also speeds up
both design and prototyping.

The sustainability benefits are also important. Reusing standardized materials reduces the
need for physical samples, improves production efficiency, and lowers material waste. In this sense,
sustainability is not just an added goal, but a direct result of how the digital system is structured.

Figure 1 shows the main stages of this standardization process within a sustainable digital
fashion ecosystem.
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Fig. 1: Stages of Digital Material Standardization

Figure 1 describes a structural transition in the evolution of digital fashion: from the isolated
use of digital tools toward the formation of a coherent system based on standardized infrastructures
of digital materiality.
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In an initial stage, digital fashion develops through the digitization of design processes,
particularly through the use of 2D and 3D tools for sketching, simulation and virtual prototyping.
This stage is predominantly operational in nature, where technology functions as a support for the
creative process without fundamentally altering the structure of the industrial system. In other
words, digitalization improves the design process but does not reorganize how materials are defined
and circulated.

As the digital ecosystem expands, structural fragmentation emerges, driven by the diversity
of software platforms and the lack of interoperability between them. Digital materials become
dependent on specific systems, are difficult to transfer and cannot be consistently reused across
different working environments. This situation generates redundancy, duplication of resources, and
limited efficiency at a global level, even if processes are locally optimized. In this context, the need
for standardization of digital materials becomes evident. Standardization is not merely a matter of
technical uniformity, but of defining a common language of digital materiality that enables the
consistent description, storage and use of materials across different platforms and applications. Thus,
the digital material is redefined as a structural unit with parameterized properties, capable of
circulating within an interoperable ecosystem.

With the emergence of standardization, digital material libraries develop as essential
infrastructures of the ecosystem. These enable the storage, organization, and reuse of digital
materials, transforming them into a shared resource at the industrial level. In this way, digital
materials acquire a status similar to raw materials in the physical industry, but within a virtual
environment. Standardization also facilitates interoperability between platforms, software systems
and industrial actors, leading to the formation of an integrated digital ecosystem. Within this
ecosystem, materials are no longer isolated entities, but circulating components of a global system of
digital design and production. The figure shows that the real transformation in digital fashion does
not come solely from going digital, but from establishing standards for digital materials, which
enable a unified, connected and sustainable system of work.

3. INITIAL RESEARCH

This paper presents only the initial stage of digital material standardization. At this stage, the
same type of digital material (Woven Denim) was selected from different platforms (Table 1).

Table 1: Characteristics of the digital material (Woven Denim)

Visual characteristics Physical characteristics
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.pn. .png .pn. g/m2 mm g/s2 g*mm?2/s2 [0-1] [0-1] - [0-1]
CLO3D i i 280 0,7 4 values 4 values 4 values | 4 values - 1 value
J ] - - g/m2 mm g/s2 g*mm?2/s2/rad | [0-100] | [0-100] [0-1] [0-1]
Style3D i 281 0,71 3 values 3 values 3 values | 3 values | 1 value | 1 value

Table 1 presents a comparison of how the CLO3D and Style3D platforms define digital
textile materials. Both visual and physical characteristics of the materials are analyzed, highlighting
variations in file formats, the number of parameters, and the way material properties are described.
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4. CONCLUSIONS

The analysis of the table clearly highlights the fragmented nature of digital materials in the
absence of standardization. The differences observed between platforms such as CLO3D and
Style3D, both at the visual level (types of maps used) and at the physical level (number and type of
parameters), confirm the lack of a unified system for defining materials.

This variation demonstrates that digital materials cannot be transferred or reused coherently,
which limits interoperability and the efficiency of design processes. At the same time, defining the
material as a parameterized object shows that a clear structuring of properties can form the basis of a
standardized model. Therefore, the results support the idea that the standardization of digital
materials is not only necessary, but essential for building a coherent digital ecosystem, in which
materials become reusable and comparable resources across platforms.

In the following studies, the analysis will be extended to a larger number of digital materials
and platforms in order to validate the general nature of the identified fragmentation. A
standardization model for digital materials will be proposed and tested, based on defining a unified
set of parameters. Additionally, a digital material library structured according to this model will be
developed. Finally, the level of interoperability and the possibility of reusing materials across
different software environments will be evaluated.
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