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This paper analyses the efficiency of integrating digital 3D prototyping
solutions, particularly CLO 3D software, with manual wool waste processing
methods for the development of a sustainable menswear collection. The research
demonstrates how the digitalization of the design process enables precise product
visualization, optimizes base construction, and significantly reduces material waste
by eliminating intermediate physical prototypes. At the same time, the reuse of
textile waste through techniques such as carding and dry felting adds superior
aesthetic and ecological value to the final product, transforming waste into creative
resources. The results highlight that this hybrid approach represents a viable
solution for the fashion industry.
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INTRODUCTION

In the current context of the climate crisis, the textile industry faces an urgent
need to adopt sustainable production models. Wool, recognized for its
thermoregulating properties, breathability, and durability, represents an ideal
material for recycling. However, processing wool waste requires innovative
approaches to overcome economic and technological barriers [1].

The implementation of 3D technologies in fashion design is no longer merely
an aesthetic option, but an ecological necessity. CLO 3D software enables the
simulation of fabric behaviour on digital avatars, allowing designers to correct fitting
defects before cutting the material. This paper proposes a fusion between the rigor
of digital algorithms and the artistic unpredictability of manual wool recycling
techniques, demonstrating that technology and craftsmanship can coexist to
generate high-quality products [2].

PURPOSE

The aim of this research is to demonstrate the viability of sustainable design
through the fusion of digital prototyping with manual wool recycling techniques. The
study focuses on transforming textile waste into value-added menswear products,
optimizing the production process and reducing environmental impact by eliminating
physical prototypes and capitalizing on secondary resources. The proposed
approach strengthens the circular economy and demonstrates the efficiency of
integrating digital technologies into contemporary artisanal processes.
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RESULTS AND DISCUSSION

A. Manual Processing of Waste

At the initial stage, the research focused on artisanal techniques for
valorising wool waste. An innovative element presented in the thesis is the use of a
custom-made miniature carding cylinder designed to restore wool fibres to a
primary state, ready for reuse (Figure 1).
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Fig. 1. Wool preparation process and tools used [3]

The presented tools enabled the creation of a wool layer subsequently used
in the dry felting technique, applied to produce unique textures and decorative
inserts directly on garments. By using special needles of different sizes, the
recycled fibers were mechanically interlocked into the base fabric structure,
resulting in a three-dimensional effect and an organic aesthetic (Figure 2). Finally,
mechanical decorative stitches were applied.
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Fig. 2. Creation of decorative elements [3]

B. 3D Prototyping as a Bridge to Sustainability

In parallel with the manual processing of waste, the garment construction
was developed [4]. The use of CLO3D software in this thesis represented the
technical core of the creative process [5]. The design process included selecting a
digital avatar, modelling shapes, and applying textures simulating recycled wool
(Figure 3).
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Fig. 3. 3D prototyping and model diversification in CLO3D [3]
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During the workflow using the Colorway tool, various colour palettes and
previously created manual textures were tested. This enabled rapid creation and
visualization of multiple variations of the same design without reconstructing
patterns from scratch. The process facilitates the quick identification of optimal
solutions for the collection and allows precise evaluation of which colours and
materials will be most attractive to the final consumer (Figure 3).

The use of 3D prototyping software in garment creation has revolutionized
the way sustainable concepts are translated into reality by offering fundamental
advantages through digital integration. A major benefit is the drastic reduction of
technological waste; through ultra-realistic virtual visualization, the need for multiple
intermediate physical samples was eliminated, saving significant amounts of raw
materials and energy.

Beyond the ecological aspect, construction accuracy is optimized through
advanced simulations that allow real-time verification of fabric tension and precise
body fit, ensuring superior quality and impeccable ergonomics of the final product.
Moreover, the flexibility of the digital process supports rapid collection
diversification, enabling extensive creative exploration within a fully controlled and
sustainable environment.

CONCLUSIONS

This research confirms that the integration of advanced digital technologies
with traditional waste-processing techniques is not merely an experimental
approach, but a strategic direction for the evolution of sustainable fashion design.
The incorporation of CLO 3D prototyping software into the development of the
menswear collection fundamentally restructured the creative and technical
workflow. By enabling precise geometric construction, accurate fit simulation, and
real-time material behavior analysis, the digital environment replaced the
uncertainties associated with conventional flat-pattern methods. Virtual simulations
allowed continuous refinement of proportions, balance, and ergonomics before any
physical intervention, significantly reducing material consumption and eliminating
the necessity for multiple trial prototypes. As a result, both technological waste and
energy use were substantially minimized at the design stage.

At the same time, the manual recycling of wool, through miniature cylinder
carding and dry felting, introduced a complementary dimension rooted in
craftsmanship. These techniques restored discarded fibers to functional and
expressive value, transforming waste into textured surfaces and structural
decorative elements. The tactile irregularities and subtle inconsistencies of
manually processed wool generated a distinctive aesthetic language. When
inserted into garments constructed with digital precision, these organic qualities
created a deliberate contrast between algorithmic order and material spontaneity.
This dialogue defines a contemporary interpretation of sustainable luxury, where
authenticity and innovation coexist.

The strength of this hybrid model lies in its systemic coherence within the
circular economy framework. Digital prototyping optimizes efficiency and lowers the
carbon footprint during conceptualization, while artisanal recycling directly
addresses textile waste at the material level. Together, they form a closed-loop
logic that connects design intelligence with responsible resource management. The
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findings clearly demonstrate that digitalization does not replace craftsmanship;
rather, it amplifies its expressive and functional potential.

The study proves that wool waste, frequently underestimated, can become a
source of high value-added menswear products. By combining technological rigor
with manual sensitivity, designers gain the capacity to produce garments that are
innovative, ethical, and economically viable. The future of the textile industry
depends on this equilibrium between digital precision and human touch.
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®IOPA-BYPOYXKA €., IPOBAH M., PAPY A., BYXKOPAH T.

3D-NMPOTOTUMYBAHHA TA TPAOMUUIWHI TEXHONOrIi MEPEPOBKU
BOBHW B AU3AMHI YONIOBIYOIro ogdary

Y uit cmammi aHanisyembscs eghekmusHicms iHmezpauii yughposux 3D-
piweHb Onsi npomomuriyeaHHs, 30Kpema rnpoepamHozo 3abesneyeHHss CLO 3D, 3
memodamu py4yHoOi 06pobKu 808HSHUX 8i0x00i8 Onsi po3pPObKU Komnekyii cmanozo
qonoeiyoeo o00siey. [ocnidxeHHs OeMOHcmpye, K yugbposizayia npouecy
npoekmyeaHHsi  0038075€  MOYHO  8i3yanisyeamu  npolykm,  OnNMuUMI3ye
KOHCMPYKUiI0O OCHOBU ma 3HAaYyHO 3MeHWYye MamepiaibHi 8i0xodu, ycysaro4u
nPOMKHI  @Qi3uyHi  npomomunu.  BodHouac, M0BMOpPHE  BUKOPUCMAaHHS
mekcmusnbHUX 8idx0dig 3a 00NOMO20t0 makux memodig, sik kKapdodyecaHHs ma cyxe
gasisiHHSl, 0o0ae KiHuesoMy Mpodykmy 4y0ogy ecmemuyHy ma eKOJIo2iYHy
uiHHicmb, nepemeoproroyu  8idxo0u Ha meopuyi pecypcu. Pesynsmamu
niokpecriroromb, WO yeld eibpudHuli nioxid € xumme3damHuMm pilueHHIM Ons
iHOycmpii modu.

Knroyoei cnoea: nepepobka 8osHu, 3D-npomomurysaHHs, cmanud dusalH
o0siey, nepepobrieHi Mamepianu, gipmyansHull IpPomomurt.
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