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The textile and fashion industries are among the most resource-intensive and polluting sectors globally,
contributing substantially to water consumption, chemical use, and solid waste generation. In 2022, textile
consumption in the EU ranked fifth among twelve household categories for raw material use, emissions, and
water and land use. In response to these pressing challenges, the European Commission launched the EU
Strategy for Sustainable and Circular Textiles (European Commission, 2022). The strategy envisions that, by
2030, all textile products placed on the EU market will be durable, repairable, and recyclable, made without
hazardous substances, and manufactured respecting both social rights and environmental standards. Grounded in
the principles of Cleaner Production, the strategy promotes resource efficiency, longer product lifespans, and the
integration of circular economy models across the textile value chain.

One key challenge in this transition is the reliable identification and classification of textile fibers,
particularly in recycled garments, where material traceability is often limited.

This study supports the goals of the EU strategy by exploring the application of non-destructive
spectroscopic methods to verify the fiber composition of recycled garments. Ensuring accurate material
classification is essential for traceability, quality control, and informed end-of-life management.

In this exploratory phase, a portable Vis (Visible) - Short-Wave InfraRed (SWIR) spectrometer was used
to acquire reflectance spectra in the 400-2500 nm spectral range from different textile materials. A FieldSpec® 4
Standard-Res field portable spectrophotometer (ASD Inc., Boulder, Colorado, USA) was employed. Spectral
data were collected from both virgin and recycled fibers, including cotton, linen, polyester, wool, cashmere, and
silk. These samples were grouped by fiber composition to build a reference database for classification. Data
analyses were carried out in the SWIR spectral range (1000-2500 nm).

Principal Component Analysis (PCA) was applied to investigate spectral differences among fiber types.
Initial PCA results indicate a clear grouping of samples according to fiber class, with good separation between
plant-based (e.g., cotton, linen) and animal-based (e.g., wool, cashmere, silk) fibers. Focused PCAs on fiber
subsets (e.g., polyester/cotton/linen, cotton/linen or wool/cashmere) further highlighted the potential for
discrimination, even among visually similar textiles.

Validation was performed using real recycled garments, including blends of recycled and organic fibers.
The projection of these samples into the PCA score space confirmed spectral consistency with corresponding
fiber categories, supporting the feasibility of this method for non-destructive fiber-type verification (Figure 1).
Notably, excluding polyester from the model, separation between plant-derived and animal-derived fibers is
evidenced. Within the animal-derived fibers group, further discrimination was observed between keratin-based
(wool, cashmere) and sericin-based (silk) fibers. These findings suggest that SWIR spectroscopy, combined with
multivariate analysis, is a promising tool for fiber-type differentiation.

However, a limitation of this preliminary study is the reliance on label-declared compositions in building

the reference dataset, which introduces uncertainty due to possible inaccuracies in garment labeling. Future work
will include the acquisition of certified reference samples to refine spectral libraries, thus improving model
robustness. Supervised machine learning will also be explored to improve classification and enable prediction.
In conclusion, this study highlights the potential of portable SWIR spectroscopy as a practical, scalable tool for
fiber identification in recycled textiles. Its ability to deliver fast, non-invasive, and cost-effective analysis makes
it highly suitable for deployment across sorting facilities, production lines, and quality control checkpoints.
Continued research and technological refinement could significantly support the development of closed-loop
systems, reduce reliance on virgin resources, and facilitate a shift toward a more sustainable, circular textile
economy.

Therefore, by enabling fast, in-situ screening of textile materials, SWIR spectroscopy supports more
sustainable decision-making in both production and recycling chains, ultimately reducing reliance on virgin
resources and fostering closed-loop textile systems.
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Figure 1. Projection of real recycled garments (i.e. recycled cotton 50% - organic cotton 50% blend, recycled
linen 100%, recycled wool 100%, recycled cashmere 95% - recycled wool 5% blend, recycled silk 100%) into
the PCA score space: (a) PC1 vs PC2 and (b) PC1 vs PC3.
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