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ABSTRACT

While traceability within the textile sector has long been a market demand, emerging EU regulations, such as
the Ecodesign for Sustainable Products Regulation, are fundamentally shifting the paradigm. With the intro-
duction of mandatory digital product passports (DPPs), comprehensive traceability is no longer a voluntary
commercial advantage; it is a strict regulatory compulsion for market access. But implementing such systems
in the textile industry is complex due to varying levels of digital implementation across manufacturing net-
works and supply chains, unstructured data, and a lack of unified industry standards for cross-border data in-
teroperability. Nonetheless, with developments in large language models (LLMs) and advanced data automa-
tion frameworks, a scalable solution to these barriers is emerging. By integrating fragmented supplier docu-
mentation, automatically mapping raw variables to required compliance schemas, and validating information
across deep-tiered networks, these systems possess the potential to streamline DPP implementation. Existing
research highlights the capability of these frameworks to systematically identify data omissions and optimize
verification workflows, thus providing a practical blueprint for reducing administrative burden.

This research focuses on investigating how LLM-driven systems can be implemented, considering the unique,
multi-layered challenges of the textile sector. It demonstrates a practical, automated data harmonization strate-
gy to convert complex operational data into verifiable, audit-ready product passports. To achieve this, the pro-
posed framework focuses on compliance tracking into an automated, multi-stage system that completely bridg-
es the gap between regulatory mandates and factory floor realities. The system uses domain-specific language
models to read the regulatory requirements from dense legal text into structured compliance templates, defin-
ing exactly what parameters are mandatory for market entry. Further, the system processes unstructured supply
chain data to extract key material properties, facility information, and environmental records, followed by
mapping these fragmented data streams directly into uniform digital product passport profiles. By creating a
standardized semantic parsing layer, the framework effectively cleanses and harmonizes heterogeneous suppli-
er data streams. This framework shows how LLM-driven intelligent automation can eliminate the administra-
tive difficulties of mandatory transparency and shift it from manual and reactive to automated, verifiable circu-
lar data ecosystems.




