






Systemic Trade-offs in Closed-Loop Textiles: A

Critical Life-Cycle Comparison of Evrnu Nucycl®

and Infinna™ Regenerated Fibres

Title: Beyond Incremental Substitution: Evaluating Chemical Textile-to-Textile
Recycling and Digital Traceability Governance

1. Introduction & Background

Global textile production generates approximately 92 million tonnes of waste
annually, with less than 1% being recycled back into new clothing in a closed loop
(Niinimäki et al., 2020). The old linear model of fashion consumption - 'take, make
and dispose' - has led to excessive extraction of new-energy materials, substantial
pollution from toxic chemicals and large-scale landfill waste, high water consumption,
etc. Although the mechanical recycling process is now employed by commercial
waste recovery enterprises, it shortens the length and alters the structure of staple
fibres through severe mechanical shredding; as a result, the downcycled products have
reduced economic, functional and material values.

Due to the limitations of physical damage, chemical textile-to-textile (T2T) recycling
technology has recently been proposed to address the problem of circular fashion. By
breaking down post-consumer textile waste at the molecular level, chemical recycling
recovers high-purity cellulose or polymer building blocks to produce regenerated
man-made cellulosic fibres (MMCF) or synthetic filaments with virgin-equivalent
mechanical properties. Although the realisation of large-scale chemical T2T recycling
is a technical problem in solvent chemistry, it also involves all sorts of trade-offs
among feedstock purity thresholds, chemical processing intensity, energy load and
multi-stakeholder governance across disaggregated global value chains (Tonkinwise,
2015).

2. Methodology & Analytical Framework

Critically analyse the circularity of chemical T2T using a dual-prism comparative
system of feedstock purity and chemical processing load. Chemical recycling is not
universally superior, so we have selected two leading industrial technologies in the
regenerated cellulose sector for this study: Evrnu's Nucycl® and Infinited Fiber
Company's Infinna™.

The design of sustainability theory evaluation at multiple levels (Pilgaard, 2019;
Tonkinwise, 2015) gradually moves from micro-level molecular deconstruction to



macro-level socio-technical infrastructure and governance systems. To solve the
fundamental problem of collecting, identifying and sorting heterogeneous
post-consumer textile waste, a strategic Design intervention has been put forward in
this paper: integrating Digital Product Passports (DPP) with Near-Infrared (NIR)
automated sorting. The location and analysis of this intervention are within the
institutional governance system of the Australian Fashion Council's Seamless clothing
stewardship scheme (Australian Fashion Council, n.d.).

3. Critical Analysis & Technology Case Studies

3.1 Case A: Evrnu’s Nucycl® Technology

Evrnu’s Nucycl® technology represents a high-purity cellulose dissolution pathway
designed to generate premium continuous filament fibers from post-consumer cotton
waste (Evrnu, 2023). Nucycl is operated under a modified lyocell-type
direct-dissolution process; thus, cellulosic waste is not severely depolymerised and
the recovered pulp can be re-extruded as high-tensile, pristine filament yarns.

However, Nucycl does not use chemical modification and is therefore required to
have high-purity cellulosic raw materials. Non-cellulosic contaminants, such as
elastane blends, polyester stitching, hydrophobic coatings and metal trims, cause
severe clogging of the extrusion spinneret and damage the structure of the spun fibre.
Therefore, Case A adds to the operating costs of upstream pre-treatment and intensive
physical sorting by requiring mechanical trim removal and chemical blend separation
before the feedstock can be used in the dissolution reactor.

3.2 Case B: Infinited Fiber Company’s Infinna™ Technology

In contrast, Infinited Fiber Company's Infinna™ is produced via a chemical route
involving cellulose carbamate chemistry. Infinna chemically modifies cotton-rich
post-consumer textile waste streams by reacting them with urea under thermal
treatment to produce a stable cellulose carbamate intermediate (Infinited Fiber
Company, 2023). This intermediate is soluble in mild alkaline solutions and can be
wet-spun into various cotton-like regenerated staple fibres suitable for conventional
spinning equipment.

Carbamate conversion has a relatively high tolerance to impurities compared with
direct-dissolution systems. Chemical modification can be used to process
heterogeneous cotton-rich blends, absorb various post-consumer streams that would
otherwise foul lyocell-type reactors, etc. However, this flexibility comes at the cost of
a higher operating cost, more chemical reagent consumption (such as urea handling),
and additional wastewater treatment requirements in the carbamate synthesis and
regeneration steps.



3.3 Comparative Synthesis & Infrastructure Trade-offs

Nucycl® and Infinna™ are in fundamentally different systems of the chemical T2T
landscape and, therefore, have different feedstock purities and processing levels.

Nucycl reduces the amount of downstream chemical processing, energy consumption
and chemical reagent use by requiring ultra-pure feedstock, thus shifting the economic
and operational burden upstream to sorting and mechanical pre-treatment facilities
(Evrnu, 2023; Haslinger et al., 2019). Informa receives lower-grade, mixed
post-consumer waste streams, adds a chemical modification step downstream, and
must perform more extensive chemical synthesis and washing to deal with feedstock
variations.

Neither technology is a universally better option. Nucycl is better suited for
high-value, closed-loop technical applications that require continuous high-tenacity
filament, while Infinna is a pragmatic and highly scalable bridge for processing bulk,
lower-grade post-consumer textile waste streams.

Expansion of these chemical processes must also meet the demand for supporting
regional infrastructure. Infinna has more feedstock options for large-scale sorting
bases but is also a multi-step chemical modification process with higher upfront costs.
On the other hand, Nucycl's high-purity requirement demands significant investment
in local, high-precision optical sorting technology before it can be economically
feasible (Geissdoerfer et al., 2017).

4. Strategic Design Intervention: Digital Product

Passports & Automated Governance

Since both Nucycl® and Infinna™ have strict chemical contamination limits, manual
garment sorting must be used to avoid problems such as incorrect or missing care
labels, and thus the scale-up of chemical T2T recycling is limited. To bridge the gap
between post-consumer waste and the requirements of chemical processing, this essay
puts forward a strategic design intervention: to integrate Digital Product Passports
(DPP), RFID/QR codes, and Near-Infrared (NIR) automated sorting under an
extended producer responsibility (EPR) system (Englund et al., 2018; Australian
Fashion Council, n.d.).

Digital Product Passports (DPPs) are employed to create a supportive infrastructure
for RFID and optical tag applications in NIR optical scanning across all stages of the
garment's life cycle. Fashion brands are adding verified fibre-composition data,
chemical-finish records and dye information to a digital garment passport in
production. At the end of their life cycle, clothes enter post-consumer waste; regional
automated sorting centres, in conjunction with national stewardship systems, have



been equipped with digital tag readers and NIR optical scanners. While DPP and
RFID systems provide verified product metadata directly from the manufacturer, NIR
scanners cross-check the physical fibre composition of automatically sorted items to
detect untagged, modified or mislabelled products (Englund et al., 2018).

Digital-physical integration can reduce sorting errors and lower the
cross-contamination risk for chemical recyclers; an open-source material traceability
system will be created in the value chain (Brown & Harris, 2015). Under the Seamless
scheme, brand eco-contributions (4c per garment levy) will fund capital expenditure
for regional sorting hardware and open-source DPP database architecture, establish a
multi-stakeholder governance model, and share operational responsibility among
apparel brands, waste collectors and chemical recyclers (Australian Fashion Council,
n.d.).

5. Critical Reflection: Unintended Consequences &

Systemic Limits

Dunne and Raby (2013) used speculative design to explore the problems that new
technology has created and found some deficiencies in the system.

Firstly, physical tags, scannable QR codes and optical markers are prone to damage
from prolonged wear, washing or deliberate removal by consumers during extended
use of the clothing. If there is no physical-digital tag integrity, unlabelled
post-consumer items will not be recognised by the automated sorting line and will
thus be treated as general waste.

High-tech chemical recycling may also be subject to the classic circular economy
rebound effect (Zink & Geyer, 2017). By presenting chemical recycling as an infinite
technical solution, the fashion industry may be legitimizing continuous
overproduction and hyper-consumption, thus reinforcing the fast-fashion business
model under the guise of technological sustainability (Chapman, 2015). If consumers
and brands believe that clothing can be perpetually regenerated at the molecular level
without environmental damage, emotional detachment and a higher frequency of
clothing replacement may occur, thus offsetting the ecological benefits of chemical
recycling infrastructure.

Lastly, the compliance and onboarding costs of the Digital Product Passport
infrastructure are relatively high for small and medium-sized fashion brands and local
manufacturers. If there are no targeted financial subsidies and open-access data
standards provided by the governing body, a high-technology barrier may lead to
market concentration and favour multinational fast-fashion conglomerates with
abundant capital (Australian Fashion Council, n.d.).



Material constraints and governance friction over data ownership in the Digital
Product Passport are also problems. Brands are reluctant to reveal their private fibre
blends or commercial supply chain partners on open-source tracing networks. Without
such data transparency, there may be an information asymmetry between high-end
fashion conglomerates and regional waste-sorting enterprises, and thus, the joint
accountability required by stewardship models will not be realised (Dahlbo et al.,
2017).

6. Conclusion

Chemical textile-to-textile recycling technologies, such as Evrnu's Nucycl® and
Infinited Fibre's Infinna™, have developed a method to avoid the problem of physical
damage in traditional mechanical downcycling through molecular mechanisms.
Material circularity cannot be achieved by chemical engineering alone in practice.

To realise scalable, closed-loop fashion systems, connect micro-level molecular
processes with macro-level socio-technical governance and link Digital Product
Passports, automated NIR optical sorting, and extended producer responsibility
schemes such as Seamless (Australian Fashion Council, n.d.). However, the technical
intervention should not be regarded as an unlimited-growth license. In order to
achieve the goal of an environmentally friendly consumption system and prevent the
problem of rebound effects (UN SDG 12, 2015), chemical recycling should be
combined with emotionally enduring design, transparent governance and substantial
reductions in global fashion overproduction.
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