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Top image: DeNAture garment (Ribul, 2014). Photography by Phllip Koll.  

Bottom image: DeNAture film still – fibre coding (Ribul, 2014) 

Introduction 
 
DeNAture proposes a vision for an in-fibre tracing system to achieve transparency 
of regenerated materials in a circular economy. With the development of closed 
loop regenerated cellulose materials for the textiles and fashion industry, the 
coding system embeds transparent material information into its very fibres. 
 
Design researcher Miriam Ribul developed the first material coding system that 
can be embedded at fibre level of regenerated cellulose to inform users of 
material origin, type, process and recycling. Conventional garment labels do not 
offer sufficient information about the manufacturing processes of regenerated 
cellulose materials. They are often removed or washed out during the use phase 
of garments, and lost by the time a garment reaches its recycling stage. This 
information is needed for applying the correct recycling processes, and it requires 
expensive and time consuming processes to sort materials at the end of life. With 
the possibilities emerging from ground-breaking scientific research in closed- loop 
regeneration of cellulose fibres, Miriam identified an opportunity to embed 
material information within these technical fibres through the chemical 
regeneration process. This information can be read, and materials traced, at every 
stage of the material lifecycle. 
 
The proposed design possibility explores the existing barriers for achieving closed 
loop chemical recycling: One of these includes the missing transparency of 
materials at hand. Scientific processes are needed to identify materials at the 
recycling stage, industry requires sorting technologies, while designers and users 



need material information to make sustainable choices and informed design 
decisions. Acknowledging the missing transparency of material composition of 
textiles and fashion products in the use and recycling stage, DeNAture proposes a 
new communication system for information on regenerated fibres that is 
accessible to all users across the lifecycle. The design adds a missing layer of 
information to fibres that is not considered in current garment labelling: 
information on material origin, type and manufacturing process is connected with 
information on recycling technology. This will enable information flows of 
materials for a circular economy. 
 
 
Embedding transparent information in regenerated fibres 
 
Science develops methods to recycle end of life garments. One of the main 
barriers to the regeneration of fibres is to know the materials at hand. To measure 
the exact composition of the many fibre blends that are currently used in fashion, 
scientific research uses specialist processes such as solid-state NMR for small scale 
samples. Currently, no commercial recycling system exists for the chemical 
recycling of fibre blends (Östlund et al, 2015), and at sorting stage there are many 
barriers to enable circular material flows. Closed loop regeneration for cellulose-
based textiles is possible, however the missing information of materials at the end 
of life hinders the application of the correct recycling process in the vast landscape 
of global suppliers and manufacturers. 
 
Recycling companies, designers and consumers do not have access to scientific 
tools for analysing the true value of materials. Current tagging technologies 
usually address a specific stakeholder group: garment labels inform consumers, 
sorting explores the recycling stage, and specialised tools are required for 
scientific research. Conventional garment labels have evolved to include a unified 
system that quantifies material composition and washing instructions (Elasser, 
2005). However, designers and consumers may find that what sometimes is 
described as 100% polyester, can result as being a blend of materials that is not 
correctly labelled. Therefore, designers design products with materials from 
unknown provenance. Also when it comes to recycling, the smallest blend can 
hugely impact the recycling stage in the regeneration of high-value fibres. 
DeNAture addresses the need for transparent communication of material 
information in a shared approach that addresses all stakeholders. 
 



     

 
Images: Left, Garment for recycling and right, traditional garment label (Ribul, 2014) 

 
Chemical recycling for the regeneration of fibres requires shredding of fibres into 
their smallest scale for the dissolution process. Analysis of materials in scientific 
research relies on microscopes and other specialised tools. At this scale, all 
information of the material’s provenance as provided on textile garment labels is 
lost. Furthermore, labels only inform of approximate material composition and do 
not consider information that is required for regeneration in chemical recycling. 
Issues of tracing materials at their smallest scale also expand outside of the 
science laboratory, where microplastics have reached our oceans and beaches 
through the garment laundry system. DeNAture considers material information 
that travels with its smallest scale. 
 



       

 
Images: Left, Microscope studies (Ribul, 2014) and right, shredded cotton and denim fibres for recycling (De la 

Motte, 2014) 

 
 
 
The code is designed so that it can be read with UV microscopes and sensors, and 
embedded within fibres so that even when shredded, smallest particles can be 
traced back to the production process. Materials that are altered in the 
manufacturing process reveal a traceable code that communicates invisible 
material information for chemical recycling.  
 
 

Design and science collaboration for regenerated materials in a circular economy 
 
The project is the outcome of a design-science collaboration funded by COST, the 
European Cooperation in Science and Technology. The collaboration developed 
from a joint proposal by the material scientist Dr Hanna de la Motte and design 
researcher Miriam Ribul for a short-term scientific mission (STMS) at SP Technical 
Research Institute of Sweden and Chalmers University of Technology at the 
beginning of 2014. Dr Hanna de la Motte is a technical scientist developing 
innovative methods for chemical recycling of materials including regenerated 
wood-based cellulose fibres at SP Technical Institute of Sweden. Miriam Ribul is a 
design researcher investigating the role of design in material resources and 
production models with completed projects that connect transparency, 
technologies, and making with people. The context of the research was the 
scientific development in closed loop chemical recycling of textiles and the 



development of regenerated cellulose from wood-pulp to create strong new 
fibres. The aim of the project was to map the design possibilities for regenerated 
cellulose materials.  
 

      

 
Images: Left, dissolving wood pulp and right, dissolved cellulose at SP (Ribul, 2014) 

 

The outcome demonstrates how design thinking can be applied in the context of 
recycling in the science laboratory to aid systems for circularity of materials 
through compelling communication strategies of materials’ provenance, type, 
processes, recycling and life-cycle. Acknowledging global scarcity of resources, the 
design researcher developed the vision of an in-fibre code to support the new 
generation of sustainable materials derived from end of life cellulose textiles. The 
identification of barriers in textile recycling and the observation of the processes 
that are needed to identify materials, lead to the development of the DeNAture 
coding system. In this context, design took on a problem-solving approach for the 
identification of materials and proposes a change within the existing circular 
recycling systems for regenerated materials.  
 
The design researcher’s creative response to the regenerated cellulose research 
considered translating processes for regenerated materials from their scientific 



context into an accessible format for all users. The design researcher’s 
development of the first material code to tag fibres considered a holistic 
assessment of codes that all stakeholders can connect with: DNA is the code for 
living organisms, and binary coding makes the programming language of today’s 
communication technology. DeNAture signposts the missing link for a unified 
material coding system that informs users of the invisible material processes in 
chemical regeneration processes. The outcome is a meta-design solution ‘to 
advocate design that operates at systemic levels, that invites interdisciplinary 
collaborations and that seeds or sets up the conditions for emergent processes of 
change’ (Tham and Jones, 2008). It built on tacit knowledge of previous projects 
concerning transparency of material processes, materials as places for 
connectivity and production, and design skills for communication and 
visualisation. 
 
The close design and science collaboration, the opportunity to access materials 
and technologies, and the insights into the recycling processes through 
observation and hands-on practice, enabled the exploration of design 
interventions at the beginning of the material lifecycle in a circular economy. The 
coding system demonstrates how design and science can collaborate at the raw 
material stages of the material lifecycle. A material coding system that is 
embedded during regeneration of cellulose fibres proposes a new interface to 
engage all users in a faster identification of materials. This will reduce the impacts 
at the collection and recycling stage. The use of codes enables a systematic and 
immediate understanding of materials in the regenerated materials lifecycle for 
the new circular systems. 
 



   

 
Images: Left, denim dissolution and right, coded regenerated cellulose (Ribul, 2014) 

 
The proposed system responds to the observation, participation and 
documentation of regenerated cellulose processes in the science laboratory. The 
design vision signposts an opportunity to create new possibilities for regenerated 
cellulose materials that is rooted in existing scientific research for the 
requirements of circular regenerated material systems. While Tonkinwise argues 
that speculative design often engages through presenting an alternative vision of 
one reality in a specific context (2014,) in this project, the vision was applied to the 
current fashion system, and therefore considers a holistic approach that connects 
all stakeholders (Elander and Ljungkvist, 2016). As closed loop regenerated 
cellulose production will be up scaled to a commercial demonstration scale by 
2020, and commercial full-scale by 2030 (Östlund et al, 2015), DeNAture can 
impact the future circular systems. The material coding can grow with the 
regeneration processes as they are up scaled to replace the current linear systems 
of manufacture. 
 
 
The future of materials information 
 
The DeNAture material coding system can be added to any regenerated cellulose 
material to provide a new layer of information in garments that goes beyond 



specialised language. The development of a shared information system for 
materials transcends disciplines and connects all users along the lifecycle.  
 
The large variety of existing eco-labels is difficult to categorise, and often does not 
reach consumers. Reports that companies are buying into eco-labels also make 
identification of sustainable materials and practices difficult. The DeNAture codes 
are designed into visual patterns to overcome language barriers. Through colour 
and pattern, the aim is to make them engaging and accessible for all. The visual 
coding system also allows industry with newly developed regeneration technology 
to participate in the tagging of their regenerated materials, while sensitive data is 
transformed into a code that enables materials to reach their correct recycling 
process. The codes support industry to take back their materials at the end of life.  
 

    

 
Images: Left, DeNAture garment detail and right, DeNAture garment fibre coding in UV light (Ribul, 2014) 

 
Recent breakthrough technologies in chemical recycling of cotton would use this 
code to close the material loop. The code proposes a collaboration between 
industry pioneers developing closed loop regenerated cellulose materials, thus 
providing a shared coding system for the resources of the textile and fashion 
industry of the future. Global pioneers in Sweden, Finland, US and the UK are 
providing new possibilities for recycling cotton and creating strong cellulose fibres. 
With DeNAture, each material has its own fingerprint to trace it back to its origins 
and point discarded clothes towards the best recycling process. This will enhance 
communication within closed loop recycling, collaboration between innovative 
companies and consumer understanding of materials. The code simplifies key 
information into patterns, and supports industry in finding a united approach that 



is not dependent on the vast variety of eco labels and sustainable certificates. 
Designers, recycling plants, scientific researchers and consumers globally can read 
the code with inexpensive and immediate tools, and materials are brought back to 
the correct recycling process. 
 

 
Images: DeNAture garment fibre coding in UV light (Ribul, 2014) 

 
A further development of the project is a Recyclopaedia, a publication and online 
platform to collect and present the data of coded materials, and provide a visual 
archive for the research that is pioneered worldwide. The Recyclopaedia maps the 
development of closed loop regenerated materials and acts as a digital tool that 
connects the materials information that is tagged in the fibres to an interactive 
platform. These codes create the fingerprint for each material, and like tree rings 
more layers of information can be added over time: the codes can consider other 
stages of the lifecycle such as dyes, finishes and the use phase. 
 
DeNAture proposes a new type of wearable technology in its development of a 
new information delivery system through the in-fibre material tagging. Current 
tagging technologies require add-ons to garments, either through a physical label 
or through apps and phones required for reading. Similar to conventional labelling 
systems, they do not explore the origin or chemical process with which the 
material was made into account. The DeNAture coding system will inform new 
interactions with textiles and materials: This could be in-store ‘code reading’ 
technologies for consumer awareness and engagement; It might lead to the 
development of new codes as cellulose regeneration technologies evolve, creating 



a library of codes where users can connect the feeling of a specific material with 
the process this has been made. Increased transparency would inform sustainable 
choices and behaviour. Further possibilities developing from this technology are 
many, as in-fibre tagging provides a new interface for communication within 
materials that goes beyond verbal communication or digital tools. 
 

 
Images: DeNAture film still - fibre coding (Ribul, 2014) 

 
Closed loop regenerated cellulose fibres point to a future fashion where virgin 
resources are no longer required, and all waste will be reinvested into new 
lifecyles. As the existing scientific achievements for closed loop recycling and 
regeneration of cellulose are up scaled, fibres may also transform into 
communication carriers of the future. As a disruptive technology, DeNAture may 
inform new ways to communicate and inform circular systems through material 
lifecycles. 
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