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Sustainable production cycle in the carpet industry: A comprehensive overview of raw materials,
processes and circular economy

Saeedeh Rafiei,
Assistant Professor, Department of Carpet, Faculty of applied Arts, Shiraz University of Arts, Shiraz, Fars

S_rafiei@shirazartu.ac.ir
Abstract

The carpet industry is regarded as one of the most environmentally challenging sectors of the textile industry due to its high consumption of water
and energy, extensive use of chemical substances, and the generation of polluted effluents. This review article, with a particular focus on
machine-made carpets, critically and analytically examines the sustainable production cycle within the frameworks of life-cycle thinking and the
circular economy. The analysis is structured around three main axes: the selection of sustainable raw materials through the substitution of virgin
synthetic fibers with recycled fibers derived from plastic bottles and carpet waste, the utilization of wool sourced through responsibly managed
supply chains, and the implementation of green manufacturing processes. In this context, technologies such as waterless dyeing using
supercritical carbon dioxide, digital printing, and enzymatic finishing are investigated as effective solutions for reducing water, energy, and
chemical consumption. Furthermore, circular-economy strategies, including design for recycling, carpet-to-carpet recycling, and end-of-life
product take-back programs, are analyzed as key components of the transition toward sustainable production. The findings of the literature review
indicate that integrating these strategies can lead to substantial reductions in carbon emissions, the elimination of industrial wastewater, and
improved resource efficiency. In the context of Iran, although limitations in recycling infrastructure and reverse-logistics systems pose significant
challenges, the integrated implementation of this approach can play a crucial role in enhancing competitiveness, developing green exports, and
achieving sustainable growth in the machine-made carpet industry.

Keywords: Machine-made carpet, sustainable production, recycled fibers, green dyeing, circular economy
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2 Bio-based Fibers
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* Bio-based Polytrimethylene Terephthalate
® Sorona
¢ DuPont
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! Food vs. Material debate
2pile yarn
% hot-melt adhesives
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! Green Production Processes
2 End-of-pipe
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3 Advanced Effluent Treatment Plants - ETPs
* Membrane Bioreactors - MBR

® Advanced Oxidation Processes - AOPs

® Recalcitrant

’ Zero Liquid Discharge - ZLD

! RO

° Selvedge
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! Liquor Ratio
2 Water Footprint
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> Light Fastness
® Wash Fastness
’ Mordants
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! Lean Manufacturing

> Muda

® Eco-friendly Dyeing & Finishing
* Wet Processes
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* Azo-free
* High-Exhaustion Dyes
® Effluent
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' Low-Impact Synthetic Dyes
? Azo Dyes
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* PFCs
® PFC-free
® Halogenated Flame Retardants
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! Disperse Dyes
? Digital Printing
% Green Finishing
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® End-of-Life & Circular Economy
* Carpet-to-Carpet

> Downcycling

® Reverse Logistics

" Depolymerization
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Modern Dyeing Traditional
Technologies Aqueuas Dyeing

Supercritial CO, Dyeing

Water Y (SChemicals

Energy Dye Chemicals

» No Water Needed
+ No Effuent CO2 Recovery & Reuse

Digital Printing

m
* Up 90% Water Reduction Hot, Polluted

* Lower Dye Waste Wastewater
« High Design Flexibility
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! Bulk Dyeing
2PFCs
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! Landfills
2 Design for Recycling - DfR
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® Carpet-to-Carpet Recycling
’ Downcycling

® Depolymerization

°Reuse

Upcycling
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! Mono-material

? Closed-loop

* Extended Producer Responsibility - EPR
* Take-back Programs

® ReEntry
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> Eco-efficiency
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