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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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3 Advanced Effluent Treatment Plants - ETPs
4 Membrane Bioreactors - MBR

5 Advanced Oxidation Processes - AOPs

6 Recalcitrant

7 Zero Liquid Discharge - ZLD
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7 Mordants

YFA- VA aan VF-0 )L@—&V@L& o b =Y o,leds = VO 0,90 - Juyh?Lw 6)9bé5ﬁ5l$—g5olcdlzu \Y-

Silotms Bi> 5 ploliss a8 b oy sl
R L U e EXCU IR H R L
o5 5o [FA] w3 wluls cpl 2als sl 5,50
Lo, s 5l eoliiwl (3,8 RU odgs )0 oy ar ¢ los
alaredign Gladez b Wlgioe Ap il S FseelS
Slaold olee s bl Jsy 655 2 Ohn slagNl 00,28 4
Sl ol ol 51 Fpte il (See JBla> a1y (o
2 e SSE L ash wigh AL all; olee 4 sl
B a wiedyl aie S oolye 4wl da
adei gl adgl eole laie a4 g w0, S5L (golaiil
L oGge sl (guio s i SVgame
O g S 18 eolatul 050 gyl lacy jerelS
Cloyy oy olaBbl Ghod gz )0 K0 (W s

Ogu

¥ oy 3 Jazro lainngd oSS g (55,555, —Y-Y

b 4 (eSS 5 (65,55, ol Joli T glaan] s
ol Glel sbpsls 5l (S dlse A (Sl
Sl (B3 g (las )l 0y S5 50 hemean
5 &3 ol Vb Gras Jdo 4 ol ol aisd e
lp @b Jesly olonds dlge 5l 00l ool

! Lean Manufacturing

2 Muda

3 Eco-friendly Dyeing & Finishing
* Wet Processes




ey oo

el adgi 45

2 el S 4 Taesian 55l SlaS 5 W8l (b,
oot Ly OEKO-TEX usile lg> yeime cslas il
dile o (pSiw Ol3ls Gd> o] Wljlge 4 [OF]c!
3 GRS e p5 a3, LSl Sl oy g SILS g,
oyl g oedle [O0] sl 039 Slae ol (g5leiim! Ca
ao sl s ol YL oleaily b sl azwgs
) sladssge 5l sy do s oS S1) Gl
st JB jsb 4 wimd oo Ko AL olierd job o
a5l s ools als 1) Aol o eaileddl Sy ol

[67] wils, o

AU Glacsyls ¢ glands Slse (g3luaie 51 513
anlp el il il cganlp slagsyslid o
o ysly cnl paiie b yo iles sl wald 1) (5,5,
See s L8 S aeSTes Sl @58 Jlew L 55,5,
Gio anl gl el jeb a1y Of a5 Sl g sl
9 ,La8 g (2,5 SS9 ey s (pl )0 S 0
GU YVIA 5 COVAY il abais 51 5WL) asedes sloo
Il e 5 Gl B Jles Sl
olas 255 515 5 mle mle (polsr ()5 aSlso

055 oo plind Pl S gy a5 anos

3 Azo-free
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4 Carpet-to-Carpet
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Modern Dyeing Traditional
Technologies Aqueuas Dyeing

Supercritial CO, Dyeing

Water Y &Chemicals

Energy Dye Chemicals

» No Water Needed
+ No Effuent CO2 Recovery & Reuse

Digital Printing

* Up 90% Water Reduction Hot, Polluted

* Lower Dye Waste Wastewater
« High Design Flexibility
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6 Carpet-to-Carpet Recycling
7 Downcycling

& Depolymerization

°Reuse

1 Upcycling
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! Mono-material

2 Closed-loop

3 Extended Producer Responsibility - EPR
4 Take-back Programs

> ReEntry
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