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Abstract 

The textile dyeing and finishing sector is today firmly focused on reducing its 

environmental impacts. To some extent this drive is due to stricter legislations, with 

increased the scrutiny of chemicals by regulators as part of REACH, and the 

formation of the ZDHC Group. As a consequence of increased environmental 

consciousness, chemical and dyestuff suppliers as well as machinery innovators need 

to perform impact assessment to compare “greener” processes with traditional 

ones, communicate hot spots and improvements. This work addresses the use of LCA 

at research stage for the development and usage of environmentally friendlier 

technologies and materials. 

 

The paper consists of two parts. The first part presents dyeing of polyester woven 

fabrics using biobased madder (Rubia tinctorum L.) dye. The root of madder plant 

contains a large number of natural anthraquinone derivatives whereof alizarin and 

purpurin have been explored as platform chemicals in the synthesis of sustainable 

disperse dyes for polyester [1]. The research herein instead explores the colouring 

species obtained through hydro-alcoholic extraction, at different dyeing conditions 

(pH, time, temperature, LR). At optimized conditions the dyestuff evenly diffused 

into the polyester fibre without the need of dispersing agent or other auxiliaries and 

a yellow/orange fabric with excellent wash (ISO 105:C10) and rub fastness (ISO 105-

X12) was obtained.  

 

Indeed the results show that the madder dye is a potential alternative to synthetic 

dyes for polyester. However, as natural dyes reach only low production volume and 

are restricted to small scale uses (such as handicraft), environmental impacts have 

been neglected. With an increased consumption it is essential that the 

environmental benefits exceed the present situation defined by synthetic dyes. 

Therefore, the second part of the paper presents the environmental impacts of the 

dyeing process using “gate to gate” LCA, taken into account “cradle to grave” LCA of 

madder dye (production in France). The unit of LCA analysis was defined as “Dyeing 

of 1 kg polyester woven fabric (110 g/m2) with 3 % owf madder dye”.  



 

 

Finally, the analysis is extended to include all the life cycle stages of a madder dyed 

polyester garment (Fig. 1). The unit of analysis was then defined as “One dyed woven 

polyester shirt to be worn and cleaned, twice a month, for 2.5 years”.  

Results show that the dye extraction process and the shirt use phase are the more 

significant life cycle stages.  

Sensitive analyses were made on madder root yield, consumption of fertilizers and 

extraction method for the production of madder dye, as well as on washing 

temperature for the use phase. The results changed, but the conclusion remains the 

same. 

 

 
 

Figure 1. System boundaries for gate to gate and cradle to grave LCA 
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