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Technical University of Denmark, Department of Environmental Engineering, Bygningstorvet 115, 2800 
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ABSTRACT: The textile and clothing sector is responsible for large environmental burdens. In light of 

the new Circular Economy targets for source segregation of textile waste in Europe by 2025, scenarios 

for the management of textile waste in Europe should assess factors affecting the sustainability of 

alternative management schemes. This study presents preliminary results of Life Cycle Assessment 

scenarios for the management of pre-consumer textile waste in the Veneto region in Northern Italy. The 

preliminary results showed that the current management of pre-consumer textile waste is connected to 

environmental burdens for its disposal. With the available data and technologies, source segregation 

and recycling can be beneficial for most fibers. The preliminary results suggest that waste management 

strategies for pre-consumer textile waste should focus on source segregating and recycling selected 

fibers, such as cotton. 
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1. INTRODUCTION 

Sustainable management and recovery of textile waste is fundamental in order to limit the wide 

range of environmental burdens connected to the textile and clothing sector. Studies have shown that 

production of raw textile materials alone, both natural and synthetic, is responsible for a large share of 

these environmental impacts (European Parliament, 2019). Production of natural fibers, such as cotton, 

requires large amounts of water, fertilizers and pesticides. Moreover, the clearing of land for cultivation 

of natural fibers causes direct and indirect land use change impacts (Garcia, Cordeiro, De Alencar, Luiz 

De Oliveira, & Neto, 2019). For synthetic fibers, the environmental impacts are connected to depletion 

of fossil or feedstock resources, as well as water pollution (De Falco et al., 2018). In addition, the 

processing of raw fibers and garment production causes further use of large amounts of water and 

chemicals.  

EU’s Circular Economy initiatives are dedicating increasing attention to sustainable textile waste 

management, aiming at introducing closed-loop and textile-to-textile recycling of textile resources in the 

sector. Member States will be required to set up separate waste collection schemes for textile waste by 

2025 (European Union, 2018). In Europe, textile waste amounts to approximately 2 million tonnes per 

year, of which around 30 % originates from the clothing industry. Among Member States, Italy is the 
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largest textile waste producer in Europe, generating 21 % of the total European textile waste, and 41 % 

of the European clothing industry waste (Eurostat, 2019). These amounts of waste are in turn destined 

to increase due to the global “fast fashion” phenomena. Currently, textile waste is mostly landfilled or 

incinerated. Only 1% of textile waste is recycled, most often mechanically, by shredding and shortening 

the textile fibers, which causes quality loss (down cycling): the fibres are cut or shredded and used for 

insulation material, wiping cloths or mattress stuffing.  

Waste of textile material can be subdivided into pre-consumer (or industrial) and post-consumer. 

Pre-consumer textile waste refers to waste produced during the manufacturing of textile and clothes. 

This waste is characterized by production cut outs, which can be single-material (such as pure cotton) 

or blends (for example cotton and polyester). Post-consumer textile waste normally represents a more 

complex category, due to the large variety of fibers and composition, and the presence of additional 

materials, such as buttons, metal zippers, etc. While post-consumer textile waste can be collected for 

reuse (Nørup, Pihl, Damgaard, & Scheutz, 2019), pre-consumer textile waste is usually separately 

collected at industries and, due to its more homogeneous composition, represents a more promising 

fraction for textile-to-textile recycling initiatives.  

On the other hand, technologies for textile fiber recycling are only starting to emerge. Textile-to-

textile recycling requires sorting according to fiber blend and colour, and technologies able to recycle 

textile into virgin fibers. Technologies for chemical recycling that produce virgin fibers of a high quality 

are available, for example, for polyester and nylon, but may exist in only few geographical locations in 

Europe. In view of the 2025 targets, Circular Economy initiatives and Member States need to carefully 

identify (i) which textile waste category to focus on and (ii) assess which management option for the 

separately collected textile waste would provide the largest environmental benefits. In this context, Life 

Cycle Assessment (LCA; ISO 2006) can be used in order to systematically quantify the environmental 

sustainability of different management options for various types of textile waste.  

This article presents the preliminary results of a study aiming at assessing the sustainability of 

alternative options for managing pre-consumer textile waste according to EU’s circular economy 

initiatives. The focus of the study is the textile and clothing industrial hub in the North East of Italy 

(Veneto region). The study uses LCA to quantify the sustainability of current management options and 

potential future management options for source segregated textile fibers. The ultimate aim of the LCA is 

to identify the factors contributing to the environmental performance of different recycling pathways for 

textile waste. 

2. MATERIALS AND METHODS 

2.1 Case study 

The Veneto region in Italy is characterized by a large textile and clothing industrial hub, producing 

7.70% of the European textile waste, of which 5.43% is pre-consumer. Currently, 5 % of the waste is 

incinerated and 90 % landfilled, while only 5 % is recycled. 

Table 1 shows the composition for textile waste used for the present study. The majority of the waste 

was assumed to be characterized by cotton, acrylic, polyester and nylon (Barışçı, Öncel, 2014). We 

assumed that the waste was characterized by 6% impurity, with a composition of residual household 

waste in Southern Europe. Textile waste is characterized by 39% of Total Solid of carbon content and 

by 21.5 MJ/kg TS as average energy content.  
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Table 1. Composition of pre-consumer textile waste used for the case study 

Fraction % 

Cotton 53 

Acrylic 17 

Polyester 16 

Nylon 4 

Viscose 3 

Elastane 1 

 

2.2 Scenarios for textile waste management 

The study investigated four alternative waste management scenarios for separately collected textile 

waste fibers, according to EU’s circularity initiatives. We assumed that each fiber type could be 

separately collected, and a “best case” scenario where all the fibers are optimally separately collected 

into different fractions. For each source segregated fiber, we identified state-of-the art technologies for 

textile-to-textile recycling. The scenarios investigated were the following: 

 

 Textile. This scenario represents the current textile waste management without considering 

impurities. The waste flow was assumed to be 100% textile.  

 Textile and Residual. This scenario represents the current textile waste management while 

considering non-textile impurities. The waste flow is assumed to be 94% textile and 6% residual 

waste. This composition is also the basis in the following 5 scenarios. 

 In the following 5 scenarios one or more fiber types is sorted out for recycling, the rest is managed 

as the current textile waste management scheme 

o Cotton. Cotton textile waste is source segregated, sorted according to quality and color 

and sent to a cotton recycling facility. Recovered cotton fibers are cut, shredded and 

converted into new fibers (Esteve-Turrillas, De la Guardia, 2017). Eventually, the new 

fibers are spinned into new yarn.  

o Nylon. Nylon pre-consumer textile waste is source segregated, sorted and sent to a 

nylon recycling facility. Nylon fibers undergo pretreatment according to their type and 

shape. Afterwards, nylon waste is depolymerized and transformed into caprolactam, 

which is purified and used as raw material for the final step, which is the polymer 

production (AQUAFIL, 2018). Eventually, the new polymer is spinned into new yarn.  

o Polyester. Polyester textile waste is source segregated, sorted and sent to a polyester 

recycling facility. Polyester textile is cut and reduced into granules, which undergo a 

chemical reaction for the production of DMT (dimethyl terephthalate) molecules. 

Afterwards, DMT is polymerized to produce polyester granules, which are spun into new 

yarns (Le, K. 2018).  

o 50 % cotton and 50% polyester: textile waste containing 50%bcotton and 50% 

polyester is source segregated, sorted and sent to the recycling facility based on the 

Lyocell method. In the Lyocell method, the textile waste is mixed with NMMO (N-

methylmorpholine-N-oxide) and then pumped through filters to separate the cellulosic 

fraction from the polyester which remain undissolved. Afterwards, the cellulosic solution 

is used to produce long strings of fibers and then are dried to remove the water (Zamani, 

B. 2011). Both Polyester and cotton are spinned into new yarns.  
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o “Best case” scenario”: the textile waste flow is source segregate with an efficiency of 

100% for each fiber type, and all the fibers are send to their respective recycling facility.  

For all scenarios, it was assumed that residues are sent to incineration (10%) and landfilling (90%). 

2.3 Assessment method 

2.2.1 Life Cycle Assessment 

The scenarios for the management of pre-consumer textile waste were assessed according to the 

LCA methodology. For each scenario, the LCA model took into account the material and energy 

resources necessary to treat the textile waste, as well as the energy and materials recovered (for 

example from the textile-to-textile recycling processes). The recovered materials and energy were taken 

into account as avoided impacts. The model focused on creating Life Cycle Inventories for state-of-the-

art textile-to-textile recycling technologies available in the literature.  

The LCA was carried out with the EASETECH model (Clavreul, Baumeister, Christensen, & 

Damgaard, 2014), which allows keeping track of the waste material fractions throughout the processes 

in the waste management flow. Data used in the model was retrieved from literature and from the 

EASETECH library. The impact categories assessed were Climate Change; Ozone Depletion; Human 

Toxicity – Cancer Effect; Human Toxicity – Non Cancer Effects; Particulate Matter; Ionizing Radiation – 

Human Health; Photochemical Ozone Formation, Terrestrial Acidification; Eutrophication Terrestrial, 

Eutrophication Freshwater, Eutrophication Marine; Ecotoxicity Freshwater; Depletion Abiotic Resources 

– Fossil; Depletion Abiotic Resources - Elements. Results were further elaborated in an Excel model, 

where the influence of distance from collection to treatment and annual waste amounts were assessed. 

3. RESULTS AND DISCUSSION 

The present section focuses on the preliminary climate change impacts associated to the scenarios 

investigated. Figure 1 shows the normalized scores for the climate change impact category for the 

current textile waste management scenarios and the investigated alternatives. Values are given in 

Person Equivalents per year for a functional flow of 1000 kg of textile waste. 

The current waste management scenarios (textile and textile + residual, respectively) present 

positive impact scores, corresponding to burdens to the environment, for the analyzed impact category. 

The process contribution analysis identifies the collection and landfilling as the most contributing 

processes for these impacts.  

 As far as the recycling scenarios are concerned, the results differed according to the textile fiber 

investigated on basis of the different technologies that were modelled. The cotton, nylon and 50% 

cotton – 50% polyester scenarios have a negative contribution to climate change, corresponding to 

benefits for the environment. An analysis of the processes contributing the most to the results 

highlighted that in these scenarios the collection, sorting and treatment of residues still contribute to 

burden to the environment. However, large savings are connected to the recycling process. Impacts 

connected to energy and ancillary materials required for the recycling are inferior to the environmental 

savings connected to the avoided production of virgin textile fibers, especially for cotton. The cotton 

fiber substitution was obtained with database data, and would be larger if land use change effects were 

to be included. Nylon and polyester-cotton scenarios also presented environmental benefits. 
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Figure 1: Climate Change Normalized Impact Scores in Persons Equivalents per year. 

 

The polyester scenario presented net impacts due to the large environmental impacts connected to 

the production of ancillary chemicals necessary for the recycling of the polyester fiber. When polyester 

and cotton are recycled together, the result is a saving due to the more beneficial contribution of 

substitution of virgin cotton. Lastly, the originally conceived “best case” scenario, where all fibers are 

ideally source segregated and recycled separately, presents burdens to the environment, and not 

benefits. The impacts mostly arise from the recycling processes and in particular to the polyester 

recycling. The preliminary results indicate that, due to the burdens to the environment connected with 

polyester, it may be more beneficial to focus on the textile pre-consumer waste fractions that can 

potentially provide environmental benefits, rather than focusing on separately collecting each single 

fiber.  

The results obtained depend on the quality of the data obtained in the literature for the textile 

recycling technologies. As indicated in the introduction, technologies in this field are still at a developing 

stage and data in the literature may not be accurate. Moreover, in order to assess whether pre-

consumer textile waste could sustainably be source segregated and recycled, a thorough analysis of 

existing facilities and transportation is necessary.     

4. CONCLUSIONS 

The present article presented preliminary results on potential management scenarios for pre-

consumer textile waste in the Veneto region in Northern Italy. The results indicate that current textile 

management scenarios represent a burden to the environment for the climate change impact category. 

Waste management strategies focused on single textile waste fibers may be advantageous, especially 

for cotton. However, results suggest that source segregation and recycling is not beneficial for all fibers. 

Future research should focus on the tradeoffs between impact categories and on analysis of data 

quality for the recycling processes for the individual fibers. Moreover, future studies should also focus 

on assessing the impact of the construction of new recycling facilities and collection and transportation 

distances.  
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