
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Environmental impact of improving the fate of textile waste

Damgaard, Anders; Nørup, Nynne; Pihl, Kaj; Scheutz, Charlotte

Publication date:
2019

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Damgaard, A., Nørup, N., Pihl, K., & Scheutz, C. (2019). Environmental impact of improving the fate of textile
waste. Abstract from 17th International Waste Management and Landfill symposium, Santa Margherita di Pula,
Italy.

https://orbit.dtu.dk/en/publications/61b147e3-3a40-4670-8f34-a3c29ce6ac65


 
  

Proceedings SARDINIA2019. © 2019 CISA Publisher. All rights reserved / www.cisapublisher.com 

ENVIRONMENTAL IMPACT OF IMPROVING 
THE FATE OF TEXTILE WASTE 
Anders Damgaard 1, Nynne Nørup 1,2, Kaj Pihl 2 and Charlotte Scheutz 1 

1 Department of Environmental Engineering, Technical University of Denmark, Bygningstorvet, building 115, 
DK-2800 Kongens Lyngby, Denmark. 
2 UFF-Humana People to People, Kildebrogårdsvej 11K, 4622 Havdrup, Denmark 

ABSTRACT: Clothes and household textiles play an important role in our everyday life. However, the 
amount of textiles consumed yearly does not make up a large share of our overall material 
consumption. A scientific study found that an average Danish person consumes 16 kg of textiles per 
year, versus a total domestic material consumption of 22.6 tonnes per person. That said, the 
environmental impact of textile production is very high with the sector making up 8% of all global CO2-
eq impacts. Therefore, even though the consumption of textiles is low in terms of mass, the 
environmental impacts related to its consumption, make it an important material consumption to 
improve. The fate of textiles should therefore be addressed carefully. When textiles reach their end-of-
life, or more precisely end-of-use for the current owner, they can be donated for reuse, or be treated for 
recycling, or more commonly be disposed within the residual household waste for landfill or 
incineration. However, very little information is available on the actual fate of textiles, in terms of how 
much is donated for reuse or ends as waste. The aim of the study was to understand the environmental 
consequences of improving the reuse of textiles, and what the benefit would be of an improved 
management. The modelling was based on a number of studies namely: 1) sorting and assessing the 
quality of textile waste currently discarded with residual waste; 2) mapping the flows and final 
destination of textiles in commercial textile sorting centers; 3) a qualitative survey to establish a 
replacement rate for textile reuse (i.e. how much production is avoided by replacing new textile with 
reusable textiles). The material from these three studies were then assessed in this study to investigate 
the environmental impacts through a life cycle assessment (LCA) of improved collection scenarios of 
textiles currently disposed of within the residual household waste. The findings showed that the 
potential for improving the fate of textiles is large. We found that 3.5 ± 1.4 kg textiles/person/year are 
discarded with the residual household waste, of which 65% could be directly reused, and a further 13% 
was of a quality suitable for recycling (Nørup et al., 2019a). Therefore, if the textiles instead were 
collected and sent to a sorting center, relatively few textiles would end up as waste. The evaluation of 
replacement rates (which focused on three African countries) revealed that the replacement rate must 
be considered, as it was found to vary from 35-63% depending on country, indicating that the 
consumption of used textiles will not substitute purchasing new textile products (Nørup et al., 2019c). 
Such a low value may be explained by that some purchasers of used clothes cannot afford new clothes, 
why the purchase of the used clothes in reality meant that they had clothes versus having to go without. 
The replacement rate in our study was found higher than in other studies focusing on developed 
countries. The results of the LCA showed that there are considerable improvement potentials if better 
sorting schemes can be enabled, and that reuse of clothes should be prioritized, as such management 
measure would ensure net savings on the environment. 



Proceedings SARDINIA2019. © 2019 CISA Publisher. All rights reserved / www.cisapublisher.com 

Keywords: LCA, Reuse, Second-hand textiles, Carbon footprint 

1. INTRODUCTION 

A number of studies have indicated that there is a potential for improving the collection of textiles 
waste in order to recover more textiles, which is also why the new European waste directive includes 
mandatory separate collection of textiles (EC, 2018). The reason for textiles being in focus is that 
though textiles are not a very large consumer good by mass, it is a product group with a very large 
environmental footprint. It is therefore believed that increased reuse and recycling of textiles can lead to 
environmental savings from avoided production of new materials. Nevertheless, there is currently 
limited knowledge on the magnitude of the environmental effect of this potential for increased textile 
collection. In fact it is not possible to determine the quantities and qualities of textiles in household 
waste in a European context based on the current studies (Nørup et al., 2018). It is therefore uncertain 
what the environmental effect of an increased textile collection regime would have overall, which is why 
this should be assessed.  

Life cycle assessments (LCAs) are commonly used for assessing the optimal treatment option for 
waste materials in relation to environmental performances (Muthu, 2015). Previous LCA studies on 
discarded textiles indicates that the best treatment follow the waste hierarchy, with reuse as the best 
treatment and recycling as a just slightly better option than incineration with energy recovery (Sandin 
and Peters, 2018; Schmidt et al., 2016).  

Previous LCAs have no, or only sparse, data for the replacement rates for second-hand textiles 
(which determine the degree that an item sold or donated for reuse replaces the purchasement of a new 
textile item), even though this is an essential factor when making an LCA analysis (Sandin and Peters, 
2018; Schmidt et al., 2016; Vadenbo et al., 2017). A study by Nørup et al. (2019c) highlighted the 
importance of the replacement rates being based on actual data and not based on assumptions that a 
sale for reuse directly correlates with avoided production of new textiles.  

The main goal of this study is to assess the environmental benefits of improving the collection of 
textiles currently discarded in household waste, by modelling the waste handling and treatment system 
for textile waste and analysing the role of the critical parameters on this basis. The specific objectives 
are: 1) to determine what the environmental effects are of realising the improved potential for textile 
waste management, illustrated by the potential in the Danish household waste (residual waste and 
small combustibles), 2) to investigate the importance of specific products and fibre types, and 3) to 
identify the most critical parameters. 

2. METHODOLOGY 

This study was conducted according to the requirements of ISO 14044 (ISO, 2006) and the 
ILCD Handbook (EC-JRC, 2011). The LCA was carried out as a macro level decision support, 
situation B (EC-JRC, 2011), as the intent was to compare different scenarios for the fate of the 
textiles. Being a situation B study, it is a consequential LCA using long-term marginal mixes for 
background processes of flows across the system boundaries. For modelling, the software 
EASETECH (Clavreul et al. 2014) was used. Background processes were modelled with data from 
databases, mainly the Ecoinvent database v. 3.5 and Roos et al. (2015) were used for data 
regarding production of the new textile products.   

2.1 Goal definition, functional unit and system boundaries 

Goal definition. The goal of the study was to assess the environmental benefits of improving the 
collection of textiles currently discarded in household waste (residual waste and small combustibles), by 
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modelling a more correct waste handling and treatment system for textile waste.  
Functional unit. The functional unit was set to be based on the amount of textile waste discarded per 

person in Denmark and modelled so it was possible to follow the amounts of textiles discarded in 
residual waste and small combustibles, respectively. As shown in Table 1 and 2, the total amount of 
textile waste is 6.2 kg, which consisted of 2.4 ± 0.9 kg clothing and 1.1 ± 0.5 kg household textiles in 
residual household waste and of 1.7 ± 0.8 kg clothing and 1.0 ± 0.4 kg household textiles in small 
combustibles (Nørup et al., 2019b). The functional unit was made to facilitate an evaluation of the actual 
textile fraction found in waste today, in order to be able to consider the additional benefit of sorting out 
more textiles for reuse and recycling. This means the textiles that are already donated for reuse and 
recycling were not included in this study.  

The composition of the reference flow was derived from a waste sorting study described in Nørup et 
al. (2019b), from which the most commonly discarded textile products were identified and selected for 
the study. On this basis, nine different clothing and four different household textiles products were 
selected. The specific property of each selected product is shown in Table 1. The share in mass of 
these products cover 58-67% of clothing and 54-58% of household textiles found in the waste. 
Furthermore, data on fibre composition, production method and potential end-of-life handling were 
established for all products, and the products included were chosen so that these products also could 
cover for the products that were left out (similar fibre composition, production method, etc.) 

Table 1. The composition of the share of the Functional Unit (FU) and specification of the product types and the 
fibre composition. The total reference flow of 6.2 kg per citizen was split into residual waste (RW) and small 
combustibles (SC) as shown. For details, see Appendix A.

 

System boundaries and scenarios. Three scenarios were defined representing different 
management systems for recovering a part or all of the potential textiles currently discarded in the 
household waste (scenario 0a, 1 and 2). These scenarios were compared with the baseline 
scenario 0 where all currently discarded textiles are sent to incineration as is the common fate in 
Denmark today.  
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The modelled scenarios are illustrated in Figure 1. Scenario 0 represents the current handling of 
textiles, while scenario 0a represents a situation where only the potential in reducing the disposal 
of useable rags is realised. The difference between scenarios 1 and 2 is that in scenario 1, all 
textiles are sent to an international textile sorting centre in Lithuania, whereas in scenario 2, all 
textiles are sorted at a Danish sorting centre. In both scenarios 1 and 2, the potential for reducing 
the disposal of re-usable rags was included and two types of textile recycling were considered: 
textiles recycled as rags, and textiles shredded and spun for shoddy yarn for the production of 
blankets. 

 

Figure 1. The four different scenarios modelled in EASETECH. 

The modelling was done as a bin-to-grave LCA, spanning from when the textile product is 
discarded in the waste to the point where it replaces a new product or reaches a final waste 
disposal (landfill or incineration). This means that the production and use phase of the textiles that 
becomes waste were not included. The modelling included avoided production, in form of avoided 
energy production from waste disposal (incineration and landfilling), or avoided material production 
in the case of recycling and reuse. The modelling of avoided production due to reuse was done 
based on information regarding fibre, textile and garment production. Avoided production, in the 
form of recycling to other types of products, included fibre, textile and garment production.   
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2.2 Selection of impact categories and characterization methods 

The LCA was carried out only with respect to climate change, but a later paper will consider all 
impacts. Climate change potential with a 100 year time perspective was used as the characterisation 
models (IPCC, 2013) in this study. Biogenic CO2 emissions were considered not to contribute to climate 
change, while biogenic carbon left in a landfill beyond 100 years was considered sequestered and 
contributing with a saving. 

2.3 Life cycle inventory 

Textile collection. In scenario 0a no collection was included, as the scenario considers the effect if 
people reused their rags in their own home. In the modelling we did not include washing of rags, as we 
assumed this was a minor impact in comparison to the production costs. The textile collection was in 
both scenarios 1 and 2 based on data from the Danish charity organisation UFF-Humana (Pihl, 2018). 
The collection is primarily a bring system where the user has to bring the textiles to containers set up in 
different places in public and private areas. Only a very small part of the current collection of textiles in 
Denmark consists of a pick-up scheme, where the user can get the textiles picked up at the household. 
The modelling of collection included all driven kilometres including administrative driving, electricity and 
water consumption in the warehouses, the containers (only included as the amount of steel), and the 
amount of gas used in the fork lift at the storage. In scenario 1, packaging and freight for further sorting 
in Vilnius were included. Consumption of resources was in both scenarios calculated in relation to the 
collection of one tonne of textile. The transport from the user to the container was only included in the 
sensitivity analyses as it was assumed that this transport normally is done in connection with other 
needs (shopping, to/from work etc.), and it is rarely made solely for delivering textiles to a container, or 
that the transport is done by bike or on foot with no impact assumed. 

Sorting centres and sorting rates. The international textile sorting centre was modelled based on the 
sorting centre presented in Nørup et al. (2019b). The Danish sorting centre was modelled based on a 
report from the Danish EPA (Danish EPA, 2018).  

The sorting rates used in the modelling is presented in Table 2, for scenario 1 the values are based 
on Nørup et al. (2019a) and are specific for the different product types. As the sub-product in the 
functional unit is chosen to represent the composition of the textile waste, some of the products cannot 
be recycled, why there for these products appear higher waste rates than what was found by Nørup et 
al. (2019a) where a smaller share of some of these sub-products based on fibre type could be recycled.   

The sorting rates used in scenario 2 are based on a report from the Danish EPA (2018). The report 
includes a sorting category containing products that potentially can be recycled in the future, this 
category has been set as waste today. The report states that socks have not been checked for 
reusability or recyclability, why socks are only set as sorted out as waste, which is in contrast to the 
findings in Nørup et al. (2019a). The data for the Danish sorting centre were in general not as detailed, 
which partly is due to this centre only sorting out the higher quality textiles. It is unclear in the report if 
rags have been included in the sorting and if the rags have been checked for reusability or recyclability. 
As the rags were assumed to be reused in the household (if reused at all), the sorting rates for rags 
used in scenario 0-1 were also used in scenario 2. 

The report from the Danish EPA (2018) only considered household waste and there are therefore no 
sorting rates available for small combustibles for a Danish sorting centre, why the values from 
household waste were also used for small combustibles. 
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Table 2. Sorting rates (in %) at the sorting centres in scenario 1 and 2. Scenario 1 is based on data from Nørup et 
al. (2019a). 

 
Destination for sorted textiles and transport distances. Both the reusable and recyclable textiles are 

sold to many different countries. In order not to have too complex a transport modelling that will not 
improve the uncertainty of the values, we chose to group countries into four geographical regions with 
an average distance to each region. The data used for which countries are in which groups is from 
Nørup et al. (2019c) and the specific countries in each group are found in appendix B. The four regions 
are: Western Europe, Eastern Europe, Asia and Africa. In scenario 1, a large part of the textiles are sold 
to Humana’s Second Hand Shop Group, which mainly include countries in Eastern Europe. In scenario 
2, the data used for determining the destinations for the reusable textiles comes from a report from the 
Danish EPA (2018), but only given as Europe and Africa, why the specific destinations used for 
calculating the transport distances is the same as in scenario 1, though only Eastern Europe is included 
for Europe.  

  The means of transportation is based on data from a survey made by Mepex Consulting (2016) 
regarding the sorting centre in Vilnius, for this the transport to Western and Eastern Europe was by 
truck, HPP shop group by train, while transport to Africa and Asia was by ship. 

In scenario 1, the specific distances are measured as the distance from Vilnius to the capital of the 
country with the largest import of textiles in each region. In scenario 2, the starting point was set as the 
Danish city Høje Taastrup where there today is a Danish sorting centre and the end destinations and 
type of transport were the same as in scenario 1. The end destinations were as follows: Western 
Europe - Amsterdam, Holland; Eastern Europe - Ankara, Turkey; HPP shop group - Kiev, Ukraine; an 
industrial port was chosen for Pakistan; in India the port closest to the area where recycling takes place 
was chosen. For Africa there were no specification of where there largest part of the textiles was 
imported to, therefor Togo was chosen as country because they have legal import of used textiles and 
textiles are transferred from Togo to other countries. Google maps were used to determine the distance 
of road and rail transport, and if there were multiple options for the best route, the second of three 
options was chosen. The website www.ports.com was used to determine the distance in shipping. 

Production of avoided materials. The modelling of the avoided products due to reuse was based on 
Roos et al. (2015) and adapted to fit the products described in the functional unit (section 2.1). The data 
in Roos et al. (2015) were from a number of databases, and in EASETECH processes were created to 
represent those described in Roos et al. (2015). It has not been possible to find exactly the same 
processes for all production steps, why similar proxy processes were chosen. It has not been possible 
to find data to model wool, therefore wool was modelled based on data for production of cotton. This is 
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taken into account in the sensitivity analysis.  
Replacement rates. The replacement rates for reused textiles used in the study were for Africa, the 

average replacement rate for second-hand textiles from the study by Nørup et, al. (2019c). Due to lack 
of specific data, the same rate was used for the Asian countries as there were not found any data on 
replacement rate for any Asian country, and due to economic conditions in these countries replacement 
rates for Asian countries were assumed to be closer to the African values than the European values. 
The replacement rate for Europe was based on data from a simplified survey regarding replacement 
rates carried out in Berlin in December 2018. This value was used for both Eastern and Western 
Europe, a sensitivity assessment was later carried out based on another survey study and literature 
values.   

The replacement rate for rags reused in the household was assumed to be 1, as even if the rag is 
only used one more time in the household it will still be substituting a new rag.  

The replacement rate for the material recycled into rags were based on survey carried out in October 
2018 exploring how the rags made of recycled materials are used and what they substitute. The 
recycled rags were therefore assumed to replace new rags with a replacement rate 1:1 on a weight 
basis. 

3. RESULTS AND DISCUSSION 

Figure 2 illustrates the climate change impact potential for realising the potential for increasing textile 
collections from Danish households by reducing the amount of textiles thrown into residual waste and 
small combustibles (household waste). As evidenced, scenario 1 gives the highest savings of 30.2 kg 
CO2-eq per person, which corresponds to 172,140 tonnes CO2-eq for the total Danish population. 
Savings are though already seen by encouraging consumers to reduce the amount of usable rags 
discarded in the waste and instead reusing them, with a savings of 1.4 kg CO2-eq (equal to 7,899 
tonnes CO2-eq for the total Danish population). The largest contribution to the savings in all scenarios is 
the textiles replaced due to reuse, which explains why scenario 1 is better than 2, as the amount of 
textiles sorted out for reuse is highest in scenario 1. In scenario 1, the largest saving comes from reuse 
in the rest of the world, which is explained by the larger amount of the textiles sent for reuse in the rest 
of the world (55%) and the higher replacement rate (45% versus 35% for Europe). Scenario 2 gives a 
saving of 12.4 kg CO2-eq per person, which is less than half of the savings found for scenario 1. This is 
predominantly due to the sorting in Denmark categorizing more of the textiles as waste, leading to 
overall lower reuse rates.  

In addition, there are small differences due to the waste management, which in Denmark is 
incineration with energy replacement, while the largest share of the waste in Lithuania, where the 
international sorting centre is located, is landfilled. Due to the high amount of synthetic textile material, 
the incineration of the textile waste leads to a net release to the atmosphere even though energy is 
substituted. In contrast, landfilling leads to carbon sequestration as the textile fibres (i.e. natural fibres) 
are only slowly degraded under anaerobic conditions. It should be noted that scenario 2 is based only 
on the sorting scores of the potential of textiles found in residual waste, and that the scores might have 
been affected because the waste samples have been washed before quality checking. However, the 
sorting carried out in Denmark is currently non-profitable when sorting all collected material, even for 
charity organisations with mainly volunteer workers. The likelihood that lower-quality items will be sorted 
in Denmark is therefore low.  

The higher contribution from collection in scenario 1 compared to scenario 2 is due to the transport 
to the international sorting centre. The differences between the sorting in the two scenarios are due to 
the electricity-mix and heating-mix in the two countries.  

In scenario 1 it has not been possible to model the full potential for recycling, as some of the 
products in the reference flow are not recyclable, but a few of the products that were not considered 
could be recyclable, and therefore this gives a higher percentage of textiles sorted out as waste in the 
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modelling than would likely be the case in reality. But to allow for credible modelling, we decided to take 
a conservative approach here and deem that it was waste.    

 

 

Figure 2. Climate change effects from the four scenarios for management of textiles currently discarded in the 
waste. Scenario 0  is the current management with residual waste (no sorting of textiles), Scenario 0a is 
reuse of rags only, Scenario 1 is sorting at international sorting centre for reuse, and Scenario 2 is sorting for 
reuse at Danish sorting centre. Results are given in kg CO2-equivalents per functional unit (6.2 kg of textiles 
per person). 

The results should be considered uncertain, as the data for modelling the production of products 
replaced by second-hand textiles or made from recycled textiles were limited. Correct modelling of 
textile waste is complicated as the textile fraction consists of many types of products. Furthermore, 
correct textile handling includes both reuse and recycling, which both depends on the condition of the 
individual textile product, and this does not only includes an assessment of whether the material is dirty 
or wet, but it also depends on a variety of other parameters. Moreover, if a product cannot be reused, it 
cannot necessarily be recycled, and so recycling depends further on how the product is manufactured 
and its fibre composition. Here the sorting facilities most likely will take a conservative approach, and 
discard material with mixtures of different fibres, as they can only be recycled when the cotton content is 
sufficiently high.  

As the results show, the replacement rate is a key parameter in determining the size of the saving, 
therefore more studies should be carried out to examine the replacement rate in more countries. 
Especially since the increased collection will increase the amount of textiles of lower quality than the 
current separated collection. It is therefore important to better understand how the replacement rate 
differs between geographical regions and how countries are impacted by the quality of the reusable 
textiles.  
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