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Preface 
This report is part of a series of reports in the project Sustainable clothing futures, a 
project with four partners (IVL Swedish Environmental Research Institute, Profu, 
Lund University and the Swedish School of Textiles) funded by Formas. This 
report has been written by IVL Swedish Environmental Research Institute and is a 
deliverable in WP2 Production and recycling. Previously, there has been a WP2 
deliverable with a mapping of actors in sorting and recycling of textiles in Europe 
(Dahlbom et al. 2023). 

Anyone is welcome to provide feedback on this report (see contact information 
below). Particularly we are interested in input on the main assumptions made (see 
Section 2.5) and relevant literature that we have missed or that is published in the 
coming year. Many of the data sources used in present study are so-called grey 
literature, that have not undergone peer-review, so we’re especially keen on 
suggestions of more rigorous, scientific literature. The input will be valuable for 
our ongoing work in the project, in which the work in this report will be further 
developed – for example by considering additional impact categories – into a 
manuscript submitted to a scientific journal. 

With kind regards, 
Gustav Sandin 

IVL Swedish Environmental Research Institute 
gustav.sandin@ivl.se 
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Sammanfattning 
Textilåtervinning ses allmänt som en del av lösningen för att minska miljöpåverkan 
från textilier. Det saknas dock studier som systematiskt undersöker 
miljökonsekvenserna av storskalig implementering av textilåtervinning och de 
osäkerheter som är förknippade med detta. Utan denna kunskap finns det en risk 
att pengar och krafter läggs på åtgärder som är ineffektiva för att minska 
textilindustrins miljöpåverkan. 

Denna studies övergripande mål är att öka kunskapen om konsekvenserna för 
textilindustrins klimatpåverkan, om textil-till-textil-återvinning implementeras 
storskaligt i EU fram till 2035. Detta är viktigt för att vägleda vidareutvecklingen 
och implementeringen av system för textil-till-textil-återvinning. Mer specifika mål 
beskrivs nedan. 

Målen adresseras genom en livscykelanalys (LCA) som undersöker 
klimatkonsekvenserna av att öka textil-till-textil-återvinningen från 1 % av 
kasserade textilier i EU idag till 26 % år 2035. I LCA-studien används en Monte 
Carlo-analys, med 10 000 simuleringar av utfallet, för att systematiskt utvärdera 
påverkan av 10 osäkra parametrar. 

Mer specifikt syftar studien till att behandla tre forskningsfrågor, som listas nedan 
tillsammans med en sammanfattning av tillhörande slutsatser och 
rekommendationer. 

1. Hur troligt är det att en storskalig ökning av textil-till-textil-återvinning i 
EU leder till minskad klimatpåverkan? 

Baserat på huvudscenariot är det 92 % sannolikhet att storskalig textil-till-textil-
återvinning i EU minskar klimatpåverkan. Enligt en känslighetsanalys, där mindre 
förändringar görs i de underliggande parametrarna, är sannolikheten 87 till 95 %. 
Om större förändringar görs för vissa parametrar, hamnar sannolikheten på 62 till 
98 %. Detta visar att det är högst sannolikt att en ökad textilåtervinning kommer att 
minska klimatpåverkan, men att det finns en icke försumbar risk att påverkan ökar 
– vilket understryker vikten av att beakta de inflytelserika parametrarna (se mer 
nedan) för att utforma och utveckla framtidens system för textilåtervinning. 
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2. Hur stor blir minskningen (om någon) av klimatpåverkan vid storskalig 
återvinning av textil-till-textil i EU? 

Den genomsnittliga minskningen i klimatpåverkan uppskattas till cirka 1,2 
miljoner ton CO2-ekvivalenter per år. Detta motsvarar uppskattningsvis 1,3 % av 
klimatpåverkan från produktion, användning och avfallshantering av textila 
produkter som köps i EU – en relativt liten minskning i förhållande till den 
nödvändiga minskningen av textilprodukters koldioxidavtryck. Det behövs alltså 
andra åtgärder, utöver materialåtervinning, för att minska textilindustrins 
klimatpåverkan.  

Om textilåtervinningsindustrin gör en koncentrerad satsning på att producera 
fibrer med låg klimatpåverkan, till exempel genom att använda förnybar energi 
eller kärnkraft för att driva sina processer, kan den ge ett större bidrag till 
textilindustrins samlade arbete med att minska klimatpåverkan, än vad som anges 
ovan. 

 

Bland de underliggande parametrarna är dessa särskilt viktiga enligt en 
känslighetsanalys: 

 minskningen av klimatpåverkan från EU:s energisystem fram till 2035, 
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 ersättningsgraden (det vill säga i vilken utsträckning återvunna fibrer 
ersätter produktion av icke-återvunna fibrer), 

 klimatpåverkan från undvikna fibrer, och 

 återvinningsprocessernas klimatpåverkan.  

För att säkerställa och maximera klimatvinsten med storskalig textil-till-textil-
återvinning kommer det att vara mycket viktigt att: 

 utveckla återvinningssystem som är energieffektiva och/eller använder 
energi med relativt låg klimatpåverkan, och 

 säkerställa en hög ersättningsgrad, till exempel genom att producera 
högkvalitativa återvunna fibrer och föra en politik som aktivt arbetar för att 
fasa ut primärfiberproduktion (till exempel genom skatt på uttag av 
naturresurser). 

Om en hög ersättningsgrad inte säkerställs kan en ökad textilåtervinning bidra till 
en växande total fibermarknad och därigenom öka, snarare än mildra, 
textilindustrins klimatpåverkan. Ersättningsgraden måste vara cirka 44 % eller 
högre för att storskalig textilåtervinning ska ha större sannolikhet att minska, än 
öka, klimatpåverkan. 

Denna studie är en del av projektet Framtidens hållbara kläder1, som syftar till att 
utöka den aktuella studien till att täcka fler miljöfrågor, utöver klimatpåverkan. 
Observera att de huvudsakliga fördelarna med textilåtervinning förväntas vara i 
andra miljöfrågor – till exempel miljöeffekter av mark- och vattenanvändning – där 
primärfiberproduktion är en mer dominerande bidragsgivare till textilindustrins 
totala påverkan. Men eftersom det är viktigt att undvika att åtgärder för att minska 
ett miljöproblem leder till nya miljöproblem, så är det lovande att vår studie pekar 
på att klimatpåverkan sannolikt kommer att minska vid en kraftigt ökad textil-till-
textil-återvinning i EU. 

Slutligen har vi identifierat flera behov av framtida forskning, såsom insamling och 
sammanställning av mer data om textilflöden i och utanför EU, och studier på de 
osäkra parametrar som vi studerade i Monte Carlo-analysen, till exempel studier 
som tar fram data på faktiska ersättningsgrader. 

 

1 https://www.hb.se/om-hogskolan/aktuellt/nyhetsarkiv/2022/mars/framtidens-hallbara-klader/ 



 

 

8(68) 
REPORT C803 

DOES LARGE-SCALE TEXTILE RECYCLING IN EUROPE REDUCE CLIMATE IMPACT? 
A consequential life cycle assessment 

 2023-11-28 

Sökord: framtidens hållbara kläder, textilåtervinning, textil-till-textil-återvinning, 
fiberåtervinning, cirkulär ekonomi Europas textilindustri, livscykelanalys, konsekvens-
LCA, koldioxidavtryck 
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Summary  
Textile-to-textile recycling is widely seen as part of the solution for reducing the 
environmental impact of textiles. However, there is a lack of studies systematically 
exploring the environmental consequences of large-scale implementation of textile 
recycling and the associated uncertainties. Without this knowledge, there is a risk 
that money and efforts are spent on measures that are ineffective in reducing the 
environmental impact of the textile industry. 

This study’s overall aim is to increase the knowledge of climate-impact 
consequences of large-scale implementation of textile-to-textile recycling in the 
EU until 2035, to guide the further development and implementation of textile-to-
textile recycling systems. More specific aims are outlined below. 

The aims are addressed by a consequential life cycle assessment (LCA) that 
explores the climate-impact consequences of increasing textile-to-textile recycling 
from 1% of disposed textiles in the EU today, to 26% in 2035. In the LCA, a Monte 
Carlo analysis, with 10 000 simulations, is used to systematically evaluate the 
influence of 10 uncertain parameters. 

More specifically, the study aims to address three research questions, as listed 
below together with a summary of the pertaining conclusions and 
recommendations. 

1. How probable is it that a large-scale increase of textile-to-textile recycling 
in the EU leads to reduced climate impact? 

Based on the baseline assumptions, there is a 92% probability that large-scale 
textile-to-textile recycling in the EU reduces climate impact. According to a 
sensitivity analysis, the probability is between 87% to 95% if smaller changes are 
made to the underlying parameters, or between 62% to 98% if larger changes are 
made for some parameters. This shows that it is highly likely that textile recycling 
will decrease climate impact, but that there’s a non-negligible risk that the impact 
increases – which emphasises the importance of considering the influential 
parameters (see more below) in designing and developing the future textile 
recycling systems. 
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2. How large is the reduction in climate impact (if any) due to large-scale 
textile-to-textile recycling in the EU? 

The average climate-impact reduction is estimated to be about 1.2 million t CO2 eq. 
per year. This is an estimated 1.3% of the climate impact of production, use, and 
end-of-life of textile products purchased in the EU – a relatively small reduction in 
relation to the needed reduction in the carbon footprint of textile consumption. In 
other words, other impact-reduction measures, beyond material recycling, are 
needed to reduce the climate impact of the textile industry. 

If the textile recycling industry makes a concentrated effort to produce fibres with 
low climate impact, for example by using renewable or nuclear energy to power its 
processes, it can make a greater contribution to the textile industry’s overall work 
with reducing climate impact, than indicated above. 

3. Which of the uncertain parameters are particularly influential for the 
results? 

The most significant climate-impact consequences of increased recycling, are: 

 the impact of more recycling processes, and  

 the avoided impact of replaced primary fibre production.  

Also, the avoided impact of incineration is relatively important. However, the 
impact of more collection and sorting is not very important – unless collection 
relies on increased household transports – neither is the impact from additional 
energy production needed to compensate for the loss of recovered energy. 

The contribution of different consequences is summarised in below figure, where 
the error bars show the variation in terms of two standard deviations from the 
mean. 
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Among the underlying parameters, these appear to be particularly important 
according to a sensitivity analysis: 

 the climate-impact reduction rate of the EU energy systems until 2035,  

 the replacement rate (i.e., to what extent recycled fibres reduce production 
of non-recycled fibres), 

 the climate impact of avoided fibres, and 

 the climate impact of recycling processes. 

To safeguard and maximise the climate-impact benefits of large-scale textile-to-
textile recycling, it will be very important to: 

 develop recycling systems that are energy efficient and/or use energy with 
relatively low climate impact, and 

 ensure a high replacement rate, for example by producing high-quality 
recycled fibres and enacting policy that actively works towards phasing out 
primary fibre production (e.g., by taxes on primary resource extraction). 

If a high replacement rate is not ensured, a growth in textile recycling may merely 
contribute to a growing overall fibre market, thereby increasing, rather than 
mitigating, the climate impact of the textile industry. The replacement rate needs to 
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be about 44% or higher for large-scale textile recycling to be more likely to 
decrease, than increase, climate impact.  

This study is part of the project Sustainable clothing futures2, that aims to expand the 
present study to cover more environmental issues, beyond climate impact. Note 
that the main benefits of textile recycling are expected to be in other impact 
categories – for example impacts of land and water use – where primary fibre 
production is a more dominant contributor to the textile industry’s overall impact. 
But as it is important to avoid burden shifting, it is promising that the present 
study indicates that climate impact will likely decrease in case textile-to-textile 
recycling becomes mainstream. 

We have identified several needs for future research, such as the collection and 
compilation of more data on the textile flows in the EU and beyond, and studies on 
the uncertain parameters studied in the Monte Carlo analysis, for example studies 
collecting data on actual replacement rates. 

Keywords: textile recycling, textile-to-textile recycling, fibre recycling, circular economy, 
European textile industry, life cycle assessment, consequential LCA, carbon footprint  

 

 

2 https://www.hb.se/en/research/research-portal/projects/sustainable-clothing-futures/ 
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1 Objectives and scope 
Increased textile-to-textile recycling is widely seen as part of the solution for 
reducing the environmental impact of textiles. For example, it is strongly 
emphasised as a solution in the EU strategy for sustainable and circular textiles 
(European Commission 2022). Consequently, new policy is suggested and 
implemented, and investments are done by the industry and others, to enable 
increased textile recycling (WRAP 2019, Constantinou & Holmgaard 2020, 
Dahlbom et al. 2023, European Environment Agency 2023). Although there are 
studies that show environmental benefits of textile recycling (Sandin & Peters 2018, 
Braun et al. 2021, Lidfeldt et al. 2022), there is a lack of studies systematically 
exploring the environmental consequences of large-scale implementation of textile 
recycling and the associated uncertainties. Without this knowledge, there is a risk 
that money and efforts are spent on measures that are ineffective in reducing the 
environmental impact of the textile industry, and that the textile industry continue 
to be far from environmentally sustainable. 

This study’s overall aim is to increase the knowledge of potential environmental 
consequences – with a focus on consequences for climate impact – of large-scale 
implementation of textile-to-textile recycling in the EU until 2035, to guide the 
further development and implementation of textile-to-textile recycling systems.   

The specific aims are to: 

 estimate how probable it is that a large-scale increase of textile-to-textile 
recycling leads to reduced climate impact,  

 estimate how large this reduction is (if any), and 

 identify which parameters that are particularly influential for the results, as 
these are important parameters influencing the future environmental 
viability of textile recycling in the EU. 

The target audiences are those that are interested in influencing or taking part in 
the future textile recycling industry, particularly in the EU. Among others, this 
includes policy developers, business owners, investors, and researchers. 

The aims are addressed by a consequential LCA that explores the climate-impact 
consequences of increasing the recycling rate of textiles discarded in the EU. As the 
vast majority of LCAs of textile recycling are so-called attributional LCAs, this 
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consequential LCA complements the learnings of previous studies (the differences 
between attributional and consequential LCA are explained in Section 2.1).  

The study focuses on the impact category of climate change, as this is one of the 
most important environmental issues for the textile industry. However, this study 
is part of the project Sustainable clothing futures3, that aims to expand the scope of 
the present study to include more impact categories, for example water 
deprivation. In this way, we will be able to study at least two impact categories that 
typically exhibit very different pattern of results in LCAs of textile products. This 
difference is because climate impact is driven primarily by fossil energy use 
whereas water deprivation is caused mainly by agricultural activities such as 
cotton cultivation. 

More specifically, the study explores an increased textile-to-textile recycling 
from 1% of disposed textiles in the EU today, to a future scenario, reflecting the 
year 2035, in which 26% of disposed textiles are recycled. The estimated 1% 
textile-to-textile recycling today in the EU is based on Ellen MacArthur 
Foundation’s (2017) estimate for the percentage of textile-to-textile recycling 
globally in 2015. The future scenario is based on a report by McKinsey & Company 
(2022) which projects 18% (base case), or 26% (better case), textile-to-textile 
recycling in 2030. With 18% recycling in 2030 as the base case, it is reasonable to 
assume 26% recycling for the year 2035 instead. The present study is not concerned 
with the question of whether such a sharp rise in the recycling rate is realistic or 
feasible. Instead, it is concerned with the potential consequences if such a scenario 
becomes a reality. Much of the analysis and conclusions are relevant also if the 
increase in recycling rate turns out to be lower (or higher). Also, the 1% recycling 
rate of today is uncertain; but whether the reality is 0.5% or 2-3% is not important 
for the analysis and conclusions. 

We assume that 6.5 million tonnes (t) textiles are discarded in the EU today and in 
2035, which is about 13.5 kg per person. This is based on estimates made by 
McKinsey & Company (2022) and Köhler et al. (2021). McKinsey & Company 
estimate that 7.0-7.5 million t of textiles were discarded in the EU and Switzerland 
in 2020, whereof 85% are discarded clothing or household textiles from consumers, 
including fractions disposed of in the household waste (which today end up being 
incinerated or landfilled) and fractions separately collected for sorting into reuse, 
recycling (textile-to-textile or, most common today, downcycling), incineration or 
landfilling. The figure does not, however, cover textiles that are reused directly 

 

3 https://www.hb.se/en/research/research-portal/projects/sustainable-clothing-futures/ 
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between customers or handed in to reuse platforms for direct reselling. Köhler et 
al. (2021) estimate, based on consumption data, that about 3.3 to 3.7 million t of 
clothing and household waste were discarded to mixed waste streams, and that 1.7 
to 2.1 million t were separately collected, in the EU-27 in 2020. This amounts to 5.0 
to 5.8 million t of clothing and household textiles being discarded per year; 
assuming this accounts for 85% of all discarded textiles, this suggests a total of 5.9-
6.8 million t being discarded annually, which is slightly lower than the figure from 
McKinsey & Company. The variation in numbers is to some extent because of a 
lack of centralized or uniform system for collecting data on textile flows in the EU, 
i.e., it reflects a gap and uncertainty in the knowledge of textile waste flows in the 
EU (Walter 2023). Noteworthy is that there are technical textiles not included 
neither by McKinsey & Company (according to our interpretation of their 
numbers) or Köhler and colleagues, for example textiles used in the automotive, 
construction and agriculture sectors. Some of the textiles entering textile-to-textile 
recycling in 2035, may come from these sectors. Furthermore, the assumption that 
the same volumes of textiles are discarded in 2035 as today, rests on the fact that 
the EU population is projected to be roughly the same today as in 2025 (growth 
until 2026 and then a decline; Eurostat 2023a) and that the economic future, and its 
effects on consumption levels, of the EU is uncertain. In contrast, McKinsey & 
Company (2022) estimate that there will be a 20% growth of EU textile waste from 
2020 to 2030. For the present study, the exact numbers of disposed volumes today 
and in 2035 are, however, not important for the analysis or the conclusions. What’s 
important are the order-of-magnitudes of the identified climate consequences, their 
relative importance, and the influence of the studied uncertainties.  

Based on the above reasoning, this study explores the climate-impact 
consequences of increasing textile-to-textile recycling of textiles discarded in the 
EU from 1% of 6.5 million t in 2023, to 26% of 6.5 million t in 2035. In other 
words, the consequences of about 1.6 million t more textiles entering textile-to-
textile recycling annually. We assume that these 1.6 million t are diverted from 
textile volumes that would otherwise be landfilled or incinerated. In other words, 
we assume (i) that reuse is not decreasing (there is reason to believe it will increase, 
e.g. because it’s encouraged in the EU strategy for sustainable and circular textiles 
(European Commission 2022)), and (ii) that downcycling remains on a similar level 
as today. The assumed present situation, and the 2035 scenario, for discarded 
textiles in the EU are presented in Figure 1 and Figure 2. The background to the 
data in these figures is presented in Appendix. 
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Figure 1. The assumed present situation for amounts and fate of textile waste (in thousand tonnes) 
discarded in the EU. 

 
Figure 2. The assumed 2035 scenario for amounts of textile waste (in thousand tonnes) discarded in 
the EU. 

A consequential LCA considers only the processes that are substantially affected by 
the studied change. In the present study, five processes are assumed to be affected 
in the following ways: 

 Increased collection and sorting for recycling.  

 Increased recycling processes. 

 Reduced incineration (with energy recovery) and landfilling. 4 

 Increased energy production to compensate for loss of energy recovered. 

 

4 As a simplification, we assume all incineration is with energy recovery, and all landfilling is without energy 
recovery. This is further described in Section 2.2. 
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 Reduced production of primary (non-recycled) fibres. 

There are numerous uncertain parameters influencing these five changes and the 
associated climate-impact consequences. For example, the climate impact of 
collection, sorting and recycling in the EU in 2035 depends on the solutions and 
technologies that will be implemented as well as the decarbonisation rate (i.e., rate 
in the reduction of climate impact) of energy systems and transports in the EU. 
Similarly, the climate impact of reduced primary fibre production depend on the 
fibre types that are substituted, how these are produced, the decarbonisation rate 
of energy used in this production, and the extent to which fibre production is 
reduced (the so-called substitution/replacement rate). In the present study, these 
uncertain parameters are systematically studied by means of a Monte Carlo 
analysis, which is a computational technique that uses random sampling and 
statistical modelling to estimate the probability of various outcomes. 

The next chapter describes the method used and the studied product system in 
detail, including the modelling of each of the five affected processes listed above, 
their dependencies on the underlying uncertain parameters, and the modelling of 
the uncertain parameters in the Monte Carlo analysis. Then, Chapter 3 presents the 
results and a discussion of the results, and Chapter 4 summarises the conclusions. 
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2 Method 
The aims outlined in the previous chapter are addressed by means of a 
consequential life cycle assessment (LCA), combined with a Monte Carlo analysis 
to account for the uncertainties in a systematic manner. 

2.1 Consequential LCA 
ISO 14040 and 14044 that define the LCA method do not distinguish between 
attributional and consequential LCA (ISO 2006a, ISO 2006b). Therefore, many 
definitions have emerged (Brandão et al. 2022). For example, UNEP (2011) defines 
attributional LCA as a “system modelling approach in which inputs and outputs 
are attributed to the functional unit of a product system by linking and/or 
partitioning the unit processes of the system according to a normative rule”, and 
consequential LCA as a “system modelling approach in which activities in a 
product system are linked so that activities are included in the product system to 
the extent that they are expected to change as a consequence of a change in 
demand for the functional unit.” Ekvall (2019) describes that attributional LCA 
“estimates what share of the global environmental burdens belongs to a product”, 
whereas consequential LCA “gives an estimate of how the global environmental 
burdens are affected by the production and use of the product.” In short, the 
difference is that a consequential LCA studies the consequences of a change – such 
as the consequences of increased textile recycling in the EU – whereas an 
attributional LCA attempts to assess a product system “as it is.” 

Two general differences between the two approaches are that:  

 different system boundaries are applied, where attributional studies 
consider processes physically connected to the physical product life cycle, 
from production of raw material to waste treatment, whereas consequential 
studies consider processes influenced by the studied change, which may be 
both within and beyond the physical product life cycle;  

 average data is used in attributional LCA, whereas marginal data is used in 
consequential studies. 

Attributional LCA is the most widely used approach – for example, it is used in 
environmental product declarations (EPDs), an established and globally used 
system for communicating the environmental impact of products (ISO 2006c). 
Noteworthy is that attributional LCAs often use elements of consequential LCA 
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modelling, for example in scenario analysis (e.g., exploring how the results would 
change if something in the product system changes) or by using an allocation 
method that accounts for consequences beyond the physical product life cycle. This 
has led some to suggest that the attributional-consequential spectrum is a 
continuous one, so that LCAs typically are more or less consequential or 
attributional, rather than either or (Suh & Yang 2014). 

The present study is in its essence a consequential life cycle assessment. However, 
“attributional” modelling elements are used to some extent. For example, average 
data are used at several instances to estimate the climate-impact consequences of 
influenced processes (this is justified in Section 2.4). 

2.2 Functional unit and system boundaries 
The functional unit is the increase from 1% to 26% textile-to-textile recycling in the 
EU until 2035, which means that the reference flow is the textile-to-textile recycling 
of 1 625 000 t of textiles. 

Based on the above functional unit, we identified five affected processes that are 
associated with climate-impact consequences, as was mentioned in the previous 
chapter. These processes are thus the processes within the system boundaries. How 
these processes and their climate impact are affected by the studied change is 
described below, and the calculations for quantifying these climate-impact 
consequences are explained in Section 2.3. 

Potential climate-impact consequences of recycling further down the textile 
product manufacturing are assumed to be negligible and thus outside the system 
boundaries. For example, one such consequence can be increased or decreased 
need for dyeing processes – an important climate-impact hotspot in the textile 
industry (Sandin et al. 2019a) – particularly in the case of mechanical recycling. 
Esteve-Turrillas and de la Guardia (2017) provide an example of when mechanical 
cotton recycling can avoid dyeing and thereby reduce environmental impact. 
However, we primarily assume chemical recycling (as explained below), and thus 
these downstream consequences are likely negligible. In studies of specific 
recycling technologies, it may, however, be relevant to include more downstream 
consequences. 

1. More collection and sorting for recycling  

Much more collection and sorting of textiles in the EU is needed if the recycling of 
discarded textiles in the EU is increased by 25 percentage points. A share of these 
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textiles will probably be sorted outside the EU, but to simplify the calculations we 
assume all processes until the textiles have been sorted and are ready for recycling 
occur in the EU. The climate impact of more collection and sorting is, for example, 
due to transports involved in collection and energy used at sorting facilities. 

2. More recycling processes 

After the textiles have been sorted, they enter textile recycling. This may be quite 
simple mechanical recycling processes using energy, which mainly involves 
shredding of fabrics, where the original fibres are preserved for use in production 
of new yarns or nonwovens. Or it may be more advanced chemical recycling 
processes, in which fibres are dissembled into polymers, oligomers, or monomers 
by using chemicals and energy. In the scenario studied in the present report, the 
recycling processes are assumed to occur within or outside the EU. To simplify, we 
assume recycling processes outside the EU occur in Asia. When quantifying the 
climate impact of recycling processes, we also include the transports from sorting 
to recycling. 

3. Avoided incineration and landfilling 

A consequence of increased recycling is that less textiles are incinerated or 
landfilled. Many of these textiles end up being incinerated or landfilled anyway, 
after being recycled – but if the recycled textiles replace primary fibre production, 
there will still be a net decrease in incineration and landfilling of textiles (thus the 
replacement rate is considered when calculating this consequence, see Section 
2.3.3). The avoided environmental impact of reduced incineration, for example, is 
due to the avoided CO2 emissions of burning fossil-based textiles such as polyester. 
To simplify the calculations, we assume the avoided incineration processes include 
energy recovery (common in the EU) but that the avoided landfilling processes do 
not include energy recovery (of landfill gas). Note that it is not very important in 
the present study where the avoided incineration or landfilling processes take place; 
as the climate impact mainly depends on the share of fibres made from fossil 
resource that are incinerated or landfilled. 

4. Avoided fibre production 

Another consequence of increased textile recycling is reduced primary fibre 
production. The extent to which primary fibre production is avoided depends on 
the replacement (or substitution) rate, where a 100% rate reflects that recycled 
fibres replace an equal amount of primary fibres. The actual replacement rate will 
depend on the quality of the recycled fibres and the price elasticity of fibre 



 

 

21(68) 
REPORT C803 

DOES LARGE-SCALE TEXTILE RECYCLING IN EUROPE REDUCE CLIMATE IMPACT? 
A consequential life cycle assessment 

 2023-11-28 

demand. To simplify calculations, we assume the avoided fibre production takes 
place in Asia, as most fibres placed on the EU market today are produced in Asia 
(European Environment Agency 2023). 

5. Compensation for loss of recovered energy 

The fifth and final consequence of increased textile recycling considered in this 
study is connected to the third consequence: when incineration with energy 
recovery is avoided, there will be less energy produced, which – assuming a 
constant demand for energy – will be compensated by increased production of 
energy elsewhere in the energy system.  

To estimate the environmental impact of the above outlined consequences, a set of 
underlying, uncertain and (presumably) independent parameters were identified, 
that are subject to randomization in a Monte-Carlo analysis. For each parameter, a 
normal distribution is assumed to represent the probability that the parameter has 
a certain value. With a lack of data on actual uncertainty, we deemed a normal 
distribution to be the most realistic distribution (e.g., we regard a uniform 
distribution to be unrealistic for all studied parameters). The parameters are 
described in Section 2.4. The description of each parameter includes the sources 
and reasoning behind the estimate of the mean and standard deviation of its 
assumed normal distribution.  

Any estimate of an uncertain parameter, reflecting a future state, is naturally 
connected with an element of speculation. Even if the present study relies on 
estimates of several parameters and their distributions, we believe it better 
captures and explores the underlying uncertainties than most other studies of 
future environmental consequences/impact of increased textile recycling. We 
welcome others to engage in these estimates, provide feedback so that our 
estimates can improve (see the preface for contact information), and publish their 
own estimates and assessments of how the estimates influence the research 
question addressed in this study.  

2.3 Assessing the climate-impact consequences 
The parameters randomized in the Monte-Carlo analysis (parameters A-I, as 
described briefly in the text box below and more in depth in the next section) are 
combined with each other, and with other parameters, to estimate the climate-
impact consequences outlined in the previous section. For example, the climate 
impact of avoided virgin fibre production in 2035 accounts for the increase from 
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today until 2035 of the amount of collected textiles that goes to textile-to-textile 
recycling (about 1.6 million t), the yield from collected material to recycled fibres 
(parameter E), the extent to which recycled fibres substitute virgin fibres 
(parameter H), the climate impact of avoided virgin fibre production today 
(parameter D), and the decarbonisation rate of energy in Asia until 2035 (parameter 
B). Each climate-impact consequence is then added to obtain an estimate of the 
total consequences, as described with the following equation: 

𝐶𝐶𝐶𝐶𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 𝐶𝐶𝐶𝐶1 + 𝐶𝐶𝐶𝐶2 − 𝐶𝐶𝐶𝐶3 − 𝐶𝐶𝐶𝐶4 + 𝐶𝐶𝐶𝐶5 

Below, we describe each part of this equation. The unit tonne (t) refers to tonnes of 
textiles, unless otherwise specified. Climate impact is expressed in the unit t CO2 
equivalents using the Global Warming Potential impact assessment method with a 
100-year perspective (GWP100). 

 

2.3.1 More collection and sorting for recycling  
The consequence in terms of climate impact of more collection and sorting is 
expressed with the following equation: 

𝐶𝐶𝐶𝐶1 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. ] = 𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑒𝑒 𝑖𝑖𝐼𝐼 𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝐼𝐼𝐼𝐼𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑖𝑖𝑐𝑐𝑒𝑒𝐼𝐼 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑢𝑢𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐 2035 [𝑡𝑡] ∗
𝐶𝐶𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝑐𝑐𝑜𝑜 𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐𝐼𝐼 𝐼𝐼𝐼𝐼𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝑡𝑡𝑖𝑖𝐼𝐼𝑠𝑠 𝑡𝑡𝑐𝑐𝑐𝑐𝐼𝐼𝑡𝑡 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒 𝑡𝑡⁄ ] ∗ (1−
𝐷𝐷𝑒𝑒𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝑐𝑐𝐼𝐼𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐𝐼𝐼 𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒 𝑐𝑐𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑒𝑒𝐼𝐼𝑒𝑒𝐼𝐼𝑠𝑠𝑡𝑡 𝐼𝐼𝑡𝑡𝐼𝐼𝑡𝑡𝑒𝑒𝑙𝑙 𝑢𝑢𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐 2035 [%] 100⁄ )  

Parameters 
Parameter A: Decarbonisation rate of the EU energy system until 2035 

Parameter B: Decarbonisation rate of the Asian energy system until 2035 

Parameter C: Share of recycling occurring outside the EU in 2035 

Parameter D: Climate impact of avoided virgin fibre production 

Parameter E: Recycling yield 

Parameter F: Share of fossil fibres among recycled fibres 

Parameter G: Share of landfilled textiles, among landfilled/incinerated textiles 

Parameter H: Replacement rate 

Parameter I: Climate impact of textile recycling processes today in the EU 

Parameter J: Climate impact of textile recycling processes today in Asia 
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The increase in collected and sorted textiles in the EU until 2035 is assumed to be 
1 625 000 t, which corresponds to the 25% increase in textiles being sent to 
recycling, out of the 6.5 million t textile waste generated each year in the EU (as 
was described in Section 1).  

Climate impact of collection and sorting today in the EU refers to the average for 
all means and distances of collection and means and technologies of sorting. As 
this is a consequential LCA, we are only interested in the additional transports 
involved in collection, compared to the business-as-usual scenario (incineration or 
landfilling). Similarly, we do not include the transports to landfilling/incineration 
when estimating the third consequence below (avoided incineration and landfill).  

To estimate the climate impact of collection and sorting, we use two sources: 

1. Lidfeldt et al. (2022), which is an LCA of four different recycling routes in 
Sweden, which includes data on collection of textile waste in southern 
Sweden, the subsequent transportation of these textiles for manual sorting 
in Lithuania, and a transport back to southern Sweden for automatic 
sorting. Collection and automatic sorting data are based on primary 
sources, whereas sorting data are based on a secondary source (Spathas 
2017). 

2. Trzepacz et al. (2023), which is an LCA of the management of used textiles 
in Europe, based on primary data from several key collectors and manual 
sorting facilities in Europe. The collection data reflects transports from 
collection points to sorting hubs, and the data on manual sorting covers 
sorting, pressing, and baling. 

The LCA model of Lidfeldt et al. (2023) indicates climate impact results for 
collection and sorting of 0.190 and 0.116 t CO2 eq., respectively, per t textiles being 
collected. Collection here includes transport prior to the manual sorting, and 
sorting includes the transport between manual and automatic sorting, as well as 
the activities at the manual and automatic sorting facilities. The results in the 
original report are slightly different, as we have modified the LCA model in two 
ways: (i) removed the initial transport of textile waste from collection bins to the 
recycling center, as a similar transport is done also if textile waste is 
incinerated/landfilled, and in this consequential LCA we are only interested in 
additional processes; and (ii) changed to smaller trucks in line with the original 
data (too large trucks had erroneously been used in the LCA model). These 
adjustments were possible as the authors of the present report were also involved 
in the Lidfeldt et al. (2023) study.  
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Based on the results of Trzepacs et al. (2023), we calculate the climate impact for 
collection and sorting (only activities at the sorting facility) to be 0.076 and 0.016 t 
CO2 eq., respectively, per t textiles being collected. 

Based on the above two sources, we make a conservative estimate for the climate 
impact of collection and sorting by taking the highest numbers, i.e., those from 
Lidfeldt et al. (2022). This gives a total climate impact of about 0.31 t CO2 eq. per t 
collected textiles. 

The decarbonisation rate of the EU energy system corresponds to parameter A in 
the Monte-Carlo analysis, see Section 2.4.1. 

2.3.2 More recycling processes 
The consequence for climate impact of more recycling processes is expressed with 
the following equation: 

𝐶𝐶𝐶𝐶2 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. ] =
𝐶𝐶𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝑐𝑐𝑜𝑜 𝑙𝑙𝑐𝑐𝐼𝐼𝑒𝑒 𝐼𝐼𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝑖𝑖𝐼𝐼𝑐𝑐𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼 𝑐𝑐𝑢𝑢𝑡𝑡𝐼𝐼𝑖𝑖𝑐𝑐𝑒𝑒 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. ] +
𝐶𝐶𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝑐𝑐𝑜𝑜 𝑙𝑙𝑐𝑐𝐼𝐼𝑒𝑒 𝐼𝐼𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝑖𝑖𝐼𝐼𝑐𝑐𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. ]  

where: 

𝐶𝐶𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝑐𝑐𝑜𝑜 𝑙𝑙𝑐𝑐𝐼𝐼𝑒𝑒 𝐼𝐼𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝑖𝑖𝐼𝐼𝑐𝑐𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼 𝑐𝑐𝑢𝑢𝑡𝑡𝐼𝐼𝑖𝑖𝑐𝑐𝑒𝑒 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. ] =
𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑒𝑒 𝑖𝑖𝐼𝐼 𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝐼𝐼𝐼𝐼𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑖𝑖𝑐𝑐𝑒𝑒𝐼𝐼 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑢𝑢𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐 2035 [𝑡𝑡] ×
𝑆𝑆ℎ𝐼𝐼𝐼𝐼𝑒𝑒 𝑐𝑐𝑜𝑜 𝐼𝐼𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝑐𝑐𝑢𝑢𝑡𝑡𝐼𝐼𝑖𝑖𝑐𝑐𝑒𝑒 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑖𝑖𝐼𝐼 2035 [%] 100⁄ ∗ 𝑅𝑅𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝑡𝑡𝑖𝑖𝑒𝑒𝑐𝑐𝑐𝑐% 100⁄ ×
𝐶𝐶𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝑐𝑐𝑜𝑜 𝐼𝐼𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝑖𝑖𝐼𝐼𝑐𝑐𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼 𝑐𝑐𝑢𝑢𝑡𝑡𝐼𝐼𝑖𝑖𝑐𝑐𝑒𝑒 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 (𝐴𝐴𝐼𝐼𝑖𝑖𝐼𝐼) 𝑡𝑡𝑐𝑐𝑐𝑐𝐼𝐼𝑡𝑡 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒 𝑡𝑡⁄ ] ×
(1− 𝐷𝐷𝑒𝑒𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝑐𝑐𝐼𝐼𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐𝐼𝐼 𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒 𝑐𝑐𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝐴𝐴𝐼𝐼𝑖𝑖𝐼𝐼𝐼𝐼 𝑒𝑒𝐼𝐼𝑒𝑒𝐼𝐼𝑠𝑠𝑡𝑡 𝐼𝐼𝑡𝑡𝐼𝐼𝑡𝑡𝑒𝑒𝑙𝑙 𝑢𝑢𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐 2035 [%] 100)⁄   

and 

𝐶𝐶𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝑐𝑐𝑜𝑜 𝑙𝑙𝑐𝑐𝐼𝐼𝑒𝑒 𝐼𝐼𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝑖𝑖𝐼𝐼𝑐𝑐𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. ] =
𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑒𝑒 𝑖𝑖𝐼𝐼 𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝐼𝐼𝐼𝐼𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑖𝑖𝑐𝑐𝑒𝑒𝐼𝐼 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑢𝑢𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐 2035 [𝑡𝑡] ×
𝑆𝑆ℎ𝐼𝐼𝐼𝐼𝑒𝑒 𝑐𝑐𝑜𝑜 𝐼𝐼𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑖𝑖𝐼𝐼 2035 [%] 100⁄ ∗ 𝑅𝑅𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝑡𝑡𝑖𝑖𝑒𝑒𝑐𝑐𝑐𝑐% 100⁄ ∗
𝐶𝐶𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝑐𝑐𝑜𝑜 𝐼𝐼𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝑖𝑖𝐼𝐼𝑐𝑐𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑡𝑡𝑐𝑐𝑐𝑐𝐼𝐼𝑡𝑡 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒./𝑡𝑡] × (1−
𝐷𝐷𝑒𝑒𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝑐𝑐𝐼𝐼𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐𝐼𝐼 𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒 𝑐𝑐𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑒𝑒𝐼𝐼𝑒𝑒𝐼𝐼𝑠𝑠𝑡𝑡 𝐼𝐼𝑡𝑡𝐼𝐼𝑡𝑡𝑒𝑒𝑙𝑙 𝑢𝑢𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐 2035 [%]/100)  

The share of recycling occurring outside the EU in 2035 corresponds to parameter 
C in the Monte Carlo analysis, see Section 2.4.3. The share of recycling in the EU in 
2035 is equal to 100% minus parameter C. 
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Climate impact of recycling processes within and outside the EU corresponds to 
parameters I and J, respectively, in the Monte Carlo analysis, see Section 2.4.9. Note 
that this is expressed per t of fibres leaving the recycling process, and thus the 
input of collected and sorted textiles are multiplied with the recycling yield, which 
corresponds to parameter E in the Monte Carlo analysis, see Section 2.4.5. 

The decarbonisation rates of the EU and Asian energy systems correspond to 
parameters A and B, respectively, in the Monte-Carlo analysis, see Sections 2.4.1 
and 2.4.2. 

2.3.3 Avoided incineration and landfilling  
The consequence for climate impact of avoided incineration and landfilling is 
expressed with the following equation: 

𝐶𝐶𝐶𝐶3 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. ]
= 𝑅𝑅𝑒𝑒𝑐𝑐𝑢𝑢𝐼𝐼𝑒𝑒𝑐𝑐 𝐼𝐼𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝐷𝐷𝑒𝑒𝐼𝐼𝐼𝐼𝑢𝑢𝐼𝐼𝑒𝑒 𝑐𝑐𝑜𝑜 𝐼𝐼𝑎𝑎𝑐𝑐𝑖𝑖𝑐𝑐𝑒𝑒𝑐𝑐 𝑖𝑖𝐼𝐼𝐼𝐼𝑖𝑖𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐𝐼𝐼 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. ]
+ 𝑅𝑅𝑒𝑒𝑐𝑐𝑢𝑢𝐼𝐼𝑒𝑒𝑐𝑐 𝐼𝐼𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝐷𝐷𝑒𝑒𝐼𝐼𝐼𝐼𝑢𝑢𝐼𝐼𝑒𝑒 𝑐𝑐𝑜𝑜 𝐼𝐼𝑎𝑎𝑐𝑐𝑖𝑖𝑐𝑐𝑒𝑒𝑐𝑐 𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝑜𝑜𝑖𝑖𝑐𝑐𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. ] 

where: 

𝑅𝑅𝑒𝑒𝑐𝑐𝑢𝑢𝐼𝐼𝑒𝑒𝑐𝑐 𝐼𝐼𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝐷𝐷𝑒𝑒𝐼𝐼𝐼𝐼𝑢𝑢𝐼𝐼𝑒𝑒 𝑐𝑐𝑜𝑜 𝐼𝐼𝑎𝑎𝑐𝑐𝑖𝑖𝑐𝑐𝑒𝑒𝑐𝑐 𝑖𝑖𝐼𝐼𝐼𝐼𝑖𝑖𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐𝐼𝐼 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. ]
= 𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑒𝑒 𝑖𝑖𝐼𝐼 𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝐼𝐼𝐼𝐼𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑖𝑖𝑐𝑐𝑒𝑒𝐼𝐼 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑢𝑢𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐 2035 [𝑡𝑡]
× 𝑆𝑆ℎ𝐼𝐼𝐼𝐼𝑒𝑒 𝑐𝑐𝑜𝑜 𝑜𝑜𝑖𝑖𝐷𝐷𝐼𝐼𝑒𝑒𝐼𝐼 𝑖𝑖𝐼𝐼𝐼𝐼𝑖𝑖𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝑎𝑎𝐼𝐼.  𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝑜𝑜𝑖𝑖𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑖𝑖𝐼𝐼 2035 [%]/100
× 𝑆𝑆ℎ𝐼𝐼𝐼𝐼𝑒𝑒 𝑐𝑐𝑜𝑜 𝑜𝑜𝑐𝑐𝐼𝐼𝐼𝐼𝑖𝑖𝑐𝑐 𝑜𝑜𝑖𝑖𝐷𝐷𝐼𝐼𝑒𝑒𝐼𝐼 𝐼𝐼𝑙𝑙𝑐𝑐𝐼𝐼𝑠𝑠 𝑜𝑜𝑖𝑖𝐷𝐷𝐼𝐼𝑒𝑒𝐼𝐼 𝑜𝑜𝑐𝑐𝐼𝐼 𝐼𝐼𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑖𝑖𝐼𝐼 2035 [%] 100⁄
× 𝐶𝐶𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝑐𝑐𝑜𝑜 𝐷𝐷𝑢𝑢𝐼𝐼𝐼𝐼𝑖𝑖𝐼𝐼𝑠𝑠 𝑜𝑜𝑐𝑐𝐼𝐼𝐼𝐼𝑖𝑖𝑐𝑐 𝑜𝑜𝑖𝑖𝐷𝐷𝐼𝐼𝑒𝑒𝐼𝐼 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒./𝑡𝑡] × 𝑅𝑅𝑒𝑒𝑖𝑖𝑐𝑐𝐼𝐼𝐼𝐼𝑒𝑒𝑙𝑙𝑒𝑒𝐼𝐼𝑡𝑡 𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒 [%]
/100 

 and 

𝑅𝑅𝑒𝑒𝑐𝑐𝑢𝑢𝐼𝐼𝑒𝑒𝑐𝑐 𝐼𝐼𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝐷𝐷𝑒𝑒𝐼𝐼𝐼𝐼𝑢𝑢𝐼𝐼𝑒𝑒 𝑐𝑐𝑜𝑜 𝐼𝐼𝑎𝑎𝑐𝑐𝑖𝑖𝑐𝑐𝑒𝑒𝑐𝑐 𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝑜𝑜𝑖𝑖𝑐𝑐𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. ]
= 𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑒𝑒 𝑖𝑖𝐼𝐼 𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝐼𝐼𝐼𝐼𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑖𝑖𝑐𝑐𝑒𝑒𝐼𝐼 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑢𝑢𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐 2035 [𝑡𝑡]
× 𝑆𝑆ℎ𝐼𝐼𝐼𝐼𝑒𝑒 𝑐𝑐𝑜𝑜 𝑜𝑜𝑖𝑖𝐷𝐷𝐼𝐼𝑒𝑒𝐼𝐼 𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝑜𝑜𝑖𝑖𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐 𝑎𝑎𝐼𝐼. 𝑖𝑖𝐼𝐼𝐼𝐼𝑖𝑖𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑖𝑖𝐼𝐼 2035 [%] 100⁄
× (𝑆𝑆ℎ𝐼𝐼𝐼𝐼𝑒𝑒 𝑐𝑐𝑜𝑜 𝑜𝑜𝑐𝑐𝐼𝐼𝐼𝐼𝑖𝑖𝑐𝑐 𝑜𝑜𝑖𝑖𝐷𝐷𝐼𝐼𝑒𝑒𝐼𝐼 𝐼𝐼𝑙𝑙𝑐𝑐𝐼𝐼𝑠𝑠 𝑜𝑜𝑖𝑖𝐷𝐷𝐼𝐼𝑒𝑒𝐼𝐼 𝑜𝑜𝑐𝑐𝐼𝐼 𝐼𝐼𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑖𝑖𝐼𝐼 2035 
× 𝐶𝐶𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝑐𝑐𝑜𝑜 𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝑜𝑜𝑖𝑖𝑐𝑐𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝑜𝑜𝑐𝑐𝐼𝐼𝐼𝐼𝑖𝑖𝑐𝑐 𝑜𝑜𝑖𝑖𝐷𝐷𝐼𝐼𝑒𝑒𝐼𝐼 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. 𝑡𝑡⁄ ]
+ 𝑆𝑆ℎ𝐼𝐼𝐼𝐼𝑒𝑒 𝑐𝑐𝑜𝑜 𝐼𝐼𝑐𝑐𝐼𝐼𝑜𝑜𝑐𝑐𝐼𝐼𝐼𝐼𝑖𝑖𝑐𝑐 𝑜𝑜𝑖𝑖𝐷𝐷𝐼𝐼𝑒𝑒𝐼𝐼 𝐼𝐼𝑙𝑙𝑐𝑐𝐼𝐼𝑠𝑠 𝑜𝑜𝑖𝑖𝐷𝐷𝐼𝐼𝑒𝑒𝐼𝐼 𝑜𝑜𝑐𝑐𝐼𝐼 𝐼𝐼𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑖𝑖𝐼𝐼 2035
× 𝐶𝐶𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝑐𝑐𝑜𝑜 𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝑜𝑜𝑖𝑖𝑐𝑐𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝐼𝐼𝑐𝑐𝐼𝐼𝑜𝑜𝑐𝑐𝐼𝐼𝐼𝐼𝑖𝑖𝑐𝑐 𝑜𝑜𝑖𝑖𝐷𝐷𝐼𝐼𝑒𝑒𝐼𝐼 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒./𝑡𝑡])
× 𝑅𝑅𝑒𝑒𝑖𝑖𝑐𝑐𝐼𝐼𝐼𝐼𝑒𝑒𝑙𝑙𝑒𝑒𝐼𝐼𝑡𝑡 𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒 [%]/100 
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Note that the climate impact assessment method used in the present report, does 
not include impact from incineration of fibres made of non-fossil resources (non-
fossil fibres), and this impact is therefore not included in the above equation. 

The share of fibres that are landfilled vs. incinerated (i.e., the share of fibres that are 
landfilled, from those that are landfilled or incinerated) in the EU in 2035 is 
parameter G in the Monte Carlo analysis, see Section 2.4.7. From this parameter, 
the share of fibres that are incinerated (out of those landfilled or incinerated) is 
calculated. 

The share of fossil fibres among the fibres sent to recycling in the EU in 2035 is 
parameter F in the Monte Carlo analysis, see Section 2.4.6. From this parameter, the 
share of non-fossil fibres is calculated. 

The replacement rate is parameter H in the Monte Carlo analysis, see Section 2.4.8. 
The reason for considering this parameter in the equation above is that only when 
primary fibre production is replaced, does the amount of textile fibres being 
incinerated/landfilled decrease (as all fibres produced are eventually incinerated or 
landfilled; disregarding the fraction lost in nature).  

Table 1 shows the assumed climate impact of landfilling and incineration of fossil 
fibres, and landfilling of non-fossil fibres, and the references used.  
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Table 1. Climate impact of landfilling and incineration of fossil fibres and landfilling of non-fossil 
fibres. 

Process Climate impact [t 
CO2 eq./t fibres]5 Reference6 

Incinerating fossil fibres 2.0 
Database: Ecoinvent 3.9. Dataset 
for incineration of polyethylene 
terephthalate in Switzerland.  

Landfilling fossil fibres 0.088 
Database: Ecoinvent 3.9. Dataset 
for landfilling of polyethylene 
terephthalate in Switzerland.  

Landfilling non-fossil fibres 0.99 
Database: Ecoinvent 3.9. Global 
dataset for landfilling of waste 
yarn and textile. 

We ignore the climate impact of transports from households to the incineration or 
landfill site, because there are similar transports involved also in the collection of 
textile waste for sorting and recycling (i.e., transports from households to, e.g., 
textile collection bins) that are similarly ignored in the equation for the climate 
impact of more collection and sorting for recycling (CI1 in Section 2.3.1). In other 
words, we assume that these transports are not changed because of increased 
textile recycling in the EU. Note that such transports differ greatly within the EU, 
depending on how municipalities or regions set up their waste collection systems. 
However, if one were to conduct a study of the consequences of increased textile 
recycling in a specific municipality or region, it would make sense to include the 
effect on logistics in more detail, all the way from where the textiles are discarded 
(e.g., households) to the recycling facilities – especially if recycling increases or 
decreases the reliance on car transports, as this has been found to greatly influence 
the environmental impact of textile recycling (Lidfeldt et al. 2022). 

2.3.4 Avoided fibre production 
The consequence for climate impact of avoided fibre production is expressed with 
the following equation: 

 

5 The higher climate impact of landfilling of non-fossil, compared to fossil fibres, is due to the decomposition of 
biogenic carbon into methane. 
6 The geographical scopes of the datasets in the table are Switzerland (CH) and “rest of the world” (RoW). 
Other geographical scopes were available in Ecoinvent 3.9, but the differences in terms of climate impact were 
negligible. 
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𝐶𝐶𝐶𝐶4 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. ]
= 𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑒𝑒 𝑖𝑖𝐼𝐼 𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝐼𝐼𝐼𝐼𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑖𝑖𝑐𝑐𝑒𝑒𝐼𝐼 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑢𝑢𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐 2035 [𝑡𝑡]
× 𝑅𝑅𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑐𝑐𝑖𝑖𝐼𝐼𝑠𝑠 𝑡𝑡𝑖𝑖𝑒𝑒𝑐𝑐𝑐𝑐 [%] 100⁄
× 𝐶𝐶𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝑐𝑐𝑜𝑜 𝐼𝐼𝑎𝑎𝑐𝑐𝑖𝑖𝑐𝑐𝑒𝑒𝑐𝑐 𝑜𝑜𝑖𝑖𝐷𝐷𝐼𝐼𝑒𝑒 𝐼𝐼𝑐𝑐𝑐𝑐𝑢𝑢𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐𝐼𝐼 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒 𝑡𝑡⁄ ] ∗ (1
−𝐷𝐷𝑒𝑒𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝑐𝑐𝐼𝐼𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐𝐼𝐼 𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒 𝑐𝑐𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝐴𝐴𝐼𝐼𝑖𝑖𝐼𝐼𝐼𝐼 𝑒𝑒𝐼𝐼𝑒𝑒𝐼𝐼𝑠𝑠𝑡𝑡 𝐼𝐼𝑡𝑡𝐼𝐼𝑡𝑡𝑒𝑒𝑙𝑙 𝑢𝑢𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐 2035 [%] 100)⁄
× 𝑅𝑅𝑒𝑒𝑖𝑖𝑐𝑐𝐼𝐼𝐼𝐼𝑒𝑒𝑙𝑙𝑒𝑒𝐼𝐼𝑡𝑡 𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒 [%] 

Recycling yield refers to the yield from input of materials to be recycled, at the 
point of collection, to recycled fibres that are ready for subsequent production such 
as yarn spinning. This corresponds to parameter E in the Monte Carlo analysis, see 
Section 2.4.5. 

Decarbonisation rate of the Asian energy system until 2035 corresponds to 
parameter B in the Monte Carlo analysis, see Section 2.4.2. So here we assume that 
the climate impact of avoided fibre production is, until 2035, reduced in line with 
the general decarbonisation rate of the Asian energy system until 2035. 

The climate impact of avoided fibre production corresponds to parameter D in the 
Monte Carlo analysis, see Section 2.4.4. 

The replacement rate is to what extent the production of recycled fibres replaces 
primary production of textile fibres, which is parameter H in the Monte-Carlo 
analysis, see Section 2.4.8. 

2.3.5 Compensating loss of recovered energy 
The climate-impact consequence for compensating for loss of recovered energy 
from avoided incineration is expressed with the following equation: 

𝐶𝐶𝐶𝐶5 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. ]
= 𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑒𝑒 𝑖𝑖𝐼𝐼 𝐼𝐼𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝐼𝐼𝐼𝐼𝑐𝑐 𝐼𝐼𝑐𝑐𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑖𝑖𝑐𝑐𝑒𝑒𝐼𝐼 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑢𝑢𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐 2035 [𝑡𝑡]
× 𝑅𝑅𝑒𝑒𝑖𝑖𝑐𝑐𝐼𝐼𝐼𝐼𝑒𝑒𝑙𝑙𝑒𝑒𝐼𝐼𝑡𝑡 𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒 [%] 100⁄
× 𝑆𝑆ℎ𝐼𝐼𝐼𝐼𝑒𝑒 𝑐𝑐𝑜𝑜 𝑜𝑜𝑖𝑖𝐷𝐷𝐼𝐼𝑒𝑒𝐼𝐼 𝑖𝑖𝐼𝐼𝐼𝐼𝑖𝑖𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝑎𝑎𝐼𝐼.  𝑐𝑐𝐼𝐼𝐼𝐼𝑐𝑐𝑜𝑜𝑖𝑖𝑐𝑐𝑐𝑐𝑒𝑒𝑐𝑐 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑖𝑖𝐼𝐼 2035 [%]
× (𝐸𝐸𝑐𝑐𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑖𝑖𝐼𝐼𝑖𝑖𝑡𝑡𝑡𝑡 𝑠𝑠𝑒𝑒𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝑜𝑜𝐼𝐼𝑐𝑐𝑙𝑙 𝑖𝑖𝐼𝐼𝐼𝐼𝑖𝑖𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑡𝑡𝑖𝑖𝐼𝐼𝑠𝑠 1 𝑡𝑡𝑐𝑐𝐼𝐼𝐼𝐼𝑒𝑒 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑖𝑖𝑐𝑐𝑒𝑒 𝑤𝑤𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝐼𝐼 ℎ𝑒𝑒𝐼𝐼𝑡𝑡 𝐼𝐼𝐼𝐼𝑐𝑐 𝑖𝑖𝑐𝑐𝑤𝑤𝑒𝑒𝐼𝐼 𝐼𝐼𝑐𝑐𝑠𝑠𝑒𝑒𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐𝐼𝐼  
× 𝐶𝐶𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝑐𝑐𝑜𝑜 𝑒𝑒𝑐𝑐𝑒𝑒𝐼𝐼𝑡𝑡𝐼𝐼𝑖𝑖𝐼𝐼𝑖𝑖𝑡𝑡𝑡𝑡 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑡𝑡𝑐𝑐𝑐𝑐𝐼𝐼𝑡𝑡 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. 𝑘𝑘𝑘𝑘ℎ⁄ ]
+𝐻𝐻𝑒𝑒𝐼𝐼𝑡𝑡 𝑠𝑠𝑒𝑒𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒𝑐𝑐 𝑜𝑜𝐼𝐼𝑐𝑐𝑙𝑙 𝑖𝑖𝐼𝐼𝐼𝐼𝑖𝑖𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑡𝑡𝑖𝑖𝐼𝐼𝑠𝑠 1 𝑡𝑡𝑐𝑐𝐼𝐼𝐼𝐼𝑒𝑒 𝑡𝑡𝑒𝑒𝑡𝑡𝑡𝑡𝑖𝑖𝑐𝑐𝑒𝑒 𝑤𝑤𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝐼𝐼 ℎ𝑒𝑒𝐼𝐼𝑡𝑡 𝐼𝐼𝐼𝐼𝑐𝑐 𝑖𝑖𝑐𝑐𝑤𝑤𝑒𝑒𝐼𝐼 𝐼𝐼𝑐𝑐𝑠𝑠𝑒𝑒𝐼𝐼𝑒𝑒𝐼𝐼𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐𝐼𝐼 𝑖𝑖𝑐𝑐𝐼𝐼𝐼𝐼𝑡𝑡 
× 𝐶𝐶𝑐𝑐𝑖𝑖𝑙𝑙𝐼𝐼𝑡𝑡𝑒𝑒 𝑖𝑖𝑙𝑙𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡 𝑐𝑐𝑜𝑜 ℎ𝑒𝑒𝐼𝐼𝑡𝑡 𝑖𝑖𝐼𝐼 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑡𝑡𝑐𝑐𝑐𝑐𝐼𝐼𝑡𝑡 [𝑡𝑡 𝐶𝐶𝐶𝐶2 𝑒𝑒𝑒𝑒. 𝑘𝑘𝑘𝑘ℎ⁄ ]) × (1
−𝐷𝐷𝑒𝑒𝐼𝐼𝐼𝐼𝐼𝐼𝐷𝐷𝑐𝑐𝐼𝐼𝑖𝑖𝐼𝐼𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐𝐼𝐼 𝐼𝐼𝐼𝐼𝑡𝑡𝑒𝑒 𝑐𝑐𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝐸𝐸𝐸𝐸 𝑒𝑒𝐼𝐼𝑒𝑒𝐼𝐼𝑠𝑠𝑡𝑡 𝐼𝐼𝑡𝑡𝐼𝐼𝑡𝑡𝑒𝑒𝑙𝑙 𝑢𝑢𝐼𝐼𝑡𝑡𝑖𝑖𝑐𝑐 2035 [%] 100)⁄  
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The share of fibres that are incinerated vs. landfilled (i.e., the share of fibres that are 
incinerated, from those that are landfilled or incinerated) in the EU in 2035 is 
calculated from parameter G in the Monte Carlo analysis, see Section 2.4.7.  

The replacement rate is parameter H in the Monte Carlo analysis, see Section 2.4.8. 
The reason for considering this parameter in the equation above is that only when 
primary fibre production is replaced, does the amount of textile fibres being 
incinerated decrease, so that there will be a loss in energy recovered that needs to 
be compensated. Note that this parameter is also considered when estimating the 
climate-impact consequence of avoided incineration and landfilling, see Section 
2.3.3. 

Table 2 outlines the assumptions and references for the amounts of heat and 
electricity generated from incinerating textile waste, and for the climate impact of 
electricity and heat production in the EU. 

Table 2. Assumed amounts of heat and electricity generated from incinerating textile waste and 
assumed climate impact of electricity and heat production in the EU. 

Process Data Reference 

Incinerating textile 
waste in combined 
heat and power plant 

Heat generated: 1553 
MJ/t textile waste. 
Electricity generated: 
854 MJ/t textile waste. 

Database: Sphera’s Managed LCA 
Content (MLC) database. Dataset 
for incineration of textiles in 
Europe.   

Electricity production Climate impact: 0.00033 
t CO2 eq./kWh 

Database: Sphera’s MLC database. 
Dataset for average European 
electricity. 

Heat production Climate impact: 0.00023 
t CO2 eq./kWh 

Database: Sphera’s MLC database. 
Dataset for average European 
district heating. 

We conservatively assume that all losses of recovered energy will be compensated. 
In reality, a reduced supply of energy will increase energy prices and thereby 
reduce demand, so that all losses of recovered energy are not compensated for. We 
could, as done for avoided fibre production (see Section 3.1.4), have assumed a 
replacement rate below 100%. This would, however, have a relatively small 
influence on the results, as the contribution of compensation of the loss of 
recovered energy turned out to be relatively low (see Section 3). Therefore, we 
choose to disregard this, which is a conservative simplification when estimating 
the climate-impact benefits of textile recycling. 



 

 

30(68) 
REPORT C803 

DOES LARGE-SCALE TEXTILE RECYCLING IN EUROPE REDUCE CLIMATE IMPACT? 
A consequential life cycle assessment 

 2023-11-28 

2.4 Parameters randomized in the Monte Carlo 
analysis 

A Monte Carlo analysis is used to systematically account for 10 parameters 
influencing the climate-impact consequences described in Section 2.3.  

In a Monte Carlo analysis, probability distributions are assumed for a set of 
uncertain and independent parameters that are part of an equation describing a 
system. The probability distribution of each parameter describes its possible values 
and their likelihoods. Then a random number generator is used to create a large 
number of random samples from the defined probability distributions for each 
variable. These are randomly combined in the equation, to derive at a large number 
of results for the equation. The results are thereafter analysed to draw conclusions 
about the studied system’s behaviour, such as possible outcomes, their 
probabilities, and the relative influence of the randomized parameters. 

The Monte Carlo simulations in the present study are done for the equation in 
Section 2.3 and its uncertain and independent parameters (A to I). Below 
subsections describe the parameters and what their normal distributions and 
standard deviations are assumed to be. We choose to do 10 000 simulations, using 
Microsoft Excel and its random number generator and normal distribution 
function.  

In consequential LCAs, marginal data of the environmental impact is typically 
used. That is, data that represent the technology (of production, transports, end-of-
life processes, etc.) with the highest marginal cost, that is influenced by a change in 
demand. There are different types of marginal data, depending on the considered 
time horizon and scale of change. For example, the short-term marginal technology 
depends on a change in the utilization of existing production capacity, whereas the 
long-term marginal technology depends on a change in the production capacity 
(Ekvall 2019), which in turn depends on future changes in technology, demand, 
and policy – factors which are inherently uncertain. Short-term marginal 
technologies of energy production, for example, are often technologies with 
relatively high environmental impact. Long-term marginal technologies may have 
relatively low environmental impact.  In the present report, we are interested in 
long-term (until 2035) and large-scale (a 1.6 million t increase in textile recycling) 
marginal technologies for collection, sorting, transports, recycling, fibre production 
and end-of-life processes. Instead of speculating about future or uncommon 
technologies, we assume common or average technologies that are used today. 
Uncertainties in this choice are assumed to be captured by the normal distributions 
assumed for the environmental impact of the assumed (marginal) technologies. For 
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the climate impact, further uncertainties of the marginal technologies are also 
captured by the decarbonisation parameters and their distributions. 

If nothing else is stated, the standard deviation of each randomized parameter is 
assumed to be one fourth of the estimated mean. 

2.4.1 Parameter A: Decarbonisation rate of the EU 
energy system until 2035 

This parameter influences the climate impact of all processes located in the EU, 
which includes collection, sorting and recycling processes. Note that this concerns 
industrial processes using any type of energy as well as transports. 

The rate is expressed per work/function delivered by the processes assumed to be 
affected according to the equations in Section 2.3. Simplified, this can be 
interpreted as the decarbonisation per energy unit, i.e., it is not about how much 
lower the climate impact of the EU energy system is in absolute terms, but how 
much lower the climate impact is per energy unit used.  

To estimate the decarbonisation rate per energy unit, we will start by considering 
the EU’s climate impact reduction targets, which are defined in absolute terms. 
There is a legal obligation in the EU to reduce the greenhouse gas emissions by at 
least 55% until 2030, which the proposed “Fit for 55” package of legislation aims to 
achieve (European Council 2023). Furthermore, there is a legal obligation for the 
EU to be climate neutral by 2050 (European Parliament 2023). This does not mean 
that there shall be no greenhouse gas emissions generated from the energy used by 
that time, but that the remaining emissions shall be offset by carbon-removal 
technologies and increased carbon uptake in the land-use sector. Because of these 
targets, and the accompanied legislation that is, or expected to be, in place, there 
will likely be decarbonisation per unit of energy used until 2035, which would be a 
continuation of current trends (Zachmann et al. 2021, Ancygier et al. 2020). 

Next, let’s look at studies with scenarios of future CO2 intensity of European 
electricity mixes. Ancygier et al. (2020) provide a review of such scenarios until 
2030, 2040 and 2050, and relate the scenarios to what is needed to be compatible 
with the Paris agreement, which the EU targets aim to reflect. The reviewed 
scenarios for 2030 have CO2 intensities between 26 and 170 g CO2 per kWh 
(disregarding a scenario that assumed 0 g CO2 per kWh regardless of time 
horizon), and the scenarios for 2040 have CO2 intensities between 0 and 70 g CO2 
per kWh. Assuming a linear development between 2030 and 2040, the scenarios 
indicate a CO2 intensity of somewhere between 13 to 120 g CO2/kWh in 2035. This 
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can be compared with the CO2 intensity of 265 g CO2 per kWh in 2020 for EU28 
(Ancygier et al. 2020). I.e., the scenarios indicate a decarbonisation of the EU 
electricity mix of about 55-95% from 2020 until 2035.  

But electricity is just one part of the EU energy mix. Combustion of fuels for 
heating and transports are other, important parts. To a large extent, the 
decarbonisation of those parts of the energy mix is to be achieved by electrification 
rather than decarbonisation of the fuels as such. Considering both electrification 
and fuel improvements, International Transport Forum (2020) presents two 
scenarios, representing “current ambitions” and “high ambitions”, respectively, for 
the change in CO2 emissions per t-km in Europe from 2015 to 2050. The “current 
ambitions” scenario shows a decrease from about 35 g CO2/t-km in 2020 to about 25 
CO2/t-km in 2035, and the “high ambitions” scenario shows a decrease from about 
35 g CO2/t-km in 2020 to about 15 CO2/t-km in 2035. I.e., the span for the 
decarbonisation rate is about 30-60% for these scenarios. 

Based on above, we assume that the mean decarbonisation rate of the EU energy 
system until 2035 is 45%. This is in the middle of the range of two of the transport 
decarbonisation scenarios (although higher than the “current ambitions” scenario) 
and lower than the decarbonisation rate for the electricity mix in the above 
scenarios. Note that the final energy consumption in the EU in 2020 consist of 
about 25% energy in the form of electricity (Eurostat 2023b); although this share 
can be expected to increase due to electrification. In the choice of the mean, we take 
a slightly conservative stance compared to the, perhaps optimistic, electricity 
scenarios reviewed by (Ancygier et al. 2020) and the EU political target (55% 
decarbonisation until 2030). But with the assumed standard deviation of one fourth 
of the mean, the probability distribution covers many of the optimistic scenarios as 
well as the political target, see Figure 3. 
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Figure 3. Probability distribution of parameter A, the decarbonisation rate of the EU energy system 
until 2035. 

2.4.2 Parameter B: Decarbonisation rate of the 
Asian energy system until 2035 

This parameter influences the climate impact of all assessed processes located 
outside the EU, which are assumed to mainly occur in Asia. This includes recycling 
and fibre production processes. The parameter concerns decarbonisation of any 
industrial processes and transports, regardless of type of energy used. As for 
parameter A (decarbonisation rate of the EU energy system until 2035), this can in 
simplified terms be interpreted as the decarbonisation per energy unit, i.e., it is not 
about how much lower the climate impact of the Asian energy system will be in 
absolute terms in 2035, but how much lower the climate impact per energy unit 
will be.  

As a starting point, we use targets and scenarios for reduced climate impact in Asia 
as the basis for defining the mean of this parameter. We mainly consider China and 
India as they are the two powerhouses in the textile industry. China has set a target 
to achieve net-zero climate impact by 2060 (The World Bank 2022). To achieve this, 
they have set a target to reduce its carbon intensity – which is the greenhouse gas 
emissions expressed in CO2 equivalents per unit of gross domestic product (GDP) – 
by 65% by 2030, compared to 2005 levels, which is a continuation of recent trends 
(European Parliament 2022). India has a target of achieving net-zero climate impact 
by 2070. To reach this goal, they have a target to have 40% non-fossil electricity 
generation by 2030, up from about 25% in 2022, and a target of achieving 50% 
cumulative electric power installed capacity from non-fossil fuel-based energy 
resources by 2030 (Climate Action Tracker 2023). With the current policies, they are 
assessed to achieve more than that, more specifically 60-70% by 2030 (Climate 
Action Tracker 2023). Note that both China and India are projected to increase their 
absolute climate impact for the coming years, due to increasing populations and 
growing economies, but – based on above targets and implemented policy – the 
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climate impact per GDP can be expected to decrease. However, carbon intensity 
per GDP is something else than carbon intensity per energy unit.  

Considering scenarios of future use of carbon-intensive energy versus energy with 
lower climate impact, it is interesting to consider the Announced Pledges Scenario 
(APS) provided by the International Energy Agency (2021). This scenario is aligned 
with the net-zero 2060 target mentioned above. In terms of primary energy use, the 
use of coal, oil and natural gas are projected to increase by about 6% until 2030, 
compared to 2020, while the use of renewable and nuclear energy are projected to 
increase by almost 80% in the same period (see Table 2.1 of International Energy 
Agency (2021)). In absolute terms, this means that the non-fossil share will increase 
from 15 to 23%. The big change is, in the APS scenario, expected to occur after 2030, 
and by 2060 the non-fossil share is projected to be 74%. This suggests that the 
decarbonisation in China per energy unit until 2035 will be much lower than the 
above-mentioned reduction in carbon intensity per GDP. 

Based on the reasoning above, we assume lower decarbonisation rate until 2035 in 
Asia than in the EU (parameter A). In general, the net-zero targets are set further 
into the future in Asia compared to the EU, and the implemented and foreseen 
policies and technology transitions (electrification of the transport sector, phasing 
out of coal, etc.) are therefore expected to occur later in time. This can also be seen 
in the Paris agreement where Asia has lower CO2 reduction targets than the EU 
(Climate Watch 2023).  Based on this, and due to a lack of specific scenarios on 
decarbonisation rates per energy unit – both for specific countries and for Asia as a 
whole – we assume the mean decarbonisation rate to be 22.5% until 2035, i.e., half 
the assumed mean for the EU rate (parameter A). As this is speculative and highly 
uncertain, we assume a higher standard deviation: one third of the mean instead of 
one fourth. This results in the probability distribution presented in Figure 4. 
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Figure 4. Probability distribution of parameter B, the decarbonisation rate of the Asian energy system 
until 2035. 

2.4.3 Parameter C: Share of recycling occurring 
outside the EU in 2035 

We have not found any data on the present share, or any projections on the future 
share, of recycling for the EU market that occurs within or outside the EU. Asia 
dominates global fibre production today, but there are lots of European initiatives 
on textile recycling. For example, Dahlbom et al. (2023) identified 33 fibre-to-fibre 
recycling actors in Europe that are at a commercial scale already today, with an 
estimated total potential capacity of 1.3 million t of fibres per year in 2025. This can 
be contrasted with the 1.6 million t increase in textile-to-textile recycling being 
assessed in the present study. As there are many additional European initiatives on 
textile recycling, at research and development stages, it is reasonable to think that 
most of the textile recycling for the EU market will occur in the EU by 2035. Based 
on this we assume the mean of the share of recycling occurring outside the EU to 
be 30%, with the standard deviation set at one third of the mean (instead of the 
default one fourth). This standard deviation is used since data underpinning the 
assumed mean is lacking. This results in the probability distribution presented in 
Figure 5.  
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Figure 5. Probability distribution of parameter C, the share of textile recycling occurring outside the 
EU in 2035. 

2.4.4 Parameter D: Climate impact of avoided 
virgin fibre production 

This parameter concerns the climate impact of production of virgin fibres that are, 
presumably, avoided by an increase in textile recycling today. 

The climate impact of virgin fibres varies considerably, depending on fibre type 
and differences in production within a specific type of fibre. If one excludes the 
biogenic carbon stored in the fibres (which are emitted anyway when the fibres are 
eventually incinerated or landfilled), the climate impact of textile fibres is typically 
in the range from 0.5 to 10 t CO2 eq. per t fibres (Sandin et al. 2019b) and it can be 
assumed the average climate impact of avoided fibres is somewhere in the middle 
of this range. Some outliers, such as wool, often have higher climate impact. The 
outliers, however, constitute a relatively small part of the global fibre market. For 
example, wool is less than 1% of the global fibre market (Textile Exchange 2021) 
and we therefore assume they have negligible influence on the average climate 
impact of the avoided virgin fibre production. 

Furthermore, the fibres used in an LCA model of Swedish clothing consumption 
(Sandin et al. 2019a) have an average climate impact of 4.25 t CO2 eq. per t; this 
considers a mix of common fibres – cotton, polyester, polyamide, viscose, elastane 
– used in a range of common garments, modelled to represent generic and average 
garment categories. This average is calculated from the fibre production’s 
contribution to the overall climate impact of Swedish clothing consumption, 
considering the losses of fibres from fibre production to a garment purchased by a 
customer. Similarly, the global market datasets for conventional cotton and 
polyester fibres in the Ecoinvent database (version 3.8) show climate impact of 
slightly more than 4 t CO2 eq. per t fibres.  
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Based on the reasoning above, we assume a mean of 4 t CO2 eq. per t avoided 
fibres, which results in the probability curve illustrated in Figure 6. To assume 
slightly lower climate impact than above sources is a conservative assumption, in 
terms of assessing the potential benefits of avoiding primary fibre production. 
Moreover, this mean is assumed to be representative for home textiles as well, 
because these use similar textile fibres and there are no large, general differences in 
the climate impact of the common fibre types (the variations are, in general, larger 
between production sites/plantations than between fibre types; Sandin et al. 2019b). 
Noteworthy is that the fibre mix of Swedish clothing consumption is by Sandin et 
al. (2019a) assumed to include more cotton than the average global fibre mix. This 
is backed up by data from Statista (2023), which shows that clothing purchased 
new in the EU in 2015 consists of 43% cotton fibre and only 19% polyester. The 
fibre mix influenced by a large-scale increase in textile recycling may, of course, 
differ from both the global and the EU fibre mixes. However, as the climate impact 
of cotton is similar to that of the other dominating fibre – polyester – the 
uncertainty in the replaced fibre mix is assumed to be captured by the assumed 
normal distribution. 

 
Figure 6. Probability distribution of parameter D, climate impact of avoided virgin fibre production. 

Note that the probability distribution for parameter D is determined based on 
estimates of the average climate impact of textile fibres produced in recent years. 
Improvements done until 2035 – for example due to new technologies, better 
farming practices, use of more renewable energy – are captured by the 
decarbonisation parameters (A and B). That is, the probability distribution of 
parameter D reflects the uncertainties in the types of fibres replaced and the 
variation in climate impact within the fibre types, but not the uncertainty of the 
future decarbonisation of fibre production. 
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2.4.5 Parameter E: Recycling yield 
This parameter concerns the yield from collected discarded textile products until 
fibres ready for subsequent product (e.g., yarn spinning, nonwoven production, 
etc.). For example, this means that for chemical recycling of cellulose fibres – 
resulting in dissolving pulp which can substitute dissolving pulp made of, for 
example, wood or bamboo, in viscose production – it is the yield all the way to 
viscose fibres that is accounted for in parameter E.  

This definition of the yield is used for chemical recycling although the substitution 
of primary resources (if it occurs, see Section 2.4.8) does not take place at the level 
of fibres (for viscose, it takes place at the level of dissolving pulp). 

Lidfeldt et al. (2022) present four case studies of textile recycling, for which the 
yields for the two case studies with mechanical recycling of cotton and wool are 
about 90%, whereas the yields for the two cases with chemical recycling – of 
polyester and cotton (into viscose) – are 60% and 57%, respectively. Peters et al. 
(2019) studied recycling of polyester/cotton blends, with an assumed yield of 65%. 
Hagoort et al. (2013) studied polyester recycling from post-consumer clothing, 
assuming a yield of 60%. Östlund et al. (2015) present three different scenarios for 
mechanical recycling, with yields of 60%, 80% and 90%. Esteve-Turrillas and de la 
Guardia (2017) assume a 96% yield for mechanical recycling of cotton. 

Above references suggest that the yield differ considerably between chemical and 
mechanical recycling. In our case, we can assume that most, perhaps 80-90%, of the 
textile-to-textile recycling of textiles discarded in the EU in 2035, will be chemical 
recycling, as many of the initiatives and investments in new recycling capacity 
concern chemical recycling (Dahlbom et al. 2023). This is also concluded by Dahlbo 
et al. (2017), which thus assume 90% chemical recycling in future scenarios of 
recycling in Finland. Therefore, it is reasonable to assume that the average 
recycling yield is closer to the above referenced chemical recycling yields (57-65%) 
than those of mechanical recycling (most often 80-90%). Based on this, we assume 
the mean recycling yield to be 65%. We assume a standard deviation of one tenth of 
this, as the average yield is very unlikely to be more than 85% or lower than 45%. 
This results in the probability distribution presented in Figure 7. 
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Figure 7. Probability distribution of parameter E, recycling yield. 

2.4.6 Parameter F: Share of fossil fibres among 
recycled fibres 

This concerns the share of fibres originally made from fossil resources (“fossil 
fibres” in short) among the fibres being recycled in 2035 in the EU, which 
presumably influences the amount of fossil fibres being incinerated, and thus the 
climate impact of avoided incineration (as incineration of fossil fibres, in contrast to 
incineration of non-fossil fibres, contribute to the climate impact indicator used in 
the present study). 

The share of globally recycled fossil fibres is about 69% (calculated based on data 
from Textile Exchange 2022). The share of fossil fibres among clothing purchased in 
the EU is much lower; in 2015 it was about 27% (Statista 2023). The share of fossil 
fibres among fibres recycled from textile waste in the EU in 2035, can thus be 
assumed to be lower than the global figure of 69% in 2021. However, it can be 
assumed to be higher than 27%, as the share of fossil fibres has been steadily 
increasing globally, a trend that is projected to continue (Textile Exchange 2022). 
Therefore, we assume that the mean for parameter F is 40%, which results in the 
probability distribution presented in Figure 8. 
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Figure 8. Probability distribution of parameter F, share of fossil fibres among the recycled fibres. 

2.4.7 Parameter G: Share of landfilled textiles, 
among landfilled or incinerated textiles 

This parameter is used to estimate the climate-impact consequences of avoided 
incineration and landfill (see Section 2.3.3) and compensation for loss of recovered 
energy (see Section 2.3.5). It concerns the share of textiles discarded for landfilling, 
among those discarded for landfilling or incineration, in the EU in 2035. We 
assume that fibres recycled in 2035, would have been landfilled or incinerated in 
case they had not been recycled. 

According to Köhler et al. (2021), the share of textiles being landfilled, from those 
sent to landfilling or energy recovery (i.e., incineration), are on average 48% for 
seven selected EU countries, based on data from one of the years 2013-2019 for each 
country, if each country is weighted equally. In LCAs following the Product 
Environmental Footprint Category Rules (PEFCR) for T-shirts placed on the EU 
market (European Commission 2021), the assumption for end-of-life modelling 
shall be 49% landfilling and 40% incineration (and 11% recycling), which gives a 
value of parameter H of 55%. This is also the value assumed by Trzepacs et al. 
(2023) in their study of the environmental impact of reuse in Europe. Parameter H 
can, however, be expected to decrease considerably until 2035, for example because 
the EU Landfill Directive which restricts landfilling of all waste suitable for 
recycling or energy recovery by 2030 and limits the share of municipal waste 
(which, among others, consists of textiles) being landfilled to 10% by 2035, a share 
that was 24% in 2018 (European Commission 2023). Assuming the same rate of 
decrease in landfilling for textiles, and a starting point of 50% landfilling in 2018, 
we assume parameter G to be 21% by 2035, which results in the probability 
distribution presented in Figure 9. 
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Figure 9. Probability distribution of parameter G, share of landfilled textiles, among landfilled or 
incinerated textiles. 

2.4.8 Parameter H: Replacement rate 
The replacement rate concerns the extent to which recycled fibres substitutes virgin 
fibres. This does not only depend on functional equivalency of the fibres – which is 
the meaning of replacement rate used by, for example, McGill (2009) and Schmidt 
et al. (2016) – but also on the price elasticity of demand for the fibres. Both 
functional equivalency and price elasticity in turn depend on the type and quality 
of the recycled fibres and the fibres they are assumed to replace. Similar fibres (in 
type and quality) have a higher replacement rate, i.e., recycled viscose is more 
likely to replace primary viscose than cotton. But different fibre types also replace 
each other, but to a lesser extent; for example, Agbadi (1988) concludes that a 1% 
increase of per-capita consumption of synthetic fibres leads to a 0.1% reduction in 
per-capita consumption of cotton. 

In the present study, we need to estimate the average replacement rate for fibres 
being recycled in the EU in 2035. For this, it’s relevant to consider assumptions of 
replacement rates in previous studies of textile recycling. Sandin and Peters (2018) 
conclude that LCA studies of recycling or reuse often assume a 100% replacement 
rate, most often without justification. Sometimes other replacement rates are 
assumed, but most often this is done in studies of reuse (e.g., Trzepacz et al. 2023, 
Damgaard et al. 2019, Fortuna and Diyamandoglu 2017, Castellani et al. 2015) and 
not in studies of recycling. There are, however, a couple of studies of textile 
recycling that consider other replacement rates. McGill (2009) assumes replacement 
rates between 67% and 80% for textile downcycling. Corsten et al. (2013) assume a 
50% replacement rate for both textile recycling and reuse, without any underlying 
data. Apart from these, we have not found any references on replacement rates of 
textile recycling. 
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Based on above, and the lack of other data, we assume the mean of parameter H to 
be 75%. As a replacement rate above 100% is highly unlikely, we assume a lower 
standard deviation than for the other parameters: one eight of the mean value. This 
results in the probability curve presented in Figure 10. 

 
Figure 10. Probability distribution of parameter H, replacement rate. 

2.4.9 Parameters I and J: Climate impact of textile 
recycling processes today in the EU and in Asia 

Parameters I and J concern the climate impact of recycling, including transports 
from the sorting facility to the recycling facility, all the way to (filament or staple) 
fibres ready for subsequent production (e.g., yarn spinning, nonwoven production, 
etc.). Parameter I concerns recycling processes in the EU, and parameter J concerns 
recycling processes in Asia. The parameters are expressed per t fibres produced, as 
this is the level at which primary fibre production can be replaced (which is one of 
the five consequences considered, see Section 2.3). Including all processes until 
fibres, although mechanical recycling maintains fibres while chemical recycling 
does not, enables one estimate per region (EU and Asia), for the climate impact of 
both chemical and mechanical recycling processes and one estimate for the climate 
impact of the avoided production (parameter D). This significantly simplifies the 
calculation of the climate-impact consequences (Section 2.3).   

Although parameter I and J concern the average climate impact of textile recycling 
processes existing today, the type of recycling shall reflect the expected situation in 
2035. We therefore assume that chemical recycling – which in general has higher 
climate impact than mechanical recycling – will be more prevalent than it is today. 
More specifically, we assume 80-90% chemical recycling in 2035, as many of the 
initiatives and investments in new recycling capacity concerns chemical recycling 
(Dahlbom et al. 2023). This is also concluded by Dahlbo et al. (2017), which assume 
90% chemical recycling in future scenarios of recycling in Finland. 
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Which allocation method to use is an important aspect to consider when assessing 
the environmental impact of recycled fibres. The method used will influence how 
the environmental burden of the initial resource extraction is allocated between the 
primary use of the fibre (where it’s a primary fibre) and secondary use of the fibre 
(where it’s a recycled fibre), Most often, the cut-off method is used (Sandin & 
Peters 2018). When using this method, the textile waste input to the recycling 
process is considered free of environmental burden, but the secondary user carries 
the entire environmental burden of the recycling process, and most often also the 
collection and sorting processes. As we’re only interested in the climate impact of 
the recycling processes and the transport from sorting to recycling, we primarily 
consider data on recycled fibres that only cover these processes. And if the data 
includes upstream processes, for example on collection and sorting, the 
contribution from these processes needs to be considered and, if possible, 
subtracted.  

One of the more recent studies which includes data on textile recycling is Lidfeldt 
et al. (2022). Based on the LCA model of Lidfeldt et al. we calculate the climate 
impact of mechanically recycled cotton and wool to 0.36 and 1.4 t CO2 eq. per t 
fibres, respectively, and chemically recycled viscose and polyester to 2.8 and 4.7 t 
CO2 eq. per t fibres. These results exclude collection and sorting. The data on wool 
recycling is in turn based on Wiedemann et al. (2020, 2022), and Martin and 
Herlaar (2021). 

Duhoux et al. (2021) studied mechanical recycling and show impacts of about 0.22 t 
CO2 eq. per t cotton entering the process, which gives slightly higher results per t 
exiting the process considering the typical recycling yield of mechanical recycling 
(see Section 2.4.5). Esteve-Turrillas and de la Guardia (2017) also studied 
mechanically recycled cotton, with a resulting climate impact of 0.21 t CO2 eq. per t 
cotton. Bianco et al. (2022) studied recycled wool, and concludes a climate impact 
of about 0.63 t CO2 eq. per t wool, with an uncertainty interval of 0.1 to 0.9 t CO2 eq. 
Both for cotton and for wool, these numbers are much lower than for primary fibre 
production (Sandin et al. 2019b). 

In terms of chemical recycling, there are only a few studies available with useful 
data. Therefore, we consider older studies and not only textile-to-textile recycling 
but also bottle-to-fibre recycling. Hagoort (2013) studied several polyester recycling 
routes in Asia, and calculated climate impact results of about 3 to 4.5 t CO2 eq. per t 
yarn, whereof almost 0.5 t CO2 eq. are due to transports, including collection 
transports. These numbers also include a minor contribution from sorting. The 
author compared with virgin polyester fibres with climate impact of almost 6 t CO2 
eq. per t yarn. Shen et al. (2010a) studied bottle-to-fibre recycling (mechanical, 
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semi-mechanical and chemical recycling routes) in Europe and calculated climate 
impact results of 1330 to 2820 t CO2 eq. per t fibres, which they compare with virgin 
PET fibres produced in Europe with climate impact of 5540 t CO2 eq. per t fibres. 
They ignored the impact of sorting, baling, and compacting the bottles, but 
included the impact of the transport to the recycling facility.  

In case comparisons are done with primary fibres, the climate impact of recycled 
fibres is, most often, lower. This is concluded in a review of LCA studies of textile 
reuse and recycling (Sandin & Peters 2018). The climate impact can, however, be 
similar to primary fibres, as shown by Lidfeldt et al. (2022) for viscose from 
chemically recycled cotton (the benchmark for his study included dissolving pulp 
produced in Sweden, which leads to viscose with relatively low climate impact). 
However, Schultz and Suresh (2017) show that such viscose often have much lower 
climate impact than primary fibres (the specific numbers form this study are not 
included here, as the used climate impact assessment method is unconventional, 
and the results are thus not directly comparable to the other mentioned results). 
Furthermore, it is important to note that studies of recycling in Asia show higher 
impact than studies of recycling in Europe. The same is true for fibre production in 
general, for example as shown by Shen et al. (2010b) and Schultz and Suresh (2017) 
for regenerated cellulose fibres. This is expected considering the higher climate 
impact of energy mixes in Asia compared to Europe. 

Before estimating the means of parameters I and J, we present the three main 
points from above paragraphs: 

 The mean should be closer to the data for chemical recycling than for 
mechanical recycling, as we assume that chemical recycling will be the more 
commonly used recycling route in 2035. 

 The mean should be notably lower than the mean assumed for the avoided 
primary fibre production (4 t CO2 eq./t fibres, see Section 3.2.4) as (i) almost 
all LCA studies of recycled fibres show climate impact benefits compared to 
primary fibres, and (ii) most recycling facilities in the 2035 scenario are yet 
to be built, and they will be relatively modern, large-scale, and, presumably, 
energy-efficient compared to the recycling facilities studied in the above 
mentioned studies. 

 The mean for the climate impact of recycling processes should be lower in 
the EU (parameter I) than in Asia (parameter J). 
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Based on above, we assume parameter I to be 2 t CO2 eq. per t fibres and parameter 
J to be 3.0 t CO2 eq. per t fibres. Due to the uncertainty, we assume a standard 
deviation of one third of the mean (which is a larger standard deviation than the 
default one assumed in this study). See Figure 11 and Figure 12 for the resulting 
probability distributions for parameters I and J. 

 
Figure 11. Probability distribution of parameter I, climate impact of textile recycling processes today 
in the EU. 

 
Figure 12. Probability distribution of parameter J, climate impact of textile recycling processes today 
in Asia. 

Note that compared to a business-as-usual scenario, the increased-recycling 
scenario studied in the present report means that fibre production is assumed to 
occur to a greater extent within the EU. This is reflected in the parameters, as the 
avoided primary fibre production is assumed to occur in Asia (see Section 2.4.4) 
whereas the recycling processes to a large extent occurs in the EU (see Section 
2.4.3). This is an expected outcome when the source of raw material, in this case 
discarded textiles, to a greater extent is sourced from the EU.  

Also note that we assume that recycling (until fibres ready for subsequent 
production) occurs either in Europe or in Asia. But sometimes initial recycling 
processes will occur in the EU, and the fibre production in Asia. It is important to 
remember that our model, like all models, is a simplification of reality. 
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2.5 Summary of main assumptions 
Below is a summary of the main assumptions described previously in this chapter, 
along with a few comments on their influence on the conclusions of the study.    

 The important climate-impact consequences of increased textile-to-textile 
recycling are the five consequences outlined in Section 2.3. We do not 
expect there to be any other consequences that could significantly alter the 
conclusions of the study. 

 The volume of disposed textiles in the EU today are the same as in 2035. A 
changed volume is not expected to change the main conclusions of this 
study. 

 The increased volumes of textiles being recycled are diverted from textile 
volumes that would otherwise be landfilled or incinerated, i.e., we assume 
that reuse is not decreasing and that downcycling remains on a similar level 
as of today. If significant quantities of textiles would instead be diverted 
from reuse or other types of recycling, this could lead to other climate-
impact consequences than those indicated in the present study. 

 When textile waste is diverted from incineration with energy recover to 
recycling, all losses of recovered energy are assumed to be compensated for. 
In reality, a reduced supply of energy will increase energy prices and 
thereby reduce demand, so that all losses of recovered energy are not 
compensated for. However, the simplification done in our model is 
expected to have a relatively small influence on the results, as the 
contribution of compensation of the loss of recovered energy is relatively 
low (see Section 3.1).  

 Fibre production and recycling processes outside Europe are assumed to 
occur in Asia, as a proxy. Other locations are expected to be covered rather 
well by the uncertainty distributions of the related parameters in the Monte 
Carlo analysis (decarbonisation rates and climate impact of recycling 
processes and primary fibre production, respectively). 

 There are several assumptions in relation to the parameters randomized in 
the Monte Carlo analysis described in Section 2.4: 

 The uncertainties of the parameters are normally distributed.  
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 The parameters are independent from each other (this is important for a 
Monte Carlo analysis). This may not be entirely true for the 
decarbonisation rates of Asia and the EU (parameters A and B). 

 The parameters have the means and standard deviations described in 
Section 2.4. In a sensitivity analysis, we test other means, see Section 3.2. 

Other assumptions in relation to the parameters can influence the main 
conclusions of this study, as concluded in Section 3.2. Therefore – as 
emphasised in the preface – we welcome input on the data used and the 
assumptions made. We are particularly interested in useful data that might 
have been overlooked and that could be important to consider for the 
assumed means and uncertainty distributions of the parameters. 
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3 Results and discussion 
When reading this chapter, it’s important to remember the main assumptions made 
(Section 2.5) and that the presented results are the first results in an iterative 
process (the study will be further developed based on feedback, see the preface).   

The aims are to assess (i) how probable it is that a large-scale increase of textile-to-
textile recycling in the EU leads to reduced climate impact, (ii) if a reduction 
occurs, how large do we expect it to be, and (iii) which of the uncertain parameters 
that are particularly influential for the results. To address these aims, we used a 
Monte Carlo analysis, with 10 000 simulations. 

Figure 13 shows the distribution of the results of the 10 000 Monte Carlo 
simulations. The positive values reflect an increased climate impact because of the 
increase in textile-to-textile recycling from 1% to 26% until 2035, while the negative 
values reflect a decreased climate impact. The values span from about minus 6.2 
million t CO2 eq., to about plus 2.8 million t CO2 eq., with an average of about 
minus 1.2 million t CO2 eq. In conclusion, the average estimated climate impact 
reduction of large-scale textile recycling in the EU is about 1.2 million t CO2 eq. 
Furthermore, we conclude that about 92% of the results are below minus. This 
means that it’s more probable that a large-scale implementation of textile recycling 
in the EU leads to a reduction, rather than an increase, in climate impact – but there 
is a non-negligible risk (about 8%) of an increased climate impact. How to reduce 
this risk, and to safeguard and increase the climate-impact reduction, is discussed 
below. 
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Figure 13. Distribution of results of the 10 000 Monte Carlo simulations. 

As the 2035 scenario reflects an increased recycling of 1.625 million t of textiles, the 
average reduction of 1.2 million t CO2 eq. corresponds to about 0.74 kg CO2 eq. per 
kg recycled textiles. To understand whether this figure is large or small, we 
compare it with the overall climate impact of textile consumption in the EU, which 
includes the climate impact of production, use and end-of-life of textile products 
purchased in the EU. One of the more reliable estimates of this has been done by 
Peters et al. (2021), which conclude that the clothing and footwear sectors globally 
emitted about 1.3 billion t CO2 eq. in the year 2015, corresponding to about 2.4% of 
the global climate impact. Peters and colleagues conclude that this is within the 
range estimated by other studies of these sectors (from 0.3 to 4 billion t CO2 eq.). 
Sandin et al. (2019a) conclude that for Sweden, clothing contributes to about 3% of 
the consumption-based carbon footprint, or 327 kg CO2 eq. per capita per year. In 
the present report, we consider not only recycling of clothing textiles, but also 
home textiles and potentially other textiles. Let us assume the textile consumption 
in the EU is responsible for 3% of our consumption-based carbon footprint. And let 
us consider that the per-capita consumption-based carbon footprint in the EU is 7 t 
CO2 equivalents per year (Our World in Data 2023) and the population of the EU is 
448.4 million (Eurostat 2023c) (which results in an annual carbon consumption-
based carbon footprint of about 3.2 billion t CO2 eq. for the EU). Then the annual 
climate impact of textile products purchased in the EU is about 94 million t CO2 eq. 
This means that the above estimated climate-impact reduction of large-scale textile-
to-textile recycling, of on average 1.2 million t CO2 eq., corresponds to a 1.3% 
reduction of the climate impact of textile products purchased in the EU. We 
consider this to be a relatively small contribution to the reduction needed for the 
carbon footprint of textile products. In other words, other impact-reduction 
measures – beyond material recycling – are needed to reduce the climate impact of 
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the textile industry. This is consistent with previous conclusions of our research 
(Sandin et al. 2019a, Lidfeldt et al. 2022). If the textile recycling industry makes a 
concentrated effort to produce fibres with relatively low climate impact, for 
example by using renewable or nuclear energy to power its processes, its 
importance for the textile industry’s overall work with reducing climate impact can 
increase. 

It is important to note that primary fibre production is responsible for a larger 
share of the textile industry’s contribution to other environmental issues, for 
example land and water use and associated environmental impact (Sandin et al. 
2019a, Lidfeldt et al. 2022). The main environmental benefits of recycling can thus 
be expected for other impact categories. It is, however, important that a measure to 
reduce environmental impact, such as recycling, does not considerably increase 
another impact. I.e., it is important to avoid burden shifting. As such, it is 
promising that the present study indicates that climate impact will likely decrease 
in case textile-to-textile recycling becomes mainstream. 

3.1 Contribution analysis 
Figure 14 shows the mean of each of the five assessed climate-impact 
consequences, and the mean net results. The error bars show two standard 
deviations from the mean, i.e., 95% of the results of the 10 000 Monte Carlo 
simulations are within the error bars. The figure indicates that the two most 
significant consequences of increased recycling, are the impact of more recycling 
processes and the avoided impact of replaced primary fibre production. Also, the 
avoided impact of incineration and landfilling is relatively important (within this 
contribution, avoided incineration is most important). However, the impact of 
more collection and sorting is not very important, neither is the impact from 
additional energy production needed to compensate for the loss of recovered 
energy. It is important to note that we assume that more collection for textile 
recycling does not, in average, induce more household transports. If household 
transports would increase, the contribution from collection is expected to become 
much more important, as it has been shown that household transports, especially 
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by cars, are important in the perspective of a textile product life cycle (Lidfeldt et 
al. 2022, Sandin et al. 2020, Zamani et al. 2017). 
 

 
Figure 14. Contribution of the five assessed climate-impact consequences of increased textile-to-textile 
recycling in the EU until 2035. The error bars show the variation in terms of two standard deviations 
from the mean. 

3.2 Sensitivity analysis 
Two sensitivity analyses were done, one in which we test the sensitivity of the 
results for slightly adjusted assumptions for the means of all parameters A-J, and 
one in which we test the sensitivity of the results for significant adjustment of 
assumptions for some of the means. 

Table 3 shows the results of the first part of the sensitivity analysis, in which we 
vary the assumed mean of each parameter A-J. In the blue columns, the mean is 
assumed to be half a standard deviation higher than in the baseline scenario. In the 
yellow columns, the mean is assumed to be half a standard deviation lower than in 
the baseline scenario. The probability that large-scale textile recycling in the EU 
increases climate impact is shown, along with the calculated mean of the net 
consequence (in all cases a negative number, i.e., reduced climate impact). 
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Table 3. Sensitivity analysis exploring the influence of the assumed mean of each parameter A-J. 
Parameter Mean in 

baseline 
scenario 

Higher 
mean 

Probability 
of increased 
climate 
impact 

Mean of net 
consequence 
[t CO2 eq.] 

Lower 
mean 

Probability 
of increased 
climate 
impact 

Mean of net 
consequence 
[t CO2 eq.] 

A: Decarbonisation rate 
of the EU energy 
system until 2035 

45% 51% 6.1% -1.4E06 39% 11% -1.1E06 
 

B: Decarbonisation rate 
of the Asian energy 
system until 2035 

22.5% 26% 8.7% 
 

-1.2E06 19% 7.6% -1.3E06 
 

C: Share of recycling 
occurring outside the 
EU in 2035 

30% 35% 9.7% -1.2E06 25% 7.0% -1.3E06 
 

D: Climate impact of 
avoided fibres today 

4 t CO2 

eq./t 
4.5 t CO2 

eq./t 
4.8% -1.6E06 3.5 t CO2 

eq./t 
13% -9.4E05 

E: Recycling yield 65% 73% 8.5% -1.3E06 57% 7.8% -1.1E06 
F: Share of fossil fibres 
among recycled fibres 

40% 45% 6.7% -1.3E06 
 

35% 9.6% -1.1E06 

G: Share of landfilled 
textiles, among 
landfilled or 
incinerated textiles 

21% 24% 8.6% -1.2E06 
 

18% 8.1% -1.2E06 
 

H: Replacement rate 75% 80% 6.0% -1.4E06 70% 11% -1.1E06 
I: Climate impact of 
textile recycling 
processes today in the 
EU 

2 t CO2 

eq./t 
2.3 t CO2 

eq./t 
12% -1.1E06 

 
1.7 t CO2 

eq./t 
5.3% -1.4E06 

J: Climate impact of 
textile recycling 
processes today in Asia 

3 t CO2 

eq./t 
3.5 t CO2 

eq./t 
11% -1.1E06 2.5 t CO2 

eq./t 
5.5% -1.4E06 

All outcomes of the sensitivity analyses are in the span of 4.8% to 13% for the 
probability that large-scale recycling in the EU reduces climate impact (the baseline 
scenario had an 8% probability). The climate-impact reduction ranges from 940 000 
to 1.6 million t CO2 eq. (the baseline scenario resulted in 1.2 million t CO2 eq.). As 
these ranges come from changing just one parameter with half a standard 
deviation, the sensitivity analysis shows that the results of the Monte Carlo 
analysis are highly dependent on the assumptions of the studied parameters. 
Furthermore, the sensitivity analysis indicates that assumptions on the following 
parameters are particularly influential: the decarbonisation rate of the EU energy 
systems until 2035, replacement rate, and the climate impact of avoided fibres as 
well as the recycling processes.  

Some aspects of individual textile recycling systems are connected to the studied 
parameters. For example, the type of energy used in a recycling process is 
connected to the future decarbonisation rate of energy systems in general 
(parameters A and B), and strongly influences the climate impact of textile 
recycling processes (parameters I and J). And as these parameters (A, B, I, J) are 
shown to greatly influence the results, the connected aspect (energy used in 
recycling) is very important to consider in the design of future recycling systems. 
To be more specific: to ensure future textile recycling systems reduce climate 
impact, it will be very important to develop recycling systems that are energy 
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efficient and/or use energy with relatively low climate impact, such as renewable 
or nuclear energy. This concerns not just energy used at recycling facilities, but also 
energy used for transports in the collection of textile waste. 

Table 4 shows the results of the second sensitivity analysis, in which we test 
significantly different assumptions of the means for some parameters. The 
parameters tested in this analysis are those for which the assumed means are 
particularly uncertain. These parameters are highly dependent on future policy 
and investments and/or have no or little reliable data underpinning the assumed 
mean (e.g., see parameter H, replacement rate).  

For the decarbonisation and replacement rate parameters, we test both significantly 
lower and higher means. Higher means for the decarbonisation rates can be 
regarded to reflect a much more successful global, climate-impact mitigation work 
than what’s currently expected, or a state further into the future.  

For the share of recycling occurring outside the EU (parameter C) and the share of 
fossil fibres (parameters D), we test significantly higher means. For parameter C, a 
higher mean reflects a scenario in which the locations of future recycling facilities 
are more similar to the locations of current textile production plants – even if the 
feedstock is coming from the EU. For parameter D, a higher mean reflects a 
scenario in which fossil fibres have continued to increase in importance and/or a 
scenario in which the future EU market more resembles the global market (where 
fossil fibres have a much larger market share; Textile Exchange 2022). 

Table 4. Sensitivity analysis exploring the influence of larger changes in the assumed means of 
parameters A, B, C, F and H. 
Parameter Mean in 

baseline 
scenario 

Higher 
mean 

Probability 
of increased 
climate 
impact 

Mean of net 
consequence 
[t CO2 eq.] 

Lower 
mean 

Probability of 
increased climate 
impact 

Mean of net 
consequence 
[t CO2 eq.] 

A: Decarbonisation 
rate of the EU 
energy system until 
2035 

45% 70% 1.9% -1.9E06 20% 26% -6.1E05 

B: Decarbonisation 
rate of the Asian 
energy system until 
2035 

22.5% 45% 17% -7.4E05 10% 6.2% -1.5E06 

C: Share of recycling 
occurring outside 
the EU in 2035 

30% 70% 23% -7.3E05 - - - 

F: Share of fossil 
fibres among 
recycled fibres 

40% 70% 2.9% -1.8E06 
 

- - - 

H: Replacement rate 75% 95% 2.5% -2.1E06 50% 38% -2.1E06 

The sensitivity analysis indicates that a higher decarbonisation rate in the EU 
(parameter A) leads to a higher probability that large-scale textile recycling in the 
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EU decreases climate impact. In contrast, a lower rate is likely to lead to lower 
climate benefits of textile recycling. The opposite is true for the decarbonisation 
rate in Asia (parameter B). But note that these two rates may be connected, i.e., if 
decarbonisation is faster than expected in the EU, for example because of 
implementation of new technology, the rate might be faster than expected in Asia 
as well. In conclusion, it is likely that the effect of significantly lower or higher 
future decarbonisation rates will not be as strong as indicated in this study. 
Noteworthy is that regardless of rate, there is a higher likelihood of decreased, 
rather than increased, climate impact of large-scale textile recycling in the EU. 

The sensitivity analysis also shows that the share of recycling occurring outside the 
EU (parameter C) has a strong influence on the results. But even if a larger share 
(70%) is located in Asia, powered with more carbon-intensive energy than in the 
EU, it is still more likely that increased textile recycling decreases, rather than 
increases, climate impact.  

The share of fossil fibres among recycled fibres (parameter D) also influences the 
results considerably. The results indicate that the more fossil fibres that are 
recycled, the more likely that increased textile recycling reduces climate impact. 
The reason for this is the thereby avoided CO2 emissions from incineration of fossil 
fibres. 

Large changes in the assumed mean of the replacement rate also influences the 
results. A very high replacement rate means that large-scale textile recycling in the 
EU is very likely (97.5%) to reduce climate impact, whereas a low replacement rate 
(50%) reduces the likelihood considerably (to 62%). If the replacement rate is 0% – 
i.e., if recycled textiles fibres just add to a growing fibre market – there is a 100% 
certainty that textile recycling increases climate impact. The replacement rate needs 
to be about 44% or higher for large-scale textile recycling to be more likely to 
decrease, than to increase, climate impact (if the means of the other parameters are 
set according to the baseline scenario). This underscores the importance of 
ensuring a high replacement rate, through high-quality recycled fibres and/or 
policy that not just encourages increased textile recycling, but also actively works 
towards phasing out fibres from primary fibre production (e.g., by taxes on 
primary resource extraction). Otherwise, the growth of the fibre market risks 
outpacing the advantages created by increased textile recycling.  

Of course, significantly different assumptions on several of the means of the 
parameters (compared to the baseline) can lead to a scenario in which large-scale 
textile recycling in the EU is more likely to increase rather than decrease climate 
impact. For example, if the replacement rate is very low (50%) and a large share of 
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textile recycling occurs in Asia (70%), there is a 63% probability that climate impact 
increases (with, in average, 310 000 t CO2 eq. per year) – given that all other 
assumed means remain as in the baseline scenario. This emphasises the importance 
of keeping track of the influential parameters when developing and designing the 
future textile-to-textile recycling systems in the EU. 

3.3 Future research needs 

There are several needs for future research on the environmental impact of textile 
recycling. Three needs identified based on the present study are presented below. 

 More environmental issues, beyond climate impact, should be considered. 
This is important to avoid burden-shifting, i.e., that one environmental 
issue is resolved at the expense of another. As described in the preface, the 
present study will be expanded to cover more environmental issues. 

 For a more robust analysis and more certain conclusions, it will be 
important to collect more data. This is relevant for all parameters of the 
equations in Section 2.3, but particularly those that were found to be 
influential in the sensitivity analysis in Section 3.2. Perhaps most 
importantly, data on actual replacement rates (Parameter H) are needed.  

 To effectively monitor the development and implementation of textile 
recycling in the EU, and the associated environmental impact, more reliable 
statistics on textile flows in the EU are needed. Uniform methods and 
measures for collecting and compiling such data within and outside of 
Europe would facilitate this goal. More reliable statistics  would also 
facilitate a better understanding of other aspects of the textile industry, such 
as the flows and impact of reused textiles. 
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4 Conclusions and recommendations 
In this section, we summarize the main conclusions and recommendations of the 
study, based on the results and discussion in Section 3 in relation to the aims 
outlined in Section 1. 

Before reading the conclusions, note that this study covers climate impact, but that 
other environmental impacts will also be influenced by increased textile-to-textile 
recycling in the EU. The main benefits of textile recycling are expected to be in 
other impact categories, such as those related to land and water use (Sandin et al. 
2019a, Lidfeldt et al. 2022). We are planning to study other impact categories later 
in the project (see the preface). 

1. How probable it is that a large-scale increase of textile-to-textile recycling in 
the EU leads to reduced climate impact? 

Based on the assumptions in the baseline scenario, there is a 92% probability that 
large-scale textile-to-textile recycling reduces climate impact. According to the 
sensitivity analyses, the probability range from about 87% to 95% if smaller 
changes are made to the means of the underlying parameters, or from about 62% to 
98% if larger changes are made for the means of some parameters. This shows that 
it is highly likely that textile recycling will decrease climate impact, but that there’s 
a non-negligible risk that the impact increases – which emphasises the importance 
of considering the influential parameters (see below) in designing and developing 
the future textile recycling systems. 

2. How large is the reduction in climate impact (if any) due to large-scale 
textile-to-textile recycling in the EU? 

In the baseline scenario, the average climate-impact reduction is estimated to be 1.2 
million t CO2 eq. per year. This is an estimated 1.3% of the climate impact of textile 
consumption in the EU – a relatively small reduction in relation to the needed 
reduction in the carbon footprint of textile consumption. In other words, other 
impact-reduction measures, beyond material recycling, are needed to reduce the 
climate impact of the textile industry – this is consistent with previous research 
findings. 

If the textile recycling industry makes a concentrated effort to produce low-carbon 
fibres, for example by using low-carbon energy to power its processes, it can make 
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a greater contribution to the textile industry’s overall effort to reduce climate 
impact, than indicated above. 

3. Which of the uncertain parameters are particularly influential for the 
results? 

The most significant climate-impact consequences of increased recycling, are: 

 the impact of more recycling processes, and  

 the avoided impact of replaced primary fibre production.  

Also, the avoided impact of incineration is relatively important. However, the 
impact of more collection and sorting is not very important – unless collection 
relies on increased household transports – neither is the impact from additional 
energy production needed to compensate for the loss of recovered energy. 

Among the underlying parameters influencing the above consequences, the 
following appear to be particularly important according to the sensitivity analyses: 

 the decarbonisation rate of the EU energy systems until 2035,  

 the replacement rate, 

 the climate impact of avoided fibres, and 

 the climate impact of recycling processes. 

Research question 3 can be rephrased as: what can be done to safeguard and 
maximise the climate-impact benefits of large-scale textile-to-textile recycling? The 
results suggests that it will be very important to: 

 develop recycling systems that are energy efficient and/or use energy with 
relatively low climate impact, and 

 ensure a high replacement rate, i.e., that recycled fibres to a large extent 
replaces/substitutes primary fibres, for example by producing high-quality 
recycled fibres and enacting policy that actively works towards phasing out 
primary fibre production (e.g., by taxes on primary resource extraction). 
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If a high replacement rate is not ensured, a growth in fibre recycling may merely 
contribute to a growing overall fibre market, thereby increasing, rather than 
mitigating, the climate impact of the textile industry. 

Finally, several needs for future research were identified based on the present 
study. For example, there is a need to consider more environmental issues in the 
study of textile recycling (as will be done in an expansion of the present study, see 
the preface), to collect and compile more data on the textile flows in the EU and 
beyond, and conduct studies on the uncertain parameters studied in the present 
study, for example studies focussing on collecting data on actual replacement rates. 
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Appendix: Background to Sankey 
diagrams 
Below are descriptions and sources of the data presented in the Sankey diagrams in 
Section 1. 

Background to Figure 1 in Section 1 

As described in Section 1, it is assumed that 6.5 million t of textile waste are 
disposed of in the EU today. About 2.1 million t (32.5%) of the textile waste is 
collected separately and the rest (about 4.4 million t) goes to landfill or incineration 
(with or without energy recovery). This assumption is based on estimates by 
McKinsey & Company (2022), according to which 30-35% of textile waste is 
separately collected and 65-70% is landfilled or incinerated (with or without energy 
recovery).  

The fate of the separately collected textile waste is also based on estimates by 
McKinsey & Company (2022). About 0.2 million t of the collected textile waste is 
assumed to go to resale in the EU and about 1.2 million t are assumed to be 
exported for resale. This is based on the estimate that 20-25% of the textile waste 
goes to resale or export and the estimate that 1/6 of this amount is resold in the EU 
and 5/6 is exported for reuse outside of the EU. About 0.07 million t (1%) of textile 
waste are assumed for textile-to-textile recycling (as described in Section 1), and 
about 0.6 million t are assumed to go to other types of recycling such as 
downcycling.  

It is assumed that 55% of the textile waste not being collected is landfilled and the 
rest (45%) is incinerated (with or without energy recovery).  Consequently, about 
2.0 million t of textile waste are landfilled and about 2.4 million t are incinerated. 
This assumption is based on the PEFCR for t-shirts that states 11% recycling, 49% 
landfill, and 40% incineration (European Commission 2021). The amount of textile 
waste being incinerated with and without energy recovery is assumed to be 2.2 
million t (93%) and 0.2 million t (7%), respectively. This assumption is based on 
Eurostat data on treatment of domestically generated waste in Europe (Eurostat 
2023d).  

Background to Figure 2 in Section 1 

As described in Section 1, it is assumed that amount of textile waste generated (6.5 
million t) is the same in 2035 as today. However, the amount of textile waste 



 

 

67(68) 
REPORT C803 

DOES LARGE-SCALE TEXTILE RECYCLING IN EUROPE REDUCE CLIMATE IMPACT? 
A consequential life cycle assessment 

 2023-11-28 

collected separately is assumed to increase to about 5.2 million t. This is based on 
the estimate that 80% of textile waste is separately collected in a 2030 scenario by 
McKinsey & Company (2022). The rest (about 1.3 million t) of the disposed textiles 
are landfilled or incinerated (with or without energy recovery). 

The 2030 scenario estimated by McKinsey & Company (2022) is used for 
assumptions regarding the fate of separately collected textiles in 2035, together 
with the assumed mean for parameter G (the share of landfilled textiles among 
those landfilled or incinerated; see Section 2.4.7). See below for details. 

About 0.5 million t of the collected textile waste are assumed to go to resale in the 
EU and about 2.6 million t are assumed to be exported for resale. This is based on 
the estimate that about 43% of the textile waste goes to resale or export and that 1/6 
of this amount is resold in the EU and 5/6 is exported. About 1.7 million t (26%) of 
textile waste is assumed for textile-to-textile recycling (as was described in Section  
1) and about 0.7 million t (10%) are assumed to go to other types of recycling such 
as downcycling. 

As assumed for the mean of parameter G, it is assumed that 21% the textile waste 
not being collected separately is landfilled and the rest (79%) is incinerated (with or 
without energy recovery).  Consequently, about 0.3 million t of textile waste are 
landfilled and about 1.0 million t are incinerated (but note that these numbers are 
not fixed in the Monte Carlo analysis, as the uncertainty of parameter G is 
accounted for). The amount of textile waste being incinerated with or without 
energy recovery is assumed to be 0.96 (93%) and 0.07 million t (7%), respectively. 
This assumption is based on Eurostat (2023b). Note that in the calculations done in 
the present study, a simplification is done as energy recovery is assumed for all 
incinerated textile waste (see Section 2.2). 
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