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Abstract 
This report documents an environmental life cycle assessment (LCA) that aims to address the 
overall question: When is it relevant to perform a reconditioning treatment of garments 
from an environmental perspective? 

This is done by assessing the potential life cycle environmental impacts of four garment 
reconditioning processes carried out in Sweden – bleaching, dyeing, enzyme treatment, and 
a combined bleaching and enzyme treatment – in terms of four different environmental 
impact categories. The results are calculated for the reconditioning process including 
activities such as sorting and transports, and a comparison is made to the reference case of 
new garments based on publicly available LCA results representative for Sweden.  

The functional unit is “1 kg of cotton garment to retail”. To overcome the challenge that the 
number of uses both for 1 kg new garments and 1 kg reconditioned garment is highly 
variable and unknown, a quality ratio Q is defined and used as a scenario parameter in the 
presentation and discussion of the results. 

The baseline analysis indicates that reconditioned garments have an environmental impact 
that is about 10 to 100 times lower (i.e. 1-2 orders of magnitude) than new garments in 
terms of climate change, water use deprivation, and resource use – fossil fuels. The fourth 
impact category (resource use – minerals and metals) cannot be compared as such results 
were missing from the reference study. 

If the quality of reconditioned garments is assumed to be lower than new garments, they 
would still have a lower environmental impact with a break-even point below 10% for all 
three reconditioning processes. This should be interpreted to mean that even if the 
reconditioned garments are only used 10% of the number of times as new garments, their 
environmental impact would still be lower. However, simultaneous changes to multiple 
underlying assumptions could shift this break-even threshold higher.  

A suggested rule of thumb is that even with multiple conservative assumptions, if 
reconditioned garments are used at least half as often as new garments, their impact 
remains lower across all three calculated environmental impact categories. 

The main limitations of this study are that it uses estimates, theoretical calculations and 
assumptions to model a future situation rather than measured data. Furthermore, the study 
only includes a limited set of environmental impact categories, uses a functional unit of 1 kg 
of cotton garments to retail and does not include the use stage of the garments. The data 
quality of the upstream production of chemicals could also be improved with more 
representative data. 
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Sammanfattning 
Denna rapport beskriver en livscykelanalys (LCA) vars syfte att besvara den övergripande 
frågan: När är det relevant att utföra en rekonditioneringsbehandling av plagg ur ett 
miljöperspektiv? 

Detta görs genom att beräkna den potentiella miljöpåverkan från fyra 
rekonditioneringsprocesser som utförs i Sverige – blekning, färgning, enzymbehandling och 
en kombinerad blekning och enzymbehandling – uttryckt i termer av fyra olika 
miljöpåverkanskategorier. Förutom själva rekonditioneringsprocessen inkluderar 
beräkningen även andra aktiviteter som sortering och transporter. En jämförelse görs med 
ett referensfall för tillverkning av nya plagg baserat på en tidigare publicerad LCA-studie för 
plagg som används i Sverige. 

Den funktionella enheten i studien är ”1 kg bomullsplagg till återförsäljarledet”. För att ta 
hänsyn till att antalet användningar för både 1 kg nya plagg och 1 kg rekonditionerade plagg 
är mycket varierande och okänt definieras en kvalitetsfaktor Q som används som 
scenarioparameter vid presentation och diskussion av resultaten. 

I basfallet har rekonditionerade plagg en miljöpåverkan som är cirka 10 till 100 gånger lägre 
(det vill säga 1–2 storleksordningar) än för nya plagg vad gäller klimatförändring, vattenbrist 
och resursanvändning – icke-förnybara bränslen. Den fjärde miljöpåverkanskategorin 
(resursanvändning – mineraler och metaller) kan inte jämföras då sådana resultat saknades i 
referensstudien. 

Om kvaliteten på rekonditionerade plagg antas vara lägre än för nya plagg, skulle de 
fortfarande ha en lägre miljöpåverkan. Brytpunkten skulle vara under 10% för alla tre 
rekonditioneringsprocesserna, det vill säga att även om de rekonditionerade plaggen bara 
används 10% av antalet gånger som nya plagg skulle deras beräknade miljöpåverkan 
fortfarande vara lägre. Om samtidiga förändringar görs av flera underliggande antaganden 
skulle denna brytpunkt dock kunna vara högre. 

En föreslagen tumregel är att om rekonditionerade plagg används minst hälften så ofta som 
nya plagg, är deras påverkan lägre vad gäller de tre beräknade miljöpåverkanskategorierna. 

Begränsningar i denna studie är att den använder uppskattningar och antaganden för att 
modellera en framtida situation snarare än uppmätta data. Dessutom inkluderar studien 
endast en begränsad uppsättning miljöpåverkanskategorier, använder 1 kg som funktionell 
enhet och inkluderar inte miljöpåverkan från plaggens användningsfas. Datakvaliteten för 
uppströms produktion av kemikalier skulle också kunna förbättras med mer representativa 
data. 
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1 Background 
System demonstrator for a sustainable textile system is a research project carried out 
between 2023 and 2026 with funding from Vinnova. The project is coordinated by Science 
Park Borås and carried out in collaboration with 13 partners.1 The project aims to test new 
business models and collection systems for textiles by testing solutions in a real-world 
environment, which sets it apart from most research projects.  

This report documents an environmental life cycle assessment (LCA) that has been carried 
out as part of trials where brands have tested taking back their material from a pre-sorting 
facility established in Borås within the initiative. This pre-sorting is specifically designed to 
sort materials for brands within the framework of so-called remanufacturing – that is, 
material that cannot be directly used for “reuse” but requires some form of intervention 
before being reintroduced to the market. Remanufacturing is also, according to the revised 
EU Waste Directive, to be prioritized over fibre recycling, which makes these trials 
particularly relevant. 

The LCA was performed by Greendesk AB on behalf of Science Park Borås between June and 
December 2025. In spring 2026, a fourth reconditioning processing was added. It aims to 
address the overall question: When is it relevant to perform a reconditioning treatment of 
garments from an environmental perspective?  

There has been previous research and research is also ongoing on the life cycle 
environmental impact of garments, textile recycling, reuse, and circular business models in 
Sweden and in other European countries.2 Comparative LCA studies such as Trezepacz et al. 
(2023) have indicated that the potential environmental impacts are lower for reused 
garments than for production of new garments, but these studies do not specifically address 
the topic of reconditioning of the used garments before they are reused.  

Similar processes that are referred to in this study may be considered in other research 
projects, but classified as e.g. reuse, repair, remanufacturing, or refurbishment depending 
on the exact nature of the process and which actor performs the processing.  

This study can help to increase the knowledge about the environmental impact of 
reconditioning through bleaching, dyeing, and enzyme treatment of cotton garments that 
otherwise would have been sent for disposal. 

 

  

 
1 More information about the project is available via www.hb.se/forskning/forskningsportal/projekt/ 
systemdemonstrator-for-ett-hallbart-textilsystem (in Swedish).  
2 In Sweden, see e.g. the programmes and projects Mistra Future Fashion, Siptex, Sustainable Clothing 
Futures, tExtend, and BioInnovation. 
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2 Goal and scope 
This section describes the intended goal and scope of the study, i.e. what question the study 
sets of to answer and the methodology that should be used to answer this question. The 
data used is described in Section 3, and the results and whether the goal and scope 
requirements have been fulfilled is interpreted in Section 4. 

2.1 Goal 
The goal of this LCA study is address the overall question: When is it relevant to perform a 
reconditioning treatment of garments from an environmental perspective? This is done by 
assessing the potential life cycle environmental impacts of four garment reconditioning 
processes carried out in Sweden – bleaching, dyeing, enzyme treatment, and a combined 
bleaching and enzyme treatment – in terms of four different environmental impact 
categories. The results are calculated for the reconditioning process including activities such 
as sorting and transports, and a comparison is made to a reference case of new garments 
based on publicly available LCA results.  

Reconditioning processes are likely most relevant for used or unsold garments that 
otherwise would have been disposed of, i.e. that are not possible to resell/reuse directly. 

The study does not include other potential waste management options of the materials, 
such as direct reuse of the garments (e.g. second-hand sales in Sweden or abroad), repair 
services, textile-to-textile recycling, or downcycling of garments into products of lower value 
or quality such as rags or insulation material. The study also does not consider the potential 
replacement rate of new garments with reconditioned garments, i.e., to what extent 
increasing reconditioning would lead to a reduction in the production of new garments. 

The study is based on the requirements and guidelines in the standard ISO 14044 including 
amendments (ISO 2006, 2018, 2020).  

The intended application and audience of this information is to be used as input to the 
research project System demonstrator for a sustainable textile system, providing an 
additional, environmental perspective of the reconditioning processes life cycle and its 
environmental hot spots. 

This study is not a comparison between competing products on the market, and the results 
from the study are not intended to be used for comparative assertions disclosed to the 
public. The additional requirements and guidance for such comparative assertions as defined 
in ISO 14044 are thus not considered. 

 

2.2 Type of LCA approach 
The overall methodological approach used in the study should be an attributional life cycle 
assessment (ALCA), i.e., not a consequential life cycle assessment (CLCA). The choice of LCA 
approach is not straightforward and may be linked to questions of normative ethics and 
what information the intended audience of the study finds most relevant (Ekvall et al., 
2005). 

This choice was made as ALCA is the most applied LCA approach, for instance used in the 
context of environmental product declarations of goods and services. It was also the type of 
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information believed to be of most relevance for the target audience of the study, where the 
decision-making context is on a rather small scale aiming to describe and understand the 
environmental impacts of the actual (envisioned) supply chain.  

If the study results were to be used to understand the environmental consequences of large-
scale implementation of reconditioning processes through policy changes, applying both an 
ALCA and CLCA approach in parallel may have been relevant.  

In the context of this study, the choice of an ALCA approach means that 

 data used should be supply-chain specific or market averages, i.e. not considering 
whether some processes may be supply-constrained, and  

 problems with multifunctionality should be solved though avoiding allocation 
through subdivision and more detailed data. If that is not possible, partitioning of 
impacts based on, e.g., a physical aspect such as mass should be performed. As the 
intention is to provide an assessment of a mono-functional product system, the 
substitution approach, where the scope of the analysis is expanded to include 
avoided functions provided by the co-products as part of the assessment, should not 
be used. 

 

2.3 Product systems and system boundary 
The study considers four garment reconditioning processes on an envisioned future scale: 

 Bleaching 
 Dyeing 
 Enzyme treatment 
 Combined bleaching and enzyme treatment 

The processes are assumed to be carried out on cotton clothes in Sweden in the region 
around the city of Borås. The reason for choosing cotton was that enzyme treatment and 
dyeing are only available for cotton at the site used for reconditioning of the garments, and 
that the material makes up a relatively large share of garments collected in Sweden.  

As these processes can currently be described as in a pilot stage (hundreds of kg per year), 
the processes are assumed to be carried out on a somewhat larger, commercial scale 
(multiple tonnes per year). Input data and assumptions are thus not actual measurements, 
but estimates based on a combination of data and an envisioned future scenario. 

Garments are assumed to be collected at a municipal recycling centre (Swedish: 
återvinningscentral) in Borås, where the garments are pre-sorted by condition level and by 
the brand of garment. Garments that do not need repair and are judged to be suitable for 
reconditioning are assumed to be sorted by material using a NIR material scanner in a semi-
automatic way. Different options for collection and sorting are being investigated in the 
overall research project. 

The sorted garments are then assumed to be transported to Färgeriet EK in Kinna for 
reconditioning, after which they are packaged in cardboard boxes and distributed for sale in 
retail in Sweden. Assumptions regarding transportation distances are checked in the 
sensitivity analysis. 
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Importantly, the system boundary of the product system only includes the additional 
processes compared to the reference life cycle. For this reason, the product system does not 
include the environmental impacts of: 

 Original production of the garments for the first user, including fibre, yarn, and 
fabric production, treatment, confectioning, distribution and retail. Unsorted waste 
textiles have thus been modelled to enter the product system free of upstream 
environmental burdens. 

 Retail and use of garments, including consumer transports to retail, washing, drying, 
ironing, etc. These life cycle stages are highly scenario-dependent and difficult to 
make comparable with the new garments reference case. 

 Garment end-of-life, as such environmental impacts are already accounted for in the 
life cycle of the new garments. The exception is the addition of the waste transport 
from the reconditioning process to end-of-life, as this transport is an additional 
process when reconditioning processes are performed. This waste transport is 
included in the reconditioning life cycle stage. 

The product system for reconditioned garments is illustrated in Figure 1. 

 

 

Figure 1 System boundary and main life cycle stages of reconditioned garments. Boxes in blue are part of the 
studied product system. Transports of waste from reconditioning is included in the reconditioning life cycle stage 
but has been illustrated separately for transparency. 
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Each life cycle stage includes the relevant upstream production of ancillary materials, 
electricity, etc. For example, the reconditioning life cycle stage includes (if relevant): 

 Electricity and fuel production 
 Chemicals production 
 Packaging production 
 Water production 
 Capital goods production and waste management 
 Inbound transports (except for transport of garments, which is accounted for in a 

separate life cycle stage) 
 Direct emissions from the process 
 Treatment of solid waste and wastewater. For the disposal of waste garments, only 

the transport is included. 

Infrastructure/capital goods are included, even though such data come with potentially large 
uncertainty, as they may be of large importance for some environmental impact categories. 
Business travel and personnel commuting are not included in the system boundary. Carbon 
offsetting is not considered in the calculations. 

The system boundary towards nature, time (100 years), and to other product systems is set 
according to the “cut-off” method, which is commonly applied in attributional LCA and 
consistent with the background database used. 

Defining the system boundary has been one of the key challenges, why it has been revised 
continuously during the project. As the initial approach, only the reconditioning process and 
the transports were included, but this was expanded to give a more complete results, even if 
this meant including more processes and life cycle stages that are based on uncertain data. 

The system boundary for the new garment production system is illustrated in Figure 2, 
including processes from cradle up to the distribution of garments to retail. 
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Figure 2 System boundary for new garment production system (reference case used in this study). 

 

2.4 Functional unit, reference flow, and definition of quality ratio Q 
The functional unit used in this study is “1 kg of cotton garment to retail”. Results for the 
three reconditioning processes and the chosen reference case are calculated and displayed 
per functional unit. The reference flow is measured as the weight of garments being sent to 
retail. 

In other studies that describe the environmental impacts of garments, a more suitable 
functional unit could have been “1 day of use of garment by a consumer” and the system 
boundary would include also the use stage. This alternative functional unit was not used in 
this study for the following reasons: 

 The number of times a garment is used can vary significantly, is difficult to estimate, 
and is highly dependent on the chosen scenario.  

 There may be a difference in the number of times a reconditioned garment is used 
depending on the type of reconditioning process (i.e. bleaching, dyeing, enzyme 
treatment, or a combined bleaching and enzyme treatment). 

 The environmental impacts from retail and use, e.g., consumer transport to and 
from the store, washing, drying, and ironing can be assumed to be the same 
between reconditioned garments and new garments of the same type that are made 
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of the same material. The most relevant comparison between reconditioned 
garments and new garments is thus in terms of the supply chains that produce 
them, even though this is an incomplete description of the life cycle environmental 
impacts. 

To overcome the challenge that the number of uses both for 1 kg new garments and 1 kg 
reconditioned garment is highly variable and unknown, a quality ratio Q is defined and used 
as a scenario parameter in the presentation of the results: 

𝑄 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑢𝑠𝑒𝑠 𝑜𝑓 1 𝑘𝑔 𝑟𝑒𝑐𝑜𝑛𝑑𝑖𝑡𝑖𝑜𝑛𝑒𝑑 𝑔𝑎𝑟𝑚𝑒𝑛𝑡𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑢𝑠𝑒𝑠 𝑜𝑓 1 𝑘𝑔 𝑛𝑒𝑤 𝑔𝑎𝑟𝑚𝑒𝑛𝑡𝑠
 

The quality ratio is a simplified parameter that considers the many potential reasons why 
the reconditioned garments would be used the same number or fewer times than the new 
garment, e.g., through technical properties, quality aspects, or user behaviour.  

For a T-shirt that is used for 30 times in case of new garments (as in e.g. Sandin et al., 2019), 
Q should be interpreted to mean that: 

 Q = 100%: Both garments are used 30 times before they are sent for disposal. 
 Q = 50%: The new garment is used 30 times, while the reconditioned garment of the 

same type and material is only used 15 times (for potentially many different 
reasons) before they are sent for disposal. 

 Q = 10%: The new garment is used 30 times, while the reconditioned garment is only 
used three times. 

If the quality of reconditioned garments is very low compared to new garments, there would 
likely be limited consumer demand and less of a business case for performing the 
reconditioning processes. In the presentation of the results, the quality ratio is therefore 
shown in the range of 100% to 10%, as even lower quality ratios were assumed to be 
unrealistic. 

 

2.5 Data quality requirements and cut-off criteria 
The study is not based on specific data but uses a prospective perspective aiming to model 
the situation in the near-term future where these processes are performed at a somewhat 
larger commercial scale. The geographical scope of the study in Sweden, more specifically 
with collection in Borås and reconditioning processes taking place in nearby Kinna. The data 
for the reconditioning process and other parts of the life cycle should reflect these 
assumptions. 

The generic data used in the study should fulfil the following data quality requirements: 

• Be consistent with the methodology chosen for the study including an attributional LCA 
approach, system boundary, cut-off rules, co-product allocation procedure, allocation 
procedure for flows between product systems, inclusion of infrastructure, and electricity 
modelling, 

• Be complete in terms of flows that contribute to the included environmental impact 
categories, while considering the cut-off rules (see below), 
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• Be representative for the current situation for the geographical scope of the study, and 

• Be representative of an average market mix of a raw material, unless more detailed 
information is available on the actual mix or specific materials used. 

Assumptions or estimated data may be used if they are checked for plausibility and 
representativeness. Scenarios for transports and waste management should be consistent 
with the geographical scope of the LCA and the envisioned situation. 

As the general cut-off criteria, 99 % of material and energy flows should be accounted for in 
each unit process, based on estimates and expert judgement. This cut-off limit was set as it 
is commonly used in LCA and believed to be sufficient to avoid making the wrong 
conclusions based on omissions made. Omissions of elementary flows (direct emissions to 
nature) can be made if they are unrelated to the chosen environmental impact categories. 

 

2.6 Allocation procedures 
Based on the general LCA approach (see Section 2.2), co-product allocation problems should 
be handled with an attributional approach, where allocation is avoided as far as possible. If 
not possible to avoid, physical or economical allocation keys should be used to allocate 
burdens from a unit process to its products and co-products. The sum of the allocated inputs 
and outputs of a unit process should be equal to the inputs and outputs of the unallocated 
unit process. 

Allocation problems between product systems should be handled with the attributional 
“cut-off approach”, which may be known as the “100/0 approach” or “recycled content 
approach” (Ekvall et al., 2020). For materials, virgin material production should be allocated 
to the first product life cycle using the materials, and waste materials should come as an 
input to a recycling process with no upstream environmental burden. In case of waste 
incineration with energy recovery, the emissions from combustion should be allocated 
completely to the product system generating the waste. 

No credit should be given to the product system generating material for recycling or 
electricity/heat from waste incineration with energy recovery to avoid double counting of 
such benefits. 

 

2.7 Electricity modelling 
Location-based electricity modelling should be used. Electricity mixes should be based on 
country-averages mixes except for some very large countries, such as the USA and China, 
where sub-national electricity mixes should be used when available. Alternative assumptions 
for electricity modelling should be checked as part of the sensitivity analysis, if relevant. 

Unless other data are available, usage of electricity from the low voltage grid should be 
assumed, including transmission and distribution emissions and infrastructure to step down 
from high to medium to low voltage.  
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2.8 Software and database 
The software openLCA version 2.6 is used to perform the calculations. The primary database 
used for generic data is Ecoinvent v3.11 cut-off system model (Ecoinvent, 2025). 

 

2.9 Impact assessment methodology and types of impact 
The selection of impact categories, category indicators and characterization models is done 
to meet stakeholders need for information, to cover a range of relevant impact categories, 
while being a manageable quantity, and focusing on core indicators in standards such as 
EN 15804 for construction products (CEN, 2021).  

The selected impact categories are listed in Table 1. Three out of four impact categories are 
currently assessed to have a lower level of robustness based on Fazio et al. (2018) and 
should be applied and interpreted with caution.  

Table 1 Environmental impact categories and indicators. 

Impact category Indicator Unit Robustness* 
Climate change (no 
biogenic CO2) Global warming potential kg CO2 eq. Level I 

Water use deprivation 
Water (user) deprivation 
potential, deprivation-weighted 
water consumption 

m3 world eq. deprived Level III 

Resource depletion 
– fossil fuels 

Abiotic depletion for fossil 
resources potential MJ, net calorific value Level III 

Resource depletion 
– minerals and metals 

Abiotic depletion for non-fossil 
resources potential 

kg Sb eq. Level III 

* Based on Fazio et al. (2018), the levels are: Level I: Recommended and satisfactory. Level II: Recommended, but in need of 
some improvements. Level III: Recommended, but to be applied with caution.  

 

The indicators are calculated using the Ecoinvent implementation of the EF v3.1 method. For 
climate change, the indicator is based on the baseline method of the IPCC (AR6).3 Sample 
checks of correct characterization and classification of inventory flows in the software 
should be made by checking the corresponding results at https://ecoquery.ecoinvent.org.  

For climate change, biogenic carbon dioxide uptakes into biomass and emissions are not 
included, i.e., their characterization factors were set to zero. This is sometimes referred to as 
the “0/0” approach (in contrast to a “-1/+1” approach). Temporary or permanent carbon 
storage is not considered. 

For water use deprivation, the most relevant assessment can be made when water use 
amounts are regionalized to the country, region, or watershed where they are used. In this 
way, the local availability of water can be considered. The underlying database used in this 
study (Ecoinvent v3.11 cut-off system model) does not support such regionalized life cycle 
inventory flows (Sonderegger, 2024). This can severely limit the relevance of the water use 

 
3 Examples of characterization factors in this method (in kg CO2e/kg): carbon dioxide (fossil): 1; carbon 
dioxide (biogenic): 0; methane: 29,8; methane (biogenic): 27; dinitrogen monoxide: 273. 
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deprivation indicator, which should be considered when drawing conclusions based on this 
indicator. 

For resource depletion – minerals and metals, the Ecoinvent implementation includes some 
resources not listed in the default list of characterization factors provided by the European 
Commission. This includes sodium chloride (table salt), where a non-zero characterization 
factor is included based on its contained elements (Sonderegger, 2024). This may provide 
results for this indicator that are overestimated compared to using the default method. 

The four chosen impact categories do not constitute a complete set of potential human 
impacts on the environment. Other areas of concern such as toxicity, land use, emissions of 
microfibers, emissions of particulate matter, acidification, eutrophication, and effects of 
biodiversity have been highlighted in studies such as Adams et al. (2025) may also be 
relevant to consider in decision-making but are outside the scope of this study. Additional 
impact categories are discussed in a qualitative way as part of the results. 

The study does not include any normalization and weighting of multiple environmental 
impact categories into a single environmental score. Results for each impact category are 
presented and interpreted separately. 

 

2.10 Interpretations to be used 
The interpretation should use the following analytic methods: identification of significant 
issues, sensitivity check, plausibility check, completeness check, and consistency check. 

Conclusions, recommendations and limitations should be based on the results as well as the 
results from the interpretation. 

 

2.11 Critical review and format of report 
This study has not been subject to critical review. For a study that is not intended to be used 
to support comparative assertions disclosed to the public, such a critical review is voluntary 
according to ISO 14044. As internal quality assurance, David Althoff Palm at Dalemarken AB 
provides support in methodological questions and gives feedback on draft versions of the 
report. 

The format of this report is aligned with the requirements on third-party reports in 
ISO 14044. If the results are communicated to any third party, the third-party report shall be 
made available for them to better understand the goal and scope, data, and limitations of 
the study. 

 

2.12 Limitations 
The main identified limitations of the goal and scope of this study are that it: 

 uses estimates, theoretical calculations, and assumptions to model a future situation 
rather than measured or otherwise specific data,  



 
 
 
 

Scienceparkboras.se   16 

 

 aims to model a specific situation in the region around the city of Borås in Sweden 
which may be more or less applicable to other contexts, 

 does not include any new calculation regarding the environmental impacts 
associated with new garment production, and thus only relying on literature data for 
the new garments’ life cycle, 

 uses a functional unit of 1 kg to retail and thus excludes some life cycle stages of the 
garments, e.g. the use stage, and 

 only includes a limited set of environmental impact categories, which excludes 
potentially relevant aspects such as toxicity, land use, emissions of microfibers, 
emissions of particulate matter, acidification, eutrophication, and effects on 
biodiversity. 
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3 Data and method 
This section presents the data and method used in the study. Results are presented in 
Section 4. 

3.1 Data collection procedure 
Data collection and data quality assessment was done in an iterative way by Greendesk in 
collaboration with and with data from Färgeriet EK in Kinna regarding the reconditioning 
processes. The relevance of other assumptions was checked with the work package leader of 
the research project. 

The inventory consists of a mix of modified specific data, generic data, and adjusted generic 
data from sources that were judged to be plausible, representative, and using a 
methodology that was consistent with the goal and scope.  

For generic data, the main database used was the Ecoinvent database with the cut-off 
system model (Ecoinvent, 2025). When referencing the individual data sets in the sections 
below, the abbreviation “RER” refers to data sets with a European geographic scope, “GLO” 
refers to a global scope, “SE” refers to Sweden, “CH” refers to Switzerland, and “RoW” refers 
to the rest of the world without the stated exceptions.  

 

3.2 Reconditioned garments life cycle 
3.2.1 Collection, pre-sorting by condition level and sorting by material 
Collection of mainly post-consumer textiles from households is assumed to be carried out at 
a recycling centre (Swedish: återvinningscentral) in Borås, Sweden. As a first step, the waste 
textiles are pre-sorted by condition level (i.e. whether they are suitable for reconditioning) 
as well as per brand. As the chosen geographical location is a specific case, a longer distance 
from collection and sorting to reconditioning is analysed as part of the sensitivity analysis. 

It was assumed that 1,25 kg input was needed per 1 kg output from the collection and pre-
sorting by condition level (corresponding to 20% losses) based on preliminary experiences 
from the research project. In the model, the unsorted waste textiles come with no upstream 
environmental burden from its original production, transport to the recycling centre, or 
other parts of its previous life cycle (see Section 2.6). The overall efficiency of sorting and 
reconditioning is tested as part of the sensitivity analysis. 

Data on energy use (electricity and heat) for collection and sorting facilities were based on a 
master’s thesis (Spathas, 2017), which is also referenced by Lidfeldt et al. (2022) but with 
somewhat different assumptions. The original data are based on a series of interviews with a 
Dutch sorting company (Spathas, 2017). The data were recalculated to 1 kg of sorted 
garments (i.e. the output flow), unit conversion was performed, and rounding was applied. 
The results (0,03 kWh electricity, 0,0008 MJ heat) were cross-referenced with Trzepacz et al. 
(2023) and were found to be an order of magnitude lower. The reason for this difference has 
not been possible to identify. For upstream production of electricity, the Swedish average 
electricity mix was used. For heat, heat from district heating were assumed based on the 
same mix as in reconditioning (see Section 3.2.3). The latter was approximated assuming 
98% biobased and 2% fossil-based district heating production. 
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Capital goods were included using an order of magnitude estimation of 0,00001 m2 building 
per kg output. This was based on an assumed facility of 5 000 m2 used for 50 years with 
annual sorting of 10 000 tonnes (or e.g. 1 000 m2 facility used for 50 years with an annual 
sorting of 2 000 tonnes). Due to the large uncertainties in this estimate, this flow was 
assumed to also encompass other capital goods, such as machinery. 

The model does not include any burdens from the end-of-life treatment of textiles that are 
discarded directly from the pre-sorting as that would be a double-counting of the 
environmental impacts of the new garment life cycle. 

The resulting unit process for collection and pre-sorting by condition level (and brand) is 
shown in Table 2. 

Table 2 Unit process for collection facility and pre-sorting by condition level (and brand). 

Flow Amount Unit 
Input flows   
Unsorted textiles 1,25 kg 
Electricity 0,03 kWh 
Heat 0,0008 MJ 
Building 0,00001 m2 
   
Output flows   
Garments sorted by condition level 1 kg 
Waste management of textiles (no impacts) 0,25 kg 

 

After pre-sorting based on condition level, the materials were assumed to be sorted into 
different material fractions in a semi-automatic way using a near infra-red detector (NIR). 
The process was assumed to be done at the same site as the pre-sorting by condition level, 
with no additional transport step in between. This study only considers cotton garments, but 
all material fractions were assumed to be useful. 

It was assumed that 1,05 kg input was needed per 1 kg output from this sorting process 
(corresponding to about 4,8% losses). 

Data on energy use (electricity) were based on a master’s thesis (Spathas, 2017). The data 
are based on a start-up and described as being on the verge of being commercialized 
(Spathas, 2017). The data were recalculated to 1 kg of sorted garments (i.e. the output flow), 
unit conversion was performed, and rounding was applied. The result was 0,02 kWh 
electricity/kg sorted garments. This result was cross-checked with the data used in the 
SIPTEX research project (Lidfeldt et al., 2022) and was found to be somewhat lower (0,02 
kWh compared to about 0,04 kWh). The former was used anyway as a consistent data 
source. For upstream production of electricity, a Swedish average electricity mix was 
assumed.  

The materials were assumed to be transported in reusable plastic containers from collection 
and sorting to reconditioning. It was assumed that for 10 kg of textiles, 3 kg of plastic 
container was needed and that they were reused on average 30 times. 

Capital goods were included using an order of magnitude estimation of 0,00001 m2 building 
per kg output. This was based on an assumed facility of 5 000 m2 used for 50 years with 
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annual sorting of 10 000 tonnes (or e.g. 1 000 m2 facility used for 50 years with an annual 
sorting of 2 000 tonnes). Due to the large uncertainties in this estimate, this flow was 
assumed to also encompass other capital goods, such as machinery. 

The model does not include any burdens from the end-of-life treatment of textiles that are 
discarded directly from the sorting as that would be a double-counting of the environmental 
impacts of the new garment life cycle. 

The resulting unit process for sorting by material is shown in Table 3. 

Table 3 Unit process for sorting by material. 

Flow Amount Unit 
Input flows   
Garments sorted by condition level 1,05 kg 
Electricity 0,02 kWh 
Plastic containers – reused 0,29 kg 
Plastic containers – new 0,01 kg 
Building 0,00001 m2 
   
Output flows   
Garments sorted by condition level and material 1 kg 
Packaging for garments sorted by condition level and material 0,3 kg 
Waste management of textiles (no impacts) 0,05 kg 

 

The assumed total losses during both sorting steps were about 0,31 kg per kg garments 
sorted by both condition level and material (0,05 kg + 1,05*0,25 kg), which corresponds to 
about a quarter (24%) of the input materials. 

The main data sets used in this life cycle stage are listed in Table 4. 

Table 4 Main data sets used for collection, pre-sorting by condition level, and sorting by material 

Flow Data set(s) Comments 

Electricity 
SE: market for electricity, low 
voltage 

– 

Heat See Section 3.2.3. 
Assumed same district heating 
mix as in reconditioning. 

Plastic container packaging 

GLO: market for 
polypropylene, granulate 
 
RER: injection moulding 
 
RER: market for transport, 
freight, lorry, unspecified 

1000 km transport by lorry was 
assumed. 

Building GLO: market for building, hall – 
 

3.2.2 Transport of sorted garments 
Transportation of sorted garments was assumed to be carried out with a lorry for 50 km 
from Borås to Kinna. The weight of the cargo includes the weight of both the sorted 
garments and the plastic packaging.  
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The main data sets used in this life cycle stage are listed in Table 5. 

Table 5 Main data sets used for transport of sorted garments. 

Flow Data set(s) 
Transport of garments sorted by condition level 
and material (in packaging) 

RER: market for transport, freight, lorry, 3.5-7.5 
metric ton, diesel, EURO 6 

 

3.2.3 Reconditioning  
Reconditioning of cotton garments is assumed to be carried out by Färgeriet EK in Kinna 
using four different processes: bleaching, dyeing, enzyme treatment, or a combined 
bleaching and enzyme treatment. The data are based on measurements as well as recipes 
for chemicals and water use. 

The dyeing process was assumed to be done with black dye as this is the most common color 
used in reconditioning and require the longest treatment time. It was assumed that choosing 
black dye would also reduce the need for carrying out the dyeing process twice on the same 
garments. The process also includes minor repairs done manually, but this has not been 
considered in the model. 

It was assumed that 1,1 kg input was needed per 1 kg output from the reconditioning 
processes (corresponding to about 9% losses) based on preliminary experiences from the 
research project. 

Electricity data were measured by Färgeriet EK for the four processes. For the environmental 
impacts associated with the production, transformation and distribution of electricity, a 
Swedish average low voltage electricity mix was assumed. 

District heat is used for heat exchanges to heat water used in the processes. No detailed 
data on district heat use was available from Färgeriet EK, why theoretical values for each 
process was calculated based on the amount of water used. It was assumed that the 
incoming water on average needed to be heated with 60 °C (bleaching or dyeing), 50 °C 
(enzyme treatment), and 55 °C (combined bleaching and enzyme treatment). This 
theoretical calculation is likely conservative as rinsing water is not heated as much and due 
to the temperature of incoming water. Furthermore, the efficiency of the heat exchanger 
was assumed to be 90 %. The relevance of these theoretical values was checked by 
comparing them with actual district heating use in January 2026 as provided by Färgeriet EK, 
combined by the amount of garments (in kg) that were reconditioned during the same 
period.  

The district heating production was modelled using the mix in Kinna (Marks Energi: Assberg–
Frislanätet) in 2024. This mix corresponds to mainly biofuels (about 85%), heat from waste 
incineration (about 13%) and a smaller share of fuel oil (about 2%) according to the latest 
available statistics (Energiföretagen, 2025). 

The packaging was assumed to consist of cardboard boxes for garments sent to retail. The 
amount needed was estimated as 0,055 kg/kg garments based on preliminary experiences in 
the research project. 
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Water use and the amounts of chemicals, dyes, enzymes, etc., were collected by Färgeriet 
EK based on recipes for each of the four reconditioning processes. As this is confidential 
data, some summarization has been done in the tables below, and some details have been 
hidden. For upstream production of chemicals, etc., generic data were used including default 
transport distances and modes (Ecoinvent market processes). In case the final transport leg 
to reconditioning was missing, 1000 km by lorry was assumed. As Ecoinvent processes 
considers 100% concentration of chemicals, actual concentrations of chemicals (as specified 
by Färgeriet EK) were considered by adding water as the assumed solvent. For other 
chemicals, where no concentration information was available, were modelled using 100% 
pure substance which is likely an overestimation of the environmental impacts.  

The amounts of packaging of purchased chemicals were estimated as cardboard and plastic 
cans for each reconditioning process and provided by Färgeriet EK. 

The only identified direct emission to air, water, and soil that was relevant for the included 
environmental impact categories in this study was direct emissions of water vapor to air, 
which potentially has an impact on the water use deprivation indicator. As no 
measurements were available, it was assumed that 5% of incoming water was emitted in 
this way in line with Sandin et al. (2019). 

Capital goods were included using an order of magnitude estimation of 0,00002 m2 building 
per kg output. This was based on an assumed facility of 500 m2 facility used for 50 years with 
an annual processing of 500 tonnes. Due to the large uncertainties in this estimate, this flow 
was assumed to also encompass other capital goods, such as machinery. 

There are no burdens from the end-of-life treatment of textiles that do not pass the 
reconditioning as that would be a double-counting of the environmental impacts of the new 
garment life cycle. A waste transport by lorry for 50 km to Borås was added.  

Other wastes were assumed to be managed with market average disposal in Sweden, 
consisting of almost 100% municipal incineration. 

Table 6 Unit process for reconditioning processes. Please note that the reported numbers include some rounding. 

Flow Bleaching Dyeing 
Enzyme 

treatment 

Bleaching 
and enzyme 
treatment 

Unit 

Input flows      
Garments sorted by 
condition level and 
material 

1,1 1,1 1,1 1,1 kg 

Packaging for 
garments sorted by 
condition level and 
material (new and 
reused) 

0,33 0,33 0,33 0,33 kg 

Electricity 1,4 1,0 1,9 2,4 kWh 
Heat 6 11 7 11 MJ 
Water 21 39 28 44 kg 
Chemicals* 0,15 1,00 0,01 0,16 kg 
Cardboard boxes 
(packaging for 

0,06 0,06 0,06 0,06 kg 
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reconditioned 
garments) 
Cardboard boxes 
(packaging for 
chemicals) 

0 0,004 0 0 kg 

Plastic cans (packaging 
for chemicals) 

0,008 0,006 0,0003 0,0003 kg 

Building 0,00002 0,00002 0,00002 0,00002 m2 
      
Output flows      
Reconditioned 
garments 1 1 1 1 kg 

Packaging for 
reconditioned 
garments 

0,06 0,06 0,06 0,06 kg 

Waste management of 
textiles (only impacts 
from transportation) 

0,1 0,1 0,1 0,1 kg 

Waste management of 
plastic containers 
(packaging for inbound 
garments) – for reuse 

0,32 0,32 0,32 0,32 kg 

Waste management of 
plastic containers 
(packaging for inbound 
garments) – wasted 

0,01 0,01 0,01 0,01 kg 

Waste management of 
cardboard boxes 
(packaging for 
chemicals) 

0 0,004 0 0 kg 

Waste management of 
plastic cans (packaging 
for chemicals) 

0,008 0,006 0,0003 0,009 kg 

Wastewater treatment 20,0 37,3 26,6 41,8 kg 
Water vapor emission 
to air 

1,1 2,0 1,4 2,2 kg 

* Details obfuscated for confidentiality reasons. 

 

Upstream materials and energy were based on generic data. A list of the main data sets used 
for upstream materials and energy is listed in Table 7. 

Table 7 Main data sets used for upstream materials and energy. 

Flow Data set(s) Comments 
Electricity SE: market for electricity, low voltage – 

Heat 

RoW: heat production, wood chips from 
industry, at furnace 1000kW 
 
RoW: heat production, untreated waste 
wood, at furnace 1000-5000 kW 
 

Mix based on Marks 
Energi, Assberg- 
Frislanätet in 2024 
(Energiföretagen, 2025) 
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SE: heat, from municipal waste incineration 
to generic market for heat, district or 
industrial, other than natural gas 
 
Europe w/o CH: heat production, light fuel 
oil, at industrial furnace 1MW 
 
SE: electricity production, hydro, reservoir, 
non-alpine region 
 
RoW: heat production, wood pellet, at 
furnace 25kW, state-of-the-art 2014 
 
SE: electricity production, nuclear, pressure 
water reactor 

Water RER: market group for tap water Water flows are not 
regionalized for Sweden. 

Chemicals* 

GLO: market for acetic acid 
 
GLO: market for chemical, inorganic 
 
GLO: market for chemical, organic 
 
GLO: market for enzymes 
 
RER: market for soda ash, light 
 
GLO: market for sodium chloride, powder 
 
RER: market for sodium hydroxide, without 
water, in 50% solution state 
 
Europe w/o CH: market for water, dionised 
 
GLO: market for ethoxylated alcohol 
(AE>20) 

Exact names, amounts, 
and a complete list of 
data sets are not included 
in the report for 
confidentiality reasons. 
 
Water flows (solvent) are 
not regionalized for the 
country in which they 
occur (unknown). 
 
1000 km transport by 
lorry added, where 
relevant. 

Cardboard boxes 

GLO: market for carton board box 
production, with offset printing 
 
RER: market for folding boxboard carton 

Material losses in carton 
board box production 
included in calculation. 
 
1000 km transport by 
lorry added. 

Plastic cans 

GLO: market for polypropylene, granulate 
 
RER: injection moulding 
 
RER: market for transport, freight, lorry, 
unspecified 

Material losses in 
injection molding process 
included in calculation. 
 
1000 km transport by 
lorry added. 

Building GLO: market for building, hall – 
Waste management of 
textiles (only impacts 
from transportation) 

RER: market for transport, freight, lorry, 3.5-
7.5 metric ton, diesel, EURO 6 

– 

Waste management of 
plastic containers 

SE: market for waste plastic, mixture 
Mainly municipal 
incineration. 
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(packaging for inbound 
garments) 
Waste management of 
cardboard boxes 
(packaging for 
chemicals) 

SE: market for waste paperboard 
Mainly municipal 
incineration. 

Waste management of 
plastic cans (packaging 
for chemicals) 

SE: market for waste plastic, mixture 
Mainly municipal 
incineration. 

Wastewater treatment RER: market for wastewater from textile 
production 

– 

* Details obfuscated for confidentiality reasons. Not all processes used in the LCI model are listed. 

 

3.2.4 Distribution 
The distribution of reconditioned garments is based on a scenario, consisting of 100 km 
transportation by lorry to a distribution centre followed by 300 km to a retail store in 
Sweden. The scenario was chosen to be feasible and aligned with the chosen reference 
study for new garments (Sandin et al., 2019) The weight of the cargo includes the weight of 
both the reconditioned garments and the cardboard packaging. 

The main data sets used in this life cycle stage are listed in Table 8. 

Table 8 Main data sets used for distribution. 

Flow Data set(s) Comments 

Distribution by lorry 

RER: market for transport, freight, lorry, 16-
32 metric ton, diesel, EURO 6 
 
RER: market for transport, freight, lorry, 3.5-
7.5 metric ton, diesel, EURO 6  

– 

Waste management of 
cardboard boxes 

SE: market for waste paperboard 
Mainly municipal 
incineration. 

 

3.2.5 Use of garments 
Use of the reconditioned garments is not included in the system boundary. 

 

3.2.6 Waste management 
Waste management of the reconditioned garments after use is not included in the system 
boundary. 

 

3.3 New garments life cycle (reference case) 
This study does not include any new calculation of the life cycle environmental impact of 
new garments, which can likely vary a lot depending on the upstream supply chain, including 
scale, geography, materials, and energy sources. 

Mistra Future Fashion (MFF) was a Swedish cross-disciplinary research program that ran 
from 2011 to 2019, hosted by RISE in collaboration with 15 research partners and more than 
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50 industry partners. The aim of one of its final reports (Sandin et al., 2019) was to map and 
understand the current environmental impact of Swedish clothing consumption using six 
reference garments. As this matches the need for a reference case for this study, results 
from Sandin et al. (2019) were chosen as reference results.  

Limitations of Sandin et al. (2019) included that it only considered a limited set of 
environmental impact categories, and that the report only contained graphical illustrations 
of the results. Based on personal communication with one of the authors, the climate 
change results of the chosen reference products per garment to retail (i.e. excluding retail, 
use, and end-of-life of the garments) were estimated and the corresponding results per 1 kg 
garments was calculated. See Table 9.  

Table 9 Climate change results for reference products in Sandin et al. (2019), and recalculation of results to per kg 
garment to retail. 

Reference product 
Results per piece of 

garment to retail  
(kg CO2e/piece) 

Weight (kg/piece) 
Results per kg 

garments to retail  
(kg CO2e/kg) 

T-shirt 2,3 0,11 21 
Jeans 8,5 0,48 18 
Dress 14,9 0,48 31 
Jacket 15,6 0,44 35 
Socks 0,7 0,04 17 
Hospital uniform 10,1 0,34 30 

 

Based on these results, their uncertainty, and the shares of cotton in the different reference 
products, it was determined that the results for T-shirt and jeans were most relevant to be 
used as reference results. After rounding and averaging, 20 kg CO2e/kg was chosen as the 
reference result for cotton garments in terms of climate change. This rounding is in line with 
Sandin et al. (2019), where it is stated that results should be considered as order-of-
magnitude estimates. Uncertainties in the chosen reference results should be considered 
when drawing conclusions from this study and is checked as part of the sensitivity analysis. 

For the indicators water scarcity and energy use (non-renewable resources), the same 
procedure was used to determine the reference value for 1 kg new cotton garments based 
on Sandin et al. (2019). Due to the aggregation of results, these results included retail, but 
this was assumed to only have limited impact after rounding. The results were estimated 
and rounded to about 100 m3 world eq./kg cotton garments and 300 MJ/kg cotton 
garments. The MFF study did not contain any assessment related to resources depletion of 
metals and minerals. 
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4 Results and discussion 
This section presents and discusses the results of the study. Conclusions are presented in 
Section 5. 

4.1 Impact assessment procedure 
Results are presented in the sections below, including the results for the reconditioning 
process in isolation, the comparison between reconditioned clothes and the reference 
results for new garments, as well as the sensitivity analyses.  

A comma is used as the decimal indicator when displaying the results. Results in the format 
“0,0E-00” is the format used for scientific notation in Microsoft Excel, which should be 
interpreted to mean, e.g., 1,5E-03 = 1,5 * 10-3 = 0,0015. 

The impact categories, category indicators and characterization models were chosen and 
calculated as described in the goal and scope. It should be noted that three out of four 
impact categories are currently assessed to have a lower level of robustness based on Fazio 
et al. (2018) and should be interpreted with additional caution. 

As specified by ISO 14044, impact assessment results in LCA are relative expressions, i.e., 
related to the defined functional unit, system boundary, and other methodological choices 
and data. They do not predict impacts on category endpoints, the exceeding of thresholds, 
safety margins or risks. 

 

4.2 Results for reconditioned garments 
In this section, the results for 1 kg reconditioned garments to retail is described, divided in 
the different types of treatment: bleaching, dyeing, enzyme treatment, and combined 
bleaching and enzyme treatment. These results correspond to a quality factor Q of 100% 
(see Section 2.4). 

Results are presented separately for each environmental impact category. 

4.2.1 Climate change (no biogenic CO2) 
The results for the climate change indicator are displayed in Figure 3. 
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Figure 3 Results for 1 kg garments to retail for the climate change indicator, divided into life cycle stages. 

 

The results indicate that the total potential impact on climate change is about 0,7 to 1,2 
kg CO2e/kg garments to retail. Three of the four life cycle stages are identical for the four 
reconditioning processes as no differences in yield, etc., has been assumed in the model. The 
life cycle stage contributing most to the indicator is reconditioning, followed by distribution. 

The largest contribution to the reconditioning process comes from district heat, packaging, 
chemicals, and electricity. The data on district heating use are based on a theoretical 
calculation and should thus be interpreted with additional caution. 

 

4.2.2 Water use deprivation 
The results for the water use deprivation indicator are displayed in Figure 4. As described in 
Section 2.9, it should be noted that this indicator has a low robustness and should be 
interpreted with caution. Furthermore, the Ecoinvent database does not currently include 
regionalization of water flows, which further limits the representativeness of the results. 
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Figure 4 Results for 1 kg garments to retail for the water use deprivation indicator, divided into life cycle stages. 

 

The results indicate that the total potential impact on water use deprivation is about 1 m3 
world eq./kg garments to retail, when the average result is rounded to one significant digit. 
The differences between the four reconditioning processes are likely within the uncertainty 
range and considering the lower robustness of this indicator. Three of the four life cycle 
stages are identical for the four reconditioning processes as no differences in yield, etc., has 
been assumed in the model. The life cycle stage contributing most to the indicator is 
reconditioning. 

The largest contribution to the reconditioning process is background data relevant for 
electricity, district heating, chemicals and packaging, including upstream water use for hydro 
power due to evaporation. The dominant flow is not the direct water use in the 
reconditioning process. 

 

4.2.3 Resource depletion – fossil fuels 
The results for the resource depletion – fossil fuels indicator are displayed in Figure 5. As 
described in Section 2.9, it should be noted that this indicator has a low robustness and 
should be interpreted with caution. 
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Figure 5 Results for 1 kg garments to retail for the resource depletion – fossil fuels indicator, divided into life cycle 
stages. 

 

The results indicate that the total potential impact on resource depletion – fossil fuels is 
about 20 MJ/kg garments to retail, when the average result is rounded to one significant 
digit. The differences between the four reconditioning processes are likely within the 
uncertainty range and considering the lower robustness of this indicator. Three of the four 
life cycle stages are identical for the three reconditioning processes as no differences in 
yield, etc., has been assumed in the model. The life cycle stage contributing most to the 
indicator is reconditioning, followed by distribution. 

The largest contribution to the reconditioning process is electricity use, followed by 
chemicals, district heating, and packaging. 

 

4.2.4 Resource depletion – minerals and metals  
The results for the resource depletion – minerals and metals indicator are displayed in Figure 
6. As described in Section 2.9, it should be noted that this indicator has a low robustness and 
should be interpreted with caution. 



 
 
 
 

Scienceparkboras.se   30 

 

 

Figure 6 Results for 1 kg garments to retail for the resource depletion – minerals and metals indicator, divided into 
life cycle stages. 

 

The results indicate that the total potential impact on resource depletion – minerals and 
metals is about 2E-05 kg Sb eq./kg garments to retail, when the average result is rounded to 
one significant digit (equal to 0,00002 kg Sb eq./kg garments to retail). The differences 
between the four reconditioning processes are likely within the uncertainty range and 
considering the lower robustness of this indicator. Three of the four life cycle stages are 
identical for the three reconditioning processes as no differences in yield, etc., has been 
assumed in the model. The life cycle stage contributing most to the indicator is 
reconditioning. 

The largest contribution to the reconditioning process is the use of chemicals, especially 
sodium chloride used for dyeing, and copper used in the infrastructure associated with 
electricity use. The large impact on the use of sodium chloride is a result of the 
implementation of the EF 3.1 methods package in the Ecoinvent database. If only the default 
list of characterization factors as provided by the European Commission was used, the 
results would be much lower for dyeing. See Section 2.9. 

 

4.3 Reconditioned garments compared to new garments 
In this section, the results for 1 kg reconditioned garments to retail is compared with the 
reference case of 1 kg new garments to retail, based on results from a previous study (see 
Section 3.3). As the function provided by the two cases are not necessarily the same, a 
quality factor Q is used as a parameter that can vary from 100% to 10% (see Section 2.4). 

As the reference study did not include any results for resource depletion – minerals and 
metals, only three out of the four indicators in this study are included in the comparison. 



 
 
 
 

Scienceparkboras.se   31 

 

Table 10 shows the results when the quality factor Q is assumed to be 100%, i.e., that the 
reconditioned garments would be used the same number of times as new garments. As seen 
from these results, the environmental impacts of reconditioned garments would be about 
10 to 100 times lower (i.e. 1-2 orders of magnitude) than the reference case of new 
garments. 

 

Table 10 Order of magnitude comparison of reconditioned garments results (this study) and the reference case of 
new garments, assuming the same number of uses (Q=100%). Numbers are averaged and rounded due to 
uncertainty and lack of robustness of some of the indicators. 

Environmental impact 
category 

Reconditioned 
garments 

New garments Unit 

Climate change 0,7 to 1,2 20 
kg CO2e/kg garments 

to retail 

Water use deprivation 1 100 m3 world eq./kg 
garments to retail 

Resource depletion 
– fossil fuels 

20 300 
MJ/kg garments to 

retail 
 

4.3.1 Climate change 
The results for the climate change indicator are displayed in Figure 7. 

 

Figure 7 Comparison between reconditioned garments and new garments in terms of the climate change 
indicator, with different assumptions for the quality factor Q. 

 

The results indicate that the break-even point between new garments and reconditioned 
garments is lower than 10% for all three reconditioning processes. This should be 
interpreted to mean that even if the reconditioned garments, for quality or other reasons, is 
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only used 10% of the number of times as new garments, their environmental impact in this 
indicator would still be lower. 

 

4.3.2 Water use deprivation 
The results for the water use deprivation indicator are displayed in Figure 8. As described in 
Section 2.9, it should be noted that this indicator has a low robustness and should be 
interpreted with caution. 

 

Figure 8 Comparison between reconditioned garments and new garments in terms of the water use deprivation 
indicator, with different assumptions for the quality factor Q. 

 

The results indicate that the break-even point between new garments and reconditioned 
garments is lower than 10%. This should be interpreted to mean that even if the 
reconditioned garments, for quality or other reasons, is only used 10% of the number of 
times as new garments, their environmental impact in this indicator would still be lower.  

 

4.3.3 Resource depletion – fossil fuels 
The results for the resource depletion – fossil fuels indicator are displayed in Figure 9. As 
described in Section 2.9, it should be noted that this indicator has a low robustness and 
should be interpreted with caution. 
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Figure 9 Comparison between reconditioned garments and new garments in terms of the resource depletion 
– fossil fuels indicator, with different assumptions for the quality factor Q. 

 

The results indicate that the break-even point between new garments and reconditioned 
garments is less than 10%. This should be interpreted to mean that even if the reconditioned 
garments, for quality or other reasons, is only used 10% of the number of times as new 
garments, their environmental impact in this indicator would still be lower. 

 

4.3.4 Discussion on toxicity and other potential environmental impacts 
This study focuses by necessity on a limited set of environmental impact categories that are 
feasible to assess using life cycle assessment, and for which data could be collected as part 
of this study. When calculating or comparing the environmental impacts of garments, other 
impact categories may also be of relevance, such as toxicity, land use, emissions of 
microfibers, emissions of particulate matter, acidification, eutrophication, and effects on 
biodiversity. 

Some of these impacts are related to the use stage of the garments, such as consumer 
transports (e.g. resource depletion and emissions to air), energy, water and detergent use 
for washing, and potential emissions of e.g. microfibers or detergents that remain after 
washing and are not captured in the wastewater treatment plant. These aspects are 
potentially similar between reconditioned garments and the reference case, however, for 
the same type of garments made from the same materials. This would depend on the 
defined quality factor Q (the relative number of uses from 1 kg of new garments vs. 
reconditioned garments), and potential differences in shedding during washing. 

The production of new garments comes with known potential toxicity issues from pesticide 
use during cultivation, and chemicals used during wet treatment (Sandin et al., 2019). In 
addition, there could be emissions that are important but difficult to assess associated with 
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the background system, e.g., processes such as electricity generation and its upstream 
environmental impacts. Reconditioned garments would not have the effects of potential 
toxic emissions from cotton cultivation, yarn production, and fabric production, but would 
include some of the same type of chemicals that are used during wet treatment such as 
dyes, sodium hydroxide, and sulfuric acid. To assess these quantitatively as part of this 
study, much more details would be needed for both the reconditioning process and a 
representative alternative for new garment production on the amounts of chemicals used, 
how much is released to air, water and soil, and into what type of background environment 
this release occurs. 

The availability and efficiency of wastewater treatment is a potential difference in case wet 
treatment of new garments occur in a different country than the reconditioning process. 
According to Färgeriet EK (2025), their wastewater output may need pH adjustment but is 
otherwise considered by the authorities as of similar quality as wastewater from households 
with limit values set on nitrogen, phosphorous, metals, COD, BOD, and other parameters. 
The industry association Svenskt Vatten includes the following potential problems with 
wastewater to consider from professional laundry services: BOD, COD, 
microplastics/microfibers, flame retardants, pesticides, nonylphenol ethoxylates, metals, oil, 
and fat (Svenskt Vatten, 2019). These are thus aspects that should be considered even 
though their relative contribution compared to new garment production was not possible to 
evaluate as part of this study. 

For land use, cotton cultivation is the primary hot spot for new cotton garments, but with 
potentially large uncertainties and variations depending on the assumed geographical 
context and land types (Sandin et al., 2019). Avoiding land use during cotton cultivation is 
thus a potential advantage for reconditioned garments, but to what extent and how 
important this impact category is compared to other types of environmental impacts has not 
been assessed as part of this study. 

 

4.4 Identification of significant issues 
In this section, the most significant issues for the environmental impacts of reconditioned 
garments are identified in terms of life cycle stages, processes, and inventory flows. 

 

4.4.1 Life cycle stages 
The life cycle stages contributing most to the results are for all three reconditioning 
processes: 

 Climate change: Reconditioning 
 Water use deprivation: Reconditioning 
 Resource depletion – fossil fuels: Reconditioning 
 Resource depletion – mineral and metals: Reconditioning 

Included in the reconditioning process is not only the direct emissions, but upstream 
emissions associated with e.g. district heating use, electricity use, chemicals, and packaging. 
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4.4.2 Processes 
The processes contributing 5% or more to the results in each environmental impact category 
are (bleaching used as example): 

 Climate change:  
o RER: transport, freight, lorry, 3.5-7.5 metric ton, diesel, EURO 6  
o GLO: natural gas venting from petroleum/natural gas production 
o RoW: treatment of waste plastic, mixture, municipal incineration 

 Water use deprivation:  
o SE: electricity production, hydro, reservoir, non-alpine region 
o NO: electricity production, hydro, reservoir, alpine region 
o (Chemical data set. Not disclosed for confidentiality reasons)  
o SE: Bleaching process 
o SE: electricity production, nuclear, boiling water reactor 

 Resource depletion – fossil fuels: 
o GLO: uranium production, in yellowcake, in-situ leaching 
o RNA: uranium mine operation, underground 
o RoW: uranium mine operation, underground 
o CN: hard coal mine operation and hard coal preparation 

 Resource depletion – mineral and metals: 
o RoW: copper mine operation and beneficiation, sulfide ore 
o CL: copper mine operation and beneficiation, sulfide ore 
o CN: copper mine operation and beneficiation, sulfide ore 
o GLO: zinc mine operation 

Besides transports contributing to climate change, the unit processes that directly contribute 
to the results are far removed from the actual reconditioning process, collecting and sorting, 
and transports. Flows refer mainly to upstream generation of electricity, fuels, and copper 
mining used for e.g. transmission networks for electricity that is used. 

 

4.4.3 Inventory flows 
The life cycle inventory flows contributing 5% or more to the results in each environmental 
impact category are (bleaching used as example): 

 Climate change: 
o Carbon dioxide, fossil (emission to air) 
o Methane, fossil (emission to air) 

 Water use deprivation: 
o Water (emission to air) 

 Resource depletion – fossil fuels: 
o Uranium (resource in ground) 
o Oil, crude (resource in ground) 
o Gas, natural (resource in ground) 
o Coal, hard (resource in ground) 

 Resource depletion – mineral and metals: 
o Tellurium (resource in ground) 
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o Copper (resource in ground) 
o Gold (resource in ground) 
o Silver (resource in ground) 
o Lead (resource in ground) 

 

4.5 Sensitivity check 
In this section, different assumptions made in the study are investigated. Would the results 
and conclusions change in case different assumptions were made? 

 

4.5.1 Sensitivity analysis – Environmental impacts of new garment production  
The environmental impacts of new garment production have not been modelled as part of 
this study. Instead, previous LCA studies were used to estimate the environmental impacts 
of new garments as the reference case (see Section 3.3). 

In this sensitivity analysis, the assumed environmental impacts of the new garments partial 
life cycle were assumed to be half of that which was used in the baseline to see how this 
would change the result. 

The results indicate that if the environmental impacts of the reference case were reduced by 
50%, the new break-even points would be: 

 Climate change: about 15% (dyeing) or less than 10% (other processes) 
 Water use deprivation: less than 10% 
 Resource depletion – fossil fuels: about 20% to 10% 

The use of alternative results for the reference study would thus likely have a limited effect 
on the conclusions of the study. The quality factor Q would still have to be low for 
reconditioned garments to have an equal or higher environmental impact than new garment 
production. 

 

4.5.2 Sensitivity analysis – Transportation distance for sorted garments 
This study assumes a transportation distance of sorted garments of 50 km, corresponding to 
collection and sorting in Borås and reconditioning processes in the nearby locality of Kinna. 
This is a specific situation, which may or may not be possible to generalize to other contexts. 

In this sensitivity analysis, the assumed transportation distance was increased from 50 km to 
1000 km, which would correspond approximately to the distance between collection and 
sorting in Umeå in northern Sweden to reconditioning in Kinna. 

The results indicate that if transportation distance was increased to 1000 km, the new 
break-even points would be: 

 Climate change: less than 10% 
 Water use deprivation: less than 10% 
 Resource depletion – fossil fuels: about 10% or less than 10% 
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A large increase in the transportation distance would thus have limited effects on the 
conclusions of the study. The quality factor Q would still have to be low for reconditioned 
garments to have an equal or higher environmental impact than new garment production. 

 

4.5.3 Sensitivity analysis – Overall losses during collection, sorting, and 
reconditioning  

This study assumes yields for collection, sorting and the reconditioning processes to 
calculate the results per 1 kg reconditioned garments to retail. As processes and business 
models are in a pilot stage, actual data are missing. 

In this sensitivity analysis, it was assumed that after performing collection, sorting, and 
reconditioning, an additional sorting step would reduce the number of garments to retail by 
another 50%. In practice, this simply means that all environmental impacts up until that 
point are doubled. If losses occur earlier in the value chain (e.g. during collection and 
sorting), only the environmental impacts of processes up to that point would be increased, 
which are of less relevance and thus would have a lower impact on the results (see 
Section 4.2). 

The results indicate that if an additional 50% losses after reconditioning was added, the new 
break-even points would be: 

 Climate change: about 15% (dyeing) or less than 10% 
 Water use deprivation: less than 10% 
 Resource depletion – fossil fuels: about 20% to 10% 

A significantly higher rate of losses after the reconditioning processes (or earlier) would thus 
have limited effects on the conclusions of the study. The quality factor Q would have to be 
low for reconditioned garments to have an equal or higher environmental impact than new 
garment production. 

 

4.5.4 Sensitivity analysis – Combination of effects  
In the three previous sensitivity analyses, each change in assumptions or data have been 
done individually. 

In this sensitivity analysis, the combination of all three effects was tested on the results: 
what if the environmental impacts of new garment production were overestimated by a 
factor 2x, if the transportation distance of sorted garments was 1000 km instead of 50 km, 
and if there are an additional 50% losses of reconditioned garments? The results are shown 
in Figure 10, Figure 11, and Figure 12 for each indicator. 
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Figure 10 Results for sensitivity analysis combining all three effects as described in the text. The comparison is 
made between reconditioned garments and new garments in terms of the climate change indicator, with different 
assumptions for the quality factor Q. 

 

 

Figure 11 Results for sensitivity analysis combining all three effects as described in the text. The comparison is 
made between reconditioned garments and new garments in terms of the water use deprivation indicator, with 
different assumptions for the quality factor Q. 
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Figure 12 Results for sensitivity analysis combining all three effects as described in the text. The comparison is 
made between reconditioned garments and new garments in terms of the resource depletion – fossil fuels 
indicator, with different assumptions for the quality factor Q. 

 

The results indicate that a combination of several effects could change the results for the 
climate change, and resource use – fossil fuels indicators. The new break-even points would 
be: 

 Climate change: about 35% to 25% 
 Water use deprivation: less than 10% 
 Resource depletion – fossil fuels: about 40% to 35% 

 

4.6 Plausibility check 
No similar study has been identified to cross-check the results. The relative importance of 
the reconditioning process compared to collection and sorting seems plausible due to the 
energy need to heat water. The relative contribution from the different transportation 
stages seems to match the transportation distances. 

 

4.7 Completeness check 
Known data gaps in the study includes a more detailed modelling of capital goods for 
collection, sorting, and reconditioning. In the current model, these were approximated using 
only the building and not for the machinery. The data for collection and sorting did not 
include any ancillary flows, which may or may not be a data gap. For the reconditioning 
process, there are no known data gaps, but this does not automatically mean that they don't 
exist, e.g., due to misunderstandings during data collection. A site visit was held at Färgeriet 
EK in Kinna to avoid such problems. 
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In case the study would have included other environmental impact categories, other 
inventory flows may be relevant to add for the reconditioning process, e.g. direct emissions 
to air or emissions to water that are not treated in the wastewater treatment plant. If the 
inventory data from this study was to be reused in another study, they would have to be 
checked for completeness in accordance with the goal and scope of that study. 

 

4.8 Consistency check 
The retail stage in Sandin et al. (2019) includes business trips, staff commuting, and uses 
avoided emissions to account for the benefits associated with useful material and energy 
flows coming out of waste treatment. These inconsistencies with the goal and scope of this 
study were assessed to be insignificant and well within the existing uncertainties in choosing 
the reference products. There may be potential other differences in characterization factors 
used, versions of the Ecoinvent database, etc. As a result, the results used for the reference 
system were checked as part of the sensitivity analysis. 

Data for the foreground system (reconditioning processes, transportation distances, etc.) 
were found to be collected in a way that was consistent with the goal and scope. In addition, 
the background database (Ecoinvent v.3.11, cut-off system model) was found to also be 
consistent with the goal and scope of this study. 

 

4.9 Data quality assessment 
Data were found to in general fulfil the data quality requirements as specified in the goal 
and scope of the study. Data for collection and sorting are not necessarily representative for 
the situation in Sweden and is based on a master's thesis. As the energy use during 
reconditioning is much larger than collecting and sorting, this likely would not change the 
results or conclusions of this study. 

Data for reconditioning processes are a combination of measurements and estimates aiming 
to represent a future situation with inherent uncertainties. Losses during collection, sorting, 
and reconditioning are highly uncertain, why this is checked as part of the sensitivity 
analysis. District heating use is a conservative estimate that is not based on any specific data. 
The model is specific to the geographical context in this study, and especially the electricity 
mix and source of heat may have to be reconsidered for reconditioning processes taking 
place in other countries. 

Transportation distances are inherently uncertain and relates to a specific scenario. The 
baseline transportation distance from collection and sorting to reconditioning is checked as 
part of the sensitivity analysis. 

Infrastructure was generally included in the system boundaries, but the underlying 
assumptions are highly uncertain. 

The database chosen for generic data such as materials, energy, and transport is consistent 
with the goal and scope, but some upstream data sets, especially chemicals, have some 
potential problems about representativeness. The implementation of data and calculation 
methods in the software may also have an impact on the results. When cross-checking the 
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results of the Ecoinvent LCIA implementation compared to an alternative implementation by 
GreenDelta, it was found that this choice had large potential impact on the results for the 
resource depletion – minerals and metals indicator, but very minor effect on the other 
indicators. This was found to be due to the additional characterization factor for sodium 
chloride added by Ecoinvent (see Section 2.9). 
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5 Conclusions and suggestions for further work 
The goal of this LCA study is to address the overall question: When is it relevant to perform a 
reconditioning treatment of garments from an environmental perspective? This question has 
been investigated for four different reconditioning processes assumed to be carried out in 
Sweden in the region around the city of Borås using a data aiming to represent a somewhat 
larger scale of operations than what is currently performed. Four different environmental 
impact categories are calculated. 

The baseline analysis indicates that reconditioned garments have an environmental impact 
that is about 10 to 100 times lower (i.e. 1-2 orders of magnitude) than new garments in 
terms of climate change, water use deprivation, and resource use – fossil fuels. The fourth 
impact category (resource use – minerals and metals) cannot be compared as such results 
were missing from the reference study. 

If the quality of reconditioned garments is assumed to be lower than new garments, they 
would still have a lower environmental impact with a break-even point below 10% for all 
three reconditioning processes. This should be interpreted to mean that even if the 
reconditioned garments are only used 10% of the number of times as new garments, their 
environmental impact would still be lower. However, simultaneous changes to multiple 
underlying assumptions could shift this break-even threshold higher.  

A suggested rule of thumb is that even with conservative assumptions, if reconditioned 
garments are used at least half as often as new garments, their impact remains lower across 
all three calculated environmental impact categories. 

The main limitations of this study are that it uses estimates, theoretical calculations, and 
assumptions to model a future situation rather than measured data. Furthermore, the study 
only includes a limited set of environmental impact categories, uses a functional unit of 1 kg 
of cotton garments to retail and thus does not include the use stage of the garments. The 
data quality of the upstream production of chemicals could also be improved with more 
representative data. 

Future LCA studies of reconditioning processes for garments should focus on collecting 
specific data for the reconditioning process (especially use of heat and losses), better 
upstream data for chemicals production, and include additional environmental impact 
categories. It is also recommended that the potential quality difference between new 
garments and reconditioned garments is investigated further. 
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