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Abstract: This paper presents an algorithm for evaluating the environmental impact of
clothing swaps, promoting extended use and responsible consumption. Implemented in an
online swapping platform, the algorithm quantifies reductions in environmental impact
due to extended clothing lifespan and avoided purchase of new garments, promoting
swapping activities. Developed through scientific literature analysis, life cycle assessment
(LCA), and swapping practice studies, the algorithm uses the following key environmental
indicators: carbon footprint, water use, energy consumption, and land use. It integrates
consumer behavior insights and uses both default and user-entered clothing data to calcu-
late environmental savings. Results show that clothing impact varies by fabric. Viscose
and polyester clothing have the lowest environmental impact, while swapping cotton and
wool items yields the highest savings, as these materials are more resource intensive. The
platform-integrated algorithm recorded 251 swaps over two months, preventing 4203 kg
CO, emissions, 6813 m> of water use, 3118 m2a crop eq of land use, and 88.79 GJ of energy
consumption. These findings highlight the significant environmental benefits of prolonging
clothing use through swapping.
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1. Introduction

The textile industry is a significant contributor to environmental pollution, with
each stage of a piece of clothing’s life cycle producing different types of pollutants. This
impact stems from the high consumption of natural resources and energy, extensive use
of chemicals, water pollution, greenhouse gas emissions, and waste generation [1-3]. The
supply chain of textiles is extensive and complex, with substantial environmental impacts
that differ according to fabric type, covering raw fiber, yarn, and fabric production, clothing
manufacturing, use, and end-of-life (EoL) stages. Fiber production alone can account for
up to 60% of a clothing’s total environmental footprint, while the use phase—particularly
laundering—can contribute 20-30% of energy and water consumption over a piece of
clothing’s life cycle. Fast fashion accelerates these impacts, with over 92 million tons of
textile waste generated annually and significant emissions tied to rapid production and
disposal cycles. Additionally, synthetic textiles contribute to microplastic pollution during
use and at EoL [4-7].

In more detail, raw cotton fiber production involves cotton cultivation and the use of
agrochemicals, which contribute to water consumption, land use, and terrestrial ecotoxic-
ity [8,9]. Polyester yarn and fabric production, on the other hand, significantly contributes
to global warming potential and fossil resource scarcity because the spinning and weaving
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stages are energy-intensive [8,10]. Dyeing and finishing processes of all kinds of fabrics
may be particularly harmful, releasing persistent coloring pollutants, heavy metals, and
other toxic chemicals into water bodies, leading to high chemical oxygen demand and
biochemical oxygen demand—in wastewater [11]. The textile industry is a major source of
microfiber pollution, which occurs during synthetic yarn and fabric production, use, and
disposal, posing a growing environmental risk [12,13]. The use phase of textile products
also contributes significantly to environmental impacts, particularly through water use,
energy and chemicals consumption, and CO; emissions, which are influenced by consumer
behavior such as washing and drying practices [14-16]. The EoL stage further adds to the
environmental burden, especially if textile waste ends up in landfills [4]. Reuse and recy-
cling are proposed as the best options for EOL while reuse has significant environmental
savings compared to recycling [4,17].

The rise of fast fashion has not only increased consumption rates but also altered
perceptions around clothing longevity and value, leading to a culture of disposability that
exacerbates waste generation and resource depletion [18].

The linear model of production and consumption affects negatively the environ-
ment [19] and efforts to mitigate it include the development of sustainable practices such as
eco-labeling, which encourages the production and consumption of eco-friendly textiles [3].
Innovative recycling and circular economy models are being explored to reduce resource
use and waste, however, challenges remain in achieving their widespread adoption [20,21].

According to [4,22], life cycle assessment (LCA) is crucial for understanding and
reducing the environmental impacts of clothing, guiding towards more sustainable prac-
tices. Also, LCA is a critical method providing a holistic view from raw materials to
EOL stages [23,24]. LCA’s ability to provide detailed insights into each stage of the tex-
tile production process, such as fiber production, yarn manufacturing, and fabric dyeing,
makes it invaluable for identifying environmental hotspots and potential areas for improve-
ment [8,25]. Moreover, LCA supports the transition towards circular economy practices
by evaluating the benefits of recycling and reuse, which are essential for reducing the
environmental footprint of textiles [24].

The European Commission has adopted the EU Strategy for Sustainable and Circular
Textiles to extend clothing life-cycle loops via reuse and repair activities [26,27]. For
instance, business models that focus on selling secondhand clothes or renting clothing can
effectively displace the need for new clothing, thus decreasing the environmental burden
of production processes [28].

According to [29,30], the transition to a circular economy in the textile industry that
involves recycling and reusing materials can mitigate environmental impacts by reducing
water stress, the need for virgin resources, fossil fuel consumption, and pollution through
greenhouse gas emissions and waste. Increasing the lifespan of clothing can dramatically
reduce these impacts [5,31] because extending textile use requires less frequent replace-
ment and, thus, lower overall impacts [32]. Thus, reuse models are crucial to mitigate
environmental impacts and promote sustainability within the textile industry.

The reuse practices of selling, renting, repairing, and swapping used clothes each offer
distinct approaches to extending the lifespan of clothing and reducing environmental im-
pacts, yet they differ significantly in their implementation and consumer engagement [33].
Used clothes reselling involves selling pre-owned clothing through physical or online stores
including monetary transactions [34]. Renting practice allows consumers to temporarily
use clothing items for a fee. It appeals to those interested in clothing variety without the
commitment of ownership [34,35]. Repairing clothes encourages consumers to maintain
and care for their clothing, though it requires a shift in consumer behavior towards valuing
longevity over newness [36]. Swapping involves exchanging clothing items with others
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for free, often facilitated by events or online platforms without purchasing new items,
often informally. It is driven by social interaction but can be limited by unfamiliarity and
materialism [37,38].

One way to encourage consumers to adopt one or another reuse option is to demon-
strate the environmental benefits of doing so. This requires having targeted calculation
tools and presenting them in a way that is acceptable to consumers.

The examples of existing calculators are the RREUSE tool, the Consumer Donations
Calculator, and the Textile Eco Calculator, which are integrated into the websites of organi-
zations engaged in reuse: social enterprise network RREUSE [39], charitable organization
Charitable Reuse Australia [40], and textile waste management company group TexCy-
cle [41], respectively. These websites perform educational work, providing consumers with
opportunities to check the possible reduction in environmental impact when choosing used
clothing over new. Another example is the used clothing resale platform ThreadUp [42],
where the environmental impact is measured on the scale of an entire personal wardrobe us-
ing the Fashion Footprint Calculator. Here reuse is just one of the aspects evaluated, and the
result is not presented separately. The impact of a wardrobe is similarly assessed using the
Personal Fashion GHG Footprint Calculator on the website of consulting company Green-
Stitch’s [43], where, for educational purposes, clients can learn about the environmental
(greenhouse gases emissions/carbon footprint) impact of their existing clothing.

One more example is Selflessclothes platform [44], selling new clothes and encourag-
ing consumers to choose those that are sustainable. They provide the calculation of the
reduction in environmental impact that comes from using sustainable clothing vs. those
manufactured traditionally. Such an approach of comparing two items can serve as an
idea for calculating environmental benefits of clothing swapping, just in the latter case a
comparison should be made between new and swapped clothing.

The review of existing calculators shows that some platforms dealing with the resale of
used clothes assess the environmental impact of clothing, including the aspect of reuse. In
case of other reuse models (rental, repair, swapping), a practice of assessing environmental
impact was not identified. Selling unnecessary clothes, renting, or repairing them creates
a clear monetary value—the clothing or the related service is priced and sold to an inter-
ested consumer, thus generating a financial reward for the reused item. In the swapping
model, monetary value disappears. Thus, our study explores what other value, potentially
important to users, is created through clothing swapping platforms and in this case, the
following environmental value was chosen: the reduction of environmental impact.

The research question of this study is the following: how can environmental benefits
of clothing swapping be calculated? The study was conducted in cooperation with an
online swapping platform [45]. This allowed us to combine theoretical research with
practical insights into the behavior of users of clothing offered for swapping, and to have
the real-world implementation and testing of environmental impact calculations. As a
result, an algorithm to calculate the environmental impact reduction through swapping
was developed, and the calculation results are presented to customers in order to promote
swapping practices instead of throwing clothes away or buying new clothes.

2. Materials and Methods

The method for the development of an algorithm to calculate the environmental
impact of clothing swaps represents an approach to understanding and quantifying the
environmental consequences of this practice. This integrates insights from the scientific
literature, swapping practice analysis, and LCA using SimaPro 9.1 software to assess fabric
impacts, creating a database with constant (default) and variable data to calculate and
display changes in environmental impact for individual clothing, user wardrobes (group
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of clothing provided for swaps), and platform-wide activity. The algorithm subtracts the
impact of swapped items from the impact of new ones, refining the process via continuous
input analysis and improvements.

The methodology for the development and implementation of an algorithm is pre-
sented in Figure 1, which explains the steps of development (green fields) and the logic
of algorithm performance (red fields). An explicit description of algorithm development

steps is presented further.
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Figure 1. The methodology for developing and implementing the algorithm for assessing the change
in environmental impact through clothing swaps.

2.1. Algorithm Development

At this stage, the algorithm logic and formula were established, the necessary data and
their sources were identified, a database of default data used in calculations was created,
and interaction between default and user-entered data was found.

2.1.1. Identification of Significant Factors Based on the Scientific Literature

A identification of significant factors based on the scientific literature served to identify
factors that influence the environmental aspects of clothing, and relevant environmental
impact categories that further provided the basis for the logic of the algorithm and the
development of the database.

The search strategy for the literature review involved the use of online databases
such as Scopus, ScienceDirect Journals, and Springer LINK Journals. The literature from
2014 to 2024 was reviewed to capture the most current studies related to the environmental
impact of clothing reuse. The review was structured around a specific set of keywords
grouped into three categories: environmental impact assessment, clothing, and reuse.
Key search terms included “life cycle assessment”, “environmental impact categories”,

/a7 A /a7

apparel”, “textile”, “consumption”, “reuse”, “extended lifespan”,

a7 7

“clothing”, “garment”,
and “swapping”.
Articles were first filtered to include only research articles (243 articles) containing data,
methods, and results relevant to the categorized keywords. A second screening (88 articles)
focused on the relevance of the papers, particularly those related to life cycle assessment,
environmental impact, and reuse practices, with unrelated articles being eliminated. The
final selection involved a thorough review of the full papers (21 articles), with eliminations
based on the lack of life cycle inventory data, the lack of impact assessment in every life
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cycle stage, and no key environmental categories, life cycle stage, and clarity of data, such
as the clarity of data sources, and data collection methods. Analysis of the literature review
is summarized in Section 3.1.1, highlighting the most significant impact categories and the
reasons behind these impacts, as well as documenting reuse and swapping practices.

2.1.2. Analysis of the Swapping Practice

The analysis of the clothing swap online platform was conducted in the online swap-
ping platform GiverTag [45], which was established in July 2022, focusing on free clothing
swaps among registered users. The users upload photos of their unwanted wardrobe con-
tents (clothes, shoes, small leather goods, accessories) to the platform, providing requested
information (brief description, category, condition, size, brand, location), thus creating their
virtual closets to swap clothes among each other. During the study period (August 2023 to
June 2024), the platform was in the testing stage, with several dozen members registering
and forming their wardrobes. There were initial trial swaps of approximately 900 clothes,
and user feedback was provided to GiverTag creators.

Given the iterative approach of the study, at first, the surveyed platform users helped
to clarify which fabrics dominate and, therefore, are relevant to be included in the algorithm.
The platform was later supplemented with questions that allow for the collection of all
other information necessary for calculations, the need for which was identified during the
literature analysis and formula development.

The summarized results of the analysis of swapping practices—the dominant com-
position of clothing by fabric and other data required by the algorithm—are presented in
Section 3.1.2.

2.1.3. Development of Algorithm Database with Default Data

Developing the formula and analyzing the swapping practice, it became evident which
data should be set as defaults in the algorithm database and how these defaults correlate
with the information provided by users.

To support the calculations, a database containing default data was created following
these steps:

1.  Default data was collected based on the scientific literature.

2. LCA [46] data for 11 different fabrics was compiled using 1 kg of fabric as the func-
tional unit. The analysis was conducted using the LCA software SimaPro [47], utilizing
inventory data from the Ecoinvent v3.8 database [48] and relevant scientific sources
to calculate:

e  The environmental impact of 1 kg of new fabrics, with system boundaries set
from cradle to grave (including raw material extraction, production, distribution
and retail, first use, and end-of-life (EoL) stages);

o  The impact of 1 kg of swapped fabrics during their use phase (washing, drying,
and ironing). In this scenario, each time the clothing changes ownership, its wear
time decreases by 30%, reducing the number of wash cycles [49].

The LCA took the following assumptions into account:

1.  The use phase includes transportation, as well as washing, drying, and ironing.
Transportation in the use phase accounts for travel to and from the store or swap
location for both new and swapped clothing.

3. The distribution and retail phase includes transportation to the retail store.

4. Asinformation on the country of origin was not collected when assessing the environ-
mental impact of clothing swaps, average data from the Ecoinvent database—including
global or rest-of-the-world datasets—were used to evaluate the impact of raw material
extraction, production, distribution, and retail stages. For other life cycle stages—use
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(including energy consumption for travel, washing, drying, and ironing) and EoL
(such as the proportion of clothing separated for reuse, incineration, or disposal)—data
from Lithuania or rest-of-Europe datasets were applied.

5. Additionally, since each clothing category differs in weight and fabric composition,
1 kg of a specific fabric was selected as the functional unit. This allows the algorithm,
using user-provided data, to calculate the environmental impact of each swapped
clothing item based on the proportions of different fabrics it contains.

An important decision in conducting an LCA is how to allocate the environmental
burden of multifunctional processes among their various outputs. In this study, several
processes were identified as multifunctional. For instance, cotton cultivation produces
both seeds and fiber; viscose production generates fiber and several by-products; waste
incineration results in both heat and electricity, which offsets energy use; and washing
machines clean multiple clothing items simultaneously.

Accordingly, the environmental burdens of production, transportation, and washing
processes were allocated based on mass, under the assumption that their impacts are
mass dependent.

In the Ecoinvent database, which accounts for reuse at the EoL stage, the environmental
burden of primary material production is assigned to the original (first) user of the material.
No environmental credit is given for providing reused material to subsequent users. As
a result, the secondary user assumes the burden of reuse (in this study, the burden of
swapping), but not the impacts related to the production of primary materials or other life
cycle stages.

2.1.4. Algorithm Formulation

The algorithm formula was developed in parallel with the other steps of this stage,
adding or excluding relevant data. During this stage, the algorithm logic (Figure 2) was
refined, and an algorithm formula was created based on it. Default parameters from
database and varying data entered by users are required for calculations (Section 3.1.4).

Figure 2. The logic of the algorithm for calculating environmental impact reduction through

clothing swaps.

Without swapping;: With swapping:
Raw material extraction | | Raw material extraction
§ Manufacturing Manufacturing
24 | Distribution Distribution
=i
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The algorithm’s logic is based on the product displacement principle that a swapped
clothing eliminates a need for a new clothing. In the traditional case, the first user would
simply throw away the purchased clothing when he/she no longer wanted it, even though
it was still suitable for wearing. The second user would buy a new clothing item when
he/she needed it. Thus, we would have a case where two new clothing are purchased, both
of which go through a full lifecycle (extraction of raw materials, production, distribution,
use, disposal). In the case of swapping, instead of throwing away the clothing, the first user
submits it to a swap: this avoids the disposal stage. The second user takes over this clothing:
this extends the use stage, at the same time avoiding the extraction of raw materials and
the production stage; the disposal stage is postponed to a later time.

These considerations result in the following calculations:

2.2. Algorithm Performance

At this stage, the algorithm was integrated into the swapping platform. It was imple-
mented and tested as a key component of the IT solution. The environmental reductions
were subsequently evaluated to ensure accuracy and functionality.

3. Results

3.1. The Development and Implementation of Algorithm
3.1.1. The Significant Factors for Environmental Impact Assessment

The literature review outlined the direction in which the algorithm should be devel-
oped, i.e., what aspects should be included in the calculation of the environmental impact
of clothing.

The environmental impact of clothing is influenced by various factors throughout
its lifecycle, from raw material extraction, manufacturing, retail and distribution, and
use to EoL disposal. For example, 80% of the total climate impact of Swedish clothing
consumption is linked to its production mostly provided by fossil fuels and water scarcity,
and 14% is linked to the usage stage including transport back and forth from the store
and laundering due to energy use [50]. Clothing manufacturing processes, including
spinning, weaving, dyeing, and finishing, release harmful chemicals and wastewater, with
approximately 2000 chemicals involved, particularly in wet processing [4].

The environmental impact category that is most affected depends on the fabric pro-
duced. [51]. Cotton production, unlike other fabrics, demands substantial water, pesticides,
and fertilizers, leading to water scarcity, soil degradation [4,52], energy demand, and land
occupation [53]. Wool production, particularly in the farming stage, contributes heavily to
greenhouse gas emissions, while water stress and energy demand impacts are distributed
across fiber production and fabric processing [5]. Viscose, a man-made cellulose fiber,
is evaluated for its primary energy demand, water use, and land use, with variations
in impact depending on the production region, as seen in comparisons between viscose
produced in Asia and Austria [5,54].

Polyester, a synthetic fiber derived from fossil fuels, has a notable impact on terrestrial
ecotoxicity, fossil resource scarcity, and greenhouse gas emissions, with minor effects on
stratospheric ozone depletion [8,55,56]. In 2018, global textile fiber production exceeded
107 million tons, with synthetic fibers comprising nearly two-thirds and expected to rise
further [57], together with the environmental impact attributable to synthetic fibers.

Another significant lifecycle stage—use—involves washing, drying, and ironing,
which consumes water, energy, and detergents, releases microplastic emissions when laun-
dering polyester clothes, and significantly contributes to environmental impacts [52,58].
Frequent washing, especially with inefficient machines, and extensive use of dryers increase
energy and water consumption, highlighting the potential for environmental improvement
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through reduced laundering frequency and more efficient care practices [59,60]. In the
jeans LCA case [4], the use stage accounted for around 58% of overall energy use while
fabric production and cutting /sewing consumed 21% and 10% of total energy, respectively.

One of the most preferable ways to significantly reduce the environmental impact
of textiles is to extend their lifetime, for which the design of the textile and practices of
domestic use are of great importance. More durable textiles are worn for longer and
encourage the increased development of circular textile business models, such as reuse,
rent and repair, end-of-life collection services, and second-hand clothing retailing, which at
the same time provide consumers with opportunities for savings [26,50]. Prolonging the
wearing time can dramatically reduce the overall environmental impact, as demonstrated
in studies on wool sweaters where increased clothing use led to a substantial decrease
in impacts [31]. Also, the choice of fiber affects the clothing’s durability while durable
fibers that support longer clothing lifespans can reduce the need for frequent replacements,
thereby lowering overall environmental impacts [61]. According to WRAP research [62],
extending the lifespan of clothing by an additional nine months can lead to a reduction
in carbon, water, and waste footprints by 20 to 30%; if clothing were worn twice as often,
greenhouse gas emissions would drop by about four times.

To summarize, the results of the analysis indicate that it is advisable to develop a
clothing swapping algorithm by calculating environmental reduction based on the type
of clothing fabric. Fabric selection is crucial in determining the environmental impact
of clothing and varies significantly with the type of fiber used, influencing resource use,
emissions, and waste throughout their lifecycle.

The review of the literature highlights four key environmental impact categories espe-
cially in clothing production and use: global warming, driven by fossil fuel-based processes
and high carbon outputs from materials like polyester and cotton; water consumption,
particularly high in cotton farming, fabric processing, and home washing; energy consump-
tion, which is substantial across manufacturing and laundering, especially for synthetic
fibers; and land use, which is significant in the cultivation of natural fibers such as cotton
and viscose, due to the need for land and agricultural inputs [1,51].

3.1.2. Analysis of the Swapping Practice

A situation analysis of the clothing swap online platform identified the data that must
be collected to build a dataset to calculate environmental impact reduction.

Since the literature analysis found that clothing fabric is important in assessing envi-
ronmental impact, platform users were instructed to provide an information on the fabric
composition of the clothing being swapped. A total of 68 out of 532 swapped clothes did
not have a label, making it impossible to identify the type of fabrics accurately. In this case,
it was decided to develop the algorithm in such a way that the average composition of all
blended-fiber fabric clothing included in the algorithm development practice was used.

In addition to the provided information on fabric composition, users also provided
information about clothing categories.

Table 1 shows the flow of the swapped units of clothing and composition of fabrics.

The other relevant data include:

e  The clothing category and weight—the weight depends on the category, and the
amount of fabric in the clothing depends on the weight;

e  The number of wear cycles for both new and used clothing—this affects the number of
washes, ironing, and drying cycles, which, in turn, impacts the environmental effect
during the use phase of the life cycle;

e The condition of the cloth being swapped—both unused and used clothes could
be swapped;
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e  How the swapped clothing was acquired—whether it was purchased new or used.
If purchased new, after the swap, it is passed to the second owner; if purchased

second-hand, it is passed to at least the third owner;
e  The environmental impact assessment results of the fabrics to evaluate the environ-

mental savings in both new and used clothing contexts.

Table 1. Data on clothing swapping flows and fiber composition (based on data submitted to the

platform during its testing phase).

Share of the Category
Swapped *, Units SISI?::\ Of:gfi:(lf:ttﬁig;)l’yU(ziliz ?f ,? 1 Swapped *, kg Out of All Swapped
PP 8 r e Clothing Units, Mass % *
Swapped overall 532 100 197,523 100
Labeled clothing 464 87 165,901 84
Polyester—37.5%
Cotton—29.9%
Single-fiber fabric 262 56% of which Acrylic—109% 117,483 71
composition Wool—5.5%
Viscose—4.9%
Other *—11.3%
Polyester—31.6%
Blended-fiber fabric Cotton—29.8%
composition (average o . Viscose—15.1%
composition of all 202 44% of which Acrylic—5.5% 48,418 »
blended clothing) Wool—4.0%
Other **—14.0%
Unlabeled 68 13 29,616 15
Clothing categories (28) Jumper, jeans, trousers, waistcoat, t-shirt, tunic, sweater, blouse, skirt, dress, shorts, jacket, leggings, outdoor vest,
g g raincoat, coat, jacket, underwear, footwear, belt, hat, swimsuit, swimwear, sleepwear, gloves, handbag, scarf, socks.

* A total of 55 wardrobes (or individuals) with an average of 9.7 clothing each; ** other fabric or materials—linen,
silk, polyamide, elastane, leather, rubber (shoe sole).

The identification of significant factors and the swap platform analysis resulted in a list
of data that must be considered when calculating how much the environmental impact is
reduced due to clothing being swapped instead of the first user throwing away the garment
and the second user buying a new one (Table 2).

Table 2. Data relevant to algorithm development in the online platform case.

User-Entered/Default Data Needs

Composition of clothing fabric, %;
clothing category;
User-entered data clothing condition (unused, worn);
purchase method (purchase as new or worn,

gifted/swapped).

Average clothing weight depending on category, kg;
frequency of wear, number of times during
ownership according to clothing category;
frequency of washing, number of times during
ownership according to clothing category;
11 fabrics LCA (new and used) data per 1 kg in
four impact categories.

Default data entered into
the database

3.1.3. The Developed Algorithm Database

Based on data relevant to the development of the algorithm (Table 2), at this stage,
using SimaPro software, a life cycle assessment was performed for eleven fabrics (cotton,
polyester, viscose, wool, acrylic, linen, silk, leather, elastane, polyamide, and rubber for
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shoe soles) taking 1 kg of fabric as a functional unit. Ecoinvent v.3.6 database along with
research from the literature (polyester [52], cotton [52], viscose [52], leather [63], wool [64],
acrylic [64], elastane [52], polyamide [52], rubber [65], linen [66], silk [67]) were also used.

Frequency of wear, laundering practices, and the average weight of clothing in every
clothing category were taken from the literature [49,52,68-70] and entered into the algorithm
database as default values.

According to LCA calculations, among the most commonly used fabrics, viscose and
polyester have the lowest environmental impact of all the assessed fabrics, while cotton,
wool, and leather have the highest impact on the environment. Thus, when swapping, the
best results, i.e., the biggest impact reductions, are achieved for clothes made of the latter
fabrics (Table 3).

Table 3. LCA results of new and swapped fabrics and environmental impact reduction due to
swapping, per 1 kg of fabric.

Average Environmental Impact of NEW Fabrics, During Raw Material Extraction,
Production, Retail and Distribution, First Use *, and EoL Stages, for 1 kg

Impact Acrylic Cotton Leather Polyester Wool Viscose
Global warming, kg CO, eq 64 85.2 469.4 73.2 136.3 65.5
Energy demand, MJ 1549.4 1911 1358.4 1626.4 2161.9 1592
Water consumption, m3 19 15 2.1 1.9 2.2 2
Land use, m2a crop eq 224.1 1102.9 10,460.6 224.7 552.1 225.3

* Average laundering (washing, drying, ironing) time per first user 19.4 times. Leather use includes just cleaning with
appropriate cleaners. Use also includes transportation to and from the swap.

Average environmental impact of SWAPPED fabrics during the second use **, for 1 kg

Impact Acrylic Cotton Leather Polyester Wool Viscose
Global warming, kg CO, eq 22.8 22.8 4 22.8 22.8 22.8
Energy demand, M] 608 608 84.76 608 608 608
Water consumption, m? 0.8 0.8 0.01 0.8 0.8 0.8
Land use, m?a crop eq 107.5 107.5 0.08 107.5 107.5 107.5

** Average laundering (washing, drying, ironing) time per second user 9.5 times. Leather use includes just cleaning
with appropriate cleaners. Use also includes transportation to and from the swap.

Average environmental impact reduction due to clothing swapping, by fabric type, for 1 kg

Impact Acrylic Cotton Leather Polyester Wool Viscose
Global warming, kg CO; eq 41.2 62.4 65.4 50.4 113.4 42.7
Energy demand, M] 941.5 1303 1273.7 1018.4 1553.9 984
Water consumption, m3 1.1 14.2 2.1 1.1 14 1.2
Land use, m?a crop eq 116.6 995.3 10,460.6 117.2 444.6 117.8

The following methods were used in the LCA for the selected environmental im-
pact categories: ReCiPe 2016 [71]—water consumption and land use, cumulative en-
ergy demand (CED) [72]—energy demand, and IPPC 2013/GWP100a (global warming
potential) [72]—global warming.

LCA results for all fabrics, when considering an average number of launderings from
all clothing categories, are shown in Appendix A, Table 1.
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3.1.4. The Formulated Algorithm

Formula (1) was designed to calculate environmental impact reductions (ER) in each
environmental impact category, achieved by swapping clothes and prolonging their lifespan
instead of purchasing new ones, according to the logic presented in Section 2.1.4.

ER = (2 X (IRawMat + IManuf + IDistr + INewUse *+ IEOL)) — (IRawMat + IManuf + IDistr + INewUse1 + Iswappedbistr * Iswappeduse + IgoL) = )

(IRawMat + IManuf + IDistr + INewUse + IEOL) — (ISwappedDistr + ISwappedUse) =INW — IsW

where

ER—environmental impact reduction;

IRawMat, IManuf, IDistr, INewUse, IDisp—impact of raw materials extraction, manu-
facturing, retail /distribution, use of new clothing, and disposal stages, respectively;

IEOL—impact of disposal stage (does not differ for new and swapped clothing);

ISwappedDistr and ISwappedUse—environmental impact of distribution (transporta-
tion) and use of swapped clothing;

INW—impact of the new clothing;

ISW—impact of swapped clothing.

Thus, the net environmental reduction (ER) is calculated by subtracting the environ-
mental impact of the swapped clothing from the impact of the new clothing. The result,
ER, indicates how much environmental impact is reduced due to clothing being swapped
instead of the first user throwing away the clothing and the second user buying a new one.

INW is calculated by multiplying the proportion of different fabrics (1, mj, ...) in the
clothing by mass in kg (PFCm) with the environmental impact of the life cycle stages (pro-
duction, retail/distribution, use, EoL) of the new garment (LCA1) for 1 kg of relevant fabric:

INW = (PFCm; x LCA1) + (PFCmp x LCA1) + ... )

LCAL1 is the sum of the impact of the new clothing use stage from driving/return from
the shop (USE1), and the impact of use stage from washing, drying, and ironing (USE2)
multiplied by the number of these cycles for new clothing (WSH1), and the sum of impacts
from production (P), retail/distribution (R), and EoL (W):

LCA1 =USE1 + (USE2 x WSH1) + P+ R+ W 3

ISW is calculated by multiplying the proportion of different fabrics (m1,my,...) in
the clothing by mass in kg (PFCm) with the environmental impact of the life cycle stages
(second use) of the swapped clothing (LCA2) for 1 kg of relevant fabric:

ISW = (PFCm; x LCA2) + (PFCmj, x LCA2) + ... (4)

LCA2 is determined by adding the impact of clothing use phases related to washing,
drying, and ironing (USE2) multiplied by the number of these cycles for swapped clothing
(WSH2) to the impact of the clothing use phase from driving/return from the shop (USE1):

LCA2 = (USE x WSH2) + USE1 (5)

PFCm; and PFCm; calculates the proportion of fabrics in clothing by mass (kg) using
the average clothing category weight (CWm) and the proportion of fabrics in the cloth (%).

PFCm; = (CWm x PFC%)/100 (6)

The algorithm along with the created database of default data was integrated into
an online platform to assess the environmental impact reductions at the clothing, virtual
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Jacket

SWAPPED

wardrobe, and platform levels. The operation of the algorithm and the results obtained are
described in the following section.

3.2. Algorithm Performance to Calculate Environmental Impact Using the Developed Algorithm
Implemented on an Online Clothing Swapping Platform

The default datasets have been integrated into the platform’s database. This integra-
tion forms the foundation for a real-time feedback algorithm that links user inputs with
environmental impact data. This algorithm enables users to visualize the environmental
impact reductions associated with the clothing they swap on the platform. Using an LCA
approach, the platform provides item-specific impact reductions based on clothing cate-
gory, fabric type, and user behavior, thereby enhancing the precision of environmental
impact assessments. Unlike tools such as RREUSE, ThreadUp, or GreenStitch that focus on
generalized assessments, it quantifies impact at the individual clothing level, providing
real-time feedback and addressing a gap in reuse platforms: the lack of clear, personalized
data that makes environmental benefits tangible for users.

Moreover, the platform’s summary of its overall contribution to environmental impact
reduction allows for trend monitoring and further motivates users to enhance their sustain-
able behaviors. By making environmental savings visible and personalized (Figure 3), the
platform promotes deeper user engagement, motivation, and accountability—key aspects
missing from conventional environmental calculators.

_
D t
i
CEERE kg CO2eq
Uploaded 2024-1-29
Category Upper, Jacket s « Calculated
Si .
- N -2052 environmental
Condition Used tf 2
Brand River Isiand reduction of swapped
Gi D d .
Purchase method iven/Donate: @ ClOthlng Compared
Label Yes -363 to new clothing
Fabric composition Polyester,90%; m2
Viscose, 10%
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/,/ Lining composition Polyester, 100%
b Location Alytus
Edit Swap Donate Delete

Figure 3. Representation of the calculated environmental impact reduction of a sample swapped
clothing in the online platform (carbon footprint—kg CO, eq, water consumption—m?, energy

consumption—M]J, and land use—m?a crop eq).

After the integration of the algorithm into the platform, it was calculated that
251 clothing items were swapped over two months (December 2024 to January 2025).
These swaps avoided emissions of 4137 kg CO, eq and consumption of 6809 m> of water,
3080 m?a crop eq of land, and 87.23 GJ of energy.

Following the implementation of the algorithm on the platform, 20 new users joined,
and 251 clothing were swapped. The most swapped items were dresses (25%), blouses
(18%), trousers (9%), skirts and sweaters (each 7%), jackets, t-shirts, and jeans (each 5%),
and footwear (3%). The least swapped items included outerwear, vests, swimsuits, and
various accessories.
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Clothing made from single-fiber fabrics dominated, accounting for about 70% of all
swapped items, with the remainder (30%) being blended-fiber fabric clothing. Among
single-fabric clothing, polyester (40%), cotton (30%), viscose/natural leather (7% each), and
wool/linen (4% each) were predominant.

The results were also influenced by the weight of the clothing and the number of
washes for both new and swapped items, which depend on the clothing category. For
example, a dress weighs an average of 478 g, is washed approximately 46 times before being
swapped when new, and 22.5 times after being swapped. As a blouse weighs an average of
163 g, is washed about 28.5 times when new, and 14 times after being swapped [49,52,68,69].

Comparing the environmental impact reductions of the most popular swapped cloth-
ing category (dress, blouse, trousers) depending on the fabric, the results varied by envi-
ronmental impact category (Figures 4-7).

Global warming
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Figure 4. Environmental reduction in global warming from swapping dress, blouse, and trousers
according to fabric type.
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Figure 5. Environmental reduction in water consumption from swapping dress, blouse, and trousers
according to fabric type.

The highest environmental reductions in global warming were observed by swapping
leather and wool clothing. Leather has the highest global warming impact among com-
mon fabrics due to its production process. Raising livestock, especially cattle, generates
significant methane emissions—a potent greenhouse gas. Additionally, deforestation for
grazing land increases carbon emissions by reducing CO; absorption. The tanning pro-
cess also consumes large amounts of energy and uses chemicals, further increasing the
carbon footprint [63]. Polyester, acrylic, viscose, and linen generally have lower carbon
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footprints during production, with synthetic fibers requiring less land and natural inputs,
and plant-based fibers like viscose and linen having more efficient, lower-emission farming
methods [22,52,64,66,73]. In the clothing care phase, all fabric types create a similar envi-
ronmental impact because the study applies standardized assumptions (except for leather)
for washing, ironing, and drying. Therefore, the greater the impact during the production
phase, the higher the environmental savings achieved by swapping it and this tendency is
seen in all environmental impact categories.
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Figure 6. Environmental reduction in energy demand from swapping dress, blouse, and trousers
according to fabric type.
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Figure 7. Environmental reduction in land use from swapping dress, blouse, and trousers according
to fabric type.

Silk has the highest environmental impact in energy demand due to its labor-intensive
and time-consuming production process. Raising silkworms, maintaining precise climate
conditions, and harvesting cocoons require significant energy. Additionally, degumming
and dyeing processes are energy-intensive, contributing to silk’s exceptionally high overall
energy consumption per kilogram of fabric produced [67].

The highest environmental reduction in water consumption was observed when
swapping cotton and silk clothes. Cotton and silk have the highest water impact because
cotton requires heavy irrigation for growth, and silk production demands water-intensive
mulberry cultivation to feed silkworms throughout their lifecycle [55,67]. Clothes made
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from other fabrics demonstrate alike reduction levels, being five to seven times lower than
those of cotton and silk. Swapping leather clothing had the highest level of environmental
impact reduction in the global warming category but resulted in the lowest reduction in
the water consumption category. This is because leather clothing requires the least amount
of water among all studied fabrics, both during production and use, as it is typically not
washed but rather cleaned with minimal effort.

Leather and silk have the highest land-use impact because they come from livestock,
which require large areas for grazing and feed production. Raising animals also involves
maintaining pastures and often leads to deforestation or land degradation. Compared
to plant-based or synthetic fibers, animal-based textiles demand significantly more land
throughout their production, contributing to higher overall environmental impact [5,63,74].

According to the results, silk and leather clothing are the most beneficial to swap, i.e.,
to extend their lifespan. However, only 1.6% of silk and 7% of leather clothing are swapped
on the platform. Among the most popular fabrics—polyester and cotton—cotton clothing
is the most beneficial to swap, as it leads to the largest reduction in environmental impact
reduction for water consumption and ranks in the top three for other categories (global
warming, energy demand, and land use).

4. Discussion

This study supports the European Commission’s vision for circular textile systems by
introducing a scientifically grounded algorithm to quantify the environmental impacts of
clothing swaps.

The developed clothing research platform offers a clear and user-friendly tool that
quantifies and visualizes the environmental impact reduction from swapping clothing.
Unlike existing calculators focused on resale or generalized assessments, this algorithm
provides real-time, clothing-specific evaluations based on user inputs and life cycle as-
sessment (LCA) data. By displaying comprehensive environmental savings instantly for
each swapped item, the platform promotes user awareness and encourages the prefer-
ence for reuse over purchasing new. Additionally, the algorithm highlights the added
environmental value of swapping, positioning it as a sustainable alternative to traditional
resale models centered on monetary exchange. Swapping can be viewed as a collaborative
consumption pattern. Formal swapping, like in the research platform, is organized and
structured through events, apps, and online platforms, whereas informal swapping is more
casual and spontaneous and occurs in community settings, highlighting social interaction
and personal networks [37,75,76].

The algorithm operates within a consumer-to-business-to-consumer (C2B2C) busi-
ness model and offers a universal structure that can be adapted to various geographic
locations and other reuse platforms such as rental services or resale channels. Its core
methodology—grounded in fabric-specific LCA data—enables transferability while re-
maining sensitive to regional contexts. For example, it accounts for different electricity
generation profiles and transportation practices, offering a reliable mechanism for global
adaptation. Additionally, the algorithm’s structure allows the user to include more envi-
ronmental impact categories, such as hazardous chemical use or microplastic pollution,
depending on regional or sectoral priorities needing more complete assessments.

From a systems perspective, the research reveals how consumer-level tools like this
algorithm can indirectly influence business-to-business (B2B) practices. Although not the
central focus of the study, the implications for shifts in design, production, and circu-
lar economy models are evident. For instance, enhanced clarity regarding fabric types
and extended clothing lifespans—possibly supported by innovations like Digital Prod-
uct Passports—can feed back into production-side decisions and support circular design
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principles. These links between individual choices and systemic change require deeper
exploration in future research by tracking fabric origin, care, and swap history.

Although the algorithm has shown its value in evaluating the environmental ben-
efits of clothing swaps, this study concentrates on the tool’s development and technical
implementation, suggesting that future investigations should examine its impact on be-
havioral outcomes. However, user reactions to the presented data and potential changes
in clothing consumption habits due to greater environmental awareness represent critical
areas for future research. Understanding how users respond to quantified environmental
benefits could provide information on efficient methodologies for advancing sustainable
practices at scale.

The results also reveal that certain fabrics such as leather, silk, and cotton yield the highest
environmental savings when swapped. These insights can inform stakeholders—including
designers, retailers, and policymakers—about the priority materials and categories to target
in sustainable fashion strategies.

5. Limitations and Future Research

Several limitations emerged throughout the development and testing of the algorithm,
which offer directions for future research. First, the assumption that each clothing swap
prevents the purchase of new clothing in a 1:1 ratio is primarily intended to encourage
users to swap instead of buying new items. While this simplification serves well for
communication and comparison purposes, it fails to accurately reflect the actual rate of
clothing reuse.

In the European context, the rate of clothing reuse substitution typically ranges from
0.3 to 0.6, while in African or Asian countries, it is around 0.8 [17]. This suggests that the
current algorithm model may overestimate the environmental savings achieved through
swapping. A high substitution rate indicates that consumers purchase used clothing
primarily due to socioeconomic factors or environmental awareness. On the contrary, a
low substitution rate suggests that reuse is considered a secondary option to buying new
clothes, and, therefore, the environmental impact of reuse may be lower than expected [77].

Integrating realistic substitution rates into the algorithm could enhance accuracy,
though it may reduce user motivation by presenting more modest benefits. This trade-
off between motivational effectiveness and empirical accuracy is an important area for
further refinement.

Incorporating realistic substitution rates into the algorithm could enhance accuracy,
although it may reduce user motivation by presenting more modest benefits. This trade-
off between motivational effectiveness and empirical accuracy is an important area for
further refinement.

Another limitation lies in the standardized assumptions applied to clothing mainte-
nance and special care such as dry cleaning or hand washing. The current model uses
average Lithuanian energy mix for washing, ironing, and drying, and transportation to
and from swapping spots. Also clothing of different fabric types—such as silk versus
polyester—requires vastly different care. These variations in maintenance not only affect
wear frequency but also contribute differently to environmental impacts. Future improve-
ments to the algorithm should allow for more detailed information on garment care, not
just by fabric but also by clothing category, or provide pre-defined regions and fabrics to
more accurately reduce environmental impact.

However, the platform allows users to indicate whether the item being swapped
was originally purchased as new or used. Based on this information, the algorithm can
determine whether the current swap involves the clothing’s second or third owner. While
this feature provides insight into the lifecycle, it does not capture clothing usage beyond the
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third owner. This constraint could be addressed by integrating Digital Product Passports
to enhance traceability and allow for more comprehensive lifecycle assessments. Such
innovation could also support a better understanding of material aging, degradation, and
repair cycles, further deepening the algorithm’s relevance in circular economy contexts.

In addition to algorithmic improvements, future research should consider expanding
the platform’s database to include a wider range of textile types, particularly as recycled
and organic fabrics become more prevalent, to ensure that the tool remains relevant and
accurate in assessing environmental impacts. This update would align the tool with the
evolving textile market and promote low-impact consumption choices. Similarly, including
culturally specific or regionally common clothing in the platform would improve impact
evaluations and ensure relevance across diverse user populations.

Although the tool currently focuses on clothing, its logic is universal and could be
extended to other reuse-orientated platforms such as tool rental, furniture swapping,
swapping events, or electronic device reuse. This cross-sector adaptability opens the
possibilities for comparative studies on reductions in environmental impact across different
product categories and user habits.

The study did not examine the direct behavioral effects of displaying a reduction in en-
vironmental impact on users. Although it is assumed that transparency fosters responsible
consumption, empirical evidence is needed to validate this assumption. Future research
should explore whether providing personalized environmental savings data influences
users’ long-term choices about clothing acquisition, reuse, and disposal. Insights from
such investigations could inform further platform development, enhance user engagement
strategies, and contribute to the broader discourse on reuse models.

6. Conclusions

While clothing resale is well established due to its financial value, clothing swapping
remains underutilized, despite its significant environmental benefits. The developed algo-
rithm, which allows users to calculate the environmental impact avoided when a garment
is not purchased new, but is acquired through swapping, thus extending the life of the old
garment and avoiding the production of a new garment, can make clothing swapping as
attractive as resale by enhancing its appeal. Both methods extend the clothing life cycle,
but promoting swapping could yield additional sustainability benefits. By compensating
for the lack of monetary value with environmental benefits and fostering environmental
consciousness, swapping can be elevated from a niche practice to a mainstream alternative.
This would complement resale in the overall reuse volumes.

Calculations according to the developed algorithm take into account the clothing
category and fabric from which the clothing is made, clothing wearing, and care practices.
These practices are taken as default data, derived from the literature analysis. LCA of
11 fabrics was conducted during the algorithm implementation process, allowing for indi-
vidual and comparative evaluation of each fabric’s environmental impact and contributing
to informed purchasing and swapping decisions. It turns out that cotton and polyester, the
commonly used fabrics, have a lower potential for environmental impact reduction. Less
frequently used fabrics, leather and silk, have a higher potential for impact reduction, due
to these fabrics’ intensive resource demands. Although silk and leather clothes offer the
greatest environmental impact reductions, their share among swapped items remained low.

The algorithm developed in this study not only enables an individualized assessment
of the environmental impact of clothing swapping but also has the potential to be applied to
other forms of reuse and product groups. This solution develops digital tools to encourage
environmentally responsible consumption and is useful for consumers and businesses
integrating circular economy principles.
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The success of swapping platform will depend on changes in consumer behavior and
their motivation to assess and lessen their environmental impact consuming clothing. Fur-
ther investigation is necessary to understand how the algorithm influences users’ decisions
and under which conditions digital engagement translates into sustainable consumption
actions. Integrating additional variables like case-specific maintenance, time of wearing
clothing, or specifics of regional energy use could enable the tool to provide even more
accurate and personalized results adaptable to different consumption circumstances.
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Appendix A
Table 1. LCA results of and new and swapped 11 fabrics and swapping environmental reduction per 1 kg of fabric.
Average Environmental Impact of NEW Fabrics, 1 kg (Raw Material Extraction, Production, Retail and Distribution, First Use *, EoL)
Impact Acrylic Cotton Leather Linen Polyamide Polyester Rubber Silk Spandex Viscose Wool
Global warming, kg CO, eq 64.0 85.2 469.4 63.6 72.1 73.2 17.4 83.2 73.1 65.5 136.3
Water consumption, m3 1.9 15 2.1 2.5 2 19 0.2 13.4 2 2 2.2

Energy demand, M] 1549.4 1911 1358.4 1651.2 1635.9 1626.4 335.5 2527.2 1646.4 1592 2161.9
Land use, m2a crop eq 224.1 1102.9 10,460.6 372.7 224.2 224.7 5.1 3007.1 224.5 225.3 552.1

* Average laundering (washing, drying, ironing) time per second user 19.4 times. Leather use includes just cleaning with appropriate cleaners. First use also includes transportation to and

from the swap.

Average environmental impact of SWAPPED fabrics, 1 kg (second use *)

Impact Acrylic Cotton Leather Linen Polyamide Polyester Rubber Silk Spandex Viscose Wool

Global warming, kg CO, eq 22.8 22.8 4 22.8 22.8 22.8 6.8 22.8 22.8 22.8 22.8
Water consumption, m3 0.8 0.8 0.01 0.8 0.8 0.8 0.01 0.8 0.8 0.8 0.8
Energy demand, M] 608 608 84.76 608 608 608 125.5 608 608 608 608

Land use, m2a crop eq 107.5 107.5 0.08 107.5 107.5 107.5 0.1 107.5 107.5 107.5 107.5

* Average laundering (washing, drying, ironing) time per first user 9.5 times. Leather use includes just cleaning it with appropriate cleaners. Second use also includes transportation to and

from the swap.

Average environmental impact reduction due to clothing swapping, by fabric type, for 1 kg

Impact Acrylic Cotton Leather Linen Polyamide Polyester Rubber Silk Spandex Viscose Wool

Global warming, kg CO, eq 412 62.4 465.4 40.8 49.3 50.4 10.6 60.4 50.3 42.7 113.5
Water consumption, m3 1.1 14.2 2.1 1.7 1.2 1.1 0.2 12.6 1.2 1.2 14

Energy demand, M] 941.4 1303.0 1273.6 1043.2 1027.9 1018.4 210.0 1919.2 1038.4 984.0 1553.9

Land use, m?a crop eq 116.6 995.4 10,460.5 265.2 116.7 117.2 5.0 2899.6 117.0 117.8 444.6
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