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Introduction

The European Union is prioritizing the
development of sustainable production and
consumption regulations (European
Parliament, 2024), with the textile and footwear
sector identified as a key focus due to its
challenges, including those posed by fast
fashion (Faraca G. et al., 2023). In this regard,
the upcoming Product Environmental Footprint
Category Rules for Apparel and Footwear will
define guidelines for evaluating the potential
environmental impacts of products in a
comparable way.

In this context, Life Cycle Assessment (LCA)
plays a crucial role. Indeed, a key factor in
ensuring comparability of LCA studies is the
functional unit (FU), which aims to define the
product's specific function, quantify related
flows, and assess the environmental profile.
From an operational perspective, FU can be
defined by answering four questions: What?
How much? How well? How long? (European
Parliament, 2024) When considering textiles
and footwear products, the last two questions
are challenging to represent, as they
intrinsically depend on variables such as
consumer behavior, product durability, and
fashion ftrends (Laitala & Klepp, 2020).
Consumer habits such as usage frequency,
care practices, and disposal preferences
significantly affect product lifespan. Similarly,
the quality and durability of materials determine
how long a product can last. Furthermore,
rapidly changing fashion trends can shorten
products’ lifespan, as consumers may discard
items that are no longer in style, even if still
functional. To capture these aspects, Klepp et
al. (2020) proposed to measure garment
lifespan in terms of years, number of wears,
cleaning cycles, and users. Consequently, the
ideal FU should combine all these factors.
However, there is a lack of sufficient knowledge
to effectively operationalize this approach and

capture these highly variable aspects in LCA
modeling. Consequently, this study aims to
explore how product lifespan has been
modeled in LCA studies of textile and footwear
products to initiate a discussion on the most
suited approach.

Methods

A literature search was conducted on Scopus,
considering publications available up to
November 2024, using the combination of
keywords reported in Table 1. Our focus was on
studies explicitly addressing LCA of textiles and

footwear products, which included
considerations on product lifetime.
Lifetime Life Cycle Product
Assessment Category
life service
T Environmental
service life . Apparel
impact
. . Environmental
service of life Footwear
assessment
. Environmental
duration of . .
X impact Textile
service
assessment
lifetime L2 g7 Cloth
analysis
lifespan Life cycle Garment
assessment
product life LCA

Table 1: keywords and terms of literature search

The search yielded 104 articles, 17 of which
deemed relevant based on explicit criteria: (i)
inclusion of LCA for textiles or footwear, (ii)
consideration of lifetime modeling, and (iii)
accessibility of methodological details. Selected
articles were categorized based on product(s)
studied, system boundaries, FU, lifetime
modeling approach, and lifetime estimation
methods.
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Preliminary results
The reviewed studies covered a wide range of
products, primarily clothing items, with some
studies addressing multiple products
simultaneously. T-shirts were the most
analyzed product (Amasawa et al.,, 2023;
Farrant et al., 2010; Kjaer et al., 2016; Meng et
al., 2024; Meyer et al., 2011; Periyasamy et al.,
2017; Proske & Finkbeiner, 2020; Temizel-
Sekeryan & Hicks, 2021), followed by trousers
(Amasawa et al., 2023; Farrant et al., 2010;
Kambanou et al., 2024; Luo et al.,, 2022;
Periyasamy et al., 2017; Zamani et al., 2017)
and jackets (André, 2024; Steinberger et al.,
2009). Other products, such as shoes (Ferreira
et al., 2020), shoe soles (Caraceni et al., 2024),
socks (Meyer et al., 2011), dresses (Zamani et
al., 2017), and sweaters (Wiedemann et al.,
2020), were only reported once. We also
included two non-apparel product studies that
we deemed relevant: bedsheets (De Saxce et
al., 2012) and silver-enabled textiles (Hicks &
Theis, 2017). The studies operate within
different system boundaries with cradle-to-
grave being the most common (13 studies),
followed by cradle-to-use (2) and reuse-
focused modeling (2).
Concerning FU and lifetime modeling, various
approaches were identified:
Number of care cycles - This approach
estimates lifespan based on the number of
washes, using values from literature and
surveys. For example, t-shirts were
modeled with a lifespan of 100 laundering
cycles (Hicks et al., 2015; Temizel-
Sekeryan & Hicks, 2021), while for jeans,
two approaches were followed, one
considering average yearly washing
cycles (Periyasamy et al., 2017), and the
other assuming various frequency and
washing scenarios (Luo et al., 2022).
Combination of the number of wears
and care cycles - Here FU is defined as a
function of the number of times a product
is worn, often set to a single wear. In this
context, care cycles scan product lifetime
since they occur with a defined frequency.
For example, Steinberger et al. (2009)
modeled the lifecycle of a cotton t-shirt and
a polyester jacket, considering as FU “100
days of a garment being worn”, which
includes variable care cycles for the t-shirt
(one every two wearings) and the jacket
(three times a season). Zamani et al.
(2017) and Sandin et al. (2019), when
evaluating several garment types,
considered FU of “one average use”.
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Years of use - In this method, lifetime is
measured in years rather than specific
usage cycles (Amasawa et al.,, 2023;
André, 2024; Ferreira et al., 2020). Unlike
previous approaches, here the use phase
consists of many stages, where clothing is
either worn, cleaned, or stored.

Durability-based lifetime estimation -
This approach models lifespan based on
the product's intrinsic properties. De Saxce
et al. (2012) and Caraceni et al. (2024)
applied this method to bed sheets and
footwear soles respectively, by conducting
mechanical tests to establish durability
parameters. This approach focuses on the
product’s inherent characteristics (material

quality, construction, and design), to
estimate its potential lifespan and may be
relevant, where durability and

performance are key factors. However, it
may not fully capture the impact of
consumer behavior and usage patterns.

Conclusions

This study explores how the concept of product
lifetime has been integrated into LCA studies
for textile and footwear products. The
complexity of this topic has so far prevented the
development of a comprehensive model
capable of simultaneously representing the

number of wears, service lifespan, and
durability features.
While there is substantial literature on

consumer behavior, offering valuable data for
LCA studies, approaches that define lifespan
based on product durability remain
underexplored. These durability-based models
have the potential to evaluate products’ lifespan
by leveraging their intrinsic properties and
product performance. Moreover, incorporating
durability into LCA studies could facilitate the
inclusion of product quality metrics, a critical
issue for the apparel and footwear sector.

Future research should focus on harmonizing
these models by integrating durability metrics

with  consumer data and developing
standardized methodologies for lifetime
modeling that improve accuracy and

applicability in the textile and footwear sector. A
proposal for recommendations will be
formulated based on the type of products, FU,
and goal of the LCA study.
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