Life Cycle Assessment of a Circular Footwear Production Chain:
Environmental Performance of the ReShoes Mojito Model
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The footwear industry faces a critical environmental challenge due to the large volume of post-consumer waste
generated at end-of-life, with less than 5% of 24 billion pairs of shoes produced per year are recycled or reused (Lee
and Rahimifard, 2012). The remaining footwear is either disposed of in landfills or stored unused in wardrobes for
years, as shoes are difficult to recycle due to their complex multi-material composition, including leather, foam,
rubber, plastics, textiles, metals, and poly-laminated structures bonded with adhesives that are difficult to separate.

While for some industrial and manufacturing sectors, the product recycling process is already in an advanced
state (Mayyas et al., 2012), in the area of sports equipment there is still a degree of uncertainty and nonknowledge
such that disassembly and recycling of products is difficult and expensive due to the multi-material assembly
generally used for this type of products that have not been designed taking into consideration their end-of-life.

The ReShoes system defines a closed-loop production model implemented in Italy and Romania. End-of-life
Mojito shoes are collected through a retail take-back scheme and processed via selective leather hydrolysis,
mechanical grinding of soles, and rubber devulcanization. Regenerated leather is reused at approximately 30 wt% in
new upper production, while devulcanized recycled rubber is incorporated at 50 wt% in new outsoles and at 35 wt%
in rubber toe-cap reinforcements. In addition, ground material from end-of-life soles is reintegrated at 20 wt% into
new midsoles, enabling the elimination of the conventional end-of-life phase.

Within this context, the LIFE ReShoes project aims to demonstrate the technical feasibility and environmental
benefits of a fully circular footwear production chain integrating innovative recycling technologies. This contribution
focuses on the Life Cycle Assessment (LCA) conducted within the project, comparing the environmental
performance of the traditional SCARPA Mojito footwear model with an innovative ReShoes version manufactured
using regenerated materials recovered from post-consumer shoes and production scraps.

The LCA study was performed in accordance with ISO 14040 and ISO 14044 standards and relevant European
methodological guidelines. The primary goal was to quantify and compare the potential environmental impacts of
two production scenarios: (i) a Business-as-Usual (BAU) reference scenario based on virgin raw materials, and (ii)
an innovative ReShoes scenario incorporating recycled leather, rubber, polyurethane, and textile components. The
functional unit was defined as one pair of SCARPA Mojito shoes. Primary data were collected from all industrial
partners involved in the LIFE ReShoes project, while background processes were modelled using Ecoinvent v3
datasets.

The impact assessment covered a comprehensive set of midpoint impact categories, including global warming
potential, water deprivation, eutrophication, acidification, photochemical ozone formation, particulate matter,
toxicity, ecotoxicity, and resource use. Preliminary impact assessment results indicate a reduction of approximately
38% in total global warming potential and 47% in water deprivation for the ReShoes scenario, with consistent
improvements across most environmental categories. These results should be considered provisional, as the



industrial-scale production of the ReShoes footwear is still ongoing and final impact values are currently under
calculation. These results demonstrate that the ReShoes model represents a viable and scalable pathway toward
sustainable footwear manufacturing. By integrating material circularity and design-for-recycling principles, the
proposed production chain reduces the use of virgin resources and lowers end-of-life environmental impacts,
supporting the transition of the footwear sector toward a circular economy.

Table 1. Comparison of selected environmental impact indicators for the traditional and ReShoes Mojito
scenarios.

Impact Category Unit Traditional Mojito ReShoes Mojito Variation (%)

Climate Change (Total

GWP) kg CO, eq 1.38E+01 8.52E+00 -38.3%
Acidification Potential - ) . o0 1.71E-01 1.26E-01 ~26.3%
(AP)
Freshwater kgPe 5.03E-03 4.06E-03 ~19.3%
Eutrophication gred ) ’ =
Marine Eutrophication kg N eq 1.71E-02 7.31E-03 -57.2%
Terrestrial
.. mol N eq 9.17E-02 6.17E-02 -32.7%
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Photochemical Ozone kg NMVOC

— — — 0,
Formation (POCP) eq 5.96E-02 4.54E-02 23.8%
Fossil Resource
Depletion (ADP- MJ 1.47E+02 1.27E+02 -13.3%
fossil)
Mineral and Metal
Resource Depletion kg Sb eq 6.49E-05 5.01E-05 -22.8%
(ADP-mineral)
Water Depletion . 4 iveq 8.69E-+00 4.62E+00 —46.8%

Potential (WDP)
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