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ABSTRACT

Urban micromobility is increasingly recognised as a key component of sustainable urban and peri-urban
transport systems, helping address congestion, air pollution, and inefficient last-mile mobility. Electric
micromobility vehicles such as e-bikes and e-scooters have rapidly expanded due to their flexibility and
relatively low energy demand. However, the environmental sustainability of these systems remains closely
linked to battery technologies and material use. Lithium-ion batteries currently dominate the sector because of
their high energy density (150-200 Wh/kg) [1], yet their production and disposal raise significant environmental
concerns, with global recycling rates estimated at around 5% [2]. Alternative energy storage solutions are
therefore gaining increasing attention. Supercapacitors, for example, offer rapid charging, high power density,
and extremely long cycle life suited to stop-and-go urban mobility patterns [3], [4]. Unlike batteries, they store
energy electrostatically and can sustain millions of charge—discharge cycles, reducing maintenance needs and
electronic waste [4]. Recent advances in graphene-based electrodes, conductive polymers, and aerogel materials
are progressively improving their energy density and expanding their application potential [4], [5].

Demonstrations of supercapacitor-powered e-bikes capable of recharging in under two minutes and renewable-
energy charging stations integrated into micromobility infrastructure illustrate the technological momentum in
this field [6], [7].

Within this evolving technological landscape, the LIFE project Long LIFE to Micromobility (LIFE2M) develops
and demonstrates circular and sustainable solutions for microvehicle systems by integrating innovative energy
storage technologies, eco-designed materials, and renewable-powered infrastructure. The project focuses on
hybrid supercapacitor-based accumulators designed to extend vehicle lifetime and reduce dependence on
lithium-based batteries. These accumulators enable both the retrofitting of existing microvehicles and the
powering of newly designed models. In parallel, LIFE2M explores the use of natural fibres, bio-based resins, and
advanced composite materials to improve recyclability and reduce reliance on non-renewable resources in
vehicle manufacturing. Complementary infrastructure, including renewable-energy-powered fast-charging
stations, supports the deployment of these solutions within an integrated micromobility ecosystem.

The technologies are demonstrated in three Italian pilot cities, Florence, L’ Aquila, and Palermo, representing
diverse urban mobility contexts. Demonstration activities include retrofitting private and shared microvehicles,
deploying newly designed vehicles, and installing charging infrastructure in strategic locations. By the end of the
project, 263 microvehicles will be implemented or retrofitted across the pilot areas. Preliminary assessments
indicate measurable environmental benefits, including reductions in greenhouse gas emissions, energy
consumption, and improperly managed waste, with significantly larger impacts expected beyond the project’s
lifetime as solutions scale to additional European cities.

Beyond technological development, LIFE2M addresses user behaviour, road safety, and market uptake through
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communication activities, operational guidelines, and business models aimed at supporting replication. By
combining circular design principles, alternative energy storage technologies, and real-world urban
demonstrations, the project contributes to advancing sustainable micromobility ecosystems aligned with
European environmental and mobility policies.
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