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Introduction

The ATE project supports the energy transition by promoting decarbonization and reducing greenhouse gas emissions, in line with the Roadmap for Carbon Neutrality 2050. Its
objectives include improving material and energy efficiency, increasing the integration of renewable energy sources, enhancing energy efficiency, and fostering circular economy
practices. Within this project, one of the study cases being analysed is the switchgear, responsible for the efficient management of medium-voltage distribution

networks. Electrical insulation gases are essential for the operation of power equipment. SFg (sulphur hexafluoride) is widely used in medium-voltage switchgear due to its
excellent dielectric properties and reliability. However, its global warming potential is extremely high, with the use of 1 kg of SFs being equivalent to the production of 24300 tons
of CO,. Consequently, recent regulations, particularly Regulation (EU) 2024/573 on fluorinated greenhouse gases, are accelerating the transition towards SFs-free alternatives for
electrical equipment.

Materials and Methods

This study aims to assess and compare the environmental impacts and circularity potential of SF, and SF -free switchgears: Fluofix (with SF,) and evoFIX (SF,-free, using synthetic
air). To quantify the environmental impacts, this study utilizes the life cycle assessment (LCA) methodology, adhering to ISO 14040, ISO 14044 and EN 15804:2012+A2:2019, to
evaluate the potential environmental impacts across the life cycles of two Switchgears. Additionally, circularity indicators based on the ISO 59020 framework were selected and
applied to assess aspects such as material recyclability, resource efficiency, and circular performance. Based on these findings, a subsequent LCA will be conducted to evaluate

how the identified circularity aspects may influence the environmental impacts of the systems under study.
Circular Analysis

Life Cycle Assessment
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Impact Assessment
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Conclusions

The results indicate that evoFIX presents higher environmental impacts than Fluofix, mainly due to higher material requirements, higher operational electrical losses during use
phase, and the fact that it is a new product, suggesting potential for optimisation. Circularity indicators highlighted opportunities to improve eco-design and resource circularity in
both systems. The integration of these indicators and the life cycle reassessment show production-stage improvements for both products. The associated impacts could be
reduced through a higher share of renewable electricity, particularly during the use phase. Moreover, considering the environmental concerns associated with SFg, its substitution
represents a relevant opportunity, and evoFIX may constitute a promising alternative mainly if the identified improvement aspects are addressed.
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