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Abstract

The ENICON project aims to unlock the potential of Europe's low-grade nickel (Ni) and cobalt (Co)
resources by developing sustainable, hydrochloric acid (HCl)-based processing technologies for laterite
ores, sulphide ores, and secondary raw materials. The project integrates circular hydrometallurgy
principles to enhance resource efficiency, minimize waste generation, and reduce the environmental
footprint of battery metal production [1]. A multidisciplinary approach was implemented through five
interconnected work packages covering forensic geometallurgy, metal recovery, ultra-refining, mineral
matrix valorisation, and techno-economic and environmental assessment.

A forensic geometallurgy protocol was established to systematically characterise feed materials and
identify mineralogical factors governing process performance, revealing key extraction limitations
associated with sulphide minerals, chromite-hosted cobalt, and penalty elements while identifying
valuable by-products. Innovative recovery technologies were developed, including bioleaching and
oxidative leaching of Ni/Co-rich pyrite tailings, mineral carbonation pre-treatment of silicate tailings,
carbon-neutral biochar-based smelting, and advanced HCI-based hydrometallurgical flowsheets. These
approaches achieved Ni and Co recoveries exceeding 90% in several process routes while enabling the
production of high-purity mixed hydroxide precipitates. Ultra-refining strategies successfully produced
battery-grade Ni and Co products.

To support near-zero waste processing, the project demonstrated the valorisation of metallurgical
residues, slags, and leaching residues into carbonated and alkali-activated construction materials,
offering viable alternatives to conventional Portland cement. Life Cycle Assessment (LCA)
demonstrated reduced environmental impacts for several ENICON technologies, including HCI-based
upgrading processes and slag valorisation, while Techno-Economic Assessment (TEA) identified
promising economic potential despite challenges associated with capital investment for corrosion-
resistant process equipment.

Overall, ENICON demonstrates that integrating innovative HCl-based processing, circular
hydrometallurgy, and mineral residue valorisation can significantly improve the sustainable production
of battery-grade Ni and Co from European primary and secondary resources. The project provides
technological pathways toward reduced greenhouse gas emissions, near-zero waste metallurgy,
enhanced resource efficiency, and increased competitiveness of the European battery materials industry.
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