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ABSTRACT

SINCER is a four-year research and innovation project funded by the Spanish Centre for Technological
Development and Innovation (CDTI) under the Science and Innovation Missions Program, addresses the critical
challenge of reducing dependency on critical raw materials (CRM) by valorizing complex industrial wastes.
Specifically, the project focuses on the recovery of strategic and key metals (Mn, Si, Mg, Ni, Cr, Zn and Fe)
from different metallurgical waste streams, aiming to transform them into high-value secondary raw materials.

The main objective is to develop sustainable technologies for the efficient recovery of these metals and their
reintegration into industrial processes or new applications such as batteries, permanent magnets and advanced
alloys. To achieve this, SINCER project combines advanced hydrometallurgical and pyrometallurgical
processes with tailored pre-treatment and separation techniques designed for heterogeneous waste matrices.

A key feature of the project is the treatment of four main industrial waste streams, defined according to
composition and recovery potential, including steelmaking dusts, slags and manganese and magnesium rich
residues. Dedicated technological routes are developed for each stream to optimize selective metal recovery
from complex multicomponent systems.

In addition, the project integrates a digital ecosystem based on artificial intelligence and distributed ledger
technologies (blockchain), enabling 360° traceability of waste flows and recovered materials. This approach
enhances process optimization, quality control and regulatory compliance. SINCER project also promotes
industrial symbiosis, facilitating the recirculation of secondary raw materials across different industrial sectors
and reducing reliance on primary resources.

The project directly addresses the five key challenges related to critical raw materials: ensuring supply
through recovery from currently underutilized wastes; diversifying sources by generating local secondary
resources; reducing the use of primary raw materials; improving resource efficiency through higher recovery
yields; and developing sustainable recycling and recovery processes aligned with circular economy principles.

However, significant technical challenges remain, including the complexity and variability of waste streams,
difficulties in selective separation, and the need to ensure economic feasibility and industrial scalability.

Overall, SINCER project proposes an integrated and innovative approach combining advanced processing
technologies, digitalization and industrial collaboration to convert waste into valuable resources, contributing
to a more circular, resilient and resource-efficient industry.
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