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From mining to recycling
The R&I journey of battery raw materials in EU

On 12 December 2024, the third edition of the annual workshop of the Cluster Hub “Production of
Raw Materials for Batteries from European Resources” took place in Brussels, being co-organised by
EU-funded projects RHINOCEROS, CRM-geothermal and CICEROQ. This third edition, along with an
increasing number membership, confirm the hub’s role as a dynamic ecosystem that continues to
generate innovations in the European battery materials sector.

The hub’s annual workshop, held as a satellite event of the Raw Materials Week 2024, provided once
again a platform for presenting the most promising results from participating projects. Two technical
sessions covered the entire battery value chain, from raw materials mining to recycling, while the
opening conveniently portrayed the policy the regulatory and strategic frameworks that support and
drive the EU R&l initiatives in the battery sector.

Policy perspectives and supporting mechanisms for the battery sector

Susana Xara, Project adviser on raw materials at European Health and Digital Executive Agency
(HaDEA), established the discussions tone, navigating through the insights of the Critical Raw Materials
Act [CRMA] and the Net Zero Industry Act [NZIA] and focusing on their contribution to securing a
sustainable supply of critical raw materials for the European battery industry. Wouter lJzermans, BEPA
Executive Director, presented the long-term vision and potential revisions of their roadmap,
empbhasising the importance of policy frameworks and incentives in promoting battery innovation and
deployment across Europe. The presentation of Vasileios Rizos from the Centre for European Policy
Studies (CEPS) identified various barriers and challenges emerging from the EU policy framework on
batteries, based on inputs from 20 companies across the entire battery value chain, including partners
from the BATRAW project, member of the Cluster Hub since 2022. The representative of CEPS
concluded with a set of policy messages referring to early dialogue channels established between
policy-makers and various stakeholders. Before the legal requirements entry into force, this
information exchange on availability of secondary data sets could enable stakeholders to assess the
data quality, select suitable sets of information and identify potential data gaps.

Publicly available resources submitted by CEPS:

1) Barriers and policy challenges in developing circularity approaches in the EU battery sector: an
assessment - CEPS

2) Implementing the EU digital battery passport - CEPS

3) Compliance with the EU’s carbon footprint requirements for electric vehicle batteries - CEPS

Orchestrating the launch and on-going work of the Cluster Hub, PNO Innovation Belgium [part of PNO
Group — leader in innovation and funding consultancy], represented by Dr. Nader Akil, concluded the

first session with an overview of all EU funding programmes supporting research, innovation and
investment in raw materials production for batteries. Additional to the upcoming funding
opportunities and guidance on selecting the appropriate funding opportunities based on the status of
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technology, Dr. Nader Akil introduced another initiative launched by PNO Group — DIAMONDSA4IF. This
project supports the preparation of Innovation Fund applications, enabling the transfer of H2020
research results into successful ventures and securing investment funding.

Sustainable sourcing practices for battery materials from primary sources

The session of technical presentations debuted with RAWMINA project, represented by Carmen
Estepa, R&D Manager at AGQ Mining & Bioenergy, providing an overview of its final results on the
demonstration activities of an integrated innovative pilot system for CRMs recovery from mine wastes.
Up-to-date results indicate encouraging extraction rates of ~90 % Fe, ~95 % Co and ~60 % antimony
(Sb) yielded by the bioleaching process. Additionally, the alkaline leaching applied after bioleaching
extracted more than 90 % tungsten (W), while the following processing step — Fe precipitation,
confirmed that Fe and Sb can be removed almost completely from the solution (>90 %). Finally, the
processes engaged in the selective CRM recovery yielded promising recovery rates in the range of 99
% for Co, 65 % for W, 77 % for Sb.

Dr. Albert Genter, Deputy General Manager of ES Géothermie, presented the geochemical
characterisation of geothermal reservoir rocks in the Upper Rhine Graben — results of their activities
conducted within the LICORNE EU-funded project. After a short incursion into the geological formation
of the Upper Rhine Graben (URG) area, Dr. Albert Genter highlighted the feasibility of lithium (Li)
extraction from the geothermal brines. The high Li concentrations in the geothermal brine at Soultz-
sous-Foréts and Rittershoffen [in the range of 150-200 mg/L], combined with significant water flows
exploited by the geothermal power plants, indicate a great potential for Li production in the URG. After
establishing the fluid circulation within the fractures of the geological formation, the research team at
ES-G will continue investigating the chemical composition of sedimentary rocks, which are also part of
the reservoir Soultz-sous-Foréts, and conducting Li and strontium (Sr) isotope analyses to provide
more detailed information about the origin of lithium in the brine.

Dr. Nivea Magalhdes [Univ. of Exeter, UK] presented the conclusions of the forensic geometallurgy
protocol established within the ENICON project. Often, information not directly related to processing
leads to limited insights into ore processing behaviour. ENICON investigates the impact of mineral
textures and grain size on liberation, sometimes interfering with automated mineralogy results.
Additionally, the project presented the findings of the ore characterisation of the Kevitsa mine,
containing nickel (Ni)- and cobalt (Co)-bearing minerals.

The CRM-geothermal presentation, delivered by Saskia Bindschedler, Professor at Univ. de Neuchatel,
Faculty of science, Institute of biology, Laboratory of microbiology, focused on the use of microbial
activity for Li recovery from geothermal brines. Geothermal brines are characterised by high
temperatures, increased pressure and salinity, conditions favourable for bioextraction processes using
microbes. Key findings confirmed the feasibility of microbial-driven processes for Li recovery, enabling
effective filtering of elements using oxalate compounds, followed by precipitation via oxalothropic
bacteria, such as Pandoraea sp.. While the researchers will continue working on oxalotrophy and initial
pH optimisation, focusing on improving the scalability, they will additionally investigate Li
concentration in fluid samples.

An insight into the results of the METALLICO project, with focus on their COOL+ technology, was
delivered by Sandra Pavon from Fraunhofer IKTS. COOL+ is one of the five technologies investigated
within the framework of METALLICO, that involves a leaching step using supercritical CO,, that enables
the extraction of Li in a more efficient and environmentally friendly manner. After explaining the five
phases of the process and comparing the results at the main conclusions reported high selectivity and
efficiency in Li recovery, achieving Li,COs; which meets battery-grade specifications with a purity of



https://www.diamonds4if.eu/
https://rawmina.eu/
https://agqlabs.com/mineria/
https://groupe.es.fr/Construire-un-avenir-bas-carbone-pour-lalsace/Nos-activites/Produire-des-energies-bas-carbone/la-geothermie-haute-temperature
https://www.licorne-project.eu/
https://www.exeter.ac.uk/
https://enicon-horizon.eu/
https://www.boliden.com/operations/mines/boliden-kevitsa/
https://www.unine.ch/
https://www.ikts.fraunhofer.de/en.html
https://metallico-project.eu/Blog/COOl_+Process_+Lithium+carbonate+production+in+battery+grade-p-715.html

99.7%. The solid silicate residue that remains after the CO; leaching step is not wasted. Instead, it is
repurposed to produce geopolymers which are further used in the construction sector, aligning with
the principles of circular economy and zero-waste.

Advanced recycling solutions for battery recovery and reuse

The third session of presentations commenced with an outline of the main findings of the LIFE DRONE
project, which concluded in June 2024. Presented by Lorenzo Toro, process engineer at Eco Recycling,
the project demonstrated the feasibility of producing high-quality NMC oxide and graphite from
recycled batteries. The innovative process confirmed significant environmental benefits, with a
reduction of 59 % in terms of kg CO; eq. Additionally, one plant is estimated to treat 500 tonnes of
batteries/year. The technical-economic evaluation of this industrial plant, with a potential capacity of
500 tons/year, showed a return on investment (ROI) of 31.64 % and a payback time (PBT) of 3.16 years.
The analysis indicated that attractive payback times could be obtained even with varying prices for
NMC and graphite.

The electrochemical Li recovery from Li-ion battery black mass, investigated in the RHINOCEROS
project and presented by Prof. Pier Giorgio Schiavi from Univ. of Sapienza reported Li extraction yields
from end-of-life (EoL) LIBs in the range of 82 %, and faradaic efficiency compared to commercial
cathode materials (close to 100 %). Researchers have investigated potential causes that could explain
the relatively low selectivity ranges of Li and other metals available in black mass. The simultaneous
oxidation of impurities found in the black mass can be a justified explanation for the preliminary results
obtained. Experimental results show that the extraction percentages for Co, Ni, and Mn remain in very
low ranges. When contemplating upscaling scenarios, Prof. Schiavi mentioned the researchers are
evaluating an alternative approach that enables the treatment of larger quantities of powder without
replicating the manufacturing process of LIB electrodes.

Benjamin P. Wilson, Senior Scientist, Hydrometallurgy and Corrosion at Aalto University, presented
the hydrometallurgical recycling process explored in the RESPECT project aiming to achieve efficient,
sustainable, innovative, and safe battery recycling processes. The preliminary results on the black mass
leaching revealed that increasing temperatures of the leaching process results in higher yields for all
the target metals available in the black mass [Li, Mn, Co, Ni]. Looking at process optimisation towards
lower CO; emissions, researchers explored a range of reductants already inherited in the black mass —
Cu, Fe, Al, into an attempt to reduce the processing temperatures. Preliminary results have already
shown that the presence of Fe and Cu have a catalysing role for the metals dissolution. Further
exploration of results via the statistical tool “Design of experiments” [DoE] focused on the interaction
effects between various parameters, such as temperature, Fe concentration and additions of Cu, Al
and hydrogen peroxide [H,0,]. Finally, the conclusions of the experimental work shows that
temperature remains one of the most impactful factors. However, increasing Fe and Cu concentration
yields better Li recovery than conventional leaching processes using H,0> as reductant.

The BATRAW project, represented by Miguel Aguilar, researcher at LEITAT Technological Centre,
presented a promising technology they have been honing recently as an alternative separation
technique to conventional solvent extraction: Polymer Inclusion Membranes [PIMs]. Since the launch
of the project, over 150 PIMs with various compositions have already been developed, with the
continuous quest to optimise the membranes composition and thus to improve the extraction
efficiency, while reducing the precipitation of metal-extractant complexes. Experimental work using
various compositions of PIMs, with acetate as buffer reported an increased recovery of Co from 74 %
to 82 %. Replicating these experiments using real streams rich in Li, Na, Mn and Ni yielded 24 % Co
recovery after 24h. The recovery rates on real streams have considerably reduced, mainly due milder
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acidifying conditions selected to enable eventual upscaling of the process. In a nutshell, a membrane
with a surface barely reaching 24 cm?can recover 1,74 g Co and 2,8 g of Ni in only 24 h.

The final presentation featured an interactive presentation of the ReLiEF project, delivered by Joana
Gouveia [Researcher at the Institute of Mechanical Engineering and Industrial Management (INEGI)
and America Quinteros [Researcher at LUT Univ.]. The presentation debuted with a survey scrutinising
the important elements that are validating the sustainable aspects of a business model.
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The ReLiEF presentation continued with an overview of all the leaching technologies developed within
the project’s framework, including: water leaching, deep eutectic solvents (DES), pressurised leaching,
microwave and acid-based leachings. The Life Cycle Assessment (LCA) of these technologies focused
on various environmental impact categories, portraying the environmental, costs and social impacts
for each process. The results of the LCA analysis incentivised the researchers from ReLiEF to propose
the multi-industry business model as a sustainable approach, balancing socio, economic and
environmental aspects of the battery value chain. In practice, the multi-industry model works by
integrating the efforts of various industries to create a cohesive and sustainable approach to lithium
recovery. Looking at the results of the leaching processes applied to mining waste/tailings and alloy
dusts, the conclusions show that energy consumption remains the major element having an impact on
the final results.

About Cluster Hub “Production of Raw Materials for Batteries from European Resources”

The Cluster Hub is a dynamic knowledge-industry exchange ecosystem, fostering collaboration among partners
involved in various EU-funded projects addressing topics relevant to the battery industry. The hub was
established during the 2022 edition of the Raw Materials Week with a clear objective to facilitate discussions
around the production of raw materials for battery applications from primary and secondary resources, aligning
with EU’s ambitious sustainability objectives for energy transition. Central to the Hub’s mission lies the drive to
facilitate exploitation opportunities, stimulate forums for discussions and identify future challenges to be
addressed collectively. With nearly 100 entities currently engaged in our collaborative community, covering the
entire battery value chain, we aim to turn our workshop into a platform for engaging discussions for all
stakeholder categories. The policy context, culminating with the Critical Raw Materials Act and the Batt4EU
Partnership Strategic Research and Innovation Agenda (SRIA), underscores the importance of technological
advancements.
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First of a kind commercial
Compact system for the
efficient Recovery Of CObalt
Designed with novel Integrated
LEading technologies
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Batteries reuse & direct
production of high
performances cathodic & anodic
materials & other raw materials
from batteries recycling using
low cost & environmentally
friendly technologies
https://www.rhinoceros-
project.eu/

Recycling of end of life battery
packs for domestic raw material
supply chains and enhanced
circular economy
https://batraw.eu/

FREE&4LiB

Feasible recovery of critical raw
materials through a new circular
ecosystem for a Li-ion battery
cross-value chain in Europe
https://www.freeforlib.eu/
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Flexible, safe & efficient
REcycling of Li-on batterieS
for a comPetitive, circular, and
sustainable European
ManufaCTuring industry
https://www.respect-
recycling.eu/

CORNE

Lithium recovery and battery-
grade materials production from
European resources
https://www.licorne-project.eu/

Recycling of Lithium from
Secondary Raw Materials and
Further
https://www.lithium-relief.eu/

Sustainable processing of
Europe’s low-grade sulphidic and
lateritic nickel/cobalt ores and
tailings into battery-grade metals
https://enicon-horizon.eu/

Integrated innovative pilot
system for Critical Raw
Materials recovery from mines
wastes in a circular economy
context
https://rawmina.eu/

geothermal

Raw materials from geothermal
fluids: occurrence, enrichment,
extraction
https://crm-geothermal.eu/
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Demonstration of battery metals
recovery from primary and
secondary resources through a
sustainable processing
methodology
https://metallico-project.eu/
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Cost-effective, sustainable &
responsible extraction routes for
recovering distinct critical metals

& industrial minerals as by-
products from key European
hard-rock lithium projects
https://exceed-horizon.eu/

Direct pROduction of New
Electrode materials from
battery recycling
https://www.lifedrone.eu/

LETHES

Cost-effective processing and
refining of lithium into lithium
hydroxide from strategic
European multi-mineral lithium
hard-rock projects
https://lithos-horizon.eu/

CECERO

MSA-based circular
hydrometallurgy for sustainable,
cost-effective production of NMC

cathode materials

https://cicero-horizon.eu/

AVANTIS

Sustainable, Decarbonised Co-
Extraction Of Vanadium And
Titanium Minerals From Europe’s
Low-Grade Vanadium-Bearing
Titanomagnetite Deposits
https://avantis-horizon.eu
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SOLMATE

Reuse of SOLar PV Panels & EV
Batteries for low-cost
decentralised energy solutions &
effective Recycling of critical raw
MATEFials from their EoL
products
https://www.solmate-project.eu/
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A Sustainable Ecosystem for the
Innovative Resource Recovery
and Complex Ore Extraction
https://xtract-project.eu/

~AUTOMAT+
Compliant and fully AUToOMATed
circular solutions for multiple
battery and battery embedded
device enhanced by digital
solutions
https://cordis.europa.eu/project

id/101138532
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