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BRIEF CV

• I am a Mining and Metallurgical Engineer, with PhD degree in Hydrometallurgy and director of the Laboratories (i) Ore 
Beneficiation, (ii) Waste Management and Soil Decontamination, and (iii) Ceramics and Glass Technology of the School of 
Mineral Resources Engineering of Technical University of Crete

• My expertise is in the fields of extraction of critical metals with the use of (mainly) hydrometallurgical approaches, 
waste management and valorization, soil decontamination, environmental risk assessment and Life Cycle Analysis

• I have participated in more than 70 competitive research projects (funded from national agencies and the European 
Union, including previous FPs, H2020, Horizon Europe, Life and others)

• I have been appointed more than 120 times as evaluator / monitor of  research proposals for the European 
Commission and Research Foundations of several countries including US, Russia, Germany, Switzerland, Italy, Romania, 
Kazakhstan, Poland, Armenia, Serbia, Cyprus etc. I have acted as external examiner of PhDs and member of faculty 
promotion / election committees in several countries

• The period 2020 – 2026 I am included in the top 2% world-list of the most influential scientists by considering the impact 
of my published works, https://elsevier.digitalcommonsdata.com/datasets/btchxktzyw/8

• I have published more than 150 peer-reviewed papers (Scopus citations > 6500, h-index 44) and presented more than 
230 in international conferences

Scopus Author ID: 6603092010, Web of Science ResearcherID: AAG-8936-2020, ORCID ID 0000-0003-4252-1632

https://www.mred.tuc.gr/en/research/laboratories/ore-processing; 
https://www.mred.tuc.gr/en/research/laboratories/ceramics-and-glass-technology; 
https://www.mred.tuc.gr/en/research/laboratories/management-of-mining-/-metallurgical-wastes-and-rehabilitation-of-
contaminated-soils
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CRITICAL RAW MATERIALS (CRM)

What are they; Why are they critical?



GENERAL ASPECTS

CRITICAL RAW MATERIALS

• The European Commission identifies 34 materials that are essential to economic resilience — 
including a subset of 17 strategic raw materials (SRMs). They are required by many industries, 
from electronics and batteries to renewable energy and advanced manufacturing

• The list of Critical raw materials (CRMs) differs in different continents / regions 

• A smartphone is a simple example of how deeply embedded these materials are in everyday 
technologies. Batteries rely on lithium for energy storage; casings and internal structures use 
aluminium and copper; while electronics depend on several metals. These materials determine not 
only the performance of the device but also the scale at which modern economies operate
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CRM NEEDS IN VARIOUS SECTORS
Foresight study, https://rmis.jrc.ec.europa.eu/uploads/CRMs_for_Strategic_Technologies_and_Sectors_in_the_EU_2020.pdf
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CRITICAL RAW MATERIALS
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European Commission: Directorate-General for Internal Market, Industry, 

Entrepreneurship and SMEs, Grohol, M. and Veeh, C., Study on the critical raw 

materials for the EU 2023 – Final report, Publications Office of the European Union, 

2023, https://data.europa.eu/doi/10.2873/725585

https://data.europa.eu/doi/10.2873/725585


EUROPEAN CRITICAL RAW MATERIALS ACT

The European Critical Raw Materials Act is the basis for building up the EU’s capacities and 
strengthening the resilience of its critical raw material supply chains. It includes measures to:

• strengthen domestic supply chains

• reinforce international engagement to develop mutually beneficial partnerships with third 
countries

https://www.youtube.com/watch?v=slk3yD62SKg

https://www.youtube.com/watch?v=fK33Ij9s2PA
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METALS IN SMARTPHONES

IPHONE

• A typical iPhone is estimated to contain more than

0.034 g of Au - 0.34 g of Ag - 0.015 g of Pd - traces of Pt - 25 g of Al - 15 g of Cu, etc

• Most of these metals can be mined / produced only in a few countries, so supply risk (due to their 
huge demand for the digital technologies required for clean energy transition) for the EU is high

• One tonne of iPhones contains approximately 300 times more Au than a tonne of gold ore 
and 6.5 times more Ag than a tonne of silver ore

• This highlights the need for recycling of electronic devices and other equipment containing critical 
metals; recycling is very important for covering the needs of many industrial sectors 

• Recycling Europe's guide for a Circular Economy Act, https://recyclingeurope.org/wp-
content/uploads/2026/03/Recycling-Europe-Guide-The-DOs-and-DONTs-for-CEA.pdf
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RENEWABLE ENERGY

• Renewable energy depends on CRMs

• Solar panels rely on aluminium, copper and silicon metal

• Wind turbines require rare earth elements (REEs) for the powerful magnets that enable 
efficient power generation

• As Europe accelerates toward decarbonisation, demand for these materials will only increase 
— making secure, diversified supply chains more important
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EXPECTED INCREASE IN TOTAL DEMAND FOR KEY MINERALS IN 2040 BASED  

ON 2024 LEVELS
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RAW MATERIALS IN ROBOTICS
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ROBOTICS: AN OVERVIEW OF SUPPLY RISKS, BOTTLENECKS AND KEY 

PLAYERS ALONG THE SUPPLY CHAIN
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RAW MATERIALS IN UNMANNED VEHICLES (DRONES)
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UNMANNED VEHICLES (DRONES): AN OVERVIEW OF SUPPLY RISKS, 

BOTTLENECKS AND KEY PLAYERS ALONG THE SUPPLY CHAIN
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RAW MATERIALS IN 3D PRINTING
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3D PRINTING: AN OVERVIEW OF SUPPLY RISKS, BOTTLENECKS AND KEY 

PLAYERS ALONG THE SUPPLY CHAIN
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RAW MATERIALS FOR DEFENSE APPLICATIONS
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SUPPLY RISK OF RAW MATERIALS USED

 BY THE EU DEFENCE INDUSTRY
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EU STRATEGIC 
PROJECTS

• On March 25, 2025, the Commission 
adopted 47 Strategic Projects

• In 13 Member States

• Target 14 of the 17 SRMs

• 25 projects involve extraction, 24 
processing, 10 recycling and 2 substitution

• 22 of these projects are related to lithium, 
12 to nickel, 10 to cobalt, 7 to 
manganese and 11 to graphite, elements 
that are important for the EU battery raw 
material value chain.

•  1 project involves magnesium and 3 
tungsten (wolfram)



STRATEGIC 
PROJECTS OUTSIDE THE 

EU
• On June 4, 2025, the Commission 

adopted 13 Strategic Projects, located 
outside of the EU, including overseas 
countries or territories

• 7 are located in Canada, Greenland, 
Kazakhstan, Norway, Serbia, Ukraine, 
Zambia, with whom the EU has a strategic 
partnership on raw materials value chains;

• 6 are located in Brazil, Madagascar, 
Malawi, New Caledonia, South Africa and 
the United Kingdom. 

• It is estimated that the 13 Strategic 
Projects outside the EU need an overall 
capital investment of €5.5 billion to start 
operations



HOW CAN WE PRODUCE CRM / SRM

MINING HISTORY IN EUROPE

• Europe has a long mining history, particularly in the Nordic countries, which still host well-established 
copper and nickel operations

• The European Investment Bank has recently financed projects such as the Keliber Lithium project in 
Finland, demonstrating the potential and the need for domestic production 

• But mining is only one part of the value chain

• Processing, refining, and advanced transformation are just as essential, and Europe must ensure it has 
the technological know-how and sufficient feedstock to sustain these activities

• TUC is involved in 2 Li-related HE projects in which Keliber (FI) and Savannah Resources (PT) are 
partners - The projects are EXCEED, https://exceed-horizon.eu/ and LITHOS, https://lithos-horizon.eu/

• TUC is also involved in other projects targeting the production of other CRMs, CICERO (Ni-Co-Mn) 
https://cicero-horizon.eu/; AVANTIS (Ti, V), https://avantis-horizon.eu/; ENICON (Ni, Co), 
https://enicon-horizon.eu/ (just finished) and INSOKA (MUKUBA) (Cu, Co) (just started)
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RECYCLING AND CRM AVAILABILITY

• Europe leads in areas such as aluminium and copper recycling, and innovations are improving 
recovery rates, efficiency and environmental performance

• Secondary material sources increasingly contribute to supply and reduce dependency on 
imported raw materials

• Recycling can enhance CRM availability, strengthen supply chains, and support sustainability

• The EU through the Critical Raw Materials Act (CRMA), aims to increase CRM recycling and 
expand Europe’s refining capacities. 

• CRMA aims to reduce dependence on non-EU sources through a dual focus on primary (mined) 
and, more importantly, secondary (recycled) CRMs
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SUPPLY DIVERSIFICATION

• Supply diversification is a core objective of the EU’s Critical Raw Materials Act — not to replace 
global trade, but to avoid over-reliance on single jurisdictions or vulnerable value chains. 
Strategic partnerships with countries in Africa, Latin America, and elsewhere offer opportunities 
for mutually beneficial cooperation. 

• The European Investment Bank applies the same environmental and social standards outside its 
borders as it does within Europe, ensuring projects meet rigorous criteria and support long-term 
development.
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INNOVATION IN CRM EXPLORATION, MINING AND EXTRACTION

• Innovation is also reshaping CRM exploration, mining and extraction. 

• For example, Li can be sourced from geothermal brines by— deep underground reservoirs where 
dissolved lithium can be extracted with lower environmental impact than traditional methods. This 
approach offers Europe a pathway to increase domestic lithium production while minimising water 
use and land disruption.

• Mining itself has evolved significantly. Automation and mechanisation improve safety and 
efficiency, creating distance between workers and hazardous environments. These innovations 
contribute to competitiveness while reducing health and safety risks;

https://www.boliden.com/news/kevitsa-eltrolley/; 
https://www.youtube.com/watch?v=0DSGJJqSPzI; 

https://www.youtube.com/watch?v=mTQq9-2TpHQ
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DIGITAL PRODUCT PASSPORTS (DPP)

• DPPs are ‘an important tool for making information available to actors along the entire value 
chain’.

• Potentially, they are useful for storing compliance information and demonstrating compliance 
against the prevailing laws in any jurisdiction.

DPPs trace 

• provenance (origin of materials, parts, and products)

• process (distribution, location, consumption, disposal, or recycling of the product or service after 
delivery)

• production (how is the product made and recycled)
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DPP AND CRM FOR BATTERIES

• Cobalt, copper, lithium, and nickel as well as other CRMs are fundamental to clean energy 
technologies, notably electric vehicle batteries. 

• However, tracing their journey from mines, through markets, to recycling is legally complex and 
globally inconsistent, hindering efforts towards sustainability and circularity.

• Which are the critical legal challenges associated with implementing DPPs in the global value 
chains of CRMs?

• Regulatory incompatibilities include: Inconsistent categorization and Non-interoperability (ISO/IEC 
19941:201(IEC: International Electrochemical Commission) 
https://unece.org/sites/default/files/2025-09/WhitePaper_DPP-CRM4Batteries.pdf

Legal Conflicts and Principles for Cross-Border Cooperation
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RECENT DEVELOPMENTS - CRITICAL RAW MATERIALS CENTRE 

• In its 2026 Work Programme, the European Commission announced plans to publish a proposal 
for a Critical Raw Materials Centre in the second quarter of 2026

• The Centre would develop systemic intelligence on the CRMs value chains and on primary and 
secondary markets, to inform European and Member States investment, stockpiling, and joint 
purchasing

• It would also monitor projects across their development cycle and operations

• The Centre would facilitate strategic stockpiles of primary and secondary CRMs, in coordination 
with EU companies and Member States

• It would be mandated to undertake joint purchasing operations and to connect demand and 
supply

27



RESOURCEEU ACTION PLAN

The RESourceEU Action Plan

• accelerates the objectives of the EU raw materials strategy, preserves and expands EU production 
of primary and secondary critical raw materials (CRM). 

• strengthens the EU’s resilience against supply disruptions and charts a path towards a faster 
diversification of CRMs supply chains. 

• supports in particular Strategic Projects and other relevant projects ready to reduce dependency 
by up to 50% by 2029 for the battery, rare earths and defence raw materials value chain, given 
their strategic importance for the energy and digital transitions and defence security.
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BENEFITS FOR STRATEGIC VALUE CHAINS?

Wishful thinking??

Remains to be seen
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MAIN CONCLUSIONS

• Europe has strong mining and processing potential, especially in the Nordics, but still relies heavily 
on imports

• Innovation — such as extracting lithium, also from geothermal brines — offers new possibilities

• Diversifying supply is central to the CRMA and responsible global partnerships are essential for 
long-term resilience. 

• Bad reputation of mining (mainly from past activities) 

• Europe needs vision - European leaders are lawyers or accountants – this clearly explains the lack 
of vision and the endless discussions / no clear decisions on important matters. On the other hand, 
most Chinese leaders are engineers 

• So, can CRM (re)shape Europe’s economic and technological resilience? 
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LET’S STAY OPTIMISTIC

THE YOUNGER GENERATIONS MAY DO BETTER 

THAN US
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THANK YOU !!!
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