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In a circular economy, the goal is to minimize waste and promote the reuse of 

resources. This approach is important for the conservation of critical raw materials 

(CRMs) that are essential to modern technologies but are scarce or difficult to extract. 

CRMs are materials that are vital to the production of goods and services and have a 

high economic importance. These materials are also important for the transition to a 

low-carbon economy and the achievement of sustainable development goals. The 

concept of a circular economy is focused on reducing waste, promoting sustainable 

consumption, and encouraging the efficient use of resources. Critical raw materials are 

materials that are essential for the development and production of a wide range of 

modern technologies, such as renewable energy systems, electric vehicles, and 

electronic devices. These materials are often scarce and expensive, and their extraction 

and processing can have significant environmental and social impacts. In a circular 

economy, critical raw materials play a crucial role in creating a sustainable and efficient 

system. The principles of a circular economy involve maximizing the use of resources, 

minimizing waste, and recycling materials to reduce the need for new resources. This 

means that critical raw materials can be recovered and reused, reducing their demand 

and increasing their availability. There are several strategies for incorporating critical 

raw materials into a circular economy. One strategy is to improve the design of 

products to reduce the need for critical raw materials. For example, designing products 

that are easy to repair and upgrade can extend their lifespan, reducing the need for new 

materials. Another strategy is to promote the recycling of critical raw materials. 

Recycling can help to reduce the environmental impact of critical raw materials by 

reducing the need for new extraction and processing. For example, the recycling of 

lithium-ion batteries from electric vehicles can recover critical raw materials such as 

cobalt, nickel, and lithium, which can be used to produce new batteries. In addition, 

the development of new technologies for the extraction and processing of critical raw 

materials can help to reduce their environmental impact and increase their availability. 

For example, the use of renewable energy sources in the extraction and processing of 

critical raw materials can reduce greenhouse gas emissions and promote sustainability.  

Some examples of CRMs include cobalt, lithium, rare earth elements, and platinum 

group metals. In a circular economy, CRMs are conserved through various strategies, 

such as:  

Recycling: Materials such as metals can be recovered through recycling processes 

and used again in the production of new products.  

Remanufacturing: This involves disassembling and repairing products to extend 
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their useful life and reduce the demand for new CRMs. 

Substitution: Identifying alternative materials that can be used in place of CRMs 

to reduce their consumption.  

Waste reduction: Reducing the amount of waste generated in the production and 

consumption of goods and services.  

Resource efficiency: Improving the efficiency of resource use through measures 

such as material recovery, process optimization, and product design. 

 Overall, the circular economy approach promotes the sustainable use and 

conservation of critical raw materials, which is crucial for achieving a more sustainable 

and equitable society. 

Recycling the CRM in Europe 

In Europe, recycling plays a crucial role in the management of critical raw 

materials. Critical raw materials are defined as those that have a high economic 

importance to the European economy and are at high risk of supply disruption. 

Recycling helps to reduce the dependence on primary raw material extraction and 

provides a sustainable solution for meeting the demand for critical raw materials. Here 

are a few examples of critical raw materials in Europe and their recycling efforts: 

Rare Earth Elements (REEs): REEs are essential for various high-tech 

applications, such as electronics, renewable energy systems, and electric vehicles. 

Europe has been focusing on developing recycling technologies to recover REEs from 

end-of-life products like magnets, batteries, and electronic waste. These efforts aim to 

reduce the reliance on imports from non-European countries. 

Cobalt: Cobalt is widely used in lithium-ion batteries, which are crucial for 

electric vehicles and energy storage systems. The European Union has implemented 

initiatives to promote the recycling of cobalt from spent batteries. These initiatives aim 

to establish efficient collection and recycling systems to recover cobalt and other 

valuable materials from discarded batteries. 

Lithium: Lithium is another critical raw material used in the production of 

batteries. While Europe has limited lithium resources, efforts are being made to 

enhance lithium recycling. Several research projects and pilot plants are exploring 

innovative methods to recover lithium from batteries, reducing the need for primary 

extraction and ensuring a sustainable supply. 

Platinum Group Metals (PGMs): PGMs, including platinum, palladium, and 

rhodium, are essential for automotive catalysts, fuel cells, and various industrial 

applications. Europe has been investing in recycling technologies to recover PGMs 

from end-of-life vehicles, catalytic converters, and electronic waste. These recycling 

efforts help conserve these valuable metals and minimize the environmental impact of 

their extraction. 

To support the recycling of critical raw materials, the European Union has also 
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implemented policies and regulations. For instance, the EU's Circular Economy Action 

Plan promotes the sustainable use of resources and encourages recycling and reusing 

materials. Additionally, research and development funding programs, such as Horizon 

2020 and Horizon Europe, support projects focused on improving recycling 

technologies and developing innovative solutions for critical raw material recovery. 

 

Recycling plays a crucial role in managing critical raw materials in Europe, 

reducing reliance on primary extraction, and creating a more sustainable resource 

supply chain. 

Creating a more sustainable resource supply chain primary extraction with 

cobalt. 

To create a more sustainable resource supply chain for primary extraction of 

cobalt, Europe has been taking various initiatives. Here are some key strategies and 

efforts: 

Responsible Sourcing: Europe has been promoting responsible sourcing practices 

to ensure that cobalt extraction is conducted ethically and with respect for human rights 

and the environment. The EU has developed frameworks like the Conflict Minerals 

Regulation, which aims to prevent the sourcing of minerals, including cobalt, from 

conflict-affected and high-risk areas. 

Supply Chain Transparency: Transparency is crucial in ensuring the sustainability 

of cobalt extraction. The European Union encourages companies to disclose 

information about their cobalt supply chains, including the origin of the material, to 

promote accountability and responsible practices. This transparency enables 

stakeholders to assess the environmental and social impacts of cobalt extraction. 

Recycling and Secondary Sources: As mentioned earlier, recycling plays a vital 

role in reducing the reliance on primary cobalt extraction. Europe has been investing 

in the development of recycling technologies to recover cobalt from end-of-life 

products, such as batteries. By establishing efficient collection and recycling systems, 

Europe aims to maximize the recovery of cobalt from secondary sources, thus 

minimizing the need for primary extraction. 

Research and Innovation: Europe has been actively supporting research and 

innovation projects focused on improving cobalt extraction processes. These projects 

aim to develop more efficient and environmentally friendly extraction methods, such 

as hydrometallurgical and bioleaching techniques. Additionally, research is being 

conducted to explore alternative materials and technologies that could reduce the 

dependence on cobalt in certain applications. 

 

Collaboration and Partnerships: Collaboration among industry stakeholders, 

governments, and non-governmental organizations is crucial for building a sustainable 
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cobalt supply chain. Europe has been fostering partnerships with cobalt-producing 

countries, international organizations, and industry associations to promote responsible 

sourcing practices, share best practices, and address sustainability challenges 

collectively. 

Policy and Regulation: The European Union has implemented regulations and 

policies to promote sustainable cobalt extraction. These include environmental 

regulations, labor standards, and frameworks to address social issues related to cobalt 

mining. By setting clear guidelines and standards, Europe aims to ensure that cobalt 

extraction is conducted in a responsible and sustainable manner. 

By implementing these strategies and initiatives, Europe is working towards 

creating a more sustainable resource supply chain for primary extraction of cobalt. The 

focus on responsible sourcing, transparency, recycling, research, collaboration, and 

policy development aims to minimize environmental and social impacts while ensuring 

a secure and ethical cobalt supply for various industries, including battery production 

for electric vehicles and renewable energy storage systems. 

The extraction of cobalt involves a combination of physical, chemical, and 

metallurgical processes aimed at separating and purifying cobalt from its sources to 

obtain the desired end product. Cobalt extraction processes involve the separation and 

purification of cobalt from its ores or secondary sources. Here are some common 

methods used for cobalt extraction: 

Pyrometallurgical Process: In this process, cobalt-containing ores are subjected 

to high-temperature smelting. The ores are first roasted to remove impurities and 

convert cobalt into a more soluble form. Then, the roasted ore is smelted in a furnace 

with a reducing agent, such as carbon, to produce a crude cobalt metal. This crude 

cobalt can undergo further refining processes to obtain high-purity cobalt. 

Hydrometallurgical Process: Hydrometallurgical processes involve the use of 

aqueous solutions to extract cobalt from ores or concentrates. The most common 

hydrometallurgical process for cobalt extraction is leaching. Leaching involves treating 

the ore or concentrate with a suitable lixiviant, such as sulfuric acid, to dissolve cobalt 

into solution. The resulting cobalt-containing solution is then purified and subjected to 

further steps like precipitation, solvent extraction, and electrowinning to recover cobalt 

in a purified form. 

Electrowinning: Electrowinning is a common method used to recover cobalt from 

leach solutions. In this process, an electric current is passed through the cobalt-

containing solution, causing cobalt ions to be reduced and deposited onto a cathode. 

The deposited cobalt can be further processed to obtain high-purity cobalt metal. 

Solvent Extraction: Solvent extraction is often employed as a purification step in 

cobalt extraction processes. It involves the use of organic solvents to selectively extract 

cobalt from impurities in solution. In this process, the cobalt-containing solution is 
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mixed with an organic extractant that preferentially binds to cobalt ions. The loaded 

organic phase is then separated from the aqueous phase, and cobalt is stripped from the 

organic phase using a suitable stripping agent, resulting in purified cobalt solution. 

Bioleaching: Bioleaching is an environmentally friendly and increasingly 

explored method for cobalt extraction. It utilizes microorganisms, such as bacteria, to 

selectively extract cobalt from ores or concentrates. These microorganisms oxidize the 

sulfide minerals present in the ore, releasing cobalt into solution. The cobalt-containing 

solution can then undergo further purification steps to obtain high-purity cobalt. 

It's important to note that the choice of extraction process depends on various 

factors, including the nature of the cobalt source, the desired purity level, 

environmental considerations, and economic feasibility. Different cobalt deposits and 

sources may require specific extraction methods tailored to their characteristics. 

Examples of cobalt extraction processes in Europe where they carried out?  

Democratic Republic of Congo (DRC): While the Democratic Republic of Congo 

is not in Europe, it is an important source of cobalt globally, and European companies 

play a role in cobalt extraction in the country. Many European companies have mining 

operations or partnerships in the DRC for cobalt extraction. Cobalt ores are extracted 

through both traditional and mechanized mining methods in the DRC. 

Finland: Finland has a notable presence in the European cobalt mining industry. 

One of the prominent cobalt mines in Finland is the Sotkamo mine, operated by Finnish 

mining company Sotkamo Silver. The mine primarily extracts cobalt as a byproduct of 

silver mining. The cobalt extraction process in Finland involves pyrometallurgical 

methods, including roasting and smelting. 

Sweden: Sweden is another country in Europe with cobalt extraction activities. 

Boliden, a Swedish mining and smelting company, operates the Kevitsa mine in 

northern Sweden. The Kevitsa mine produces copper, nickel, and cobalt concentrates 

through conventional open-pit mining. The cobalt extraction process at Kevitsa 

involves further refining the concentrates using pyrometallurgical methods. 

Norway: Norway is home to the Sydvaranger mine, which has historically 

produced iron ore and has potential cobalt resources. The cobalt extraction process at 

Sydvaranger involves hydrometallurgical methods, such as leaching and solvent 

extraction, to recover cobalt from the ore. 

Germany: In Germany, cobalt extraction is primarily focused on recycling and 

secondary sources. Various recycling facilities and companies in Germany specialize 

in the recycling of cobalt-containing materials, such as spent batteries and electronic 

waste. These recycling processes involve mechanical shredding, hydrometallurgical 

leaching, and solvent extraction to recover cobalt. 

Cobalt extraction processes in Italy is  the list of companies. 

In Italy, cobalt extraction processes primarily revolve around the recycling and 

recovery of cobalt from various materials, including spent batteries, electronic waste, 

and industrial scrap.  
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