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The thesis explores innovative marketing technologies in the management of critical mineral
resources, emphasizing their importance in achieving sustainability and addressing challenges
like resource shortages and geopolitical risks. Critical minerals such as lithium, cobalt, and rare
earths are vital for renewable energy, electric vehicles, and high-tech manufacturing. Effective
management of their extraction and supply requires advanced technologies like Al, Big Data,
and blockchain to optimize supply chains, enhance transparency, and meet environmental
standards.

The document highlights the global demand for critical minerals, driven by the transition to
green energy, and underscores the risks associated with reliance on a limited number of
suppliers. It discusses various strategies for mitigating these risks, including diversifying supply
sources, leveraging recycling, and developing alternative materials.

Key marketing innovations such as Big Data analytics and CRM systems are identified as tools
to better understand market trends, forecast demand, and build long-term partnerships. Case
studies of companies like Rio Tinto and Tesla illustrate the practical applications of these
technologies in the critical minerals sector.

The thesis also outlines the role of policy frameworks like the EU's Critical Raw Materials Act
and the U.S. Department of the Interior's critical mineral list in shaping strategies for resource
management. However, it notes limited research on innovative marketing technologies in the
Ukrainian context, suggesting the need for further development and investment in this area.

Ultimately, the integration of modern marketing tools and sustainable practices is presented as
essential for ensuring the competitiveness, efficiency, and sustainability of the critical minerals
industry.
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Introduction

The global transition to sustainability is driving demand for critical mineral resources such as lithium,
cobalt, nickel, copper and rare earths. These resources are essential for renewable energy, electric
vehicles and high-tech manufacturing. Effective management of their extraction and supply requires the
introduction of innovative marketing technologies that will help address these challenges (CLG Global,
2024).

The growing demand for critical minerals, such as rare earth elements, creates risks of shortages and
dependence on a limited number of suppliers. This requires the development of strategies to diversify
sources and optimize supply chains. This is the view highlighted in the pages of Technology and
Innovation Enablers for Critical Mineral Production. The team of authors believes that “supply chain
issues related to these materials affect the economy, national security, climate and technological
competitiveness. Geopolitical tensions with countries such as China and Russia, which have significant
concentrations of certain minerals and their processing, only exacerbate these concerns. And the war in
Ukraine, the subsequent international sanctions and Russia’s response to these sanctions have
highlighted the geopolitical risks of supplying critical minerals” (Kryveshchenko, 2024).

A limited number of suppliers creates risks of shortages and a threat to economic stability. Using digital
platforms to forecast demand and optimize supply chains helps to diversify sources. The concentration
of suppliers in a few countries (for example, China supplies over 85% of rare earth elements) increases
the risk of shortages due to geopolitical conflicts, export restrictions or natural disasters.

Limited access to resources can lead to disruptions in the production of high-tech products such as
batteries for electric vehicles, solar panels and electronics. The extraction of critical resources has a
significant impact on the environment. Blockchain technologies provide transparency and traceability
throughout the supply chain, allowing companies to comply with ethical and environmental standards.
Sienna Jones recognizes that “from artificial intelligence-based environmental monitoring to the
integration of renewable energy sources and advanced water management solutions, these innovations
are not only transforming mining operations, but also setting new standards for eco-efficiency and
regulatory compliance worldwide” (Jones, 2024).

Method and Theory

This evidence is supported by Penelope Le Menestrel in the online edition of BREAKTHROUGH
ENERGY, “to achieve our clean energy goals, we urgently need to build new, sophisticated and
environmentally responsible supply chains to support the exploration, extraction, processing and
refining of critical raw materials” (Le Menestrel, 2024).

To accelerate innovation in critical minerals, various stakeholders must take concrete steps. Innovative
technologies such as electric vehicles and renewable energy require a stable supply of critical resources.
Their scarcity could slow the global transition to green energy. That is why industry leaders must
optimize innovation pipelines and allocate resources to scale high-performance technologies, startups
must pinpoint the gaps in the value chain where innovation can significantly impact the availability,
affordability, and sustainability of critical minerals, and financial institutions must focus on identifying
investment opportunities in the critical minerals sector to support growth and innovation (Eggert, 2021).
The graph (Fig. 1) shows the dynamics of demand for critical minerals (lithium, cobalt, nickel and rare
earth elements). The demand for these resources is growing, which corresponds to the increase in the
use of renewable energy sources and electric vehicles (Figure 1).

Accelerating the energy transition requires significant innovations in the supply chains of critical
minerals, which are the basis for the production of renewable energy sources and electric vehicles.
Innovations in the methods of mining and processing minerals can reduce environmental impacts and
increase process efficiency. For example, the use of biotechnology to extract metals from ores can
reduce the need for traditional methods, which are often accompanied by significant environmental
risks. In order to reduce dependence on individual countries or regions, it is important to develop new
sources of mining and processing of critical minerals. For example, India has begun the process of
selling strategic deposits of lithium, nickel, graphite, and other important elements, which will help
reduce import dependence and stimulate the development of the local economy. (Le Menestrel, 2024).
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Figure 1 Demand for critical minerals to spike 3.5 times by 2030 (IEA, 2023).

Under the Critical Raw Materials Act (CRM Act), the European Union has identified a list of critical
raw materials that are important to the EU economy and have a high supply risk. This list includes
materials needed for strategic technologies such as renewable energy, digital technologies, defense, and
aerospace. The United States also has a list of critical mineral resources, which is determined on the
basis of economic importance and supply risk. This list is regularly updated by the US Department of
the Interior. As for Ukraine (Table 1), the existence of an official list of critical mineral resources is not
widely known.

Table 1 Comparison of critical mineral resources in the EU, the USA and Ukraine.

Country/Region Critical Mineral Resources
European  Union | Lithium, Cobalt, Nickel, Rare Earth Elements, Molybdenum, Titanium,
(EU) Graphite, Tungsten, Copper, Diamonds, Barium
USA Lithium, Cobalt, Nickel, Rare Earth Elements, Molybdenum, Titanium,
Graphite, Tungsten, Copper, Mercury, Gallium
Ukraine Titanium, Nickel, Cobalt, Rare Earth Elements, Molybdenum, Tungsten,
Graphite, Lithium, Silicon, Barium

Increasing recycling and the use of secondary materials can reduce the need for primary extraction and
reduce environmental impacts. For example, recycling old electronic devices can produce rare metals
used in batteries and other components of renewable energy.

Governments and private companies should work together to create an enabling environment for
investment in the extraction and processing of critical minerals. Joint initiatives can include funding
research, developing infrastructure, and setting standards to ensure the sustainable development of the
industry. It is important to implement practices that minimize negative environmental impacts and
ensure social responsibility. This includes meeting environmental standards, ensuring worker safety,
and supporting local communities.

Results

Overall, innovation in the supply chains of critical minerals is key to a successful and sustainable energy
transition, as they provide the necessary resources for the development of renewable energy sources and
electric transport.

Integrating artificial intelligence (Al) into mining and processing processes helps reduce costs, increase
productivity, and minimize waste. Al can speed up and improve the accuracy of mineral exploration, as
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well as optimize processing processes, which will help increase efficiency and reduce costs. Al allows
companies to efficiently allocate resources, minimizing logistics costs. Intelligent systems analyze
delivery routes, reducing transportation time and reducing dependence on geographical risks, for
example, Geologic Al develops high-tech solutions for scanning geological samples, using Al to
increase the accuracy and speed of analysis, which contributes to more efficient mineral exploration.
KoBold Metals uses Al to accelerate the search for critical minerals, such as lithium, cobalt, copper, and
nickel, needed to produce batteries for electric vehicles (Russell 2024).

The use of innovations in the field of marketing, such as Big Data analysis and automated CRM systems,
allows you to better understand market trends and consumer needs. With the help of Big Data,
companies can obtain accurate information about consumer habits in different regions. For example,
identifying regions with the greatest demand for a specific resource, such as lithium in countries with a
developed electric vehicle industry and optimizing logistics routes to minimize costs, allows you to
predict future demands for mineral resources, reducing the risk of oversupply or shortage (Smith, 2020).
CRM (Customer Relationship Management) - technologies automate interaction with customers,
providing an individual approach to customers and allowing you to track the level of customer
satisfaction, adapt offers to their needs and build long-term partnerships. The synergy between data
analysis and automated CRM systems allows companies to make informed decisions regarding pricing,
logistics and marketing campaigns. In the mineral resources sector, such technologies can be used to
analyze geological exploration data, manage supply chains, and improve the consumer experience, for
example by ensuring transparency in the sources of minerals (Russell, 2024).

This thesis emphasizes the importance of integrating modern marketing tools to achieve business goals
and the sustainable development of the industry.

The most famous examples of combining these resources are Rio Tinto, which uses Big Data to forecast
demand for minerals such as copper and aluminum based on global economic data. KoBold Metals
integrates CRM systems to automate work with investors and partners, improving transparency of
cooperation. Tesla actively uses Big Data to analyze the geographical distribution of demand for electric
vehicles, which allows optimizing the supply of battery materials such as lithium.

Therefore, the use of Big Data and CRM in the marketing of critical minerals ensures the
competitiveness and stability of companies. These technologies allow not only to better understand the
needs of the market, but also to adapt to its changes, ensuring long-term efficiency and sustainable
development. More detailed information is provided in the monograph "Big Data and CRM Integration
in the Mining Industry." This work analyzes how big data and CRM can optimize marketing and
customer relationship management in the critical minerals industry. The authors consider use cases of
the technology and ways to implement innovation in a sustainable development strategy (Heinrich,
2018).

Unfortunately, the available sources contain little specific information about innovative marketing
technologies in the management of critical mineral resources in the Ukrainian context. However, there
are general studies on the implementation of innovative marketing technologies in various industries in
Ukraine. The uncertainty of the economic situation, the changing political environment, martial law in
Ukraine, and the existing corruption systems undermine the functioning of small businesses, which
today require the use of new marketing technologies, Karpenko N. draws attention to the importance of
ensuring the efficiency and stability of logistics processes of companies in unstable conditions
(Karpenko, 2023)

Among the key areas of development are the implementation of recycling technologies, reducing
dependence on primary extraction, investments in research into alternative materials, as well as the
active involvement of artificial intelligence for the analysis of geological data and process automation.

Thus, innovative marketing technologies are a powerful tool for solving key challenges in the field of
critical mineral resources. Their effective implementation will contribute to sustainable development,
ensuring a balance between economic needs, environmental requirements and social responsibility. "The
use of big data analytics in marketing helps to identify demand trends for critical minerals, reducing the
risk of shortages" (Global Trade Magazine, 2021).
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Conclusions
In conclusion, the integration of Big Data and Customer Relationship Management (CRM) technologies
into marketing strategies for the critical minerals industry is crucial for ensuring both competitiveness
and long-term sustainability. Companies such as Rio Tinto, KoBold Metals, and Tesla showcase how
data-driven approaches can optimize demand forecasting, improve investor relations, and enhance
supply chain management. The use of Big Data allows businesses to better understand market trends,
making it possible to adapt to dynamic market conditions and avoid shortages, while CRM systems
streamline interactions with key stakeholders, enhancing transparency and cooperation.
However, the implementation of these technologies in the Ukrainian context remains underexplored,
particularly within the critical minerals sector. Despite this, there are broader studies on the adoption of
innovative marketing tools in Ukraine's industries, emphasizing the need for modern technologies
amidst economic instability, political challenges, and logistical difficulties. The future development of
this sector in Ukraine hinges on the adoption of sustainable practices, such as recycling, alternative
material research, and artificial intelligence integration.

Ultimately, leveraging innovative marketing technologies is essential for addressing key challenges in

the critical minerals sector. These technologies offer a path toward achieving sustainable growth,

balancing economic, environmental, and social considerations, and ensuring the stability of businesses
operating in this field.
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