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Abstract 

Rare earth elements play an important role in the formation of high value-added and advanced technologies that 

facilitate access to a wide range of products and services. These elements have become the focus of attention of 

all countries with the increasing demand for technological products. Rare earth elements; It has an increasing 

strategic importance in many key sectors, including the defense industry, space industries, health supplies, 

automotive industry, energy production and high-tech new generation products. Very few places in the world have 

enough reserves to be worth opening a mine. Therefore, the need for rare earth elements in the supply of these 

technologies has made countries that do not have these elements dependent on others. In particular, the fact that 

the majority of the global supply is in China causes the country to use rare earth elements as a sanction tool. Rare 

earth elements are critical raw materials with a high supply risk in the international market. This makes the studies 

on the subject even more important. In this study, the need for rare earth elements with the developing technology 

and their effects on countries using high technology will be debated. On the other hand, in the study, the economic 

and political effects of rare earth elements and the current global actors besides rare earth element occurrences in 

Türkiye are mentioned. In particular, the study the effects of the world's second largest rare earth elements reserve, 

discovered in the Beylikova Mine Site of Eti Mine Works in Eskişehir, on the country and the global balance will 

be discussed. 

Keywords: Rare Earth Elements (REE), REE Formations in Türkiye, economic and political importance of REEs, 

global actors. 

JEL Codes: P45, P48, S31, L72 

1. Introduction 

The Rare Earth Elements (REE) include yttrium and scandium, along with 15 elements between lanthanum and 

lutetium, identified in the periodic table as the Lanthanides. Although yttrium and scandium were derived in the 

same mineralization, in lanthanides with the same chemical properties, they were later accepted as rare earth 

elements, although they are not rare elements that can be found in the earth's crust (MTA, 2017: 5). REEs have 

atomic numbers between 57-71 and are generally divided into two main groups as “Light-REE (atomic number 

57-63)” and “Heavy-REE (atomic number 64-71)” depending on the electron configuration in their final orbitals. 

Most of these elements are found together in ore minerals (Kumral et al, 2021: 5). 

Rare earth elements (Ree), wind turbines, solar panels, hybrid vehicles, electric power movement and 

communication technology, defense and aerospace sectors and industries such as highly basic that should not be 

used because it is rare in the international market is a major source of supply of raw materials is a risk (Çimen, 

2021: 27). For this reason, countries are both working on potential regions to have this resource and giving 

importance to their bilateral trade with countries that have these elements. In addition, countries that make high-

tech production in the world, especially those that invest heavily in the defense industry, have been looking for an 

alternative element with the function of these elements in recent years due to the supply risk. 

The main purpose of the study is to talk about the economic and political effects of rare earth elements and to 

touch on the effects of the world's second largest rare earth elements reserve in Türkiye. For this purpose, the study 

consists of two successive parts, excluding the introduction and conclusion part. Following the introduction, in the 

second part, rare earth elements are explained in all their aspects. In the third part, the global actors of rare earth 

elements are mentioned, and in the conclusion part, evaluations about REEs are made. 
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2. Rare earth elements: an overview 

This section consists of 5 consecutive and related sub-titles. In the first part, rare earth elements are mentioned in 

general terms, in the second part REE usage areas are given, in the third part REE supply and demand figures are 

explained, in the fourth part the REE mining and processing process is mentioned, and in the last part REE 

production potential is shown with graphics. 

2.1.Rare earth elements 

Rare earth elements technically encompass a group of yttrium and scandium elements together with the 

lanthanides. These elements are classified into two groups as light rare earth elements and heavy rare earth 

elements. Cerium, praseodymium, neodymium, promethium, and samarium are in the mild REE group, while 

yttrium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, and lutetium are 

considered in the heavy REE group (King, 2022). REEs are marketed and used as oxides, metals and various 

chemical compounds, and they are also used in the production of high quality metal alloys due to their durability 

at high temperatures. Materials containing REEs as additives are stable, high temperature and corrosion resistant 

lightweight materials. In general, REEs, with their soft and easily formable structural properties, have reactive 

characteristics. These elements, which are shiny, iron gray and silver in color, have their own magnetic and optical 

properties (TC. Ministry of Industry and Technology, 2020: 6-10). Table 1 presents a summary of rare earth 

elements. 

Table 1: Rare earth elements 

Atomic 

Number 

Name Symbol Image Atomic 

Number 

Name Symbol Image 

21 Scandium Sc 

 

64 Gadolinium Gd 

 
39 Yttrium Y 

 

65 Terbium Tb 

 
57 Lanthanum La 

 

66 Dysprosium Dy 

 
58 Cerium Ce 

 

67 Holmium Ho 

 
59 Praseodymium Pr 

 

68 Erbium Er 

 
60 Neodymium Nd 

 

69 Thulium Tm 

 
61 Promethium Pm 

 

70 Ytterbium Yb 

 
62 Samarium Sm 

 

71 Lutetium Lu 

 
63 Europium Eu 

 

 

Source: The images in the content were taken from Wikipedia and the table was created by the author. 

When we examine the history of rare earth elements, it is seen that they are not very rare. In 1788, a miner in 

Ytterby, Sweden, found a unique black mineral. This mineral was described in 1794 as a new type of "soil", an 

archaic reference for acid-soluble elements (Rowlatt, 2014, Klinger, 2015: 573). Later, it was found by researchers 

that there is a mineral in iron ore consisting of cerium, lanthanum and yttrium. Since such elements are not found 

anywhere else, they are assumed to be scarce. For this reason, the 15 elements in the lanthanide series ranging 

from lanthanum (atomic number 57) to lutetium (number 71) are called rare earth elements. On the other hand, 

scandium (21) and yttrium (39) are also counted as rare earth elements, although they are found elsewhere in the 

periodic table. Therefore, today, rare earth elements refer to a group of 17 chemically similar elements that make 

up approximately 17% of all naturally occurring elements (Klinger, 2015: 573). 
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Although rare earth elements have existed since the birth of the earth, their existence was not known until the 18th 

century. Rare earth deposits result from complex geological processes that begin in the earth's mantle (Klinger, 

2015: 573). In nature, REEs are not often found singly as in gold or copper. Usually these elements are found in 

minerals as minor or major constituents. REEs mostly occur in rare geological rock types and environments. 

Although REEs are common in the earth's crust, they are rarely found in economic concentrations. Economic REE 

deposits occur in four main geological environments. These; carbonatites, alkaline magmatic systems, ion 

absorption clay deposits and placer deposits containing monazite-xenotime. Even within these bed types, 

extractable (economic) REE concentrations are rare. For example, there are more than 500 known carbonatites 

globally, but only 6 of REEs are currently mined (USGS, 2014: 2). 

REEs are not found in nature as natural elemental metals, but only as part of the host mineral chemistry. Therefore, 

the recovery of rare earth minerals must be accomplished by complex processing methods to chemically break 

down the minerals containing REEs. Despite the abundance of more than 200 known REE-containing minerals, 

only three of them, bastnäsite, xenotime and monazite, are considered to be the major REE mineral ores most 

suitable for the extraction of REEs (Tyler, 2004; Charalampides et al., 2015: 127). 95% of the REE production in 

the world is realized from these three minerals (NATEN, 2022). 

On the other hand, the technology in the extraction and distillation of these elements draws criticism because it 

creates a large amount of waste that causes environmental burden (Golev et al. 2014: 53). Mining and concentration 

of REE ores presents traditional waste rock and thickener waste disposal problems that are often addressed through 

careful engineering of onsite waste disposal facilities. When the mining process ends, the waste disposal facilities 

are reshaped, covered with topsoil and vegetated. In-situ water flow is diverted to prevent interaction with waste 

materials. Open pits are often left unfilled. The rock that is blasted and removed expands by about 40 percent in 

volume and therefore does not fully fit back. In non-arid climates, a pit lake may form and develop undesirable 

water pollution that requires continuous water treatment through water-rock interactions (Long, 2013). In addition, 

since the mining of some REE minerals such as thorium and radium carries the risk of radiation leakage, the 

separation-purification of the ore becomes difficult and costly, and elements harmful to human health such as 

arsenic and fluorite are also released (Güner, 2019a: 18). 

2.2. Uses of rare earth elements 

 

REEs lighten the materials they contain and make them resistant to high temperature, wear and corrosion. Due to 

these features, it is frequently preferred in advanced technology products and is valued as an indispensable strategic 

element of our age (TC. Ministry of Industry and Technology, 2020: 9). In today's world where technological 

progress has become mandatory, the rare earth market, which has a great impact and economic value, has many 

uses in order to reach a wide range of products and services. These are shown in Table 2. 
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Table 2. Uses of rare earth elements 

         

Source: Metall Rare Earth Limited and MTA, 2017. REEs, which are used at different rates in the production of 

different materials from health services to defense industry, from clean energy to telecommunication systems and 

  Y La Ce Pr Nd Sm Ed Gt Tb Dy Ho Eu Tm Yb Lu Sc RE 

Catalyst 

 

Advanced water treatment  • •              • 

Emission control  • •              • 

Fluid cracking catalyst  • •              • 

Ceramics 
 

Aluminum nitride •          •       

Condenser • • • • • •  •  •  •     • 

Oxygen sensors •                 

Ptc thermistor • •  •    •  •        

Silicon nitride •           •  •    

Synthetic stones •  • • •    •   •      

Thermal coating              •    

Zirconium nitrite •  •       •  •  •  •  

Electronic 

 

Global Positioning System •       • • •      •  

Aviation technology •  • • •   •    • •     

Guidance and control 

systems 

        • •  •      

Hard drives     •             

IPads • • • • • •   •        • 

Neutron radiography  •    •  •          

Night vision equipment • •         • •  •    

Smart phones   • • • •    •       • 

Energy 

 

High temperature 

superconductors 

• •   • • • •  •  • • • •  • 

Hydrogen storage alloy  •               • 

Nuclear energy •      • •  •        

Solid oxide fuel cells • •                

Wind turbines   • • • •   • •        

Pine 

 

Painting   • • •       •      

To bleach, to wither   • • •       •      

Screen • • •    •  •        • 

Polishing   •              • 

Magnetism 
 

Magnetic optical discs     •   • • •        

Magnetostrictive 
transducer 

•       •          

Permanent magnets   • • • •   • • •      • 

Medicine 

 

Contrast agent for MRI        •          

Medical devices        •     •     

Medicines  •      •          

Scintillator for X-ray CT •   •   • •     •     

Metallurgy 

 

Additive for iron and steel  • •              • 

Hybrid vehicle  • •             • • 

Super alloy •       •   •     •  

Optical Hand (electro 
luminescent) 

  • •  • •  •    •     

Fluorescent lamp • • •    • • •         

LED light emitting diodes •    •             

Metal lamp     •     •   •     

Optical fiber • •   •       • • • •   

Optical lens • •           • • •   

Solid laser •    •             

X-ray concentrator screens        • •         
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in many areas of technology, mobile phones, laptops, television screens, modern medical devices, batteries, camera 

lenses, light bulbs, which are among the indispensable parts of our lives today. X-ray machines, fiber optic cables 

and batteries, as well as hybrid vehicles, aircraft engines, missile control systems, lasers, ceramic and glass 

production, wind turbines, solar energy and oil refining processes are preferred in many fields (TC. Industry and 

Ministry of Technology, 2020: 9). In addition to these, these elements, which are used as raw materials in 

superconducting materials and nuclear industry, have become an important part of manufacturing processes in a 

wide area. Many devices cannot operate without REEs, and next-generation technologies may require large 

quantities of rare earth elements. Percentages of REE usage areas are given in Graph 1. 

 

Graph 1: Percentage of REE usage areas 

Source: Metall Rare Earth Limited and MTA, 2017. 

When the percentages of usage areas are analyzed in the graph, it is seen that the highest rate is in Glass Additives 

and Polishing with 22 percent. For example, erbium, which turns pink when oxidized, gives pink glassware its 

color (Hammond, 2000; Klinger, 2015: 573). Neodymium Magnets come second with 20.3 percent. It is used to 

make permanent magnets in wind turbines, computer hard drives and electric vehicles (Zepf, 2013; Klinger, 2015: 

573). Others are respectively; Fluid Degrading Catalysts with 15.3 percent, Battery Alloys with 9.4 percent, 

Metallurgical Alloys with 8.9 percent, Phosphors with 7 percent, Automobile Catalytic Converters with 5.9 

percent, Other Fields with 5.8 percent and Ceramics with 5.4 percent. 

In the future projections for REE markets, it is predicted that the increasing demand for environmentally friendly 

power generation systems (wind energy, solid oxide fuel cells and electric vehicles) with the tightening of emission 

and environmental regulations will also increase the demand for REEs in the future. It is thought that the demand 

for REEs (Tb, Dy, Nd and Pr) used in magnet production will increase and there will be a supply problem starting 

from 2025 in the supply of these elements (ETKB, 2022). 

2.3.Supply and Demand of Rare Earth Elements 

 

The supply and demand balance of REEs in the world market has been unstable. After a rapid increase in demand 

by developed countries in the 1980s, it decreased slightly between 1991 and 1993. At that moment, the REE market 

was affected, firstly, by the enormous increase in Chinese production, and secondly, by the presence of large 

reserves in the countries of the former Soviet Union. From 1990 to 2000, the total production of REEs increased 

from 33 to 81 thousand tons, or 2.45 times (Charalampides et al. 2015: 131). On the other hand, due to the increase 

in supply, prices have also decreased somewhat. From 2007 onwards, the prices of all REEs increased, while the 

amount produced was 134 thousand tons (2010). These developments in both quantity produced and prices are 
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largely due to the role of China: While this country used to be only a producer, it has recently become an important 

consumer (Papp et al., 2008). 

In 2021, REE production in the world was 170 thousand tons. However, the demand for REEs, which are used in 

many sectors, is constantly increasing depending on current and new technological developments. It is predicted 

that the world's annual REE demand will be 220,000 tons in 2025 and 350,000 tons in 2035. If new resources 

cannot be found, there is a risk that there will be supply shortages in some REEs after this date and that the supply 

will not be able to meet the demand (NATEN, 2022). 

According to the United States Geological Survey (USGS), world resources are sufficient to meet predictable 

demand, but world production is far from meeting current demand (Cordier and Hedrick, 2008: 5). Reserves and 

reserve diversity can be expected to increase in the coming years, as sharp increases in REE prices lead to the 

discovery of new deposits. (Charalampides et al. 2015: 129). The increase in reserve diversity will provide an 

opportunity for a stable supply and price formation in current and expected demands. 

China is one of the leading Rare Earth Elements producing countries in the world, followed by Brazil. China comes 

first among the countries that consume in the world, followed by Japan, USA, Germany and France (MTA, 2017: 

13). China is one of the countries that most affect the supply-demand imbalance and supply chain of minerals. For 

example, China, the largest consumer and importer of lithium in the world, had a 7% share in global lithium 

production and 50% in lithium consumption in 2015. This significant difference between production and 

consumption has caused significant fluctuations in lithium prices and the supply-demand imbalance has become a 

concern for manufacturers who need minerals in solar panel, wind turbine and battery production (Hao et al., 2017: 

100). 

2.4.Mining and processing of rare earths 

 

REE production is carried out by applying solution mining, underground mining, open pit methods. Solution 

mining is practiced to the extent permitted by countries. Extracted raw materials are turned into products as a result 

of crushing, grinding, chemical and metallurgical processes. In order to do this, knowledge, technology, experience 

and expertise are required. For this reason, besides the existence of REE, there must also be the technology and 

experience to process it (MTA, 2017: 11-12). Most rare earth ores are mined by traditional open-pit methods, 

where rock is blasted off, loaded into trucks with large shovels, and taken to a concentration plant. A sediment at 

or near the surface can be mined with open-pit methods at much less expense than the underground methods 

required for deeply buried sediments. In cases where the open pit method cannot be used, underground mining is 

used. The aim here is to reach the elements in the easiest and least costly manner (Long, 2013). 

Although there are over 850 resources identified in the world, there are only a few mines actually operated and 

yielded. The leading mines currently operating are Bayan Obo in China, Mountain Pass in the USA, and Mount 

Weld in Australia, which was recently opened, and Lahat in Malaysia. The distribution of rare earth elements in 

various mines is shown in Figure 1. The average distribution of rare earth elements in each deposit is shown here. 

These are: (a) Bayan Obo, China; (b) Mountain pass, USA; (c) Mount Weld, Australia; (d) Lahat, Malyasia (Haque 

et al., 2014: 619). 
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Figure 1: Distribution of rare earth elements in various mines 

Source: Haque ve diğerleri, 2014. 

Rare earth elements are relatively abundant in the earth's crust, with the exception of radioactive promethium 

(Dung et al. 2021: 227). However, some operations are required to remove these elements. In REEs, the process 

does not end with the mining process as in many elements. This ore needs to be processed. The main steps in the 

processing of REE ores include: mining, beneficiation, chemical treatment, separation, reduction, refining and 

purification. Figure 2 shows these steps. 

 

Figure 2: General processing routes for REE ores 

Source: Navarro and Zhao, 2014. 

The first step is to extract ores with REO concentrations ranging from 0.05% to 10%, depending on the mine site 

and ore types (Fuerstenau, 2013; Golev et al., 2014; Navarro and Zhao, 2014: 5). In the second step, a physical 

beneficiation process separates RE minerals from gangue minerals to produce a RE mineral concentrate (Zhang 

and Edwards, 2013; Navarro and Zhao, 2014: 5). The third and fourth steps of the REE processing route involve 
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chemical refining (or "cracking") and separation. Chemical treatment of concentrates will also remove impurities 

and increase the REO concentration to approximately 90%. The fourth step of the process involves separation to 

obtain individual REOs, where solvent extraction is commonly used. This process uses minor differences in 

fundamentality and through this step the REO content can exceed 99%. The fifth step involves the reduction, 

refining and purification of REEs. On an industrial scale, this is usually achieved by metallothermic reduction in 

molten salt or by fused salt electrolysis (electrowinning). Finally, the refining and purification step includes fused 

salt electrolysis, molten salt oxide reduction, metallothermic reduction, zone melting, solid state transport (solid 

state electrolysis), etc., where REE purity can reach 99.99%. may contain. High purity REEs cannot be obtained 

with a single purification technique as a series of processes must be applied (Gupta and Krishnamurthy, 2005; 

Navarro and Zhao, 2014: 5). 

2.5. Rare earth reserves and production potential 

Rare earth elements are supported by a strong balance of supply and demand, thanks to technological developments 

and the trend towards clean energy. The safe and continuous supply of these elements, which meet many of our 

functional needs, is very important for countries. Countries that now have reserves are trying to get all kinds of 

technological support for the production of these reserves. Countries that do not have a reserve, on the other hand, 

want to guarantee themselves with certain agreements. In Graph 2, the reserves of rare earth elements by country 

are shown. 

 

Graph 2: Reserves of rare earths worldwide as of 2021, by countries (in 1,000 metric tons REO and percent) 

Source: US. Geological Survey and Statista 2022. 

The known total reserves are 124 million tons. The graph shows that China is the country with the largest reserve 

amount in the world with 44 million tons. More than a third of the total reserves are located in China. Vietnam 

comes second with 22 million tons, and Brazil and Russia come third with 21 million tons. Others are respectively; 

India with 6.9 million tons, Australia with 4 million tons, America with 1.8 million tons, Greenland with 1.5 

million tons, Tanzania with 890 thousand tons and South Africa with 790 thousand tons. Chart 3 shows the 

percentage distribution of the countries' reserve ratios in 2010 and 2021. 
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Graph 3: Percentage change in the reserves of countries in 2010 and 2021 

Source: US. Geological Survey and Statista 2022. 

China's leadership in total world reserves in 2010 and 2021 is clearly visible. In 2010, half of the total reserve was 

in China. Russia comes next with 17 percent and America with 12 percent. In 2021, China with 35 percent, 

Vietnam with 18 percent, Brazil and Russia with 17 percent. The chart shows that different countries have been 

added to the list with new discoveries. The most striking ratio in the chart is that while China's share was half of 

the world in 2010, this ratio decreased to one third of the world in 2021. China has had a strong influence on the 

rare earths market for many years. However, its share in global production and reserves decreased with the addition 

of new countries to the list. In this case, the world's dependence on China for rare earth elements is gradually 

decreasing. In Figure 4, the distribution of rare earth productions in the world as of 2021 is shown proportionally. 

 

Graph 4: Distribution of rare earths production worldwide as of 2021, by country 

Source: US. Geological Survey and Statista 2022. 
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An annual production of 280 metric tons was produced in 2021 (Investingnews.com, 2022). The vast majority of 

it is produced in the People's Republic of China. Considering the distribution of this production; It is seen that 

China is the strongest producer of rare earth elements, followed by the United States and Australia. Other leading 

producers are Russia, India and Brazil. The People's Republic of China again leads the way in REE consumption, 

followed by Japan, the United States, Germany and France. Increasing demand for rare earth elements will increase 

production (NATEN, 2022). 

3. International economic conjuncture in rare earth elements: market actors 

REEs were obtained from beds in India and Brazil until 1948. Since the 1950s, South Africa has come to the fore 

in production (King, 2017; Güner, 2019b: 281). Between 1965 and 1985, the USA was the most important REE 

supply area in the world. China, which became active in the world REE market after 1985, has taken the first place 

in world production since the 1990s (Castor and Hedrick, 2006; Yıldız, 2016; Haverluk, 2012; Zhou et al.,2017, 

Şen et al.,2012; Barakos et al. , 2016; Klinger, 2018, Güner, 2019b: 281). With the increasing need for REE as a 

result of technological progress, most of the academic literature focuses on the post-1990 period, that is, China's 

dominance and having a say in the world with its reserves. Continuity of supply carries risks as there is no 

substitution of elements. The increasing concern about the supply risk of rare earth elements has made the issue 

of which countries have the highest reserves and how much they produce. In this section, the current situation of 

some countries operating in REE will be explained. 

3.1. China 

 

China has the highest rare earth mineral reserves in the world with 44 million tons. The country is also by far the 

world's leading producer of rare earths, producing 168,000 metric tons in 2021. Chinese producers must comply 

with a quota system for rare earth production. The quota system is designed to prevent China's illegal mining of 

rare earths. The country has taken several measures, including closing illegal or environmentally unsafe rare earth 

mines, limiting production and exports of rare earths (Investingnews.com, 2022). Although these measures by 

China improve control, the restriction of production may lead to disruptions in the supply chain. 

As US production fell with the suspension of operations at the Mountain Pass mine in the early 2000s, China has 

reached its modern position as the world's leading producer and exporter of rare earths around the world. With the 

suspension of operations at the Mountain Pass facility in 2002 coinciding with low REE prices, Chinese production 

was established as the dominant source for the world's REE demand. This period was also characterized by a 

significant increase not only in the market share of China's rare earths market, but also in the volume of production. 

Between 1960 and 1990, global REE production rarely exceeded 40,000 mt and was often at or below 20,000 mt. 

In the early 2000s, global production increased by 20,000 mt every few years and almost all came from China; 

Global production was around 80,000 mt in 2000, increased to over 120,000 mt in 2005 and over 168,000 mt in 

2021 (Daigle and DeCarlo, 2021: 27-28). 

The Bayan Obo deposits in Inner Mongolia, China, are known as the world's largest reserves. While seventy 

percent of China's production is met from here, there are also significant REE reserves in Shandong and Sichuan 

(Toptaş, 2020). China's dominance in both the production and reserves of rare earths has caused problems in the 

past. Especially since the 1990s, this raw material market, which has been under the control of China due to its 

high reserve amount, cheap consumables and labor resources, and weak environmental regulations, has been 

exposed to supply cuts, export taxes and quotas by China in three main periods since 2010 (Çimen, 2021: 27). 

Minerals and rare earths have become the source of trade wars, international tensions and diplomatic crises 

between China and the US, EU, Japan and Australia. China's desire to use these raw materials for national final 

production rather than exporting rare earth elements to add value to its own economy, and in this context, limiting 

the export quota of rare earth elements to 40 percent in 2010 led to diplomatic tensions (Kalantzakos, 2020: 4). 

Combined with China's growth in demand and export restrictions, it is expected that it will take some time for 

global supply to meet world demand. Therefore, prices should remain high in the short term. According to 

Humphreys (Humphreys, 2009), in the long run, prices tend to fall to the marginal cost of production with 

increasing supply (Ortiz and Júnior, 2014: 364). 
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In addition to being the world's largest REE producer, China is the dominant consumer as it is also a major actor 

in the electronics industry. This country mostly uses REE to manufacture electronic products in the domestic and 

export markets. In addition, it is reluctant to control and manipulate the market in REE issuance (Gambogi, 2017). 

On the other hand, China's monopoly on rare earths is concentrated in almost all stages of the production chain 

and thus creates little opportunity for other countries. This causes exposure to uncertainties in product supply and 

price increases, resulting in huge profits for Chinese companies (Ortiz and Júnior, 2014: 366). There are also 

indications that China's potential to influence REE prices is now limited. Illegal mining and processing Rare earth 

elements in China and their smuggling out of the country harm the Chinese REE industry (Packey & Kingsnorth, 

2016; Barakos et al. 2018: 33). In addition, technological developments in substitution and recycling will 

significantly reduce the supply and mining activities of rare earth elements. Policy discrepancies between the 

increase in investment in emerging strategic industries and the increase in resource and environmental taxes on 

rare earths will also affect China's rare earth supply in the future (Ge et al., 2016: 1). 

3.2. Vietnam 

 

Vietnam's rare earth reserves are at the level of 22 million tons. This amount is half of China's known reserve ratio. 

Nam Xe has enormous rare earth potential, mostly distributed in the Northwest, including Dong Pao, Muong Hum, 

and Yen Bai. There are many research projects on different types of rare earth ores around the world, but the focus 

is mainly on essential minerals, including monazite, xenotime and bastnaesite (Dung et al. 2021: 227). 

The mine production, on the other hand, is 400 metric tons, although its reserves are high (Investingnews.com, 

2020). Rare earth mining in Vietnam is almost small-scale, and the processing technology is still outdated. The 

mining method is mainly manual. As a result, large resource losses occur. Manual mining method is insufficient 

to completely separate REEs and create added value (Dung et al. 2021: 229). The fact that Vietnam's production 

represents only a very small part of the global supply attracts investors with the increasing demand for REEs. In 

2010, several Japanese firms, including Toyota, announced their investment in REE mining in Vietnam (Daigle 

and DeCarlo, 2021: 19). 

Vietnam and 9 countries in the Southeast Asian region are interested in developing clean energy capacity. While 

installed fossil fuel capacity and renewable energy capacity have been comparable in the last five years, these 

countries in the Southeast Asian region are now turning to renewable energy. Looking at the current energy 

development plans of the countries in the region, it is aimed that more than 60 percent of the newly installed 

capacity will be renewable by 2025. Vietnam, in particular, has contributed significantly to renewable energy 

development in the region with its massive solar deployment. Therefore, Vietnam is trying to produce more rare 

earths for supply (Suryadi, 2022: 1). 

3.3. Brazil and Russia 

 

Brazil and Russia have the third largest rare earth reserves globally. The reserve amount of both countries was 

determined as 21 million tons. Brazil, like Vietnam, is not a major producer of rare earths in 2021 and production 

is only 500 metric tons. Russia produced more than 2,700 metric tons of rare earths in 2021 than Brazil and 

Vietnam (Investingnews.com, 2020). Brazil has large rare earth mineral reserves in the Araxá, Serra Verde, 

Catalão and Morro dos Seis Lagos regions. Most rare earth formations in Brazil consist of monazite, which presents 

large amounts of light rare earths such as Neodymium and Praseodymium. However, the Serra Verde, Mata Azul 

and Pitinga mines offer greater amounts of heavy rare earths as Dysprosium. The demand for high-efficiency 

electric motors and high-energy product magnets has led to the establishment of a rare-earth magnet industry in 

Brazil, where several mines have started producing rare earth oxides. Brazil rare earth reserves are estimated to be 

at least 86.8 million tons of rare earth oxides (Campos et al., 2014: 2). 

Despite high reserves, Brazil has low production. This situation necessitated investment and development here. In 

2021, Brazilian firm Brazil Minerals announced that it had acquired the mineral rights for nearly 20,000 acres of 

rare earths in Northeast Brazil. Brazil Minerals has announced a longer-term interest in investing and developing 

metals and minerals for the “Green Energy Revolution”, including lithium and titanium, in addition to rare earths 

(Daigle and DeCarlo, 2021: 20). The only application that ensures the economic sustainability (cost plus volume) 
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of rare earth work in Brazil is the production of magnets. The production of rare earth magnets can stimulate high-

tech industries in Brazil as the government and entrepreneurs give due attention and support to this field (Campos 

et al. 2014: 4). 

Russia, on the other hand, became an important REE producer for the domestic market during the Cold War, partly 

due to troops' interest in extracting other materials from deposits containing rare earth elements (especially 

uranium). However, with the collapse of the Soviet Union, rare earth production declined. There is a REE 

concentration in this country mostly in Siberia, along the Kola Peninsula, at the northern tip of Lake Baikal and in 

the Arctic region of Russia (Daigle and DeCarlo, 2021: 20). Especially Tomtor niobium rare earth deposit, located 

in the Arctic region in the northwest of Yakutia (Russia), is an almost inexhaustible source of high liquid minerals 

to be used in high-tech sectors such as industrial production, military industry (Samsonov et al. 2017: 637). By 

some estimates, the Tomtorskoye deposit is the second largest REE deposit in the world, after the Bayan Obo 

deposit in China (the main source of REE mining in China) (Daigle and DeCarlo, 2021: 20). 

Although Russia's production is higher than that of Vietnam and Brazil, it remains low compared to its reserves. 

The country's mines are struggling with technical capacity problems and financing difficulties (Daigle and 

DeCarlo, 2021: 20). In addition, Russia's invasion of Ukraine has raised concerns about disruptions in the rare 

earth supply chain and economic difficulties. In addition, current trends in the global energy transition are creating 

new challenges. Thus, it affects the economy of Russia, which is largely dependent on hydrocarbon exports. 

Russia, on the other hand, has huge REE reserves that could lead the country to a low-carbon development path. 

However, this reserve cannot be used functionally enough (Cherepovitsyn and Solovyova, 2022: 1). 

In order to expand domestic capacity, in 2021 the Russian government has drawn up a program to attempt to 

increase crude rare earth production. This program, which envisages financing of approximately $4 billion, will 

be jointly managed by the Russian Ministry of Industry and Trade and the state nuclear company Rosatom, and 

will finance the construction of 10 new power plants for REE generation. In addition to the expected REE, a 

production of 7,000 metric tons by 2024 and 30,000 metric tons by 2030 is targeted. This initiative will also support 

the production of lithium, niobium and tantalum. While the target is to serve the Russian domestic market at first, 

it is to support the world market with future production (Daigle and DeCarlo, 2021: 21). 

3.4. America 

 

The United States ranks seventh in global rare earth reserves with 1,800 million tons in 2021. According to 

Investingnews (2022), the country has the second highest production of rare earths with 43,000 MT, while it is 

also the third largest consumer of REE (Gambogi, 2017). In this case, although the USA ranks second in 

production, it is dependent on REE imports. As the country currently imports all rare earth metals and compounds, 

many are concerned about maintaining unrestricted access to these resources. The United States does not have 

commercial scale REE extraction capabilities. Ongoing research aims to reduce the cost of extracting REE from 

mineral deposits and recycled materials (CRS Report, 2020: 1). On the other hand, the USA has goals to get rid of 

import dependency. Companies operating in the US defense industry are required to end their REE purchases from 

China in 2026 and to replenish their stocks with the purchases to be made so far. From this draft; It is understood 

that the US administrators plan to make local production sufficient until 2026 (Mermer, 2022: 8). 

The area near Mountain Pass in San Bernardino, California has witnessed at least three prospecting cycles; The 

discovery of deposits containing large amounts of rare earth minerals in April 1949 marked the beginning of the 

third cycle. This discovery lasted until 1952, and the area initially discovered as a uranium deposit soon provided 

a rare earth reserve (Olson et al., 1954). Mountain Pass became operational in 1965 and became the leading 

producer worldwide, with Australia being the next largest producer, producing only a fraction of the US production 

(Barakos et al. 2018: 31). One of the most extreme, even bizarre, igneous rocks and few major sources of light 

rare earths in composition known on Earth, Mountain Pass is the only source in North America. Mountain Pass 

has strongly dominated the world's REE supply for nearly three decades. Since the mid-1980s, China's REE 

production has increased dramatically and has taken over the world (Haxel, 2005: 1-18). Mining activities in 

Mountain Pass ceased in 1998 in response to environmental problems around Mountain Pass as well as competition 

from China (Ali, 2014; Mancheri, 2015; Barakos et al. 2018: 31). The Mountain Pass mine was reopened in 2012, 
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after a complete technical rehabilitation, bringing it in line with current pollution norms. But even if production 

does not stop, the Mountain Pass mine does not contain significant amounts of dysprosium, a vital element for 

permanent magnets used in the manufacture of many key components of the American defense system. If America 

wants to make progress in this regard, it should allow the development of the mines (Dobrescu, 2015: 44-45). 

China is currently the only country to develop a complete value-added chain of multiple independent companies 

dedicated to REE research and production, each providing highly differentiated technologies, processing, 

formulation or ingredient-specific applications (Barakos et al., 2018: 34). However, the United States is aware of 

its dependence on China due to China's threats to cut its rare earth exports and takes initiatives to address the 

shortcomings in its local supply chains. The US should increase its supply to meet the demand for rare earths and 

reduce its dependence on China. For this, it must first invest in production technologies. 

3.5. Türkiye 

 

Since the late 1950s, various significant REE reserves have been identified in Türkiye, especially as a result of the 

studies of the General Directorate of Mineral and Exploration (MTA) (Yıldız, 2016: 41). Since then, many reserve 

discoveries have been made within the scope of REE research projects or during the detection of another element 

or ore (MTA, 2017:17).  

In 2018, due to the input that REE's will provide to sectors in the future, T.C. The Rare Earth Elements Research 

Institute (NATEN) affiliated to the Ministry of Energy and Natural Resources has been established. NATEN, rare 

earth elements (REE) and other elements of the country's short-medium-and long-term policies and strategies with 

the necessary information for the creator of the acquisition of products and other valuable elements and REE, these 

elements in relation to product development and a wide range of technologically advanced products and 

technologies in order to ensure the use of these elements is an institute conducting research and supporting research 

(TC. Ministry of Industry and Technology, 2020: 32) Then in 2020, the Turkish Energy, Nuclear and Mineral 

Research Institution (TENMAK) was established and a new page was opened on mining in Türkiye (TENMAK, 

2022). 

Today, there are REE deposits found in Türkiye that have not been exploited yet. The geology of the country is 

suitable for the formation of rare earth elements (MTA, 2017: 17). As a result of the searches carried out by the 

General Directorate of Mineral Research and Exploration in Türkiye, REE deposits have been identified in 

Eskişehir-Beylikova, Malatya-Kuluncak, Sivas and Burdur. The average REE grade of approximately 52 million 

tons of REE reserves in Eskişehir-Beylikova containing barite-fluorite and bastnasite is 3.14%. In addition, 

potential REE reserves have been identified in Isparta, Sofular and Kayseri İncesu regions. It is also possible to 

obtain REE from secondary sources such as coal reserves and ashes, waste from ore processing plants, and 

electronic waste (NATEN, 2022). However, producing and exporting these mines will not make any sense at the 

moment. The target is to produce these elements, to enrich them, to establish the industry, to meet the raw material 

requirement of REE from the sources and to import the raw material and create added value (MTA, 2017: 17). 

The most important one among the mines with REE reserves in Türkiye is the mine in Beylikova, Eskişehir. This 

mine is the second largest REE reserve in the world with its capacity. While China has declared a reserve of 800 

million tons, the presence of 694 million tons of rare earth elements in Beylikova seems to be sufficient to change 

the global balances. The reserve diversity in Beylikova is also high. At least 10 of the 17 types of REE used in 

technological products are found in the beds in Eskişehir. When Türkiye starts industrial production, it is aimed to 

produce 8 tons of lanthanum, 13 tons of cerium, 3 tons of neodymium, 1 ton of praseodymium, 500 kg of mixed 

REE concentrate, and fluoride, which is highly needed in 365 tons of steel production, at the facility with a capacity 

of 1200 tons. Apart from this, 300 tons of barite, which is not REE but is a valuable mineral, used in the oil-gas 

exploration and health industry will be produced (TRT, 2022). 

This discovered reserve will have political, economic and security implications. If the work that started in 

Beylikova 60 years ago had gone far enough, Türkiye could be one of the strongest actors in the market by 

preventing China from having a say on this issue alone. At the same time, the country could have moved from the 

"developing" category to the "developed" category, thanks to the supply and use of REE. On the other hand, it is 

known that Beylikova is one of the best mining areas in the world, also known as good grade quality. This situation 
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may be a matter of partnership for Türkiye, which attracts the attention of other countries and is developing itself 

in industrial production. As it is known, China's production technology that will operate at low cost is very high 

in this regard. Therefore, an initial partnership can maximize the profits of both countries. However, in an 

agreement with EU countries or the USA, Türkiye can end the Chinese monopoly by gaining both an economic 

and political advantage. 

In addition, thanks to the reserves in Türkiye 's hands, political ties with the West are expected to get stronger. The 

dependence of countries on the supply of China and Russia will decrease. If the country achieves its goals of 

processing these elements, it can increase both the country's welfare and employment by creating new investment 

areas with the resources obtained. On the other hand, Türkiye's investments in the field of defense industry have 

increased significantly in recent years. REEs are highly used in defense industry tools and vehicles (F35s, 

unmanned aerial vehicles, radars, lasers, many military equipment, etc.), as in many technological products. It is 

possible for Türkiye to make an agreement with many countries in the defense sectors. By strengthening its own 

production, the country can gain a significant technological advantage and rank first in defense. 

Another advantage of REE production for Türkiye is the reduction of dependence on fossil fuels and therefore on 

energy imports, with energy conversion. With the development of renewable energy infrastructure and the spread 

of modern technologies, the dependence of countries on critical minerals has increased. Therefore, for Türkiye, 

which has ambitious goals in energy transformation, seeks a domestic condition in the production of wind and 

solar power plants and aims to expand electrification in transportation by producing its domestic electric car, the 

production and supply of these minerals will provide Türkiye's energy security and technology independence 

(Kakışım, 2022: 117). 

According to the data of TradeMap (2022), Türkiye makes the most REE imports from Russia, China and Finland, 

respectively, for "organic or inorganic compounds of rare earth metals, yttrium, scandium or mixtures of these 

metals". The country, which imported a total of 9 million dollars of REE in 2019, made an import of 19.7 million 

dollars in 2020. The increase in imports is an indicator of the increase in the amount of REE needed for 

investments. The countries to which Türkiye exports the most REE are Iran and Uzbekistan, respectively. There 

is no significant amount for other countries. While Türkiye exported a total of 6.5 million dollars of REE in 2019, 

it exported 16.5 million dollars of REE in 2020. (TradeMap, 2022). The increase in Türkiye 's REE exports was 

due to the capacity of newly discovered reserves and the activities of some private sector mining companies. 

Depending on the technological developments, researches on obtaining critical elements in Türkiye have been 

focused. Turkey has addressed this issue in its Eleventh Development Plan (2019-2023). It envisages that the 

actions under the responsibility of TÜBİTAK will take place by the end of 2023 (TC. Ministry of Industry and 

Technology, 2020: 36). Türkiye can also invest in alternative sources from which it can supply critical minerals. 

African and Central Asian countries have the potential to turn into a production region, which will intensify the 

competition between global actors. African and Central Asian countries, which are aware of their potential, are 

willing to attract foreign investments and open their mining fields to international cooperation. These approaches 

offer new opportunities for Türkiye and other investor countries (Kakışım, 2022: 119). However, the World Trade 

Organization (WTO) has recognized that "fears of inadequate access to resources in resource-scarce countries and 

improper exploitation in resource-rich regions can lead to trade conflicts or worse outcomes" (WTO, 2010). 

4. Conclusion and Evaluation 

With the digital age, all countries are trying to adapt to the rapidly increasing process of technology. Countries are 

developing their local resources and working towards high technology. In these studies, rare earth elements, the 

reserve potential of which is very large, attract attention. These elements have a wide range of usability and 

applications. Rare earth elements have become an important part of the manufacturing process by using them in 

many high-tech products and industries. Therefore, the demand for REE is increasing day by day and provides a 

competitive advantage to the countries producing REE. REE is necessary for the political and economic well-being 

of countries. 

While the world's agenda is the reduction of oil reserves, climate change and wastes, the issue of dependence on 

the use of REE in high technologies has also been added to the agenda in recent years. Today, many modern pieces 
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of technology include REE. Although the amounts vary according to the technology used, the effect is at the 

highest level in all sectors. These elements are supported by a strong balance of supply and demand thanks to 

technological advances and the orientation towards clean energy. The safe and continuous supply of elements that 

meet many of our functional needs is very important for countries. Now the countries that have reserves are going 

on the path of receiving all kinds of technological support for the production of these reserves. Countries that do 

not have reserves, on the other hand, want to guarantee themselves with certain agreements. 

China has become a semi-monopoly producer of the world by using the reserves it has. Just having a reserve will 

not be enough. As China has also done, countries should well build up the entire supply chain, from the mining 

stage to the final product stage. China's reduction of REE exports for various reasons has put countries that import 

high-tech production and REE in a difficult situation and has shown how dependent they are on China in this 

regard. On the other hand, the risk of not being able to obtain rare elements obtained from the two countries due 

to the impact of the Russian-Ukrainian war has nervous other countries. That is why reserve discoveries for REE 

economic deposits and efforts to even put them into production have increased significantly in recent years. The 

countries that extract rare earth elements and the countries that process these elements with modern technologies 

and convert them into production will be on the winning side. 

In the medium and long term, alternative countries engaged in REE production will become more important to 

change China's semi-monopoly position. China's leadership in total world reserves in 2010 and 2021 is clearly 

visible. in 2010, half of the total reserves were in China. However, it is observed that in 2021, China's share in the 

total reserves has fallen to 35 percent. With the new discoveries, different countries have been added to the list. 

China's share of global production and reserves has decreased with the addition of new countries to the list. In this 

case, the world's dependence on China in rare earth elements is gradually decreasing. The new REE reserve 

discovered in Türkiye by 2022 will both reduce China's share and create an alternative. In the new research, 

Türkiye will be the country that comes after China in the reserve ranking with the year 2022. 

Due to technological developments, research has been focused on obtaining critical elements in Türkiye. As a 

result of these researches, 694 million tons of REE reserves with a grade of 3.14 percent were discovered in 

Eskişehir-Beylikova. This discovered reserve will have political, economic and security implications. As a result 

of the studies started in Beylikova, Türkiye can become one of the strong actors in the market if it provides the 

necessary technology and makes production. At the same time, the country has access to the category of 

“developed” thanks to the supply and use of REE from the category of “developing”. On the other hand, it is 

known that Beylikova is one of the best mining areas in the world, also known as good tenor quality. This will 

attract the attention of other countries. For Türkiye, which is developing itself in industrial production, there may 

be a partnership with other countries. As is known, in this regard, China's production technology for processing 

these elements at a low cost is very high. Therefore, a partnership to be established at the beginning can maximize 

the profits of both countries. However, in an agreement with EU countries or the United States, Türkiye can reduce 

the impact of China's sanctions by gaining an advantage both economically and politically. 

In addition, it is expected that political ties with the west will be further strengthened thanks to the reserves held 

by Türkiye. The dependence of countries on the supply of China and Russia will decrease. If the country achieves 

the goals of processing these elements, it can increase both the prosperity of the country and employment by 

creating new investment areas with the resources obtained. Türkiye is a country dependent on energy imports. The 

fact that there is a major energy transformation towards renewable energy sources together with the production of 

REE will ensure Türkiye's energy security and technological independence. On the other hand, Türkiye's 

investments in the field of defense industry have increased significantly in recent years. REE's are used in many 

technological products, as well as in tools and vehicles in the field of defense industry (F35s, unmanned aerial 

vehicles, radars, lasers, a large number of military equipment, etc.) are used at a high rate. The country can provide 

a significant technological advantage by strengthening its own production. The country, which has already made 

strong investments in the defense industry recently, can take the first place in defense with the economic and 

technological support created by REE's. 

The need for REE will increase even more as enterprises making high-tech investments increase in the country. 

Providing technological progress in Türkiye's REE industry and meeting the REE requirement by specializing in 
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processing elements will change the global balance and strengthen the country's political, economic and security 

position. On the other hand, in the medium and long term, the continued acquisition of depleted mines in the REE 

market through recycling and responding to increasing demand will determine the course of countries. In this way, 

costs will decrease, efficiency will increase and environmental pollution will be prevented. Countries that keep up 

with innovations in the new world order will be able to compete and achieve economic progress. 
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