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Abstract 

Cobalt is an important raw material for the production of lithium batteries, high-
temperature alloys, cemented carbides, magnetic materials and catalysts. As a mineral 
in short supply in China, the supply security of cobalt resources is related to the stable 
development of new energy automobile industry, 3C electronics industry, high-end 
equipment manufacturing industry and aerospace industry. The demand for cobalt 
resources is exuberant and the supply is seriously insufficient in China. Under the triple 
pressure of resource shortage, unstable import and low secondary recovery level, there 
is a huge potential safety hazard in the supply of cobalt resources in China. Therefore, it 
has great significance to analyze and forecast the supply and demand trend of cobalt 
resources in China for ensuring its supply security of China. 
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1. INTRODUCTION 

In recent years, with the rapid development of clean energy industry, the global demand for 
cobalt resources has increased speedily. Since 2007, China has surpassed Japan to become the 
world's largest cobalt consumer [1]. In 2010, European Commission listed cobalt as a key 
mineral shortage list in the Critical Raw Materials for the EU [2]. In 2016, cobalt was listed as 
one of 24 strategic minerals for the first time in China [3]. Cobalt is predicted to become one of 
the nine minerals in serious shortage in China by 2020, according to the report issued by China 
Mining Association (CMA). Then, the resource cobalt is extremely poor in China with only 80000 
tons of cobalt reserves, only accounting for 1.1% of global cobalt reserves. The serious 
imbalance of supply and demand causes 80% cobalt smelting raw materials depending on 
imports, and there are certain potential security risks in the supply of cobalt resources in China. 

2. OVERVIEW OF COBALT RESOURCES 

Cobalt is widely distributed on the earth, but its content is very low, and its crustal abundance 
is only 25×10-6 [4]. Cobalt is seldom ore-forming alone, mainly in the form of associated ore. 
The global associated cobalt deposits are mainly divided into six categories: deep-sea 
polymetallic nodules, accounting for about 45% of the total resources; deep-sea polymetallic 
crusts, accounting for about 38% of the total resources; associated with sandstone-type copper 
deposits, accounting for about 7% of the total resources, mainly distributed in the Democratic 
Republic of the Congo and Zambia; associated with laterite-nickel deposits, accounting for 
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about 6% of the total resources, mainly distributed in Cuba, New Caledonia and the Philippines; 
associated with magmatic copper-nickel sulfide deposits, accounting for about 3% of the total 
resources, mainly distributed in Russia, Canada, Australia and other countries; there are also a 
small amount of cobalt resources are contained in a few terrestrial hydrothermal and volcanic 
polymetallic deposits [5] (see Fig.1).Due to political and technological reasons, the deep-sea 
polymetallic nodules and crusts distributed in the Pacific Ocean, Atlantic Ocean and Indian 
Ocean have no economic exploitation value, but they are potential cobalt resources [6]. Among 
the land cobalt deposits proven, the sandstone-type copper deposits have the most abundant 
cobalt reserves, accounting for about 41% of the total reserves; in addition, laterite-nickel 
deposits account for about 36% of the total reserves; magmatic copper-nickel sulfide deposits 
account for about 15% of the total reserves; hydrothermal and volcanogenic polymetallic 
deposits and other genetic deposits account for about 8% of the total reserves [7] (see Fig.2) .  

 

 

Fig 1. Types and reserves distribution of global cobalt 

 

 

Fig 2. Types and reserves distribution of land cobalt 

 

According to U.S. Geological Survey (USGS), the world's explored land-cobalt reserves are 6.9 
million tons in 2018, of which 3.4 million tons are in Congo (DRC), accounting for 49% of the 
total global reserves. The second is 1.2 million tons of reserves in Australia, accounting for 
17%.The remaining cobalt resources were successively distributed in Cuba, the Philippines, 
Canada, Russia and Madagascar, accounting for7%, 4%, 4%, 4% and 2% respectively [8] (see 
Fig.3). 
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Fig 3. Reserves distribution of land cobalt over the world 

3. CONSUMPTION STRUCTURE AND DEMAND TREND 

In recent years, with the rapid development of power batteries, aerospace and other 
emerging industries in China, China's total demand for cobalt has maintained rapid growth, 
from 14700 tons in 2007 to 64700 tons in 2018, with an average annual growth rate of 14.4 %, 
which is the main driving force for the rapid growth of global cobalt consumption [9] (see Fig.6) . 
The consumption structure of cobalt in China is mainly concentrated in battery materials (78%). 
In 2016, the total domestic consumption of cobalt in battery materials was about 30,000 tons, 
followed by cemented carbides (7%), magnetic materials (4%), glass materials (4%), high-
temperature alloys (3%) and catalysts (3%) (see Fig.4) . Compared with the global cobalt 
consumption structure, it can be seen that China's cobalt consumption in battery material 
sector is much higher than the global average (49%) [10] (see Fig.5) , while it is lower than the 
global average in the fields of high-temperature alloys and cemented carbides. It indicates that 
the domestic consumption structure of cobalt is different from that in the world, and there is 
still a gap between China and European and American countries in some fields such as high-
temperature alloys, cemented carbides and the medical. 

 

 

Fig 4. Consumption structure of cobalt in China in 2016 
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Fig 5. Global cobalt consumption structure in 2016 

 

The explosive development of China's new energy vehicle industry is the main driving force 
for the rapid growth of cobalt demand. The growth of cobalt consumption was mainly driven by 
3C electronic industry before 2015 and by new energy vehicles after 2015.The development of 
new energy vehicles in China started in 2014, with a output of 78,000 vehicles. According to the 
data released by China Association of Automobile Manufactures(CAAM), the sales volume of 
new energy vehicles in China was 331,000 in 2015; 517,000 in 2016; 794,000 in 2017 and 
1,256,000 in 2018 [11] (see Fig.6) . In 2017, Ministry of Industry and Information Technology 
(MIIT) issued the Medium and Long Term Development Plan of the Automotive Industry, which 
states that the output of new energy vehicles is expected to reach 2 million by 2020 [12]. 
Considering the rapid development of 3C electronics industry and new energy automobile 
industry, as well as the inevitable development trend of battery energy storage power station, 
the consumption proportion of cobalt in the field of battery materials will still increase in the 
further. According to the existing research results on cobalt demand prediction [13], it is 
estimated that China's cobalt demand will reach 150,000 t by 2035, which will continue to lead 
the global cobalt consumption market.  

 

Fig 6. Growth trend of cobalt consumption and new energy vehicle production in China 

4. ANALYSIS OF COBALT RESOURCE SUPPLY 

As a scarce mineral in China, China deeply depends on foreign countries for resource cobalt 
for a long time; it reaches more than 80%. There are two aspects to be considered in the supply 
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of cobalt resources: primary resource supply (mine cobalt) and secondary resource supply 
(recovery) [14]. 

4.1. Mine Cobalt Supply 

The production of cobalt in mines has increased rapidly around the world, from 32,300 tons 
in 2000 to 123,000 tons in 2016 [15](see Fig.7) .During the 16 years, the output has increased 
3.8 times, with an average annual growth rate of 8.7%. 

 

Fig 7. Global mine cobalt production and growth rate from 2000 to 2016 

 

The rapid growth of global cobalt production in mines is mainly driven by Congo (DRC), which 
is also the main source of cobalt production. Cobalt production in the mines increased from 
7,000 tons in 2000 to 66,000 tons in 2016 in Congo (DRC), which increased by 9.4 times in 16 
years[16] (see Fig.8). The annual growth rate was far higher than the global level, reaching 
15.1%. 

 

Fig 8. Mine cobalt production and growth rate in Congo (DRC) from 2000 to 2016 

 

The global historical output change trend shows that output was negative growth only in 
2009, 2012 and 2016 from 2000 to 2016 [17]. It was affected by the financial crisis in 2009, and 
it was affected by the continuous downturn of global mining industry in 2012. In 2016, the 
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global cobalt output is slightly decreased due to the shutdown for expansion of some cobalt 
mines owned by Glencore and other enterprises and other factors, but major cobalt producing 
countries such as Congo (DRC), China, Canada, Russia, Australia, Zambia and Cuba still showed 
an increasing trend. 

Congo (DRC) is known as Africa's "dynamite barrel". The domestic political situation is 
turbulent, and mining policy changes frequently. In March 2018, Congo (DRC) promulgated a 
new mining law, which will increase the cost of cobalt raw material mining and export to some 
extent in the future. According to the new mining law, the export tax rate of ordinary metals in 
DRC will rise from 2% to 3.5%, while that of rare metals will rise from 2% to 5%. In December 
of the same year, Congo (DRC) issued another decree declaring cobalt as a "strategic mineral," 
which raised its tax rate from 3.5% to 10% [18].At present, the cobalt industry basically 
belonged to the seller's market. Generally speaking, the increase of upstream cost will be 
transferred to the downstream. However, for the new tax law, due to the large proportion of levy, 
it is difficult for cobalt mining enterprises to transfer this part of the cost downstream, which 
may significantly reduce the profit space of cobalt mining enterprises. Combined with a sharp 
drop in cobalt prices over the past year, Glencore announced in August 2019 that it would 
temporarily close its Mutanda Copper-cobalt Mine in DRC and resume production at least until 
2021[19] . Mutanda Copper-cobalt Mine is the largest cobalt mine in the world, with an annual 
output of 24500 tons in 2016, accounting for one fifth of the global output [20].The policy 
changes in DRC have caused fluctuations in the cobalt industry. There are many uncertain 
factors whether the domestic mining industry in DRC can maintain stable production. It is 
expected that the global production of mine cobalt will show a negative growth trend in the 
short term, and it will continue to return to the normal growth trend after the recovery of cobalt 
prices. 

4.2. Secondary Recovery of Cobalt 

The secondary recovery of cobalt is paid more and more attention for the reason of that the 
concept of sustainable development have been put forward by countries all over the world, the 
profit of recovery is rich , and the price of cobalt is high. The utilization rate of recycled cobalt 
in the world is on the rise, but compared with other staple mineral resources, the secondary 
recovery and utilization of cobalt is still at a lower level. In 2006, the global recycled cobalt 
production was about 4,000t, with a recovery rate of about 7.5%; by 2016, the global recycled 
cobalt production was about 10,000 t, and the recovery rate was about 9.5% (see Fig.9). During 
the decade, the global recycled cobalt production only increased by 1.5 times, with an average 
annual growth rate of 9.6%. Although China is the largest producer of recycled cobalt in the 
world, its recovery rate is not high. In 2016, China produced 5094t recycled cobalt with a 
recovery rate of about 13%. The United States produced 2750t recycled cobalt with a recovery 
rate of 30.5%, ranking first in the world [21]. The secondary recovery rate of cobalt in the United 
States has been leading the world. The global sources of recycled cobalt mainly come from waste 
batteries, waste high-temperature alloys and cemented carbides. The recycled cobalt mainly 
comes from waste high-temperature alloys and cemented carbides in the United States, while 
mainly comes from waste batteries in China, Japan, South Korea and other Asian countries. To 
sum up, there is still a lot of space to improve the secondary recovery of cobalt in China. 
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Fig 9. Changes of cobalt recovery and recovery rate in China, the United States and Japan from 
2000 to 2016 

5. SECURITY SUPPLY SUGGESTION 

(1)Speeding up the layout of overseas resources and purchasing overseas mines not only can 
guarantee the long-term supply of cobalt resources in China, but also can enhance the control 
of Chinese enterprises over the global cobalt market. At present, China Molybdenum has raised 
a total of nearly 25.7 billion yuan through the securities market from 2016 to 2019, and 
completed the acquisition of 83% of the shares of Tenke Fungurume Copper-cobalt Mine in 
Congo (DRC) [22]. According to the calculation of cobalt output of Tenke Fungurume Mine in 
2016, it accounts for about 13% of the global market share, which will provide great resource 
support for China. In addition, it is suggested to actively expand the layout of overseas cobalt 
resources outside the DRC, such as Australia, Zambia, New Caledonia, Indonesia and other 
countries. 

(2) The enterprise shall strengthen the research of recovery technology, reduce the cost of 
secondary recovery and decomposition, improve the comprehensive recovery rate of cobalt and 
increase the output of recycled cobalt. While improving the recovery rate of cobalt in the field 
of waste battery, it is also necessary to accelerate the recovery rate of cobalt in other fields such 
as waste high-temperature alloys and cemented carbides. The government shall establishe a 
complete cobalt recovery system and subsidy system to encourage enterprises and scientific 
research institutes to develop green cobalt recovery technology. 

(3) The exploration of cobalt resources shall be strengthened in the coastal areas of China. 
Cobalt-rich polymetallic nodules (crusts) have been found in the Pacific Ocean, Atlantic Ocean 
and Indian Ocean, and their reserves are huge, while the degree of the geological work in the 
coastal areas of China is relatively low. In the future, it is necessary to continue to strengthen 
the investigation, evaluation and mining technology research of deep-sea polymetallic nodules 
(crusts) in China, so as to make good technical and strategic reserves for the future development 
of seabed resources. 

(4) The development and research for cobalt substitutes shall be actively accelerated, and the 
emergence of new products may change the supply and demand pattern of cobalt market. In 
the face of the increasing demand for cobalt resources in China, the effective way to reduce the 
demand is to develop low cobalt or cobalt free products to replace high cobalt products. The 
government and enterprises should further increase the investment in scientific and 
technological research and development. The pressure on the supply of cobalt resources in 
China can be alleviated to a certain extent if the substitutes can be successfully developed and 
put into production. 
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